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A M CROARRAY SYSTEM AND A PROCESS FOR PRODUCI NG

M CROARRAYS Techni cal Field The present invention
w@eosnadsBy rel ates to mcroarrays for identifyPomySGi®7/000236

presence of target analytes in fluid sanples. The

present invention also relajes to a process for naking

fabr oot oSERg- POSTERETS BRI M FERORED" Y
PIPINESNEFVWPORIKCOMPRISING 2 PIARALITYOPSUCH FLUID METERS

abrication can be divided into two nethods: 1 ) The
position of the bionolecule is specified prior to its

deposi 11 GRS REFHRINCE RO RELATERLAMRARENE | o0 ¢

| STHAHESH: InviintiOn @laeds @me birfis ubpﬁomyeof(uszqmumnal application
bi onol ecul e deposition") . Odered_bio

No. GURERRET Bied AvByt b 00 s aF WGP FoRetre ingorpaygted by
e SORTH A I A0 TR0 S '
Uni ver sity Press, 2001. A technology reviewis also

gi ven in: \/ i vian d readi ng
m' cr oarrays ﬁ@@&@ﬂ@ﬁ}ﬁw 19, 1999. In
&'{t ?Mn PARYES 1190 ridéDL QEsh as DWated qaalitynéert used for
the t? er of analyte-targeting bionolecules to
monisorixe thatealityofl watel éx wdteapipsy of aivatet trensnaigsionpiping getwork.
bi onol ecul es are dissolved in a buffer. Typical
transfer volumes are between 0.1 nl and 1 nml. Exanples

of bi onpl ecul egA@KGRHBND OFICHE INVENTION and
proteins.Different technol ogies are avail abl e, to sp

t hﬁxmmaﬂye@g ImeonstoKingios st tayakian YAt tFansRisst ﬁ&ﬂbuﬁon

i
o G0 T A8 A SRS o i o
rand&hl ﬁitéﬁralan dht hantilksk aclixctedn dre2uguallg cprocdsseyl off-libatthrough wet-

make use of physi cal act bet en a intin
chene) riRinedb AP TiRgh AT LSES DA <BBR g0 57 ks afer the

r a b teeshne! Rgiafes Where th
sam% ﬁ% %&yp%alﬁ{es?(gp% 1?{sil &Joglbﬁeedﬂlﬁlnd accel erat ed Sby ore

degraaion iaf thp [ mae feadity iis on]'yd anparend afteh thenehlange diy veater quality has
essur

ththe lon of a droplet with a
cauSﬁ%@Bmalaﬁ n\‘? 8’5 Rl @J%la?g%t oT., et al.
"Mcroarray fabrication wth coval ent attachnment of
DNA usi ng Bubbl e Jet technol ogy”, Nature
Bi 8Vidtuhnthleolpst a8, yaras breaJﬂthrouzb@oyx senyeic Hisnelgegshave largely
el.ong_to.1 S AL
shorjoigy the fiitoroired o FegRerfia (R 18 Safoft pAuitet Rk dictate the
ualItSI dnaffRid sudbdstwarér. The sequired tmmrfot thetrhenssehent af sichyparameters

maki ng physical contact. The transferred volu £ multiol
has degrenefBicesh TRIREMENTEH OF Serogds T MFrmers, Eentfﬁsqfﬁ’@em o1 multiple

SQkY 0 ! rie€raptdly maturin
parag}e#ergrﬁafﬁg&gbgge#engl %ﬁ?oﬁg@xngﬂ%{]&ﬁ‘i&gl Et% hegdsyor s
techRblOgies dn the aman‘mfﬁeldcoMun@aﬁnm&l(X Urgerakl Wssems) aksa)prmde long-

print multip|e sa S i ar al, t.an
distdsp tslemeirypiions o G nf SPanE abdie goag iyt & water
d1stﬁ61ﬁfonq{et\;1&% printer heads or pins. This limts the
spot distance to 2 to 5 mmin a parall el
pri nt| ng step. To archive hi gh spot density, nultiple

prl ts must be ca ri ed out th sl j
?Yler’y re 8’&9 Sﬁvelr?‘} %rlop ﬁ% tgg ére%ﬁie&seh nsehgtﬁs. Water
dlsﬂﬁﬁtmpﬁmnftgﬁng" ‘ﬂ@@ﬁfrk@ftypimtyscdhﬁprm%&dhbﬁ dtatimaand ecrhéte sensors.
product of print heads and printing steps, thu
Eledtijodl tiomyr isweqpirestifos ttherenette ﬁtr@ﬁfsd’eghittl tl%?sano?ergﬁl’a@‘é‘wons like
The production tine increases linearly with the nunber
of chips produced and wth the nunmber of particul ar
bi o-recognition elenents printed. The array density is
limted due to the accuracy of the printing

i nstrunment. The di sadvant age of robot-based techni ques
|s the Iong tlne needed to produce a Iarge nunber of
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desi gnated areas of | ow i npedance on the chip. An

array of about 4000 beads has been successfully
wareoapesssé n a 300 mm x 300 mm area, and appl i eBCT/RG2007/000236

Si ngl e Nucl eoti de Pol ynor phi sm (SNP) anal ysis of the

human Ieukocyte antigen geng conpl ex. Although t he

o U TR AR 8 e B o ot sion

In redBHKE thel 10t &ioRFdvAd Btribttidh @fbwaiks ha¢ tney;efegﬁeaﬁt@pnseﬂms are not
hi gh-t hr oughput SNP genotypi ng. I'n known net hods,

alwayypfclrsade ietastiesity ¥aphyi rmt\apr §plitt 8ich casesaths fie@o’tfe%q%‘?ifé rh@tje to be
f |

PR iy i, REALR; T Fo BRI GRTHERIo 8588, i win

batteutiz€ Andl 8oladbéllsy The dra'ﬁﬁﬁcm Gf thbeataver rseunzbes: Gltéetﬁatethd bhhmes need

decode data is caonbi ned with_ da bt ai ned
to bg e&tarrﬁgg ehaeabaggg g¥e i GFis wsardhrart%rﬂlét%@ra@sm@asa@é &gﬁ@ crpnly work
prop%l??luﬁaéar g@ﬂ&t@&@ﬁ ri;crjIYlEf rzg%wg}thgr Assing for decoding

enco nrcro scrlbe in I nternationa
PCT Pat ent Publ i catl on Nunmber WD 0047996. A

% HEPisags 8L A GaavBaBh BEGh o b Barau ol s snsors,

said trﬂ&h@&cr?ﬂwae celiglar @@épﬂéﬁe CQPP|sarel1Re Ointdrid FARGEIEtNBor all these
In WO 0047996, the decoding step reqU| res that a first

metlprda; fhlei negots sefsebESbY iequiphes IWilf@afnd@ dgmeangerean eptegna, which
meatﬁﬁa om ‘%'rt 9&%&8 ];hagrt](g Bg nypao%%% f0 g e?ﬁr?g%eas 'HH’PIQ# ke r% an pn-surface

modﬁled ucataé d modsleprodder oe tied eutar furfaet of aghipé. GI‘lﬁﬂldﬁaﬂ)ack here is
second@g)l ural ity of decodllgg bindi ng i

that SHGR HHER-EUHEFoTRRAHE RERS (A P Ryotestedrand tspligy S&ﬁ‘trﬂgecp which then
1ntro‘f‘lﬁgé§n§igl‘?iﬁ§:ﬁlt' vr}els ch&t§ %legr dn-‘( tofrfn_g%‘}1 V@ief ﬁls ohchetworks

enerate a sec reglstere
havmgiﬁrgﬂsmmmbdsrlseﬁramdsetrxsoxsorrpare the first and the
second registered data imges to identify the |ocation
of at least two bioactive agents. However, the use of
deqadipiGeht indémibnl BB v thé BonQaMBQ}%ﬁlsm difficulties. It
signi ficant disadvantages. In particular, a lon
is thexsforeeeeb] ccci of éhel presentancetion te pdwids a 4luid senseo geﬁag improved

retisB 3 B PR ub e el pibenBbRoneng oty ai gmr -

Trends in Biotechnol ogy, 20, 9-12, 2002. Fur t her mor e
the creation of an encodi ng systemis difficult and

oqui res mul ti pl SUMMABSEORGHE BRCENREQY out
For S E S oY bR f60idk 0 ST 0GRRIRRR: BEY ARRPUS4 o fuid
trandrhission ppipingSnéteqti e dufintd phethwancqbeeﬁgé hndqueﬁdnm mﬁams Further

Lo TR AR N T U ERTILET —

are REcAllRl ARQY EepbRGRERARKE Manufacturi ng the

m croarrays re conplex, tinme consum ng and thereby
nore expensive to inplenent There s a need to

rovi de a cess far rra t
b it BE ARG praseeiovamuaty s tiec@nPlghiYs; Oh, Loigrdrivgn power
sourté SR ¥adH ﬁ%ﬁd@ﬁﬁféﬁl‘l?ﬁﬁv@%‘;@r sOWBE Bnit, Swlﬁc]i‘ %eéﬁpbﬂle of supplying

provide a system for identifying the presence of
a cq;rgmgleus aqmgp}}sq of t tlegtrieitie rto othes flusk meater] @ndt its assocmted electrical

modbtgg &Jtn?fﬁ e%mi.g 0386 %g)?f ! hgafd { genbe B %ge }ed 8<e:oust1c-wave

teleth@ti-y, ifich G166 ff@ﬁﬂﬁta)tﬁanblhfshloﬁvc@laﬂ& fidie the findte ﬂiﬁ@ Qexor/meter
the mcroarrays after manufacture. Summary Accord

ng
withogt gn fqnrgrfage peadule, ttheris, frempisideidths pipd e '«rsafa'cts allow the

making a micro-array conprising the steps of:
depositing a popul ation of m crobeads on a substrate
havi ng at | east one fiducial, said population being
conprised of at |east two sub-popul ati ons each
conprising a known active agent capable of specific
blndlng mnth atleast one target analyte mherein said
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bi ol ogi cal function of the m crobeads. The process nmay
conprise the step of recording data indicating the
wo oanigsse of each of said microbeads and its PCT/SG2007/000236
subpopul ation. The recording step nmay conprise
recording said data in a cogputer menory. The active
agent may be bi oactive agent, The hiaactive agent
remog oty SESER 6 BierPrOREInTGERG & B o2l G ok, S QR gnd thercby
increﬁQéTﬂfs{e?l?ﬁécﬁﬁt drfARxRhnd G leb AR figidS8hsdr.m Cr obead
wth a chemcally reactive group. The process nay
conprise, after deposition of each subpopul ati on,

renovi ng ,sai d.m crobeads t hat. have not .for .

o R G oS Be presrd e op Al Eef Rt gter for
watel QRS RRnHetf @S ARrah al Raslityosewhtetlggiliey mefersfiagt be embedded

substrate. The process nay conprise the step

of :
withinothei waten pines of -ta wates jdistebutiany petvarle sThg plurality of qvater quality
substrate to.fagj|.i: . L n j IGLoheads.y
mtef 5t B <Ry, e b S ERK ThOURRS oher Bt R A Kibution
pipirgﬁxﬁ?ét%ﬂi. ams WaeRAlitymetes vdisdctadtiant Inyeablireta ituladity af tandard or
e sequential deposition of zgld subpgpulatlons ior
custesa dHrapelerseibat fRiptBe ey ALY oFateik SR foAB RS ¢aha to a host
termitid %ﬁm‘h’c lEpr:e‘:s’ari]d 0F GR ' Re1 %ngr SREQNG: A5 BRShrfRe hbB&ule such as an
Invention, there 1s provided a mcroarray systemfor
antefugteditd fofarnglitun#. presence of one or nore target
anal ytes in a sanple conprising: a random popul ati on
of m crobeads disposed on a substrate surface having
at Aceé\,]%ﬁng{bethfe'i%ﬁah,, a S@Egonery!iAlpiRNARG! Metef eSMpbIiS&kat least
of at least two subpopul ations each conprising a known
one satsingeurity eanableagfabpasuting ope oF Miere maramaters wif tthe Hpid ingide of the
. _one_ target alyte .wherein saigd s Laf i ad ...
pipe do FIFEECY: FRA CUBmtTLer) SRyPist SERABHLRAT lifftitipe date
inchR¥eg) a YhdaSiired TuitEpRhivietet 604 HbstGerntifall aadairianothef fleicheter; and at
m crobead and its respective_subpopul ation relative hq
leastseneifluid-drivgs posise seurer BRih capabls o geekrtngPogter figup, the Hluid flow
ith{] i ' ' | YRG0 ERR
'Wﬂhggﬁggﬁﬁﬁgﬁﬁ%@p%%ﬁﬂgﬁﬁggﬁ&%¥§$ﬁ% espo(m%gﬁﬂuﬁgkfob%ads
bet ween sai d sequential discrete deposition periods;a :
detector. to detect. changes, in the sai 1 ct pbeads. upon .
coﬁﬁlﬁéﬁlfvﬂoﬂ‘ﬁr%da}noplggglﬁ‘gfnegﬁ’i f2g bﬁr%ﬁ%‘gg PS?‘%S oh§IRFeCATYINg a
fluid EheP&iR TP BtHeP WS ihP NBid! Meleh BESANRI B hdipledtBIMIVENAA can be
to conpare data received fromsaid detector to o
mouintkelnin thy pifessopasds bacrtirely eabafidohén e pigs: dhe Alugfbean be a liquid or

. nalytes in said saml e based on .the |ocatio e .
ol PGa SR 1 E8° PRURE ! § oY IHO SaTRF-dypr Ptaitble” B uid can
be vAIMASH 2RSSR ontatiBRO Maftd. THe fube cid B¢ ahdads afpmalei suitable for

undertaken at the tinme of manufacturing the system and
the flwidrtefberaarticd thereine Fop exananl e the fleidds wates, thy dube may be made of

igroarra tem,i | ed. - 17 t

metf], Foa3s Ther e ik b5 A3 HHER ST sy PUCIBIOR AU HS! RRther, the
tube BAAWe)alsoSBadE sfecadispgerdanaedfnt ai ni ng data indi cating

the location and known active agent of each of said

m crobeads relative to said fiducial. The decodi ng

dat he | - § : rs

et pimB IR fuid B6RBH oliPbo b SEIR Ry ARy AAPHD'in the tbe
and/oe QUiehest fop dgeinnimng dssplovabai of thecibadid repdabatthe concentration of a

According to _a . third aspect, there is provided a
substancegafiafhe Frdyse in a systemfor identifying the

presence of one or nore target analytes in a sanple,

the mcroarray conprising a random popul ati on of

m crobeads di sposed on a substrate surface having at

| east one fiducial, said popul ation being conprised of

at | east two sub-popul ati ons each conprising a known

active agent capable of specific binding with at | east

one target analyte, wherein each of said

subpopul ati ons have been deposited sequentially and at

di screte periods of each other to enable the | ocation

o o o -, o,
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proteins, oligopeptides, small organic nol ecul es,

coordi nati on conpl exes, cells, cell fragnents, virus
w@aoosiotdses, anti gens, pol ysacchari des and PCT/SG2007/000236

pol ynucl eoti des, which can be attached to or bonded to

a mcrobead. The term"targej analyte" refers to a

sulst ance %p be dgtepted that is capable of binding to )

sai PTEEFTPLEs thehpd-EyER BPW L SOuEGETHIL eARafOpRINISe jong oF deore turbine
bladelit (sadte a8 hbyHr§ h6ink On 1B a8t ©raL viRer meter), a transmission shaft

pol ynucl eoti des, drugs, hornones, proteins,”enzynes,
conpgetqdoigdthe durbinertadep dansk @ powemngenaratonpdtesnatdthEot example, the fluid-

. L L ndi stance". may, refer to subst ance .

arivegd BBt 6ur Bl Wl T AR Rrig? B e ptae e Qe the fluid-
driveio powensqires uit taT SethePEhPHsR d hatos &R0 BYiP&sion load, and a

capabl e of undergoing a specific binding reaction Mﬁt%’
voltagrregilaiofe agent. Exanpl es of conbinations of the

speci fic substance with the specific binding substance

i nclude: antigens with correspondi ng anti body

nolFec uixempla thedblemetrie data SeayigstonMuibfl dahSuse acoustic waves or
nt ar uence, .effector nol ecules with

conpl e se
clooff TUBBATII® WieB (B Es oBliz) HaLesifa elampirenlbiransmi dptesignals to the
hostB@hiRa AT G 11 A8 W | AR | issi
O_S nol ecﬁl e Wth %ntgt%ﬁg?ﬁggtgti% IEJ\(%)E %ﬁohﬁg%:eﬂp‘r} tg%g‘ceuﬁ?‘% é&{? gﬁrﬁnsmlsswn
unit e tfaps datentia lbo dgoustie eyt @r anvdl@tricab svawe tthrough the fluid within

I ndj ant i pbody .nol ecul es. and the |ike )
the R ARAPRIRER &S BuRhEEIS o eRor abataustic Chemeiryis preferred
becaBsDadRBLE Wal ECard EepadlC OMPAIHg \WIECH 1 i8R in the pipes (such as
hem cal ly nodified to such a degree that its spegl Fi
metali, ginesy). dtaweies, yhe telemetrie datartsanisptissian wnitl deescomypieed to transmit

. . ; ot her, conponents., anmpl e

e 2954500 SBEAD IR B LT GRTPRTE i W TR o e
pipesthbisis thorghvhé medie spoahding tisifipe.ances include: a

chem cally biotin-nodified antibody nol ecul e or

pol ynucl eotide with avidin, an avidin-bound anti body

no St ' i i ' i ans. The .

ok AR RSk TR WS RONLA e o
paramgicts 06\aabample yoflbe dbud anthio the ipdpe, vdnidcthen fotwil@s the measured

rotein | ypept j des, ol.i gopeptides. and pepti des.
paraB L0 T REAE A B R P SR A00 DR Bt o hos
termiRl 6f ahhOOREANALYF, Fok LxBEHH bBABRELGHY E&]%h& R A mission
., acid and am no acid chains respectively.” Unl ess
unit gisckiviendyy the newew spurcetunit, theat is atecorpplied ivith poaed generated by the
y Lse" . t.ical ,variants thereof, are
pow?r%teg;r%gé%ﬁtﬂoon?g%rfg{s@%%"lgﬁ‘g%me&lpe‘i ncl usi ve" | anguage
suchthat they include recited elenents but also permt

infEUE{on of additional, unrecited elenents. A's used
het & fluid Haetes apgordipg o thej presané iowentiont alifws for a total in-pipe

: 3 i : Of .fornul ati,ons,.
impl GHBRERN OF LR, GRTHERE TR 18 ik 1t Bl P Bl Gitiely mounted
withinyhé pipelwithott haihinyt hiesutrt drty glade beif@l16cdtodRsilé ¥f the pipe
h+/- 3% of the s atqegﬁ val ue, nore typically, +/- 2% of
such @A A0 ANLGN0G QF f §pdar Gl emithoir exppipiaiths flwid ety ¢an bpdixed to the
innerSdudfal i el Yo it ¢ % 0k -
e e B TR e Y B Bl conlectfy? b e fuia
metep ghesdnnenesl trape ipeotcited lagasiast damapes,afogcexboplatauskd by extreme
. | d, be understood that the description in_ range . .
e“"“?%?‘ﬁ%?l PGS, %Pd? s eshwﬁﬂe hedegarty s@ypiflgd.thereby improving
securiti @l difeidthe B8 wel RS kédRfhgaRaifitnhitle &%l ﬁ)lr?hdé ﬂﬁ'thrﬁétbxg Tufller, the
..the scope of the disclosed ranges. Accordingly, the ’
fluid Jugtey iageqrdingoto ther piespat Shveritionbeanc be sinpéaneshtado ahav wtally self-
specifically disclosed all the possible sub-ranges as
wel | as individual numerical values within that range.
For exanpl e, description of a range such as from1 to
6 shoul d be considered to have specifically disclosed
sub-ranges such as from1 to 3, fromlto 4, froml
to5, from2to 4, from2to 6, from3 to 6 etc. ,

o, o r
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attraction of the target analyte to the m crobeads.

Exenpl ary substrates are selected fromthe group
waeosiosssderg of silicon, nodified silicon, gl asBCEHRG2007/000236

nodi fied or functionalized glass, inorganic glasses,

pl astics, acrylics, polystyrene and copol yners of

ne,. Ral ypr.opyl ene l.yet hyl ene, pol ybutyl ene,
pov%e.t(r)%(c%’/ ﬁlrnzit Iﬁgtﬁléﬁgt blepéli/g %meh?%?%gb@ﬁraﬁtstggqumr@ﬁprce. In other words,
the filuid feedrlcdh Q)%Q)é)efaﬁbﬁl Withou$ thd £i8 ofSh! éx@&ﬁaag)ﬁ%r source so that it can

mat eri al s, carbon and netal s. Advantageo
alsoghsesgrl v e latecrlaess piturther, singe dlee fhwitl maeterousks therfbsd BowTdfahe fluid

; r . e t Rr.ee,.di si on features on
in GUBBE BETHE BB RN RS0 %0e] 8818 B2 csesod o
rembeatfremt thel pipewice dagbeulinaalled thédei0 Tahs, 4hd A8id thdthcording to
h depressions, .wells_and gel_ pad structures to
the presentipvention & s 1elirble A5 WRE appasy bd sbieanda apeste.
substrate. In one enbodi nent, the three dinensiona
features may serve as fiducials for the spatia
podiori axample, tthe tranemiskieadmit G ¢hed €S hietdtgacsb@gd ®Y the present
inve(:glngri se, t he s{ e(ﬁ of f]g:Héi ng.an attachnment between the
RHEP o370, Heves Ad T hax glepmely o funetien ot Highrkns nef anke capable of
trangth 00 B8Cal 9 E£hablstirb & Rn F A a AP0 SREAGE @érnﬁl?al %ﬁ&)&} Gibther fluid
interactions selected fromthe group consisting o
metet} diof r gemple, cparametersrogiams i whibe emsilg, umitwad esther units can be
, n_honds, hydrophobic interactions,
uPdﬁg@?%ﬂ%?%?%qgﬁaggactions and di pol e-di pol e
interaction. Prior to the attaching of the m crobead
to_the substrate, the substrate nmay be functionalized

wi £RT ERERPIeatheilyid sratencan fhrhesconytisat bagstourst fuid fsempling unit
i G R PR tralctsCf {0 | i fo: subst rat e r onot e
v adhesi on ao#sc%éne m l():f%%eﬂgl sﬁz’tsl(()ite{E AR Fﬁ?oegg?/é@ﬁ{dggﬁ?saml’le
to sazdhetlieasilohy sersangtumite gr oups nmay be sel ected fromthe
group consisting of thiols, carboxyls aliphatic and
aromati ¢ am nes, carboxylic acids, al dehydes, anmi des,
chirer ex@hp4] thArRHP fnetdd?edh Faige 2 r on
_sul fonat elgnéand sul f aet es. The sictog‘é)glvs\ﬁi)% ea%rogllé%gnal conditioning
unit pthigh rraFesyesttbel il dapirathetens gireafuned by caidl at ratt ane semsingdenit.
used to attached either covalently or non-coval ently
to the mcrobeads. Preferably, the functionalization
do®er aaimpslaune RNy merdest fittlef cGhpRcs 'c?nt%ch%nit. For example, the
properties of the substrate. The Step o orm ng an ’
contipl ugi (kAR ke capabielcontelling povise distritatigntsheply Glost thetpewer source

: ' e .. of | yin n adhesive materi al, )
nit {Pn B Bicke e i SR TG sRP el B PR Hpb iE sesng wnit
and/om thon eiganb edhditiohing ddie ad@bt ¥he hodf téiBnAdRESY Srocessing data

__material .is to the substrate. Exenplary adhesive
receig Bppgeid i

oYt terminah andiercanothes ydbmetesr yi i c- based,

ur et hane- based, silicone-based and epoxybased

adhesi ves. Most preferably, the adhesive does not have

signi fi cant auBRIHR DESERIRTION OFDRAVENG®MI ment, t he

pracess ., ma onpr.i e step, of applying an adhesive

c oglg“ﬁa ltl%X fﬁ@%ﬁ gf%%‘?i&gmfﬂ shovsing &rwadanybalitemeter aggerding to
an erfbSUiReht dbte gﬂﬁ&_{t SRt mphfied % %Pér)ﬁtaﬂ&nﬂﬁoﬂgﬁn%?" ve

coating to the m crobead before deposition on e

substrate. The process nmay conprise the step of

d L.LhN r.e forned, ni crobeads. on the sypbstrate. The

or bk 2 i BirmsRe Bk flele b Ting hicgphercpiveppgwer source
unit sfiths Wasdr quslity i@ e, shbRasereads whi ch have not adhered

to the substrate in said depositing step. The process

may conprise the step of inmaging the substrate surface

after said renoving step. The process nay conprise the

step of formng a fiducial on the substrate. A

plurality of fiducials may be provided on the

substrate. Advantageously, the fiducial allows uniform

and stabl e conparison between different inmages taken

bet ween sequential deposition of said m crobeads

-~ . - o
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bi oactive agents on the array. For exanple, the

regi stered data i mage between a first subpopul ati on
w@dasaises "RDlI-1") and a second sequenti al PCT/SG2007/000236

subpopul ation (data set "RDI-2") are conpared. Those

new nicrobeads located in RDL-2 that were not present

in RD -| e determned.to be frogmthe second
soctiBhis 2FESunTL et ormamme Bl Rt WEPRasissmaters of the
present MPentiordivta Waxkr MSnﬁssﬁfn%igﬁg‘?&mnﬂ.ed to be fromthe
e,

first subpopul ation. Likew Subsequent

subpopul ati on i mages are conpared and assigned to

t hej. espheck. S opul ati o roups...The data i

| EaF R R e B SRan  sh PaBE e e ur some wnit of
a watebquesdity fifetep BScokding 2o the presentin@éRionONPi | ed into the

encodi ng/ decodi ng data table. The encodi ng/ decodi ng

data table for a particular substrate nay be provided

to thg | '

cont S R UL DESER PRI AT (A ROTEL s RRbENs

endtigurehshoviseschsmatioblpck diaghas 6f & Mtdiﬁqﬁﬁlﬁ?frﬁéwr eblding to an

%H.id ntifier (ie such as.a serial nunber) [ocated on .
embogiment of Hie Rresent yyantiens Thexpteiiguplity aneter isgeennied e thegnner side
of AGERS IraniRisRIPFONPHIALRES D bR 8- i

by i nputti }19 tglgbi_ dentifti e%ieﬁ?%qgé%n%’u% Eﬂrﬁlﬁggﬁ%ﬁﬂ quality
metery ] the @resenhinvivetion cambe ayviddiein ol evaterf trasmisjonupipigksystem,

. i decoding data table and make, it avail able )
°°“‘?‘§§“‘”je Be fYYlﬂ’g&%%%f Iﬂ?fsgfaéﬁﬁavngﬁ fle? HAET QLAY miles aseeioing to this
embGaiment Ruinptibe 4 Gaftk sihfling Wi a%ehfhELAR! 4 8388 Londitioning unit, a

supplier site which grants access to the
confgel i A POWSE SRNTRY Vs end p isnwmissien byitaThesanyingtunitcexmcts/takes
[S: L rii arlvy. advant a s as it
o sol R R el 3o PRl o 0L Bl "R b ety piwoses the
sampledeske sansingenrdn QhdisegrigieadtinRgswas veRb beraméfié BudhSas the pH-
alunlqgﬁ to %ge mrcoarray. It is envisaged that because
valug \ando fersesrdsy the, dncpstisdi prgametersnéo the signal apnligioning unit which
degyel BleTREhsHH1I Athrh d16rs MRS | i
pr(') ori gi r? at orS of "the ér%n&cszr oar rrg%g%lﬁ%@%tgg%{? gﬁﬁgtrored n the control
unit gah send| to @\best tetminaber anbthehwater quaity neys vanthe pfaavaiition unit.
unwarrant ed copying. This may al so be a nechani sm by
whi ch the originator can be paid for the sale of the
M Q0@ B Sedrf irf Mtk €% &hy Qedgiid gnat ' b i
encoding/decodfngg%%ta pablgEﬁﬂgsuﬁpﬁ%gﬁg%%qgﬁgﬁ@h%&hﬁng1he
contypd gnit, |aRd the teanswissipanenit {4sewdllsas| bs edmyliop oliet) dae regpectively

suppfEd HHE Qe RiC Kam Y i en 89S S 108 ForeauPaRhaly aviven
powarekewrte dunfitr @oinptisesg tudbipe CilAGdsStddigcted 161 6" @SRABEET shaft. The

m,cr,oc ul es, mcrorods, mcrocubes and m crotubes.

trans,%g%lorw acgpg;?ct%daqooaqs}i pertsadsalterrater/ gangratirde exonernfe electric
r ' ' S .CIr obeads

powd WGP b GE8 Beafada WSHlAL e JErE ROFAEREo o batery
storaga sepplping dted dicfesatt tmitnwith alstiricpoweer ani cs, gl ass,

pol ystyrene, nethylstyrene, acrylic polyners,

par amagneti cmaterials, thoria sol, carbongraphited,

ti bl @i 'éEMnl t - hinke s

_asFis?gphar %Seg’ﬁi cell L?? oaggt,hg%%%tﬁ? Cclri%gés?ﬂ p %@%ﬁgorr%? %d‘ﬁ%@ ? a water
qualifyythetes faresmdiog tevittetpresest iniventionr the popes sduremsnitiS@tprising:

peptide, nucleic acid and organi c noi ety synthesis.

The m crobeads may range in size range from about 100

ran to about 500mm . More preferably, the m crobead

sizes range fromabout 1 mm m crons to about | Omim .

Each m crobead nay be conprised of a plurality of

active agents that are attached to, or incorporated

within, the mcrobead structure. In one enbodi nent,

each m crobead conprises a single type of bioactive

agent. In one enbodi nent, the bioactive agents that

are attached to said m crobeads may be sel ected from

the group consisting of organic and inorganic

Y T oy o o oy o o
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cells, including manmmal i an tunor cells) ; viruses
(i ncluding retroviruses, herpesviruses, adenoviruses,
wo eovBiovisBases, etc.); and spores. The target apel/gs6cE®7/000236
may be nucleic acids and proteins (including
i mmunogl obul i ns; enzymes hognones and cytokines) . The
specific binding of the target analyte to the
drgj ve agent may be dependent on chemn ca
! %‘Ee@ﬁig’d‘?@ SurdBles Céé?l@rafté QB RBiaBlcOpwéiOREh SA ivesy Biimple design.
el ectrostatic interaction, “i onic bonds, coval ent
Typitalyds "rumyelr’ ay progeiliedis attacheditp olsbafyi wuirlke is epnaeeted fopxl operates
When the microarray is bei,ng used to I
an SRR oy LR TG R R Uy A o B FRA Phere are
several %{iﬁ& B GurbiYs, DRt geidkesllyt Bepindyarsdlassifiedaindehthree major types: (i)
m Cr o

beads_and the target analyte. Advantageousl|y, t@e

impudss fudeihess (irsection wshingseands@d) fubmervibls peoRaiier turbines. Each type

i.dentification.qf I [.O j 6adSwRN9h
of tughie 15 et i}ntﬁ% gorb‘{l ggfgetr ‘l%\% ?ﬂgg@n‘?%e%%ﬁp Wé Nr%o }gr og‘z‘gd. © S_ource
of thENenMRE iveaér SrleGnd tonksite[TBy lodxhistthéredn aommstaat suppdyn g€ flowing of

when the active agent |s bound,t& the target . apal yte.
watet,thesa és magidthelhiehwater Fabigp Frellaguited fpprovids efeCtifit i ed

after the sanple containing said target anal ytes have

bound to the active agents of the m crobeads. The
Dived§ibn Cadd Si gnat ure may be conjugated on the target

anal yte which in turn binds to the,gorrespondin .

bi BBt PEOBERAE GRUYHPIRE PERBiSE no‘ﬁ?i% t §9lowing and the

i HRR YO Bylid BEbin¥ 1§ QRbdieRILletBicithe Thared&iricity must be
turblgﬁgﬁf/gi)e or” i ndi ryect Iy conlj ggat ed gteo t he ?a_r get analr%/t e
consbinedraandirastedasomendaerenOtherwise, thenelactgpidy avilobs samyerted to heat

..the opti.cal signature b 11X e p I i
i e b S 55 BT 2 B Pl SERA L s
gendEREPOFthé BPaRS tuktie M ¥érsue byrtap @fdcricatl yess it &hamghe other

t he out put optical signal |ntens|ty,_prOV|d|q9.a Iarge d th
unitp of she | waterampterofucings e HpESRIATION GHaPY R SCSHipge ult) and the
r OCes ' t ' h | t of
L
clecBiRit§Gb Produbee typthieciaydrd etubateo Theafynstemdof the Pinersipn Load is to

the co ter nmenory which_i.s.the cessed. by.a .
Provadmlie e el 6%%%%33/& I_EﬂVIVf‘éeﬁ Ié_? %?%ﬁflgﬁ*afﬁk?égwﬁlﬁl%? Logg ig sized to
utilige 2P bF ?{et éfy@ggr?odd%@d oA drb Qurbhtieah At theRe@ds0 electrical loads

tical signature, are then conpared wth
and tHecbattatyas Gdllyt ¢tmrgadc odi ng/ decodi ng data table. Those
m cr obeads whi ch exhibit the optical signature are
t hose which have bound with the target anal yte.
gﬂmggggﬁ%ﬁﬂ%fe active agent for the subpopul ation of the
crobeads is known fromthe encodi ng/ decodi ng data
t abilhe, Cliargd €ontoelisrisharges thedRattery Paplnand shupds thepxceisgywer (not
[n the sanple.. In on '
used By BE &Y a0 bERR Yl " GoBRRRTS, F8ad. The Charge

Con®aedney Kiseadifidestatapaditbiochandtt thoBateyy Benlo dhd gntiteediversion
m croarray information conprises the steps of: i )
load.ncubati ng a sanpl e contai ning one or nore target
analytes with the mcroarray. ii) Adding an optica
signature in the formof fluorescent or dye or
Bategie9®gol d or quantum dot | abel ed bi onol ecul es, wherein
such bi onol ecul es areol | cleqtides qr target
oI RASSHES %69 ABNTEErdr DEh 2 HEe seBpfel oD Shitop, Ope of the
hOASRA 1eauis®] @Rk wah wind or solar
benéﬁgncgfﬁtﬁdgé%ggtgﬁﬁggrﬁhggobeag&gﬁﬁaﬁ, ?fﬁl ). Opticall
systerB dicognse fof tthe retiabilispiof hydrepoweron 8 ey ttenday basis ermore, the
optical signatures to, detect and determne all of the
positions of the m crobeads wth optical signatures at
the surface by the use of m croscopy or a scanner or a
digital or video canmera systemor by the use of
phot ographic filns. The encodi ng/ decodi ng data table
may be retrieved froma conputer nenory containing the

e
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The acconpanying drawings illustrate a discl osed
enbodi nent and serve to explain the principles of the
waolasloossael enbodi nent. It is to be understood, PODBEUBI/N00236
that the draw ngs are designed for purposes of
illustration only, and not @s a definition of the
limts of the invention. Figure 1 g_é a schematic Storage
amountt jofi §neray im theopatisrigs Srpt[deBrndspide qvgEc Yhghg- Storag
' ' ' i Qs caiBledberend discharge
batte B P o B o S
repedt@dly @cedisng the microarray after application of the
sanple . Figure 3Ais an atom c force mcrograph of
m crobeads assenbl ed onto gl ass substrate in

with a disclosed enbodi nent. The gl ass
y—okg%g%gg_gdg@ems positively char%ed by its coating wth
poThe Valtata Riegalatoy dooviiisahe dpitery Tiodage erasmally 12y gd¥sor 48V)
., nhegative charqges and is fixX :
1nto %'Fg ° %rénlﬁﬁl) cﬁﬁmg\xg ﬂﬁgeé Rt g% tgl% gfa)( nm&%lfgé%{é%g&g#%g%t ures

of a first subpopul ation are forned on gel pad
substrates formed at_the surface; (ii) shows 3- .
di Retrtetabiapiprivateseattysnenitornesysten, the datadrpismission between
sub | at | t - s s\ {d Fi
the gAY Bl bRy B B3be RAM BUAR) LGS o b Fig 3 nd the
centiabse@wdtidah imdkg ubd ubthe seaterakistabueiongife. ddi avgustic telemeter (modem)
target anal yte, Figure 3C shows a Scanni ng El ectron
presopted ggRdhimuEn rﬂ@%§§?§Pﬁﬁ°ﬂP&?3@E§8¢Ffxated onto a
substrate carrying 3- dinensional structures of
m crowel | s. Figure 4 discloses pictures of a mcroarray _ .
t alk@racatstiti moden és vieddor wdsrwatbsdate compynicatigat It converts digital

anal ytes, : ., Fig, 4A shpws t.h i gnal.s._fror
data QAT AL BT PO, MRHS Fitoci s BT (8, REE T remote
receﬁh@ﬁloaelfnr B0k BRobe@eEnal 48T trhmbabaitiion digithl data. Either time
Cy3-labeled oligo targets; and Figure 4C shows the
domgingn fresuencyrdonpan fiifering algerithmsanay beypsedda aepaspig the data from the

negative cont b . i, fif.e Lol Wer
rece(} o, FEHLF s RRAT e mly i BT by BRLEL G Betyreen abou
1,000S- £HAWN0,000 micger! asd 412 ldphl spéed dcoudticguoderdt Magriage mgGbe, but is

beads are detected when a filter filtering Cy3 signals
notlapgedjgp@momHlapiagglﬂté%%pém y oligo beads are detected

when a filter filtering FITC signals are used.

However, two different dyes are not necessary to

pefowevet, hesvaliy laysistic Dedenid ex. usdsior ogsnissps or in open water. In

Non-1limtjng exanpl.es the inventi on |
compiiin e BB FRNRHBTID e diPil AHIR0T df dhahSg appopen water
applRRE6H,[thE [HEARE BSuesWah ®8 cBhgadred:not be construed as in

any way

[Tmting the scope of the invention. Referring
to Figure 1 , there is shown a schematic di agram

denpnstrating.the steps t | che » Qi ;

U Pk s inaibes ey B “LgHS, 3 B 080 modom, and this
mayldot happeiled tih BY ofén SeabAsthrainghyt, @sy feshiting “echaes)ayarechandled by

at | east one fiducial is provided. In a first step (A
specialtfiteriggiiehinigues pisthe recgivebiendh t h the first

subpopul ation of (nl) (shown for illustration as

unfilled circles) and m crobeads that are conprised of

a fTHeStigasglt came brgeabsforganhlongothebpipdi g techatthe edistction of the

onetarget anal yte. Each _m crobead of .subpopul.ation nl

ﬁ% fh é’éeﬁ? '&5%‘

tranpEisSioREFPEANO RS Wl MntenPerR 1Y spger can affect the
. ep (B) non-fixated m crobeads

trmgfﬁlﬁegsg)é?é%t%g}ngﬁ?ﬁmg%h% off fromthe substrate. In a

third step (C) , the attached m crobeads are i naged

and their x,y coordinate positions relative to at

| east one fiducial are stored in a data set related to

the batch nunber (e.g. nl) and the chip nunber (e.qg.

n26) in the formof a encodi ng/ decoding data table. In

the following steps (D) to (x) the procedure described

in step (A to (C is repeated sequentially with
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calcul ated as follows: The average nunber of
m cr obeads per 2 mMqm = 2000 mm/ (5 mMm+ 5 nm ) = 200.
wabh@seissse, the average m crobead nunber per cPCPSGH07/000236
200 x 200 = 40000. The average nunber of m crobeads
per subpopul ation (sub-pn) 4 with a nunber of n
sub opul at . ons I S: .sub- 0000/ n.
| Mo WaisiehisiEbyoB B r%@r%cgdfeﬁfafﬁm 5T le‘?ﬂ%@vwfzf around the
bendg&ﬁ%xpamﬁéshoﬂf@b@ﬁke&afo EasRletion of a visible field
T mmis about 1 mm. A conputer scanner has
a typi cal resolution of 4800 x 4800 dpi (dots per

Teothal resol ution.,is.ab S
eSighi et ot PincC PER reps b Sy Y Slrgfec gy As such
deteﬁﬁﬁin"g' £ @ﬁltaQﬂe AistdrebarRfiSeon fBdémsli iaMstRrstlabihg @ipdsh@aBund the
By using a conputer scanner, m crobeads should
bendsufpﬁ)bfiylahbvelsbfﬂbneters of 100 to 500 nm . The pi xel
nurrber 2048 is equivalent to 212 . To store nunbers up
"to 2048, 12 bits are required. Each m crobead
poHithé pﬁ)eﬁwlsh{intdﬂb@g,m digchl b@la)acaitﬂbebusednﬁadﬂﬁmoﬂﬁn mzt)sfunctlon

x and y value. One m crobead requires_ 24 bits or
as affﬂl‘éﬁr/rﬁ’éh‘@é ot gheshost evatefeayAlily melers 2Bd ag) 3 ToPSBIsH fr the signals
betwiihf R YRR, scfveh 3HB ofhey BaL Tk 2 YACpabioh RS Ridallation
locaﬁmneﬁmeb;f/aexothty hetdrmhay telse anp dstectond poifih eeqiéttemnents as well as

vol une .increases wi.th the nunber of m crobeads and

datafﬁa’é‘ﬁma%@? ESQDTFRReRts 30 §pngidRtatian, | ohead. For exanple, a

2 mmx 2 mmchip with 1 nm m crobeads and 1 urn

average m crobead di stance can hold 106 m crobeads.
(1)mmwﬁwmmwgms(mmcmobﬁes Tot aI about 7.6

atj
enKlsSh bt sBfRAE By wOgit, GG ¥ bltormance in
vert13£l 6M diredPpAM rklekwaat Q;ﬁaﬂneld; }ﬁltsv&pepmjrope@cﬁrmance workmg in
m cr obead particles by I ng the suspension
horizgta) map agh chersel. Jherdis agmfy (Pfdméesglgaw o 39gPEinAgem using in
o] L BRER BSOS Rpn S S08E8k b i
expeginkens Whgpep theagdodnssuifs, mecnrmHanadletaa«mobmddl barﬁj)Of H¥O0 meters.

WitEHhE gt BEr € oY ERA I TR CRRGSECL ARGV B a0t S ignahis pgricd by

a su&%?s?(frﬁbﬁsv@ee O [RrmAkeH 8hd Plpidl ﬁe&&n@? QRQatfd) BAd itKe recelver modem
par al | Each single chip shoul car(r:tg an identifier

woutdo snparaﬂe thve modtipasht adivals foiyospnvesting dbell nfmgadglayybinto their

reallgfq,tlé)ys I\ghgrglg l\/bunﬁ] nsggnéﬁ éﬁtﬂ g:f)bzanq 1btae gdlgttr rf?é/%lzﬂcges the best

sultébfé/inﬁﬁlpaﬁl Arfilv &l @ Y &Eﬁﬁ%ﬂllﬁ Greqleric WogeRT BR knd‘ah@Wf conventjonal
device. In any case t array is subjected to cone
frequency fdisHnachn Jitripate ﬁeukmnfbb gecgivgd ﬁ’@@le‘f?{“sbe y@rBEed to one single

arnviaggy gl)lpgr\féﬁgﬁ‘l% tﬁé( I{t%gefrg :Oggl{n{% %&% rtég"l\,{,ﬁgg:%al.cggguﬁl?ath signal,
armbﬁfg dﬁmoﬁs inddgidtdletime rﬂetaytfberesmf/éra odll dfave his awn alystmt frequency,

mxmgthemvuththe sanple prior to its a ati.o
which pgniient FHJPFS OB HRSAREHRCIHSN Al SUlE FaUBBe By gis. This

appéapsetotaiglﬁi% qhatathg bﬁ&u@?& Fxro‘ataml\gl Q2608 S Whid 1R able to use in

cavi can t he anal yte/ r eagent
watempqtmaea tradsenission toyexteagt the datapfaorh nofltipath [“echo®Hampips, and also be
ngl e a Ilcaiﬂtgr)n pLacedur e Reagents are mxed with
abletp SCRALAR 1g di{erent iedelt i on or in the devi ce.
In a typi caI | ateral flow based device the sanple is
added and transported through the device by capillary
f o) essReayamngssoredirgational |y rel eased from rel ease
pads through which the sanple nust travel to reach the
m croarray. To provide a continuous transport of the
sanpl e over the mcroarray, a sucking pad may be
pl aced behind the m croarray. Renoval of the sanple
and reagents fromthe array are achieved by capillary
force based ‘transport and/or vvashl ng W|th a buffer or

. e . r o ~—~
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the remaining fixated beads were i maged using a CCD
canera system Positions of all the fixated beads were
wolewsdess3é romthis i mage, and the data stored POT/8G2007/000236
conmputer menory. This process was then repeated
sequentially for a second sef, of conjugated beads over

t he el .. pad optimzed hybrjdization huffer
cont B REwg KRGS e Rubrndy 56 Tniféreis HEessRRs Bgeen about 60-

abotub €30 afegtdes) homphbrieal fdriRhREIntARR bPni ARLHINAE for example. In the
hybri di zation signals fromthe beads were then

applisetion ekwaisr Agality ommitoriagi systemy theesansdilyetaa samgbaltmnsferred from
' i f.i ' beads..had al.ready been

Y L B D B RO s

acquartipet cBhiRand de.ne adjasi bamplaigesdt@dio M Waktk @Aty meter. For long

d %ﬁt ection oL many. SNP can be_achi eved by repeating
IsgpLon, pipay dhe Sendlatan heowent ard/er reeived yis ovaday betwieeyaiodems. In
sucRatab@fhaf nidly HI AT BMO ' IR o5 Qul

ot her set s gf beatgs ?gir&? %ﬁ{g{% ?/I{r%&% tgée?%élagﬂgxlﬁo Lysetye data from
botindirectidng alang the pipre Awoslingipne hotaimalBnemhedir@ton@adodem may

.these are pot shown in the figures. Exanple 2 This

be "@({é\lﬁ% eg%ﬁ’rl‘fsﬁél?E‘ftpégseﬁb?ﬂﬂhegfqnon of the nicrobead-based

m croarray for detecting fecal indicator bacteria in

envi ronnental sanples. Twenty sets of probes were

(3) Miessagaselay, seliableand dfsenRiumunjcation of ten fecal
i nai c al indicator was targeted py a . .
paﬁ}&%g??gl?t B ap D e e mrpspﬁea%@ent into
consitiettiati. fh erddbyo havel liebleuall @EididR camntuifcalbad dk Qata through long

'Watgoéi%’%i%?lg Using the same nmethod described in Exanple

PR PES: the weking woss of dhe acanstie nRMepy thalso we rimportant
factbd. X@t i S Sa..and the, positions of
actbegfg stﬁéj\/l ntﬁ’éﬁe%l ?&%1@83%52 Z§ gﬁ%&a% eeé}?t%%ﬁ b%}ﬁe 1, tWo modems, the

compppecation tliavebetwmecnomayl aotcenjelighslt el tivd ﬁlbdémﬂw%’rﬁhgﬁiang%% lBar more
e

t hat..each .gel cgnt ai ned beads conjugated wth t
th"‘“p@? rdlsg?ncﬁ rb%g"é%"gfa?gmogsw&e% g @Vpathe wyking gffestive ranges of a few
ther AbdeisO hn uhR&eSsat i AR IsESH 9F Sk, NQui shed
° based gn their spa}%,\?eﬁﬁtg%ldg@ %ﬁ%ﬁr onn@n?gﬁﬁggﬁn‘%} %‘E‘e place. As
suchy ilsmay be guistble ¢ seti the mpdetiewbekind rangdite at betvesIaout 2.2- about

h 1 di zed,t he fixat b . Based
27 4SO Y A Ot GO AT St o
amoi ¢ff dabretparfsatisseac/Redptiéd Be ti@RsHRi0R ¥HA not ﬂﬁr&%@fi@ﬁ‘ﬁi@anﬂy over

of fecal indicators in the unknown environnenta
a long, distance qpd vilb mpltiple repraterssnstearh terdatramial stilébe expected to be
laFolPR re t ten tecalindicators by .
e alB'f%i>f<lx atEl f{ﬁ‘gls‘?g‘ﬁqﬁé?ﬁi fei?@ ot El{:ag% Sevgwfgso&en gé&po H’cfs(i;lfowded not
the adjesamt reodenTd iabngxXhepipe afBammﬁirkiﬂE @ge tdghyPRhdoar nance of
anti body based assays using antibody antigen
i nteracti on and DNA based assays usi ng DNA/ DNA or
(4) DT ENSmRnicdhgat | on on the sanme chip in parallel.
Preparation of antibodies by biotinylation :
Antil thisiivetsr ([paity chanitakinlysystem| gishatode dataysahipliak rileYiLseconds,
minAQs |- I gg;?{i%‘i\/glﬁr e%ldl | ut ed %to approximately 2 ng/nl . i
U R S fyFire ek waler quRlibveseplopnuad dkes place in a
near trégl-tané isit@tdions Bl Wd Sfenflind: e HQJa%agfs%&és%n is not completed by the

(MoiotinrMAnti body) of 1:1, 5:1 an he ‘reaction
acousti anages, i the udpda dthnamisaBHn0 Gmiradrmbdide . inTte control unit plays an

. i.0t i.qyl nt i-body wa rified using . a L )
impcaft K, PAEafth ophiber B i censFisel 6uil omginlude realtime
updating ofiwatePiqaalas sfatus kBQ deh@Al t i ;

di ssol vedlqi n ?he PBS and st%?deeg’ agltq r?(lzﬁ(‘)ﬂ[%%@é pé?%{ 8%ng}1mptlon of
the aggypstigfmademlonj ugati on of antibody : Anti bodi es

(pol ycl onal Muse 1gG and pol ycl onal Muse Anti-1gG

Arista Biological inc.) were diluted to approxi mately

2 ng/mM. FITC was added (10 ng/m, dissolved in DVSO

to the antibody solution at the nolar ratio

(Moiotin: MAnti body) of 5:1, 10:1 and 20:1. The

reaction was incubated in a tube at 25 C, overnight.

— Py ==~ 4 " 5 o
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A phot opol yneri zati on process was used to create the

array of gel pads. A photomask was affixed onto a
wadoanissael gl ass slide coated with acryl am de BOI/BG200MP00236

and exposed to UV irradiation in a cross-1linker

(UVC500, Hoefer, San Franciggo, CA) for 45 min. Areas

of the acrylam de solution that were exposed to W

i ght and underwent polynerization, resulting in the

f or [ : .

10 TR chfolind e BE R ARe ik or RESL L SR P
(a) Finacbased fdatarirynsadsdon,dleed hisimeandadhepiiioramdstuldrbe in seconds

minke 42 i opeb Rl HO S My S e 98 wptate

and RH6W 1id HRANS5ENGBhehoddde gel pads. The Biochip Arrayer
(Perki nEl mer, "Boston, MA) wasused to deliver 5 nL of

(b) Bidtitalriven dotrattansypesion ~ Whaothsanensnred witen quaity Hlatagesceeds the

ds. ternativel t he bead an al.so .. manual .
norBRo oging SR 10ro s aTenbfE, ARk i ey JRkBhdkrs, yramming
mesgdp@s hiag beepsieCandaienSiORE dnti@bervdenmidimly aneousl y.

The positions of each spotted single bead was recorded .
(c) Onalepignd dataoifansEaesiohm deansmyis daét BRmpdipiely tthiercentral server if a

[ . ' I il all
con R Lo b o da s MBS Rl RPERRAC R | 2 ey
(d) Ties Bedsapofzidy coattoblogiddesaritrad igeboyesd) The devi ce was
t hen capped with m crof | uidic dul e for sanpl
Abore Jagikr B . CORfrPb HitaegRirips $re o sprliedPotnpal server only
L&thy 0 bl &brAREGSinBhréthRidnids i dl&?%iih%- igd¥ould b
Wh%@#%%?%gi%ﬁhgﬁa%xgﬁg (PDI\/H%)(é m)(rzllgflre vvaslfabri cat ed plﬂ— owe be
redugsd signifiwamtiz canpared imtithayrelp Hine btaseshdata)ragsmission.
Si nmul t aneous DNA and i mmunoassay : A sanpl e cont ai ni ng
antigen and conplenentary DNA was i ncubated with the
ar rbordikitoSRoH e cRBBRAEHS Be Invieatith, aGfat&draliapbekrd
DNA target (5'-AGGAAGAGATCGTGAGGCECA-S' ) and
COmPIFES- | abel ed anti-1gG, 500 mM NaCl and PBS-T buffer.
10 S l.e S t . ] ray. .
a0 tro3h Wersoines it B SRLAbYRRREL SHEAEY MY ygter quality
parathdtérs 20 nL of a sol ution containing 500 M Nad and

PBS-T, and the signals were then regi stered by,
f 1 @bleasiwREIeherpYag yyit. for @@qS@Séhf‘e%w%mqsmggéﬂttﬁ drater;

ar : r
" 5, BRUBHE0} el el SRR Bk A B o and
recdivdselatmdrdahla Hokiaterminel dulordadtheowateequality ofetads ar e
illu trated.gbry the.i.llum nated fl uorescent ci ré:I S i 0 4 at Jeast
Fi ghisastAee Sigmab HRASKHPHRS Wb dbr RTRSESIA LRGP geRisats Jfom said at leas
onels@f¥Md dnff;ng target analytes in a sanple does
notrequire nultiple optical signatures to be used = | )
si rcepntiob ugitabyr dtordeg resnlés donesaid amlessbpeadigngl egndiiyng unit,

cof B T 500 AR Sl Bl 18 i o

terntibAlSind oy BRGRE WhtePudity Hetro@ads conprising of a
known first bioactive agent are added to a substrate, . .
s ulss agsteanel BOWRE SAEEe il 1T deresatinggaver Sroghp s dlovsidgstributing
j . Ln a formof an encodi ng/ decodi ng data
Con%?é%de&%@ég%ﬁ nisf%bpopul ation of m crobeads conprising
of a known second bi oactive agent are then added to a
substrat e, subsequenély vvagh d and a data i nage,

IS .
caphefPEHNE 19 8 3siec) oh s SRBPEERR, the PYYTH Sopregrnit can comprise a
&@%’nﬁ%ﬁ% ' e two
Wat%co I ng/ ggo |r%%r atgb%tgeg*gtgra}lrg'e then conbined to

form a consol i dated encodi ng/ decodi ng data table as
shown in Table 1 below. The | ocation of each of the
m crobeads with respect to a fiducial (X=0O, Y=0 as
shown in Fig 3B) can be determ ned by conpari sons of
the data fromthe consolidated encodi ng/ decodi ng data
table as shown in Table 1 below. A sanple containing
potential target analytes conjugated with fl uorescent

o o o N a
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di stribution network. However, there exist severa
problens with the presently used sensors. Wter

Wwal2@B0igseé i on nonitori ng networks typically coP@pT/B6e®02000236

host station and renote sensors. Electrical power is
required for the rempte sengprs so that they can

perform functions Ilkesen3|n naI conditio , .
dat‘\&cwég@ tRGnathar eres of ti embadimsAb SHddRg: W%Bhfgpq%fgfty function is

PTOngliéat - acBlist{ERhid tYansH‘s%ﬂn%@fc'eo n of water

ut1on networks and their respective pipe lines
are not almays close to electricity supply net wor ks,
ors have t

h
CcFRt GBUBPEa ® SRR DO DR R BBl PRl ey to tis

enmb&ﬂﬁ%@c&ﬁﬁ§§%$m§g&hqﬁe usi ng batteries and sol ar

| s. The drawbacks of these power sources are that
t h eetttmttr@ anés:on@eﬂmgcpowr pedlpble de geleted egpsgamitrgampogents;
thelr ver ted I|f

1.};81'% ?{ae X ?cé ?? th Ce{l@fggnéﬁgﬁt?% Fo“?én{nﬁy %"55&(? E'«J:rﬁémg unit;

V\B@bﬁtﬂﬁoﬁiﬁg dhd btorifig s#8 af leist oRE hrdsured aghattoas data; and,
transm ssion_between the host term nal and renote
seffgpymittingsai dase foYBOSt MRS cel | ul ar tel ephone, GPS
satellite, Internet or intranet. For all these
nmet hods, the renpte sensor nust be equipped with a
no ersummebrize, @mari ot dlmesenhin&bnttmeinsludd: he renote

> egis %@?@1 erggpts’ré@rg Sﬁg]attﬂ%g wg,ltn%?tgrn ts%lﬁ%d% pvg@% quality meter,
ec?%dn?% ﬁ} Eﬁ’)etstﬁlap HaSdmiSiéd AfrSughf tha fRid ﬁlSld-Ehﬁe ?ﬁﬁé\/\'{!‘ Afskgenerally

such an on-surface npodul e needs

remmasttl&omdur&m pzaég all(éﬂlilS}deS o0 s¢qugay fomﬂm:wsm n

PR A BEISL S50 Ao s e

religbUith ans r&fust’r@éﬁﬁf&hé SYRei gue OHB ivlQS@Nfromekesthal @ﬁvﬁ@xﬁhéht

to overcone the aforesaid problens and difficulties.

It is therefore an object of the present invention to
provide a fluid sensor having inproved reliability and
i fespan and which is easy and cheap to operate.
SUMVARY OF THE I NVENTION To this end, the invention
provides a self-powered in-pipe fluid nmeter and a
fluid transm ssion piping network as defined in the
respective i ndependent claim Further enbodi nents of
the fluid nmeter and the piping network according to
the present invention are described in the dependent
clains. An aspect of the present invention is the

enpl oynment of a fluid-driven power source unit such as
a hydraulically driven power source unit, which is
capabl e of supplying a continuous supply of
electricity to the fluid neter and its associ at ed

el ectrical nodul es/units. Another aspect is the

enpl oynent of telenetry, for exanple, acoustic-wave
telemetry, which allows for data transm ssion to and
fromthe renote fluid sensor/nmeter w thout an
on-surface nodule, that is, frominside of the pipe.
Bot h aspects allow therenote fl ow sensor of the
present invention to be a totally in-pipe solution and
t hereby increase system security and extend the

i fespan of the fluid sensor. Anong other fluid
sensors, the present invention provides a water
quality nmeter for water distribution networks, wherein
a plurality of water quality neters may be enbedded
within the water pipes of the water distribution
network. The plurality of water quality neters can be
attached at locations within a pipe in a water

transm ssion & distribution piping network. The water
quality nmeter can detect and neasure a plurality of
standard or custom paraneters that determ ne the
quallty of mater and can transn1t data to a host

I 1 M T " o N1 Y - T 1 o o
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Figure 4 is a diagramof an enbodi nent of a
hydraul i c-driven power source unit of a water quality
woreasnigmecor ding to the present invention. DETRCT/RED07/000236
DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS Figure 1 shows
a schematic block diagram of,a water quality neter
according to an enbodi nent g? {Pe present invention.
The water quality neter i & ed on the inner side
Whfis @lagdEis: transm ssion pipe. As can be seen in Figure
3, aplurality of water quality neters of the present
i nvention can be provided in a water transm ssion

i pi ng.system. co ni.cating, with € 0 re_host . 4

L L P AEPET R it i it dy oo S Gudie T e Siyige a flid
therBiAPQSHhpMg: conpri ses a water sanpling unit, a sensing

unit, a signal conditioning unit, a control unit, a )

powet teagiornectensing unitrrapable pgn@nw@igmemimoreméameters of the fluid
. .sa Lng unit extracts/takes a sanple from water
lnméT%mnﬁgthside t he wat er transnisgPon pi pe and

f oranedlelféteis pdm e Srankmissmpligit taapible cfetedemgrivallyt trafddmsitting data

sensing unit measures several paraneters such as. the

inclpdipg pgeeagwgd flyidparametento st trrainab apd{ppingtierfiyig pgter; and
Si G0 Rast B LIAOMIAG: BRId: QBBHCE ! QREFIRES JeiEraffBR PHYEF from the
paraneters. e processed paraneters are then stored
fluid Aotheitldianhe pipelani tsuppiglingeposiet to thelsesding enitiandlor the transmission
.another water quality neter via the transm ssion unit.
unitas can be seen in Figure 2, the sensing unit, the
signal conditioning unit, the control unit, and the
transmssion unit (as well as the sanpling unit) are
r epdbe iflwisl pmeten pedordidg ve elhine L eghereis: power by t he power
soysce uni.t.. The. water/ hydr icall riven, power
s oupE Betifibsion i ML 8 D Adteh Ry dlnlsn BB futer capabte
of rédeRMSITHAS o thedbobt terbhi@all 4hd/s AhsthEofuid hadtér. | S
connected to and operates an alternator/generator to
generate electric power when water causes the bl ades
toq : . ' -hattery
st o S5 i R Bk AR Pt 1 87 R B el 11 o
povaeieastForguived 4armpling uliibeppabie of eatnatingm sample of the fluid inside the
. hydraulic-driven power, source unit, of a water quality
Pip pa%e%ﬂm Sﬁﬁlptl‘gtotsﬁléi %?@é@?ﬂe RYBRIPSN, the power
source unit conprising: Hydro Turbi ne Water/ Hydro
turbi nes generate very reliable power with a very
si rpThe dwsd gater Tggoirdiag toanyeof'dlaimsdrto 3p furtheo pethpasing:s

ttach t ft,. which i dto. .
opdf 4756 of Tl FRAEPNDE it R APR G Bk e maemeters
meab@ie@ by Galdst Seakt\6nd JéAsIAE uhi@ rotate. There are several

types of turbines, but generally they may be
classified under three major types: (i) inpulse

or o apuid istor SE6AN' Tt bbb SRR € contol
unitdapigelof:or a different type of water supply. No matter

what the source of the running water present on-site

as qoBfiplling nomer suprly frome fks BOWerstAYRIe, Ut tq PRAPTEOBE Of the other
. ' Y . t urbi .
il RS, U8Rl AR o Bing UG, B 4l one s
condilyidnimgtunitizindes tlar Iost teeminag'andlover producers. Wien the

water is flow ng.and. the turbine s spinning, Lh

P RSP 78 TP ebiVAoRIE g homdningl g or ppgther Huld meter.
electricity nmust be consuned or directed sonewhere.

O herwi se, the electricity will be converted to heat
within the turbine and damage the turbine, hi a

"bal anced' situation, all of the electricity generated
by the hydro turbine is consuned by the electrica

| oads (that is, by the other units of the water neter
such as the transm ssion unit or the sensing unit) and
the recharging of the battery. However, when the
battery is fully charged, an excess anount of

. - N . —
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be considered for use in the present application. (3)

Message relay, reliable and efficient comrunication
wdab@satssangenent of the water quality meter nmapCT/a&m07/000236

the user's requirenment into consideration. Li order to

have a reliable and efficieqa conmuni cati on of data

through | ong water distribution pipes, the working

r afg e fluidaetss according traaf cdaigsdgoan seiffiid-gryen power source
unit sBfibAbing koW GERIAH NRY 1Ly A0Age! o about i he

i SPance et weEn T Wo o ens, e communi cation

t her ebetween may not be reliable. If the nodem working

range is_far nore than the distance between 2 nodens, . .
or I:}c g'}hecgk}’gr L %%P’%T‘?ﬁg t%fapééc?f?&@m_f‘saﬁg&%oismg fagyission unit
com?ti?ltﬁg AP Y65 tic AV NRARGERES Y dEREE fé?lf)a@ﬁ‘e ot dtransmittinlgtda’ca via an

ansm ssion of data nay take place. As such,
acoustiy wawe subugtbthe ftud withintthe pipsdem wor ki ng range to be
bet ween about 2.2- about 2.7 times of the nodem s
average working distance (range). Detail analysis

shewghehat dfffie aTid Mlet@f acdaddng tRBST0S Tladms /1L EGeRt water quality

/re-transm ssion will not increase significantly over
metef. | ong di stance and with nultiple repeaters. Instead,
the data may still be expected to be relayed and

transmtted to the final destination even if sone of
t he, Anfliddsraffinidviod §ihinhetivbek eth@isiiy a prugais pf sdlBpgwvered in-
. the_ pipe are not working due tqQ any reason. (4), Data )
piperiiuid St pesprdinate By one afir{admyd r erespreivelyymersi 93idp gt a pipe
tHRYpibi node data sanpling rate (in seconds,
of nin@@ se cag'be configured, to ensure that any water
qual ity problemfound takes place in a near real-tine

situatjon hi, the event.that the data trgnsm.ssion js .
Pt 021 HBp, ongiSHED Rinihis By oR AGTAIPRA0 G 0. dch Tuid meter
beink@PIE 08 b&ﬂnﬁﬂmaﬁﬁgrvﬁm%! Rjdcent MAdGRSEN @b thiHekpdetidy felemetric
an Lnportant role. The major objectives of data
datattraapussogiveit. cont rol unit include real -time updating
of water quality status to a central server, and
reduci ng the power consunption of the acoustic
nodem The control functions of the data transm ssion
control unit can be as follows: (a) Tine based data
transm ssion, i.e. a mninmmdata update rate (could
be in seconds m nutes, hours) can al so be configured
so that the central server can get regul ar data update
and know the availability of the nodes. (b) Event
driven data transm ssion - Wen the neasured water
qual ity data exceeds the normal working limt, or
shows significant change in certain paraneters,
war ni ng nmessages nmay be created and sent to the
central server immediately. (c) On-denand data
transm ssion - Transmits data imediately to the
central server if a command to send water quality data
is received fromthe central server. (d) The nessage
relay control |ogic described in above (3) Above |ogic
woul d control the nmeasuring data to be transmtted to
central server only when necessary, so the data
transm ssion/receiving/retransm ssion al ong the pipe
woul d be reduced significantly conpared with purely
time based data transm ssion. According to another
enbodi nent of the invention, a water quality neter
conprises: at |east one sensing unit, for neasuring
various aspects of the water quality paraneters; at
| east one water sanpling unit, for exposing the said
sensing unit to water; a transm ssion unit for two-way
telemetry function, which sends data to and receives
data froma host termnal and/or another water quality
neter; at |east one signal conditioning unit, for
processi ng neasurenents fromsaid at | east one sensing
unit; a control unit, for storing results fromsaid at
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