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WD 2004/ 034014 PCT/ US2003/ 025386 DEVI CES, METHODS AND
SYSTEMS FOR LOW VOLUME M CROARRAY PROCESSI NG

wBaokgsound 5 The present invention rel ates tRPCT/US2003/025386

devi ces, nethods and systens for | ow vol une
m croarray processing. Mcroarrays nay be used in a

o & of i nRERAGES ETRAN AN ASRMS U Lo an e

i dentification, drugpIiEOGARRAY, PROCIREIREGOr | al
chem stry, etc. Many of these applications involve

expensive and/or 10 difficult to obtain analyte

sanpl es and/ or reagents. qg%%%h%ﬂ.Of m nut e anal yte

sanpl es to higher vol unes processi ng can be

pr obl erfh¢ ipeeserRonveasiompilass Wi dayices rmetfiodsi amdtsgstems for low volume

e anal yte sanple to higher volunes can

resg%%&%ﬁﬁggﬁ% itrations that may be either difficult

t o det Mltroanrays hay be egpdiin £virder dipnabRey sicBRg cfileQERSHiNY
ng%%irfc%%r :% m croarrays are deS|rabFe because

¢ PR oHE RERg g Paf7ae AR PsiFrahidentiicationsdios dispalionss

ofcombiahtptisl chafighs. et(P ﬂ\@eﬁ@%ﬁ iee a‘ﬁbﬁd&t@nsﬁhﬁﬂ&@é’x E6ivVe BN d/or
exanp placing a snall drop of analyte

i nyol ve, for
ﬁ‘fnglélt fo@bigin anfbtezemﬁie& psy qr geagents. dﬂﬂlﬂf@e of mimtezmalygeysamples to
{ PR T ot B B Bloplo R M K 18 W Bl
Tﬁéa@fimfghq qaiab'twmm@@ bxgheh Vogquas aﬁ&bﬂﬁ m\le(brg:bﬁtraiaﬁﬁis that énay be
C n.the etween the coverslip an
%{e?ﬁérrndgg%uétr? %/t&g[l? d #hgt(::réeql%eg &8 X ?ﬁﬂt&péo‘ieﬁséngztﬁn%\gn al yte

sanpl eAcacedinglenintoairDa hfedlgsitbleltREse hb Q5cof38dHParrays may allow
however typically prevent mXing

i.llary forc

o BRI VG PEATE VPP et RECSNUREJHD ABRTSREaPaY Iy ol or
Me L@, HRYIn %ldfnﬁﬁ@ﬁ)p of aﬂh@;ﬁgéaﬁﬂﬁé ®%t, QQQOEIHCIJOIHIE}S? on the
di ffusion of anal yte nol ecul es over the m croarray
s BHray, fol %W%Hﬁ’r%%wtloé ohitidl pesdyie ngptleh@ver the mmicrofirray surface by
d [ san
it 822 Bterdllp 100 cer P BrBlNR KO SRR it it cabtly
nﬁ@mm thergap Betweenaipproveaslip angl themaicroahay\@irfate thid disi@biite the

d dv nta es. For. ex le, to Qpbtain a_vol une
PR D AR AR AGR Sl TR Sirad SaflBialotist ety
n Blp[d:a]ﬂ}Oprb&nt mbﬁlmederbddsthblmoﬁ sethe fanaptdl 's:hh;ﬁ@ 8ber IRNALNESay

le or diluyti i ven ampunt of anal yte
< 8B e- StorSgttbesln ittt age v iersioanies e Firanierasmey

t fiefas@npl exity of the processing systenms. Furthernore,
in some 30 systens that enpl oy punps, further
agi t atPrsrapproagihe agdrassingdhesisswp bbdifinsiother mixangadtheayalyte sample

AVGMe%QQr‘%éIQ%ASQ ace 1%\%§?I1%Q1§é 912 p%?n%?ng mechanisms. This approach is

not, however, without its own disadvantages. For example, to obtain a volume sufficient

for pumping, the analyte sample volume may need to be increased by the use of additional
analyte sample or dilution of a given amount of analyte sample. In addition, the pumping
mechanisms increase the complexity of the processing systems. Furthermore, in some

systems that employ pumps, further agitation of the analyte sample on the microarray is
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performed by use of a vortexer (simlar to paint
mxer) in an attenpt to provide adequate diffusion of

W b@4asmalyt e nol ecul es over the mcroarray surP@Des2003/025386

Anot her potential di sadvantage of systens enpl oying

punps to obtain diffusion of target nolecules is that

the mcroarray surface nmust typically be encl osed

wi Refornes bydise efch vosterd Avimiar t paiplgpixer) i amstepphioyrevide adequate
S AR Sort b\ TROG AR e ARG aads 2 TSI L

the mcroarray-devices nmust typically be designed for

use in Pamthamkcagmal dlaidvamerge pf swtenhe etnhlying pedpdtosbalired ffusion of

nb furt d
CORRPahTe e PRI pay el mit Bbigel heFrobed g soed
di sadvans ageinthe anale daifladieizHubipig ah@oPaekade Aeehd, the
mcroarrays.is the formation of fluid retention

i pisFRHReevites mpsh tyicelly R desismedfor use 1 2 pagkee thatsae progide the
of ned@ldlseal @\ haRb&e Th&abie! ’gﬁF%}ﬁfeﬁaddQ% Y E&%&ﬁ“d Jo‘?rﬁ‘fféxﬁ? of the
of the fluids results influid retention.

r dnigfogeaysf | uid is not capable of distributi on acr oss

t he sur

| nvent %ﬁl&?ﬁ% étggg%&%%g e?%%eai]e?é:v ges %/Ige&)tocé a@l?age the
nmethicodsaarigiths mmﬂmm éfduid wenmiioil 1uwﬁaceﬁm¢thma.he¥ éiylmber at, e.g., the

o raieRpl Pynsand plAE R M B o5t RpSate i fuuf st nua

Theteht@aC tTaB tetfhddefid ﬁ%bt&@aﬂl@@&ﬁs’&n&ﬁloﬁ BabssaRefiudaes dfQhe
capture one or nore selected analytes that can then

beGEPE®t ed based on an el ectromagnetic signal, 20
e.g., fluorescence, that is enmtted by each analyte in
response to excitation energy incident on the

m croarray device. M Summapef the luventionbuti on of the

anal yt The ﬁggéngmg%{n% OPtppoe\fli{ geé:vtlc%gt i rdfs A §yst%ms for l%w tv?llg e

acconpl|s rexct Sur t’ace suc

t hﬂlcﬂjaﬁh}yﬂirecaﬁsaﬂg)l "Hlefriuomsrrayvcemcémefefaeaeﬁmﬂe apluirhlag ef reactant
The tiltin erf rred suc;hth gtortlon of the
e o ey BBt LR TRthRl s fnafide FraBiais I gpoteiq reagture one

edgendad selddRd ﬁﬁﬂﬁ&ﬂﬁ&t okl tbABE detddh Ha&ﬂ%%ﬁtele‘éﬁ'&fl@g%@ud signal,
then tilted in a different direction such that a

pc?r& i 1B1qresgenes éhaaﬁ&ny&tf‘él by£Ath walylediesprnse taygreitation seargihipcident

tg&ﬁlcm g&g&ul ates at a second edge. The reactant
sur ace preferably generates sufficient capillary

f or c es Mikinp and:fq chstably'toe of tirphadyts sppiple dreer thehwcainaduyﬁm is

t al om élslzeﬁl v e%n e e (Q?r%t Igllerfacg g&g%‘éﬂ@%@%ﬁg aané%e ﬁ’ﬁ%@c’\?ﬁ the
ti ramanaslrﬂaea: eﬁﬁantjmgtlop@ﬂhaemsubln elaokeﬁorﬁ@doﬂme(mfagztmdlbm
di stributi.on_of analyte san&]e over the reactant

SUCE ates i a\lﬂ@ /a(fgﬁt@fgr (t;l:fq TR g\}r@ﬁg 3’§]§; reactant surface is

then tilted in a different direction such that a portion of the analyte sample flows over the
reactant surface and accumulates at a second edge. The reactant surface preferably
generates sufficient capillary forces with the analyte sample such that the analyte sample is
retained on the reactant surface. The tilting and resultant flow may be performed as many
times as necessary to obtain the desired mixing and/or distribution of analyte sample over

the reactant surface.
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In accordance with the principles of the present
invention, the tilting is performed while the anal yte

w@ a0oploatois exposed on the reactant surface. ASPUFES20031025386

connection with the present invention, the analyte
sanple is "exposed" when a portion of the analyte

sanple is free to flow and accunul ate in exposed or
uncovefeeropdarrs vatbdhpringiplas obtheprrsers invertémathe tdfingfigpsformed
I %Hlﬁ%ﬂé)ﬂla te sgmye 1§ xggse(afopttﬁleerez{c?%% C. SAISr JS@& fﬁcohﬁ]ectlon with
contrast, or e acenent a covers

cdh¢ msent/\mt/éntlbmeheaanalypet sempkemp\‘eapamad tshieen raep@ottcmmf the analyte

SRS HR o e R P S PR R or e
I @8dckan€ Sefcdiv réspense @B/l(ﬂhﬁé bithe feRctAN QiiRE. HRIIALAst, Fbr example
characterizing the present invention, the exposed

arfiiGrentoh ﬁﬁ‘l’véfﬁhg i S e anahee pRiRl B e S BlcRtTace would
dUol ?x%vitdb bi E@sddtnbihe saBsie BeufflohlorthdlBURtd simpRQYdiidbe

or other structures rising above the reactant "Birface.
Fupstheiedrthe cavhrslip.elusostber raanapnyat @h@mizmgdbmplb@nt invention, the
gSe%?ésIgg glga&ﬁg' sa llglig I éﬁ{le%ocglt ﬁlglteacggeh& X%r}éggé IHurEn %ﬂtrnﬁgaifltt tbsence of
arsideytlds, saepd @ other stnncmmstrﬁmg abéviehhecroacetns burfase. Buithemtiore, the

SRR 5 BE St i me Y be Bn st
eXadpBseditbRnoH de'vfcé’s ih vhich tReieE R sﬁin%ﬁledé Mtdohsttvlith coverslips
and/or mx_a | ow volune anal yte sa e over a reactant

s (fif/gE ddewrdls in addifion desppface Hf “he@WaX/)ol ume” anal yte

sanpl e gxe a@@n&g e O th¢ fedehBinFer®ibn bBF Be, Q{,I &Qlﬁblxt e éﬂH@

per square centl neter of reactant SUI‘ ace.

pradéquaielddistiibitte andénmnu@ hlpvevolame arsdyde salrr@ileecmr mﬂalﬁ surface. As

I S Qr nalyte s
R P B vABRE e IR ST el 8 B s st
ofpet hﬁiaﬂarcelﬁﬁmiterloﬂkeeﬂhnt@ﬁrfmyltm,y bt prefeeicd iRk SowtvdBime" as used
di stri but |50 q?nd/or of an anal yte sanpl e over
a DPEHCRET BiFFFUREROess ﬁé 2 14TPIS K PAatel CER M PR reaptgnt
r edHs®. or prevent analyte sanple or reagent
degradati on during processing. O her advantages of the

pr esentAnPHgEady aEe PR heipFrspni dry entasrmasbenior exangple i digribution

t i Y

Wﬁtﬁﬁ/o{‘ﬁﬁﬁ'ne rﬁf ﬁ an glr?érﬁgg éag]gy{/cf‘gxleeg BRI, l%ldl? ¥ uglﬁg g&? 806hak fdid flow
c dnregots erpseVblmadetn szpmpip Dr@amwegmgatmeﬂutingpmb@sibgr in

whi ch e is.|locate

hoed 't e ARG B R e Rtk kR G Blegeh e e o Sigine e
denedRS anyeaxtbrgl piresitg tévades @ﬁrsocﬁahtbdﬁvnlaﬂie @icrohrrdyl dguicek, no fluidic
retention_interfaces tvveen %act ant surface and

t FEPISHHR RIWSER PUapRg §eres 4 (RO 18 SRR Bierarpy device s

t h@ca%eéi/%ﬁﬁng thY BdeH 'f&@eaﬁé@ﬂeﬁctlﬁﬁ alﬁhnﬁ)eﬁQJv@LCtHé Bicroadfdy devices, and a
gggund conmposi tion or conplex, either natural

FotHey cmingiion pdiuidsgtentin iplerfase betweendhe reasiabiuriags and the
[ parated froma sanple of interest. Analytes
| papagREP A cut o3
“Analyte” as used in connection with the present invention shall mean a molecule,

compound, composition or complex, either naturally occurring or synthesized, to be

detected or measured in or separated from a sample of interest. Analytes include, without
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WD 2004/ 034014 PCT/ US2003/ 025386 |imtation,
proteins, peptides, am no acids, fatty acids, nucleic

wa@eiod®3socar bohydr at es, hornones, steroids, |iptTE$2003/025386

vitam ns, bacteria, viruses, pharmaceuticals, and

metabolites. "Reactant site" as used in connection

with the present invention shall nmean a distinct

| Jéaitdtisn Bipteinss peptides emimp dcids) detlys acidsy Irslhl@ici @%iﬂs carbohydrates,

nq{ SRS, st AP gl th

P A i ST AR e s Y ERRRL R gl Bpies

b| nd| ng‘Rawtaan altyy't & edet he rcoanieolikm oithithe @oagnirifiventon Whdllnmean a
or co d t assists | d|n t he

2 SRy aiof .S SRS Pt Ry 3R5 tbtral RolgetlingPRipoups, compostion

C agRZEMpRs, clher Haf@dlyarbriad of fHRheLaal @Mtis caﬁiaBl@%f BfndiB @n analyte

pr ent invention are useful for chem cal

FetlPealr Hequilpeivrtith 2 aralesule; o5 Fompayg taﬂti ¥pists dp pinding the
E@E’Iﬂieeﬁ tRf subfRed, AnSas! 1f lekiple, W Jo@ﬁkgﬁn el ITHetrBdct:QR at the reactant
am no acids, 10 nucleic acids (includin
olsitgorf) dhee prepee SnveAton BrRApsefid atop algadicalt es Jbicgheical measurement,
pr S n ni i b d| e

D BIEEhIE s B0, B8, PSIRUIER S AR RRE b g, amino acias,
c ontlactacidg (1acluda@bl@a>hudédtiﬁes & i} cEN&l)ydaﬁ)obydr@téQ\éhdipﬂd&nﬁ (such as
m cr oarra% q%v% 53 i ncludi ng a reactant surface,

WBFEH PHEUPESYt ant surface has a plurality of

react amf orfiabst, e PRAER kAN prbNGes28RGARIVS cSMEIRE 8 reactant with
wher ei n 15 the plurality of reactant sites are

dis8&pglye by P’@Pﬂdéwlﬁf%?y cXit8 Ingsing aveadtat sustieq, avberein the

S Y deapsurhHayd ﬁﬁtu‘eﬁlt)&bfr réatcta?lgﬁgs & I&d%@é‘r%éjre%zzgﬁ surface, wherein
| ocat ed opposite each ot her ting a quantity of

a thd pjurality afitbaciantsites ayg distogt fnbm eacéamtearand Svlheﬂeanhe reactant surface

t { f
alkl)%cgl%dgg% %%gecggg %ﬁ& netcglfs ? Po V\f] %qpr?mge 668}} ?tg%rn %JPS]{I%a quantity
| iofj ailiguidramesm dnabyercdshd ﬂ&@ctiﬂt Eetace; @@ (0 rehdignt 6@BLE &Y first

] ace nder t.he force ravity; tiltin
- e b aueSiRoSm oelurepriatodets L ameue (reds the fs

axtige oTfther0dctint Qittacd\MIRIELIB fRcd S etdvR Hind A€ rdakiGttistiface in a
nmoves fromthe first edge towards the second edge

urieropd tietipnatont te agjs afiofagion, Prierein apirtor efiths henidmordsdiom the
"GRG bat i -
R A8 UL A LG DR U e, BRI i o
cmwanttsmfg:ealuma&ltaﬁmg with an analyte by providing a

m croafr devi c hilic rea nt surface,

25" wheP U RS A e PP BEP B0 Bl by escan
ofwitheaahaytt bg pioeRlingi aspiefoaesy Avie withe hyd®gkilid Mactant surface,
surface, wherein _the plurality of reactant sites are

divdpTetidhe FRIE suiase Gicgdps  plRalitygh eseeiprt siteredirnerseq ayer the

S what@s@uias, whdréih He pRasIRy @f]féa&arﬁ @1@6@ Ret UGS ﬂr&ﬁ éﬁcﬁ%ther and
opposite each other. The nethod further incl

d e thvgaciany swrface hys adirstedes endiacseeand edge laﬁfﬁéﬁd}@eomﬂ each other.
t e eI 1, Os1tin 1 d n f € rea
hﬁ ed6d it ﬁaﬁcﬁe@"c‘lg]ﬂt }tfa%td' Gzlglst 'i}{}? pg]?ﬁit A0%n 3 M#th 81% gle ctant

afirst direction ab at’i on
36urface;| tijting tkm@acttmq wirtacoin & fst diea@drmbbutsanraka@)ércmrtﬁm while the

wh ti f th
AT AT e ——

t hevésaoeadothe @rﬁ\idige)bf &ﬁdezfc&hf@ilrface under the force of gravity and forms a




-4 WD 2004/ 034014 PCT/ US2003/ 025386 bead above the
reactant surface proximate the first edge of the

wOo e@ashant4 surface after tilting the reactant BCF/{s2me3/025386
inthe first direction; and tilting the reactant
surface in a second direction about the axis of
rﬁ%gt%i on while the analyte and |iquid on the reactant
s hove fhe reagtapiywdacequpyimate thdirsticdes pighe wrpeans swfage after tilting

PQhd Fe@dtar® burkdd€ i thélBisHairRUES hd QFEhE BE réaicfa?i# suff998n 2 second
towards the second edge under the force of gravity and

f clinegtion abewdheszépad rethieonrveilettzaanalyteunl sigeid on thei reartagt guinface are
At C L. f { tilti h
” AP R B RE SRR A B B R b Bles b gl e

5  r eowirdsthe secbidbedge andenrite fae bBgavigund fgmk B®edd dbbidge teActant

another aspect, the present invention provides a
VB PF SR HE e g PSR e R oth e e rgtantsufce
t hatheisehd dieection. STRSIduad ©inafds B the @blahi Serface during the tilting

m croreplicated structured 10 reactant surface on the

subst r &t @othshgspectheprasont ipvestion Brgvidant midreasray devigseoslon
OV lunletRid HBE: AR tHAULEIRGES 2 SIRELE! Iy < Eb%g?kgféi@ote%ﬁca%d structured

reactant sites are distinct frome
10 anerchat sutfegsent the subsirate; esémpluiatigeofiréaoanpriteydisiessed nver the

Iaﬁ%%glglt éﬂﬁ’aéeo {;vhérgi\grtﬂegé%grqgtyfo:‘f Peiagimt%{tgsga%s 1i%tﬁ}; %{)]Igteach other.

es a carri puralty
r eact ahtansthef aspes, thopadeatinsntion pouidtaeapphrafub €r low volume fluid
carri er,

wher ei n each re(?ct a%ﬁj SL%rface IS a
hyP BB RAL TP epieraat BBV StRaFAR actTE sufagpt located on a
S WiinffRe Of MB darkiBG kwieiem cAcHHerbitak bdrbacOfs aSBORNE m3drbi€Slicated
di spersed over the reactant surface, "wherein the

15 pistncayrpd spagipntserdzop apd inglugdess phiralitd pErehgiant siteslinperagtover the
0 n J : )
oAty iRy OGS S0l of e SRRk HUEPRRLacncer
t hat i lingdhesaspect,daha presentainekndompprovides dnyappdramefoaiat eolume fluid

SRELAD} BV PR M LAl RS

b etidface ofithe batrieiQn @ BxIerdy e 0indill Snetst N isPac8@GR both row and
tant surface is a hydrophilic reactant surface and

reac
20 | akiga dediopt. jharrn SRoteas e yrace s fydeophilis e gripugasiand
t R 1deachianlityDideas: sitd\@5RtRd bhe theggééfa?t]ééutrrﬁécé?avherein the

reactant sites are distinct fromeach o

a RBEAEY ofgegstant sites e distingfdiem daplvether on provi des a

syst em,f.Q5h I 1. devj I SSi

t he syst errtm %‘ﬁa\ﬁ’é&gutng gseprlg\aeggél{%éwg%aarﬁggtggf rglrg}vﬁevf) Ql Ur e
2 Bigontay gk viepparasing topystab lireluditgy prodebengrhanbas teigerature

ch r to control the tenperature wthin th

35 PO Elnek el b iR b BB Ml el B mpeppre
t héthpribcmscdssige caibbe tnd rotafiénd] @fpatdn@naAthi@ e fRbddmg chamber,
operable to tilt a m.croarray device | ocated within

t HE TpfRRakPRgus operpie o tltmyaiceoagay deyiqedecated tithineihe piogessing
adysaepges of the invention may be are described in

30 nore detail below wth respect to illustrative

enbodi Hiese andgfther fratures\aad pdvantages of the invention may be are described in

30 more detail below with respect to illustrative embodiments of the invention.
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-5 WD 2004/ 034014 PCT/ US2003/ 025386 Brief Description
of the Drawings FIG 1 is a prospective view of one

wore@soaorey devi ce according to the present | PUENS10051025386

FIG 2 is an edge view of the mcroarray device of

FIG 1 taken along axis 14 and 5 depicting the
depositing of a liquid upon the reactant surface of

the mcroarray devi Buef Dgspuiptian ofgsheDyavengof t he

m cr oakfAay; devy| : tid [ f :

di rect FFE(% 1agg§f0%8%f>%it[%5%§‘.0f éfeéu C;fgllqeg’ %:v\% Fél{:/\?rog g tﬁethe present
miovendiom.ay device of FIG 2 tilted in a second

directi about axis 14. 10 FIG, 5 i enl arged .
par t 1 al Ko o8 &8 S an el e misioaBry Yool ERGdr sy e g 14 and
of depicng thd déefRRwitiaE bNliqiEuX ettt SirfabCouhSmic@bar@y device.
reactant surface on a mcroarray device according to

t he pr &8@ntis @ iieanefithmicmarny ¢vics ofHIG dgidted fnearfigt diggption about
al fernati ve enbodi nent of a microarray device

according to the present invention. 15 FIG 6A is an

SEM of HGet is eastvaoftthesmicfaagay defvica of FiCGaZitilnd gomseeehd direction
s%t%g‘ﬁtr&{sqdrafter relaxation. FIG 6B is an SEM of the
reactant surface of a gold-coated substrate after

r el axaI@rh is kh Ealarged garidal pess@eddnal dew iofthe aficrblireay device of FIG.
m croarray device of FIG, 6. 20 FI?%1 8 is a plan view

of L SEP IR Che SRR B o P TGS S EBRERA £6 e
PrRe&@fihg kdhe Pick@invEdtlon. 9 1S a schematic di agram of

one system according to the present invention. FIG

10 i s &1 Gis apy pdag VW ofrf@ aliprpaliva cobodipmenirqh 8 maeropgrydgmice
m : ' ording to the present

[ nagéﬁ%%?thgg%%%gﬁwi@&ﬁé an edge view in parti al

cr oss- $&3t6/o13 aoSEMhef theppantant sigfaod ofl i@anidd-colbdGubsipaté after
a rgﬂa)%ﬂio\r{i ew of an apparatus including 96 m croarray
devices according to the present invention. FIG 13

IS a CIRGsBeah SENBIf th reavtait surface afpsldtassedahibsth@aftdr?
taken along line 13-13 in FIG 12. 30 FIG 14 is a
grrﬁlﬁﬁat’(?f" fluorescence intensity as a function of

tar get Fpbi70RAYelsERtivEMew of the microarray device of FIG. 6.

FIG. 8 is a plan view of a nonrectangular microarray device according to the
present invention.

FIG. 9 is a schematic diagram of one system according to the present invention.

FIG. 10 is a plan view of one apparatus incorporating two microarray devices
according to the present invention.

FIG. 11 is an edge view in partial cross-section of the apparatus of FIG. 10.

FIG. 12 is a plan view of an apparatus including 96 microarray devices according
to the present invention.

FIG. 13 is a cross-sectional view of the apparatus of FIG. 12 taken along line 13-13
in FIG. 12.

FIG. 14 is a graph of fluorescence intensity as a function of target oligonucleotide

concentration as described in connection with Example 5.



10

15

20

25

30

concentration as described in connection with Exanple
5. -6 WO 2004/ 034014 PCT/ US2003/ 025386 Detai |l ed

woemansqtd on of Illustrative Enbodi mnents of theECPUEXE3025386

I nvention The present invention provides devices,

met hods and systens for |ow volune mcroarray

processing. The analyte sanples are in the formof a
liquid that is deposited on 5 a reactant surface of

the mghQpdr cﬂlﬁgdncﬁ lll?SftrattngEp{b%ﬁ%@ﬁté (g'\{ﬁgi’i‘e%ht Hition
anal yte sanpl es y, for exanple, 1nclude one or nore

anal yt d&e present omentioprprdvidgs delvi¢epheeteods had syateris éor 1bw qoluthe
may. i ncl ude one nore, different copstituents). . . .

o et iG55 e T TS S omp L 58 it  Fdf g s gposited on
OVvxbadide surRae bedié msdibdrag Gevices OEGO Piekdns BEEntY. thhé bdalge samples
the reactant surface such that the liquid analyte = =
s diph TFF%"”@%@E@P 9f et fa’éfllﬁf%/m Gvairiet i rhepsghe carrier liquid
I 6AsiadthdeSdHe loR Gdrel et ROkt R A DiRIR onl df ehelaREIGR sfiple and its
gravity. Flow of the anal yte sanple over the react anIt)

s unflyted oypa yhegpapirnpaurfyedie pécomplistied by Hiting iy redsanhsvafiage such that
org anal: A A1 qui ver. t

PRRLLER AR AR Sy G ey e

t emigioonvdids unlder thevfolraetod gmaitp | ow ntithe apdlyte sanyplé ovet €. reactant

5 T BB Mo, B e PR At

Badvain@ié fgcthhtidack of hen@arbay devicdshe reactant surface,

it is preferred that the |liquid anal yte sanple nove

acr oss SUHE iRt e 2yt seepladnd Reillpy dercesivork i efipthe analyte
| SafobletoGhd RactarfRRAEE whikithe FeasthilsSrficB ivlh! BYaRding ﬂﬁln&
entire reactant surface. Generally, the SUSCGptIan Ity
ofretanting| dnghesigadtant surfage, s prsterigd thabipe dqhid qudlye sample move across
c [ : l,€ Lqui.d .
o6 e B RS ERRARE AR L B G el B pugpe of
onhd énirdweadtzanwirédck.y di sposed surface and allowed to
stabilize thereon. It .is sonetines referred to as the
Ystati SeBeeHY MErPIEARSHY SET SUAghEee ot oHES t Rt P oo

t @haBi€Ei@ied biEHeRboNta@Singl6 @At @6 liq@d elaRes wikSthdl b RILETRY akiBr being
U.S. Patent No. 6,372,954 Bl (Johnston et al.) and

| rficeesiad profhahormially dispesed Nafacepdgdpgediptaplisn Hsteon Bis
alsohetithirefeBA ARG tl%n'gt!aﬁc eduﬁib&i’ﬂﬁ éﬁﬂl%l:tedn @f’ Lintks lréf&?ed to
tangent to the surface of  a bead of l1gquid on a

s thefeiicmergly as f'epnst angleivt Apdisaosedae V.S BatehtdNe 61372884 Bh@ohnston

t I . i guid S

| U0y RSN 857 Y LB 4 B e
wasithe ahigly Betareencalireaingenmgd the QlirfR0 oflebrad@sliquid y]ﬁh @Lafa:cy 'gt its

if the.contact angle is 90 de es qr less, the soli

S PP B o e ond Gieglane b the By Taep oA Pl flciquid whose tangent
Suis PEBEN L1 T8 phh® BSthOuried R6ul@ haRALBAMS: 288k BE OPTSrees.
exhibit a contact angle of less than 90 degrees are

C Mﬁlﬂx, if the maéaanlgg i&_go dagiegs exdigsi the solidzgriags iyjeqgidered to be
hefd bi the"lilaﬁﬂ.r @QH&dek 6n whith ggo%té? dr qufegflsesrohﬁignst &(ﬁibit a contact

surface characteristics o
angle of less than 90 degrees are commonly referred to as "hydrophilic.”

As used herein, "hydrophilic" is used only to refer to the surface characteristics of a

material, i.e., that it is wet by aqueous solutions, and does not express whether or not the
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material, i.e., that it is wet by aqueous sol utions,
and does not express whether or not the -7 WD

wQo4o®4014 PCT/ US2003/ 025386 nmteri al absorbcI/u82003/025386

adsor bs aqueous sol utions. Accordingly, a material may
be referred to as hydrophilic whether or not a |ayer
of the material is inperneable or perneable to aqueous

s gPaetiad alsorbpigy adsorhy agusprs Sojusions. | Apsoidinaly. amatedalonairhe referred to
S %ﬁl?@l‘%ﬁhlgé whétferloP¥& 'atlé}@f‘o tﬁﬁal f{g}{ﬂ% T Ll Bole to
prepare fromresin rraterla eren ?y

hydresyyh politeons sThak, hadropigli¢ f)hnse»sairrpsl 1eactqn0$uy1(ams rof the invention may
alb%qgl%{e%i frﬁ)éﬂaﬁl gafeg)graeld t ) rgs‘;i1 glfs{i;h %%H@Ileﬁg G ont %(ilc such as
Cdnpéxemﬂeypdlﬁt/mm}eﬂccﬂlble. surf ace Pol yol ef i ns, hovvever

are ty |cg(l i nhe e%lggﬂgydrophobl c, and the cont act
angl e i}%yfoﬁa@f’ oh et gkl 2 conipct gaele o Reat 465a @hesuface are
PQbifdeRRYto @BRpleidlyt ot WAL 8BS surfacd, Perysrehﬁsy h&fz@z@f Gfe. t%rﬂ'i@aﬁ‘lygo
degrees. Many of the analyte 10 Sanples that w

d phsssnily §ydsaphokis, anddka eontaciuele o€ e polyplefitnlop sechenstpolyethylene or
[ il
¢ QUBPIoEOIng Sfin RN Sl eyt 30 E0LSs MRpfbfink 268e
n @e@pl@mthb@vnhht@d&pcgded @ the read:lgrntsmtfafca&:@f ther Iﬁedeﬁﬁﬁtfentlon are
| i cat.l.on face c i.ncog poration of
o SRS R0 ek O il Fon R swrtles Of Pl oy may
h yeledio vk modlifted, @8, ByGurfeochicintend agdidhtamtor 8eHce céttin@0 or

de rees or less, thereby enhancing the wetting and
FREFfn of SHEIFGAEoT Bi5B T B SBRECe g ohEzRaUROPhlic so as o

S léfdfuﬂﬁ‘e 8 cofdt afiglé b0 d%gﬂéW‘esErQﬁé?ng eﬂﬁéﬁcfi’@ tﬁétv{létﬁrﬁgxdtlﬁuld
achreve a hydrophilic surface on I'iquid —manage
M%@%ﬁ’f%@eﬁm eactinigefackon.  Sur f ac e treatnents rray
e L (L
nm@&gmnnﬁnlms of the prefsedt inventidha (Sﬁrfac&@ﬁeatgehts @0 the Bployed such as

ron at me etc Alternatrvel
S SieP e uSHietish T SETRLPT B Sihimen et Pk densiic Sigigs onto the
Wil stiffeze ) @B kd) caﬁmg,rhotdﬂrb of flahe @&hethdrit \efe. RitekdEvaLy, Byuhictant or
fil mextrusion. however, be preferred to

i QEIGT PyRble aseqt %r Pf‘a‘b‘m%@ with tl%eﬁfemw mt@rrel addisiyp ethe fima of

f e RisEdh. tlnﬁa}r ﬁ@&%v%ni)e ﬁlléfeh%&'ﬁ) ?1@0 sf'ﬁ%&ﬁﬁlt ﬁr}ﬁg]polymerlc
rely upon topical application o sur act ant

c 6empesionfom which gegeap@nspdadeiiymadd rethenthararely upoo pical
dﬁ%ﬂlﬁ?ﬂolnoof%g&‘?{c%[‘% Qo t he present 25 invention. The

m Tr oa evi ce i%icl udes a reactant surface 20

vvi t h tF\m} dppmperfpgctwe&gﬁ&f%anﬁfwrr%devﬁeaohaﬂfdusg' tb @i piékent
t LSt but ed ov gl tant surf ce 20. Al t hough
© HEePsi (R PGPy Savee funiifes g suarer) vith o opposing

die@dek DD LR EZY. IRbadtatQBds 3Blare QSHBIENAS 118 YeaBMBT subfl@ 20 Although
reactant surface 20, it will be understood that th

r Bsceashpt et ddarg derieied a8 hsmadhisiniadin & spenlar, ozdeyed artay over the
S Ha'af:t@ﬁll sﬁrfﬁ@@@ie& will b%ﬁ&r@tﬁ@d Ehe }ela&ar{t%ﬁ'&t%@)ulﬁlﬁ% 1B ®uted in

For exanpl e, the reactant sit
any suitable manner or pattern over the reactant surface 20. For example, the reactant sites

30 may alternatively be distributed randomly in an irregular fashion over the reactant
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30 30 may alternatively be distributed randomy in an
irregular fashion over the reactant -8 WD 2004/034014

weEROANSd003/ 025386 surface 20. | n anot her al tBCTHS1008025386

the reactant sites 30 may be distributed in different
patterns or manners over different portions of the

react ant surface 20. The mcr oarra% device 10 al so

i - dn dpher aliprmative thTeqghing fites AR mag he tighibutsd iy djfferent
2%att§m§ 8CAkRErs o BUiFHER HhRLRs Jf%hé@é(ct&n@gtﬁ'fa yo.Suitabl e

form For exanple, substrate 12 5 may be forned of a

gl ass, ThemjeresraygeviteBhalerindudesn sslutratabll en mtobrtheaieactant surface
Al ct ed

ocigﬁg)i%g%eg& Zﬁg’ SEI g%% {eel?tmaw{d{e%fsétaglﬁi ace °oF e substrate 12
s ubgtregdomed b2 a gtahsepdslgaat sititonsu bfhacaitle ﬁ‘ﬁ;enall. MI1G0ugh the

1 FESTRE Ghtse S ol oo G LGP A &bt oh e subsae

aI 1t2|;'lthbl eactakSutfERQD My, 15 8biha GRtadées ARMAller o8 WS Fiidh Shelsdbstrate
are depicted as being relativel %;atfl at, they could be

f Ormd¥anothes Hariagom étrshgluﬂ pdsrsiood it glikgyah the repctaneeyrfaes/a0 and/or
%hbsrﬁq{ 1163ke deplcted a6tb&ifls AERIVG

14 th ate exteeng Y éltébwee opgog?%tghlg%géeﬁll gélffifﬁ 3 ﬁgﬁ(ﬁﬁ%rfsmtable
t bbapeeagt emcavsugylindricalRtc. | t | s about this axis that
the m a 10 is di stribut
and/ or SA‘rlﬁo;af{ P ]ﬁyedan a]:GC? & S lé ticl)ver e?cﬁé) e‘i'wé:g%?%’r?fmg edge is 22 and
s dfoide r2@taassurfatd 2(b @t ifl @lsaae thixekis that tli‘ﬂlﬁﬁr(ﬁﬁhﬁddwdéﬂb @5W11ted to
15, FL.G 2 is an _ed vi ew of the mcroaryay device
oisiate &ncfos iy ﬂlﬁﬁgﬁ&e S3Ele qver ﬂkﬁm%ﬁt fuifacy e be Jeseribed
SegthoasSdetailRlgy. in FIG 2). The mcr oarray devi ce 10
includes a substrate 12 and opp05|ng e is 22 and
24 | ockl@d ipan qupdwcéﬂsq gispoagy dayice 4Qi0EFHY 1 tglles @long axis 14

S?%ﬁlch s, Elle ?rg sEe% &a 8 n't }8*1& ﬂe\'ﬁhg ﬁ}lég'z}ﬂég% 15601@13518&#;

'l qui d anal yte sa reac ace
msubsmaterlawn@ epposmg idge 1§rmaamiél4llmte;i odeppasite giaesrmyheteaisem Also
an h as ett ver
devenclg lve %?Vlﬁg 41!2 Bseedi% %@q"“‘; ef §71mp 140 on

opﬁrc&hadlrt@dfe 2(1 of I’ﬁ&Mohﬁaynﬁflfbe 0d. Hi2 &M@ﬁ’&dvﬁﬁ 4R Inthydake any form
del i very ste Awdn(g nal yte sanple 40 includes one or
moPd %iﬁzﬂllg%e &r theqflupd delyery deviges j Thg delivgrypdeyise 42 may be panually
r %@@ﬂa@ﬂ%ﬁt iy b6 B&t S aﬁﬂohﬁ&d%@1ﬁéh@&f sysRagt ant surface

It may be desirable to deposit the anal yte sanple
40 pr oXhergialytesagpipt4dringndes pee eranere atradyt@uheft dears@Qlesires to expose
al
o (g(g 219 g%gta%l% 11)({:{\4665(%%11'% §1te{§ %g lég gl%] r§{c9a%gsum?et 2 (?esm%ble to
aniyposit ticeanikyre s@mplb K8 prozasdtan tensan of ﬂne eeaﬁﬁntautfaaem)aalmough it will
t he desij I.Stributi f t he anal yte sa
oV P RERUSFHY il Rasba B Fble Rl e pigssany
déstatien didtha seaclemauifizedo bed 6bin ke dsarE disﬁﬂiuﬁﬂ@ 66the hld®yte sample
ap{&lozt e sagl e 40 may wi.ck or distribute itself over

PNt stifea debydting thrauerograyideviend) asisasitbed blow.
tilti ngh Qfnelif@antdsCheahdiRY sHHId £PmIPwick Br distribute itself over the

reactant surface 20 without or in the absence of tilting of the microarray device 10. In

other instances, the analyte sample 40 may not be distributed over the entire reactant
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distributed over the entire reactant -9 WD

wWQOm40984014 PCT/ US2003/ 025386 surface 20 w t POUUSHO3E25386

mani pul ati on of the reactant surface 20 that causes
the analyte sanple 40 to flow over the reactant
surface 20. In another variation, it should be
uridEfRest29atithonisome mraniphlation ef thegepstent 4@fage g0 Bt causes the analyte
d jot in some situations,
i?Q%§§4ggoggg?%%@?gﬁg%&ag§%g?#?one or 5 nore anal ytes
separ aﬂmarwtﬁer variagion;, dirshpwld bé ulmplﬁrsmodhlm thie enalgte darhgle 40 may be
glucgbgosngél Elostepf eFog Sé?péle,?o (& antgla (%n%ét Igtéye € cﬁes1ﬁ%)ﬁeeto dtepos1t one or
a NBdry bedytesgpdifely GiopOSdaktd hﬁﬂﬂ @Ha€isQkedth B EriHuketh€ afid dr@fore
i qui d dependi n he nature of the anal ytes and the
eﬂgglw% PYG" thy raﬁc%awﬁéﬁ %% £58 HiwpEpRy de ope g ipgie analytes may be
deRpssitbd Rdork BLafkR el cﬁﬁleir 11(?.9&1 fepefidifis orthé Satfire\df BW aRhTyleffnd the
m croarray device 10 of f after rotation in a
f idesitability eff depesitingrihengbefprigpr afisxidepositing tecamisaliguid
sanpl e e [ [ t
cvor 1 A RE RS KO BB 10 LPARL PRAL b ina
t hirect@adBahbutaxis fld.c Eh2Halyhemalkali0yhhebees displbated Gt Iaast airtially
| east 0 acc d a
e USR8 Ssresnl Stuec Moot A e afaye
t Gatople 40@phd b1 a/pcfrmmﬁa:e@mﬂastab@nﬁméma féreied ia®Badf4 atlds‘@ edge
anal yte sanple 40, the analyte sanple 40 is retaine

ort%tH éherr%%saaphwfa%qﬁﬂf At totheganrilgy, forqes aadhthe pugfpce éﬁnswn of the
| ek ?Q%aﬂlﬂle 2] th€ar@fytd Jﬂr‘hpﬁ%l 18 rafeli BR tt&trb&&npgurfabéam without
reactant surface 23 gravitational forces
e ﬁeﬂltas@ordwkﬂmn apitel of 1&@ agaln@ peentidion Phide smaatayttsarfacgrpdlaad the
entire reactant
%ﬁmﬂg%b%sfsgk%£&b§&%§gﬂﬁ¥§&qﬁ4ﬁ?s essentially free
of t he Taa allia%tt@saﬁ@l‘qﬂ(bts 46 }HMmtnthédm&r Blb agire odactant surface 20. For

rocessi cause. t h rayitational r es xerted on
PRSP il AR SRRy e GOV bl D my AR Re B Tt skne
eqﬂ&eé’sﬁlgq{ecatula@the eacitadhalFolcésaxertedbn tRERGACERAE iO0wWhIdE edge 22
viscosity of the analyte sanple 40 and ot her

v &pdl appegom pdgeddyf fie reactagisuriaes 2% rotate the
m cr oa'ﬂeﬁ%dﬁn?\f)h‘ﬁ?e &Q:O&Py df %Yé%iﬂ&!%%arﬁ 1£sb aﬁdj&ﬁerzz%nables it may be

relative to gravi tationa forc%s to a greater or
| esgated d:agta@em mmmﬂaaﬂe\d@mwo bver the EirGed®: 22Folative to the
X I her t a y
ag}?t%t?dngl t%{ces %uat gLealer é)?% ﬁg} de eac%‘exx at%e n?tgcg in ﬁ%&n’% For example,
WiatHigter Viessiey arﬁl’YtElHahlpEMOrmHy&ﬁcbv@ for asuxb@madsrehle fe@ctant surface 22
hi gher. vi scosi ty. anal e sa In addit
o BT B A SPBREEG e ST HeeS By 0. n

StaallitioR @y bk Aesirdd eRloky thé feﬁ&arﬁtsur?d&e a0 & 8RR st@iBhAY FRA dwell
(such as that seen in FIG g@grOV|de time for the

ariieat an angladrigntagon (sudhy aé\waaﬁ:an Gnen tapeovide tiaefentdie auplyte
al SQIB et46 % flb\{/ fid a%glgﬁulgtg np{x Péaﬁ Q4 Eﬁﬁg 1R st eé%r jZao(f?}heérQactant

her 1 nstances, tine at one en
r (stné@qe@ﬁal[n me@tamggp en(bqyelbtgne at one end of the rotational range may not be

required.
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30 required. -10 WO 2004/034014 PCT/ US2003/ 025386 It
shoul d be understood that the novenent of |iquids on

WO eadaot4 surf aces as descri bed i n connecti on PET/ES2008025386

present invention will be under the force of gravity,
whet her the gravitational force is the result of
actual gravity or apparent gravity. Apparent gravity

may be Tpwhewid deudndsystoadttbat thsrmegvementod §awey el ispsent sefaces as

S AEE AN chidy WREES ?eséﬂ%fé{deﬁﬂio% ip%%}f@elr A BEE bY grhtey,

not present or Where 1 €18 desited to provi de a

c onmliettek thegravitationt] fork igbassulgofaviublagravityak afparenegtiaty. Apparent
distribute the.liquid is qver the regctant surface of

o S o peartiea B il Partigts deateTls v huBhERSt,
Fosuffeicatinel gpifeis 6t presemor inheldayis dged R R6AEEE copdblédamount
a rotating systemin any orientation. In contrast,

actf Gupsi-graXifatiopalifarce jo-Hbus thy Higwid isqvebing reapigptsugface of
deyglARefddel ALolRSI0 B préedd invehit. FBf &impld affadenPSavity may
preferred 10 that the gravitational forces operating
orbetgareraipdivithio agelatingesykfem aibanytorit@aipon. |Te sentrast, actual gravity is

F 2t sur

aczb ATl ol 30 pRelcb Bl REMAY: SLTGEERD, Aoppay pe rofered
hahatzlengraditagoriab fofa@s opetai of elieermallyte\sagpple pe abbut WGat les0

t orce vector. of the actual  or.apparent. gravidt
g, s O 18 repetapiutiesy RSBl Bge B Prateec bon

| peffoS@@QBeutdinoA£dnt bxid for Lﬁesa?aiéfauggé@eﬁ%ulak B thBkdice vector of
orientation, the reactant surface 20 1 ncludes edge 24
atthe et PEAPPHENERYIhat results in flow of a portion

of the fRal dhR SRR AR 10 0 8886 % L

edge ZE?@Thebrteact anct?oagl%¥ ace 1f§5lﬁnay pr e%ersg )Clld%g@tfoqsls

r etbautraaid 1dn Imthisericwtaticn, the meaggnisswdncei 20 indhides edigePrtat in @rientation
pof.t.i of e anal.yte.sanpl.e_ 40 accunul ates in bead
AP e orypithi3g B2 TRY G S AE B PG A 52 B8 B

r eglgd 24. Cfhetréretaht iwiaaf 20ama) préferabiyp keaiddl iaue briétigtion as seen in

r tant surface_20, the analyte s le 40 wi ||

{0 E ey SiparEn of e e it *Limunanes & §redi dgpe edse 24 of

r asteadtint Sfdace 20 bet ween edge 22 and edge 24. The

bead 44 of analyte sanple 40 is now preferably

| ocat edhsat reseig et thp Bew i anplaigcsemple dlptedee pactayhaface 20, the
t i . i St.ri

oS8Rk 05Tk 8 ST 614 S0 BN G0t
t 20abetwagntedge P2 and edge 2durThrdead® @4 b anadyre sample 40 henow preferably
orientation,,as.seen in ElG, 4. Aternatively, it my

beloc éeélia?% e24t°§th%?a5&a%t Stuﬁgcerzgact ant surface 20 with

anal yt avisadiat god & tb aeadledistibee @RmnilPedampld 40 aler the reactant
.as seen _j V\D/Igfgre the analyte

posi ti in,_ed, FIG 2 \N¢ o
S hpie 20 dee shiteieat Bl stegsionngs §t7bih TeTR@n i the orientation
I eaGsaAn FRY Ul ag@rndBvelahS: beIBWRYR o rdtdte ihe réh8Bht RfFade®0 with
further m x the anal yte sanple 40 over the reactant

analyte sample 40 located thereon to a neutral position as seen in, e.g., FIG. 2 where the

analyte sample 40 does not accumulate in a bead on the reactant surface 20.

Where, however, it is desired to further mix the analyte sample 40 over the reactant
surface 20 it may be desirable to continue to rotate the reactant surface 20 between

orientations as seen in FIGS. 3 and 4. For example, during processing it may be desirable

-11-
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30 surface 20 it may be desirable to continue to
rotate the reactant surface 20 between orientations

w@googeenii n FI GS. 3 and 4. For exanpl e, duri ngPCT/US2003/025386

processing it may be desirable -11 WD 2004/ 034014

PCT/ US2003/ 025386 to rock the reactant surface 20 and -
its associ ated substrate back and forth in directions

130 rzk dhetrBactamt prrfave'r Ykanfdats assorinted sbdtrate haqhgn@fcdth in directions 13

di S 15 PUt I \91 %g or {c?llgmué/dt rg%xisn%tngd fis %ugonzcaf ag'ﬂgtg rsrzla.:‘n% 31\?\%? {%eé the

sur ace reac sur ace
bytedchat amﬁbeyme safpteactddd surfdace Z(D(Bry:obEs delﬂaidﬂa@bﬂl@nhkyte sample 40,
rotate or tilt the reactant surf nd associ at ed

subaey b desifablg g rofatg of @é E’&rea&@afr r*’tIl BTSRRI Slrbét%% toa

baedgHetRb! Burthermd€, 8 ASEoeUesitBRSt6 ﬁfc@eamldlecrgasgaw@m ti#aB ©f the
react ant surface 20 at one or nore different

ortPasnaIiapes20 oneer e diferahariantajions (ptherearigtipns may include, for
SXATRLE, ot Bebddifallspledlot BB aciRARMQ! the Teactant
surftac er variatfon in connection with the

prese ntAnrotlwevanaomn msomrteretldnomdt the presgnt inlventionxd the lpfation of the

rotati.o mcr arr vice 10

- capuoi Rt i g ArgeRl 0500 i ol s 2 e

d &Slat’eﬂdo priokide ﬁ@ deéﬂ%dthltﬁlge bl bﬂﬁbdiﬂllndt&mlbpitiedi in FIGB| 8, the axis 14
the axis swthlnaglanethat i s | ocat %OL

prl%?i i Rlans t’aﬂseﬁ IpgarproaF & Ul o U perctanisptiace 20 berweon

becBé"ﬁl%f‘edgE he 111c fhé dcofiige @42 THe ﬂleﬁﬁ 11§ @/ﬁféﬂ g}u@ ‘ﬁfg % 18hted B be, for

plane in which axis 147is | ocated

excanpple, segernldy Eansyerseraa Rewendiculag fo tpb@ rq@@tmn serﬁroa 2O {(ghare the

f, .
SRR AU 265 PRANE R Bt S0 Ll s i
c rfawgmloss tiehedckat sufflack 20 mdySefdborimed swhos the trévetaniesmcth@i0 is rotated
G obt ai ned en t he re t ant
Fop@ ey AR ers Bt ek oPe S e EATER P g ow, me
U&@ﬁtl@{SWbﬂﬂ rd¥0k invediffere e ih Ee1glbﬂ36ﬂw&elf theedigel DD W;ld 146f the reactant
rotation would result in a difference . in heig

betiitacer2Or Fer exagels: B0 axip 4 p1ay by lopsed Puisids ofifhe ar%%ﬁcr?%r&ai by the

2qea£ﬁrsﬁﬁgm§eeﬁb;e8@é%§) 14 may be | ocated outside of
the area occupied by the “reactant surface 20 (see

FI G 8 Adtsbugh)the 20s ¢ isdemiefpd asrheingioaatedavithén He pibsiraiel 1 hghe axis
bej n rate

oy RSELEL P  SHIBAIES e oAt B o
0 rexbmb]rawf tHeemsmhns:tyr chtrlée 1@is té-be locaedaond envértiohdl eocking device, the

m cro e, 10 to_be | d on o
Corany Bhancally BE e Rt e SpisB e 47,16 P g qaposie side of the
t y@baatd 12 en teeakas Agh@wot he substrate 12, i.e., on

t he opposrte side of the substrate 12 fromthe

r eact aftGslispherlarger paptial progs-sestional WaW ofp BPrgeR olihs repeipnt

CT Qf8ceSRGnk 948tiatkd ﬁWst?eIte 132 PRt LBl rﬁ%pﬂeaa%uctured
surface 20 and associ ated substrate 12. The react ant

s inuffaeeeio Z@ilitaty diseibaticn and/ot retemtion efiany avadyte sanipde#0 foraiedon the
dl r%atlcrtanP gl}rfag{' %@ r@ée eﬂotetn?glesﬁééut?rn tl?aft m%gxe %ggh %1% t?rgtﬁr?%ggr{i 1% a%Qries of
staingﬁetdnhenﬁelsaﬁo fFayh dfehardefinels iOnn tiieak:piced ambodises is formed by a

Selat

m%gwalls 52 and a valley 54 such that channels 50 are formed in the reactant
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al i gned channel s 50. Each of the channels 50 in the
depi cted enbodinent is fornmed by a 30 pair of

wGar@emadols 52 and a vall ey 54 such that channePGI/BS20a3/e25386

fornmed in the reactant -12 WD 2004/ 034014
PCT/ US2003/ 025386 surface 20. The sidewalls 52 of

w5, SRR 35 BBl R LML BSRES 58, 540870 o

theFKhél yte sanple may not distribute over the entire
wi dt h ht‘ig reacéﬁlt surface 20 (where the width is
nmeasu r FPOHE Ry etRd thatin Sppe pstapsss, élﬁe aplyte samplegpayinot diftaibute

r el BekntHe iRE 6f BOrA@snt REERe b &I?e?e @t wlécﬁ?%tméé%?d a&?ﬁhe

that a bead 44 of the anal yte sanp e orms a
arfligefipn obpxis hd) unshibe spaetantisniface 0 2as bebh itted djdﬁasmmoe:)weh that a

t may. ..be I b
e T P T
bé)lstnblufmozyq:reh«t widgh 61 the rehduant mhﬁmfnlag b&Bm(teT by )€ khe volume of

S eactant surfac O unti

ag%euzﬁr% at e%ﬁlpf%qghﬁﬁlg%méﬁ SRR tp ggﬁ?&ﬁtmnﬂﬁ S8 (prroses

2Gtriiqwuras) e aith rédktand burfbé Dhundio hddbmb@daak % @dg%QEHJe%ea%Qm
of the reactant surface

can S s the width

ff%“? Zﬁ%ﬂ/ @“éld 6?@# Shich gpoinhthe apahyte sampind) eanspread aczpsd the width
C@ﬂﬂﬂel‘ﬂéh@tdﬁﬂs\ﬁrfgaéejo the length of the reactant surface
20 between edge 22 and edge 24. Alternatively, the

channeltgnag e pepferredithat the chomels A0 extendi@htimensly beer the length of the
o] urth refer

c E%g%{étlrkg ﬁ?&%%é;st‘%tgn a 92 geﬁﬁ s(%c I%Q f’mf‘th {7 g‘.ﬁéﬁiﬁlﬂé E& g1y not
t be emmh u%us getweelw e opbm(ijrrg&a@sanhn@lfgﬁl&e Belz &@feg@h tﬂagmu Bhannels

[ ul e r st oo at the channels 50 need not

| 20 B0 Bl S 2R PReli) 0 eeh Rt gt hepsrogptgriace 20

v althoagh ﬁI’SBould beeurfileistool tabhe ERMARS S @R n§@ ﬁe@&%éﬂl?ge arallel to
rea ta}@t surface 20 may take any suitabl e shape. %—

it may be advantageous to use channels that

ar e NOfy okd véﬁaﬁhﬁ‘soﬁfé s%ct&@@%rﬁl&l & a%truétur dQCa%E F surfaceOZrO may

i nstances, it may desira provi e an
e lage anywrt@hw Wﬁhalf%@xmpl@tlmy t&tadumftagetas t h@tchﬁf&&ls that are not

g?ﬁgg glt%ldgg @%ﬁ %# ﬁlgp e ac(i%{geﬁtll% an??salé 8“9%2 g?ﬂfﬁ‘gg todfr ovide an array of,

at gepyramdvahapdnlam b&lleesimsmfelsi etatifn@p defBid Rhdi@elk 8HE d bhkhs in more
372,954 Bl and 6, 431, 695 BI1,

o 0% By ity (B e o RN G AR R DO S btues
( ednlbetfound RSt aNS Satedk Nbs. 6292,95881 H&i 6iR%95 Qﬁc LEANI as

surface Py‘;’be manuf act ur ed USi ng any suitab
8

bigmatiqpal Fyblicatien: Ne \MQe‘)@/@a%%(aﬁgo Jahngjon et al.).
E‘XSLB{*‘SE&%?@E%%F% BT Piel R b BB oD 550 Foue o

S@Plfnéﬂ!’é% tskf ad, ¢.p., coivneeglicationy ml{t:hlmm ptﬁlﬁﬁlﬁg,t embossing, etc.

nt Nos.
6 gl%tléégag %ﬁ%}m h(rjueq%g rfop ?ormmg structgred surfaces use%u? in connection with
the present invention may be described in, e.g., U.S. Patent Nos. 6,431,695 (Johnston et

al) and 6,372,954 (Johnston et al.), as well as International Publication Nos. wO
99/09923 (Johnston et al.) and WO 99/65664 (Bentsen et al.).
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al.) and 6,372,954 (Johnston et, al.), as well as
I nternational Publication Nos. WO 30 99/09923

w@ Johnstoon et al.) and WO 99/ 65664 (Bent sen etPEi/U$2003/025386

-13 WD 2004/ 034014 PCT/ US2003/ 025386 Structured
reactant surfaces of the present I nvention may
crore

e us ottt Ral P RET 8RR pitine P etoh B Bhppraly Bt nor

s Lt[ef:ﬁ@z&ﬂy, bemicroRpherdf Tiid Bt oPeResigRichiBEsthRAGdBBACtant surfaces
surf S can be mass produced w t hout substanti al
varia ‘ﬁ Peficia H?%P%?d]ilf‘c‘iea‘tt%“ prBawcen Bnmastinoiged vighaygsubstantial
r ) adihti ot om &%ﬁﬁﬂtlt& AloRtkt Bﬁ@%ﬁﬁ’cﬁl‘t Gﬁng'srefaﬁgay b&ﬁﬁﬁ: ted processing
"Mcroreplicated" as used in connection t ﬁ

priedhaigues. nvEeroieplhicatasi asused in coprestiore with theresent invention means the
st r
St SRS o A6 st BL PR PLRERI AL el ortce feaures
f gatairag ifdiddhal fqptmi@ﬁdamgy dmming ot factere, from product- to—product that
product -t o- pr o t hat ari.es re tha

P B MaRiad ot HE e bty et prtaces
S Yiréfa@Bly ardiireduesiikcl (Rf e @&@dﬂ&ﬁﬁrﬁé&q@aﬁﬂéﬁetébﬁl 1nc111c\)/1dual

structured surface features retain an individ

f fattvre ddelity dpiingmanyfacie. Aamureductiogroduek thich Vaties fio more than
PraduictondeRidr oduct, which varies no nore than 25

m croneters. In accordance with the present invention,

a mcr élr@pbﬂdmé@thghermreseurlewbnnela@mmorephcﬂtémctured reactant

LS50 LA RSB (LU 5 e o
h asgiomtieredfl tiak hfnseﬁdlwﬂml ffead&d: fuﬂe}ht}t thatis ingintaied twathr@dsolution of

wi.th a resolution o bet ween 50 m ¢rao ers and .
0. tein 57 B aHE afbp 85 R B e 5OTS BIeREN befeen 55 micrometers
Magd QaEBHster.and 1 mcrometer. It wll be understood
that the reactant surface 20 and substrate 12 maybe

provi dEgvillks uadeémﬂdﬁh%é@ reasinpt wirfars 20 andsgbsanted 2 mpytba peovided

a rea

< SBAR oy SRR o L £y o s
sepdrcatand its fssoninted mublsterxa:tyd)eafomledtsmmu@ﬂ fro@G shbstraetand attached
I% dep| cts a construction for a microarray device
116"%Rat includes a reactant surface 120 that is

formed FKE calepiearcahgrustionUuor atrdadBy advicecin e ghat ﬁlcﬁldes a reactant
sub 3E€ 112. Th reactant surface 120
?08 tha

may med
oftut P Frmed agaseqpraie s rpGoipyL & iy G suige 112 The
exblchit SirfAQS 129inkay b8 Ysthel BRFordxhhSIb adsef)é?&é‘hﬁg of B@ﬁl@l‘aﬂe that

i s absorbed or adsorbed to retain the 25 liquid on the
r eakibismroresify sesbdhat Btignidilecsted theson fisdhiserberbortadsarbe to retain the

| Rgliads o IEEE'C %BSH

rrafr%luffdactturlgy t@gs I or obot 1 geg%fﬂﬁtgﬁéﬁl% ?raglg{:e egé Q%ﬂ%ﬂar

t hm'cnop(ad@rmmbrmﬁumh ddtha nﬁhmﬁcuned by Bigrobsagics ilze and marketed
Al t atlve str, F;n%1268 and its

un er ¢ tradename {tgs f g cr % O
aSB3E I B Y BPFR B

Alternative structures for layer 128 and its associated reactant surface 120 may

include, but are not limited to, fibrous materials (woven, nonwoven, etc.), immobilized

beads or other objects, roughened surfaces (e.g., etched glass), etc.

-14-



include, but are not |imted to, fibrous materials

(woven, nonwoven, etc.), immobilized 30 beads or
wo@rive3obf ect s, roughened surfaces (e.g., etchedr/us2003/025386

gl ass), etc. -14 WD 2004/034014 PCT/ US2003/ 025386

Anot her alternative construction for |ayer 128 and its

associ ated reactant surface 120 may include the

undul a?@&t}@ﬁ‘iﬂ\‘%@@ge eRastEyciprfpr jayer 123gnd ltUlsspcimd reantaniigurface

6, 13 |

P g Atk o bl St br @R b B, U 1. 5305453 B1

THB& et #lgfand Batereationdl Publitetior Nipebar AV O @953@1& (Hah/atsbn/ el). Those

f rae112 ... | asti |aIs
otk HE s BB vty s Tordge ﬂ@étaat? Woetn slechawenals
5 vmdriantbdhpolmnascemms; gwvention, the term "undul ati ons" or
"undul shal |l pean c nvoluted wavel i ke forns such
as tho u§eéle‘H cpppectipngvith the presenginvengiophe tepp "wndplsbenss or
ofufiduilfed" BNAThéRonvctutbd, §h6d1#kE thrinb &ichal tﬂéeéjéé%ﬁheg FIGS. 6A
surface includes undulations that are i rregul a Bt
pat PBr Hor pugpogen of this imyentign, is mqu@tl@tjem wuakted ourfica a:dcludes
1Qn&hihtHnb TRl g
o B e SHERLPS, SURUAF, ndi GRS OL B doge pt ot
10 p rstrmturngsucb nbd@glilahg reserasits ongncmwhld:h thg ard @saedd b?y@ﬁdtlibd@ Guch as,

etchin chanj cal scratching or
&% S PLBR e Sing Piling T FbEe: MO e RIS e
Oﬂneﬂhﬂ‘n&ab@?dt(th’h@gsortshﬂtng?dt@ attached to substrate 112.
Typi cagl the unduyl ations are fornmed when the
substr ‘t‘%‘ upgylated syrfageiagy ingudejone of marerppatings that #rg attdched to
e%ﬂﬁﬁht@ i1 1@”Tﬁﬁdaﬁ9 ttﬁéjuﬂ?iﬁi &Erakecfofmédn/lg%&ﬁé Jug%a@l ﬁqs reduced in

el astic substrate to relax as descri
15 sRebepasing ths arantnle dn atienas, polavesin filrg o albfwingahLdlatie substrate to
S r f a e ar.ea at i
o/ BOF AP A OBOLARE 3L, M R YRR e
r émbtda ptopegraphica Sﬂﬁi@:e ards thaSE @réaer eiafl thetpgected surface area of the
rea agra hi ;@é surface area" shall nean the actual
\f

sUrrace" ASECRenn- A “tRoptepkigal paidace yeaphqll puean the

wactakg ,sur&cﬁaﬁs of eeedatbtanfsuithte 120 is Hﬂhfala&@rdﬁ Lefka@freddds oPlhe
the undul d features of the reactant surface 120

20 - prhce e 1B e s e b e 0o FBIiectfl surace
t BRa’adheR nR&d b RREuRYneRf ﬁjtﬁecatréar&ﬁhaieoj rﬁ@]&%tglgtthesﬁéacfé%ﬁ Surface 120

120 onto a plane facing the react ace
Fputo aPlaanff’&H}géh@sfS@émtvléfanrb% of the microarray device

110 of EI L/’;l aS%e?sgggctW [ theurﬁﬁlgolaltg%&?egff%: rlig Pff lg[ggg and will be

al ter nat e net

aged Itdedsgﬂiecsotnh eltéiﬁatﬂﬁfefh@diﬁof oiftinighaeptRas alttacd A¥QAIn @the
rotation 1 and 118 are depicted in

I G
25 me%o?sndcf t]ﬁeeprgs)?gtsm eélitlﬁlb l'g\iv%ngf 8’{‘)qo§ﬁt1ep il khgndd 18 are depicted in FIG.
perviandé etds deink Ere&s’i‘@l‘y ISAEAL peﬂpEndi\‘!ulldr td&ch BRLE B AL,

however, that the axes 114 and 116 nmay not necessarily
bglldﬁgfoﬁgﬁqu?m:raﬂlaq the axea & H+ adHd$ may not necessarily be perpendicular to

each other.

Rotation of the microarray device 110 may be performed by tilting the reaction
30 surface 120 about axis 114 in opposing directions 113 and 115 in a manner similar to the

tilting of reaction surface 20 about axis 14 as described in connection with FIGS. 3 and 4
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Rotation of the mcroarray device 110 may be perforned
by tilting the reaction 30 surface 120 about axis 114

WO p00appwsi ng directions 113 and 115 in a mannePCHUNI003025386

tothe tilting of reaction surface 20 about axis 14

as described in connection with FIGS. 3 and 4 -15 WD

2004/ 034014 PCT/ US2003/ 025386 above. That tilting

prabpes. ablaytiltieg pretesablyrefultsin Béw efencanallyietsemple wpéreharesution surface

s LT T R S

p oo tiic@rof @He dnbgtea@@dblY abng &IRNOWer 2H QN thd18adtBNaIrfa88l SleSribed
the reactant surface as described above. 5 Rotation

of2P¥e mi croarray device 110 may also or alternatively
be per fRQkRH oPdhe nlibrbirtd)detiBe1 106G AL ShAGEIy HE ger_formed by
about axis 118 in op803|ng_d|rect|on$ 117 and”119 in a
metH g the ragptiqarsugfacet 138 abqup axin L83 oppasingidiractivns 1 Koand 409 in a

N A A L b e U N

ofcoamecaioawith EIGS &rapd ¢ albower Thaveiltingaedferably sastlficin low2d an analyte

towards edge 123 or .ed 25.. Preferably, e flow 1

- e TP e P RS0 4574 97 SBriee RIS, the flow
S a83lte irPdconGuibiitd dfQ\BFtios dfife Ahal§tb SampleAGADME 1oWF EdE Bf the

as descri bed above. The order of rotation about the

dPF?%W%ﬂFmQ%@§E¥¥@6%ﬁ§W&18 may be selected to achieve
the deging gRlicHbSblalit oM Rk Abf { 14587 18fhat Deselected to
anal yte sanple over the reactant surface 1207 For
ereghipyecthe fdesirad Jistibuigmaind/ahdiffusion pithe amalyits/samiple over the reactant

r S . ut . i.S.. . osi.t e
SR A5y PR A bt Ao QBRSBILS o
byaxtsi l1# imgppoite difeetione a3 @dt1 15 torfoae or ha@ tiakzefbll@xddbytildhg of
i n,opposing.directions, .and 119 for, one_or re
1Rt e F i TG i SHReTRRg5goy 7 8 LB iopone or more
t itdniest he reactant surface 120 about axes 114 and 118

in an alternating manner. For exanple, reaction

sur f ac& arptherdriafipp. dymayebe preferradite ¢ltithe regorat surlype 1203:bout axes
abqut,@xi ﬁn%ﬁ%ltéﬂﬁﬁ’gmﬁﬁer.t B&: &%al)é,t ﬁacﬁ%rﬁacé h%ay first be
towards and accunulates al ong edge 122. The next ‘step

c dillled in ¢ixeotiorel 13 abputiagistl iesuch et the analyte faame l0@s towhels and

axi ' e, di-rection 117,and/ or.,.0pposSj t

o Surputdled Pong Bl 127 TRE R Ao il BN 3R RSk cRon yrace 120
1b8owaxisd 1& &, pgr, tineotienl 1 bedndfo opgreite diseti@nt 19s Thheeond Ziking
is tilted back _in iregtio 15 to a horizontal )
pdSHIM DRV ﬁﬁfg‘.ﬂﬂ Bt | o valp derprc Fubaiiaemt2Odt ffeddack in
126 ettiond25 B4 BorizZan@l ﬂb@fn b# @loﬁlj@éméﬁ'i/el?),e\k'ﬁife&he RO k@ Face 120 is
with respect to the gravitational force acting on the

arbgldyip @ hergaarat or nayiral pegtiomwitareerast tojthe graxitaenalifs¢eragtingon the
%n&l&ﬂetsaﬂlﬁg fnes%ﬁlteglﬁiianééérift &9& bél'gégirﬁﬁg tite @B %e%ct%&téuﬂfzﬂ:e 120 about
115 I mes before

t
directions 113 an for one or nore t
t iakisilagyin direcriomdf Amd Ejforame or more times before tilting the reactant surface

120 about axis 118 in directions 117 and 119.

In still another variation, the reactant surface 120 may be tilted about both axes 114

and 118 simultaneously such that the reaction surface 120 tilts in an orbital manner. Such
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120 about axis 118 in directions 117 and 119. In stil
anot her variation, the reactant surface 120 may be

wao pdoestoabout bot h axes 114 30 and 118 si nul t BETEUSRDY025386
such that the reaction surface 120 tilts in an orbital
manner. Such -16 WO 2004/034014 PCT/ US2003/ 025386
tilting may be described as sinultaneous nmulti-axis
t itiltingrgay bodeseibed prsimalinpess mulie-akie Hllingf In Jomgumsthnces, the bead of

B BORTEL ST L SBAORLAD ol EPRRSG SBRL

anot heTuelit gravatoiRI@. & aiwittr niterhativk embodimeas b dycrd@ydyeevice

accordin o the present jnvention s depjcted. One i
G Rap BR BB BiEGL T TGP P 71097 B EraSe Dk ranirorey device
M200@ad fddohlRy d6celld 2 Secel @ERIG. 1 i$ & thd micPodiRteVid¥®10 includes
m croarray devi ce 210 includes a reactant surface 220

t Rpactaat HBtace 2k B ginchreciapewardp shapehBheteaetans i fage2 3048 &1G. 8
230 odnBrafty Groar it ShaBSRRMst¥teSink ?ﬂh@éle 3y $.0 ARG rfaces in
illustrates the principle that e reactant surfaces

| AnickpREYdRVicayacdeding ¢sthe prosndinvgntion mdyeakpraey ealtcted shape.

i nvent i ] : sel ect ed shape. .The m croa
e D 038 5 8 SR g 205 e
224 dppasatgesitles dreadtand ppfass 2P SitickeSpeof to tieagisamiotsitn2a4 eEdges
2%%2““%9 res ect.tolIhe axis of rotation 214. Edges
2 A . e . 9t étrﬁ.%ltt @?%aaisgqqtm F(:Pqﬁlggtmggngé@ﬁrqaﬁay device 10 of FIG.
Canre@iet, @gedi2bh aktl LHQRY ih M BRY bCRcshOcapdd Wilta areas-221 and 223,
Rat her, edges 222 and 224 are in the formof arcs
I&?§F§Hemﬁth!n areas 221 and 223, respectively. As
can beasegiyd %eri: iln@lG.88, tﬂe@%ig%}f tsalh 229 qugéa?&l o%ilsf'c{eltﬁe area

y ctan

| ocated outside the area occupl e rea
s wrdupd b3 2¢xctahiosnefhdeci20.s Noneahalass, 2% 2i14 isusefiilin defining the opposing

def,i ni t o] in edges 2 and 224. F her nor e, .
Bt 28 ad P2 RS SEI5R 0T a8 ivice TIDAbaM e s of
Ofrotaticmt Ztivdl s@ll dauvd fllid & fldw ackded S rEdckinblsurBed JVBeBdR SSposing

the r tant. surface 220 between opposing edges 222
aﬁggﬁgﬁgmﬁﬂ%§3ten1useful in performng processes using

the m aroaehayerday b&femitfs phdt8sse/Bifd BSEodAY BRLLL Bf s
depicted in FIG 9. The systemincludes a mcroarray

d @asend imyention| ig depicsesl ipfFIGhi% The pystweinsiudes aohisraamny &a0:e 310

T l CJ: ' e ti i £ hi . s
S SRR o) Rl 8L g i i
dipfdeessingrehahbea 36Guoghrgvide dswitpltion endor diffudi@asftaaahalyte sample over

surface of. the m croarray deyice 310 according to the
> HioaB s Qb o FR B4 Reimets i thhERie] st

mayoval Sadditibniifie sy eheiiedd iléledecOBin&htuARRAk @ lapSaraB2362 and a
and a éF rotatlgngé apparatus 364 for providing the o
d&dpttonal PBITATF df* 197 PRy meAher dejirdataten Ffpaicigpirh device 310 within
cbhRr 3@00. The tenperature control apparatus 362 may

i ncl ude one or both of heating and
The temperature control apparatus 362 may include one or both of heating and

cooling apparatus capable of maintaining the desired temperature within the processing
chamber 360. The temperature control apparatus 360 may include, e.g., apparatus for
controlling the temperature of the air (or other gas) within the processing chamber 360.

The temperature control apparatus 362 may include apparatus for controlling the
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cool i ng apparatus capabl e of maintaining the desired
tenperature within the processing chanber 360. The

W@ eovpes@tur e control apparatus 360 may i ncl udePCEUS2003/025386

apparatus for 30 controlling the tenperature of the

air (or other gas) wthin the processing chanber 360.

The tenperature control apparatus 362 may include
apiplapmtu@ of g mieromtay devicmer deiges-10cated@yitdthe B Esting chamber 360

ortst cadbton Rite AT REARP b Bull s Rkl e

tmanwghnwhmﬂmymnnom&dhgekeatgd a thermal bl ock on

whi ch e mcro ices (or carrier o whi ch

they e SRS a) s BT BB Ty ook biogtog PO S as
fq{cﬁibin@ﬂ&bntﬂmbﬂﬂmm&%nh?val&% a rocker platform

such as a Robbi ns Scientific l\/bdel 400111,

Sunnyv ajm8ay l@g}esqaplem chamber 30 beseeled toapaintpiahymidiz@od/peother
S @Al R8hnt Ao Bl R Rk WKk Fiaf ¥

envi ronrrenai]a? cha:r élct eri sfl%ggat gﬁm%ad?&%ssm oA n?lytes and

d uﬂacrpgtsmnomewsnrwgieme aHhl 'gkm@su@rwtempaamt@msolmpparatus 362 may

r 310. r
cont r oPl ‘g%eﬁlg? 8cess3rg%u1res HeatlB 4 oerfcu?h%hrggﬁ] tcﬁ%mg"rféé%g‘é‘mg
I gajotessirgz dfel&tanmlgteamdi mxctazxtscdm Iﬁh@ro@fra}t deiceBaorber 360
duri ngﬁ}rg % eSSI of the analytes and reactants on

m croa @Jé’r BY dexfisep, 6%9@‘?51“}%% thei PGSR I VEP R Ickeused

aGLk dih Aghiny thstah@s R@yDRdediR¥RAS 1 RMWIBYmBR Jf 8 nicRAhRM devices
in many instances it may be desirable to use two or

noR 80 giparafs that isrterarnreppssaé i ehéain a desiradreagiiparbaimesn theanalytes and
' %eatcnﬁg 1@&1&9%%21‘% e&c&npﬁm&@oﬂhedrﬁ%}:c%ﬁg%ﬁ %E ﬁc%grd?n%ﬁﬂ\ﬁ%rbresem

the anal ytes a reactants | oca e reac
sunvYeaten. dbnetehré>0d1it1tenmfran appatevs indsdiag tor dictugrrbypddvives 410a and

5% R 5 SR 580 BBRALA Hos. 1o

(radl @1.r Edhd:ud?d mnﬁaetbbwmhmh@eépm&da@pmm RakEmayagey hA8S only.
410) i‘bga ctedd in FIGS. 10 and 11. It should be
under s B demicied grhodpmast. @pskats Afrhtoareiddadondhesaaiion 470 fonfor

Nakathle GRbNde dﬂr&eétﬂﬁ t6l8R 'nﬁ&%ﬁ“rdil@@l@és'mﬁtlocaﬂé ok @511316134'7@ The
al so provided on the carrier for exanple,

proBigraest gasketed0 map be serlHer eagpleatorsappaieaayersts2 ¥hich can be

I

| SSAAY EREEL LW R AEARE RSl
c aenclapts Ioomatmai‘ray\dewcméldf)oﬁhaf vy ofl @ vovee4$824id Onakixamply of a technique
it P S AGE wl Feo SR Gt e Bty aESadm e Gifgoarry

exiavipdset10 fredoda@@n i 61bi instAcEERINB taen 4$B11ﬁh}d1brb§ﬁd¥\ﬁﬂotycﬂon from
the volune in which the reactant surfaces on t

mioHebEPaRmenid¢pRdidons serh s undesiahlergdiafion, serigpination, etc.
| DAtBRGESe odsRE 48OMRS cof@4sPB depil Q§seE519{eedfﬂc'ldé§ N tvﬁg@e

25 other environnental conditions such as undesira
r agflcastpeshihatdlsngaslet AR inasnbe aepagt, of thl cokerd§h suchahay seskayal of the

130,208 G0V b ffreflofa BF BleGhi: ASin 3GREI Ape articles,
it wl e

Another optional feature depicted in connection with carrier 470 is the inner gasket
490 which may be used when imaging the microarray devices 410 located on carrier 470.

For example the gasket 490 may be constructed of an opaque material such that imaging of
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understood that the gasket 480 may be a part of the
cover 482 such that renoval of the cover 482 al so

w0 e®uls®14 n renoval of the gasket from carri erpdi0S2003/025386

Anot her optional feature depicted in connection with
carrier 470 is the inner gasket 30 490 which may be
used when imaging the mcroarray devices 410 |ocated
orthe aiqreasiay dqndees 4 Hbis epbeapgsl by p@mntgmeene@@ﬂlgmsiom@ntenng or

"N 5 Bl OlraB e B (B Bl el Bl PilyPoo

d evaycfesctidh @s & spacsrhapreesht bgnthnt Bareedni tn@nmgmgaqmpmsmlan@me

fromente qr Striki m croarray devices 410
dJ?‘fcﬁaélpf“ﬁé g’ elr?fcr8?rﬁaé'r£9‘|‘i @Hces t he gasket 490

may funehd fpadts t WHGE BE nioRFS\RMEes0 ikGide RRLMEBDreactant
the i magi ng equi pnent and the reactant surfaces of

t rrarfages Witk Chapgely G dereep it may be pipfemgsihataba changelsipieadh of the
]f)dﬁt@ hRGbArAY SR 466 béélggnw& i 8Rh St th %ﬁr%iiwal%@ Gl the

sur aces with channels fornmed thereon, it

prebfmnelsenggariigss of e neibeama device or wbich dfeytateelocaseeipmaﬁpleferably be

oﬁi él? rd}lﬁy Sg)%[n:l(f% §§]1s h% aqgs a{ﬁlﬁgegf tyl\/l? ctéa@réer‘%%%? re%ﬁl?s?m S béc,Pantlally

mithe mmeromyntdmm foealbsf tharnhaimenshel)eaar & thmacttzetﬂ surfmys

prefer ned W t h

resul t ?*?‘% y%%ﬁw&atﬂ G Aothss PRb A5 A e Hefludmg multiple

s uhistoaiiy @vicks 10 dnheaSRFB7E e Rk $70 Holfs nﬁie{y &f &%Vﬁncroarray
channel s on each of the reactant surfaces.

i 19evisesH0dn an &l 2 aray %@W@Mi%ﬁﬂha@ﬁreapacawan@tvab consistent
' %M&ﬁgeﬂm{laﬁ ?@ lv%ll nﬁh%ﬁ@f'é%@ ?eyfnﬁﬁccené} % &e%te? %cmg between

carrier 570. The carrier ds ninety-six
miadjaoent ragroarthy deess ibi@h raw aml Rhubh directins oft ig m&rrashﬁhat the

CO| hab: A8 %wes Bes ¢ rf&aelns oarﬁs ?0 eguc t | I'e]:lihood
q mcré)taeter HPHe égt §

SHEUE adifhe lofhaiifi
c ej‘ﬁ teis-tantandtion bepeed nirdeheeniced,z. fdj Iﬁﬁleﬁ tmore. One advantage
i croarray devices in both row %d col unmm directions.

mo Fech 3 copLurton if Higt the grparaly faseddp senvisptiomabanglre ay

deNdt§RSioR EnSRASRE sﬁs@émmmgﬂllﬁmﬁddlﬁc@u&ﬁduce t he
l'i keli hood of cross-contan nati on between mcroarra

devi ce§IG.d3ds a crosspgetipmalyigve of tp appatsiusof Bie 12 ¢kes alopg hne 13-13
CQRsid. l‘iﬁt 'Iﬁ?cdrﬁer%ﬁ@&a%? feratiy b él'ill‘fém lp §7ijt‘fi%a'vga hei n’éht

conventi on anal on and 1 magi ng syste
vmnonnahtmthnaurfam 674 prcwhicl the mi@QarFdy@evit S 518 aa: located that is similar

Cr.o8s+3e nal ew, of t f

oI ER PRRL Bl el 1 PRGBS Renigly i oA wing
proefresnabiay equiythend €Il stiRwalld 5729 all dphovid\eecodvdn@dngitipport for a
normal to the surface 574 on which the m croarraq\'/1
déW%é%otswrﬁfiléfﬂrgo%%{ﬁwrﬂﬂwgmng of fheinigrparraysleyiges HO;j Gagkets

Ofma R QRKARH I0R AR cafFlef §iRkabd §74 B {hO1ikdhbdd 5@?&3 contamination
han I in of t he apparatus using conventi onal
edgivsae e mipRaray éwasl 18, athoughaywill kegimgersropdihatany gaskets
d
R B G e
GasHletsgnay be located on a cover that is placed over the carrier surface 574.
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may be provided on the carrier surface 574 to reduce
the likelihood of cross-contam nation between the

wore@soaorey devi ces 510, although it will be uPdEDS100D625386

that any gaskets preferably do not contact the

anal yte sanpl e and/or the reactant surface.

Alternatively, the gaskets may be | ocated on a cover

t hat i Mathals eflusinger catiiee SEAwith e mudtiplitacel Iﬁl?tbarraﬂ.&vm& 510 is that
004/ 34014 PCT/ US2003/ 025386 t hods usi a s
PG e TBFEARY $7ViLoHANoR mcsﬁsﬂ/a“@re g F‘B’ﬁr“rs% Ui astieds of tling

513(3 de&ribdiadboad.! of the m croarray devices can be

processed at the same tinme using the nmethods of

tilting as described above. 5 EXAMPLES The fol | ow ng

exgaRlpsphave been selected nerely to further

illustrate features, advantages, and other details of

t he i nJdéafdlloringexainples havh deamspleeisd ingrelirid dwrdtepdlistrate features,
%Xn‘?{g{es aB(P gther%{alllg l}ﬂg n%xrﬁ%l ﬁ%s t%% eg%rgﬁar lln%éll‘sl{())g? %’OWCVSI'

ar i ngre anount

asthaltvhﬂe tlm@mknplbmesvealmd pd@bm ths patienladhgritdied®and amounts used as

consiru in a m t.hat woul d undul 10 |i

S Btk es g oRy SR etHls SE AR e Llp & PSSt andoly

Fi o wets&bpyegimsqﬁ@%@rf ace A sanple of polyethyl ene

heat shrink filmcoated with an

azl act one/ di net hyl acryl am de copol ynmer was pr epar ed

acEQAMPRE 1t Cdafk gﬁeaéémﬁﬁﬁlﬁtﬁp@&@ég WO

99/ 53319, provi a reactant surface VI ng
undul atrestmpte of Ppblefsthylﬁne reacshoak fibey caheedivdth dnavi ng
T e A R e
demibtieativa N opW!E 2915381 9ﬁ)r6'111&1“&1g akr@v@nt stifidedneing Gncﬁﬂﬂéc&eﬁﬁkles A
and, 100 m, cr ol | ters, of DNA hybridization buffer

sgricrogrray fexies hayipg digensiops ol 89?&& cahvespdhgpdio %i‘%? Iigroscope
Vagidp! BheetlasdBlideNRitlERRERfraPHeviddQyahREQBT AlYar ABW G fac2fd
Radi al spreading of the |1quid was observed,

pr@ﬁéﬁg@tamﬁ §0Qmicrqlitgrs of AN Athwbridippsion bufser (&% §§§ 0.3% SDi¥e 1mg/ml
m CLRARNAY a el‘faqvﬂi%/ﬁ% P&?f@\@%@ﬂ?@la@e é gla%ﬂ-:r JhE ﬁ:ﬁcro?rrag device.

appr oxi mat | zonta
I i R]?Ldliﬂ sarb@ku@ df| Inl@ lrgabWarctbscsrmdt pwpagaalg witiy ﬁrm/aehiedt the outer edges

SRS FickBrb eyipen e PRGNS B el sprbrEL fete¥rom

d rlajriiblﬁg ahé freRequad dbige ta@eadiagt @ﬁﬁdeayas%wr'&‘eﬂ tb Bfgrate to the
opp03|te direction (also 20 degrees of f

orPW ofifet ) hecfilins agpumiating g lpepicbept aﬁs%?g%q@% of fﬁe £lm without

c %ﬁlﬂﬁﬁﬁ RE. "RALEL thd AR P idvi G ogpbdidi dthectfontASS tm&)grees off of
over the reactant surface until it reached the oth

si lpwizoniplppassesl the liguad touerteiain a faseaging “shep( (no s1gmﬁcant liquid

fingering) over the reactant surface until it reached the other side, where a linear bead was

formed.
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WD 2004/ 034014 PCT/ US2003/ 025386 EXAMPLE 2: Nyl on
Menbrane with Porous Fiber Network A section of nylon

woreosbiozoed ( TAS Menbrane, 0.45 mcron pore si zeP€T/U82003/025386

Bi oRobotics, Inc., Canbridge UK) approximtely 2 X 2.5
cmwas adhered to a glass microscope slide using

doubl e si ded adhesive tape to forma reactant surface.

5 BRAMILESS NylonMewhmng with droonFiberfNaworkl evel surface

(0 degre at ich tine m.crolifters of water

Cont o st syl lE o8 melebnd, AT bR a o i feom

c ebibRobotits, livg CamibritigeallK) apigakiradtely preAdicmgvafadhdi€d to a glass
solution aover th mhrane, was observed. The sanple
BTGRP §lide g Gl b H64°Re 0 SR APEEL suree ce

|'i qui d TROElagdiaE Reeplhdati On a R 1VBIERFAREO \4@%&@%%\{&%&@1 50
accunmul ate at the edge of the nmenbrane without flow ng

1 OVighplifers 9f avaded gantaiming gecsnfiiod claEng Wy pipested pete thaxegter of the
V&hdnhtrae. RG] dpPdink f

hori zonteal . %Lg so1ngtolfjglﬁ s%@&f&@%}hﬁégﬂ%ﬁ&? I%Vggzr?];eﬁﬁ%?%nrghe
esemplatwas perttlyexthted pedeacrijied in EXaXopldPL. ET18: fre@dilqyidet aiséibédrinto

e B s A N 5 2BE) b B BE Y S8 oving
adivaiabitdgki Thasanplowaake ofaranel SeresHD p@@tgdl, i, 4 Ql\lgdegree angle
at ent .

surtfég%e.vvas pjge ared according to U S

5,073 hgggontaty &h B 33 EIRFHOP the pmakianc oYen gidba cuiune angle.
V-grooves having an isosceles triangular cross

section with a base angle (the bottomof the "V') of

apprOMPRE Be (Bplypesic HdarwdsV-hdnngl Heicghes of

! - . . .
e TR 00, BRI OB o
madjacsait byper ¥tgroleve gbanngls dobidmset in ittbestrfac20v A glrepsie @cdofidgs to U.S.

T l.as i s then . placed on a flat, |eyel )
LRI B2 TS5 BBt ol dnc i e Y erooves having an
C Osob@ien itiv@ g gl e Ossfsendidn &@th @rbagtingle @thp bowdusl 6f GOV T)ast )

was g}lsggﬁyed onto the center of the film_ The liquid
WAEBPT, ekPIrdseter s & haiehiRy apprexipatshokdPanigromstres. A section of
Ui lapprbxifRRENER A hewsdas ki -si
tilt e.%l5 appr oXi mat el yWZO deefg{l teoéa;gasgrhg&})?cgﬁf%ﬁ@ggh%%%% sided
olBdesivedtpe.o nmi grate al ong the channels to the "l ow'

side o f i lat | a t he edge .of .th .

T s S bas GHIL b D Slever G 4T ol O pcrotvrs

i of waeeadtapenpgech food eroring (topeodde @atrasdnwfpifgeted onto the center

V-grooves..until..it reached the, qutsjde edges, of the .

¢ oPloe Bty Tbs ‘.thﬂg]“‘i Has GFiE Spragft alng e V-0 Shampgha i

| Reatid tRQRIQS bf @e Girh eXbeis@fiple ¢S EkdtpBroximaAN 80 8&rees. The liquid
te over the entire surface of the filmarea until

m gr

i fN%F bferved ta HigrashponRg the chagpds todhe “foie” fide oh thenilny, pegymulating at
r elel bf BaisRRSIeE

e B b it Bl B! AR 0l i AGREER AL I ad
nigjpendécylar & thp dirgstipn ofithe Yegrowks wikid itfredchedht hasitle edges of the

d ?iﬁh.nkgtgtirpgf éle film %‘ degrees off of horizontal in the opposite direction caused the

liquid to migrate over the entire surface of the film area until it reached the opposite edge.
The film was then rotated to a vertical position (90 degrees off of horizontal), at which

time the liquid completely migrated to the bottom edge of the film without draining off.
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WO 2004/ 034014 PCT/ US2003/ 025386 EXAMPLE 4:
Denonstration of Low Vol une Hybridization This exanple

waletmnstorat es uniformty of anal yte di stri butiPCI/OS®03/e25386

reactant surface using the nethod of the present
i nvention. digonucleotide arrays were prepared 5 on
coated heat shrink filmas described in Exanple 1.
Briefly, a 25 base oligonucl eoti de sequence was

BV ¢pat e pattern
déis,l gng%E emo Sﬂ%aglglgéfel?lw{[&él Hyg%)a%atlémf eat ures over
t he enthis exsmplé dﬁﬁorﬁfratéd’l&ﬁﬁhmtylﬁraﬁﬂyte diskrtbupad b A reactant
|ncI uded, 9 colums and 16 rows of quadru l.icate
griBiiss ugps &5@%&9%%@ R7eSBR hieR G ligones Ieqfige @pays vere prepared
f @alcyieSheaP @Rl iR As MsEritRas] Eiailﬁé)ﬁrﬁmeﬂ-g/h§2§gz{sb'm Aeotide
row spaci ng of the quadruplicate 10 groups was %)
msw%a@twwam#@nrce@t@%ﬁ@mhapk ETLE: ﬁya papterg depigneddo vroénf)e evenly

oA B0 o el £ e

tr ansf er a%rwlgs?vét lg‘]fzat f%ggﬁcv{gir&ea?pgy?gr rredmcal?deg9
r anlyews ind/ b 1owe of qmdmgh@tecgrmpm ofreprrenina@ly 60beis®nter gmneter

S nce to the ribed in

R RSy o e oo ke SR bur St ot Thachptiac
f |gusupe €900 dieondy S, TtArfa:rt@@alaﬁ £ha DB e B7ehe a3 molfed on a
Hybri di zati on_was perforned usi ng 1000 pi conol ar

c B3t TrRERSeaReyslifle e tragpfesadiesies ranging from 5 to 150

m cr ol Hyefidzd#ndVae f Byl
1mg/ m thYeagtt ? RNA g%&%&%%&%ﬂl% C%(r}/ 18 yas

h @awarg%em%a}@@oréma ﬁmtihamethnd dé¢scribpg in Exgrpele 1s Ehmqrmhanentaly ‘
e SyERA RS ls W4, Wl P a1 55806
W&Eybadlhiltannefehs lpsﬁfor%p:d usmglOOé)ng!TDm'so?n cm?$lpmnmry tatgmeht Vgﬁiéhes
" Rl bt 50 Bl B e haalom o B KB R U G Bl it

C Wehit TRINAtand P REgI%] PaLy B ¥t SO°CHE 118 ho@E. Td Plaldnt EV3RbRLGSOf the
Scientific Mbdel 400H rockelﬁﬁfl atform 1040-21-0,

SUBRPFRINHON. 3V WRF] BEIoBIR & kR HacPeBdifytspled Hith parafilm.

I QfidifiBicatioRiREThVBAS dlsE WRY R f
m nutlesceghcﬁ wth 1. 1XSSSC ana&%ﬁ%%%:%%%llas%tloégfgaper el

Ssaursted4dith, watgry ays were i maged using a microarray

scanne &g@c%ﬁ%&aygﬁgﬁ %mcecglgﬁg\gf iéybg-fﬁ‘égponl 3(}%1% B&UIE N Reker

Fost er exam n
umpidtfornrcycjing af apptonimeaaly & nycld"ugeb i it @obbins Sd:lgtﬂﬂic Model 400HI,

I nt nS|t over %E rface usi ' e ,
PR Rl e e AR A AbSrePraAEN B frepeing
Clatrilys vkefd rembRed 4l Wa@marf& 103hinGtes SRR 128558 8nd 0.03% SDS and
results. 30 -22 WO 2004/034014 PCT/ US2003/ 025386
0.06% SSC at 42°C. Arrays were imaged using a microarray scanner using the 635 nm
channel (Axon Instruments, Foster City, CA). The images were examined for uniformity
of fluorescent hybridization signal intensity over the microarray surface using image

processing software (GenePix, Axon Instruments, Foster City, CA). The following table

summarizes the results.
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Hybri di zati on Vol ume Vol ume per square Uniform
hybri di zation (mcroliters) centinmeter signal across

w@eeoaps4of4mi croliters/cn2) 5 0.5 no 10 1.0 noPCROSDND025386

yes 50 4.8 yes 75 7.2 yes 100 9.7 yes 150 14.5 yes
EXAMPLE 5: Denonstration of assay dynam c range and
sensitivity Arrays having a uniformdistribution of
ol i ggnHybedizatien Velamer £sVdume per squares Ur Uniferm hghridization
prepdared dmiaelters) bed | n Ecemprhetet. Ar|r ayignaleiceoss array
hybri|di zed under the cpndinidrelitersfensfesdri bed i n Exanpl e
4 usijng 100 mscroliters of cogpl enmentary fl uorgscent
targgt — (provigling a vplune pep squarg centimgiger of
9.7) [@ the fgjTow ng far get pgl gonum eorﬂiﬁg’e yes .
Ic;lonc m‘ratl Oﬂﬁ) J. 10, J.UU, J.}_i_JgU dllu U, UUU plygé)llUI dal .
Uorfescence 75“ enstty Y

la.
or—each
N £8
T

D
concentrat+on was—guant+ed ; Arg—CerrePi-¢ seftware—
(AXO e FUH H-S Fn'—fe Q L']I’ f‘A\) _ Tha r~|:1'l‘ ;’e$rom
this LT dep_q_e,d_i_l&_-i_he graph of Eves 14
10 The precedi ng specific enbodi ments are illustrative
OfEX AOPPEAC ik fonQfatb6r 45 APAdnAP rangd MdSehdiWaRL | ON Ay
be suitably per acr:lt |acle gﬁrﬁ yhgﬁ%gs{eaﬁlge of eany "gl ement or
i t em ndtraysheydigfa witbiny digeibeidntyd dligonutlhotile dentwreseaerass Hhaeurface
c C f ent s .
iy Biortd et Bl PSP b OBRE wp e gogarions
t hlescritied inrfExatpleyt usafge 0 naierotiters df cdxﬁp]eﬁﬂnwydlnafekc}ent target

| NCOr orate in total. Varlo tlons an
R e e e iR ST o it O R s ol gonpgleotide
t hes@ntkidnk:ed, 10N1000€00Bahd 10,0 Eorsl@ R HuoREcdnt O dni®) (F635-
S(I":Eeft%e of this invention, and it should be understood

S} for gacp ﬁQ’é‘ﬁP‘F?’éﬁn W@S fesntifiesl using Fraeliy software Gikopdnsiruments,
|
' Plog%xtn t@f'ri)% IC?/ qg«gt; rlmfaﬁ)trﬁ tpﬁ:?éd%h the, gE &%Ié.q4.

be |mt tions se
clainms and any 20 eqw val ents to those Ilmtatlons

I- 23 V\D"I%Q géée%lgndg%%é‘élfl%%bo? r211%19t§ ér% 21? §a6tlve V\Pt%e practlce o? {he invention.

This invention may be suitably practiced in the absence of any element or item not

o
A
o
LE>4

-+
T

specifically described in this document. The complete disclosures of all patents, patent
applications, and publications are incorporated into this document by reference as if
individually incorporated in total.

Various modifications and alterations of this invention will become apparent to
those skilled in the art without departing from the scope of this invention, and it should be
understood that this invention is not to be unduly limited to illustrative embodiments set
forth herein, but is to be controlled by the limitations set forth in the claims and any

equivalents to those limitations.
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1. A nethod of contacting a reactant with an anal yte,
the nmethod conprising: providing a mcroarray device

W@ wpo3eifng a reactant surface, wherein the reRCr/ES1003/65386

surface conprises a plurality of reactant sites

di spersed over the reactant surface, wherein the
plurality of reactant sites are distinct fromeach

ot Whatis damedgiser ei n t he reactant surface conpri ses a
first edge and a second edge | ocated opposite each

ot her; depositing a quantity of a liquid and an

anal yt é mﬁhochd qoeadingntres@nt aitlesn dralytd, ig nidiodrcoagtians:
surfac irst directi on about an axi

f
ot a1 SRR g o) 4G5 PRp S refu Melhom e e reactant

t Guﬁﬂdé&oi’nbﬂseﬁ b@ﬁ&alﬁ;d@&e&fant $1Rs HiBFsdca Bl erIh haG s WRERE, wherein
gravity; and tilting the reactant

f.or
E? ﬁFYrP? 5635%’&?%?%? aa? dighanct Bem garhuatherad spssinghe reactant surface
f%ﬁhf&@ fRA&I Ad a ecB ves from
t he |1r st‘a ledgeé%taomgr dsQ(E %ﬁdéggg%g%%ggﬁoéé%&giﬁgegpt he force
of gr ad¢royiting 8 qugnéfyeif a lighid and qmrdlylteecvmhmeaamnttshtéace

ccor af bR e BB Dt oo i & pPenthesin o

\Mpptt@ntoh thediqaidyntayes @wardk tlegUire cage dfhies refadt alttacS tMdeAGE force of
are an.ﬁed 20 3. A nethod according to claiml,
S ilting the reactant surface in the first

di r ect tibing GRUSREnBsuPdd th @Reddhd A& tbh BBHubmb axik 6f f&ﬁon wherein
bead above the reactant surface proximate the first

eddertion of te liduidanoyps fram ihedira edeq ©ands theispepnd hége under the force
reaghapy, surface in the first direction. 4. A method
according to claim1, wherein tilting the reactant
sur f acwhemmintthedliquistromeins 9 thd ireagtani surfaccalusias tha tiprougt | on
of the liquid to forma bead above the reactant
surface proximte the second edge of the reactant
s ar faca mftlnceiractorﬂmg rogeldiie, vhaeinand tilfikg fspeornidd Wil the analyte
‘?E 4 %lect ? A net hog according to claima1,
V\,ﬁ'é TRE o ef‘?ath'“i‘tr?ﬂr 99 49f8PPefst direction is 30
performed at least two tinmes and the tilting in the
second direction is performed at [east two tinmes. -24
WO 2004 /merthay pecaeding (9skinds wheeiggilting theyepasart oeface in the first
a r
o Dol By e RN pdht G bkt B (CIRL PR provimate
f therfirst eAgs of lgrreartanpsurfap fter Ghing ﬁle?feacthnnmﬂamjnal&cﬁ%lﬁﬂm&qlon.
to claim1, wherein the reactant surface is
hydrophilic. 8. A nethod according to claiml,
wHer ei A nidtterdraeaediagio chdith f1a®Rereia MMing3RSredetant surface in the second
|icated, str etlur ed reactant surface.

dlrec 1on auses a portion o iquid to form a bead above the reactant surface proximate
the second edge of the reactant surface after tilting the reactant surface in the second

direction.

5. A method according to claim 1, wherein the tilting in the first direction is
performed at least two times and the tilting in the second direction is performed at least

two times.
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10 9. A nmethod according to claim1, wherein the
reactant surface conprises a mcroreplicated

wa@eomos40ned surface conprising a plurality of PCEHDS®N3025386

aligned with an axis extending between the first edge
and the second edge. 10. A nethod according to claim
1, wherein the reactant surface conprises a 15
mcroreplicated structured surface conprising a

plgir al ig ¥e I

to the Sec%l;)]cé &Jggfgg@‘ tS cﬁ?ﬂi ?r{gﬁe dfhg glgﬂcl)l g Bffl%es Ori rg g']%}f’ reactant
whwFlager2Ordegrees ar meae ffal}l adlenzml otentiones a s ubst rate
and the reactant surface conprises a coating at |east
partially adhered to the 20 substrate, and further
WhETr ei i nbtgod arabriding tc clefnd 1,Sefredn 1he PAGERRGHE®RIis Bk SpAAR.
area and a projected surface area, wherein the

t opographi cal surface area is greater than the

praj ectaelethsdiicktaameds 8aim L 3vheRiM ML RAGaRAGEREHic ltl&s a
claim1l, wherein the reactant surface conpri ses a

2 oigEoERplisated sty cpred aeactangsurfacenet hod accor ding t o cI a| m
1, wherein the reactant surface conprises a plurality
of fibers. 30 14. A nethod according to claim1,
wer ei A méthod asaertimato dainf hoderonpe tesﬁsntauqﬁa?ce QUiBprises a

IT%B‘E{ OO [ 034014. PCT/ U 03/ 025 86. 15. .
et O%Bg%a(t:%dfsgmé%%e ce c?ﬁllirl Wé}hér ﬁ galtgned Wlth an axis

r @Kandimglbétwednah‘aﬁﬁded\ge tukd the Secoil ciige pr oxi mat e a

m dpoi nt of the reactant surface between the first
edge and the second edge. 5 16. A nmethod according to
cliai m A,methar a@bcﬁdﬁl?ﬁ) A&8ACT %Ereﬁlucﬁé 1@5 adt §u ?a{cla @@‘h@%es a
general ly horizon when t he ana are

d é‘ﬁ%@?eplé@tqdwéﬁ%rﬁd surface saommtsmgd péuxdcty df crhgmtedns eedteandmg Trom the
Wigs 8l b BR s %% h&&%_|s | ocated within the liquid, 10
and further erelh depositing the liquid and

depositing the analyte are performed at the sane

t to cl 1, wh th
i, MRt BC50 Dite ELAL L, shereln e,

: 19ubsﬂ\atﬁemd1thd reaaﬁlﬁrsdﬂfa’b@ cbi@piidedih Bdating ¥WNEIsLpi 1R dhdrbtitoGhe

thhe an ? te are deposited at
substrate, and ur er wherein the coating comprises a topographical surface area and a

projected surface area, wherein the topographical surface area is greater than the projected

surface area.

12. A method according to claim 11, wherein the reactant surface comprises an

undulated surface.

13. A method according to claim 1, wherein the reactant surface comprises a plurality
of fibers.

14. A method according to claim 1, wherein the reactant surface comprises a porous

membrane.
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different tines. 20. A nethod of contacting a reactant
with an anal yte, the nethod conprising: 20 providing a

worR@soaorey devi ce conprising a hydrophilic reRCr/as1003/025386

surface, wherein the reactant surface conprises a
plurality of reactant sites di spersed over the
reactant surface, wherein the plurality of reactant
sites are distinct fromeach other, and wherein the
repet and methbd A&BrdaI B Liafe E, V@h%éiﬁ e é.%g 98, AL % REEU Whithin
eaae | ocated opposite each other; depositing a
q Ui iEi PEQR I Rte g mhippinte! thedeartaniosuethaet betvomen thedirstedgd adtthe second
sulf.ace; 25 tilting the reactant surface in a first
diTEcti on about an axis of rotation while the anal yte
and liquid on the reactant surface are exposed,

ein a portion.of the liquid noves towards the
fitost 2\1’@8‘88‘5 AECRETEdG 8@%%’ ‘%ﬁf%@é IeiRERLsutfpges if grigniedgenerally
griadyizéntal ahen tHRiqBidand Reade ARAYSshibanéeact ant surface
proxi mate the first edge of the reactant surface after
tilting the reactant surface in the first direction;
a 30 At fybikyd r t : j nd... .
et o b fobiafe 6 B [l 6 Sl 15 e iqui,
artafl furthenmyiberein depoditiog theliguidead tiepusitiag theandyta ne: pexposadt the
d%r&gg %he tilting, wherein a portion -26 WO
20047 0%4014 PCT/ US2003/ 025386 of the liquid noves
fromthe first edge towards the second edge under the
farce gf %Eavit .and fornms a bead above the reactant
suf acé PrBY sraerdingrieclaisy brdhersdyihe Gauid prd the aptlyinare deposited
suepaggyafter tilting the reactant surface in the
second direction; wherein the liquid remains on the
reactant surface during the tilting. 5 21. A
Mgl oamnr LC8B: - I U cessin t he.
o] co iRk Rink @ Bl SRn. il G RLAFRRIC S dtplfied
midififesens hies at ed structured reactant surface on the
substrate; and a plurality of reactant sites dispersed
over the reactant surface, wherein the plurality 10

0f20r eaatmdthodsificomtading adtastahWikh 4 BENRAGE nRkMAComBdsing
devi ce according to claim 21, wherein the reactant

surfac Broc‘f’éi_ﬁ’;ﬁrai r%‘é’é?a‘éf‘}b‘iled feg cppprisingra TyHeonhidic seagtanigiyelaee, wherein

VV|tﬁ&e@ﬁhn@éﬁirﬁc@éﬁﬁﬁ‘ﬂés%lﬁl@ﬁt%@féa&zg{t 'sfte?stdist%%ggd Ner {hla? actant

reactant surface and "a seCond edge of e reactan

s §ifageevheran thg plusalifeof reactant gitss dierdesting fsina¢ach Bther, and wherein the
' - 1ses a pluralit f

CRSERIT IS LA LRA, SRR T SRy B by

sur f acdepbsitisg s@uotigy of ddjquidfind deanalyte on the reactant surface;

tilting the reactant surface in a first direction about an axis of rotation while the
analyte and liquid on the reactant surface are exposed, wherein a portion of the liquid
moves towards the first edge of the reactant surface under the force of gravity and forms a
bead above the reactant surface proximate the first edge of the reactant surface after tilting
the reactant surface in the first direction; and

tilting the reactant surface in a second direction about the axis of rotation while the

analyte and liquid on the reactant surface are exposed during the tilting, wherein a portion
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reactant surface. 20 24. An apparatus for |ow vol une
fluid processing, the apparatus conprising: a

w@200ni081014 and a plurality of separate reactant PGUUSAOEE25386

| ocated on a surface of the carrier, wherein each
reactant surface conprises a hydrophilic
m crorepljcated structured reactant surface and a

|
pl A WA gpves drom thfirss pdee sovidsihe speenddes undeethe force of gravity
I eaRtes abehd | Anak 5

| oo it T 20 MERRLEN IS PR R6 ke o of g eactan
apyenrestalier Beeg hairergtantsudheiinthz 4econth diragition;each of t he

reacta ! mrises a.plurality. of channels
al i gnng hﬁ&ﬁ&gﬁségfeg&g%ognaﬁrﬁ%“%éflﬂ%%a%mfgiﬂi‘%tﬂ“%ge of
the reactant surface and a second edge of the
regctant surface. .30 -27 2004/ 034014 . o

/ US ?f???%%g%“cezfsf. low yoursis 41uid precessin i deyice soraprising
24, wherkebsgaach of the reactant surfaces conprises a
plurality of channels aligned with an axis extending
bet weef h¥drpphili¢ misaereplispted preuctureskieaciant swics o e avtgtrate; and
second - r . .
ahor of B paief b Atk SRS BBt A EPrea ] shilel Wlepin heplurati
r hsqaglant ser dradisdnch fromahéhyted. Wi t h each other. 5 27.
An apparatus according to claim24, wherein each of
the reactant surfaces conprises a plurality of
channelisdeeict etvdidings thichith a1,fwHefdin @6 @Rc@ht sifffee c8RGHATh plurality
surffacet .a seﬁond ,ed%e of the reactant surface. 18
28" Cl}ﬂ’?n%{i;%égﬁ%‘il dh g g3 Eendinederesn Afish edggiof theirercmaisyrface and
Ofa stdtRd @R Mt reftinf f6@S. conprises a plurality of
channel s aligned with an axis extending froma first
edge of the reactant surface to a second edge of the

r e3ct aRlgeHidk B&Sﬁlﬁn éqg Glalndb 1 REre1RE %iaaaﬁtrgﬁrfapcle %E)Igl{l;nlgstey a plurality

of channels int separat’e reactant surfaces
alof gimarelwxténdardtonot fist edgd 6f BO readmntapgdatead biseched edg®Vf the

v%agggtsﬁllrfg(i:ed processi ng, the apparatus conprising: a
carrier;, and a plurality of separate reactant surfaces

| ocated on a surface of the carrier in an 8x12 array

wi2 h 9 mllinmeter spacing in both row and colum

ditfect {*BARPATARRPRION Yol Tid prosespine. g Framatus eomprisings a
hydr ophidii&; sgact ant surface and a plurality of

reactant sites 20 dispersed over the reactant surface,
wher ei APRRELTSeRErA spacsint pustacesdptatesl dnassurface of itetcamiet, wherein

f EQ:‘H‘rea%@ﬁ&u%&eJompﬁses a hydrophilic microreplicated structured reactant surface

and a plurality of reactant sites dispersed over the reactant surface, wherein the plurality of

reactant sites are distinct from each other.

25.  An apparatus according to claim 24, wherein each of the reactant surfaces
comprises a plurality of channels aligned with an axis extending between a first edge of the

reactant surface and a second edge of the reactant surface.

27-



10

15

20

25

30

30. An apparatus according to claim?29, wherein the
plurality of reactant surfaces conprises 96 reactant

wGaohaswss 25 31. An apparatus accordi ng to cleCHuUDP3/025386

wherei n each of the reactant surfaces conprises a

m croreplicated structured surface conprising a

pl u&’l\gl ity of channels aligned wth an axis extending

bette e bERPRTA S aggEingP claffa 2f-aeheraimeach of tha cractamtchurfaces

S is@A0Fm ity P Ehanh EOH i i ine B8l 4 1

2004 054%%?1‘1 BCY USEE0%) o%g%%ﬁy%%?%ﬁ“%‘gﬁ‘ﬁf’gﬁwﬁgn a first edge of the
acieantant pytace awl aieno@@dgavfahcaienctan airfacd, ahdfrthewlictdit the plurality
surdf : rises a mcroreplicated structuyred

o ' BECls ST AP N restagth Foseet el R RE WL PS8 e e

with an axis extending between a first edge of the

r(.j?f:t ant surface and a second edge of the reactant
sut’t

ac &' RS ATREENE A Sl At tvrhere eae pf the regetantisnmiases s
i reohfpEs@RALAS of SRR UxtRdRE HoRCERsAd8e & thgféﬁaaeg' bfface to a
each other. 33. An apparatus according to clarm 5
wHEs @ sdgeRitheyraqisns syrlaget ant sur f aces conpri ses a
m croreplicated structured surface conprising a
plurality of channels extending froma first edge of
t 8. r e datapparame adcacimgtto claing 24 oviereitkgeh of th Ractit aciFasd
sur , 0.34. . An a rat.us..according.to_claim?29,
aibBiBfifes g st of (e BB R P s s P e e of he
miredcanegiriacaoatecing Yadewr 6@ rédétahfdiefabed) B fufthdSviRrein the plurality
pl grﬁﬁl [ tl%/, O(L channel s aligned wth an axis extendi ng
f (PO piihe spgrategpactanisuiaces pigritizaadrwitheeach ether. second
edge of the reactant surface, and further wherein the
plurality of channels in the separate reactant 15
s#Pf ac &% anpasatys fog kedvaima{led processingr the gparafssympesing: or
| ow vol,uge . eyoarray device processing, the system
conprising: a processing chanber; tenperature control
appar at pBraiteofmbpaaterdatiam stffreeplocaab&i NQriadead TRy catr@r in an
centrol 2 he..tenperature within the processin ]
b i PapE A e allabt ana b ohmh afprgons, Whercin each
p it RaSIurfgcecdoaiptids.a hyiSpKiB Rbhdta hifAR BRI A5 IityQR $lathh ites
to,tilt a mcroarray device |located within thé

priseEsd gt bR mapant surese, whessia therpluselitp pierriant sites faggj distinct from
3Bachwig-ei N the rotational apparatus conprises a 25
rocker platform

30.  An apparatus according to claim 29, wherein the plurality of reactant surfaces

comprises 96 reactant surfaces.

31.  An apparatus according to claim 29, wherein each of the reactant surfaces
comprises a microreplicated structured surface comprising a plurality of channels aligned
with an axis extending between a first edge of the reactant surface and a second edge of the

reactant surface.

-28-



10

15

20

25

30

37. A systemaccording to claim35, further conprising
a mcroarray device |located on the rotational
wa@ppanaous. 30 -29 PCT/US2003/025386

32.  Anapparatus according to claim 29, wherein each of the reactant surfaces
comprises a microreplicated structured surface comprising a plurality of channels aligned
with an axis extending between a first edge of the reactant surface and a second edge of the
reactant surface, and further wherein the plurality of channels in the separate reactant

surfaces are aligned with each other.

33.  Anapparatus according to claim 29, wherein each of the reactant surfaces
comprises a microreplicated structured surface comprising a plurality of channels

extending from a first edge of the reactant surface to a second edge of the reactant surface.

34.  Anapparatus according to claim 29, wherein each of the reactant surfaces
comprises a microreplicated structured surface comprising a plurality of channels aligned
with an axis extending from a first edge of the reactant surface to a second edge of the
reactant surface, and further wherein the plurality of channels in the separate reactant

surfaces are aligned with each other.

35. A system for low volume microarray device processing, the system comprising:
a processing chamber;
temperature control apparatus operable within the processing chamber to control
the temperature within the processing chamber; and
rotational apparatus within the processing chamber, the rotational apparatus

operable to tilt a microarray device located within the processing chamber.

36. A system according to claim 35, wherein the rotational apparatus comprises a

rocker platform.

37. A system according to claim 35, further comprising a microarray device located on

the rotational apparatus.
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