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== {57) Abstract: Disclosed is a microarray printing system (100} and methods of printing probe microarrays (1101). The system has
a print head (101, 200, 805, 1003, 1700, 1800, 1900) formed of one or more bundles (201-221, 604) of individual capillaries, (102,
301, 402a, 402b, 502a, 502b, 6034, 603b, 802) such as light-guiding capillaries. The bundles may especially be random bundles of
capillaries that provide a large number of probes (807, 1006z, 1006b, 1206) on the surface of a substrate. Methods of registering or
correlating the distal and proximal ends of the capillaries are also provided. Further, the invention provides methods and equipment
for identif
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chem cal. BACKGROUND A microarray is an arfay of spots ofyhaligbeed or
chem cal sanples ("probes") imobilized at predefined positions on a
substrate. Each spot contains a nunber of nolecules of a single biological
or chemcal material. To interrogate the array, the mcroarray is flooded
with a fluid contaginj I r | i ] (the
arget') el noMICHOARRA VR ABRIG AN TrRCHTSHES LR SoRaD

conpl ementary probes on the mcr m croarrays in particular,
t he probes are oligonucl eotide oﬁ?mmswg and the target is a
fluorescent or radioactive-label ed DNA sanple. The nolecular strands in
the target hybridize with co Iementarrli/ strands in the probe mcroarray.
The hybridi zed nicroarray isEREBQFIHEBINYE rray reader, which
detects the p . i 1] | s,.0r ich stimul ates the
fluorescent | an[g? gﬁl%gn@rﬁeﬁgﬁ %ﬁge‘g}%ﬁl&%}égﬁh glgeg]ilcfdgﬁs%&;\\@owﬁ’trﬁl £a r%alré)%rrayo?ft ot her
ener gy soufultiie pidbes nealder deledtahié prdsioepeSa ttarpét EioRgicsll marghlnooh thdpet | abel
em ssion in the mcroarray. Since the probes are placed in predeterm ned
and thus RRHFRlpositions in the microarray, the presence and quantity of
target sequences in the fluid are identified by the position at which
fluorescence or radiation is detected and the strength of the fluorescence
or radiation. Mcroarray technol oBACKEROURD an extrenely useful tool to
conduct biol ogical. or chemcal experinents in a massive paral]el fashion
because of the® BAGRATRYNDSP BFayqelf eiseok biologisaber ehamical ramplen (frapbesdat e
onto the M ELRRLIAY £S. 4P, i.cul arly. gy%[f i i Ng of4 1ing
and i dent ﬁ‘gllﬁng DNA g?ﬁ%‘?@g%@%é’% r gysélg 0 éyﬂg%nﬁoggglﬁ%%& ﬁ%rﬁlg({roir)lgl
probe mat miobeesle$ aifra Gaigid bivlogial iad ¢leadal materivf| G0 Budpstitat ths . arBgcdese t he
target sanples are generally hard to produce or very. expensive, it is

hi ghly de8PFaHra ¥ dopdsds withy é@%%wt%wnagnﬁﬁhwwe@m%@gl Fschswica] pmplesn a
singl e m GhOSGERY, iR witc FhicAlSin@Ric iR Bhe bIABRAD AR nsity
and quant Ft%y or%éa) Ie WO 051/ 623%7%&)%%01/%%@%@ epr oges ﬁﬁ’at or?gp gngs

f abri cat eowrilteomidrearmayc fro DN aymiciobrrays ipapatrticnisrathk yoroleseird vliganucletide2on ng,

profiling identifying DNA sanples. Mcroarrays. today cone as
t wo- di nen&ﬁﬁ%a?“afﬁso ngﬁget Fargek ds @gﬁ?qfﬁs&%&foﬁ?d@S?tiVH'labﬁfjengNér saRRlonlhe

substrate h S of
st 2t ShoBA U, U Sefec RS i SIS a5 OduaR

esirable to perform assays on as many
f eat ur es wmscrposyi Thehyidized inmigioarray riospeciay by Bhinsraahy seatler whichi dptdcfsi cant

i ncrease |,n probe nsi t.y and antity on a single substrate. |In general,
mcr oarrab? 'SF‘?feﬁ?gll? a%_g?célﬁeéaﬂg]floé?” Chéﬂmgbﬁ?é,tl?ﬁf#W"é9e”a_i§‘rt?g]istt‘_§/emt g@‘er t han
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strength of the label emission in the microarray. Since the probes are placed in

predetermined and thus known positions in the microarray, the presence and quantity of
target sequences in the fluid are identified by the position at which fluorescence or radiation
is detected and the strength of the fluorescence or radiation.

Microarray technology provides an extremely useful tool to conduct biological or
chemical experiments in a massive parallel fashion because of the large number of different
probes that one can fabricate onto the microarray. It is particularly powerful in screening,
profiling and identifying DNA samples.

Microarrays today come as two-dimensional probe matrices fabricated on solid glass
or nylon substrates. Because the target samples are generally hard to produce or very
expensive, it is highly desirable to perform assays on as many features as possible on a

single microarray. This calls for a significant increase in probe density and quantity on a



ot herwi se, Wheyeza7e "l ow density" mcroarrays. 10 There are g Hipk@array
fabrication techniques on the market, photolithographic and robotic
spotting techni gues. The_ photolithographic technique [US Pat 34,
5744305] adapts 91&%8"% SfrlPHRRte OBt 1BA MpeI9aEas It @rpaéu@r&arbwﬂvm%mgm,
circui tS,t@r(ﬁﬂﬂigf‘@ﬂiia&lﬁ%%lmﬁﬁlis?mﬁiésu base by base. This -techni que
requires a large capital outlay tor equipnment running up to hundreds of
m|lions of dol Micsarthlyetdday comk as eboidiénsienal Pidbe datFas HRSa#AGH S1id5 al so
N

very expengiye due to the high cost of producing photo masks. This
t echni que FE® ?’h’éﬁ@? 8?%3“8F?Fy§?ﬁaaﬁﬁ ¢ ftagpieamplrsce sencoallyofard togprddunat or very

M Cr 03r r ay sxsdnsiveVe iyhibl | s, the c lexity in
synt hesi s s_tllg%nl- I métﬂggltjﬁgi e%?%%ﬁ%?egﬁ%%sgéggswﬁ% Iﬂ%&?ﬁweﬁﬁs PHSSQ:H%P@H

m cr oar r ay Si@gletnicroareyc Shislcalls foy aaimifidantircsedsben probgHbnsal; ahlquiydy hegi zed
DNA strain_to, the |evel of short oligonucl eotide (25 bases), which
reduces 2078f ugf)téag?'ﬁf]@??‘if?’]aﬁﬂc@é‘ﬁ%ﬁ%ﬁh prpbspiteh smalershen 500 Lm (isodensity

appl i cat i ongeer tha, AR} | gﬁ%i]] | ng: techni.que [ US Pat ent

5807522] uses a speci%lglbf/ssﬁkggg{'gne %Séﬁg%#%%%?%ﬂg?de N8 EFees a
probe spot otharwise thd%}cmé&qmgleﬂsywﬁmmoaga@_ pin head into a fluid containing
an ofb-l I ne- synthesi zed DNA and tggn spotting it onto the slide at a
pre-éeterm’ ned POEItTonYe WLAMRY 1R Ccaop thehniquesioa the markst, ehowlitiogegphier i or
to the 25 spbiodbbAgseitti Infif s . . r Ln.c

desi gns of _such rob%l{ ilgg sy%gﬁ?qqh?hgaglﬁ%ht% | g“’ge%[“? r?o@)srpattﬂgs g‘i‘&ggi
carryi ng t #t4a0el esteprsahe suns fabsicetiommoeesa fongedthei oitgrau®sirduits €9 Yol ddfle 0N

to deposit es,at controlled positions . of the substrates, Because a
i croarr ayp%ggl%)}éﬁ ‘S?Irg abgs%gjf %aﬁea @é't Teuings prlange fEPiR epiday for pguipment

t echni que, ruahidgatpol huatdadb ¥f fol g [2Sc | : V. n .t hough
t he ?gged qc_lan be enhangg(ktl1 gyﬁ%%%ﬁglp%oﬂaﬁsgwﬁgﬁﬁﬁgﬁgh&%rrﬁgg%%%ﬂngygﬁ%ﬁ ’r?g
rple s

mul t PUELY (SEPFASEV e fsHP iy, high oosiof povducinghothmatksr Bhiaiteiiniges 3 | ow.
Thi s techny ' I.table far high vol une nmass. production
~of mecr Oap@gﬁ/&?:ﬁ% 52 @%%%ﬂg%aﬂfthonaﬁem%ﬁ TOHTELYS & 2 BFY AWRE - pi n
spotting tEedmihig esdumed)ehecansiesitningyathess stiliFkieAns Bioduid GRk A
techni ques _that are b |nr]1j2 devel oped. These include the i nk]et teg ol ogy
and capi | ISP 8@%81?‘“@8‘. FReriay cpc khisicomplaxity tdsorlimitretble dsngth oftheeposi t
either c Hekged b Iagiai I ' -at .def.i ne
DN e W&Q&éﬁ@éthquvel ORdisNLAHR ontic eé’g‘?% gﬁ?ﬁ@’o@?“f’gfﬁ%ﬂlﬁ?%ugh

positions on a substrate to produce an ol g

in s#u sythe ReasificityGadsensitivity of hybnididatign iisdreebpiRaiignspr oduced in situ
one base at a t4 eg‘%}dﬁld,%ﬁr I, ngp nonomer -.cont ai ni ng sol uti ons onto sel ected
| ocations, reacting che oRSHetPotingerimiausE)s faent W0d52Y weswspsciallyess

nmononers, dsigned ietgari & rotd BHhiE Lt f .he_next spot of
monoTerS: eac@ant .- ‘ 10 A Bbfodued FROBE Spdt on tRe nﬁé}garrfyxby FiBptng %
pin head into a fluid containing an off-line synthesized DNA and then spotting it onto the

slide at a pre-determined position. Washing and drying of the pins are required prior to the

25 spotting of a different probe in the microarray. In current designs of such robotic systems,
the spotting pin, and/or the stage carrying the microarray substrates move along the XYZ
axes in coordination to deposit samples at controlled positions of the substrates. Because a
microarray contains a very large number of different probes, this technique, although
highly flexible, is inherently very slow. Even though the speed can be enhanced by

30 employing multiple pin-heads and spotting multiple slides before washing, production

throughput remains very low. This technique is therefore not suitable for high volume mass
production of microarrays. |



An energing spotting techni que uses capillaries instead ofzz%&&e}%@pot DNA
probes onto the support. Four references discuss capillary-based spotting
techni ques for array fabrication: WD 98/29736, "Miltiplexed nol ecul ar

anal ysis apparatus and nethod", by Genonetrix Inc. WD 00/01859, "Gene pen
devi ces for ar myddMtidotbitiOestablishe@quhi-gin s&btﬁﬁ@fﬁﬁhﬁcﬂdgiés[\&ere M0 RMb37 6,
"Capillary.printi system', by Incyte . Pharmaceuticals | ng. 99/ 55461,

" Redr awn \é}‘i PPFSY ‘@9%5"*@&@%@? are pRinggaysiopadndhesq me ¢ yikiglue t o
the hi gh ewhioclogy aidehpillarpspottiigcr oarrays fabricated with existing

technol ogies are.far too expensive as a single use | ab supply. SUMVARY OF
THE | NVENTI ON ﬁiﬁ%%rfmhﬁab% g deripyegs tog ‘%’F@gw é%féﬁﬁtCQWQﬁganFﬂe%tl®ép?I! | ary
bundl e cotfdiviéiab@uéleotidles e Héfined Positibal Wh dUabsteddid bLes al dUjdtacRbGad Mal
and di stal .ends, tﬁ%%gl? capi |l aries havin channel extending fromthe

proxi mal BRICTHVt 0 Hf ntheys- Wée%‘g‘b‘ % PR OVSeHgleRtds f§groguced in situ
channel - f agd bgsevidld timeibeT delivérimgaindndh@doiRIni stut@dns tdaeo kdletitad Hdations,
capillaries are.secured tp . onge another in a solid mass such _that the
oroxi mal | EREE e SImEE, gsing i SIbSalS 4P SERaYF PEPYMORI TR S NS B8 at | ¢

array in gutkeseto grépdrd2 fsrahd fbx0EH6 of b YRBahON provi des a probe printing
syst em havi ng gppri nt, head. conposed of QHG_OI’_ nor.e bundl es of randonmy

bundl ed or di sCPETEISNHIRGHINEIeCaWPE Psgs carallafies instaad obaigs thPEPNA ProBefndi e of
capi | | ari eftohiis sapef. tHoon rafehcs atischi®asdpilldte bie@ X BMihg 88dhSibs {di€arra

capi || arig?are imobilized in a planar matrix and a %acet I's formed for
printing. BPHEN M mobi | i zed portion is preferably sufficiently rigid that it
may be used to prine a pme)S/Zﬂ'?Gﬁ,oa]ffﬂu&;plémamnalesulbxsTa?éljrﬁs \sipp#rafils Naj@@al  or
no deformation fon I on result in portions of the mcroarray not
bei ng printed fn%%[%ﬁ bgu & rrng{lr%&pc'The I mobi lized portion is therefore
sufficiently rigid to en®p 804d880,¢¢ienapen divihes foe agap ptinting’, hyruskidt he
portion of thgigc@ﬁ%htér@mqont act with the substrate. The distal ends of the
capillaries nmay be free qor nm be attached to reservoirs. The capillaries
i ncl ude, but are not [inmMQd q\éé[,”%sberc%ltl%rﬁ aringinger sysgmjip vy 6EByE

PCT/ US01/ 05695Phathatdkiolle nc2004 | i ght -conducting capillaries, through which

i ght as wel | 'qu’c ‘aﬁe conveyed; and other, flexible or rigid

capi | 1 ari o5 AT BYP P e SRATER GhasfiBoariit - Y CORUTE foant | on has a

plurality of i hdiuringwgldue to the high cost of production, microarrays fabricated with existing
technologies are far too expensive as a single use lab supply.

SUMMARY OF THE INVENTION

According to an aspect of the present invention a capillary bundle comprising a

plurality of individual capillaries having proximal and distal ends, each capillaries having a
channel extending from the proximal end to the distal end of the capillary and having a
channel-facing wall, where in said proximal ends of the individual capillaries are secured to
one another in a solid mass such that the proximal ends of said capillaries are substantially
coplanar in a static array in a facet of the solid mass.

The invention provides a probe printing system having a print head composed of
one or more bundles of randomly bundled or discretely bundled capillaries as described
herein. A bundle of capillaries has a portion where at least the proximal ends of the
capillaries are immobilized in a planar matrix and a facet is formed for printing. The
immobilized portion is preferably sufficiently rigid that it may be used to print a probe
microarray upon a substrate with minimal or no deformation (deformation may resuit in
portions of the microarray not being printed to the substrate). The immobilized portion is
therefore sufficiently rigid to ensure good contact with the substrate across the portion of
the facet in contact with the substrate. The distal ends of the capillaries may be free or may

be attached to reservoirs. The capillaries include, but are not limited to, fiber optic or other
3



capillaries having proxinmal and distal ends. The outer dianeter of a
capillary is typically 5 I ess than about 300 mcron, preferably the outer
di anet er iwoOlogsms7t han about_ 100 mi cron. Eac_h of the capi It@T/iU_ssymspst he
bundl e has a channel extending fromthe proximl end to the 22%0%&%' %d?)ﬂd of

t he capil I%il\é,%q%nd_each, f.the capillaries has_a channel -facing wal The
channel dilghEfpucting 5 through svhichdlight e wiell @ Snid canthgsenveyed; anddi vi dual

capil lari %&ﬂeﬁb§%{gg%h§£ﬁﬂ%:ﬁ§om a unitary structure in which 10 tubular

preforns are fuse ne “an er to forma large array of preforns and
then stretched capilary twadlami bme gmbodiapntadf thdhimveastion hag hehpalyiofahdieidds) of

capillaries af .a bundl e may. be secure 0 one gnother .in a_ solid mass such
Chat t he. eeierieh SRihestormal v Jistel b Lo Giter SABERRAE » Smerk SUEIADY ot

facets of éd3ehaibbt S0SHicrd, gaféfé@blﬁﬂéiéu@f %aﬁﬁ!i%? {84 Rk Xbo@fg@@xg@c;r?ﬁg@gnof

liquid flow ng through the {5 capiflaries formspots on a
t he subst fEeck ofithe capifleri¢safghe bindidhbassothanetesteniing fmint therpraximabeand taghé nst

t he surfac r L,Sci,n sufficient proximty to the surface .that d lets
fromthe é@%%epglofjg)se cgplélaﬂ’eﬁﬂ@f’?cg‘d’ ‘Eaﬁélaglﬁ? %ﬁ:*bgh@ pg yalloTBs i nal  ends
are subst ahbdrRl fiimetR M FEfkabM REs fHah 100 @fcilo8! M nate wi thin about 100

m crons of one another.. Preferably, proximal ends termnate w thin about

50 microns of dhbundieefiadividust eapillasfes isdibtinguished froxi aranitasy atsuctere i which

wthiph ab ' another. .Even, nore preferabl r oxi mal
endg1 (Fer m%’g%%\fm&?ﬁ#ér)\g% fﬁ%egggﬁge ayothel 4o fora lapee Wdﬁ’a‘ﬁiﬂr BWQIM?% nay
cont ai n anyetochddiefomh atahdyl aadaly @ chddheker abl y, the bundle contains at

| east about 1000, 50Q0, 10,000, 50,000, 100,000, or 500,000 capillaries. A
capi | | ary bund/T@e@repmal ends of paillaissod pyndle mayhet sepured to @8 angtber 590, 833,

1000, 4166Qy; : 0 capiLl laries
por e RS RSy et ro uab s of o et by Aol p et

t he bundl of dmysolid diass. Rrakinal bdserasubstahtidlty coplanat whaeliquid iflotsithg @i6iph théuch
wel | s. may be . formed by etchi '{tg?e pr%éi rrgl end of a silica capillary that
has ]} r eGPOHares P@%Otﬁﬂﬁﬁﬁg? syface REthe spstrats whemihe facet ghibe golidbmassiad t o
the regi OR{tA&3; 5@5&@ ik : Of: ' be
coated w t%] an rgﬁ%%%t ri ca%&%ﬁ%ﬁj&% Pv%ﬁﬁgﬁ?gﬁﬁgﬁiﬁr{a?%@%g%ﬁ i shing
a pot ent i dtomjthefcapidlades art depasieden thesbrfacm Gevedally, présivtal emfs ardsubstaptislhar i es
may have I al | nitorminne i ter framtheiy distal. ends to
thgi rpr o% P@agﬁaéﬂ%é,aﬁa%gs geg@hnaaefw_ 2 ai?glg'i ﬂ@ﬂ%‘?sﬁ?ﬁ%?%ﬁ?“ é@grab&

subst ant i gkdximbihends sermirhtd \WitBil/ $b3dt'50 MictondITone aRGher? MR RORFaROI04

dianeter. This assures a uniformflow rate of fluid through the

capidY ar i dEoximal ends fergpppte withingboui 20 minserpofnne angthery Fvenanete prefernbly,
I ndi vi dualy3RAbSendS ¥ Ninat Pt SRl diSEs @fe Théther. .
A capillary bundle may contain any number of capillaries. Preferably, the bundle
contains at least about 1000, 5000, 10,000, 50,000, 100,000, or 500,000 capillaries. A
: capillary bundle also preferably contains at least about 83, 416, 500, 833,-1000, 4166,
25 5,000, 8333, 41,666, 10,000, 20,000, or 40,000 capillaries per cm? that print non-

overlapping spots on a substrate.

et

Capillaries of the bundle may individually have a well formed at their distal ends.
Such wells may be formed by etching the proximal end of a silica capillary that has a
region near the channel of the capillary that is doped compared to the region nearer the
30 outer wall. The facet of the solid mass may be coated with an electrically-conductive
material to facilitate establishing a potential difference that moves probe molecules. Each
of the capillaries may have a substantially uniform inner diameter from their distal ends to

their proximal ends, and each of the capillaries preferably has substantially the same
4



Preferably, the dianmeter along a capillary has no nore than about 10% nore
pr ef er abl ywWeb1/east7e t han about 3% vari ati on, and pref erabl ydimesodioadvet er s
of all of the capillaries are 5 within about 10% "' nore preferabl abogt 3%

f th di f th illaries. _The i tion als&
AL T e A, M AT RS M MR R s
nunber of M@@pﬁﬂoﬂﬂ:&é’c@@%@héﬂa%&'s@%ha? Sd?voi?ﬁdg ;& ot@ﬁ@%ow(ifrl (F)b%&h%?%&’ﬁi{ s to

whi ch they are attached, and netho nting rrays using any of
the pri ntiRgferably; therdiamesgyiakdngra epillagnbaspro morettbamsbdutl 0%e mosteprefarbislyl no

herein. 10_A capil)l ary,bundl e may, be_.fqrned a nunber of different
met hods. I?‘]lof)entggIll %r}éﬁ%ﬁé? VRS Ie@é%lgﬁﬁ‘ﬁégetﬁseor%@tﬁéh%ﬁﬁpﬂ@@@ﬁ B& in no
parti sul arwahm%oamm%gﬁeare?aeﬁﬁblm%uamw% tBard @laffefr bARRADAYAL € I N

such a random bund| e, the distal "ends of the capillaries are grouped in a
first arrangenmehke invpetioradse pravideswtethofls ofmakiagichpifipiydnmdtes, mehodpefl i n a

second arr Lr rr.ange t. is.not. identical to the
second 15 %g%gir%g%% %65 Fl g%l?eriof%‘? VWBQQQS@@PBTQf?BmRW%%ﬁ’EHCS&F@“éImend
cor r espondwhich thidyi 68 attfehedi 8 meBislisiof piHERy MidraASSRRIHANNG of 'Bié'edriﬂtiﬁ%
proxi mal ends and the distal ends are .registered to one another. The
proxi mal af§emsseapillaisasndmring beads thes desssibad hetsin. r egi st ered to one

anot her usi ng 1 the.,capillari es .are

| ghltwconducti n%raci%pl M é@?gﬁé}f ?%@ﬁ%%@ﬁ?%l}\/ﬂq?gr Pﬁ?}%@ﬁe&an}f’m"?&&nd}%t al end
of each capethbdripdiaidhal tepilpeies tieqgatteied togéthert inbi pagidule cRde ahdBicueioof the
capillary is noted and recorded. Other methods include registering the

posi ti on uSISfGOHeT I9EP AR Rabe [n suchcarndgmdnmdle thedidalendsef theui d -
flow ng thegupkie kil ' / ' Hman Jnk that
passes t hr oahepae SR St drailentied 4R b BRACL BELE cHpi BB F o1 1 s
are secur egtoupeddna sacmidrerangandnty amdathe fidh annieneat Bund identital tatheGeeeied

Che 1. (REBrRENCORER R EOT SRRt Yo wrugicE tielliea comesmpodste high
proxi mal  eieiginia$ en®EEMmERE Yandobh RHRAIRRI Ok Sbx gl ieﬂgsl A% BE dREfdnuing! e,

I ndividual capillaries are inserted intoa guide plate or a set- of guide
pl at es, aﬂ@glﬁﬁéedéaﬁmpﬁmfh@s at or near the proximl and/or distal ends or

over nost or al . ko | £s's .4 enat,hs. are 30 bonded together in a
solid nmass usi ngl}eofge}'f)&g]?r?al g%gg(l;sl‘lia?%:ﬁ% ogﬁ%escagf’lpagﬁﬁmapj?irg@sﬁfg efiae fy be
fused to fuwimy dnyefachitberotmethtie IM&@@;]»mbla@maligﬁd-@dnaacﬁ@/cagmafi

|

. ) 0] ! BHTHERE
sincg, a sufféé:f ent EDﬁortlo_ of the capillaries are bonded or fused together

in a*Sol i dRPRRG2aRCheRdntp gidittalndiof ashempiitarpeyd bepositios 96 lightexitinasber 2004
that the gibfithaPedt 6EhEE&INATIYEcled RETRYAIET OMBEMAS ifd e Se fiSLAR, fie 2CEt

of the solid
position using a temperature change induced by an air or another fluid flowing through the

capillary or by visually observing e.g. an ink that passes through the capillary.
In another method, individual capillaries are secured to one another to form an

25 ordered bundle. In an ordered bundle, the correlation between distal ends and proximal
ends is known at the time the ordered bundle is made. No registration of distal and
proximal ends is nebessary. In one method of making an ordered bundle, individual
capillaries are inserted into a guide plate or a set-of guide plates, and the capillaries at or
near the proximal and/or distal ends or over most or all of the capillaries’ lengths are

30 bonded together in a solid mass using, e.g., epoxy. The ends or capillaries may optionally
be fused to form the solid mass. The guide plate or plates may be removed, sinée a

sufficient portion of the capillaries are bonded or fused together in a solid mass at the point



mass. A print head of the invention has a capillary bundl e as descri bed

her ei n att%ggﬂﬁﬁ% secured to a franme that is adapted to hold the

capi | lary bundl'é”in a print system A print 5 head may alterf Ii’;&é’ffl‘:'z’f’ﬁlave a
frame that holds a plurality of capillary bundles. A print $yst&i¥f a
print head thaidhagptie phitéstate emd@E ERMABYA of BHECy ' Iy 2
mcrotiter plat e;gmi npfl uid comuni cation with é?ﬁ?%?qg%igt%%ﬂ%g%ﬁ | ary
bundl e of tB#S- print head. A print systemmay have a vol tage source

connected to an ' - tive material.on a facet of the print
head and to an e g@%ﬁ%agl fitlyec]gﬁ%ucﬁ ich\?g aﬁ'&@?ﬁa}%’@ ?)asc%ﬁ? ihegrin giached or
pr obe- cont @bmiradjtd 4 fraind thvetds adapeedns byid @b cesldaryBuntitan eaRink kAkdESA phnt

used to r | ate the voltage and t usthgrate of

volta requl at or. may .b egu i .

deposi%[ei on%gf‘ a3 glernagy &@P’é%@ﬁmttg@rhomsmmlu@}@t efmapfllarhbundiesent i on may
have a print he : | | d a magnetjc field .
gener at gr t hat ?gp%%:sﬁsjf%%ié% %%ﬁt ihg{é%%ﬁ %&&E %J% f%?/ TP ﬁg (Sp‘)ﬂl At Ihof%c%%l’é}e@ 0
move a magheeinticyticiglaehindluid oguiuicdtiés with dgaleentlh of the Captiadythind] gtic

beads or par.a % e icggeads havi ng probes attached to_theiT surfaces
t hr ough th@r@ﬂﬁ- | SrETHE SEFEERLIATE Beoliaggsqusee eqnaeetnd trogn ¢lastdcallyk-| exi bl e

mount on WRbgdadike niaedl rq r re unted. A
flexible mount permts tﬁg%gﬁ%egtgft%%éﬂrg%g or f)irtlgr?fl eﬁeg{argbaﬁxc r@"e?tlgﬁgl%agl i‘gn
t hensldl ves contacting tha ordtercontriping liquiel dear therppo:ived emtsioftheimpilidies. ARSI Nt
head of a {clru\% rf]ﬁéStEm be configured so_ that it noves in only one
direction ?‘b PrEhde OFPEHIFE e wlinee rad thusihagsieof depesitien af probe be
printed, Ommoléduldshe z-direction of an x-y-z coordinate system, with the

substrates noving beneath the print head. Alternatively, the print head
may be conf i gur édother pepbsystenapf thdiimentipn nsydrave @ phiet Béadsh plurslftgiog, Wi th

bst t j h i nt ...The r. . f i nt t
of the i ekt TG nhth iRt elleratSr el BRaliPRed SEhdiRntl pigsdito thaprint | nt
head I6f t hbegit fontowysagndt froecdaifisaiuiCpRERAY S ﬂhid’contt%lﬁmgigignleﬁ‘é i;{a%lsOf

eXl DI (0]

the capillary bundle qgf the print system have sufficient Ity

al | ow capi PTB3pmagRsiiceads havingrobesaftichedig theie surfaseshtbiough e cipilterienu®. | n
addi tion, {-_ﬁgq,lﬁl@_‘%.ervoi rs of -a 30 print systemof the invention preferably
reside in a regul ated pressure chanber, wherein change of pressure noves

sol ution in or duprirgfsystam maphdvear fiesble Htnt O S/HidORe PEHAHE hetprR¥ 8RR or
m croarray ct%?ri Si n% ﬁ% rrﬁng}%rrent of non- identical probes on a
substrate Pfi hEREYEY f%é’t emQuntpratots the sybstrate and(pepidethead tq moge wd -
01/ 62877 PaHlBehtE06PH on%%n%%%%ro%ﬁg%or improved print quality.

The print head of a print system may be configured so that it moves in only one

direction (toward and away from the substrate on which probes are to be printed, or.in the
z-direction of an x-y-z coordinate system), with the substrates moving beneath the print
head. Alternatively, the print head may be configured to mm.re in all directions or to be
25 stationary, with substrates being moved to the print head. |
The reservoirs of a print system of the invention preferably reside in fixed positions, .
whereas the print head of the print system is free to move. Consequently, the capillaries of
the capillaly bundle of the print system have sufficient flexibility to allow capillary
movement wjthout requiring the reservoirs to also move. In addition, the reservoirs of a -
30 print system of the invention préferably reside in a regulated pressure chamber, wherein
change of pressure moves solution in or out of the capillaries.
The invention provides a probe microarray comprising an arrangement of non-

identical probes on a substrate in a honeycomb pattern, wherein, at the same center-to-
6



center pitch, the density of probes is higher than that in a chessboard
pattern. BWORGMs§tonb" is neant a pattern of regular triangtessandsdsequl ar

hexagons wherein each spot is at the center of a regular he%&%grhﬂf?@ged by
si X nei ghbgéﬁt% Oﬁ%é)f %%;fﬁal di Stﬁﬂ@e to the center. The TFate  may
be porous OF %%r Fen rpbisan fieher thaw thag i pehessheasl petteroRy ni cr oar r ay
conpri Si Ng“Rore3B6ART ishE -'-g%néi I substrate. A
random arran efagmant of noﬁl-@ig?g%%}ihgg%gﬁg#(%e llss&gﬁ%ﬁ?%%\%g?%%g?hgﬁ&w& a
substrate Fﬂglﬁaﬁfﬁb%l%ﬂt@f We rogyanhexegod fomkd Yy isix ieighbotingmsotastequaMEstaicd N a
honeyconb P@%%@ﬁker br%e tul%e robe'ﬁ:iﬁdo not have columm and row order or
honeyconb Pattern dct Dsd rRac &Y RePoRS BRPPRYO”S. i s found in an array
that i5s 10 f abr That@enton farfHePsidvitle 'H&nﬁﬁ’%&ﬁ}vi : [ hni ques or
robotic spotting techniques. . urthgratﬁ-t he 1 ndiv Eg@ﬂ%]fqlg%ergn%)ﬁfa first
probe mi cr 8B#HERNCHAOT ep-ilenticadiorabas pmn gebrtmte. Af randwmn airdereiicnabf mnolegical

i nt ed | . f d bundl| illari i1l h | ti .
Phe ‘subst r BaetTeabe3h PR PR Pie b EPbbvnBranf o rmmutif lnblhimin *pr obos

of a seconcoluphebed réws @ﬁhrad%n_@j?doﬂfb%shﬂéﬁi, Bt e PRFRIo LRI BN £4%6w
capillaries. The spatial positions 15 of the individual probes are "

det er mi nedBYT PHRONSY BURD RAETE peropwihe eatirethisrasiay asis fohed in ani aviyvthal il

capi lihari e r ; he .order. and spatial relationship of
tho Cndi vinar0 e AAto b, Pl g o R st e st et
printed usFuthe, thamtinidublyndbes dfe feserebemreartdy v ando:s hRAJmY {Tqiﬂe by
pl aci ng non-i (:é%nt.%)ﬂial robes on a substrate in a random pattern. 28 e )
‘probes ar ePPHHEL @ﬁo}%ﬁ PRfied yeing adirst rapgem dyndle ph eapillaries willdavepdsiionsf
probes per opifHetsyBdt ] | 1 ' [FTH ensi t The print
surface is that _ar%geg{at%h%rﬁéu ste?g%&elg%sﬁdl ?%:%??iﬁgwl‘?r?&?@rio i %/fapsrefs are
printed, pPwbe ntierosuny printedusiag batoundratdven biundlé uf chpillaries. dhespatid phéigsm ar e

i f i b f f th
Substrat e Sk BUA0R 2o B FesRihed by ISR Biahs 5008 okfte pr | nt ed.
the 25 priinidividual agslihiel dfdesrahfen BHhARCHIANE BrdRE ﬁﬁrrgﬂﬁﬁns%h Gk 4L OUP

but not the surface:_ area of the substrate between groupi ngs eferably,

the print BeHadua) canillarastin shs humdle aze randgm. Auprbbe migbarpygirisedeing 4 fan@fma
bstrate. | Lt it i s at | t abaut . 200, 500,
1000, 5. OB opg ftames B okl SERGEY sk dy BT BT bhEA ¢ he

probe m crovdsray imayartdenopdtiganucl eot.i des (the term 30 "ol i gonucl.eoti des" as
usedagerein al s includes pol ynucl eotides, especially polynucleotides

havi iy nore t hahSOGES %46 PHESEON prist suprcef ghscsibpteare, ipnd reowumiles of pbks, or
chem cal I: Gl . | . rof, probe and
el b abl | o RERARGLT e P AR A WA TROYu TS RinBeriEime] 000,
5, 000, 10,0beratgon eddch the indididyal robks\AR fAint6d Tk tRETIrENe k- H6R%n the

individual probes. If there are two or more groupings of a substantial number of probes on

surface of the substrate separated by surface area in which few or no probes are printed, the
25 print surface includes the surface area between probes of a group but not the surface.area of
the substrate between groupings. Preferably, the print density is high so that a large number
of probes can fit on a substrate. Preferably, the print density is at least about 200, 500,
1,000, 5,000, 10,000, 20,000, or 40,000 probes per cm?. | |
The probes of the probe microarray may be oligonucleotides (the term
30 “oligonucleotides” as used herein also includes polynucleotides, especially polynucleotides
having more than about 40 bases), or the probes may be proteins, cells, or chemical
compounds. A microarray may contain any p.umber of probes, and preferably the number

of probes in the microarray is at least about 1,000, 5,000, 10,000, 50,000, 100,000, or
7



22 Cctober 2004 500, 000. A probe mcroarray may be fornmed by attaching any
of the proQ{gﬁ ﬂi sg_gssed above individually to beads, which beads are
affixed to th&V&dhstrate: coval ently: non- coval ently throu%@{fﬁ%’“ 689i ¢,
pol ar, or Van der Waals forces or conformational interactio FOusT I'ng
moi eti es abh@obed bR YNBichERAY nﬂﬁ a(cﬁﬁ’ LR Al din jor
biotin 5 streptavi gi n); r?agne?i cal ef/f‘dﬁ(ﬁ)%cf%h%ﬁ ot g]an%z)tfﬁ%edﬁrlf)g?s %‘}ﬁug%ﬁ'ﬁli ng
beads to a2benssndiaidually tOheadapthiol beddstaneafifimed nd the Bulbsarats cavalémhe non-

m croarray _on.a L@ftrﬁte' .Thi s thg&é!é;o ri.ses the act{s of: a?rovi ding a
print heaqc?l‘éa\}?lﬁg Wttt ee "GO RO AT eégﬁ‘?qlﬁ PEQr coplosmptional interaction -
non- | dent | 6abinkIRoiRAR MO hABEALS hd St BB B8 i Rln. 2T 1 €9
si mul t aneously; and printing the non-identical probe-contalning I'Tqulds
onto fhe sbtradia);r0agnstit t ey pthetmethbd faattalying Peaispo alzebaanrs, ai ni ng

l'i qui ds may .con{qain the bes in a, suitahle Liquid carrier, or the

pr obe- cont ai ni ng)aulei %}F%g% l%vgﬁﬁ%fprﬁs&@égbadﬁ%m qup gibgtratep Ehigmethash as
magnet i ¢ “beadpriidialie Aol PBREHLEY PRl ReddMByvReDShA iF Lc field
to nove the beads throu % t he ga!cl))i?llﬂl ari esﬁr%he *ﬂdﬁ/ﬁé&gﬁi@apl arelb’es of

t he bundl era@pgenidepical probercontagingipquidsthr@mh Fombs of thetapiiaries

| i ght-cond | LLLarv .S fornmed.of. a transparent material and has a
properly desi fg%%%cﬁﬁg)éfab ggillfl{%g {bﬁ&g?l%efn@f:gll FE"@%F%&WIW @tggaSPW%

t hat 10he -capfolthahy pioba hspRatgy. THiProbd-t g 1 usdsdhayeftdif B \Gobdsay a8l
end of the ca Ill'%. The capillary can therefore conduct Iight and fluid
i ndi vi dual Fyitagte iquigh ragige o Sl probercenienedismideeney efntain erobes etigdhed fo ag.

| i ght.- condyglyl ' : first iqQn,, 20, having a first .

refracti ve"‘ii&{rﬁi ggcﬁ%ﬁhgé%@ég E%ﬁﬁg?ttait%%eﬂ?g@%érﬁgg thes Bﬁﬁat? 8%?%@9’?‘%3??1@8]9 to
whose val meve thegreads droudhathe thsllddigsst refractive i ndex wherein said second
portion is insi &g Hbg first _partion. The |ight-conducting capillar _
further has a proxffayidussapillageseiihe byndle may deilight-sondupting eaniariesdédri ni ng
a chapnel {Rfa88R 1 ki ; | r | |._extends
coaxial |y w t_h&?he{ég%cgﬁg%‘c% 9%%%??? gdii‘?g&g)ﬁ%hﬁ;%a%e&{g]%t%}? 4185 noPealiis
coaxi al | y dgsignedrefradtiyedndex préfilelaerosaiis bioas sectidieo fhiat e capillaiyoiarapekts fieht

second portion,are, configured suc t a Iight _beam| aunched into the
pr oxi mal ‘.e}r:‘fmi. S il S 19 Pé%ﬁ’@{]?fﬁl %3%? ?41%1:1?3’1’611%‘& apillegy camiberedprecpadyet at
the di st al lightdnd Thed Glianaedlydr stheifepidy.ary has a cross-sectional area
that is sufficiently Iarqge that a fluidentering the channel at the

proxi mal end of I ¢pe erabadimant,of thi mybrtiages light-cindudting cipilizmyl ha a filse portion
i . ' . a_|jght-conduct | i | is .0 f b
col o2y LR Ao RO ANE sk o R e CRARHM SIS sl vaphvesdE Whose

suf fi ci ent Valudisgheateahpattedirbiefhdiveshdarcihereinisarescaid fdigos RRhAIAMY f:bat
the liquid acts ,gtsﬁ a_light-conductive core and the ce&pi I lary acts as
cl addi ng.” BEPRy bis Night-gonducting sanillerifiviberdap riprewipal end, adissgdtendan axis, bar
capi L.l ary, jnhgr Wi 8b64; | ht Hsconfiqured t e.
| Pght - comdangt e b@yﬁ%ﬁg aGRRtde! HrdudtRE bopinSy CAN &SP TR inner wall

: - extends coaxially with the axis of the capillary, and the outer wall also extends coaxially

25 - with the axis of the capillary. The first portion and the second portion are configured such

that a light beam launched into the proximal end is transmitted along the capillary and exits
the capillary at the distal end. The channel of the capillary has a cross-sectional area that is
sufficiently large that a fluid entering the channel at the proximal end of the capillary
discharges at the distal end of the capillary. In one instance, a light-conducting capillary is
30 formed by 'Selecting a liquid carrier which has a refractive index that is sufficiently high
compared to the refractive index of the capillary that the liquid acts as a light-conductive
core and the capillary acts as cladding. Preferably, a light-conducting capillary is an optical

fiber capillary, in which the capillary itself is configured to be light-conducting by
8



w0 01/62377 PCT/ US01/ 05695 22 Cctober 2004 providing a region of high
refracti ve Wadenz23giong the length of the capillary that is bougdedhsesy

regions of |ower refractive index. The optical fiber capill g:zy ng)yaﬂ)ﬁ
formed of d%)eg. silica, L%ogél iﬁst_ange. The cross-sectional are&'di dt er
di anet er ofP'Y HEWEAJEHICR Of hieh refiaqiive fudex algng|the bpothinsike qapitery et 60munded
100, 000, ormy ROOr 1BAR ; | | ULk e d jted in
an area of ;;2@ %UEE_ on a %ﬂ%ﬁa’% ﬂrlgdtjl@tl%g T%Eﬁg??aggib%%%ﬁl A red %eg‘glé?ﬁﬁﬂoﬂe‘gundl e
of | ght - GBIFEUIEE iFtANea.pTHE crpdsesctita] drea fraf cuet; diametet BEthEWaABHIEry TR ¥udd
utilized asy paLt. 8f A00P | {)Oﬁ ﬁ r R rab ng sylster?l as deggir_i bed lﬁle?jé?tn. A
capillary as R pm’ﬁ ’ @g ngorgﬂév QQ%PV@#FPPWS@&FSIQHWI%Y@ ge
ratiosof Idep@iited i10aueg bf ¢ Bie | : -GAR] | can _be a
| east about, g%ﬁcm and 10 pref e?ggls?/&gt%tel as?ng%ﬁ??@%gésé%’w@%%‘g%@&%ﬁ as
usgd infthélghh%ﬂupwg @%Ppm?gab‘ myaylhedommedoandthe b:i}a@lam??rbdﬂfl'_&eﬁ he i o0 {nhc[ on
and. prefer / m_cr.on.. Cansequent |y, e ratio of leng )
Pt b e Mo adpet P |

outer dia rang ny of these val ues, and

typically the el ab eR@tif at@inPrdarof HAMRBERIoni 1518 r : 4000,
10, 000, or _30,000. Thys, this ir?\i/)lgntion features?nﬁﬁln?lgﬁ%ﬁcaalr g?é(?g%t

si mul t aneod@Eh onteriameigh Tha fngthef acapillepoean e aidcast shemh20 by, add nat eri al .

The ljipght ] t] /Qr . . ] ndi vi dual

Carr 0L | REy B oREI (0 crh T SARAY BR i tuhc SRR ol st g

di seased t idimnte less tharp200shicpsn ardditeferabd) leSleMbs 260 fferdn. cé&e%ﬁéﬁg?&gé L4, and
un e

treating CI’? ks, or Iegks). A plurali t% of a carrier can be

t oget her t8 %Pg@ifaé’“lt?ﬁ Erdergangss ca be thgpailst of any afthdsa valuesgndtyicatlyehe

sanpl es angaiyudtibmiRtd LaP; by 5000 4 y nduct ed

t hrough |ight-conducti Qg&{:g%?lia glrsi%g%@éo}ﬁﬂl% 5por%F ﬁ{’é‘ﬁggé’@e‘?f re(%%)deposi ting

probes or duri nghps,dhie inieptien faatmestzourdq captieihiteirauliirgbisl ek ](Yjéht%fl@a to
u

receijge t robes. Ligh e. condugt ed through the I|ight-conducting
capi Mari esgl(‘#og[ i q‘%ﬂé‘éf%%é??g?rﬁg ﬁﬂ%ﬁ@%@%& PeqddR cary Aelamnstiontamd/or
di stance betssenIdigdeaRhde Maf ﬁ@%ed%@gleﬁﬁghgé{g%% g?ke f@r’b%s&&mgga%ﬁ%gﬁ]@g oht

real tinme whether the probe fluid contacts t ate surfa
may be confifeised tisTies ayereans of plustial deviceals. gy fatdmpsctingundoratiag casksor

quality co I ermine i.f .prohes. have. peen deposited,

especi al | y%@iégom %gf%%érggrr%alnggg’luggieg%gg toh pPoBKessvEdrsRilel a t ag
that fl uor exebiityvielmnidlibg riultiile shriplédard @iltipRf infdM@atiGP BERREIAt € wavel engt h.
Pr ef Qably, t he f%lcet %f the print head used to print the random probe
mcr6array has =84t BRyeseainciasihrongh lightseondyaige capiiBsies of a atintdE6d before

capi I I ari egefR8hi @&g@{.gnﬁqlfé‘ﬁ- | : CLI tential.may optionally

be appl i ed zﬁg’? osgq}{ he capi % I]ioggaﬁ%slt@g&(gg’ghémg?cr(%%g@i REYSHLye area to receive

pr obe- cont tierprofips) Light msy bacondyhtet tieoagipibk light-eshdubting eRelldHes bORbFialheaa

t he i nvent pon can bg formed usin %ny.of t he net hods spécified above. 9
ing probe deposition to measure the distance between the capﬂ?ary facet and the

- substrate and to detect in real time whether the probe fluid contacts the substrate surface.

25 - Light may be conducted through the capillaries after depositing probes as a quality control
measure to determine if probes have been deposited, especially where some of the
molecules of each probe incorporate a tag that fluoresces when ilhuminated with light of the
appropriate wavelength. Preferably, the facet of the print head used to print the random
probe microarray has at least about 83, 416, 833, 4166, 8333, or 41,666 capillaries per

30 square centimeter. An electric potential may optionally be applied across the capillaries to

' move the probes in the probe-containing liquids through the capillaﬁes. A probe microarray

of the invention can be formed using any of the methods specified above.



WO 01/62377 PCT/OS I/05 95 22 Cctober 2004 A probe mcroarray of this
I nvention W al sg conprise a substrate that is coated wth a | ayer of
i ght sensi (Tt erial, and a plurality of probes (i.e. s@%‘cfll 1/03 0’ be
P ?ra

nol ecul es) on a surface of the substrate. A light sensitive y be

hydr ophobi ¢ but hEire - bt l.ight .of the appropriate
wavel ength. Pr ot?é%ﬂé% gﬁﬂ %Igaﬁgfgf&gsa%}a ymgl)égl %ﬂgcﬁgdﬁ B f)@ts{r?tggg%ﬁsp‘tp%?%
substrate Wit lagernfdigbpsensitiveiniatér, dridatpldralioy vhiebes REORRIIBH G es are

carried is | a e.qg. ter The invention al so provides a nethod of

using the B‘fog%céﬁ“ﬁﬁ g g&?&g“fs"f)&h%g?%fa- Afighbsensitivg anateria] genyi bechydgenhobic but

cont act i nguan B hiRcGhBak A AUl 3 L.ns, .t arge

SR T e A GRS
e | Pqui ¥s 10 BIdQR Yhich

m croarray d'bf ﬁ]gori suld2 form ar}g t-érobe conpl exes, and de?erm’ ni ncg t he

posi ti ons Byebe ¥aull%featr§ FHGHE 1% ﬁfﬂ ¥e®2%)-t he microarray. The positions

may be correl at @te Mviehticn PIs® PEovidl& M hio®bf M\élﬁ%ﬂ% 85885 crh A}}&?&%}J%g ng.

e.g., a software file or dedicated menory suc read-only hat
cont ai ns dBeginpAhe method ipelsdes comtioting paratetmictentaytwids a diguid Witk boRainef

b i 1 bst ., 15 ddi ti , the i ti id
Cyotens aniPecRBRbRgioKr hsiienoeRod P € ro sl tarisomaracs mutie dauddad
pri nfl0headasbeiaatitipedthsieieiitad) paBedoand pf%‘élrﬁigglﬁﬂiﬁfrm %ﬁyﬂ? tforg?{ai'pék&-ﬁ%bﬁ a.

conplete mcroarray of probes that the print S capabl e
The i nvent SURPIEY¥ES: Rt dgberaninmeshe pesitions of g tardet probercommitss amthermeicivatiay f or

i nspecti ngr r.formation. 20 I.n one nethod of detecting

the uni n_tenltqel g%%@%%é@n@%&’o el%ot?%m@ FHFGRY epity] Wlﬁ\ ?:{;'_6%?11 gy uiing €., a

uni nt ent i oseftwaye éild apeidigtedfmadbHaRBh aPFABSly AEemBPHst ZbMGino R bARE SPOLS
net hod, conpri ses positioning a mcroarray beneath a |ight

on the array, th ) A
det ect or a?l%l’be %&H?W@gelt idpptitshasa fnshen eimebe pesidorson thecwbstfate.he ni cr oar r ay
at amsangle to ' : : . ' fficient. to.refl.ect |ight

g R R 9/ hey tlongi'gwa |trelsﬂ% ager é%et%cfﬁ of rijging microar d

fromthe probe-containing surface rn a th hat

cont ai ns neveprvdtsashe Tubstrategind print héslous bt petfeeny alighedCakitviuld b@RbwitOndthe

detector i P Cs%ﬁng%d ar ea_ of %he surfat%e t.hat contains probes. A |ight
%S © BYcoanay gt proges thakthe pgRt head if erpadls efawatings  det ect ed,

pattern ar¥ay

and the |ight pakéRientRid RYthbSpreORRALEHi gox?cfbl%‘&%ﬁ{eﬁi’s aé@a:{aéatﬁfﬁ&;sr pray to

determne jf the |light pattern array matches the expect array. In
anot her mePHRFEIBE MHereaERYSradter theinfiormatéot i onal absence of probes from a

probey 30 m croayr intentional overl I ng_.of _adj acent probes, or
the %1(_)5- si zi nga%f&%rng{)t%ééﬁfp%?q%c%ﬁ%fh'émﬁ'repﬁ?/‘?altaﬁggﬁ"e Wbﬁ%ﬁﬁﬂ as@_@ge :

‘posi ti oni ngiceoariayrovatis @yinteatieall Bverldppali ofdalRELHrobRNE: &Ey-élkiﬂg okp%ﬂé sﬁ& a
surface of the microarray at an angle sufficient to cause total tnter ar
ref | ect i orPH fHaY- themetindinmpriserepositionings magroaney bagieathpelighs dateator and i S
formed by %ﬁﬁ%ligﬁl%nta{ﬁobe-containing surface of the microarray at an angle to the microarray.

The angle is sufficient to reflect light from the probe-containing surface in a first area of the

25 surface that contains no probes. The angle is also sufficient to scatter light to the detector in
a second area of the surface that contains probes. A light pattern array formed by scattering
the light to the detector is detected, and the light pattern array is compared to an expected
pattern array fo determine if the light pa&em array matches the expected pattern array.

In another method of detecting the unintentional absence of probes from a probe

30 microarray or the unintentional overlapping of adjacent probes, or the mis-sizing of probe
spots on the array, the method comprises positioning a microarray beneath a light detector
and shining light on a surface of the microarray at an angle sufficient to cause total internal

- reflection of the light within the micro array. A light pattern array is formed by detecting the
10



10 WO 01/ 62377 PCT/ USO01/ 05695 22 Cctober 2004 light refracting fromwthin
t he ni cr oaMYQYV/&87% probe-contai ni ng area of the mi croarraypanisoesegari ng
the light pattern array to an expected pattern array to det efz%c@(%ei Eooglhe

i ght patg; s he_expect ed pattern array. The“invention also
provi des q?} Eﬁega@%%%ﬁ%ﬁﬁ%ﬁ ; ab‘?gagﬁg”tef ﬁ%%wm%aéieé@? g’et%magay and

uni nt ent i onempairpethe &ighf pAteabasayl to A eRp PR QPEAENE bRAY foWbiRhidd1the light
uni ntentional overl apping_ of adjacent probes, or the finis-sizi n& of probe

spots on t REWSER pEGY mptches thearpesiedpaitervirray.nst runent has a | i ght detector

and a |ight sou SRR LI hi | ight,.onto a probe- containing
surface of the %ﬁgr oar{rlggglg?g?%?qerﬁgp Q@X& Pgtr?lom%}ﬁ'ﬂn?ﬁtg ﬁdﬁr‘?ﬁ?@@h@ﬁ?@@ﬁe
cont aét i ngusinfentishalsbsenot ofippdss Bbmt1gobs RRG0ERR) & ME AEinRREHAS %vérF&?B'n
contain no r(gbes reflects away from 10 the Iight detector. The H”

cont act i ng A2 EREBhBrO9EY: opthe pistsizing ot RIohe srptape e astayt Adisyueby-coatrolt ai ni ng
surface i Simgatbs HGi detects. the presence of
the light at the %gggf%i gg’% &Q#Mgr&eg@ﬁ Sg&%egg%%é‘%‘g&e&%fmﬁ@éf’ 84 Piity
signal s freentathmglsugfhate ofithe atiovarrayntiacfivstiaigle f 16 licros@4y. TR ABH: doBi=Rtihd INt
pattern arr@( for ned byf he |jght scattered from said probe-containing -
areas of t AL BV obF-eiHREEsuEase that eaniin go prabes wilests ewrp fom t he
dat a 18i gnajtg 128f A&sqendhag | : .0. data cperrespondi ng
to an expectfe\% pattern ar £ gf;co%lgﬁgielgg?&rﬁoﬁgts%ﬁ%g&{ ?%%%&ﬁg%fe@ HPQIPrPé e

mat ches t heondsipwgtsutface ipacattered mificipntlyAhat the depumk Bétycts trtpredendd SHha B  Of

t he i nvent Ltcme géc%odgett zct s the .uni ntentional absence of probes froma
probe nicroartay or tie ‘tiirrt BATCBIPAPSSEVEFPARD A#g Signala doat badightdptestasbes,
or the .m swhichidag naly QRRsPRA S 2QTkht PR LAY ' i I

I nstrument has a IE?éght _detect or gn(fjg aBI [ gh?ﬁs%ﬁ%?éagg%h %fgga@@%ed?ﬁ)lnﬁe '
| i ght ont oS3 BipbE-seBtagingaepceiche misroanpaya Jibe nieropatdessonis donfjgtreded ect or .

The- gght ' t : | &1 ent,. t ause total, dnternal reflection
of tho l i greiies iRl a-RISi B0 S eR o BeBESREL ST e defe FuEhaatiae o

si gnal s framexpeetel pgitérn dep ot deternvifit FRhelBEIR PREAR EyGRIEIRE R G bQed | 1 ght
pattern ar]g)a%%é 25 formed by the li.ght refracting fromwthin thg m croarray
at probe-c N H AWy areas of the microarray. The nicroprocessor is
configured to CAAPRES ' adi e light. pgttern
may to data corres pon%l%a!rillgy g%klg%ﬁ%%%%@e%% e%‘giaérl%aélé??%é @’Stugﬁngel“htgﬁff t he
| i ght pat tahsencarof gyohes fiohes ptabe mexmenty dr thatunditentinaboverldpihebLAdj/enAr I ayer
basegoon t Sbésngre tion is siaple and | ow cost ,ﬁgd capabl e of 30 produci ng
one Ri gh- dBRSTt §F CH SN SERE Y BARSRobom e @rpy- Thir gualiy sendrql sotument hes amor e

probes perlight deledtofhd HEERESICE cBnfiREd & ﬁﬁﬁ&ﬁ%}ﬁ%ﬁ%& éL%%me gfg?ggrg%ﬂl Lion

throughput for a single arrayer can be as hig , es per
second. Sudpred bepeathgiedisht geétoeer. iThe light shines at an angle sufficient to cause total

internal reflection of the light within the microarray. A microprocessor receives data

signals from the light detector, which data signals correspond to a light pattern array -
25 formed by the light refracting from within the microarray at probe-containing areas of the
microarray. The microprocessor is configured to compare the data signals corresponding to
- the light pattern array to data corresponding to an expected pattern array to determine if the
light pattern array matches the expected pattern array.
A preferred arrayer based on the invention is simple and low cost and capable of
30 producing one high-density (down to 10 pm probe pitch), large scale (500,000 or more
probes per slide) microarray in a single stamping action. The production thronghput for a
single arrayer can be as high as 5, 10-or 20 slides per second. Such a throughput gives it

advantage in production of high volume and standard microarray products. In addition, it
11



advant age in production of high volune and standard m croarray products. In
addi tion, o3l M0 01/62377 PCT/US01/05695 22 Cctober 2004 has great
flexibility ?or custom m croarrays as the entire or part of P%%ﬁg’sﬁl%pg&? aries
in the stanp can be quickly washed clean and reused for diffe A 11 %8be
sanpl es. Thes gresefdsibiitt fod SufbAMhidRandy SARE bnfe o Yot M he &goﬁﬂﬁgfﬁ,lttﬁe

re Tully

means, and nethods for producing probe mcroarrays as are

descri bed B@mRFanpsatclyashipdsieeniapd regedfortdiBerdntsmbbs sanmles ovi des a
sumary of sone |- J . ' the invention, but this section is not to
be interpreted gglglﬂll‘r?n&{n?ﬁg l{ghggmgé%?&emﬁb?ﬁ SY%%?!PP’S‘ROP%‘%%IWW%ﬁB@@eﬂmdS
features forchrodindsy prbt snicioaa s drd Motdfufly SRSHHRA beloRs trd ?sﬁbﬁﬁﬁ&g' sgaﬁcﬂ{ I on
i nvol ves aI£ co(gqpﬁonents, .systens, and methods discussed in this and the
fol | owi ng SEHE; SUEE RIHides 8 Aunmanhelsomegetiemawinsy of the imysptiomidat thisi ns. 10

BRIE F DE e 1 is.a.schematic diagramof one
embodi ment %E@Og{%%grtgg? ;ﬁggrpga?gﬁr/\lg %i%ftglﬁg@égﬁog %O%E}edﬂ‘(%s njte Pﬁ]g' ttﬁ%ﬁgga es

pri nt - headandembodinegts discussedti iis zetoR Tnbtead) 164 inb¥RMNineEl0es ABRIIRAEN:s
bundl es. 15 Figure 3 i!l strates _a randomcapillary bundle linkedto a
frame that Sﬁ%fg%&e@' od%@ﬁcp%ﬁa i thig and the ffoltayving seofions in asiditiongo ghrgar d

m crotiter pkld | k1 trates equi pnment for and a nethod of using
light to r(eigi stgjryitﬁhgﬂﬁ%rdg‘;quﬁla#éand di stal ends of capillaries in a random
bundIl@. Figure 5 ill ustr BRIEFDESCRIPTION OFCEHE DRAWINGS position of a
proxi mal end of _a 29_capillany I n the immobiTized portion of the bundle.
Figure 6 illust FEUEs]ds aphematic diverasmef ony embordimentaf\a tisratinay ddiriegtion gui de
pl ate that gygemf emoved to formthe finished bundle. Figure 7 illustrates
two nmet hods of controlling flow rate of probe-containing solution through
capillaries, i.Eiguwh?ilistats apriashend aathigag theinthsdibzddsrotn ¥aWeAGCone 25
Figure 8 i Ia!u&tr%'glﬁ gﬂr).obe deposition by nechanical tapping. Figure 9

i | [ustrat e$PFY asrg | @-e unt ed substrate hol der that provides inproved

al i gngent bet wegpuss Dstisahe i Ot ' .y t es..probe
deposition by el ectrost aﬁcsg?%ﬁgﬁng&llyggﬁﬁ%%ﬁ’1%8&5%%11% g%*%%&?‘%%@% for
and a net hBRFtipss thehdipdatoi the wallsita sandeay misrotiter ple. | | ght - scattering. Figure

12 illustrates ?%@mﬁmsﬁ];%g eél”‘lﬁgmgnt 0;[‘21:? aIn% Jdno%%gi%tgllﬂgﬂtt%r@gi(s:tré?%lrér ay ustng

_proximal and distal ends of capillaries in a random bundle.

Figure 5 illustrates one method of identifying the position of a proximal end of a
20 capiliary in the immobilized portion of the bundle. _
Figure 6 illustrates steps in fabricating a capillary bundle using a guide plate that is
removed to form the finished bundle.
Figure 7 iltustrates two methods of controlling flow rate of probe-containing
- solution through capillaries, i.e. the use of pressurized gas, and the use of voltage.
25 ‘Figure 8 illustrates probe deposition by mechanical tapping.
' Figure 9 illustrates a spring-mounted subéu'ate holder that provides improved
aligmnent between substrate and print head.
Figure 10-illustrates probe deposition by electrostatic printing.
Figure 11 illustrates equipment for and a method for inspecting a microarray using
30 light-scattering.

Figure 12 illustrates equipment for and a method for inspecting a microarray using
total internal reflection of light within the substrate.
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total internal reflection of light within the substrate. 12 WD 01/ 62377
PCT/ USO1/ 05¢981/623%7 Oct ober 2004 Figure 13 illustrates two oOPOBKIS/GSHSE
patterns that can be formed when individual fibers are usedzrztd)ct(%)%{riﬁog

rint head using. j |late. Figure 14 iJlustrate ow | Ui Jyansfer
gevi ce corrposed%(]fﬁ%I ‘?nllj? %?uﬁggt%ﬁg‘ﬁ? PT‘%’F&?{ SPRLPRNEY t@%WaBZ’eE%Wq%W@BIdH%W
i quid frofibedlatd ped tﬂf@ﬁpﬁbﬁﬁrhegaggigg atg@yde&gafégel s of 5 large capacity and

place that liquid in spall reservoirs contained in-a single mcrotiter
plate. Figure Fozure |4diusgeies hawisdheg tientfepdaviesraomybosest ofyedltipleatpitlary be

formed by | e L.0g:a.gui de plate having hples.in a
honeyconb g%ﬁl%é:%an |%§#§%g t#ﬁ#a%zﬁg&ﬁ:gnﬁmﬁ Wﬁi%ﬁlcﬁg?t?gPh%BgaW%B@gs &hi ch
can f6rm whege gpaciteshdislatethaeliquad SO ALRSER RS Edtitail@BEh a Sb1EREMbBted flate.
depicts a print_systemsuitable for depositing probes inmobilized on a
magneti ¢ suppor F1BHE & Hlusiyaies p horeycpmgneerngofinrobes thad cas bafosmed by epsinem
having a ¢ S%_l]% : ggﬂ% . t e or structure around
t he substrg%ale@%%%g?s %g?@g%%?le%?y %Efgiﬁogggﬁﬁh%}e&.i nt head from
contacting the Figmse i Giltustrates b kerdsanEatieti®f probed Whioh tars foriivitientpiated dsing
prevents droplets .1 fr,org(;%he capillaries fromcontacting, the substrate
surface. Fp&ﬁqﬂ@n&@m ¥ ds an alternative printing arrangenent where
the fijgcet of thejfkd M4 dy L S8 o : of ,
or around, the :sb%]gtrat %ﬁtaﬁatp@ggslsg%ﬁ% ‘(::albieérﬂ:iﬁgeﬂ’%lﬂgjﬁﬂtr(é)&rpsr]%\%leoﬁ?pﬁteﬁgggri nt
head from diagetd spppahvaEtd uhsttdie substrate. At the sane tine, it is not

so high that it prevent ropletss fromthe capillaries fromcontacting the
substrate 20 suﬁﬂé’ﬁ%?gﬁé‘f'&? %@Wﬁpﬂ#@@@cﬁk@q RWADQT! th coplagty ghe

descri pti ogutaghewr sBudiif AHGIIORE Sebkthe MHAedaFBicRA Q4 i
I nvention. The techni ques described herein ?:ancal g%ﬂgg ﬁgﬁ%t&{%}r]o Ehggd

ni cr oar r ay§oB¥ cogtacling the whefeatof Abthe|sege diae, iris nohsortiigathapit pteoenta tlenplets s.

whi cRzi ncl . I to 2 epoxyribonucl eic acids (DNA),

ri boﬁacl ei %g%c@géa@%%ﬁ%%ﬁ%éﬁﬁ@ tgF F‘gtﬁ’g{ﬁ% f¥es, antibodies, cells,
tissue, proteinFigupe? lillesated AChltditativaqiinting drRedtshe Giafe tHE face o thd iiniC
conposite ﬂ‘acr,o | ecu] es, fuynctionalized nanostructures, synthetic

pol yrers, D$ASdS flrbbpiihese kamises ot Bserae of suaronsd; the subshratgithatévusficientsd ani no
acids, fl uRi-8RE S8t the BERIRA irkd - n Fug ., -
conpounds, aggd @herﬁﬂtct}a{?Bf:_orrpog(r]?lr ??‘ﬁ%dtt@g%g 55%£§§§%§%§£%Q§€ % aeﬂ%:ng‘%mﬁch
bi nds, assuuiisathegh that it preventa draplets filont the cppitibdesntadraconiacting e sgtaiples bei ng
depoa'bt ed é)ur}fécge m croarray substrate using the technol ogy disclosed herein

DETAILED DESCRIPTION OF THE INVENTION

In the description below, a DNA microarray is used as one embodiment of the

invention. The techniques described herein can also be used to produce microarrays of a -
wide range of biological and chemical probe materials which incliide but are not limited to
25 deoxyribonucleic acids (DNA), ribonucleic acids (RNA), synthetic oligonucleotides,
antibodies, cells, _tissue, proteins, peptides, lectins, modified polysaccharides, synthetic
composite macromolecules, functionalized nanostructures, synthetic polymers,
modified/blocked nucleotides/nucleosides, modified/blocked amino acids, fluorophores,
c_hromophores, ligands, chelates, haptens, drug compounds, and chemical compounds that
36 have associated substance which binds, associates, or interacts with the probe material. The
samples being deposited on the microarray substrate using the technology disclosed herein

can take or be carried by any physical form that can be transported through a capillary.
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can take or be carried by any physical formthat can be transported through
a capill ar Y Joi)’f %/3@ 01/ 62377 PCT/US01/ 05695 22 Qctober 2004 These include
but are not d to aqueous or non-aqueous fluid, gel, 3;? S%“""“ ";;i
powder and partlcl es suspended i n aqueous or non-aqueous |i e‘l%“
substrate rmésé)ﬁxcmrerﬂada&fnoaﬁme@&% e
deposited. The substrate itself may(1 beus?c%ﬂ@&a?ﬂeé&%ﬁ&ﬁlpﬁ% ffaﬁepowder
parti cul ar aﬁfl@@@ymsﬁ@@pendcd mrﬁelusolguiwbn-ameomquhei capabl e of m)dl fication
(for exanple, | i s ca e of ch i_mobi | i zati on.
The substrate ma S@%%tg#%mgy&el% Wﬁ’gﬁﬂﬂ?a?%aiP?&lhéCh F’@F@eﬁéalb%éwﬂ%ds
for the suMHersabsras nmﬁngy B§@dﬂable@f%ﬁo@ﬂ1m9g)ﬁn a&g?obeg pr € al's,
plastlcs and polyners or inmobilizing pol'ynucleotides an peptldes
gl ass i s aslf}?ﬁaéq' ’F’éﬂ baserablent madifipasioauie epanple,by eodting so ﬂmdlt@@éapasllatdfdes
can be cov e treate | ass surface and Iass gi ves out
ST iR AR e TRl SR B oS gy SR G aramigs Pretirade

m ni mal fl uorescent Noi Sé Si r
materi al , osatérfialsy thesubstigte OF {He @eﬂﬁh@éﬂtﬁh ifudd gl at

Anot her exag})l e of a substrate ?frﬁcl udes a plastic (%?Q%ﬁswﬂgémlts’aggggé’%éﬁ
base subst PAY&{i th a coating of silica for probe embodinent. In this

enbodi nent , rial.,15 ymy. be de ei ther on
the opposi te si gje}(%kgbl Eﬁ%ﬁgpﬁwl{rﬁgfﬁ%ﬁ#g Eg)]HHpO@éJeP %rgla lsﬁﬂﬁﬁﬁ‘ﬂgﬁtﬂﬁét ween
the 30l i cabkeapse palydutlbstides bydrpslypeptiabasdn Be cofal®hy Qﬁédhea tJ @E’Eﬁt‘é@FI

ure

system based .on t inyention_is jllustrated schematically in F :
The heart S‘I’If?cl‘?émgyifisé #VES 614 @H&mﬂrﬂ%fe%é@@%wﬁlmhpﬁ%glﬁ@ may be meminimer

of fl exi bhgythaPinh rlnt- luidly
linked to a reser Vﬂ&f’}?ﬂ %&t%beﬁg{%ﬁﬁ%ga@ﬁé@m agp 219%19 A‘W‘?&

[ eser voi rsempltsavlfe substrafeoinniudés £ plasticchryelyirseritipe &taﬁ}ﬁﬂﬂééﬁbs’ﬁﬂaﬁé" Gﬁﬂlta%aﬁh tes
104. Probeg gel | veredl?%lo theé?rl nt - goqad via the capillari es and th
entire set °pf fi?‘ B PLoREFmbdigens, I thisershodigenty a furthss daver of metrllinmatesiahgl e
printlsng aeddy®e.adddd)iter ¢ @B ohpRE lity
of the fabri gat ed m_croarrays %I?lb%l ngﬁb%@tﬂﬁﬁfﬁ?\%%%%ﬁféﬁﬁgp%}ﬁangex‘?‘gif%
system sholrviesn ty Qﬁhh@liyerrmﬂﬂwmtéymmgﬂasua.y substrates are carried on a

t | at t t f ashi t
al on a bl ank - SuBigRl HRIERob Retad bAtaredieS '”u%p?m fp%a”t%@s%%aégﬂabﬁ be

arotati om:r.smgga DITha hemuﬁﬂ;@rsyst&ﬁ|moli’§§ﬁﬂntsﬂe?aﬁqm%9 g %@Q
ations. In this way, blank s bst at can

| oadi ng an oadj
to a print ﬂ%@i@tﬂi&aﬂp hild- IEaﬁ’lhéaP@Mﬁlﬁtm theaaint-head mélwdlmdumhsd 02 lfeaﬁhom 1103 The
prinpo headc&ﬁﬂnﬂa%@s%‘e&ﬂ@'bﬁﬂtsbxﬁﬁle.s Phe RserRbRPERy WeeRY kilth Sk GeiSly Short

standard microtiter plates 104. Probes are delivered to the print-head via the capillaries and

the entire set of probes can be deposited on to the substrate 110 in a single printing action.
Thcre is an inspection system 120 to inspect the quality of the fabricated microarrays online
or off-line.

25 In the invented system shown in Figure 1, multiple microarray substrates are carried
on a translation stage, which moves in a single axisin a stepping fashion to align a blank
substrate under the print head. The translation sfage can be a rotation stage or a conveyor
belt based system equipped with substrate loading and unloading stations. In this way,
blank substrates can be fed to a print position Beneath the print head in a continuous

30 fashion. The print head can deposit an entire set of probes by moving only a very short
distance (< Imm) in one axis (up and down in the z axis). Or the print bead may not have to

move at all if electric or magnetic induced deposition methods are used, which are
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di stance (< 1 m‘%in one axis (up and down in the z axis). O the print
head may nd¥CH468’To nove at all if electric or magnetic i PATUBEL/05695
depPition methods are used, which are 14 WD 01/ 62377 PCT/ U%%CQ&QQQ)MZZ
Cct ober 20049836 LERGD ARG QW AS. 8, L8sul L. m croarray manufacturing can be
carried out 11 a contihucus Tt SUHPEHIZPARIRG gn?a&tpe%/% R 2 CPRIuGEDL i ¢
pi n deposi fashivme thegshighdretdieit. deposi tion met hods in which probes may be
pl aced on a sub%r te, the print head noves in the x and y axes as well as
the z axis. 5 éoabaﬁﬁm depoeition meghegs and ethacdsporition meethodsdn whichoprobaser |

and thus s ' | 1 t S require a substantial pe,riod.
of time to Taerhkes o bt R 0% RS I B by e e B
i nventSi on Jén pitsumvbln boptisgmeedn the dri@vdla rhetel) @nd ik She \ERvaRthnaequi r e

little ti mﬁ tog%ri nt_a.mcroarray. The probe reservoirs in the system can
be positi offBRPSHEHEChAdS T5awFR a sbslantnlperiod of tims o Fbeisate 45 astapan 2 subgtiageir
1. The pri atpdagads ' surface of. the
substr at e. _T%e gg&iﬁ‘ﬁgﬁé %?éﬂs%%g %&gﬁﬁgﬁg‘gﬁ%%@%%{'ﬁl %ﬁ%ﬁ%iﬂ}org‘fhtsﬁcepﬂdrﬁeﬂﬂfet he
fluid flowlitthstirdeta prént@apictdaamy.es can be driven by the gravity, which is
very stable and huni fbor m am)nﬁ%ghapi | | ari ei and can be precisely controlled
by adj usting t hePS REIPGRESeEYous i the systemiran bg posifionad abonathamsin Peadapdnent i s
to pligce t RghstB8®Er%Qhdwn AE h 5 ' npyves up to
deposit probes on subst rati;ig,&etv\%?gﬁbggfehéﬁglagp%pg?}eﬁggéa%P‘f@%upg?rage. In
this confi gufaseiobthe suhgraadibk advintagea sucthar arrangement iathavelfer piimaige The

robe- conkai fhuid can.be noved.to the, substrate ressurizing the
Feservpi rs?gifdowgélﬁgh%f%ﬁg%fm o 541 be dveneythe 8T ViTHe™ gﬁﬁ%frﬁ@&?b@far@h?s :
i nventi on imifbridemond fepiifrias nd GRARHRbASE %nt@ﬂb@‘bg Qtéﬁ:@mé {Hélh%ir%%]'?Bf He"Y:

probe deposition and inspection. The details of 2 ese” t echriol ogical
el enent s aFESTIPEE s gliiprngtive gaangsmenhisig piase thaogservdirs iRlowithderird hehd The

pringsheadys ' L: 0 |y indi.vidual. reseryoirs and
eposs e PhaEa SRl AP qeplbERobt oM MBSl Sl S Bl BRGr A0 il
printi Eg agfegwoiin this p:niﬁgmdniﬁﬂ,cthé B?piﬂar&@ I(a:c_-@uhfomcmflaﬁeezlgﬁtcﬁgﬂt-. TRE bydﬁler su ;: h
as a thereto-seftl or ot her pol yner or exanpl e, an epox ‘pO yner
that surr o%ﬁPé%lmPﬁéf“g‘? 630 Mranovsdde ther subsigate hy presaizarg the seservodrsf fae énstance.f ace

Lt contacts MR BARSAEALRs bROLARENGREP Br b HOBLRRTRRAL BEaRHLLAFE cont our

of the microarray substrate in or acl uni'tormed probe
deposi t i on2PPRFussior printvesad, fluid selivedy, qrroteadepesitibh andivspédtieni Dhd détild of

confgpam t trate, surface on i ch m cro-array is to be printed. |
The g?. nt ?ﬁ‘é%gte%g’i’r%%aﬁ% eﬁ{sr?r%&ﬁ%@q\ggné@%é]ﬁmmu%dl e or, as shown in
Figure 2, mulltipriat-Fragl | ary bundl es 201, 202, 203, 204,..., _

The print-head receives probe fluids from their individual reservoirs and deposits
| them in small volumes onto the microarray substrate at each printing action. A prini-head is
a solidified piece of e.g. polymer such as a thermo-setiing or other polymer (for example,
25 an epoxy polymer) that surrounds the proximal ends of the capillaries, and its facet or face
that contacts the substrate is fabricated to conform to the surface contour of the microarray
substrate in order to facilitate uniformed probe deposition.
The print-head is solid or has sufficient flexibility to conform to the substrate
surface on which a micro-array is to be printed. The print-head 200 may contain a single
30 capillary bundle or, as shown in Figure 2, niultiple capillary bundles 201, 202, 203, 204,.. .-
221, In the multiple bundle configuration, it is preferred that the outline shape of each
bundle is rectangular or square so that the capillary bundles can easily be assembled to

form a structured matrix in a rectangular print-head 200 (although other shapes are
15



221. In the multiple bundle configuration, it is preferred that the outline
‘shape of e 1?# l e is rectangul ar or square so that the caclpi |l ary

bundl es can easiTy be assenbled to forma structured matri 35”%1"05582
rectangul ar print-head 200 (al though ot her shapes are 15 WO U1 % §rﬁ)
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can be conf iH%ured to print on nost or al ace area
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The proximal ends of the capillarie e So
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solidified.toge si.n ol ymer that..is somewhat flexible, so that the
sur f ace épﬁ QF’ﬂse_g?(j(;)geﬁeé’ %’ﬁ'ﬁ%’?ﬁ WF&WI?’? B PHYGherst while the distad gndreof -
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block is not perfectly parallel to the surface of t :
printed. The pr At Piggnaleads phihesppillories inny be splidifish eapetiner psing b demantwer Y.

flat surfa ' ends of the capillaries termnpate
i thi - 100CEy et s 4 AEARICH. BF neSSal cf g B sottfied foghBeristng 4 rig
face is hepoymbothet @dmpahat flefiblepsorthpd the Sudiid GARARAHS thdbSrAOWHER!
di stance z di.fference &Jween.jth_e shortest distance that a proxi nal

th e 5
end int hepfﬁésé‘gtagi’%?t RAFra¥ide Patier: Rrpding im the eyient tatthe peintng fice ot fagetsifahe e
t hat 28 pr oglobBls ekl ' | ane J s, no.nore. than
about e.a. 100 Sr_n' crg%n. gll]%f;'g}racggcf t&%%{lﬁ}éé%@%%&eb%?%{eﬁﬁ b? @FW&#&?P%PPIHF%%%ES
is no mor@ay Rplrnally be pslishrdae provides eeryr it etudhley sothaiierbiaal kR 120
m cron, an re preferably. more than about 5 micron. The trinmmed bl ock
has suff.i C?agﬁfanre? %lﬁﬁafﬁ Phingthomacron of ¢ash efber b imsEmgn B & itk piising
substrat e fhu¢ 1s18ldabode g parallel to a plane and separated by a nominal distance z, the

difference between the shortest distance that a proximal end in the facet terminates fromthe
25 plane and the greatest distance that a proximal end in the facet tefminates from the plane is
no more than about e.g. 100 micron. Preferably, ﬁe difference in termination distances is
no more than about 50 micron, more preferably no more than about 20 micron, and more
| preferably no more than about 5 micron. The trimmed block has sufficient rigidity to assure
its facet remains paralle] to the substrate during printing.
30 In one embodiment of the iﬁvention, the solid mass contains no more than about 10
cm of the lengths of the capillaries (and thus the printhead in this embodiment is no more
than about 10 cm thick), and the loose or free ends of the capillaries are from about | to

about 3 meters in length. Consequently, the ratio of length of loose capillary to thickness of
16



30 In one enbodi nent of the invention, the solid nass contains no nore than

about 10 WA &28He | engths of the capillaries (and thus thecpusnik@ad in
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supporti ngubracket or collar 1802 that prevents the facet 1804 of 15
print hea *r om cont act i ng the substrate 1806 held on substrate support

1808. The facetin anBfReehBblinANYF HERAhONRLs ﬁlﬁ?&%t?@iﬂ%gﬁ%ﬁ sSHELARPdAUCh as
a coating of an electrically- conductive materital), may be danﬁbe ter
repeat ed cHitdeequiprad wite a supporting brackeConsatand 802 fhat pleeersts thecfudat ngndbsracket
hel pszto ' . t nLinth -The vertical dis ce d

'T1 057 o e el bSiBocnede ikl B06 e Shreld sopaer TR Trdaccscer
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but is still sufficiently close to _deposit droplets I812 of

pr obe- cont PPAMHYemnaierrD), mavbefamrsed afterreatedantact mithdbs $ubstrateed not be a

sol i d pi eqeyR ' ' = I | |.Lustyated, The, col lL.ar may.
consi st of a ?ﬁ%’n@ﬁgﬁﬁ% a@ﬁ%@?@g@@gg %rr%llor@stﬁ%g%% Plré%h?aéie?h%?’erg??alf ts .
t hat pr ot rdistancea! ifnstvased it Figufeal@eiet¢carthe edgensttth® golldn e 8 50/t thatilet T4 is
instfsqce. de fAI terng%ﬁvel.- ags shown in Figure 19, the facet 1902 of print
head“1900 SE&RteH &0 el the prigihead does Ret cpatsat the Pubsirai b dgstdhsufficient desertegi on
of the subibbdt @&opREOIF1Q FTpRMRNontdHen | fat r Cid h
substrat ebﬁ]}i | e g%i || depositi %ndropggps&gfgggggio %%%%&B%b{rq @a(l%r%flmﬁgeﬁdl ui ds.
Further, t09f 8¢ 850kd piteeet cxdindribdlyadiaped mdtehipl gallustraal. The aokalharcopfist of

“a frame that attaches to the print head and has feet or shafts that protrude to prevent the .

facet from contacting the substrate, for instance.

25 Alternatively, as shown in Figure 19, the facet 1902 of print head 1900 can be flat
and a riser 1904 may be placed on the outer region of the substrate 1906 to preventthe
,printhead from contacting the substrate while still depositing droplets 1908 of probe-
containing fluids. Further, this same effect can be achieved by positioning a collar of
suitable dimensions around the substrate. The collar can be rigid, or alternatively the collar
30 . may contain a cushioning portion formed from a polymer or felt, for instance, upon which
edges of the facet press when the facet is moved toward the substrate. The cushioning
‘portion is positioned so that the facet does not contact the substrate, even though the

cushioning material is compressed and the print head is printing the microarray on the
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sui t abl e di mensi ons around the substrate. The collar can be rigid, or
alternati vg;f,é{f]{/mﬁol | ar 30 may contain a cushioning portion fornmed from a
elt,”fo

pol ymer or r instance, upon which edges of the fac&KT Sahen
the facet is noved toward the substrate. The cushi oni ng poﬁ?i%sﬁggz%%
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the cushioning material is conpréssed and the print I's print ’t he
ni cr oar r ay DeRIREe Pryventits G S7m RaTY dS0dged5695 22 Oct ober 2004 substrate.
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random or deapiliaty dundisuTikse aret the figlirpark hald ‘@nitie-sihtet hextleal) lekREiegy. | N

which the aute r{_l{a ekf apillary is in direct contact with that of

adj acent capi| IM@ﬁt packi ng of random capillaries, the

capi ifari es takm e ShidkAASHAD 21818 MERGE: oL LR e. | A
tResp 188 MBRBEr SEh LAY, Helfie c%%gsg%m _

spatial pattern may be regular, e.g.” the centers of "every
spots may PASkedingandomquderanteadiundieiat i rroxiamdl esdsofdhotapiliaties GuRaiigigthany

spot may f . weyer. I nut e sal.ignpent in the random bundl e
of “capi 11 oy O trEe 882 i A oo Reiel il WP dicroBhilgtes, s febal

al i gnment  pdckingenfepoddn aspilldriaysthe ki Hadidd taik i ' of he
nunber of ,@m I ncr, asg?,l t he di st%uritilorit i%ﬁ?ﬁ‘?ﬁgﬁ&%ﬁg&gﬁog&g%@%“a|
pattern b %ISP%%WGIE 198y goiReier, e g thetrsotsis eflesiersathicerafljenespotsanays ed
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printing g%%g&ggqgﬁg&%gggc ) ?%d]nél‘gg??/\%g%%a ﬁW&?P%}tm?%ioé'Fy?fFFxfiﬁ%“'bundl e
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results in _distorﬁon of the global alignment of the spots as illustrated in F igure 2 and Figure

16. As the number of spots increases, the distortion is amplified. The global spatial pattern

becomes random,

25 However, although snch a bundle may be used to print a probe microarray at high
-density. the microarray is useless for printing because the association between a capillary
facet in the bundle and the fluid reservoir that it linked to, thus the probe identity, is lost.
Capillaries randomly packed to form a capillary bundle can be made suitable for
microarray printing by re-establishing the one-to-one association of each capillary between

30 the proximal and distal end of the bundle after the bundle has been made.

There are a number of ways to re-establish the capillary association in a tightly

packed bundle, These are: .
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Capillaries randomy packed to forma capillary bundl e can be made suitable
for microaMAYV4ETmting by re-establishing the one-to-one asuEsEsES of

each capillary between 30 the proxinmal and distal end of thﬁ@(g%%}%o@fter
t he bundl e has be There are nunber .of s o re-est | t he

capill ary associ atel:jo?%?%t?etq gfﬁ?@@ry tﬁ%&&&a" ?fﬂ%ﬁﬁlp\é%}le’léﬁé’?ﬂs%% ﬁmﬂgﬁxﬂegh _
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capillary fromt 2@?%2%]% g%‘?@%%&%r??%%é%&@?%%ﬁ%‘%’ggihﬁ%ﬁ tﬁ@ E’H‘iﬂe &t i ng
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capillary. -10.This Ljght trappi.ng region inside capillary can be creat ed
inplmany éi ff B’tuls%%y% g&uqiqtgghlg Hﬁglﬂ“faé’ﬂt“@u%ﬁ{quﬁélaﬁu{er surface of a
siliga capi|lary WHiaROby8 eeith ;ntgi_cﬂe%gﬁ]ggﬁéam%t&éa%ea 9y ArSRFend

method is to fill a siTica capilTary usin transparen
hi gher r ef r avtayseA ifinstenethodhis to et thf outtresuctaps of asijicd eepiitaeptrdtha pdlaagor ar y

fluid core c le of Aransm.tting |ight through. the capillary, Athird,
al so 15 pref gﬁﬁlte)lg}mﬁlé%% ﬁv??d?%‘%?eé\ﬂ}lgﬂ@ﬂ}? FFqlgu?Schéﬁllléryd}SHTgcﬁfm Such a
preform can benspeet fhid Hah honiigrdthes fomidbs 86nehe B 8R! oz ey tode@RShL I On

y

(MCVD) procedure widely used in the optical fiber Industr or optical
fiber perf or f§RRERIYCEAH 6Ate qanelle of Bausmyitingdighpihedughrthekariidary. & chitdplong t he

centjal cavi | Al t. tivel t hi ref arm can al sp be
rade By ari 1 Promgrah Ao Sihue Sl ¥l Bt e Sl PO E5bdimile
mul ti mode opbidallowingehe moéffied thanicdlepst démgitian!(MEVDPhrobtdiRE Wikifanad
silica outside.,a suitable pure silica tube. Since fluoride doping |owers
the refracti %theﬁ@gﬁﬂd%eﬁlﬂdg‘s%qui%ﬁ?al et pRrfsmafabricaignigor dramangpiher appi ng

the refract Peigen § rappi
i nto the capPl oy aronoePibE e LonflRany ol SRT T hERAlty s 05 1

f1 ow det ect i prefoiay carealse be tradbby diiingracolevad suitable tsize tinoaglethehgisaftal et of
| di nat.e of.the capillary facet is registered

the gir flow, e oSl t (o]e]0) i

ano hgﬁ ot her Eﬁ‘g{.‘n@f’%éj‘f’%" cal fberihclonp 8Os King; TSt farifp tongdhsdicgroutside a

tenperature phicihée s shiea agRdshes Ahhedd dPMERWRES the Refractive index of pure
silica, it forms a cladding to help trapping light inside the pure silica region around the
central cavity.

2) Blow air into the capillaries one by one from the distal end and use a micro-
25 flow detection device at the bundle proximal end to locate the outlet of the air flow. The
position coordinate of the capillary facet is registered among other capillaries in the
bundle. A micro sized hot wire or temperature probe dan be used for the flow detection
because the air current caused by air exiting the capillary alters the thermal balance at
the probe.
30 3) Fill capillaries with ink from the distal end and observe where the ink exits
the proximal end at the bundle facet using an imaging microscope and register its

position. Capillaries can be filled one at a time or several at a time using ink of different

colors.
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because the air current caused by air exiting the capillary alters the
‘t her mal bal‘,@(rggﬁﬁ L the probe. 30 3) Fill capillaries wwth ink fromthe

di stal end and observe where the ink exits the proximal ena;C 2083 ndl e

facet using an imagi ng m croscope and register its position. C?apl %%arles

can be filled one & Wselrhetal @pilkaEedllaRld ForhioE aHShBOLY 8k OhicRlbikahaMhs
colors. 19 WD 01/ 62377 PCT/ USO1/ 05695 22 Cctober 2004 4) “Use metal
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di st agﬂe_nd ofPfPﬁ’émzé’ﬁ%!SF%F?@ of s sapillpue Feppeciinsl ené dafermining the ppotor oftheof
the capill ar%g@f%ﬁ&%ﬂ? tﬁe.h(ﬁh J&ﬁfﬂa%%?' | laries. The invention also

provi des two o automatically*register the identity of a specific

capillary in a Hbedbentionaid prsids taoywok tb betohestallEicanes (ReRekih8faabove.
Capillary QosL ion, .be re(ﬁi tered by way of an absolute coordinate
system or B%’rbfit“f fapiliary én p Bundle Psiig 3% of shafousmethodn deseiped dfovehe f acet

face. 1) | ' t = 5 Y coor di_nat.

srstem sol Pl S eSnent St et R Bl R, o
e ndl e g beir fetlyo aft ire pidckafage502a, , etc. can be

regj[ster;ad ?%.th? ]églsteniutthrog h it]'ri uni qtr%gtﬁcoorditag%&zo%g.the gtggl;g(i)lnate

system In isin m—f’tﬂ&‘gﬂﬂﬁﬂ ﬁ%ﬁ_ _Ié'ég Zdeh : iR

vector that o@Rchensle i bbleaibhdied Hildofrloc e aRdbrak SuliBl #lpd O the

capillaries. The coordinates can be recor I'n a e of otherw se
saved in di giidentity of caphaiapilafyof(Pa, 501b, etve cambe thgistired by dit systeashinupRied
with infornat] 0 e..position .of correspondi ng reservoirs, or distal
ends to corr e"}ng & cg)ro Mrlue}%[|st’tne¢‘e EPEInALS SV RSP g‘hg’lﬁ) taget ﬁh%%&?Filngil’feﬁﬁsti ts
assodbat ed r esguatheinaticd veiisi bt @iche dthva FRRPIRAGLH 8f fh%'c%fd‘i@ité’ﬂ%%ﬁ@) gl o
I npl ement if the outline shape of the bundle is square or rectangular and

the capill ari@edlages Thecreyinategan pe reeordetin a databahoonothervidsgaved &, digied

capillaries fgqr : r_other, regul.ar pat.tern, This.
net hod al so tdglag?lggef%&g%ﬁ ?{eas% Og‘ﬁ}l%t‘géigarna eeasagcgl?tggwgﬁl ’ﬂtﬁ(’{&?ﬁ%g’?ﬂ}eﬁ%‘ﬁﬁess
in the bundl ef cjredpvadmgredectuingr distllends fecozaditt bafdo@terah@poRiidl 8h& by
random and there is.no ﬁ% obvi Qus spatial pattern in the bundle, an inmge

mat chi ng et (f8H E3I4E vaitAserriaied rosapogasdigtaland) Bhip appreneh isirelgtiveln t hi s
method, as i ldashpioitpéndd if th8Bli@ind shihe SR b & dle is square or rectangular and the

capillaries are packed tightly, so that, as shown in Figure 5, the capillaries form a :
honeycomb pattern or other regular pattern. This method also tolerates at leasta - .
moderate degree of positional randomness in the bundle.
2) Image maiching - Whén the capillaries are completely random and there is no
25 obvious spatial paftern in the bundle, an image matching method can be employed to
register capillary identities, In this method, as illustrated in Figure 4, a computer

records data representing an image 401 of the bundle facet to a file. Fach capillary in

the image (e.g. 402a, 402b,...) is correlated to its probe reservoir using e.g. one of the
methods above, thereby building a database or forming other data correlating reservoirs
30 with their corresponding capillaries. The spot pattern of the printed microarray will be a
precise hard copy of the capillary facets in the bundle. Therefore DNA placed in a
reservoir is printed in a known position, and this information can be correlated with the

facet image to determine where probes are in the microarray. After hybridization, the
20



records data representing an image 401 of the bundle facet to a file. Each
capi | | ary W@ 01t6hgr7i nage (e.g. 402a, 402b,...) is correl at edpdmusdiBHsqE0be
reservoir using e.g. one of the nethods above, thereby bui Iﬂ@&ob%rﬁ{%ﬁabase
or form ng other data correlating reservoirs 30 with their correspondi ng

capi | | ari es. JHEEHES FFARReS By HIIGTRETHT AP YWRICh GaPeralps aippir obdigial images se
hard copy of d agrgafifdofisserh 3Rt hOE:BHBA £ U TNBLEAALE LY PnagedyiiD @
reservoir is printed in a known position, an i'S 1 nformatton ¢an

correl at ed wiln¢prperetedibgeferdnea geitt entitetydrendinelhehsenmneadrinhgs carthen be t he

m croarray. Aéfter glytbri di za{t.i on, .the .20 wo 01162377 / USQ1/ 05695 22

Cct ober 2004 FRAFSAYP RF fagetdmagsdor G ROCTRIEG g yste B¢ DNdnidentiyeier at es
a pai s of di glatRkpot iRARMmicRlandy [T l; Bl : scri bed
1P B pat o e ol P e A S e iR | 2
entirety her @umberpgwsiisintbelplatrenge bedilletwith bepecizd ppiat edink or b fieid aggdd | mage

stored in the_go e est.abli,sh the identity of 5 each,spot jn the
m croarray. %ﬁlnggfe&"ﬁﬁle‘}eﬁﬁﬁ;gheg% g??tévc?rfgé@sﬂ‘]@og?’, idaa #‘é‘%fhv?&_c@?ﬁﬂi Fmggﬁﬂ%]éﬁ' of
vel I's in the by @igedrayeah idnd vokd Bs RISEESE HintP®b RlatcBlspbR 02 4241? bithfd
tagged wth a distinctive dye. These distinctive spots EOSa, 403b, on the
scanned i magecynet fraggdBwi ribalrggefd iseage dheof the capilldrydsmdlef preastired pioi nt s
to ch spo 404b on the scanned image 405 with the 1D tagged

[ mggbfi |l e o?ﬁ?ﬁée}é@e{%ﬁ'l | ary bundl e, pre-stored in 10 the conputer. A

singl e bundl e cAnsigt buglotonkGHn00100,0006EmeRNpiRities Sartiabchabiiioas ed
and ID tagged jn this wever, it may be-nore beneficial to limt the

y. Hoy . e
number of EEBFd Mdhisawy: Howgverah aay baumenecdensficialtdinnig themumther of eapijlaried 536.
Then, nmnul t} | c i r.der. bundl e
h Einﬁoﬁ%d_featﬂ QQESQ@%%% %Qb 15%. %%E,gglhﬁ%llesﬁ%g ra%rap%vb\s can

matri x as shown in Figure rint-hea
utilizati obe ekersblad diuto dn widerkyl unéle mhtaikes showi inl Bigredl tof fone & pedt-headMIER! Y

in use. Segon L.his arrangenent provides r printing flexibility.
VIl 181 e RS ifitn 3 SRR bR AT oy Ao BUBETPEN BHEhbShe. per
group, theSedshdBgthaalr4mBte iH ity

di fferent aTOpI _?ﬂ?g_t i on_sd.i%Fi Egﬁrgﬂdﬁﬁfggfmgﬁeénﬁ}tgﬁgﬁ\?ey@%é iﬁ@gé Q{Hh%a

opt i on ando¥ER@Zehinte dijferent exoans wilhyone hundhe pep glip piheh esxakartdamahat war r ay,

wher ever C | nsi.deri ng.a particul ar enbodi nent of

t he above %gg@% %@%%é?@ﬁ%%%ﬁff ér ﬁ%@%ﬁ@?&cﬁﬁsﬁﬁé‘?‘ﬁ 'aFﬁn%qﬁ‘l%g’é’PgE‘e

di anet er ofisef fi@roptioe and Aexibitidy ®aehn BHRMR dréup of ftBek drpmanﬁé%%%ﬁ Whefdyef OUT

384-ywell mcroliter plates, the capillary bundl e woul d have a nm x 4mm

cr os$Y sect FFSSALY8 S%ﬁ’c‘i’mmﬁundl es can be easily assembled into a 5x15 orderly

25 bundl e .matri M r Gl O | sting 115, 200

Crobes i n one S@(S‘g?%ﬁlérﬁﬁ AR IR R A indht T HCahRE B¥scHBOP LRt e ..
Assuming capillaries with an outer diameter of 100pm are used and each bundle is

linked to 2 1536-well or four 384-well microtiter plates, the capillary bundle would have a
4mm x 4mm. cross section. 75 such bundles can be easily assembled into a 5x15 orderly
25 bundle matrix, which could produce a microarray consisting 115,200 probes m one stamp
and covering a 2cm x 6cm area on a microscope slide. _
A modified form of the “tight—pack” method may also be used to form an assembled
- capillary bundle. Instead of tightly packing the capillaries, the capillaries may be packed
more loosely. The local order as well as long-range order of the capillaries becomes
30 random, resulting in a random array of probes in the microarray when printed.

1.2 Guide-Plate Method
The guide-plate method for capillary bundle fabrication is illustrated in Figure 6. A

guide-plate 601 as seen from above in Figure 6a has an orderly matrix of small holes 602a,
21



and covering a 2cmx 6cmarea on a mcroscope slide. A nodified formof the
"tight- pacl%[ gﬁ%%&d may al so be used to form an assenbl ed ca illary

bundl e. |nst® tightly packing the capillaries, the CapIPf #%b%%’ y be
packed nore |oosely. The |ocal order as well as Iong range order o

cap| Il ari egogrecofﬁeq"a&@ca&@ng% I 8] 5@9@ r In the
m croarray when print ed. gléjp??g&%ﬂ%?%ﬁ%%lﬁ%g Qﬁé%%ﬁd% 2 eC%Brrg)t%hod for
capillary @%ﬁd@l@ﬁ@%&ﬁiﬂpdmdl@ slicingstisesit capliliary ﬁraguu’mng drwn Qumdse}ajgeat e 601

51 W0 01/ AUsS B BR3P N LU0 AR 7. THF s e
through pr eeidsioangsiitabicigate AT BER AL kgl X%Ias'& B?pﬁk’tﬁ@ﬁldmaﬁ ?sog‘ﬁ'}elgﬁ}zelg%ﬁ of

gl ass and produced by slicing fused capi’l y array tubin
largeP gl agelobd%fpmaahlaenca aglbaea‘h«t hole dam@at shou]d bez'sllgmﬂ)y Biiger direah the outer

5,276, 327. an sui t abl teria ch_as tal,

gl ass or p a?r?eI tﬂ%e@a%ﬂlﬁ% eusre gﬁ? 403 nﬁ%é ’an('i’f‘?) BIPH'@BF 4Ad/ or
fragile. The hisodbmrelicisebhadk @obedssnwmédmn 88 bb. tmrblﬁlhﬁe ML

di anet er of IE,ljbgechalllarlesto be used. Capi |l I ari es 603a, are

careful ly BP atithe sectipp acarghe guide-plase as Hhowmads Fipun e 951694;)0}315605 cement

il lustrate 0 ed at the section near
t he gui de- gT g@g}:%gﬂdé% Sgﬁdfgg%lgfé?lghg%e%ué‘]lﬂﬁ%’ é%% g%ﬁlpogg%ﬁtcu t %2 Restiian
sui t dBl e sweiydidsetatieguideplar guemovEiadlide plaleeasdhbowdithi Peation is cut
at a position 1Q ver cI e to the guide-plate, to renove the guide plate,

as shown in Fi gticersgh @ﬁ%@oﬁlﬂ@qﬁjdpéé Oéieél}’ﬂwlﬁlabﬁécguid@ -plateandérd y

matri x at t 0_t.h

gui de- pl at ’gﬁlﬁqtlﬁie{jJ @Eg%ﬁéﬁg‘gﬁ"ﬁ o EM %a@ﬁ apl %%@igﬁ ¥%gacﬁ gplﬁlggrlflglaet ed
bundl e wi | fam@aﬂed bandlamdlélbbyn ambrcﬁeﬂytﬂmins&immaBI&&decsa&me’lgmh@-plate Also, -
gui de- pl atg Stg\l; &ause t he E{gndl e.is in one solid piece, it can be,

pol i shed t 8°XRENT LG Euadlfis i e sPRE pisee; iy epnchenakished taaghigye ¢ highglemeeof e, i s
mechasi cal Hymehialat felsaRieitiild, AmediinRARY iR foF pRGEnD. 1 adiftBh I RE 1GS ar e
in an orderly matrix, the posi'tion of the capl ry th matrix’is novvn and
t her ef or e ¢azsll «'p“e%rarq Brangrderhemetix, theawwsmoasxfﬂm dapiiiasy inhmatpiads kiwwn,ahd a

pr obe |‘n ed o ID.ta n procedure i's
r equi red %qﬁ%ﬁg%ﬁﬁn%%%gapd Wle @B@%‘ eé?‘?;?\%é’ﬁgﬁﬁpg‘g@ﬁédmcﬁmﬁﬁy be,
e.g.: a b|mmdana&abmbermoret@gﬁgepm@éd@am@Lhea shape so long as the
shape has hol es ,or pores into which the capillaries nmay be inserted.

I nstead of usi né SisH plpte m%’b@‘?@ﬁ@w%mésyﬁamtdﬂw@sltona}slma@d@t(lwkeherabI y
i nt epgoven f I i llaries can be jnserted
Wi t hi %Dspag éls?&fl%pt g o?ﬁgmgr%lggp%?& ﬁ%%%ggégﬁoa?syor&?ﬁ?ﬁ’ﬁp ‘%ﬂﬁh d can
be ti ght eneapifaviepmidy betimsertagi | | ari es cl ose to one

Instead of using a plate, a grid of wires or strings or strands (preferably interwoven)

can be formed, and the individual capillaries can be inserted within spaces in the loose grid
to form the capillary bundle. The grid can be tightened to pull the capillaries close to one
25 another, and the proximal end, distal end, and/or intermediate portions can be adhered
together using e.g. an adhesive to form a solid mass. Any strands of the grid that form part
of the solid mass may be trimmed flush with the solid mass, and other free strands may be
removed to provide the fiber bundle.
- 2. Fluid Delivery

30 The ﬁlnctions of the fluid delivery sub-system in the arrayer are to

* Transport probe fluid from the reservoir to the print-head through its
respective capillary;
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25 anot her, and the proxi mal end, distal end, and/or internediate portions
can be adh&¥R@86B3het her using e.g. an adhesive to form a sBETHSHASES Any
strands of the grid that formpart of the solid mass may beytddsgaEshol! ush
with the solid nass, ,a t her free. strands y be., renpved fo.provide the
fiber bundle. 2. Flui dn&ﬁ%ﬁ@?ﬁoﬁ‘ﬁaﬁt& ]%eL?RB?ti[“‘T%ﬁge%‘:ﬁl %aﬁgpaﬂﬁf FQps
sub-systemin tite midtdged are to O Transport probe fluid fromthe reservoir
to the print-head through its respective capillary; 22 WO 01/ 62377

PCT/ US01/ 05695 23X1nyd Hiaaspopino4 0 Ensure the flow rate to be constant in
each capillary Ui i nt - L d.Transport  This
i nvention offer gﬂgel%/igérﬁéﬁh%ﬁ%%géﬁa%}ngﬁogge{c’t eJégtﬁécj)%ré)%? ﬁ&ﬁoﬁ+?6ﬁfﬁe oir into
reser\goi r ihetoapillaryt ded oapidslthe prigrisbat OMesydan b @sqal didde didadny Ehakingash BE2
~-used alone or in _any combination.of 2 or nore in _the fluid delivery

“sub- syst enP”PﬂEf's’é‘tﬁ%%ﬁH VEY| Yy stery- Ahese gretaadsieclude:di fferential air (or

ot her gas such as nitro SR Uf: i d and nmaintai ned

bet ween the proxi mal t.ang&% %ﬁa@ergﬁ@gﬁr%oﬁ@%%ﬁag?@c ﬁ’nndgg%?nb PHEEHC W 11
transl ate into baybaedtatdishekarimaintinddiet@ednttte Progtieal ahél dises endy gthénce t he.
capillaries are fi,{led wi.th the probe fluids, a constant f|ow can be

mai nt ai ned and EERHFE uBdlenywhigh Wil trapslata éntg by drulig pressar ioskiyedhe piobe f1 Ui d-
resernyoirs, e.gfuifae mcrotiter plates, with respect to the position of the
print- head. 150 Electric field Because DNA fluids are negatively charged,

a voltage applied betwsewity endecthe eaillariaange fillal with tHe-Jrotaoifiaids enbgad to
control the fl 0}%/ of Hée f.luid through el ectrostatic and el ectroosnotic
force (EOF) [ 1VOMcduemraintamsd apd corriied by adpisting:ibe vericalrosHigns 9é€ths aced

under rel ati veguaCYdRAo; %rg.gpgi'r? -tcﬂgﬁ% i ?ﬁl’ vﬁﬂﬂ%ﬁﬂe@ﬁtﬁ tﬂé)%%gﬁ‘%%gﬁﬁ%‘aced

within a 20 vacuum cha aries ‘my ext wal |
of the vacuum cheafber and to the reservoirs. The print head in this

i nst.gnce preferably extends. t he wa f. the chanmher. sp that thin
capi IqBari es are not éxp@‘i@&‘i@%&éﬁ%‘m?ﬁ\{é arg negatively Cﬁafge » & voltage
applied between the reservoir and the print-head can be used to control the flow of

the fluid through electrostatic and electroosmotic force (EOF) [11.

e Vacuum The proximal ends of the capillaries may be placed under
relative vacunm. The print head and substrate holder may be placed within a
20 . vacuum chamber, and the capillaries may extend through a wall of the vacuum
chamber and to the reservoirs. The print head in this instance preferably extends to
the wall of the chamber so that thin capillaries are not exposed directly to vacuum if
no liquid flows through them.
2.2 Flow Rate Contrél

25 _ In order to ensure that the spot s'izes on the substrate are constant from microarray
to microarray and uniform across each microarray, the flow rate has to be controlled to be
constant in each capillary and vniform across the print-head. ' :

It takes routine techniques to hold the fluid flow in a single capillary to a constant
rate. All fluid driving methods described in Section 2.2.1 can be used to control the flow

30 rate. Air pressure and gravity are relatively blunt mechanisms for flow rate control. When

air pressure or elevation differences disappear, the flow does not stop instantly due to back-
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no liquid flows through them 2.2 Flow Rate Control 25 In order to ensure
that the sgjgélg%%??oon the substrate are constant frommcroarray to

m croarray rm across each microarray, the flow rat é’z%%%ﬂé'ﬁim
controlled to be constant in each capillary arid uniformacross the

pri nt - head prdsburk BkBSws BUbE B GBS ; id flow.in a single
capillary o amc_onstaﬂr’u ra?péﬁ%&%(% | t‘;@}’i%\f/)élc%ééﬁr@f‘%%’)rgsrﬁi%fgg?qlﬁéa in
Section 2. gontreJling fewusted to control the flow 30 rate. Air pressure and
gravity are rel @ttivelﬁx bl unt nmechani s for. flowrate control. Wen air

a

pressure or ele SRR R Y e paaiomRifcok fleRiraiee avsty eapdfary of
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capi |l ari es wi | Thisrigvesition ppoddes the tnlloaving neaseeunwanire dhaAcwiaicesifofniie .

fabricated mcroarray. this.invention provides the faqll owng neasures to

ensure the flow rat exum&—h&“—i@ﬂw R ﬁaa.se DS gﬁ!"@_é’aﬁélé%% Eapenqvaradder Betisea

capi llbar i es ar edineneneB5ta i 86d SGer &Quﬁh&?@}’é‘&nﬂ%ﬁ&é‘t& {‘dﬂ{}g'iesgﬁ]gmffgger
an 2% 1n raw S

di aneters can be controlled to vary less t a sane
t han 5% bet weenitf $aueq &y anddess than/SYdetwdeni different dratk. (@g“draw” $4 thebaflingg of

| arger, nore eas] | cat ed prefor. t. ufficiently_ high tenperature

that the tubul aft SRRt SE IR BES BT iefted Pretamis ol stibudortigy | o

conmon in opti cemyerdrere thanhd abhldf pRIImisaRin toFbhe SarfillA9ast Iﬂ?ﬁééﬁﬁuq@?ﬂsca”
ar

be.. 15 used to enhance uniformty of channel dianeter in e capl | es.
Because the. dr SHPRGLR oplgat fber menufagtuneg.) Capillpiésifionfthe srencsdiainomn behe

surfage is extr I : htion,-the silica surface in the
capilTary is -natﬁstagraat?!le}?lﬁ%g%gﬁf (\)/]Jéji(l chcgtra%lgeg,(_i 1%&%111111 %%@??E\I{es" HEHE St 0 DNA
sanpl es, resul t drayingismamiadom brmelting pohe bfRRL M the RLERCSIsRRF@BR! shlddfih.€S
ensuring snmoot h, deJivery of.sanple fluids to the print-head. 20 Cdating
cavity wall's wi P "PPé’réW&’ Beccinstie prpillary s aafurelly ngaatiechy unggsio Widy

i formi by of TR oo oo A Bl sl L ARE kA bR B vieed ETA

probes ‘may havePwbes andesapillariss euiring stifdosh délivens bf sangfle difdses Grf privk-0Bed.

fluidg can be nagﬁinréocra\eritsl?' 'Qn'rajlg antlh%e%qgwo%hgbic films such as a fluorocarbon polymer
such as polytetréﬂuoroethylene may further enhance the dﬁrability and uniformity
of the capillaries. | '

K

 Buffering the probe fluids Different probes may have different viscosity.
‘The viscosity of different probe fluids can be made more uniform by adding a
25 . suitable amount of inert buffering material, e.g., sugar, to increase the viscosity of

probe fluids of low viscosity.

¢ Clogging and bubble prevention All probe fluids can be purified and

handled in a clean room environment to prevent capillary clogging. Fluids can also

be preprocessed with ultrasound and vacuum suction to eliminate bubble

30 ~ entrapment.

* Control flow rate in each capillary with individual electric fields The

flow rate variation across the print-head can be kept within a small range (e.g. 20%)
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25 . suitable anmount of inert buffering material, e.g., sugar, to increase
t he vi scosMQ01237r obe fluids of |ow viscosity. O oggi ng BERIUSUNBGS
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adj ust ment mechend afithe Gapallaied 704e104B02. anfl eable capillany tpeda,7ABbAL. at He -
proximal end of ,the capillari.es 704 a, 704b,... and_each capillary tip
705a, 705b, ... distaf il O3 getlaricsarg CS?tGQ&B‘%IP%IPi-ééI%PHM@G&%&% §i CoEmagn A |
capi libari es ar eglaghdlathe 8rifONER : t\Re P Ll cfllfferent
vol t ages Vi, wgg(e gp_plelgred to ?ﬁ%gﬁ%%gﬁg}l%%c\z&by?%ae%p?%@tgggﬁggngi st al
end. This produetddlapipopithe distadput (hhicprbileded sppropfiateeldctriefielddie fidectung at e

in the capillary, Because .t he ectric field is. .a ftine-tuning. device,
a relatively sn%‘f’ It%\‘}vo a_ealaé‘ﬁef %a_pilif’ﬂ"i]%‘?Céﬂﬁ_e.tﬁ%%eftéﬁgﬂai%ﬁ 06]&’ AdPuSreRs ‘ﬂ)eé’é“éd on -
feedback from i redqely ilRIIace & subfcigitSTURSRLER B AjusRl HAYedRIeLMabipg the
size of droplets 15 deposited using e an optical or scanning

ni croscope, 3. PPBEBSPERHEIaIcER EFNéSCWS.Gg@el@é\p@S by memitering thessizermtidropi¢ie
arrayer ensures t I.fOF of probe fluids are
i i S L R R

u eré aremnina r no mssing or
over | apped spotBrabe Rdpesitionr oarray. 20 3.1 Mechani cal Tapping | As

illustrated in Ei urg g probes can be deposited on to the m croarray
substrate by nﬁ&%’;\‘ & AFNAFIHOR SEP-EYsIRmAn Hic a5y Reefuise thas A copgant and urifdran - As
shown in F@ue oBauobt AidsGRNES f f | 0% ' i
capillary 802 p?o%pt?ces :atsm' crﬁggeﬁeéﬂgwél‘%fu%ﬁ? ul lég%é}?ﬁﬂé%ééﬂ%%%sgﬁ
each capi | 91z0vprlanied speth enpird micrdrezay. 805 i s tapped on the substrate

20 3.1 Mechanical Tapping
As illustrated in Figure 8, probes can be deposited on to the microarray substrate by
mechanically tapping the print-head 805 on the substrate.- As shown in Figure 8a, the

constant flow of probe solutions 801 in the capillary 802 produces a micro sphere 803 of
fluid at the facet 804 of each capillary. When the print-head 805 is tapped on the substrate

25 806, the droplet bonds to the substrate due to surface tension as shown in Fig. 8b. This
surface tension overcomes the binding force in the fluid. The droplet thus breaks away
from the fluid column at its weakest point, i.e. exiting point of the capillary cavity, when
the print-head withdraws as shown in Fig. 8c. A probe spot 807 is deposited on the
substrate.

30 Two potential problems associated with microarrays produced with this type of .
printing method are missing and overlapping probes in the microarray. This invention
provides the following measures, which can be used alone or in combination, to prevent

missing spots on the fabricated microarray:
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25 806, the droplet bonds to the substrate due to surface tension as shown
in Fig. 8byydhigsssurface tension overcones the binding for in the fluid.
The droplet thus breaks away fromthe fluid colum at its %Kggg?ﬁﬁ%nt,
i.e. exiting point of the capillary cavity, when the print-head w thdraws
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the rigid nount %B’%eéa g’n@%@’ﬁ“’gaﬁe 36%‘?&“?195?? ??Sé’fﬁ*%er@'? cmﬁ@t?%garie%r?hemy
be spring | oadeglatfimumgobeiringilfdded OfoGhteP8h FoinQlor FRYLAE ogmag(ye%neri c or

sponge-1|i ke block on which the _substrate rests, for "exanple. Probe
cross-tal k occuPlYisEls & seengs-likeduerk @t whichitkee subsirafeirestsiépasamplt. on t he 15

substrate and t ' Q_caonfine the .deposited fluid
within a certai E%b?edé&gﬁa&?ﬁémg&f)@%g eest @ﬁgn%?%?eaﬁ@gdgﬁqproﬁlmdd&@ﬁ bed in
Sect itbn 2. subivehissnd theve evelatk bf meshsots bfdimthe deposidd ifful PRithBAUckth@ed Qf Ce
may be cre&ﬁteed l%{e?&eg\/\ﬁfnn he aEri nt - head facet and the substrate when the
print - head A*SUBY eﬁﬂwf § erirol descracd piactign &-2ddpsomireiedt fividloverflow.
est abl i sherh daeiawe Batillgvt LS e | act tq pull
xtra f1 Ui d ooy oy ey B eated B i Rt 55 PRl

fol | owi ng Yhemtheasintwaadtis breughb senysdabedd treasubstrite acdbaliiieiikan esthlishe€Vent

over | appi t fabri.cated mecro array: 1) Mkipg both the
print - he’aglge 5‘2@%@%2{’1’? §p§a%el§r hig §§I_’1ﬁ§l’i¥rf§fﬂ‘?6myca.‘%f)f"ﬂl %_TENMM ofgbg cadly. be
f abr b@at edThis inveativn Purter pRAAIEIRE flRBWIE ASasth@Myhich can be used alone or in

- combination, to prevent overlapping spots on the fabricated micro array:

1) Making both the print-head and substrate surfaces hydrophobic.

2) A micro well 808 can be fabricated at the tip of each:capillazy (as shown
in Figure 8), which can accommodate the fluid volume of the droplet to Ee placed
25 on the substrate. The micro wells can be produced one-by-one using a diamond
- tipped precision drill or in parallel using photolithographic methods. When the
capillaiy has a central region doped with Germanium (originally designed for light
transmission as described in Section 2.1.1), these micro wells can be fabricated in
paralle]l by dipping the print-head into an etching fluid such as fluoride acid solution
30 (e.g., HF). A very small amount of Ge doping can dramatically accelerates the
etching rate of the silica in the vicinity of the Ge.
3) A spacer can be installed between the print head facet and the surface of

the substrate as shown in Fig. 18. During tapping, the spacer face contacts the
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in Figure 8), which can accommopdate the fluid volunme of the droplet to be
placed 25V V#é75ubstrate. The micro wells can be producerconssingsmsne
using a dianond tipped precision drill or in parallel using 23 qctober 2004

phot ol i t hogr aphi en.th capi |l ar central region doped
with Germani um % %‘?ﬁﬁg‘f ha %/thg\g’g%%eeag f?%e?% ﬁuﬁﬂ?%#@ﬁ@?r?g%‘fe e%é”%é@cri bed in
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be installed bet vveen4§ %c%ﬁ%énﬁgﬁg’gﬁélgaoge e%% eﬁ?ensaﬁﬁqugéma?e)dmén GHURS at e
as shbwn in Fi gthel@mpluddnsigy ﬁm@%mmﬁ&m&gmﬁwwmﬁa%ﬁnéﬁ@ﬁ&ﬁl VO
01/ 62377 PCT/USQ1/ 05 6?5 22 Cctober 2004 substrate while the print &ad
facet is suspenfEFEHEBR)PIOBE @ hepd sslierpasteforms ean dimtinge overlappsygher es t o
contact the subgiihalg to deposit droplets of probe- containing liquid on
the substrate. 4) Increase the viscosity of the probe materials to be
printed by increasing) Beducetizatimé i wikioh iieyprint-HehdisSo Flutd atRf way 1gddi ng
sufficient anount 8f inert buffering materials. Print probes in bead, gel
or paste forns 8‘&1‘? 8% mi nat e over | apping problem 5) Reduce the tine in

whi th i nt - headgy i = 117 : 0- Us
ichothe print-headg) SUidablitaigs ﬁrﬂ;ﬂta%{ﬁea}l& %ﬂ?}%%ﬂ%lﬁ%#%@ﬂ%@ Eeé ce &

capillaries with a snaller Inner diane fect of
the capillary péffeategtiesrpilagepsling fucé gereraed inuhelflhidyayer betwier the finpr i nt -

heat .and the su duri.n ontact printing. 7) Deposit probes on hot
substrates in aﬂe}trt%/g%ﬁlveis B%Fé?ﬁ?n%hcfo&} CLRRYY ates  the evaporation of

fluids in the probe a)wdjéf@@ﬂ@aﬂ)ewﬂhsd QWstrakes Ba dPFRATiEIncu® R P BocBlerat
ac h pol nt 5Tt he

substrate that has a sur e tenperature below the freezing poi
probe fluid. 3.BeeraRaratien offludypnithe profe Asd siduogs dverflivgur e 10, a conduct i ve

| aye{s 1001, such as get e the facet 1002 of e
print-head 1003 and tgﬁeﬁé rﬁoél(réggbrb?g?/ﬁgu l%stgrﬁgetn%aﬁr}?s SISH@%?? tﬁlﬁpﬁfa%?lg‘{]l%‘("éhe 20,
1004 or conduct Beezomppedt sfithpprobe TAGL. Al ternatively, a special nicroarray
substrate with ductjve l.ayer can be used. Wien a voltage V is applied
bet ween the sta&ﬁ%ﬁﬂ@substrate or its support with positive
polarity at theAsshsiy ﬁiﬁg%@O,E@&dﬁ%@ﬁm ﬁ)?)l,'ﬁlchggmetal, can be coated on the

facet 1002 of the print-head 1003 and the microarray substrate is placed on a conductor

20. 1004 or conductor coated support 1005. Altemétively, a special micrdarray substrate with
conductive layer can be used. When a voltage V is applied between the stamp head and the
substrate or its support with positive polarity at the substrate end, the DNA samples in the
capillary will be attracted towards the substrate because of their negative charges. If a short
pulse of sufficiently high voltage is applied when the stamp head facet is close to the

25 substrate, spots 1006a, 1006b,... of the various probe fluids are torn from the fluid columns

' in the capillaries and are propelled to the substrate. One advantage of this method is that the
stamp head does not have to touch the substrate surface, thus eliminating many potential
problems associated with missing or overlapping spots on the fabricated microarray. In
addition, the stamp head does not have to move, and no microwell is needed at the capillary

30 tip.

3.3 Printing Beads

Probes miay also be immobilized on beads and a colloidal suspension formed, and

the suspension can be deposited through the capillaries and onto the substrate to deposit the
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capillary will be attracted towards the substrate because of their negative
‘char ges. WY@ @%12%?_} pul se of sufficiently high voltage is applied when the
stanp head YalKt*{%s close to the 25 substrate, spots 1006a, B Q%@cﬁ}g?%ﬁof
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tip. 3.3 Pnpokwhng Beads Probes may al so be inmmobilized on beads and a

col | oi_ dal suspension fornmed, and the suspension can be deposited through
the c@pillari es TRadeadnmax betranspsient se thabthddiphs héedtth atiRim I MOHR FhH 2R ¢t

PCT/ USO1/ 0 . 0 004 beads o the substrate. In_this event, the

beads nay eO?%heﬁc%%bcﬁi%%%zrgﬁec § 2 JRars %gﬂn%‘eﬁﬁw%y%o\“ e mere lghhipdhaprobes t o

t he surf acendlic Hgitaibsbéat & stibhda1R2 TR sestaRE CRkik geag%’t’c?a %ﬁiﬁ@%ﬁ%’eso&?@s
and pre

than 20 mcrons, preferably between about 0.1 an m cr o, erably
| ess than SiEDRl- Berdssurqplso senpble ofppringtmanysparegmobe moldchlas ohtiiesit sugfaceis ed

to stinmula Letes refracts and refl ect.s a nupber of
times, the?%g&ﬂ%%l%ﬂvélég{aﬁe?@n@% é‘ﬂﬁ&aﬁt bf)%seﬁﬂ@tﬁ' r B8 S%Sﬂg{h O IPFIGRSCR 2ESMSHeads
to stOnul abstikllarge ASEBCES tarkbi mpleeﬂ%ﬂia@asaocﬁatre%@@bﬂéﬂz@%H@égﬁ&yeem rhgeal -
Beads are al so ca ablg of carrying many nore probe nol ecul es on t%EII’

surfaces PREN PRECE phthedgstace of the substrate. Consequently, signal

strength also i RgE %EEBE f Large nunber of targef mol ecul es
that associate or hj[;:;'%j:s i |zg‘ EEgglgsﬁge%ﬁ%%%ﬁ%%@%ﬁ%&eu%&d?%&%EI%‘%@@E of the
bead. The bexaglyraynmoatialipabdijablee mbgniabtatcep s ni@hei@H8ldidas be Mamahics tdeads

In this instance, a _magnetic field

are .curreptly. co rcially avajl abl e. .

can be est 3f idgwgg%?@agﬁgf’éeﬁigi theepriva grest 1 067 dbrssurfaseof His spbstrate head

1706150 t hehskIthaEfedb bb BopcaHbS A ﬁhﬁbl@ﬂ%@ﬁ i€ ﬁ%ﬂﬁﬁ’lafhgeét%l%e&’ﬁ&ﬁ%' tﬁf‘- A
5 et ween 1 he 7 o8 tohe

suitable magnetic field may be establi reservo
capi | | ar i etsenvgirtongheseapdlarias and the substmten fixdnstimee] by iratallingon highibghdwrigdwi dt h

el.ectromag | il. 17 de he mcroarray sufpstrate 1704_as shown in
i gur o 17 CebtmaRictie Mt Sler e B bl M e cBoiagn Baven T ached 1 o
ferrofluids (rmagrREleerdmapaeaSyritths orm ferrofluid 20 particles and
deposited on the substrate.  Ferrofluids are colloidal magnetic particles

having a size bfobgparlecuesiraayabroattachel terfexrafipids Ghagiteticyignids) i form dérrafinid

anti bedy) AREIOMPIENsRd on the substrate. Ferrofluids are colloidal magnetic particleé having
a size of about 3 to about 50 m (approximately the size of an antibody) and composed of |
surfactant coated single or multiple crystals of e.g. magnetite (Fe3 04) dissolved in water or

kerosene or other compatible solvent, Alternatively, probe molecules are dissolved or

| suspended in ferrofluids and not attached to magnetic or paramagnetic particles.

25 Ferrofluid particles typically have a size ranging ﬁom 3 to 100 nm and can be
synthesized by a wfariety of méthods which result in “flocs’ composed of polymer (typically
dexiran or protein) and magnetite and/or other iron oxide erystals. Ligands such as biotin,
avidin, streptavidin, or other ligands for attaching.the ferrofluids to the substrate may also
be coupled to the ferrofluid particles,

30 ‘The coupling chemistries for attaching antibodies and othér relevant molecules such
as oligonucleotides to ferrofluids to form ferrofluid particles are known, and molecules

coupled to ferrofluids are available from Immunicon Corp., Hﬁnﬁngdon Valley, PA.
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surfactant coated single or nultiple crystals of e.g. magnetite (Fe3 04)

di ssol ved WO WHE2877 or kerosene or ot her conpati bl e sol vent pCcBUtErBads vel y,
probe mol ecul es are dissolved or, suspended in ferrofluids ansk.&Rt2004
attached to nagnetic or.para neric particles, 25 Ferrof|uid particles
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such as bi dPmm in wxg andiherstorepthabit sipsrpapmmagnhsm ((i.q drysoripextabit aephaty t he

ferrofluid - rate_ | s e upled to the ferrofluid .
particles. f’%@#ﬁ%@ﬁ‘ﬁﬁ%ﬁ&%ﬁ%ﬁ%@?ﬁﬁ%ﬂ %Srﬁggjtlgé Cﬁﬁ%aﬂf%@ﬁ © HREGIHer
rel evant ndiseppda@sy. such as oligonucleotides to ferrofluids to form

ferrofluid particles are known, and nolecules coupled to ferrofluids are
avai | abl e from FrFaRNdartTdspre eaailytiangpooiad Wathesybsta: sieBcy\ty 8iplging &7

PCT/ US01/ 0 . .2004 T. netic properties of ferroflujds.
derive fro%ﬁp&%ﬁgiﬁéﬁnét | 5 p}%%se?atnidg%snﬁﬂm %ﬁ%lﬁ’l?lgwﬁ OPHEAn B9t oz, @Qlléeﬂ%ﬁtlhr e
of the mat eapidlly onVhgRkirkie saifyet ReGoRng tﬁalxgﬁhgﬁtibﬁe@cb@déntﬁllyﬁﬂegs /@ in size

|

and therefqre exhibit superparamagnetism (i.e. they only eX It magnetic
properti es?‘?ﬂfgﬁ“ql Ratgicles fort depositig antothesnbshatef i el d i s reduced or

el i mypat ed, theygagg_pﬁgg' il?.%mﬁ@di sappears). Ferrofluid particles are easily
transported to urface by applying a magnetic field. The
particles can dilhepseimhlaudgbf thelcapillatiesthay Bs plabédindep tdl@iveanenae ROSLr

rapidly on_the substrate surface. Renpving _ the magnetic field essentially
stops the © P?”d?IPé?'BODﬁ%‘HDigéI‘%‘i g’FWﬂ}ﬁ the pyallanssg Temprntihsad andhabstaate holder 3. 5

Vacuum pri szl plhed i@kt fhcifis ' i £ naer
relative vaggumpi n oroller toc drawagirbg%g-ﬁ%wﬁgﬁlggﬁaﬁﬁepﬁﬁé%ﬁ'gllg?
capi | | ari ethe vEReutp chambdrend taths ressbatirsatidcihalede rtmoxpherieprpdsace Thevpiing n a

h . and_th i1]ar] hr,ough |l.of .th
vacuth cnanpein Bt SARLLS R e e el e g bR bingeatlative. The
print 15 hesdhot Bxpdies diradlyab sacuheirebatiig ﬂéf\i@ﬂﬁi&lgth%&ﬂ.e}’ff/@l%&ssgfe e

chanber so that thin capillaries are not exposed direct o vacuumif no
li quid fl o¥YRCUMEY Siagnber sanke redeced te belapeatinasphigric presswa e daanfbed fivanthbe

and pr 1 nt ey RS STRAAIELLE SRR A LeaRhO B e S bhRT b kD Lo be

and print on the subStrate, tpressure rn
i ncreased inoreabalto aboutsdristibhtly atalve uenedphBdphiesdute o @eet Gurfter AhRVRH

further fluid from depositing on the substrate when the print head is
N ftgg am@emﬁﬁwgt%é’g%ﬂﬁgt@st et gheprppidsad s fifted away from the substrate.
3.6 Probes

The probes may be DNA, RNA, proteins, cells, or other constituents as discussed
previously. The probes may be attached to the substrate or to‘ beads covalently. Thus, one
may use a variety of approaches to bind an oligonucleotide to the solid substrate. By using

25 chemically reactive solid substrates, one may provide for a chemically reactive group to be
present on the nucleic acid, which will react with the chemically active solid substrate
surface. One may form silicon esters for covalent bonding of the nucleic acid to the surface,
Instead of silicon functionalities, one may use organic addition polymers, e.g. styrene,
acrylates and methacrylates, viny! ethers and esters, and the like, where functionalities are

30 present which can react with a functionality present on the nucleic acid. Amino groups,
activated halides, carboxyl groups, mercaptan groups, epoxides, and the like, may aiso be

provided in accordance with conventional ways. The linkages may be amides, amidines,
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YH, Jiang-Baucom P, Huang ZJ, Bogdanov V, Anderson S, Boyce-Jacino MT,

Immobilization of oligonucleotides onto a glass support via disulfide bonds: A method for
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bi ndythe b T at : el L eoti de. pr of the
ekt on Caihs shed Aty SHEROGEs ek B BASRE T BB R he

sur f ag e of 4,?ﬁa7si)L %Jl@btompmplﬁy @&bﬂgmm. oA s,atg,szylmgsmiq,aag, _fs,ism,om,mﬁbi i f-ea
rovi de an uc eotl,es at a . <'_3.I’tICU ar ocatl.on on the soll
S upport . Tﬂg?@g%%@/ %géigg‘g(ﬁl THRiipepettsst aﬁgmaﬁtagp%@g,ﬂn@hm@sipg&craﬁgni nk

j et printi ] =L . ) ' .S, Pat.

Nos. 5. 91;9?%?21% CiBppEB usiron x g%%é%‘?%é&%“‘%’é}‘%éﬁhgﬁgé?%%Q’g%‘gﬁneg?ﬁ K
printing, Wwhickeroyidasfor ihg desitednipgreg, ofmeatauy avdl spatirl|sepatii@nin pMditg the

m cropi pets._using an x-y stage or other rastering technique, or any ot her
met hgdgl vvhl}?cfﬂlll ﬁ?%\??ﬂeéé' for the desired degree of accuracy and spati al

separation in pCagbigicriPardsy HPHHNEL SRAMRMescribed by Southern et al. (U.S. Pat.
Nos. 5,770,367, 5,700,637, and 5,436,327), Pirrung et al.-(U.S. Pat. No. 5,143,854), Fodor
~ etal. (U.S. Pat. Nos. 5,744,305 and 5,800,992), and Winkler et al. (U.S. Pat. No.

5,384,261), have been used with success in cases in which polymérs of short sequences are

25 required. In these “GeneChips,” oligonucleotide probes (20-25-mers) or peptide nucleic
-acids (PNAs) are produced either i situ during microaﬁay fabrication, or offline using
traditional methods and spotted on the microarrays. U.S. Pat. Nos. 5,445,934 and 5,744,305
to Fodor et al. describe the manufacture of substrates containing multiple sequences at
density of 400 different probes per square centimeter or higher. These clﬁp are synthesized

30 using solid-phase chemistry and photolithographic technology. The combinatorial
“approaches generate significant biological and chemical diversity but are unable to

construct microarrays of large macromolecules and can also be expensive and difficult to

implement,
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Conmbi natorial array approaches, such as described by Southern et al. (U.S.
Pat. Nos. vbg 4763367, 5, 700, 637, and 5,436, 327), Pirrung et &g H S . Pat.
No. 5,143,854), Fodor et al. (U S Pat. Nos. 5,744,305 and 9, eﬁﬁﬁ;, and
Wnkler et al. ggts Pat. No. 5,384,261), have been used with success in
cases in which jardispenser dovicds sseqseino dspastienddl drepibT efid bRakhigse
"GeneChi ps,.’, ol i ucl.eot j.de pr.obes (20-25-ners) or_ peptide nucleic .acids
(PNAs) are SB?%&%F%@%%?W& on HP@PF%W&J PRhenemesl samay ahy seghrteehmolagy hapbeen -

ffli [ b : t ' r . S.
Pat . Nos. 54t Gai med o s 208 SORTRRHAER GRS WL X IR dad et ur o

of subst r aceal. 48t BetnNegS668,807). Theequermeatcatechatdogics yreahabloGo &ir%f Bfog%nt

pr obes per re.centjmnmeter or, higher. These chip are synthesized 30 using

sol i d-%phasélalgﬁgrrsriogs ?—ijﬁ&asd{;'&lig@pg%qlgb%@@ EEWSII?}“W?MWIW-nat ori al

approaches genel i datdiBH oTaid aladh Gkl 8pdiehahaal ol hahdye Qut are
0 ecu 0 CanEE %0 be

unabl.e to _construct mcroarrays of large nacronmo es an
expensi ve &ayriaed by dvgenkicht (Uit PetrdNo, 4,931,788), DihB237at PQU.SISBL/NE695 22

T aura on 5-2sm Reath BPETASS PGS 2 Foth Bt OOT & el s SMEAogal
arrays by andBhileabnsll A0B. PasNBes 110,300 By BHARDAR )}fé&'ﬂ:ééagfﬁ)gg

No.
5,473 796), Tisone (U.S., Pat. No. 5, 74T 554), and Ha (U.S. Pat.
No. BD658, serpplemertasy DS CHAADt 59GE00(bbasgt loag ssyathesiabd by traditiond yndtasdge 5

nunber s of | to.control .the quality .of the resultant

m croarr ayg%A tﬁl ?@ﬁgﬁ%géﬁrggag cl%? P% chéecg‘%]lgggg aﬁé}“@“ﬁ?g‘ﬁ‘ﬁ?ﬂ%‘éﬁs in¢ipdece -
contact pr impiecige senpld eptakce bed dblyvety go Wil @B lack Ut SuraBaty. No. 4, 981, 783),
Drmanac et al. m Pat. No. _5,525,464), Roach et al. (U S. Pat. No.
5,770, 151), Bro skgjet af (U'S. PplaiNo. g 01948 dessriby theame oftratlostramtic al . (U. S.
Pat. No. 6g; : ' es_are long,10 conpl enentary
RS écDNAS‘)’*‘é*%é A el (DM AR bd MR B R b e

bef ole. i nashautomated sroveBeht i threei dimendiomuThe bRgdholconieprimsrsatiy disdBs ed
spotters ipclu i ecise s I take and_delivery as well as |ack of
dEr abi | i tyJ.‘;| H%)&ﬁ?‘i’ ﬁgﬁ@é §qpp8p_as?1§)c§%egg@ %r%‘.l agl Splom A6, Prtcipi H80LHR2 ' use
of an el ec{199R). addtigahnar ' i . -to

not i on con% rol) system fg’rﬁg?%?eﬂg&gg%}eg%gﬁggggﬁb \?te‘%nia&r%aﬂlzﬁg?ﬁyé F,
di mensi onsSuchifg oae myshlRctused bylGepeticidiaoSysyerat SWobenali) GdndMaching(Egh - -
support asg ' ' r and. Shal.on~ . Pat. No. 5,807,522 (.1998).
Addi t i onal F%?&?FSB%%CW%F%R%%“@%W Q‘a_'ﬂf%gé sol i d support using a robotic

syst@dn such as one nanufactured by Genetic M croSystens (Wburn, M),

GeneMachi nes (Sgn rlos, CA) or Cartesian Technol ogies (Irvine-, CA).
4. “Array Inspection

The array inspection sub-sysfem monitors the quality of fabricate(i ruicroarrays.
This can be carried out off line or online.and in real-time. Arrays with missing and
overlapped spots are automatically detected, registered and eventually rejected as defect
25 - products. The device may also be used to monitor the spot sizes in real time and feed the
information back to the fluid delivery sub-system to control the flow rate in the capillaries.
If the spot sizes are uniformly too large or small in the print-head, the system has the option
tq adjust the printing rate accordingly to compensate for the spbt size change by e.g.
adjusting the voltage applied to the individual capillaries.
30 This invention offers two different optical designs for the inspection sub-system.
The first design, shown in Figure 11, is based on the detection of light scattered by
the spots on the microarray. A fabricated microarray 1101 is illuminated with light project

at a large angle 0. A digital camera 1103 observes the substrate surface from above. Due to
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shown in Figure 11, is based on the detection of t scatter t he
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Co LR bor sialE b hSYISAS BroobsalaL fitrue TR0 ign ofire A e ﬁag HRancr oar oy
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t he subst r st%9-degiraysithe ﬁ?rélmqb@f tofal m"tgmlerbﬂﬁ:qmgah@e @almm dipiderfase. RasesF t 0

observe it ubs rfage. an ar a 1205
of the 15h‘§lﬁlrlkace % %Jﬁgtgflgﬁﬁgmslpog OVS E ag ﬂ‘aac?@ﬁ%wireﬁ% ¥ceur s
and | i tt | ethe imhgerCHis hﬁ:thdd&iaﬁ@ig&iﬁdmﬂjr hﬁr&@é%@oﬂ’réé@bf ﬁxbﬁ&ﬁn%aréﬂ? 'og_letcts ‘
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Ioca gﬁv?ejr EE Eresgrhee of the probe 1206 destroys the con
t ot a | nt ern oty en theMicraayray Substratee. Part of the
1 ght beam vi | I TIedhefsbasii® il Partelifa B3GR R RINF: 1A HARDEL Sty F2ce and
captured by

microarray format on the market. This pattern arises because of the prevalent

manufacturing method of making these microarrays. Photolithography is used to buijld
oligomeric sequences i situ, on the substrate, and the x-y positioning stage of the

25 fabrication equipment is configured to provide an orderly matrix in a chessboard pattern. -
An inkjet print system is expected to also produce a chessboard pattern of spots.

Because a probe microarray of this invention is produced in a printing process, the
spatial pattern of the probes on the substrate is identical to the pattem of the capillary facets -
in the print-head. As described above, the printhead can be fabricated by two‘ different -

30 methods, i.e. the guide plate and the random tight bundle. These two methods provide great
flexibility in the probe pattern of the microarray.

When the guide plate method is used to fabricaté a print head, the spatial pattern of

the capillaries is determined by that of the holes in the guide plate. The capﬂlanes and
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the imager. This nethod can significantly increase the contrast of nost

transparentwgthjlg%&g 20 5. Spatial Pattern of the Spots on the Mcroarry
Substrate The "chessboard" spatial pattern as shown in Fi gur’&H83L% % he
nost comon mnmicroarray format on the market. This pattern arises because

of the prevhérefote thegnetfearitar ¢dg veRlghly Qto kAN atas it e QREDIYSE pattern
Phot ol i t ho%raaﬁgl%l s used to build ofi goneric sequences in situ, or}J t e
substrat e, SHCYRE Kgyredoéahar adiongyoomiypatiom ehshors indbgirest 3ohaeyis.drant i s

confi gur ed Hy ' - r V. X in.a chess rd pattern. . An inkjet
print syste mﬁ?%ggi?p]gg%lggﬂl? s glgt%gsOOf%? %qt}%érg ° AR 8§3‘§mﬂ)§$ F‘é‘ruﬁ?t%fﬂ Tigpgls.
Because a pr6bemdisor spatyayronhdihfafy kvt €6t 8 Rek£poRr1G0RCRGdIRIR, & o!té“&ﬁ%ﬁ%
proce?, thg.ﬁgﬁl%t@ﬁttern of the probes on the substrate is identical
to the pat CEPFILIGSHRRYEFT0SF {nereatimmicroarrayhes Blushateh badinesnkS Wemdrispéd
above, the @l R | | fferent 30 nmethods, i..e.
t he gui de pl gségugﬁ?j’t he r%ﬁ%}%ﬁf}%ﬂ%e‘gg&%&%?ﬁ%‘géeo{%%m%%&hebq'@vipa%bes
great fl ewfbvdry pther row fegpoote npaf iet, Brcotvhhen= 61 8®) hayalsdWametihe gui de
rint head, the spatial pattern of the

pl ate nmethod. is dt .fabricatehi (E) .

capillari ego}ugmaglﬁlgraﬂja SOV ARE g? thiahd peodeiof opp oy lirsibetpleen Bvo Fivbes
ilTlariegf @1 : 1 / tte

can be & b g e g gy o e o R g LARLEN By BiBRE B

in Filéhre #3lh) or a honeyconb pattern as shown in Figures 13(b) and 15. In

a honeyconb matyl X, .the centers of. every three adjacent spots form an

equi l ateral tri é’?\%ﬁ%ﬁi@f?ma @H&&s ﬁ?plé‘?/ds‘éﬁlﬁ Wdl“’ﬁl@e %PF}I@}%@, the ppat pattern

hexagon 15@gpeatswélllBighhioBd 150ARY,S. etk IRl FenePlfl @ %QE ceé%e?%@fﬂ}e%%%iﬁé @cross
1503 an 4, n 0

the entire mcroarray, as illustrated by I|ine equently,
the m cr oaPPYyiasm 3y dspilateral tiangteelb03§ andbsis spéts pruobrendiqmi spot\ibred & hthgopr obes

of every o - . E-OW +2. n+4, c.,Wwhere n-1 oy n7-2) are also
al i gned i ntlag'{)?{)%ﬁﬁ%t?ﬁ%%? %gmggjﬁa§8Wv?O%opgﬁ% (pe ?@&alsleﬁﬁieﬁb%ecam&ﬁ &9Klost. one
row |lides b&pusacrobsithe priokaray 86 1ddper figkila fr@dardrhy But HeBSmBBhBEH t¥mPheltO0ES
of rown are centered between the probes of row 10 n+l). \Wen the random
ti ght bundPB® ?%&Pﬁdaﬁlg“ﬂ?é?ﬁbﬂmﬁé@éoéap@ﬂﬁw ineléigure: He Thsds bpeaisethat inappear s

wel | or gantigediabe GabiiMried Lt i | |1y true-that centers of
three adj acéﬁ% s’pgksm?gr %E%Hb gaédﬁ?]g%ﬁelrr% tE"get%‘rg ?é‘% %1 Of%%iT RESEVRS gzﬁzoqrger
sur r oundi ngf Reelppetidl pattera. HowagmmirfOmialighhets takfing Gapillafiboidod abfumulate
However, g l. | t gati al pattern b nes.random 15 Spots across the
ni croarray @’%‘F’%my%'s Igﬁgj&f "r%?%"‘?"‘fnﬁ 8?';‘15 PH?*S-bﬁﬁt%th% sHEcash i the augbepel wets, suchone
anot ker, agdisidriétftdan Qibrdel 218 Swok QO al o 3s il 0l &l
because that in a t ?ﬁ’? pack, caplghf)?igr@]:&gs "a eeﬂeg%ﬁ%gtgpﬁ %h%gm;gﬁi foé'fsg?ténce
to each ot A@pss timpmay, o there e lodatizat weions of order with discontinuous regions between
the ordered regions. The global spatial pattern becomes more random than is the case with
an ordered microarray. ,
When the capillaries are not tightly packed, even the local spatial pattern illustrated
25 in Figure 16 may not be preserved. The probe positions throughout the microarray can be
completely random.

It is highly unlikely that a first random bundle of capillaries, made either by tightly
packing the capillaries or by loosely packing the capillaries, will be identical to a second
random bundle of capillaries formed of identical capillaries. The consequence of this is

30 twofold. First, the print face of the first random bundle is not identical to the print face of .
the second random bundle. Consequently, a microarray pattern formed by the probes
printed using the first random bundle will not be identical to the microarray. pattern formed

by the probes printed -using the second random bundle.
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of local spatial pattern.. However, m nute msalignnents anong capillaries
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m croarr ay °? OrfoCirRRferr e dgdigated gauipmentrpne Gatad mathrespatieer.csogbdttthar e
associ at ethyMriahatibn phiial r2ERY ggg lates the identity of the
target or pyr%lbe armIIHe}cuI eé Wi ﬁﬂg&aggérrtaﬁ%kar g{égﬁ?tgtrll’%%ﬁn%}h@ %@Efa}ré?te or
Wi t hi n t henpleerlonorpbe moladiles tis bavedhbvidized lfer othahtisaissodi@yd)m Mg ovi ded as
a daﬁdﬁlbase rO\{i ding this correlation and may be on. a portable 15 nedi um
such™as aS&%ﬁB\ﬁm may be downl oaded to a user's equi pnent via a tel ephone

Ii][lte, cabl e gpd@ther Fait& thal Bonbfitd 'of 18R iRlind OapiRkiedat 2 comuni cation. The
sortware | s

Light guiding capillaries have other important utilities in the microarray fabrication.
For example, the microarray substrate can be coated with a layer of light sensitive material,
which is hydrophobic in the dark and becomes hydrophilic after exposure to light, - -

25 - Examples of this material include O-carboxymethylated calyx resorcinaren, or other -
compounds containing photochromic azobenzenes. A light pulse can be sent down the
capillary at the very moment that the print head deposits the probe microarray onto the
substrate. It will make the'region immediately under the micro-fluid well at eaﬁh capillary
tip hydrophilic while leaving the rest of the substrate surface hydrophobic. In this way, not

30 | only the probe will be confined to a well-defined area, target sample fluid will also
concentrate in the probe region during the hybridization stage, which helps to improve
hybridization efficiency and reduce the required amount of target fluid. One may also

choose the appropriate substrate coating material and light wavelength, so that the
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suppor t suEli‘/F %sséuéhg%?s Ehatyely, PrMeplsporaadesgaivgasd matiBderrameteins first,
derivati vVegehGheanimBepans oL f ' .an _est.abl | shed
met hod such ag’ that di scl 932ﬁﬁb%}%skt}ga‘?’é%“bﬁﬁﬁﬁ&éo’%%&ﬁﬁﬁ Srdisissed it o g.
Phot osensi Dozaas Coandrestwish &g Bbirgiotlbdite liganide b dug daseevery aaglul ati on of

th i t te effici h | transfer fromthe |inki
o rom ARt e Birehpn YR et PR b0 o * a6, Cpp. 4615 4618
When26ol ubl e DNRAighd o edpisaratk @aRbb Hido %Ho?%cggtg &ﬁbﬁﬁ%}e%lvﬁlqglin%r?% w

light-irradiation can be |aunched 15 through t Ic fiber cap aries to
initiate tR©besIRPenendalterchemelecslar Biactores pf otriimptobe ot trepighans thesiughaas .

Al ternati Vehh PRI QROR IR tAL, BE bERMISIHE G LM LR B Rhailr S i lis Liists
- interaction can be cleaved by a laser. A photolabile cross-linker such as 3-amino-(2-
nitrophenyl)propionic acid (Brown et al: Molecular Diversity 4-12 (1 995) and Rothschild et
25 +al. Nucleic Acids Res. 24:351-66 (1996)) can be employed to provide a-means for cleaving
' a nucleic acid from the solid suppoi't: if desired. For further examples of cross-linking
reagents, see, e.g., S. S. Wong, "Chemistry of Protein Conjugation and Cross-Linking,"
CRC Press (1991), and G. T. Hermanson, "Bioconjugate Techniques,” Academic Press
(1995) and U.8S. Pat. No. 5,900,481.
30 Light guiding capillaries can also be used to activate chemical reactions within the
- probe by illumninating the probe microarrays at certain conditions. G Protein Coupled
Rgceptors (GPCRs) suitable for use in the present invention are those in which agonist

binding induces G protein-coupled receptor kinase (GRK) phosphorylation and subsequent
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t hen phot oi mmobilized to the gl ass surfaces upon photo-irradiation as
di scussed W 0162877 Dorman G and Prestwi ch GD, Using phot op@bismr/okisgands
in drug discovery and devel opnent, Trends Biotechnol. 8(2):8daddbhet bR

2000). 20 Light quiding capillaries can.be used to jncorporate photon
cl eavabl e %?I%E%qagoq R{"?Iﬁ%ggm B e%l"g%f'gﬁﬂéigﬁ%? C‘EIL%‘GWB}'B@@UEI‘S&P light-uct ures
of certai naftiveleg GFCRS Sﬁé}?%ﬁlﬁgdéﬁ}ﬁl‘f ragnent. from entangl enent when they

are being laid. For exanple, streptavidin- or avidin- to biotin
i nteracti on canlbhalditienlight hydiag lcapidariescap heotstdoicordust essially nédessabieh as

o ob s B % BRSSP e el
can bg enpDay 6shtire op HAY pAallE sYRMBSS fRhniGheAVhOSomBints @pﬁoﬁb@éﬂﬂe%&&g&tﬁg

solid support, if desired. For further exanples of cross-linking'reagems,
see, e.g.,gqupsandiithgeraplohdilinwse prattem-diredted Ponglpgacicavagaimieach cycle,

Cr oss- Li nky iy S 991 and G _.T. r manson, ' Bj.oconjugate
Techni queﬁoﬂgxgggﬁgggbrﬁg%rseg&f%%% 35 A0TRC apgr A RgY Bgfl]g@%&%gﬁ_’fe »Li ght
gui di ng caguaid aith@homiabilalseuRETS QBub LTI MAL S goltestE By ﬂ&ﬁﬁ%ﬂeﬁfﬁatﬁé&:{shi n
the probe by illumnating the probe mcroarrays at certain conditions. G
Protei n Coisieehcydie di pragditnplamorelithegipphie metiods sugh @atiern dhgensrateskthrough the

i nvemngi on Se. ' LSt: Lndi heu , rof ei n-caupl ed
rocontor 0ot pRFREAR, CIENBRARLS vl RO ER R R bRa A

PCT/ US01/ 0f688d s@its by shihiip 1200 throvgineleeed] indhviddal sdpiates firohk Si@did epyt 0SOl
of the cell,.to the ce’LLA tHenbrane, as in light- activated GPCRs, such as

r hodopsi n, VRS MEHAG 4%95s the BI08t GuERSLYGRRine-rapsueing sppsaf majdes photesatkact
spatial ly jade¢ 8858808 maRSPEABLY HidioBNbLUER).S of ol i gonucl eotide or
peptide libraries under the current 1nvention. 5 One feature of this

par al | el - synt heBirthermoten lighteguiiding hepillendsi andfor amiofoaprhp dHiha kitrentpivneich i Ng

d. lith hy. .| I tt.er.n-di ted phot ti I in
o hy el coo g P BEA ey oD ReGoR Bk aFTich e R iheesies Hae 5 new

nucl eot i deyseft®t@@uEOmassagiiatal ¥ sdlidPIRdse balbingidhPéRthesit B8 cESHUANCE
diversity is generated by the different patterns i'n each cycle. In

tradi ti ondionRewRds iSugh ghempisilcomnorad libzaueh cambe eed t¢ screpmrfor divgdeadsoofih t he

10 use of rrent Jnventd on hot ol.yii c. cl eavage can
be i nducedlggtggﬁg@%@%% 99%%%%*%@ §ﬁ%aﬁ.91§% nPPé??rt"fltpﬁ?'%‘H@hes’sZSf‘ é%?rﬂ%‘}?l i ndi vi dual
capi | | ari emniponmit den H atagkd andscreckiil usig tchpillassp batalléshsrinlstegy PRSI ve and

ti me;consum steps of maki ng photomasks 1.n the traditional nethod
uti | ¥%i ng IB??EE%% ?ftetﬁ%tjﬁl%%wep PR-Her eueple; 3 Bbrarsyef ciemérat eprrpounds ean bnd/ or a

i CT 04T yarflyed B Shth ARndLANRA! TR cor B0 AR SRl AP foR i Olbif) O YA

screeni ng device for drug discovery. evi ce can '
target or to modulate the activity of a target. The target could be a protein or DNA or any

“substance known to be involved in any disease process.
Under the current invention, one can determine the targets of compound libraries.
25 Photolabelling groups can be covalently attached to compound libraries and photoaffinity
labeling could be carried out to identify interacting targets. The interacting targets could be

proteins or DNA or other substances.

7. ADDITIONAL APPLICATIONS OF THE DISCLOSED INVENTION

30 Microtiter plates are the most widely used device for the storage, transport and
handling of chemical or biological samples or used as reaction vessel to perform multiple
chemical or biological reactions in parallel. In addition to the application of microarray

fabrication described above, a capiltary bundie of the invention can be adapted to transport
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used to conduct nassive parallel solid-phase conbinatorial synthesis of
chem cal CQﬁQ%?BQﬁ Such chem cal conpound libraries can be used to screen
eads $F o

for drug | r lead optimzation. Alternatively, a mESe& 0 ber
of pre-synthesized chem cal conpounds can be arrayed and screened using

capi | | ari ediolbgiosll 88 chebidal s:ay5iéEREm oAB dr 2RitPE Bedetat gizﬁ’@s t‘c\)%gﬁe? gi@rcra‘gg}/%s i g

¢
invention. For exanple, a library of chem cal" conpounds can
phot o- i noBilehoreiary fresysismp bupai§cdan itheidsellpsvited tb Gransfhesammled battvgert ® bi nd

a target qr h tivit) a target. The.target could be a
protein or 3 8~<01 ;Hag#\bit/ﬁér s ;?Oa?ltg‘g %ﬁ%&ﬁaﬁ 8 f'ﬂﬁ@”@]egevi“f?sé’g&weﬂé@ﬁdﬁd
process. Ungdefotitdilaiey wizh the sauRb: deffereR TOmsA (e ke ! i
conpound i brari eg). 25 Phot ol abel |'i rl;g grou s(can g?lg;&\?g?g?#ﬂ}qg%t??g%%% to

conpodnd | Msiliate gud wise yresab lmttis applipatidna bailiiplg fewiblacapilaries l1@th, 44014, 0.

identify i | 8 . ' racti argets coul d be roteins or
DA or | ot herEBER B B 4T3 %ol A AShr Il B e R e ke By
| NVENTI ON vk ¢4 OTtiet feamhiedr@ ena helds fie: sipalarieh deihg st dpaAeN inG€erh Qhd gﬂéh
storage, tra sporf .and handling of chem cal or biol O?I cal sanples or used

as reacti oftS FeSedls b thegaicreiien piatethas isthe sorane efithesamplewhiye telfranmeattthons i n

el . i EALI i fabrj cat |

fesor | bed ohspem BB eRobllARA EAL o By Y it pas s as

tr andfort #® Wﬂm?&z&zﬁnatcaﬁ{mﬁemwobm@?ﬁgml@hy pxta;da aaen) &al beflﬁ%@!i &
romone or | e rotiter ates 10 otner ocatirons In a | aborator

test syst eerurHIilI?}e 5’5?{“—? qucoérafldilﬁoﬁ : of hé@ﬁ?ﬂséﬁl(iﬁl@ﬂs ngthisrvsts Fer exampie.as Y

bet ween a c%iﬁﬂ?%&é?o?g@&Jyeﬁrmﬂ&ft&ﬁlﬁeé) Jee%rzsmuaggraﬁﬁ{ee&mﬁ{am“{;&gd;ﬁzgnne'

devi ces or between st andar mcrotiter plates w sane rent
formats (f oratekdhgndeflinded e6fone flmeh Air@6twelBidcrbtitee blatgs| edob ARhisH f€ms a

versa). Ingthis | ication,. |tiple flexible capil]aries 140 1 a, 140 1
b,... ar eggﬁ %aéﬁlg% WW%?&E@“‘?&%P]&W&%EE@@E@%M@@W}W@ at each
end, 185 shtuied dutoThestiecelthd dEb@laftibﬁmt@thre%etliféslﬁ _s@ﬁ{a@éaﬁr%h Ak AR GEEeS 10

the sane spatial pattern and pitch as the we I n the crotiter plate

that is thBluggedwéo s respretivamisile Sonrdelath or plagasdogethertveith titetvapillarytmbipixds

t he opposi iJlanies.in the sa pat. al ttern and pitch
s, 10"t ne e fbrdedie SRR R E ot eSSt P B9 the el Rl toyes ot e
(1404) canplate toithkéabtinatiomplhtei AltembivPhd dhBRa@tplAtQR)p14tes canWGIladlRSi t Y
plates in this way. For exanple, a capillary frame for “364-well "'mcrotiter
-plates fa é’r%séﬂééég F’%ﬂi& ARESARLYRaprsssurR is appligidp achiere the sample tramsferbe

i nkeg to four framE: 96- ) ' each of which.forns a
8xl 2 capillar ykr%ggtﬁf%i%glfl&%gagﬁ%ﬁ gﬁ%%@%‘%&?‘]{lﬁiﬁnﬁz’ﬁa ,US?‘ngrggglypp'%lgcap%}lh
capi | | ar i ewhiphdt B8lesivabletd trmsport hightead il dniltdestuslyaFboekaptd, 88formation . -
respecti vel%]ebso th(i\t capi .| arly termnals are plugged into its respective
wel | s, Soufteebesisp @ ¢ puhsharé ab ehe tie it v icsaiiTay i Pyinieek 1 inducing a

change in a photo-sensitive chemical layer on the substrate during microarray printing or

before or after a microarray is printed. A light-conducting capillary or capillary bundle can
25 also be used to deliver both a photodynamic therapy drug and its activating light to a
treatment site on or in a patient’s body. Further, fluid and information encoded in light can
be simultaneously transmitted through a light-conducﬁng capillary or capillary bundle. In
the telecommunications field, optical fibers carry light signals of various wavelengths
(channels). Light of each wavelength is individually modulated to encode information in
30 the form of light pulses. A light-conducting capillary allows the simultaneous transmission

of a fluid (gaseous or liquid) and one or more data channels, either individually or

multiplexed.
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are put into a pressure chanber. A positive pressure win drive the sanples
fromthe s®ReE623pl ate to the destination plate. Alternati veCyUsSeilsces
destination plate or plates can be placed in the pressure chanhisder 8dtd a
negati ve pressur | ied ta.,achi eye the sa transfer. 20 A

li ght - conduct i N el&%%lqoﬁg NSHng caslary Icla%?é’ﬁ CRRAYC ragﬁ'rfoﬂ‘@m@sae‘ﬂa‘feﬁmdﬁﬁ?”mﬂe
appl i cat i ofhrbiich W caMIldy WiScKaShiRRIG rﬁé%eﬁa[l%ﬂeﬁﬁ@fr&né toatﬂg hgh d has
Si rmltaneously For ‘exanple, information can be encoded on a~su tra?e at

the same trqfectlhetndax higheiothan agleddingmaieril styoinnding thegvavegaiderfyehian a
phot o- sens er on the substrate d croarray printing
or beforeg%&l a ﬁ‘ng?cg%nrlpgvvgspr T e 1540 1% taC%B cth ﬁﬁlécwglcplﬂary
or capill athe mi@hﬁ‘a&adftﬁéc@ﬁ SRy Rethusedyher sabivererhefite dphobAG ﬂ{aﬁeﬁg%

t her apy drgg and its activating light to a treatment site on of In

patient's capilipgsh énother wey isda doinnthsroapitlegnofmwetiaial having ghinglean be

i mul t ht d .
capi || ZP?"@% e AL Btele e R b RESRR LRl 88 g cpo B BFitapr
light sig nadnﬁiuofed\thrbugluﬂle\myﬂb@rlgteﬂﬁ at tHepadiiflas tnd &f B ca@ilagarhhwaMahcRgt h
is individually rmdul ated to encode information in 30 the formof |ight

pul ses. A R giy-Teundirctladding dpthimd ayay of] Pm@gtaﬂgh&pﬁmwneewﬂwah@rﬁogm on

o aual 15 ap et o mpiel (ool 0f il Gl B hpNE s Brtat g

2004 A li g‘dtat obthd fledd tmg)edmnszhnitmﬂyhmaghﬂﬁ capﬂl%aty %béﬂucﬂ)ﬂaeﬁ@bma@me&:ov@\aﬁﬁw de
structure _throygh the Ctﬁgi I&éé{/}mch is made of a material that is

transpar enfhet S‘P‘Jlﬁ%@' 91y dding. Gonspaueptylight tiapsrmitterigfh dhe fwigmt ﬁledilﬁ@l]dl ng
mat eri al se&ae&m@e&m&?%mmt&%ﬁ&g%ﬁ oﬁﬁé%ﬂrgaﬂagxbfm 4! many

ways. One way is to e a capillary l1ca a er surface
of the capptoximsl eniltoff the qapillare A fmilrth(wverrto rfefnn adnghtfeondmdng fa':i]:nihg]y hixcbdeangt h

of t ca Anot a erial _havin
o si gl o bl e RIS PRt e B BorE ity ST Rl Podbristich alia be Bt o
the di st al wan@fakilichercfapi (theGé ok Al d@ﬁ&&mﬁéaeﬁhﬁﬁv Siphet RE26HRS lh!iés{ thah ﬁxeeX' t
at the proximal _ end of the c@glllary In this instance, air may formthe

cl addi ng. magepal OWa‘Vhléh thegrefior inmpde) h@dc&ﬁmmgﬁlgmépm ieafoymi the tightt or m 10
th | | | f t
ndex | oneloHRSnd o EL: A S0P RO LB koo Y 1SR Y AltaR abed ST V©

capill ary. oﬂi:h!dehlpm&jsmd:mbapieﬁor&s(ﬂdr@ dopiag lansts tﬁeheﬁﬁﬁmehh@e%/of&ﬁé giliad, t he
cl ad&gn dﬁt;gquentci Vgge nsm ted into the fluid at the distal end
of the capfid By exEiqesdea thedight egndpptingeapiliarary and exits
the fluid at the proxinml end of the capillary. A fourth way to forma

| i ght-conducting capillary has been 15 described previously, which is to
deposit a layer of Ge or Al doped silica along the cavity wall of a silica

preform (the Ge or Al doped silica having a higher refractive index than
t he
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material fromwhich the preformis nmade), and stretching mto
formthe light conducting capillary. Afifth way is to é%g%gﬁﬁ?%&%gyer of
Fluoride or Baron doped silica outside a pure silica tube preform (F or B
doping lowers the refractive index of the silica), 20 and then extrude or
draw the preformto -formthe |ight conducting capillary. 39 22 Cctober
2004 Cdainms 1. A capillary bundle coEmﬁﬁﬁing a plurality of individual
capillaries having proxinmal and distal "‘ends, each capillaries having a
channel extending fromthe proxinmal end to the distal end of the capillary

and having a ch - i wal.l. where.in.saj.d . .or.oximal. ends of the

i ndi vi dualgl'capi‘??%ﬂler&%gl%@%scgwpélagtaﬁurgwé’ Oﬁ%({lwgﬁalicﬁp@%’é‘%ﬁel?adl%ss such
that the proxi mabxientisnddistabérdiscaph chpillings haviag adhbsiehBkfeadihy fioapthanar in a
static array in a .facet,of the soljd ss...2. A _capillary bundle according
to claimi1, wheé¥&fHh4 ghdyfo P%E‘iSW;Fn‘{e?HggFaEm an?)ﬁ@l‘f‘ﬁg p changel-fagimng laries has
a vertical hei gl aRMSinRaidQIr8XiBNRE ndd| AR AB iRl tHABEies MR elired R d
capillaries has a mninmmvertical height and at | east one of said

capi | | ari es ha$Pn§ apetkemiin splid masa pudhdhajithe pranimal gade fishisk eapdlaribeargeen t he

m ni mum vertic l gggP |g}.|gg ' ILght 1S no nore than
about 100 m crgh?ggd.tﬁg&ga I %’2‘??%& e grg{l:gércgfgrfgtﬁ%%&@%%sﬁﬁ 1, wherein each
proxi mal é&nd ofA sgiillaryblindlalactording te elpinh [ awhersintash proxanaliendlof ki ght above

a reference plane_and_at .l.east. one of. sai apillaries has a  m npi num
Tertical hei ot SRAD el ERe ms SGEnE) Be aBPTY aiRireiralte R rofh
vertical hei ghtone@fishidl bepilliridsdrae aagnaineemicalllRighaAd BUBAsY 8Ad dCsald hei ght
and the maxi numvertical height is no lqo_re than about 50 micron. 4. A
capi | | ary bundI“BPRHEEEYRAS Agnecmumayssicnl hejght andithe deferpresiciusendhel of sai d
plurality of capinihihivesiciPeight4ad HahxiRthohn el Aeneis e ieseea Pl ane and

at least one of said capillaries has a m ninmumvertical helght and at
| east one of sa&peutldfpniciasri es has a nmaxi mum vertical height, and the

di fference bet : DI . i i ah he XiLbmam.yerti cal
hei ght i s%ho rr\gggébtﬂ%%ﬁ bug@gtﬁ?&b%%%&%?lg% lgﬁh%eléfg%ﬁé)ﬁ/m q%ﬁgilrg’gsaé(\c{cor ding to
claim 1, wher eiphurekiylofgamianes has ndredicakladight abbver @teférgncefplegpintlaglcagts has a

EAERG IS TN e R TR RN TR )

capi | | ari es hasagpiliafes i Mnvedhiftalerfi@l BéiEht, antihk defrdibddetetinga thet ween t he
minimum vertical height and the maximum vertical height is no more than
about 50 micron.

4. A capillary bundle according to claim 1, wherein each proximal end of said
plurality of capillaries has a vertical height above a reference plane and at least
one of said capillaries has a minimum vertical height and at least one of said
capillaries has a maximum vertical height, and the difference between the
minimum vertical height and the maximum vertical height is no more than
about 20 micron.

5. A capillary bundle according to claim 1, wherein each proximal end of said
plurality of capillaries has a vertical height above a reference plane and at least
one of said capillaries has a minimum vertical height and at least one of said
capillaries has a maximum vertical height, and the difference between the
minimum vertical height and the maximum vertical height is no more than

about 5 micron.
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m ni mrum vertical height and the maxi nrum vertical height i t han
about 5 mcron. 40 22 October 2004 6. A capillary bundl etggcegbrbg?%(gmto any
of claim1-5, wherein said plurality of capillaries are secured to one
another to forma random bundle so that the distal ends of the capillaries
are grouped in a first arrangenent, the proximal ends are grouped in a
second arrangenent, and the first arrangement is not identical to the
second ar rangentrepillary bandlggredrding to amaelclzioc b dvhereinsaiglurstitycdfai ns 1- 6,

wherein said pl e gYe RVA i ' r ClIr one

anot her to for r# gglag%%aérrgfg%w#ﬁgloégé@é’th%lﬁatfbﬁé}%ﬁgﬁa&g%d%{ tg% t{“ﬁe

capil | ari es ar digalomgdedf tha capiflanisstaragroapgbimenficst drrengepeay ihegroxdmds ar e
grouped in a secqgnd arrangement, nd the fji rs& artrangenent i.s identical to
Lhe Second ar r ATgBHS ErouRst iha seegnd pLTaEegeRl eBd HUF R REEEBMAS "0 ol ai ms

1-7, wherein edaénthl tsahdsechmParvingementcapi | | ari es has an outer diameter of
| ess than 200 m crqn. capi |l ary bundl e according to any of clains 1-7,

n. 9. A . . ) .
wherei n edch o Sanilarybyadigiaawating &p e efrqlemsias wheransad phiralif¥odr of |ess
than 100 m cronngifinaleapfiibl eelhOflotomRGhoMhe! %ot aRBYde d‘tﬁ]nﬁl&:? 1-9,
wherein said capillarie conprise 'l ght-conducting capillaries. 11. A
capi | | ary bundlteatdeedista! englstod thel capitlaties araigerupied irsaficst hireigeneon thect | ng
capillaries co L [ I ber capildaries. 12, capillary bundl e
according to a%&%ﬁ‘e‘i}:%glsrfageaép &fi%a%\%ﬁesr%ée)e?nﬁ %&ng%%n#d@et %gﬁstt AL east
about 100 capi lif dfentical tol@e sécomdpiiahgnyenbundl e according to any of clains

12, wherein said bundl ontains at le .abaqu , 000 capiJlaries. 14. A
capillary éL;undI cg%@%y%pﬂ@efscogﬁagmﬁ%%ﬁﬁiﬁwgﬁﬁﬁ%@m ains at

| east about 5,iRi0idealiabliRFibe€Bas ahDdutch deARited FNdss MEAH0D AReR ding to claim
12, wherein said bundl e containg at |east _about 50,000 capillaries. 16. A

capi | | ary Shundi% caibasy drnde pecosdiae fe amy ofghemsiln’ seicacip gad of seidnt ai ns at
| east about 10Q40{fa Bﬂ%}i%l‘éﬁ%&oﬁ?erdﬁlﬁé&"dfllésrsﬂlaguﬂfél icffacOr ding to any

of clainms 1-16, wherein's e contains at |east about 83 capillaries
per cnR tH& prA papiliotbonde hegpding teaut of adaima 159 lyeterein eaid capillaries

comprise light-conducting capillaries.

11. A capillary bundle according to claim 10, wherein said light-conducting
capillaries comprise optical fiber capillaries.

12. A capillary bundle according to any of claims 1-11, wherein said bundle
contains at least about 100 capillaries.

13. A capillary bundle according to any of claims 12, wherein said bundle
contains at least about 1,000 capillaries.

14, A capillary bundle according to claim 12, wherein said bundle contains at least
about 5,000 capillaries.

15. A capillary bundle according to claim 12, wherein said bundle contains at least
about 50,000 capillaries.

16. A capillary bundle according to claim 12, wherein said bundle contains at least
about 100,000 capillaries.

17. A capillary bundle according to any of claims 1-16, wherein said bundle
contains at least about 83 capillaries per cm” that print non-overlapping spots
on a substrate.

18. A capillary bundle according to claim 17, wherein said bundle contains at least

about 833 capillaries per cm? that print non-overlapping spots on a substrate.
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18. A capillary bundle according to claim17, wherein sajslohipd! gomont ai ns
at | east about 833 capillaries per cnez that print non-overl apping spots on
a substrate. 41 22 Cctober 2004 19. A capillary bundle according to claim
17, wherein said bundle contains at |east about 8333 capillaries per cn?
that print non-overl apping spots on a substrate. 20. A capillary bundle
according to claim 17, wherein said bundle contains at | east about 41, 666
capi | | ari d9. perA eadllarsidundle iaegording tocleinh dppihmgein saidduodlegontgims ot feaste. 21. A

are cont ] gur od ot ann Paif b ek bih o eflen BE SR R B o8 o) "
of said dpil |Aacapkarydindld acapdink & ylain bt vehereia aaidibngdie @ontains af leastal ns

1-21, wherein at least a plurality ,of said proxijmal, ends are individually
formed Lo have Aouet os6HgbUIRHEspermaGa BRGNS GYec BPRRR OB OBy of ol ai s

1-22, wherein sgbdrat@acet is coated with an electrically-conductive
material. 24. A capillary_ bundle according to any of clains 1-23, wherein
the capil1Zdry Hearllaykysdlg asepsdiae fo mmﬁ&ngmﬁﬁa% , piheteahsaid eapdllatigset of the

capi | | ary bundlgg, c@ﬁ%ﬂ%@%&%ﬁ%ﬁj‘ﬂﬂ%ﬁ%xﬁ%&iﬁt [ &ds I?(ﬁhe Wl 4k e bundl e

according to any o erein sard cap arres are
| i ght - conduct i sgideapillaties.i es that transports both light and a fluid from

the dist end, to.the.praximal .end of said capill.ar erein, sai.d

[ ght - condBe 1 dyabilf pRafe e o B G AREIE Wein MIRLER BB aco s ve
i ndex sel ect ed ofeaitl pedximabérls atinbivatuplly fanepdas hevesawelll i ght. 26. A print
head for printin ob |.Ccroarrays on ubstrate, wherein said print
head conpr¥se o4 S4rily by ° @ggordip F(p%%ﬁ%mafl-%wvh@rwwéql st 25 and
franme that is 3gRauEM dHQ1hichnsaodddlivk apsdriapne capillary bundle. 27. A
print systemfor printing probe m croarra)l/s con&;i sing at |east one

capi | | ary 24pundt earaflary bandte ageor@ing tapmy ¢fgillaiingd -Fawdiersin thesepillanve capil | ary

bundl e, a plural} ' ' ' ' | i he di st al
onds of the oouniiehah shgpRBacPmblbricldthEnE AR OF 8 biilatihalaleTe O L2
sour ce connect b contsdimgaehestbsiratel | y- conducti ve material on said facet and

cpINECt ke O oS5 OB 5 RS2 G L cEBRITL ST,
that is confi guiakigid-coaductiopicasiliatidsabamatanagrtsap ligt ahy 2 el Kohtthge sour ce.
distal end to the proximal end of said capillary, wherein said light-conducting
capillary is formed of a material that has a refractive index selected so that
said capillary transports said light.
26. A print head for printing probe microarrays on a substrate, wherein said print
head comprise at least one capillary bundle of any of claims 1-25 and a frame
that 1s adapted to hold said at least one capillary bundle.
27. A print system for printing probe microarrays comprising at least one capillary
bundle of claim 23, a frame holding said at least one capillary bundle, a
plurality of reservoirs in fluid communication with the distal ends of the
capillaries of said at least one capillary bundle, a voltage source connected to
the electrically-conductive material on said facet and connected to an
electrically-conductive material near the proximal ends of the capillaries in a
fluid-contacting position, and a voltage controller that is configurated to
control the voltage applied by the voltage source.
28. A print system for printing probe microarrays comprising a print head

according to claim 26, a plurality of reservoirs in fluid communication with
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28. A print systemfor printing probe mcroarrays conpri shigi@ePohdiy head
according to claim26, a plurality of reservoirs in fluid comrunication
with 42 22 Cctober 2004 the distal ends of the capillaries of said at | east
one capillary bundle, and a mnmagnetic field generator with generates a
magnetic field, said magnetic field generator being positioned
sufficiently closely to said capillary bundle to nove a nmagnetic

pr obe- cont ai ni rige distal gndspidagerrdlarigs ebssid atdpast engerpiflary bredlatand® of sai d
magnetic field. : i i,Nf 1 : €7 wherein
said system corrn};%&s?gg\ﬁggl bfﬁgﬁﬁ@g?aéegé%g%sg%%@?gpgﬁgr ?ﬁﬂ%g{a%{cgﬁ%ﬁlur ality
of reservoirs igentlatardeingpontinhebiuvifideientlt dlosehetodiagt lpilbnglburafle tohe

capillaries. 30_ A print_ system accardiyn o any .of clai.ms 27-29, wherein
sald plurality TBpve S megieshreaniimag s tﬁ?{%‘.g-g%?‘g&?l"lﬂﬁﬁ?se“ﬂ?&vi ng wel | s.
31. A print sysdenspatio€ of shidigapeet@ficldf clainms 27-30 and further conprising
a flexi blf?bm)ujgt .0n which a .substrgte,i s placed prior,to printing, said
f1exible unt®* BEPHYSEBNIOr BURERE RIGOGBUEOSERShReIEH) 9idgysieaheampses

capi | lary bundl zite%rirﬁhea@édc@fdiﬁ@tomlé?@l@@d&{d@/ﬁuﬁﬁw AakservditdnRpt rat e across

t he surface of e print head despite sai'd print head and sal d substrate

bei ng al i gned semmkRicalian iy thadistahends afdhe eppillariesont act sai d substrate
A oos L ABUT RGOyt Bbidile SR of Baick 97 B SPRGEN JLiaBhflidy | L

nount . 32. pri stem acco to any o ein said
reservoirs resindgrvairs doimpeidespomidrotitasplat@ridvinigevedisn sai d at | east one

capill ar undl ¢ f.o i nting. probe arrays.is.noyvabl.e in relation to said
regervoi ?/sﬁ 33_ERnBﬁ)ﬁ{emsyg?lgmg?t&an%p?ﬁlg}%ﬁﬁ%g@é’ﬁ] bEFPRRA EHnpri sing a
print head accuxébleghoudt ¢l whith 2Gubditteis PIRbE pAeNbairting shiduékimit hin the

channel of at Ieas% one of the individual capillaries of the at |east one
capi | | ary bundI™BOun 2eing capfigiredioaneys socthesgidny east enehanilagy Gindlelon t he

probe conpri sesyftink Btqiabals cdMdd@ dafl sub3Pate AciBtd Mk sefRlBIPaRCHRRd Ng to
claim 34 wherei'n the biological material conprises a nucleic acid,
pepti de, anti bdwgd depitp said orint heag and sgidisnbstrayesheing alignod 60 tigt sadd phimi m 33
e P SRS SO e PSS a2
acid or a drug tboapencecthf said flexible mount.
32. A print system according to any of claims 27-32 wherein said reservoirs reside
in fixed positions, and wherein said at least one capillary bundle for printing
probe arrays is movable in relation to said reservoirs.
33. A print system for printing probe microarrays comprising a print head
according to claim 26 and a probe-containing fluid within the channel of at
least one of the individual capillaries of the at least one capillary bundle.
34. A print system according to claim 33 wherein the probe comprises a biological
material.
35. A print system according to claim 34 wherein the biological material
comprises a nucleic acid, peptide, antibody, or protein.
36. A print system according to claim 33 wherein the probe comprises a chemical
reactant.
37. A print system according to claim 36 wherein the chemical reactant comprises
an amino acid or a drug compound.

38. A print system according to any of claims 33-37 wherein the probe-containing

fluid does not degrade the light-conducting property of the capillaries.
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38. A print systemaccording to any of clains 33-37 wher b hidiger Phaoe-
containing fluid does not degrade the |light-conducting property of the
capillaries. 43 22 Cctober 2004 39. A probe microarray printed using at

| east one capillary bundle according to -any of clainms 1-25, or a print
head according to claim26, or a print system according to any of clains
27-38. 40._ A nmethod of formng a probe mcroarray on a substrate, said
nmet hod coifpri A REpbeanicmagey grnlgd asisgishleasiond capilaydundletagcartiagriv 26; b.
Passi ng a pl ural. R=i ical t ql:ni L QL ough a
nunber of capi Ia%ngwg%fn&%msagi %%ﬁﬁegc%&@ﬁ%@% ‘g%dr}riu t’gkégtﬂs} s;’;S&:"g{rld C.
Printing sai d plcoordinigtty any ondaimsd®h3d.cal probe-containing |iquids onto

i d substpat id d be mi . 41, t hod di
o ol ot m A% wndh BN 3Psnh AR AR ot e e A ( beads

attach to said colpskingt €. 42. A nmethod according to claim4l wherein the
beads are nmagnetic and wherein .the act _of passing the plurality of
non-i dentical probe-"d8H ’é’igrﬁwtth%‘?C&grdW%Od{%W 3i d nunber of the

capillaries compri sassgRyh Bl omnmﬁgﬁg?&%-cohmﬂﬂghqﬁagﬁu&%m'ari es

usi ng magnetic force. 437 met hod according to any of "clains 40-41 wherein
the act of passing thEbepp{eapiliaries of said papildasy buodle simdtasewsht andi ng | i qui ds
t hrough said capill & -E;B“ LoV di. e S € D0t j al across
said capillari 2050 to%fnrgl\%zlgga? p1r§ E‘ﬁS@ﬁ egl:tlﬁigr%&fel éoﬁlg%i{slm t%l?lglﬁigﬁh{s?ai d nunber
of capillaries. 44. sAiduebiteate cioan daidgatndonapybeiclairigs 40- 43 furt her

COMPI % NGt 1o RGkaBh ccbbiT B RY LTRSS 2L LG SHESL LR By pasei e
made by a met hegidaeady £a0 td sui@sbsahtec! ai ms 40-44. 44

42. A method according to claim 41 wherein the beads are magnetic and wherein
the act of passing the plurality of non-identical probe-containing liquids
through said number of the capillaries comprises moving the magnetic beads
through said capillaries using magnetic force.

43. A method according to any of claims 40-41 wherein the act of passing the
plurality of non-identical probe-containing liquids through said capillaries
comprises providing an electric potential across said capillaries to move said
probe-containing liquids through said number of capillaries.

44. A method according to any of claims 40-43 further comprising the act of
illuminating the surface of the substrate by passing light through at least one
of said capillaries.

45. A probe microarray made by a method according to any of claims 40-44.
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