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BACKGROUND

A microarray is an array of spots of biological or chemical samples (“probes™)
immobilized at predefined positions on a substrate. Each spot contains a number of
molecules of a single biological or chemical material. To interrogate the array, the
microarray is flooded with a fluid containing one or more biological or chemical samples
(the “target™), elements of which typically interact with one or more complementary probes
on the microarray. In DNA microarrays in particular, the probes are oligonucleotide or
c¢DNA strains, and the target is a fluorescent or radioactive-labeled DNA sample. The
molecular strands in the target hybridize with complementary strands in the probe
microarray. The hybridized microarray is inspected by a microarray reader, which detects
the presence of the radioactive labels or which stimulates the fluorescent labels to emit light
through excitation with a laser or other energy sources. The reader detects the position and
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
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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.



and robotic spotting techniques. The photolithographic techn h&ﬁ

Pat ents 5445934, 5744305] adapts the sane fabrication process

el ectronic integrated circuits,to synthesize probes in situ base by base.
This -technique requires a Iarge capital outlay for equi pnment running up

to hundreds of Iiddificdn® the esehdlibiad suilltHig shotibg ﬁ:l:hlﬁﬁéglﬂé% Herd\B¥Wa Hufilb@R6 T ay
designs is.15 al s? ver‘¥ exp nsive.,due to.th cost of OdF‘CI ng photo

h
masks. ThUCIORTHA; Agsothat gl Deing BY% ¥ PcBiis dbs dnKIek

standard mcﬁﬁaagya)&captilaaywm@ gh volunme. Even at hi gh vol unes, the
conplexity in ts t he productj on _throughput resultlng

nt hesi s, sti.l
in a high nicr sf%@sy 187 ?‘Eg Weéx'iot P&T"ESMI'GF rﬁquﬁ@quélﬁ@tﬂq’?s’o‘?l t he
synt hesi z a@li~ENAl %ﬁélé&btﬁei at H&Tﬁmﬂfﬁb@ﬂtmﬂ; o aS$Bkttat®kd 91%'&{463 2PblifdutReikases) ,
whi ch reduces 20,the specifi nd se |t|V|ty of bridization in sone
appl i cat i BREOA R Shtoueh, AR “ée%‘ﬁ%‘f% PRG ls@ewr)a%‘ew[ uoed ntit

5807522] umebase zﬁrheﬁmaMdeehd@ﬁiggﬂeﬂmﬂa%ﬁﬁlrﬁr@é sel@Rk onW b&lEL1dl RIJAIERS,
probe spot on t head into a flujd contalnlng

&le m croarraly r% ‘Hgﬁ'l n
B of £ -1 1 FRECRen R SRnomer oA fhe SHERE Jo Femily Peesrnencmtes, aafdgang e
pr e- det er gibseste pOSTeparON for kSIExNEhoRBONEHIMA Geadfand he pins are required prior

to the 25 spotting of a different %)robe Iﬁ t he ma array | n_current
desi gns of such® g’&&*?%spé’%%%é Hees SRR osfien of BRE ot REAsprabes

carrying bie nm: OB Poub udTBrlohctk aﬁscmveapﬂla@ylaage&%p&ﬂg tech@fqubd) f6OREA nati on
t o deposi b Ies at controlled positions of the substrates. Because a
mcroarra?f 81 ns a very large nunber of different probes, this

t echni que, al t houghe hi giWQy d8/2986) EMultipléxeBemneRthlyr Mgdlysis |pparafy eshdt hough

t he speed can han errpl oying nultiple pin-heads and spotting
multiple sli delgl%gl%? % C(’ee%o trll‘lg}f,qn iroducti on throughput remains very | ow.

This technique is theref BFQoﬁ@ﬂS@Qu Capk peh devinesglor wohy pentiegs byfobliidct i on
of m croarrayspigodufdRber 2004 I n addi ti on to the established quill-pin
spotting technol ogi es, there are nunber mcroarray fabrication
techni ques that are® bei n&%e@@l’@ﬂ@@ %@Wncﬂ%’é‘gt hsterk} etby t Beehiigol ogy

and capil | ary BR@idatéigicalkMd.et technol ogy is being depl oyed to deposit

ei ther cDNA ol t i, ndl vi dual nucl.eoti defi ned

posi tions on a\&gg@?# (ﬁ Itg?ﬁis?)‘?“b‘&fl?&l T, SR B o OY é’m”i‘ﬁ varray through

in situ synthebi sumnGoysiee tetht high cast of progoction] matroatbeys fabpeaelwitl existing t u

one base h:i?)l& éjﬁérﬁgle!ﬁ% EIIVQQSM Q%"‘g‘?ﬂ}&%gp' ng sol utions onto sel ected
ct| n n u

| ocat i ons omner, bstrate to renbve excess
nononer s, and dryl ng the SHMMEGFUI‘HEEIDWTIONN the next spot of

nononer reactant nmer t tech ue us |l ari es instead
of pins to spot* ccﬂ(ﬁn%ﬁ%ﬁ‘%% egh?ga’tet’%e%ﬁb%f’? 1°%I'—aoﬁ?pﬂ$aé'¥ g’PE‘hﬁé’é’me@B%@s
capi | | ar yploadigdofSpdividiaigapiiatiesilguieg pfodmalrandyistdl ahds, ethicapiilaries 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
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20 proximal ends ferminate within about 20 microns of one another. Even more preferably,

proximal ends terminate within 5 microns of one another.
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. .
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
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i ndi vi dual spo?@%ﬁ%ﬁ?%fﬁéﬁa% ﬁ?}haeg%aﬁfﬁ%?.sm %&f‘%gtﬁf“\??“’f’ﬁ%ma‘?@%t er

al ong a capidg ayyfhaasmiber nﬁmethbamfmbeupﬂlaﬁ%araugﬁt-wnaﬁ@thﬁgb&aﬁmes,rﬁgh@ than
ferahly the dianeters of all of the capillaries

about . 3% variatjon, and pr !
aro 80 wi t HPeY Bblsipchedapiosiealsndok ash oaptBet encithe grositing ofisht caltingtber of
a2 RO R AT g B RS O AR e
capi | | ari gwsbnaspgiatemheratire chanpe inrdaseal byoan air boanother fluid flowing through the
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In another method, individual capillaries are secured to one another to form an
25 ordered bundie. 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
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of the solid mass. A print head of the invention has a capillary bundl e as

described herei A mintagstent may haeafiedbletndunt bAMhidHHBE stisstafaMeqin: fed10bH
the capillary bundl e in int system A print 5 head may altérnatively
have a fraﬁ%%taﬁ%?loH%ﬁeﬂsAgle&h}? moppipespts ths ubgirgte padiar pdut heag ko move gt em
has aopri nali macidest l@ht VOl .t hose contained in
emdngadrop by ko IR R it |

a mcrotiter plate) in ui _ ni cation ds of the’
capi | | aty bundl &beprintiead 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



print head. A print system may have a vol tage source connected to an

el ectrical WO op@sducti ve material on a facet of the print heaglvamthsk® an
electrically conductive material. 10 contacting the probe-cgﬂ){?i %ng)gl i qui d
near the proxi malif e{j{fjs of. thf caéai,lglari es. A voltage regul CtoRgy2Y98 used
to regul at &4 HPRB PSSOk mmaResinbighss hap thag aypeiesshoardaratiermo iy
nol ecul es. “YeiRlyb&RbPIY Méar® ¥ Phfshh oF i | LNt head, a
plurality of _?eservoi rs, a%d a maa e'ﬁréﬁ | ésﬁgé@%{%ﬁ%ﬂ?’é%ﬁ%ﬂ%@ tioned
suf fi ci ent FBotas ¥dbe genter aftecrepulanbexadén fremdd by sixmetghboting Bsdts 6f equal distance

pr obe- cont aj ai f1ud u as fluid contai ni ng nmagnetic beads or

par anagnet ?dc%gg%tgll-ﬁgeﬁ%%Sﬁé}ggggabgﬁ%@ﬁéﬁnpgpqrﬁg.r surfaces) through the
capi | Isari es of trie ilndbe furthePpicd¥ides ¥R ibigy! unt on

whi ch the substrate, the_ pr i__n.tf)head, r b%oal;%g%ﬁgigﬁ%% .at}%{%}oﬁe)xi bl e nount
perm ts théTaigssienhebnemisenticabprobes bieadubsirate verandun 2ftamdengnt themsidbmRal t O
one anot he r Q\Vi: L Qr_iaproved int quality..The print head of a
print syst W]ﬁargrsa{/% qgl\é n@?rﬁ@g%?%@oﬁ%g{mfeﬁ anr?{?ibBHT ﬁ‘éEOCBﬁX_@éQi on
(toward ancolamay afd eaws hreinaHonbyaahd Sitterhbahihe Epﬁtw 806t Afte QSmPfB{ AHGHw O -
inthe z-direction of an x-y-z coordinate system, wth the substrates

movi ng ben@XEhOt MNCYEPRP Pattrsh @cross the entite rwiskgarray e igfoimd intecairayelyat e

conf iigur ed i j. I ' t e,25 statipnary, with, .

subs tlrgat esfa%gférl%e{ rgr%\'?l g Hg%t%tt‘%#eu?%é qloﬁgﬁtﬁg%rﬁl? ﬁ?ﬁeechfn@élgsr QFJPB%U%%)%‘“&W‘#P%?%% em

of the i nvBwthenthpimtiedall probesif deirktprobe@ibr P sdytHa0RS a randd&ﬂ%ﬁ?%%n}eﬁt?ofp” nt
| )

head of the prj nt.%qiéstem is free to nove. Consequently, the capillaries of
‘the capil |%?r§“1 Al Srofes prateg usive adfirst andom bundla of rapilbaries il biats pasitions o
al | ow capi b fe)subsENE TRPY; FI4 L d MQLrs.to al so npve. In
addi tion, the r Ie_lservoi rs&gg‘a& gja%&‘% ?ﬂ#blggy(gs}?gérng%ﬁé@ﬁgﬁ%%vgrr?tb%?fapsrcﬁ?rgfabI y
resi de i n Brobeguérgemay prietsd using elsectndrandune beidle of CupilBEie 0 MTHI PRSI hBsiTUES
sol utkon i . ..0f, the capillarie he i nvention provides a probe
micr (%gr r aygk-ctgérf)n?dlil‘}slflﬁé 2% e&ﬂ‘%‘@?ﬁﬂﬂ?ds@f ;Lﬁé’ﬁ-eriaB@ seatiahrelgiogshin obthea.
substrat e indivaduad BeMUONd T Bhde i i ; -

ol m WIRAR! dhd B ofdaﬁmﬁia«.scapl ; g?afrgfgﬁg%%gq c?fytﬁg

01/ 62377 PCT/ USO01/ 05695 22 Cctober 2004 center
probes is HAgwdeRl caiHaniesdn therbradisrres sindamd ApprobemicroByay primel osingd randomeant

a pattern gf,aregylar ' I nd. requl ar _hexagons wherein eac spot is

at the center egi? a F}éégl{t} %ggﬁgx(g%olﬁw Oﬁ%dn eDi AGHE M5 GFRtiRs] BI98esont equal

di stance - substrdte irerarelom eernsubst rat e may be porous or nonporous. 5 The
ion furt rovides a probe mcroarray conprising a random

i nve
arr aﬁé ement of TORehie PERICHBFEE S fageof Bu substeate, and dhrdumizr ppgbeent  of
non- i dent i g@hunitRFARTTHE SriftMrfhlh MM RRRES. e ﬁdﬁt%ﬁ%gﬁs%ha@ayea%?%ﬁaar to

be organi Zed locally into _
substrate on which the individual probes are printed, plus the surface area between 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



colums and rows or in a honeyconb pattern, but the probes do not have
col um andh{,(gﬁ/ugzgﬁger or honeyconb pattern across the entire nicroarray as.
is found i y that is 10 fabricated on a substrate u% SOU@-‘G%::‘
phot ol i t hogr aphi ¢ techni ques or robotic spotting techniques. R4 ¢ he

i ndi vi dual 5p6,0b83 gfotR i rngg,q: | i [ rangenent
of non-identi cal 9roobes °£)°r$°‘%rr? ed use{?ﬁgﬁéa@t?)? ?%at&rﬁénag%nq?g{ifﬂ%ﬁgggo BEE 1 ari es
Wi |l have poessictindivainalip to headsingkivh ht®istnosffioted tethefsulmatdieopaitly apg of the
sane individual probes,of a second r ob .croarray pripted using a second
random bunﬁ?‘éa?%?tﬁ’c Ugh 5r§- dic, garsc}gg{qnéfer %@ﬂ% QRS Of SOBforAEonah ditgmeting -
probes ar eoflBinaF Me@tiBYattddR |sBtbte! Sl ds YRR H-R 0.
i ndi vi dual capi H?ari es1 o?_ theed){ogﬁ%g%a ﬁ%%‘%gﬁ?ﬁﬁ(ﬁe&%g Q‘gﬁ Otsr%g%t{nal
r el at Ponshpiepdviding magngtivaltiyaf agapthkl methed forattableny beatlsdo arsebstamgiom A

robe microarra rinte ing a.rapdom bundle is one ex | e of a probe
Ir?icroarray made% D%Efr%% Hg%ﬁb‘%i@PH% TSR RSP rofETay Ons%ﬁg’gggﬁerfﬁuﬁnﬁ?h%dom
pattern. 26orhpsibass of: Hraidink %ﬁﬂh&ﬁl}ﬁ&h@%&% &fin&ik!f‘dut%ﬁ%&ﬁeﬁ‘—fe . and

t he nunber of probes per unit area of the print surface is e"prin
density. THESSEEnon-1dentical probe-containing bquids thrdweh snitnshear af éheanapillaried t he

i ndi vi dual _ inted. .plus.the f : t t
it vi dual SEREREERNE o pRhG: 0B ngB- AR ReRHOBT SordiRte 1o T B srbstente
nunbdo of- fyfbasheprobs uiit@agap THeRR oS RS AHg 1@%&1?436&1@{:1 ™ L}i 6& iAhea in

which few or, no probes are printed, the 25 print surface includes the
surface ar SHtaska haed CHFish &S thsrprabereenipiningtliquids misecantaih poehes attazhedto e.the -

bstrate Qe | 1 | nt ity is hi t hat
2T ar oo, nunber Sa SR e S e Rt G B P SR i ol o™
density i smawe tedstdatiooighBe cailies. 1, 000, 5,000, 10,000, 20,000, or .

40, 000 probes pgr cn®.. The prohes of the probe nicroarray may be
ol i gonucl eot i deiL? pﬁv@ggrﬁag@amgq ¢ighmbendde may bg lightcopsdugting eapilarigs skor

i ncl ydes  pRIsMAE |aqg11it—@§§ducﬁﬁ% E&difthlyYs RYE Ye L‘E{%ﬁ%}%ﬁ%& AT ﬁ%dr;ﬂésga[ ﬁrp)sgrly

about 40 bases), or the probes nmay be proteins, , Oor ¢C
conpounds. d¢sigriedrefzaativy indey profileacrosaity crossiizetionto finoihe apitiad) t@ﬁlﬁg@t@@@{t

t he nunber. _of.probes in the m.croarray,is | east ahout 1, 000, 000,
10000 20BRoRE EEET a0 B S NEb I e Srtiarye roh pabcath e lueisacim 04
500, 000. -Alighiene fHd reinidalyBRsikefesd®d by attaching any of the probes
di scussed above individually to beads, which beads are affixed to the

substrate: covalteeia gmbodimentcafthe wwention; atightyeonducting w@pillary pad afirst portidan

der al s . e L.ognal interactiagn .of bindin i efies
attadped « SFER A8 pEPRE BREk B0 o b ol R Havish 1 Rs0r AR T hgse
st r ept avi- dvathe isnmemet themttefirstaefradtivethdewieRtinedidfefor@l forGHh RAnfi8ES e @
substrate. - .Ong_nmethod of the invention fornms a probe mcroarray on a

subst r at . PFRPR. Therltahdrcondiging samllanydurtherdas p prowinel efidag distalends antvedsy an
having a bufe! Galbefilflh YicHsilel SRR BE E§THary, and an outer wall. The 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 ﬂ:l.é 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



passi ng non-identical probe-containing |iquids through a nunber of the
capi |l | ari es¥O$i/mip7t aneousl y; and printing the non-identical pCcT/US01/05695
probe-containing liquids onto the substrate 10 to formthe p ch?b 004
m croarray. Thg. gr obe—co%fgihtnigg liqujds. may contain the proBeoy 4
sui tabl e | iFQUV @ & FEIGR O TRiZaGhve BReles glnngithy Iegethi oftheleapitlary dwhisdioungedbes
attached t &vaesions OERUS SRS; I\Ge: ' epasi t nto the
substrate usqu n% a. magne{ Fégﬁp tilgeisl Hfgg%%rgg%&?ﬁgé#e%ggafﬁaﬂ)&ﬁgﬁe@e&CE)PB‘?

capi | | ari egilicghior instinge.dithel cresspiettiomnl @sa afd tilter dinmeee oy ¢ illary is such that

s or maa o aNAg Rl ddonE0 6, 158008 o s RETE G g ersPiLE sooBsr gt mar bect | ve
i ndex 5pr of ideositedl 95 8n hred of 1D5H? 585 kiR D! ﬂ?ﬁgﬁ%? ‘é%gﬁﬁﬁkés'tzl‘i‘ﬁ{%e&; R %ﬁ;ﬁ@%to%

light fromthe distal end to the proxinal en e cap

capi | | ary dight-eonsreting eapiitaniga ciay beifgimedaant th biadie metiyvbedutiiized adpart of a

si mul t aneouysl y. enhodi ment. of.. the i.nvention, a |ight-conducting
capillary ;@éi'ge P?r}tgﬁlggggysg?{naiéesﬁﬂw ™¥first refractive index and a

second portion hawipifard a8 @sand afpeit Bl ofehd iﬂ‘dé‘ﬁﬁo‘gﬁr}gﬁiﬁa@’ s %@%ir%oegt‘e er

than the first refractive index wherein said sec portion 1 nsi t he
first por t§a5H toyateen digmeter dha denethmf acapillatnean aatddrst atas 20 cpr and mal  end,

di gial ' [ L, def i ni hannel th th
capi Mary - Boteraiy i icn: M |G MBBnES bk B e hEO o bRicalY Bpsah quser
axi s of thdiamsgér|lesriyan 2000midien adtefendly letl Son $50 ﬁﬁ&iﬁn.@@ﬁ%@l&nﬁr e rd N

t he axis of ifge capi | | ar The first portion and the second portfon are

confi gured of {fugth tojpxter I%Ifleéﬁtralﬂﬁé’&ﬁ?ﬂ bruitheralip ofrang afftkesp velkiesyaind éypicatly the
transim tt ) Mendetf SRk SanMePRG-EX fian I 46PIDIBRYorln e di stal end.

The channel of the capillary cross-secti ondl .
sufficiently | afges,tthiaineenfibnfecdtveesturiing daherahaniahltaotdhe cotdusd @t agfd of

th il i sch .at the distal.end of th illary. |
e G301 e SEUR OG5 LG St ol ot ol the camTlary, T one”
carrier whesdighakdivia@ caslersiBat BEged b ﬂ{edicﬁhgé{{icltéa fegn %ryobﬁéﬁﬁlg £3MRAREd to

the refractjve index of the capillary that acts as
| i ght - cond@ise3sed tisxuss er engansy) ee inskuptrinl davicea s g., fw indpaciiigand fadhe tabkyor a

| i ght-cond NG GRPI |.s...an,optical  fiber capiJlary, in which the
capillary %ét%gé«gl % ?s ccl)*?f %8@8’“ %5’bﬁ%@%@ﬂf‘ﬂ?ﬁﬁ&E&Pﬁoﬁljieﬁ’i’/asgwmaﬁﬁ%ﬂﬂ
PCT/ US01/ 06£@bilitp i kanidtibe muld shslvd didiguldipleSafpmatbn Bh@heief ractive index
al ong the | engt %f? t he capil|l artééuhat. I s bounde by regions of |ower
refraltive i ndekiS¥may&scradicted themeh lishtcondycting capilaties nba pot Ibap before
silica, fofejoRBindRe6s : lonal, area and quter dianmeter of the
capillary i%ﬂ sucﬁ%?_hgfgpgﬁe sPég%h@B%(%g’,g' %ﬁﬁg@ﬁlgﬁﬁ?ﬁ&b‘f& g2 t8aRcety -
non- over | afiprepespoight mhy bé qeridticted yhrbegtbihd diphs témilcting empildRA ofh plidt KH8 ON
a subst ratgurb_ l%ugdl i ng..capillari eﬁlﬁtg%get hgﬁ. A bundl e _of - Iight-conducting
capillaries h%yPB efk&ﬂ" 40 R AR e patyvasa i ¢apillesy fasst gdrthe of a .
pri nt - headsubktrite ahd td\gktS0t 34 R fide Gt et B8 DrO il contacts the substrate surface.

25 . Light may be conducted through the capillaries after depositing probes as a quality comtrol .

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.



A capillary as used in a print head of the invention typically has a | arge
rati o of ch th to outer dianmeter. The length of a capillary can be at

| east about "™ and 10 preferably at |east about 100 cm E Wﬁﬁy as
used in the invention typically has an outer dianmeter |ess § I Cron
and preferably | FGEO: nt | .he ratjo f.length to
outer di ameter fg%%gg B%%r? éﬁgy tgﬁgﬁsglgl?r ?I(%E%%T%g%glsé)f; g?%}é%eea Sﬁ%@,tga&ﬁ%coa‘ged
typically Wil alagenof light sennijive shaterbalf &id aplaniitesf hiobey @2t §lotd fARRO0, 4000,
10, 000, or_3 this inyention features a uni%ue carri‘er that

000, Th
si nul taneoﬁgq??wge&%8%34’?‘7‘%&3?1811’5?5@ £ AEpeRIsitive material maan ba §ydosphobicdnital .

The |ight eannber | pf | . ol ndi vi dual
carriers may bg %ggﬁggﬁg?%a é%el%hgggth?gpgﬂ) %@grwﬁ‘%g%n%ﬁ‘ﬁﬁ%ﬁﬁa? B%E’Pfeng
di seaSed t Fas¥ly@osiioned ganappritm dfitbiuisitbsirat ke vs hekogialig if thé Uguidng Resg ng and
treating c r .leaks).. A.plyrality of a carrier can be bundl ed
t oget he? téfb%rgz%(ﬁacelﬂ%%fs e égﬁqliﬂrede'g-géﬁébi lity in handling nultiple
sanpl es and nul (Thpkerel | . uct ed

nm P ehﬁ&:@él@@bf@ﬁiﬂcﬁ%ﬂé{?b@ of gﬁn%fk%&%%ﬁ%{&&&&%gwggﬁsﬁi ng

t hrough | ight_—conductl ng capillaries a prin ore P
probes or 8eFitnghpmswddeplvdes ¢aptactiog e pgobepmizpaarmyavith glituidenisih by@aias ea t o

i t i ght b ted t h the Iight-conducti
Capi 11 ari olieaRBSnend S SRR nESAT BEERA BACY Fiacttompotss & hdiauid 1o
di stdfce bassosien witecaaplohentayy fasel oﬁﬁépﬁﬁ% rﬁwébé%%?}i? aftfldo b acg}gee?-ggéb[éi oht

real time whether the probe fluid contacts the rat e’ 'sur
may be conBRIERIEEEs: Arbigiorminmethppositonsay thf tasget gghosionipigres imtiemiamagay.

quality c o] QS 1, ne | robes haye been.deposited,

Gapeci 4l [y o Era TRTIH fo { L R b B o SRR PR g bPat v g
that fl uorssfoese fileor dedidarsdnaéracrywiuth ab fdahlondf mh®ry BAPEARAInALS, WRYR engt h.
Preferably acet of the print head used to print the random probe

he : E
m croarr ayf-’]i?h% ang/of targst 1depiies s fungion efxzobupesdtiorsasthe substite.666 .
capi.ifari es per 3 aR iRk : Cf L ofential. may optionally
be applied across the (’:'apilﬁl éaﬁrﬂloe %de@%@l{s@dﬁﬁ% %&Ssqlrpr{nﬂgg ioroarrays,
pr obe- cont eieniwhpn| the sitdratetand pyint héwel mapst pedfet@p alighedDEavdlE PR W8 notOf
the i nventj n.can f or med us'ﬁr;rg’ any of the methods specified above. 9
01/ 62377 PR 8% ® GECIogzayRt piokrs Bebde Rript bisd npamebla ofayinginet hi s
| nvent] on may aTRSIGRMY MRha: SYUREE Gt Bl ARGt i hlinfad gYer ©f
i ght sensjtive material, and a plurality of probes (1.e.”  spots 0 probe
mol ecul es)™M&FCHNS gHeraasaysfaften theinfospatinre. A | i ght sensitive material may be

hydr ¢gphobi ¢ but r Llic on exposure to |lj.ght of the appropriate
wavelg(l’(;ng,t h. Pro e&snléélgﬂH %&eigﬁ%e? am‘éﬁ‘?\’%‘“ﬁfﬁ?’i‘#&ﬁ’?&%#ﬁ‘%@? %’P’@rﬁ »pbe he

‘substr at e mivatartay deylr@ihichiiéndl bvédpliofiadid ' lp%,g)_p npl [e
carried is -tgl arﬁée g. vvate'erl). Iﬁeﬁ?ﬁygﬁﬂ o'}ld?g?t\ggb%gbc\)/l esﬁgﬂ%@?ﬁ%&ggg?&s
using t he Poper o merisfcompsiseseesitioning emicrofiey betchtic: lightldeesr and

cont act I NGhhiRg ﬁgﬁdﬂﬂﬁﬁé—ﬁaﬂmﬂé purﬂcé bﬁ%ﬁ%ﬁi@dﬁ%@y% Qrtlg:!xgqg 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



t ar get com‘)onents for a sufficient period of tinme to allow target
s

conponent s WH¥#H871 i quid to 10 associate with conpl enent ar yppTbasiseds t he

probe mcroarray, if any, to formtarget-probe conplexes, %%&%:r%d&m ng

t he positign -pr.obe. conpl exes i.n the.mcroarrady. . The

posi tions % L?/t %%a%%ﬁ%%%gg% Nt 8?53%(? HEET Oﬁg’é‘i‘mg\ﬂeﬁ ogﬁleéﬁuﬁ@ﬁﬂﬁﬂéwﬂi ty

using, e. gcomparigpothelghepdtichearely W@edies &@Hﬁﬁf@?ﬁaﬁ%%ﬁrﬂ&%ﬂq@'} Y MEIOTy
| den

that contains data on the . probe and/or target tities as a function
of probe pBEHYTHHMAGEs Bipsrpededpatiensaray.addi tion, the invention provides

systens and net JF Lk LN, 4. r ._even wh t.he substrate and
print head are Egtg%%)%hlecﬂ% b’gﬁ?%gﬁg]é%%&%ﬁ@l BSEERE e TRgumen éﬁ?“t%the
conpl ét e nusinteativasl abfenpe ob pobehBbmtd 0B inkérole@dor de ﬁﬁﬁﬁﬁﬁ@na@%v&ﬁﬁgg{ ng.
The i ”Ve”t'%ﬂ‘ .furthe fr ovides quality control instrunents and net for

i nspecting® ‘E?‘@BFP%@’E » §F thermistiizing eliprabe FRAtS on 6hel asrayn dhiseuabity cohirdlet ect i ng
t he uni nt egst ARESH ] Ckoarf or th
uni nt ent i oﬁ{glrg%\%tr%g%gi{é%gd% Ctglrj ace]ﬁéﬂtg%%g{)%o&r%ﬂo-s iHT 81 BPERRE - spot s
on the arr egstaining suethbmol thenpcoarsy grashist aRilag he MiGOOREY, q}hemgﬂﬁ,%hﬁc&léi ght
det ect or: an%’E shtiﬁjgja%l i g{\% on a pr.obe-containing surface of the mcroarray
at an angl 8% 5¢ 745 6 Hierprgbe-coptaining sreasesthat gomtain ap prabes reflerte eway Fght
fromiphe paRhrhcantabnt o | ) . 25 surface that
contai ns no g%(l)l_bes. ThreI_IB grlli%ﬁ{eéolﬁga%gflggggﬁdp %%E (gfrﬁ g?é(;g%&é%ﬁtn A GhibePLoten e
det ect or i pPRRINEECYHECGS seatisted suéficientiyaihet thh dbteciontietests tRrmbRice o the BiK:

pattern arp egé)rngd tb scat{%er.i n t he Iig.ht éo the detector is_detected,

and the Iigﬁg pactern oil,a;egﬁ. LURIGHIPEP T o6 ARS €3p sterala Tophihe dight detactyy, t o

det er mi.ne whichltatal sigtls Qatdspna 180l IAht PRIEHES a) %ﬂ%@%{ﬂ%&%&éﬁe Rpay. In
0 robes

anot her nmet hod of detecting the unintentional” absenc rom a
probe 30 nfat BbE-gpnginipheareesohithe mitrorady. dhe mhismpromgswof isaoinfigend tpr obes, or

t he- pgs-sizi e r t he net hod .conpri ses .

poSi Fls oni nédrg&ﬁ?%re(%?érjﬁ %ée)‘('r)l&erg Sﬁ&éf 1.[F'g téﬁf‘e gé?te‘?ﬁu(fip ary 40 SRfarfeRgshondiRe ton a
surface of ait énpeoted patiernayraqito asteraiigh & (he!fifhtqiage drity GAMSIRsHRL Bloedipd er nal
reflection of the light within the mcro array. Alight pattern array is
formed by Bt#tHy the 10 WO 01/ 62377 PCT/ USO1/ 05695 22 COctober 2004

| i ght refractingpfi hikhi ' : ~conkai ni ng .area of
the mcroarray and %ﬁ%{gﬂ:d&é&? ﬁ’éﬁlﬁéﬁf&g@%@%ﬁgf @g‘g‘?“ﬁ%&% eél%% 8’&5

pat t er n arabasnoe@fpeetss fionrea pfobt heicicathy or hetmérentinabyveHBbsihess idigegipect ed
pattggn arﬁr‘g\ys érhﬁe' nv_%lntmn_ al%?ﬂprow es quality control instrunents. One
i nst Fument PEETe &t DI SIARE of mohe SHOk; PR the BakcHhis Auglity penirol inskmmeniiss e

m croar r aylight déteetot Bhd'd Bkt 90k cONBEl-8PRI ﬂ%x]e Qéht%ﬂfcﬁé:ﬁﬂfacpﬁ?gﬁﬁcroa% the

finis-sizing of probe spots on the array. Is quality contro PHSEr unent
has a |i grRlagdibsaeash thedighs deteeir. Thelighbtshinesfat gu engle soffisient® daighbtabnt 0 a

DO ottt AEhcRHbE BF o ot ntl L BRLOEN A BilbhrBteddliYeteited dalh
' 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
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a first set of areas of the probe-containing surface that contain no probes
reflects ayay.[fram 10 the light detector. The |ight contacti ngq a second
set of probe-containing areas of the probe- containing surfg%gg 1’@?§O¢Hered
sufficiently that the detector detects the presence of the ITgRE%Rf"%he

second set had grreRckibifinyos COREAGER Ay S LY %ﬁti&%?aﬁiogﬂﬂsl Sipfil08 ﬁqfhcﬁe' | ght
detector, which data _signals correspond to a |light patterntarray fornmed by

the |ight S@EmR@Rdy quedkdy waslied oanisad contdforidifferantaasbosanies. i cr oar r ay.

The m croproces ] I gur to 15 conpare the data signals

cor r espondi ng ti)I(?llt{3 ﬁ‘lé‘?ﬁnﬁgﬁ{ﬂl“%ijff‘g?eﬁ aa?urné'&):rto S%SETIES’EBF‘PBE 5495-2pd mgthods
expect ed pésitrrodocing paobt ticebesys R3Qrd fnotd illyidabdritea bR TRIS %ﬂ{&?%@&%ﬂ he
expect ed. Fgﬂt@tern array. Another quality control instrument of the

i nven®i on 8F 4§ dirslessrapioRisles a swnman offare saberimoints df fhe disentipu, dut thipr obe

i - Ll i ) ' f .adj.acent 20 bes, th
T o o1 21 g apon opa bl ERkEAR S BRL K8 o B BT iion s Bpi e demiive has
a |ight detmtembodingnts disaisicdintiis sectonf Tngi® dhd iﬂvéﬁﬁdﬁ%{félgggamoﬁ:?nts,

surface of a mcroarr pl.aced beneath the |ight detector. The |lig

shi nes at a¥ﬁt%{ﬂ§|383§m%déid&%%nt%@dﬂb@ following seotians imggddégmitothasé t he
light. wthi ! f LA, M Croprocessor receives data signals from
the |ight g%ﬁtheégp%’r@\%ﬁ%geggltmﬁéi gnals correspond to a |light pattern array
25 fdPmed by the |ight r&@RIERDESCRIOMION OMTHEDRAWINGEaY at

pr obe- cont ai ni ng. areas of the mnjcroarray. The_mcroprocessor is configured
to conpare the e L1ty sghsmatic diagrrsmerl erp enabodiment af grmicprsmeg fabrivation 0 dat a
correspondg%rﬁ‘o an expected pattern array to determine if the |[|ight
pattern array matches the expected pattern array. A preferred arrayer based
on the inventi oliguse 2iilisiretearprinbheaiosntanidg capiabhebibifed FRLHG SAWehRGoRne

hi gh- densi E%%.édo%numglo 10 gm probe pitch), large scale (500,000 or nore

pr obes per ! EHX) I8T°"oarray in a single stanping action. The production

t hroughput for gjcusd BERHBE 119 NnBSH B | ).des per
second. Such a thﬁ_ghpu?g?eggﬁoﬁﬁ&gg%%tgg%%gl n prtgfu%%?%g{agga%hsﬁaﬂﬁo%ol ume
and st andaPertippethebdipantoghewiels of a siandeddnticrotiter ptatd 1 WO 01/ 62377

PCT/ USO1/ 05695 3 r. 2004 has greaf flexibility for custom

i croarrays as Fﬁgéxe%%lﬁfsgraﬁ e%‘ﬁ?’f“‘e%tffgf (3] qdaﬂfiué@éihﬁﬁ? RaeSiSieE®s can be
qui ckl y wepetingl-addiasenicoudegilleies 8 4 faa6ntbupgRbe sampl es. The invention
thus provi'des a_nunber of systens, conponents, neans, and nethods for

produci ng pr obeF1RUEs dalustrpies gae methodw edentifyiiye theosition ¢f beravimalRridofaunmar y
sect hgn 5@%;111%2%1ﬂieﬁﬁﬁ%ﬂ'ﬁﬁd@%ﬁc}nd&ﬁjg@?%&&g@my of some salient points of
n, 0 €

the inventi ut this sectron s n interpreted as limting the
scope of the inFigurd 6iilustababtypd indaleridatiag rcasillagiBhn@Ehesig e plide flagomgsigd in

this section. lnstead, the. jnyentjon involves all conponents, Ssystens, and
net hods di%"gﬁ’é’g@g" fot‘imtthi:%méhﬁgﬁ%ﬂ‘?-ol | owi ng sections in addition to those

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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defined by the appended clains. 10 BRIE F DESCRI PTI ON OF THE DRAW NGS
Figure 1 i ¥Q0¥eHéhati c di agram of one enbodi nent of a ni cr PAT/KI&YL/05695
fabrication system Figure 2 illustrates a print-head cont aii}i(f'&&)tepﬁ)oat

i rmobi | i zed portd . nty-one . capil]ary bundl es 5 Fi.gure 3., .
i |l ustrates g r?%%?n?%%l\}gﬁﬁtggw %BW&fegpﬁpPL%%’ni‘s&ﬂ?f PPk OIPIFFélthLiT?Qsm%‘W@PF]on
portions t fbkrsGrdudedti® fdrfiea ﬁ@htlﬁa@ﬁsﬁégtg@wgem crotiter plate. Figure 4

illustrates equifpmant for and a nethod of using light to register the
proxi mal and di §igire dhiiisgates hpwia fhid ensfor devicerndompobethaf reultiplegapiblaty

il lustrate t:n0 | LE Vi he position of a proximal end pf a
20 capil | a?%l?ﬁnﬁs {%eﬂél %ﬁe??@@a&%@@%#og} I%Pﬁgﬁ%ﬁlﬁcd?%t?r Eiagﬁf‘@”%g ’l“ﬁeﬁ%gfr at es
steps5in f bge catatingamd slags thhisliquid inehal ksémgirdcetithided Bl A8 Rarolifr plate.
removed to formthe fini shed bundle. Figure 7 illustrates two nethods of
controlling fl ofigug &5 giusErigha hepgycambinsgemsinuebesthat kaw beyforeap by karints,

i.e. the u | @Qg] . e. 25 Figure 8
i1l ustrat eg@aﬁ%%%l{ﬁi%%éshﬁ?g Hib’i)e;mrre a(%lpéglgllﬁslfoé%gfoﬁ%d? {:J%?eé-%r e 9illustrates a
spring-nounted Figs¢ i Giltushatess raridont pAteaydtiesbes Whiol e£h foaiviibmERntddaisHRen

substrate and print head. Figure 10. illustrates probe deposition by
el ectrostale?PdﬁP:’r“ﬁ'fl? ﬁ?nﬁb@ﬂ‘ge | | illustrates equipnent for and a nethod

for ijpspecting @idn : | ! ' is oy

1 udlr Bt o oqu SRe 1P ReaYa fFR Gsiclt Bl fof BB e Wb de ot Rg ongy g
total i ntemagheticsfuppait oote aofubbtrajlit Wit hin t he substrate. 12 WO 01/ 62377
PCT/ US01/ 05695 22 Oﬂ% ﬁfe,_r 2004 .Fi%ure 3.ill usgéat es two_ordered spot
patterns that chRUR i %éﬁtemé?ﬂmi g éTgaF‘Pl (08 SEROTHIEE FORIgeE i a
print headsulsirag i@ sEHEHR Phdidehe FHgHLR it it %&m&k&ﬂ«& %%ghem@eﬁt'ﬂédﬁirthgrhg&&f er

devi ce conggsed of multiple capillary bundles can be conhfigure raw

liquid frofrmgoniastias theosubstrater Apthatsesie tiand, itgs nel dochigif that it grayents dpmpbdts y. and

pl acgst hat < i quid. . r ixs contained in a single mcrotiter

pl atg.5 Fi ghlﬁlg@&gaélpﬁés%%?8§Et§;%%nté§3‘g?§fra fg?eh of probes that can be
formed by a pri Bigwhtadlwnates sshlbgnaiv@\Hrieing hahexdnmnt BUeRhE fackibidhe print
honeyc-onbv\ﬁat tern. Figure 16 illustrates a random pattern of probes which

F > . g
can for m whead B iehbudhsrs ispirises af ts@das phinarwupd, the sybstrate that is sufficiently
high to prevent the print head from directly contacting the substrate. At the same time, it is

not 50 high that it prevents droplets from the capillaries from contacting the substrate
20 surface. '
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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10 Figure 17 depicts a print systemsuitable for depositing probes

1 mobi | i ze%g%llﬁzﬂ gnetic support onto a substrate. Figure 18 illustrates

a print syst aving a collar or support that contacts the W/ﬂﬁgg or

structure around the substrate and is sufficiently Iong to p%z

print head THek®MOGAR LA bie not ,so

high that it prevents drogila’e%]%ﬁeétgwf e caa%]lﬂﬁ? ari es as{eb}ﬁft'a PTG

t he substr &Pd %ﬂ@%@@spﬂndgilmqugousldrwsnmqu&msé]lquail t er nat | ve printing
is_flat but there is a riser

arrangenment wherg t cet t he .pri nt

at the edge of, %e %tgsc‘)tﬁaﬁ%lmat' ﬁ’g f%‘Ht?éiﬂfa{%ﬂtaFFetta? PR whichy e prahes icgn baiepesited.
pr event thd‘h&rsubitrdt@ﬂ&lf 1&1 fleablel of 119816%?1%@"&&:?3% cﬁté?nﬁ 13k ﬁsedTAf) Hhe sane
tinme, is _not so hig at it prevents droplets tro eca 19Fi es
from éo nt actbite may b sgmabéa of Inmdlgmrtmdézr empleLEDc@Eﬁ@chPtﬂaﬂ‘sl 141%1311;15 of

| NVENTI ON | [ oarray i s used as on

enbodi nent Sg?ﬁ ﬂﬁmgﬁ?%{é/%n |'1(;)Hr%S %\‘fv‘t QE%ENA?J@ES e Ry B’&‘ﬁeréﬁdso be
used to pr atietalaferaasubayste of @ pridedfin AR

probe material s which incl ugle butprarGe ngtéﬁtﬂylﬁrlnﬁ%lggé%g ﬁgoxyrlsb@nugg’g%d

aci ds ( DNAPP®H&nucl ei ¢ acids (RNA), synthetic ol igonucleoti des,

antibodi es, cel i, t.i.d ctins,.nodifie .
pol ysacchari des, silﬁnu%% 1&mgp;5 Ogérgf(%{sél%tldg gr%’ﬁ’tﬂegéﬁq eglasqnaﬁare ‘?FE‘E?(HI&I
nanod0r uct beesise wlﬁmhﬂéwtuiep ahd pEySeptidsDEHnl Beasdivhleaai Qﬁached to a treated glass
nucl eot i des/ uclaggsl des, nodif|ed/bl ocked am no acids, fluoro ?1 g

chr onophor & LRSS ebyrs patBnimAkiaspssentaoisg Sé@@bo'ﬁhﬁjslﬁssamdy bé ]ayeteélon
conmpounds Eﬁ&h t bi nd Ci
ntbracts LaenerinaRENE oARa0G s st ARERS LA aPhdths SIRE Ailime

M cr oar r ay example od b substiabgintlvdes eplastid mgwlsdme‘r&hm e %Hkﬁa&aﬁqﬂl%%aﬁﬁ%

carried by ransparted _through a capillar

f.ormtha an be
13 WD 01/ 65@51&;‘ %/W@&%W@&mz Rodingnty a fyrdacs ampﬁ@@ta@mmateaahot
l'im g6d t oneguRCdEed cithbredk 8pSIth %Mb%f t8hpe Bﬁttﬁe sxﬁﬁ%f’aye W? gtugc

particles suspended I N agqueous ‘or non-agueo |qU|d
formed of Weﬁ%ﬁ@rﬂﬂéﬁaléwr\mﬂ(ﬂlﬁndiﬁnmmmean be deposited. The substrate

itself may be c ilizin ti.cul ar propes used, or the 5
substrate my ber BAsemry PRan rfd vha Rabsiingon s Dlp-euis rgpeseribna
it is capald®Bigofe 1. ﬁh&hl&b.tﬁﬂﬁﬂi@sj{ﬁé;h'l@() is Bﬂntslkgaﬁtl'()@tc@m?ﬁ)ﬁm %l%@%ﬁb%
nonpor ous Ha%g |aI appﬁ; ferred materials for the sub 0 e présent

i nvention 02 @aalsgapﬂm'amﬂw poingbeadis fluddist linged ;crmreserini)rIOS
[ Nl i d f
Irrarr]tTg?? a: 7! ‘%gl becﬁ’usg pgl ynucl ?‘eggiéggeﬁa““%%te%tégﬁa%%%%Oéah"%i‘ﬁ X iﬂlﬁéht ly

attached tgandard gutretiteglpleses 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 stage 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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surface and gl ass gives out mninmal fluorescent noise signal. The gl ass may
be | ayer ed ¥ V1/453f her naterial, or it may be core or base par/esiascef the

appfatus, or both. Another exanple of a substrate incl udes]fzg?cq%r%g%dgg or

polymer ta e te. with a tin f silica
enbodi ment ae?cﬁ?b? ﬁPgl%ghé%%?rgr‘sépﬁlt?fmgoﬁarytﬂ@?‘&?(%%?gg%ﬁn §G WA R EPRERUOYS Ry
be added, ¢ashiteratanvetsheighpposdiipat.si de of the tape fromthe silica |ayer, or

sandwi ched bet :fgerh the silica |layer and the &(y@y'n_er or_plastic. A
microarray fabr 5954 Py derepifipn sisthogs andipiber dspopition matlods|ih wdichgtrebes ,

schemati ca i ElolNls Ssystem 100 is a I nf - head 101
conpri si ngkﬂaa&l bzs g%dég%&niﬁgsru %%?a-{aﬁf %%@%:%%P%I% %S ml%jé ﬂ?féﬁ”@%ﬁ%? AF¥ St n
the phint - Abagirssraveia Bhy distankedn tte @déeFansty, addthus 3RHMBiinAD 2
specific EEA sa}_} | e. The reservoirs may take the formof fl urd wells in :
st andard nf'&#Ut $’e‘? cthpdy tequiiqrsubsiaptirl perpd ofime e fabeicets ankaap ohatsubgzde.vi a
the capil | arygs | oshied on to t.he
substrate 1_1% ] r?ﬁgg%li(ﬁglfe eﬁgédlt{cljtﬁ ic?llg{hggbfag%ﬁﬁ%%%gr Eﬁ%l %gjﬂ?rﬁ% %5 B EgT R m
120 to i nsptletimate prirtlaimigraafrayhe fabricated microarrays online or
off-line. 25 1 ngghe I.nvent ed sle{a%em shown_in Figure 1, nmultiple mcroarray
substrates are &4FPFORg TossRYolrs in thessiemaan be Rgeitiongd abeveriheasint head andngl e

axi s 1on a siRARicstssBEWL A i ' [int
head. The transl ation st agg&grgﬁl %@gﬁgﬁ%{i!&gﬁéég%%%&gﬁe g&gﬁf\’/{g)g/glpgerbelt
based syst &#facqeif Pisetibairatey Beladvantige dof sadi agerengemahtde diangifet piin@ns the n

this way, substrates,can be fed tq a, print position beneath the
print headﬂ?{rﬁ%%&ﬁ%ﬁ o U FEF g@ﬁ%ﬁrwpﬁg tﬁggfﬂ“%e‘é{émﬁéﬁiv%ﬁ@hm@n entire
set of pr otsiforhyanong Qpilmey add ¥aME 1$834dy cSiIRASS a jﬁs%%%{éﬂetﬂg&h%ﬁh@x' S

(up and down in the z axis). O the print” head may" not nove at all
if electri @SWO%gﬂéﬂ%nﬁﬁYGmmbﬁiwipme hest Heomtwoisy eelow dias privitibeind. &he 14 .

WO 03562374 8GEL 5 2 04 descri bed helow ,As a result,
micr ggr r ayIZ manuft ng%bljjjre ?ﬁlg%c%—:rq g%telg}ég%’r)cg{e%l%gtﬁ%{esf’ ,\’V%éc}lc%ﬁgﬁﬁu&ﬁg-dqﬁ’gg Cat a
very hi gh sthgolytpsiconfignratiohothé capillavied @postiok i r&&ii@&ﬁ%tcﬁgﬁt. Th8Bfobe- _
deposi tion t'hOd%P"% ich probes may be placed on a substrate, the print
head novesCIHAERE LG HR §e meved tg dhepubpirate by Resssurigingthe resemyodrspion snstanaeel a
| ong di stance, TRe b Q& . 8 ti.ona

deposi ti on net hods rQquilggﬁtgegﬁgéﬁin@:baagg?%%gé%ﬁﬂtqﬁdngﬁ%%ﬁ é)ggfa%éte an
array on a2ppapsesfer print-heagy flwid delretrgmrole ddpesition end inspedtion. ThaiGethiss of

conf hgure vel .a.short distance and require little time to print a |
micr ggr r aSt.h %%1%5%}02‘{%%:1 3@8}69@3?% PeHsg ng@g{% Ve Se5HOBpsi t i oned above t he
print head-and Phigi-Fleadtrates, as shown in Figure 1. The print head

deposits the probe down to the upger
: 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



surface of the substrate. The advantage of such an arrangenent is that,
after pri m'v{;gﬁugﬂ% fluid flowinside the capillaries can be driven by the

gravity, which'i's very stable and uniform anong capillarie C%‘i‘etﬁ(‘é/ Peobe
precisely controlled by adjusting the -height of the reser\igi rcso.be%gog

al t er nat i vepossibla)) G tiNva S1)tRe PHACE RS, HE LRI L RS B | ad.
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. e

print-head, fluid ﬁel_i very, probe deposition and inspection [

. details of
20 these technol(GEHEERS Biedin fessystem eansha medeiof silicsher dtbéd smitillg neeetalonsh 1.
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rect angul a?étgfrﬂllﬁe? E %gac? i, %SP@ﬁ@ﬁQWeB‘h’nglme’n@ﬁé@nkp%adl‘ﬁhW’Gﬁl@@ﬂd’s of - .
PCT/ WS01/ Ob4ifaried aredeft0bsde o2 Q04cHATS kddkRbirs o ah{ﬁt@ 4R Yips hhtoalEs cgf][rla%trvo@&?d
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can be configuregd to print on nost or all of the cée area
standard ni cr oséBpRroxImendspf theecapidlories way hndolidified tagethvn usihg ezehefivrd! e

in the sys i Itas easier to identify_each capillary in a
bundl e. AIE e r%g%ti veiy,nél%golg%}%# eepgﬂ)gﬁjéﬁ%&se‘a%g%ﬁﬂbﬁge %Pg‘elb‘émﬂr%md or
in other shelymer that Eapinkivani Rsxiblepsh that thb eudgye! RRFGEAR th ed Rl RL whkh i ca or
ot her. suitabl ﬁ&ma.ter{]al S }sﬁiggge%?as.gl ass, ceramcs, polynmer or netal. The

capi | | ari eZCEEAGEUPSLIHE P T Qritiag ds therqveny thatethe gitinting fase ds faskt dffike
capi bbari eplotistHde nBEQRX f | ' nd thus, capillaries
that are bSn’deed £o follry aql%?ﬁfﬁhgﬁea a@%‘%@# g%tscapgé)rﬂengige Pr@'?tﬂ}gi fe
that does wEpPpiienalybepolishddsopnivide a nerytitat soffaqy; ebthabteqrotinm Eddmprihei r

IR T T S RURCR A KN
' fac_:e is held above and 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 confains 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



The capillary bundle is assenbled froma | arge nunber of individual,
ready- madeWQ@Hi26T7ari es. Capillaries are bundl ed toget her, Bot/sifosed i nto
a single mass or block at their proxinmal ends using an adhef%(]‘f&ob%{z&bﬁ

pI

f~sing th i1 | ] th i mal end th

Lovet per st 3 WrefBbiS B leatboB! ATt Thord Hos oL dersth e S0 ribieapld al

ends of 15maspinky B hesut @ren HBEKR of BRSEr Ghd AL &HAGH &ﬁnéngéf‘a% rof oty c?f’li:%ep! ate
a

t hat dips intﬂé) a set of reservoirs. The proximal ends of the=capi ries
may be sol FERlaTEE thagiaerre! okl mpsaisqueferablyoat leaspabont 5 and foorerpreferatilyid

Chat | s soseuir 1ol uf BARLERSmBaCGh B SitatRaR BidbeutY rlnafsa iene.

when 5pr esseid cagiision vith Ofraime Ve GoattiatlorMhd HhARgsthi. LREARY rftgﬂi"“{ he
printing face or facet of the 20 bl ockp'i(ait not %Eéﬂrl?gctli/ paral%@? 0 hﬁ{e

surface of PEfRelidmss degsaot defpem gppreiebly 'mAer pintingicogditians so timy a opitroamat | y

be polish rON V, f]lat su ce that the oxi nal .ends of
the capi Fflge{‘él%éeg ‘t%e{éf ﬁg?seﬁ\%\}é f’%lleﬁ 05.%06[ gﬁ%éttr%tﬁ‘sgl?e 183%%3"55 ﬁ'g © Cﬁgﬁaﬁlﬁ’?ﬂrﬁnce.
That is;  i4uffitienthy longitobe if Aoid domrielichtish N BB eesBAORk beWithQuietigae and
separated by a nom nal distance_z, the difference between the shortest

di st ance t 6916%?00 P neer i Piefarshly sthe boose endsiasaalee stffigiently hang (RS the ane

and gpe grl_%,a&eep"‘t}nigﬂ%tftﬁ% ﬁaﬁg ﬁ{es%c&fn%ﬁ%%é ﬁ%ﬁﬂdﬁ?@;ﬂﬁoﬁ%ﬁﬁ? éﬂjég ﬁqtuf > e]; re(r)](r:n e

the plane is no nore bout e.a. )

i n term nahdadiwith lattiantress tb she capilhmies st tiain tabweipillbies %ﬁbmacmf&edkhﬁiiﬁgam y
no nore than about 20 mcron, and nore preferably no nore than about
mcron. Th&%trinmed bl ock has sufficient ri gidity to assure its facet

remai ns paral | e dn@tHePembblietdnab L tveRGosd iﬂhEthﬂed él%igﬁﬁeq%gth%g@nﬁgl%;egﬁm of

the inventjon, the solid nmass contains no nore than ab he
| engt hs of 180Rds equippadavite s sepnvatingbrecite er gollantl B8R thak prevérits therfaed il 8®BNGE i S NO

noreizt ha ' nd..t he | r free ends of the

Copt 17 o'+ QBB y O biliEthn RO Gl B Fefflon b el mipporemab e dvacy,
the ratio apedigihygiry fohetie@seoiapiohtie dirfste [FHcE k8 85atily oFGn WRALABR377 .
PCT/ US01/ 05695 . 22 Oct Qber 2004 solid mass is preferably at |east” about 10

and nore prREfeTYEmateral),apa bedrmaged oftermrpeates] ¢antachmith thesubiseatabout 2 cm

thick or tdy ' : S 1 h ti I th of Iapse .

capi 11 ary To TRa ot Syt bASLARERs telfol o e o hirdeBingo B Sorviepla

nor e pref elisthinop dallustiated in Rigoret 1 8ebwechithe sdgd of tiRssilan e UG amihy ficet 1A is

suffﬁ&ientl #ﬁéc tekﬁlt t rint head, alone 5 or in conbination with a

frang thatsegag £ 05%‘ Py @adiqeﬁpowg’faéhﬁhe isubstiate putiesitll spficigntly dlosstto t he
o .

sol 1d_mas sdelogta0pletIRf10 N ARRL Qfek:hy ALk ROL! hOGRARL Thlher §0al AL 2
mcroarray is formed when probes are printed onto a substrate: & oose
ends of t H@tbapselidpicesobedindsodlly-diapert ingtetiahas illostied. The kolla negresusiscast i on

Pref er abl v 2hs tb Sulbetlybe BHbu g Rab B eFCionst Brprotute ireeved! Beose

portions dhcetfiencapiddiagitessdeeaseeaiAnd)y UP-and-down movenent of the

pr nﬁS 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
17



head with little stress to the capillaries, so that the capillaries do not
crack or break /gggj, ng use. In another enbodi nent of the invention as
illustrated i i"gure 18, the print head 1800 is equi pped g%%f&légnﬁ%%
supporting bracket or collar 1802 that prevents the facet 1 of 15 the
print head shbsie Ot 2GEHiHEn i e 22 rt
1808. The facet, especial I%Bgrrﬁigﬁ ur%?%sgnélgﬁgog)t%#ﬁoél r?ﬁ't{ﬁg&g%tres%%g%%gﬁch as
a coating O¢iPEmE BInsevent thelfhget foonbhing damagedt eri al ), may be damaged after

repeat ed cont acty W 0 ubsty ate,. nsequently, the supporting bracket
hel ps to prol on(j13 a?fﬁégl?llh?‘ﬁ C%‘F%F &;l ld:W *%‘?%8&.99%3\7@?1%%@@&iaé’tbﬁﬁjé%wéu111 a

i || ustrat estandarfingiefRitdrplae MRAMKEEE cAAGSmMe St 'bﬁrghﬁﬁé 1ol ACEL

1804 is 20 selected so that the printhead does not cohtact t‘a}?g:gglllj%gfra e
but i3 stibplegifhs Ratiom pia micseplateovelld éftsiativelyomd sosmis Faginé 3, the capillaries

pr obe- cont ghnj | o the str .at he callar,need not be a

solid pi ecgbg? é}g?/%# ngrl 8a?’%§¥e§iﬁéﬁe¢1ﬂ%€@wyc@%ﬁ %ﬁ???‘ﬁ?%‘?fc?ﬁ’@aﬁbﬂ@sar may
3 :

consi st of 30%irf & gri@, whiah has thaGRas spatial PeteRf i i Apth dRBm| roghafts

t hat pr otrggg Eoé‘?r event_ the facetlsfro%ﬁtcont_ac%li ng tahe substrcg(ﬁ;el?tgfag?ri'

i nst ance. PRg raretelocked osrewrstandarinyigraplate fo establish ¢let fhiid Ginkade fori nt

head 1900 : tr., 453 ' 0 be.pl aced on the . outer region
of the subgﬁac?gﬂ%g%én tt hégggés%%?ﬁ %Bﬁgep%eﬁ?%ﬁam%ﬁarﬂe%eo %Pc?ﬁﬂﬁ FRger f%r
subsifPate lnigtterns siordgedEpoalss howgibls ppkahshd &R81e s pEabEe f&ﬁ{btaﬁfibr{‘bf"zg fluids.

Furt her, th%}ﬁ @gbrre.effect can be achi eved by positioning a collar of
sui t abl e dPFFBRYRLILCIaREHA tPanBsiallp aeV setof myikeoDiaieq tamalkern differentyinitroaray.

al ternativel y ¢ eyoaklsat o IsciBiof GPAA! e ANLONL B DOELL B0 L ored, from 2

polynmer or felt, for instance, upon edges © &-when
the facet -fapiltwydundlovEhete niveths fitightrmtle’ anbiguidesplaen ighods Oebie@Rvdl

positioned so ttl'u t it f% t ,does not contact the substrate, even ?'hlough

the cushi oni-ng—%z—magp' it ressed and the print head is printing the

M crdfrray on themé}igﬁ@p&ldr_ﬁ%ﬁﬂ aﬁﬁ?ﬁfe]‘cﬂ%péﬁ%-th%% f%@%ﬁipﬂ%&?{%ﬁafef b MiAt e
I'C e -

The cushioning portion provides a "softer” portion upon
| ands, heP3sKFd i sndemsiar intha thadistat theqrokisiah gndicofile chpilkais, iaagith ey can

be fl uidly,ldl X . £SEervoir I, ma e the Il in a.

st andar d n?‘kcﬂr%ot | {8% 8%?3%&%%% ‘f@?ﬁﬁ@o@%“ Wlﬁghﬂé’é‘é‘gﬁé‘?%ﬂéﬁ?nﬁth%% t he

capi'l | ary pakingboflrahdom tagilk@idiotht @apilirid Al O PPdHShs W8 kdfered ét%reg@ﬁ bIRELY. as
301 can be permanently fixed to a frane

shown in FJflgﬁL;lFJe 3, the capillaries

302, which 6 spatalygirm macbeegelapicd. thecentepsof @6 fhreendjackut, spatsimby has
t he s@ne i@l : Ege andard _m cropl ate 304. Then the
frane can?ﬂgghlagg ﬁg%&‘g%i f} éﬁggé fmé&n%grsﬁf?w mglcl:r?&cl)] antyogpgtslf‘g%?qr?na hexazen-ui g

| i nkage" f oloweegshmixayeé tlisakignment it hesraudom blulidie BF CARIRirak Sodd h@umbudRed £t i on
can be taken.of.f the arrayer foaigl}o | ong-term storage. It is also possible
to wash t HEHRAPAsioition of Hheglotah alignapet of e gRo s allustrated in Figure 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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particular mcroarray, then install a new set of mcroplates to make a
di fferent WQVH@Ptay. Following is a description of tw difd®BUgnwsest hods
for maki ng the assenbled .capillary bundle. These are the t%gl)‘u%t 1R &4 and

"gui de- pl ate” net had ectively.. 1.1 Tight-Pack t hod ? e

tight-pack method, aﬁsgé nour%ﬂ%ﬁ%fth?\té? PQ‘i‘Hﬁ%?aHﬂS%ﬂfﬁ/iba@S%wsﬂ&ﬁit ughe

tightly packbecipillargislans slsslemablatod tanShieh Elia: 1ﬂce|§nep@&1 HRkr, gfagﬁxaf-},f. the
|

capillaries, in which the outer surface of a capillary is in ect
contact wi t h TEIFRYOIHRSSaelpIeean therpha teastablishadibydamahing light &itp mechafapilandom

capi-l l aries, ' ' LLl.ons bn referen t ach other.
The | ocal spéﬁ}gi pa%%rlé%\le%@ﬁ%@%ﬁ:%gnlﬁpt §§ b &ég%n Oitﬁlg e@@ﬁ?i‘rgg‘?%tftg%s‘éq‘@e ?‘?d:ee
adj acént spotusingey ifagingrdevias aechovireindligreld, ThiRGh@ging Advist ¥abPObithera
surroundi ng ?r]f;d{lpipm cg& form a hexagon. However, mnute msalignnent in
the random b agad &%ﬁl|ma¥q5@6§ééﬁc%&amcaw§p@rmghtrg@mg mpﬂ?ar‘ ies can

di stortion ofygt I 1 3! : : Jlkustrated in Figure 2
and Figure 15P ALtrRe? st ARk S 1 BESHAES, i o8 B ettt
anplified. Thedeyliobighesthan it oupatregion ardnad aBach argivin will REHRONaKS the

al t hough such. a_bundl.e .be used to print a prqQbe m croarray at high
density, t he%&%@ﬂ%@ﬁa@l&@:&& gllsthe pray fmopgh Hecapdlent he associ ati on
bet wggn a capi | | arpgis fidg@fapbidc : | i : 0j- t it
| i nked to, .thus the Spr%%e a%’g@#?@@%?e%%@‘?‘%’;%gé’hc g%%@ﬁ%&cﬁéﬁff{/eﬁgacked
to form a captaysat firunethed sda chas thaaersuifhabbfa fitica edpiitaoa ity lyméd ng by

re-establishing the one-1.0-one soci atign aof each capillary between 30
t he proxi mal ‘%ﬁldl RAESY acgﬁ%mggx.ﬁiae%ﬂrﬂme nogis Ejrgﬁﬁéﬁ’ﬁﬁﬁéﬂ’l AYASNBen nade.
There are a mualeker®fluidwihbhifiRr 8sFtekld Sk HRn SRR Ik A MpBBSPH AL4OR 1N a
tightly . packed bund| e. These éarre: . 1s V\0601/ 6237#%%#‘%801/ 07%%%9922

Oct ober 2004 tepppeayy fuid gpre cgpable pf transmjtting dight throngh thebapiltapab erd flso
t t] ' i t_is al | e of
trangoet L naPrEret RO oo LG, SRR b B plefords ST BRI Sinbrmads on

can then be by felitwinpitsdmddified lchetniohl vigot ﬂgmtsiﬁioammﬁp;@a@dd:é idely héedm t he
reservoir end ﬁ_lnd O.b% ving the position of the exiting |ight at t%e bundl e
end, 5 using™H®CWHG %eﬂ mEsy £% onhelibenperfoymy fabrication; then dervingthgevi ce

can be el NebratonOGRHBaOOMotlil 1 olft SRRSO SESANARLILG! RCOP

Li ght guiding capillaries c produce y creati an i nner’region
i n-the capi | peafyrm can ald bhmateby gtillingla odd ofauitable sizeithdegh e dyisgifar t han

th t ' d i S fon.wll b le to t .the _light
o B8t o dafimBGe Bifeal FoerBrEnd of SShaindia bugiot Beres frataiea nidorn <
l'ight trappi Bgitab&gpas silies k. SRBé Fhéride SpmPRweleRL frdclva P OF éﬁr@r ent

ways. A first,_nmethod is to coat the outer surface of a silica capillary
with a pol ynﬁlihca, 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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with lower refractive index. A second nethod is to fill a silica capillary
‘using a t LA PNt fluid with a higher refractive index than that of the
capillary to créate a tenporary fluid core capable of trandfsSUSiHBIEST ght
through the capillary. Athird, also 15 preferred, nethod is to draw the
capillary out of adprigdeonstul caplifaries HsBhldB-&AdNRandREEHy LY. £ Bkl
nodi fi ed chem cal vapor de os?t.ion_(l\/C\/D)'pro_cedure W elg ugieiggﬂcﬁg%%gg
optical fiber?filgusestipes griopprialentri¢ papstlarirsrish anfetd) liyeatnddiclechiercodtiagi ng
the preformw ' t.he central cavity at the final. step..

A terhati vel v inelPley 8 the iy S8R G aGBilp B brgrapiiBraionbomne o
sui t abl e si zevdltageoghhd fietaba Jgomaaenaaf el ki TREeaDicnGiab d R PEEHR M or

depositing a |l ayer .of fluori doped silica outside a sUitable pure silica
tube. 2Si nce fPEEERAEr distal gpd pothecapillae, respecitvelss @nd detexmimingthe position ofthe i t

forms a cl addipg; 4 I | hght i nside-the pure silica region
around t he ceag)tra rc%‘%@@%@%&@%@%&i nto the capillaries one by one

from the distal TendnentonaBo grovidysawo2¥ayk e wudeistes !Fﬁ&gﬁﬁtitﬁe?idéﬁﬁt& Bﬁag_undlt e
€ position coordlnate

pr oxi mal 'endiﬁclmlo te_th%otlet of the air flow ]

of the capfPCaryC i@f’afﬂ?% lﬂéﬁ? fqrayed psingny ob thatous msthada desssibedhahave.

bundle. A @ hdSih - gg&gq;flg[ e used far .t-he

fl ow det ectmiagfrll&%%causd;g%%g@ gel%}sq%ﬁérg n causggg(%g%ﬁo%%g&?%#éﬂ?’ﬁéc Iﬂ'ﬁﬁyl ary
al t e t heposibomulay thalregisteredtto ah haage sfithe f36t keFi | | capillaries with ink

fromthe distal eng d tgserv where the ink exits _the proxinml end at
the bundl e facet u%i AFSHY e FLRHIOEIGHE T @Bi%sY epordingte sysfeimy Soh.
Capi | | ari es capeenilt]da8te Qaab A wil i SiHdgdnd Nk of
i Freront - cororemlg bR Rt G AT asst ef s BRaig "l
netal capi | | dAeREY chsanhaapilaty HRaoftaett bar boregistged by diealyeetrthoughiel as
a silica coatj r. formdiglectric capillari.es.with netal, | ayer and
dielectric codéltrl* r?g(:%ogilue}#test %etﬁ?'r’é(?oiﬁm ngt_emrﬁé S Ptansss Jos eaoadipaies represent
assodbati on camathemedtARbishog: du 1o @awA %o tﬁéfﬂd%%ﬂﬁfﬂfé cbbﬁmg&éé enPlo the
proxi mal end of the capillary and sensing the voltage on the 5 proximal or

di stal end ofS@pRiarigs dieicapidinatessngn beireenrded inrmdatalnee of otheryishavedisi digital of

the capillar ' . i 1lari.es., The i.nvention al so..
provi des two %a%gbggbfggt%%ﬁl Ca 4@8%%% 5 eef%‘ss?%gt%fia\gﬁatxpfwgo%on s doritiop
capi |l ary in cf comestioadingrreseehoiision gistdl \enaf tof daeralae br PRiNQdRe HR&RRL R4 oRbOVeE.
Capil lary positjon, he registered by way of an absol ute coordinate
system or ca&BFtFap (Wlﬁ:b@q %%?%atﬁégﬁse@wég idistalcad. This anpionelyis relativele f acet

f ace20: L) 7S Qe @ RGN 88 ofiRhE khaddbr!ife Bhilil & suakbr et b0

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 facef to a file. Each 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



for exanple, can be established with reference to the edges of the bundle,
and the iWenmureey?7of each capillary 502a, 502b, etc. can bergrgsivssed by
the systemthrough its unique coordinates in the coordinate,syssLModsn

this instance,.the coordi nates represent 15 a mathematical vector that can
be drawn frorfMoFETGY iy BTG SR EhRRN ey WhichgoReraieh a Dk ahfigitalimages The
coordi nat es CARifRQektTROFAELht WhvElef §&cbe LG M ' | ghtal  or
anal og form and the coordi nat es ec%é‘g% aggo%éj%l?ggmétf%%w&d%ﬁbﬁ’%ﬁ ¥he
position of werpesigdiyitafrancs or woéntaetyrhediint Bie seantsedtimagocarethad e or

o i stal - endORRta S et imeS Reiedah v Pripias gseBifily Bhbhidentiviae
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are packed tightly, so that, as shown in Figure e ca aries form a;
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| t der. f |t L Ln t bundle. 2) |
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enployed to register capillary identities, I'n this ne as illustrated
in Figure 4, S§aunsApnees 445ewih ts [Baeazediprags éile pfige sapillaydemdR ] profstdrbdin
bundl;g facet c}ﬁ@ccﬁn debe- Each capillary in the image (e.g. 402a, 402b,...)
is correlated to Its probe reservoir using e.g. one of the nethods above,

t her eby bui | di ng. singlabadis eorsistihg ol OYOOH bemofbiapil ket B4fbd ABrHEASEIMAY S 30
with their, coryespondi ng capil|laries. The spot pattern of the printed
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position, and this information can be~¢orrel
det er mi ne Whassembled bess anoederly tundlematriaas shywn Af Figtrd 3/ or fotth 2a%inehead: T8is20

w0 01162377, PCT/ USP1/ 0569 2 .0b 2004 m db
micr éér r ay 2L tﬁ% }18&6&%]08 f?? @%ﬂ‘iﬁrg@&"g‘r‘%é’?@eso‘f%@ﬁgg é ralfa%éi“il%@%ﬁxsa&giedkﬁm?‘ﬁgr ent
f1 uor escengedsa, BRCirA e e svilnestehir #I}%tt&)g A8kt Ngulol® Bd0can i ch

is incorporated by reference in its ent , nned | nage can
then be congpairediniodifiveent swoaps withgwe duodleger groubethew npxedeandtmatekédatol | sh

the DNA i ' . i he, m ¢roarray. JTo ke the i e

conpari so egg(ft%drlﬁglge? @%?‘2%%3% " d}fﬁﬁﬁ%@rﬁ]ﬁfm%ﬁ?&ﬁ ﬁé’nﬁPW"vﬁﬁ epihe

filled wi tiseattepptibakbndabxibiliey td stkn @hlg&nfe' gibth 6BSBBEL onth Mhidrofira), etk

dye. .These distinctive spots 403a, 403b, on the scanned i mage of 'the probe

m cr 6ar r ay?CEFPHe A PSed as reference: points to match spots 404a, 404b

on the scannedgjh : ' ' f.the capillary
CohR@Eri né%gvaﬁéuﬁbrteﬁﬁ)oh&érﬁ%g% %3"529 cgc&lbgd %r%egjfaptn

bundl e, pre-stored in e conputer. sin undl"e” co g of -
100, 000 or nor eAsspiihg eapikmies avithhe ddy digdtReoB 1B InPare 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,
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tagged in this way. However, it may be-nore beneficial to limt the nunber
of capill a[}’kﬁﬁ /i# a random bundle to a snmaller nunber, e.g., 1536. Then,
multiple s V4#dbm bundl es can be assenbled into an or de5) Eg%j{
matrix as shown in Figure 2 to forma print-head. This 15 allTows the

utilizati og02b,. Séadedichidd htedei in M ’ | i del y
in use. Secondly, this ar%ﬁgg&?é}?ﬁglﬁgﬁ%éégg?%%% ’Blrn% %‘?ﬁ%ﬁﬁ%‘@l% lity.
Ml tipl e piwidesfelans wul producedibyeslicingtfosadi chpBlagnarrayrtobing drawifromen latged| € per

group, the L xed- and- hed r.aduc | £ fer  croarrays for

di fferent g})ag} P %g?ﬂmp%s&éﬁ%e |1P3$St£ﬁtggg-r‘€%ﬂ%m%?@§gﬂt &Qe P%éee‘f&“th?e

opti on andufddexi bhy sdidableOmeAM sABh ¥s SBR1LIAYRy Blast! ARESHY otﬂ%%efé}ﬁigﬂg%hay’
wherever 20 _necessary to save tine. Considering a particular enbodf nent of

the aBove @&adler defermahie andjenisagile. The boleidimnesenshbildibestighly targen tiomtthe outer

di anmet : h.bundle.is .|inked t 1536- yel | f
S el | il B A0 BAER RS S 0an B ur ot ERIY el
cross sect iarholesAb fomue b 1dnso dhesle 681, 2611ASHddYin FHELTHH. ethe MibRle024d5 or derly

25 bundl e matrix, which could produce a mcro array consisting 115,200
probes in 6&@’@?‘3%&}1‘3 8G7H0B 8o the guide-piaie js Dommdn Figuwn 6o using epsyofs, sdeiet A

dified f e "t aht - " . | so. dto f
rosenbl e ko8 pltafle cbliisaRACK IRASOR R, % Sl R ion 8 bR sivition
the dapi | | zeiyedoseny theerupdes plath, toehve daselide plilicad Dodh TR 88 Wel | as

| ong-range order, of the c?pi |l ari es becomes 30 random resulting in a
random array of Eaﬁ?%’ﬁ% 5 hplesge ppwitionadriapn wrdsslygnatrik etithe guide-idatedad Mieat e

Met hod The e : L Lhary; 1d).: i L.on _i.s

1 ustr at e nE R, &L 965 RO fhe o Bhlc, Rishadlt 35iah BPER TR A 89 gur e 6a
has an or dé&tirgated bridle wfill Smi kn brledg n@ﬁﬂa&e&hﬂﬂa@&wﬂo@@ﬁﬁﬁ@g&&ﬁﬁﬁ Q685
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Al tor nat | vBFSP5S g BRITIRE Tope sobd pies it nche RtiSkcio gcliue p hishieatreioy
sliciipg fugeesanidlat Blelsadk e, §4REAGE: i S orm as
described in U S. Pat. No. 4, Oti%ll,ﬂ%lg ar?gwg?%“%ﬁf%g%ﬁ‘%%gﬁs?‘%@%ﬂ%&@% made
of any sui tallaiesgreinaal orderbhmagixytitegiositiph s sheovapiilagsin matairds kegwiglagd be

relatively | A ormahl e and/.or f.raqgile. The hol.e dianeter

shoul d be Fshltelll:ggfﬁr[eﬁgl/ gsé‘%‘genr %ﬁﬁ%ﬁa@ @Y&a{f‘iﬁﬁ&eaib&éﬁ&one APRPEIRGINCERIEE t o be
used: Capi ptised @8 aGUBAratd QIO ID tageiipreodsdiédsiéquttedgged into the holes to
forma | oose bugdle 604, as illustrated in Figure 6b. The bundle 604 is

solidified at t Scplplsmayele configurndi in eny shape dasiredhBwmasi be, Biggurtdods ausi ng

epoxyp 605, faecls] r ' ol.idi fi.catian,techni ques. [Einglly,
the sol i di ?F?%c ’p%%attggﬁg%lggghﬁlts%aﬁjgg& g% 4Sit%én£hfﬁgbésﬂgpl%ﬁ G Porgnioryghich the
gui de- pl at egpiliapies emy\ke ihdeetedui de pl ate, as shown in Figure 6d. Because the

hol es are positioned i.n.an orderly matrix at the guide-plate and the
P ins{?aag Q% uSing a p[ate,. a g%lé{r& WIres or strings 019 strands FElz)reﬁerably 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 ﬁmcﬂons 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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bundle is cut ver¥ close to the guide-plate, the spatial position of each
capi | lary P PHE37Fabricated bundle will be in an orderly mEFIRIHI6Ssane
as the holes in the guide-plate. Al so, because the bundle i szzidjbt‘gygte gal id

[ , it b I hi hi d at
Phe. same tim, 15 nechantest iy TEHEEtts o piler hih Prilalied BT asER ne

capill aries arethepran-leadlerly matrix, the position of the capillary in
matrix i s known aﬂd therefore the position of the capillary. establishes
the position ofzd yErangPOF! m croarray prlnted on a substrate. No ID

La99, 19 Pr o pau A SRR Rl AUl BT REREANLY OGS AR R e

shape5so | thmgpapﬂlai;hm&ﬂoa}pﬁishhs hﬁﬂ-ﬁdﬂ‘h@@aﬁ%e hlﬂédblwiv &fin ehe coxﬁamhd)@bfgs
using-a plate, a grid of.wires or strings or

~may be inserted

“strands _(pP’éF’QT’%t’BItg hﬁ%&%@%’rﬂlb‘sﬁ%fﬁmb@?s@ﬁ%@dsémmi%e i ndi vi dual

capi 11 ary bundi e The graresiie hUREREER o ok M) 3 Birod S P b oce
to one 25 anot hean beaa‘datﬂfrshecbm@(mﬁliatauﬁdd)emeﬁttﬂé p@ﬂﬂnalaﬁdl/dﬁtal leRdsSefitRElI at e
portions can be adher t oget.her L usi g[ an adhesive to forma solid
mass. Any stran8¥Peft dl@p,,vd}uplhygl é@sgatsaﬁ?hmﬁulﬁmewqf@ diyesherpipbpe
trimygd flush WP{I sthe solid mass, and other free strands may be renoved
to provide the er bundle. 2. Fluid Deli very 30 The functions of the
fluid delivery sub-syst@nwitp Ohe the capiBisriearage fillewilh arRgpobd AR Recdnkidhd
fromthe reserVﬁlr to_the print-head thrqough its respectjve_capillary; 22

WO 01/ 62377 PCTHOEFERDSsentapsd epgd S%FOIEG@X adiustiag the veRicak pesitions odthey be
t ant
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Transport This invention offers several i |ve
fromits reservbéad.into 5 the capillary and tovvards t he prlnt head. They

can . -used al one or i n i nat i f nore .in the fluid
del i 3§ry sub- system Tk@&%@%&%‘gﬂ%@%?E%Flﬁ%lgﬁh%tge‘i\adioﬂtﬁé@ enti al
air (or other gasplRdMASNhd fé&&%ﬁ- aﬁﬂﬁi?ihﬁ-he&f‘&n% Bed @éd@%@&eaﬁgﬂ«g{

I st es,

mai nt ai ned between the proxi mal and ends of the capi
whi ch will trantiedivd ftroeethsleetenstatic apd@l@stwsmc@cdoncvéE@E)a[lgr obe fluids.

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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G av Once the capillaries are filled with the probe fluids, a constant

fl ow can b&rénapgltgz_k ned and controlled by adjusting the vertical positions

of the flI : voirs, e.g. the mcrotiter plates, with & D335t he

position of the print- head. 15 O Electric field Because DNA fluids are

negatively ; | i : I rvoir and .t he

pr 't - oad e et & Kbl e R o S et el B Pestigge o

el ect r ost acprtradlivg Bbwaateoosnmotic force (EOF) [ 1 Vacuum The proxi mal ends
aced under re|ative vacuum The print head

of the capillarigs, may be pl ) t
and' substrate totﬁ]éeérrx?rrﬁﬁn%@mﬁ oeuts the pptfermisnol Bew retinavssr capdiady ofie

capill ari egy t 9%k Ehek sl @l I -]fagg- % HHIE} d.to th
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if no liqujée.t 1 hrough, them .2.2 Rate Control 25 In order to
ensure t ha'ltdd eﬁ haéhogé%Yls%qsggs‘Q%ﬁ’ (ﬁﬂ%gl’é%ﬁ’%‘ﬂ"g%\%ée etEApEsAL PGP et Wil ravant ay

t o m croar pabedivty 4 d2OEMRGIRSBv RGN t rate has to be
controll edpto be constant in ea‘(/:h cagﬂfgh?%%?ﬁ)ﬁéeduﬁﬁ %Arrr%yécr 0SS the- "
print-head. |t #hicdsvendigniprevidesshnfaloseng mehsires toreasire thalflbivauweivhiforsitgl e
capillary to a constant raftcﬁ Al | i‘l’ ullg ,drigmcgg:@p. Ita{hl%dgrm(il‘g]fcri b;afd in
Section 2.2.1 can be UM > argrenqyynedSor preeise
gr avildy are r el ainetelons . 4tALulER SRS EiahRler! LAYDI AhHONLS Phy Iééé??%.naj‘%

pressure or elevation differences disappear, t oes n
instantly due t & biase awanddassaizarsefriwenetifferent divivpr (@sSlrae” buthb bullipgi n

the capillary. ' el ectri. jel ds.are nore precise in
controlling fl obvpsrtge'([%eiﬁﬁé {)ﬁ%&g%regmﬁ%%bﬂ?aggd Pﬁ?ﬁﬁﬁs&tés}:‘ Iemveet ty of
flow rates in etmiperatapithdtahendilar bh€omis thir (986N BATAMSE. T8 {el:%lé gina
capillary is degendent upon nmany factors besides the driving torte,

whi ch incl ude ¢ 1 dn opticeh b pannfectating heapitlades fomdhe sdnee dmpidahdey as .

well 1gs fluid vy ' | | bubbl e, ent rapnme in
capillaries wil {Ilég?‘g\%ynatmglglrﬁ%%rgﬁ P{)%gv:hgﬂ%&cagal%%ﬂ en?agbl?%lgéglﬁeqagge Bf the
fabricated ni crdamingyis cihiesl dubuirntition poi vf tdesilidietteqllavd RBETFBRASH oot
ensure the fl O\Ah{agiqe. uni.formty: Use of silica based capillaries Silica
capillaries are HW%%%H‘%%@%?%@th&eamllwaw@m@llm@gw\reﬂmeha@ddwmr

han 556 bet ween T oo ir e (P St e Ao AR DN AR

than 5% between different draws. ( ng of
| arger,- nore eabtiobgs dnslnapiibaries) epseing smocslt deliven§ bf singié Aytideitg the frempes@t ur e
that gphe tubul apo B QTP walll KithDehe@ Wyt Robic Hiins Siuch 48 & fiuorocambon Slymar

such as polytetréﬂuoroethylene may further enhance the dﬁrability and uniformity

of the capillaries. | :

 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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common in optical fiber manufacturing) Capillaries fromthe same draw can
be.. 15 us®P t¥2¢Hhance uniformity of channel dianmeter in t¥e/Gspiok4%ari es.
Because the drawing is carried out at nelting point of the ﬁidét&o%ﬂzdoﬁe

' t he

surface is extr . . I n_addition. the silica .surface |
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such as pol yt et taf . .1 t dur abi | it nd

ni form by of Tha e EREHEMEE S greli b AR B letfor HERRY pyk sl
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buf f eri ng mat er Y108 £orge andsgiyelpctrig éeldrftfrt‘g%@@gmﬁﬂé:apﬂ@ab@iqssd af an gsidggiomat | ui ds

of | ow Vi scosilne acﬁlﬁﬂﬁht%le@agisﬁy AL e RERLEA) ) %ﬁn@ﬂe%ﬁ%& 'aHthpF%&g\aP €

purified and handléd in a clean room énvironne prevent ~capl
cl oggi ng. Fl ui dendeelrthabapillaries 704 epTdibes.sad each bapilldry aipoidsd, 7058,. V A€ tham

suction to elim.nate ble 30 entrapment. ~ Control_ flow rate in each

capillary wit hn%hﬁt&i %‘ﬁ%?ﬁapﬁﬁaga "?rFSO‘I‘tF‘éF’Vd'i‘ etal %Wl}a&‘ﬁ%aﬁ?#ida%tiaﬁ%ibss
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bey 201 oees E8Tnda Ko Blinthldiala fifhTRl: volBAlOVi ¢ %en"‘é’gﬁ%dr%iﬂlsuc sl

pressure or gr asapibiary tips &t the distal eid i Thmt protieses appriopiistatelacyinfelds wiftedans ays.

For applicatio at_requjre re.accurate flow e ontrol, .the .
electric fiel dntr?ri% §od acealﬂlﬁﬂeec ggaay t ec@ﬁﬁ%ﬁ'fe{eﬁﬁ’é fﬁ%ﬁﬂ”&f% fr iR device,
capi | lary i ndi-va hlatively. sphdll RS REsifidient EVEREEBRA e ARj kR bhlAWnCRMHaoL

sub-system 5 as shown in Figure 7, gravity and/or pressurized air 701 is
used as the pri#@PyRIEHieR deEqes,asgliscossea balow, an be mwsitoring thesiag afidraphes

The ana. facer 70Bonr Ry £ Rl G e i e L ena ot "the

capi | l ari es B04PwbeMeppsition and each capillary tip 705a, 705b,... at the
di stal end of il Igri es are coated with netal. Al capillaries_are held
at a common 10 GroRrRBe dePosiion spb-systere dr theramay ey enspiss tha) g congjey and unifprnyr e

appl i ed t oydihe Of hloBE ERtds ok dordth B s%‘tb?]tgﬁ%z%i S arf Hgmtn'yl] &)Isn@#?ﬁg}%%;s

appropriate electric fields to fine-tune wrate in e cap
Because t he avedennedspsts ehdhd micpodrzaya fine-tuni ng device, a relatively

Fromt napect | ort-iieakBeltanpte. | 2321501 ow “or by monitori ng the <126 of
droplets 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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15 deposited using e.g. an optical or scanning m croscope, 3. Probe

Deposi tionyJhgypi9be deposition sub-systemin the arrayer e§suréas t hat

constant and uniform volume of probe fluids are deposited ; :’8%3‘

substrate and there are mnimal or no mssing or overlapped spots on the

mcroarray. 20 3.1 MIghdhe distantapetiveen theAminithas facat £ suBstikddthebhrintihgbes
can be deposite to, the mcroarray substrate by nechanically tappiing

do
the print-head é%)%e?%cﬁedﬂ? Cipepredhan the sanpgwdliamete; ¢fithe pR&e-confeininmnst ant

fl ow of probe s@katib@FSmiRl:l L]k es a djucro sphere
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i s tapped on t hé&ymeibtindbheobr &0B)~30hricebnoeatistharedetientthe pasthisdan &t due
to surface tension 8 This surface tension overcones the
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deposited on t helidsomaherfias sulstratvis upat athé alicrornhy sitstrates oci ated wi t h
e Panpre b e % bl hF R Ry L oA e ™
fol | ow ng neasug righ villeGRE ofpe ' gorgusl ' ent
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di stance between the print head facet 5 and substrate is typically in the

order of 5 to 28°%RSFIGPr spengedikertleck ot whish the substrath eeats, farceaemple. pol i shed

to a high degreg, Lgﬁ%g f xanmnl a Jmger.gscope . s)ide or

ot her flat subst Fﬁce&(li)sg tuse C]gsg e e%é%sr 3%15];3§°f£5%%? ﬁ'ﬂ'ﬁés g%os@deo f‘et he
cont a8t i ngsybairats,anil tgere rd latk bEmdaytotebefind ths depbsiied MRid Withil dcerBaRROY &80
whil e the the‘lé |a% fglx on a soft or spring-loaded platform as shown in
10 Fi gure 9 SPpstiaigdbe Qi sondiol descgbed fipn ¢ 7deaipg toarevenhBuid weediow.he

L} oty Vgl 1 D LV R IR A
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20 This invention further provides the following measures, which 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
26



15 substrate and there is a | ack of nmeans to confine the deposited fluid
within a c&Q84V#33atea on the substrate. The flow rate controlrusiegssisbed in
Section 2.2 helps to prevent fluid overflow. In addition, cahdbiryodsorce

2, SO Nl S i

print-head is broug very cl

est abl i shed bet wHewirgfuid wohesey tha68Set tADESHsEaRItd H@;Edéitfﬂéﬁ&sﬁ? rogg-t to pull
extra fluid out of the cavity. 20 This invention further proVvides the

fol | owi ng measufedaInyRg igud gh theesubstete.al one or in combination, to prevent

over l-appi ng spots on | -1 array: . 1) . Makin h.the | '
print-head and subst r4 ?i?%c%%%%ggissgﬁsﬁ roopr)'ﬁ%%ﬁo ?ﬁﬁerg&lwg?é’%%%}byﬁ%mﬁ%% be
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accommodat e the_f| uj ?ﬁém ume of the droplet to be placed 25 on the
substrate. The MAFBEIHEPREPORE Bdepd. gglierprsimforny casrlimiitn gverlappingond

ti pped precisiogrgidsh! or in parallel using photolithographic nethods. \Wen
the capillary has a central region doped with Germanium (originally
designed for light #}) diehicsiedimam whisk thdywthtibeadRdh fam dnlaclwvithtthese
mcro wells can %e fabricated in parallel by dipping the print-head into
an etching flui HSHE% as 1 uoride acid sol ution 30 (e.g., HF). A very small

amound - of Ge dopin .Ghj rate.of the
R e e e

silicain the vicinity of t _ spacer can
print head faceeffentaf theecapillatapuling fortegaelsed iatthe Asiddbnbeiwteriie prid-

Duri ng tapping, acer face contacts the 26 WO 01/62377
PCT/ USO1/ 055695héa§z]%“@1%8@?“@%@‘&1%9%0%@%-| e the print head facet is
suspended closely ab8yeDégeeit prbes bahSs subdtoWIn A lehith q‘g,irwﬂﬁglﬁlﬁ’c%c%feé%@y

the substrate tg deposit droplets of probe- containing il
substrate. 4) |WeCERB2NLoifEdn;thypisbe ahéreduotseoveriear.i al s to be printed

by ipgreasing 5 the ) I Lt ol.ution or by adding sufficient
am)ug% of inert buffg)rsiq%\yo§1t fdg)?'% é#esl.s %ﬁaﬁettﬁf)tr}%@uﬁf%eﬁ%éﬂ‘?m@é? ge(’JF’W &t e
forms can el i m fiedzengopwint @fthe pgbpiflakl.em 5) Reduce the time in which the
print-head is iigﬁlm d cantact, with the substrate. 10- 6) Use capillaries
with a smaller # < tM%hich will reduce the effect of the

capi l lary pul'l i RgsESRHER riat ' : | ! I n.the print.-
heat and the substrate glgrg?%ggl%%g?%dgtcﬁgﬁa%%ﬂr@.}’%’}éﬁﬂse%%é#\%%ﬁrbgﬁggg%ﬂnm
subst r at e2pet 1809 pftherprint-baadhA03 antitbhmimromtayr smbsteate ishfacel @R @ c@higioof

Fluigs in fdag o?rc&?cﬁlc%}dcorat%g %&fpsortol\IO%rST Aﬂ\évfnétively, 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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15 8) Deposit probes on a substrate that has a surface tenperature bel ow
't he freez&{%(g Qg)i of the probe fluid. 3.2 Electrostatic printing As shown
282{1(1

in Figure uctive layer 1001, such as metal, can b%%?&ﬁ%{%ﬁ%%ﬁ t he
facet 1002 of the print-head 1003 and the microarray substrate 1s placed on
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special mcroarray substrate with conductlve Ia er can be Used.
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over |l appi ng, spots on the fabricated mcroarray. In additi e's

head does M&halhBeaistase alsq eapakiecofirarringmany! mone$rnm&cabs bnehezraquabeer y 30

tip. 3.3 P | so be j mmobi,lized heads a

col | oi dal ?Lagtﬁiéﬁg?on ger %@Q?&%ﬁ%ﬁ% ﬁgnssgﬂg?% W Flgﬁalc,sarﬁn%@ BRI %F‘I’ﬁu%gh
the dapil | afﬂmsaxgadu@mmﬂtagesmb&bma& fhat Ss6E@RRTrthybR&izE o 1O e@ﬁélézules
PCT/ US01/ 05695 ﬁlﬂgf 2004 beads onto the subStrate. In t I's event, the

beads nmay B%ﬂ?etﬁ’ﬂéfia%ﬁ g¥-as described bel ow so that the beads attach to
t he surface of y. a di.a | ess
than 20 micr onst[{Bng%Jtg %ﬂéﬁonﬁigﬁﬁg Eet{ OSP%%"% %A lgear’ljg ¢ ef erabl y
| ess than cufértiymontndiallpeeamblenin s instanep amepheticSeldhah bb RStablispRY tdised
to stinmul abgl )ﬁl;ue quorescEg rg leties . refracts and refl ects a nunber of
tines, thePEByNPHA APERFURGPHS i tharsint Readk ¥ioets thesrfase of fiewbsieated beads
to stbmul aipedd tey @r%qsaeaepome& A 83681 Badhet “ﬁ%ﬂgﬁ%}; HABRRREL bttt ?n”a'

Beads are al so capable of carrying nany rore gcul es on
surfaces egvoroe the capilleies awbtho Subdtmtes fd:rsﬁstaioe bﬁmmmgeenhigh basd-@ide

strength a ses. us 0 of the | r e n f target m)l ecul es
t hat assoc%ﬂ% &H%DE%BF?%??@?%&%{#&W%WE %® WD R Fieneel it he
bead. The beads3AEBleepimhapnaiid yrilkhgragneti c or par amagnetlc Magneti c beads

are currently c&rymerm alTy avaitable. In this instance, a magnetic field
can be establ i shEWegroleggsanasr be/attached toeigmefliids huagteticdignidsh® form errbitid

17062H0 t Ngridkel 24Edoskfors B ST ALE. Ferrofluids are colloidal magnetic particles having

a size of about 3 to about 50 nm (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., Hﬁntingdon Valley, PA.
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15 where they are to be deposited. A suitable magnetic field may be

establ i shedW®e1e@Séh the reservoir or the capillaries and ther/sshsistat e,

for instance, by installing a high bandw dth el ectromagneti® §Qider 20642
3.4

under the microakray substrate 1704 as shqwn in Figure 17, )
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to the fer iSI9fdipFAFls Sogsdepositing enigdhpsubslialeheni stries for attachi ng

anti hgdi es and 2'_[5}1@50_51&1 @ﬁﬁﬂ% mol ecul es such as oligonucleotides to '
ferrofluids to particles are known, and nol ecul es coupl ed
to ferrofluids Zhepavdmhlduds of therwpiliaties manbeplaped uddénidlapdanciiah hfddePA.
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col | oi dal fabHeeiRkdh; j aYpgneh : r ' | t 3
- 10 nmin s?ze%and therrg?g%llugix%hi bi tﬂgﬁ%ﬁp%?g%ggglt& ggnte%fxmé&?%%%\f/ﬂ%y
exhi bit natheetaceum ghapesrtanddo tiegrscrvoins witignateiat afmabberiogressutehThé pehd i S

d d i . nat th t] 5. di . F flujd ticl
e ogsi | yEERITES Rt SRROY R g wARal St 54 Bt B comdee ¢
field Theapaltkeghoasd daertdithvustnt FHOURRIEAbWS (HRSuH BerB! ?H%rgstr!:iu{&?:tg{da“d

deposit rapidly on the substrate surface. Renoving the ma
essenti al | yadpwhehamber cancheigepesddo pelowi atmesphierio prasepe ¢ diamyfluid fiont fhe

substrate. : C L | i T roximal.ends of the capillaries may
be pl aced ff%%é’?“?e it Bthe Hlrlithe %1?1 er Bretssrcﬁ%%%%gﬁﬁ%%@ @chbﬁ?ﬁ% £1 ui d

t hr ough t hmcrzapéd foaaboetsor slikthypabove aiessphedepedasd fogirevdp@biger flaRERE Pl aced
vvith;?g av cuu%%ha er, and the capillaries. my extend through a wall of

t he vacuunf @SS ODFAeSHbstets @vheadlas Rrntheadysi lifledgmay from thesebsieic.c pressure.
The print 15 head pgbdshi S i nstance preferably extends to the wall of the
chanber so that—Thin capillaries

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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t he suppori _may be bound together selectively, and Tf desire Versibly.
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St-aphyl oco : r LN LaG.ant i body. Fc fra n d. . -
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partner wl nprise biotin_and avidin or streptavidin, the biotin Belng

c
bound to ‘t&hle FHatERY theBrokg ppd Fheduppart Mgy beibound fogethse neursglentively andsuch
an enpodi NRYEsitiN f w1 t d hzed with
avidin or st r%ﬁ}gyw,ﬁ&aﬁgﬂgﬁe pro gpe?otﬁé%ﬁ?%%%%&%%@ﬁ%ﬁﬁﬁ 8% with
biotin by mewrbwdpe slidelis knenahthieslititewith polyBestne . discusddd By, £af, Scldnag,
5,948, 624 n(il ﬁpﬁl i.c%ogs of _Avidin-Biotin Technology: Literature
Sur vey, " bsha W T et8KS WY, DENR By ranttaiive mapgi o Be"/ s ERDy asiasgiptexss with g4,
PP.  14-45, 2E8npidher@By DNA microarray, Science 270(5235):467-70 (Oct. 20, 1995). Most

commercially produced slides have positively charged amino-silane surface chemistry.

—

25 These slides are prepared by reacting activated glass slides with different silanes, leading to
the covalent addition of positively charged primary amine groups free to attract negatively
charged sugar phosphate backbone of cDNA. Newly developed immobilizatioﬁ methods
included end point, covalent attachment of amine- or thiol-modified oligonncleotides and
PCR products to the amine- or thiol-reactivating groups on glass surfaces as discusséd in,

30 e.g., Beier M, Hoheisel ID, Versatile derivatz’sation of solid support media for covalent
bonding on DNA-f;ziCI'oci@S, Nucleic Acids Res. 27(9):1970-7 (May 1, 1999) and Rogers
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
30
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and/ 95 ap[?clmin%d to th% surface of the solid. support using any avail abl e
mean§ to 13X i AnBBITtze, provide and/or apply oligonucl eotides at a

particul ar | ocacbmaina@nbhﬁr@pdﬁp_éoa%ﬁedg%éh-asﬁlescﬁ%'éd‘b?rso%%ﬁeﬁgj (?ﬁ.s.f%; be
pl aced at specific sites using i Tég’ ét printing (U'S Pat. .~ 4,877,745),
phot ol i t hoJPaF/0(38de3, 700,637, Rad 5.4%68275 Paree5 3. (U, 3 Fat.29e, 5, BI3gsH), 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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delivery ag ra|I|t iinsky et al. (U S. Pat. No.
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whi cBOcan be attached to a notion control systemfor precise 15 and
aut onmat ed rm\aednznt in three dinensions. The oligonucleotide primers may
al so be appli t upport as described in Brown and Shal on~ U. S.

Pat. No. 5,807, Jf_’lgc‘:zf:lrray inspection sub-system monitors the quality of fabncated roicroarrays.

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 t6 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
tt) adjust the printing rate accordingly to compensate for the spt)t 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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col | i mat ed!3Uoglestrosdhe eomlitignsofipts] wierod reflectinn abibe sWbstaterdinitert20Paof oft he

slide 1203}0M. W ' re l,s. deposjted. The angle of

i nci dence tof@%%@%@& gtgghﬁté s|p§¥es t}oaﬁg}% u"%‘%%?“&ﬁ%ﬁ’_“f&?é’“&f?@?}’cal-
angl e of. thoimbgdrTies nxthodateh signifivana icRseHRTLARsPof Boditfank k& bBfers. A

i gi I magi_ng,c a s ,used to observe the illumi nated redion :
abovéﬁ‘t he suéﬁﬁ@i&&e&gﬁheﬁmﬁmﬂwl\ﬂmamyﬁﬁbstxgtesurface where there
i's no probe, tof“dhBisBhaal ohEiat ' r; E%tqg 14 |ight can be
detected by the canera pi xelslgali ﬁ&g%%ﬁg}ﬂl%c |%!rl1$a lﬂ%\;\e/er\%%cg?’ﬁéo resence
of the prdBiroarray format on the market. This pattern arises because of the prevalent

manufacturing method of making these microarrays. Photolithography is uséd 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 capillaries and
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can significantly increase the contrast of npbst transparent objects. 20 5.
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three adjac SPEECPOLIEIRFLE LIe SPRts AV iy the fygrease guthe numberphspojrotech
sur r @ondi ndistris@iticah @FdW dolka | : | Laure.16.
However, globally, the spatial gggbtr%%?%%@?gﬁ%%giﬁ%%b%%%giﬁFB%% t he
m cr oar r ay3§ess|thhgizey, Po theraare dogaliaed wyides bf beteo wmathsdisdobdduaerpabasbdt@eepne
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~because th
an ordered microarray.

When the capillaries are not tightly packed, even the local spatial pattern illustrated
25 in Figure 16 ma_y'not be preserved. The probe positions throughout the microarray can be
completely random.

It 1s 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 fo 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 bundie, Consequenﬂy, a microarray pattern formed by the probes
printed using the first random bundle W_ill not be identical to the microarray pattern formed

by the probes printed -using the second random bundle.
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part%;ul arsu{)q%%tlon on the substrate or within the mcroarray, as discussed
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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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di.scussed interagtiopn 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

Receptors (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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whi ch ago ch gycielila graditiopslazhoplishesraphic msthedesnch edem iy geuerrestthfa@Rk)the

phosphor yl.at.i ; - 347 [ 05695 . 22 ober
2004Pdt3|r ans ocog?’ Pgﬂ%ﬂbéﬂgﬁggf@% cﬁ"rq Sér[ngf'ﬁ%r(ugé’t 1%?8‘5%4 é{? af%ég% ‘éellqgget %g?cf?g a&el I
nenbr ane, desired spatgby shiatigi light edogPGREsctedltkdivadual bagiitar s Fror, theakkdilten@n,

| i ght gui di_n capillarjies can be used to conduct spatial|y addressable
conbi nat or Ig?n ?ﬂ‘%; t@? Rt SERMEY edd Wee-6PnsyEpes der qfraldngrbaiordeskst he -

current i nwem troditional iBod ﬂge%%‘glﬁtﬁh%‘@?%al | el synthesis technique is
|

t he conbi nati on of photol abile pr ups and lithography. It allows

a patt er n- di r ecFatheptrorep ight guidihg espiljeri¢srandac b ntiywkeay of thklcomest ilyension
coupking r tion,wth. ew ani no acid .or. a,new nucl eotide, .pr.otected,
Coal kB 0P (RBP4 Biel B B0 aftieS B S R re D6k gty 1 he
di fferent yaltetdtluc Magdmehaeid Solid-Phdst deknbindfiak] HAelesls ok BRgRRRANI ¢ et hod,

such pattern is generated through the 10 use of .photomasks. Under the
current i rRPEIROUBHES. Syrb chenpcplcontneynd dibrasign casebs wrdd teskresn foddsiglendis opdirs by

shining |i L odi Vi l.capillariges.fromthe distal end.
Thi s rret‘holggtg(\)/%%%g? é%arrlﬁeg%at@ggé%ﬁs%?a \?Sewgﬁ%nh%rfg{p&ed%g]ﬁﬁﬁs}%dgg]%glof maki ng
phot onas k conipouhlecdy tedirtayed ahd seédied uinglchgillagesp haidds, by s@RRY, and ‘
Furtﬂfrm)re I E%t gui ding capillaries and/Qr a mcroarray of the current
i nvefil i on M4§BodSof the curzent Ipnention; ks examplsohBbrars of hemicelcorapounds et balr ug

di scovery.ar};Pgdggd/'lg& G BSlizedS A 15’%.% | 1 8l Ld-phase
conbi natori a synt%esio-s of ?hzgﬁi%édgnoﬁ%g%% u%?ﬁa%%@g aﬁ&c%tsrgééﬁlga
li braries tewst ditowsediiate thecacgeity bba tatgetgThetariet 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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| ead optim zation. Alternatively, a massive nunber of pre-synthesized

chem cal c‘gmg)&%§ can be arrayed and screened using capillaries, bundles,
print systens, and 20 methods of the current invention. For HXURILessh

i brary of chem cal conpounds can be arrayed and photo-inmobilized. The

conpounds  ¢idlo@iealnt eBa@ital Yindifekém Bk bi f¥ithfle H'jitl':}gti%r piﬁtfdsgstoﬂﬁrr 1&03‘[1%1’11“

nmodul ate the activity of a target. The target cou be“a proteln or
any subst &leRorgasiisstystsa. impastivder, itns wegllvbutdde tpnsfeessnpleiisttwedrhe

Phot of abel FragrEtyofie S R bR ol of BilfeferPel SO0 doogr SFPSdand
phot o affi mifbyitdraliats with Aitkeheldp RGN THnRS (WP AL Kok bELRNGLL Mi364-
targets. The_interactijng tar%its coul d be roteins ‘or DNA or other

subst a&nces Wei Plateppd visRAErsaP . thipanphingicor IpflecblEpill ddeENA0 B\ 1301 b, . ..

Mcrotiter 1.d sed device for the storage, . .
transport g'{r%LI %ﬁ@@%%ﬁ%@ggﬂ@#qug?%&ebapn% Q{ﬁ?FE&n@waséggﬁné& |
reaction v&get 14 Thpefdmne m oneleni PoRs ted@ailRaes @ R isah ahSRl pheRE Lh@BRH N
paral l el. |n addi g_on to.the application of mcroarray ~fabrication

described abBavells ip thy micsetiterplafgithat i the weurce oEtheisempleawhibe the drameeat theo

transport ' 7 / -0l 0l oqi nd mcal s es
from one or%ﬁlr{rauy\ig'?(ipp gg%%corp tgsl-E %éérﬁg%i)g@g? %I(gbrg%sﬁgrtﬁ?a%ag% ?p(?ﬁgﬁe Eaﬁtemaaqdaa{ﬂn%}“é‘ﬁor y
t est 19yst ethe wellspathe dastinationi plate SA ifdasl foy hished @hsitg plata(1408Y camdidtRed to

bet ween a Hﬁ)@a dard m titer plate to other multi-well or nmulti-channel
devi ces or tﬂR%E éﬁ‘{t’? g Iﬁpérfgf tovesy dpnsifygatgs inrthisrieas Sies examplefo er ent
formats (f @&pi TRnge S . ngd Vi se

vorsa) . | n i T A AR ot R e e et e RO 1680 4,
b, ... arematmhdhes bedirkend td foamframed 08 9ansell Alickotitee et bachl of wiich ®rak aeach

end, as shgwm, in..Figure 14.. The frame at one end holds the capillaries in
the same sgg I%a[pﬂbaa ?‘E‘W';?dniﬁ?néwt_s%ﬂ?ﬁ@nﬁéﬁl@ﬂ?% Hold eampianies erep| at e
that 16s t hiockedionte R sdubé SAHRLEnANRh pEid18sfebai@y 88 tﬁa!?@?pig EmfiBgs Bl ds

t he opposite ends of the capillaries’in the same” spati al® pattern and pitch
as. 10 t hePlhEEedinthits rrsperdive iwiekls.i Sonirgs pate or platesdogethiarrwith theenpillansibtyixpl at e

biates i n PRt bSEbekue bl & pd BESroai Sl d o damples i e e ¢« or
-pl ates faplet B86He datinbtiar plateeAltbmatively, thOdatihBfafplateBripldtds cantbeGiibeA%n

i nked to four franes Lor 96-wel |l mcrotiter plates, each of which fornms a
8xl 2 capi {heéﬁf?ﬁswﬁtrlﬁﬁ% errggd; ieriressarRds appliedefashieve therempletaanstirol d
capi bparies are X . : : esthnati plates. . .

res pggt i vel soﬁhﬁgg& (agg%%nﬁgtr:%l%%?rﬁ ?\%f@%gfngﬂd%l "3"’%‘&;’%‘5‘?‘%?"5 any gpﬁléqggglm ve
vel | s. Souwdishpt wtdesivablptodtanspdrolightied fimid dimultaneaplyl FaF dxaifls, informborP Ut

into a pressure ch(ﬂegiber. A gositive pressure win drive the sanples fromthe
source pl TG BOPHE Wed fytapte Ghthsisame Hme that avmiqroaray, is pristeddstindeisgn

2157 Ao Al ORI, oL
before or after a microarray is printed. A light-conducting cépillary 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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20 A light-conducting capillary or capillary bundl e can be used for any
applicati oWQM/624A1 ch it is desirable to transport |ight aneCTARkIds695
simul taneously. For exanple, information can be encoded on & Substsgie at
the sane tine t aa meroarray.is printed by inducing a change in a

phot o- sensi ti ve al?\‘éﬁicé’&(ﬁuq%ﬁ%&? IB?W tcﬁ%lbg G%Wéfegqﬁ’ﬁp‘ﬁ%‘grﬁ ‘@?‘@_&P%ﬁ;ﬁtfﬁ?ﬂl‘fﬁi ng
or  bef or efRbug the talIHyGHASH (A adeSr RS thA it trﬂl'i@p-a&%{%% 1P ARtk Lary
or capillary bundl e can 25 also be used to deliver both-a photodynam c

t her apy dr tRfragiive index highpn/than aglaidighmaterial sutroesting the weaveguida Sichian a

patient's E e fluid and i nformation encoded in |light ca be

si mul taneog g rIHaAr‘"};s% ]{OF%@A PHPHgHE" | Ibeh‘f’@%ﬁﬁa&%eﬁgcaeﬁlgm ?"g?hls‘/‘?a coat
capi | kary thenshe sutfiice dffiRe EQAIREP WA Sy hONSE 1hivel fbfraeitld makx bR HR lefihY

| i ght signals of various wavel engths = (channels). Light of each wavelength

i s indivi debibegapian anether wagirdo dern tesepilanont 4 magtiat haviige single | i ght
g

| ses. A - ' il | .al | he, .si.mul i.ssi
b 2 T uf ot s BACY Gl Nl b Alaf B il Bl e T B8 oF BB 6"
i ndi vi dual byndutted nhwotipipthexapilladSo 8t Q118 23dnfACIHd SOhE R RSy, BRMEGhakek,

2004 A light-conducting capillary can be constructed by fornm ng a wavegui de
structure 2 FrayJgHn thecladding. Yathjrdwaycaf framipg adight-candusting capillagyds to form

mt onla) < oihecpliey of Phkiefitta 885k, fof LEATR Bl el I d P R 0
ways. One timyof the flmidvmibe teansmfiteld|taroyglo thesiabilzay. de fodtheh at:Res i ®ire, SHAf ace
of the capjllary with.a pol 1§ oé | ower refractive, i ndex alﬁgﬁ t he- | ength
of the capti¥EPY At ?Fetge ﬁ%g&flg sy nieghd apsnsmitied e the Haidet theidisiali ng
a single rgfd gohe E@pﬂlﬁl?%ﬂélc:&%ffth% BehRe Lad oggh% ﬁa}g%égr%g{a{ge{iwﬂéﬂﬁée&‘i’@é nto

the distal end of the Capillary Is conduct e capifTary 1o exit
at the pr orioxihalend of thetdapillagpiAl foarth wayrio tfting a ilight-condactingéapilimy hiobamnt he

| addicng. A_thi y of form. Li.ght - ti i Ll is to f 10
Che dgpri 1 Sl Loy, HRCEL Rpon PR ey ot i REgSRETIRG donedhs Sotibye
i ndex | owetwalllogia sich gkefordn tthe Gelowiad dbfed$iitd RASHE %h@fﬂeﬁ REQUEHE i0f& than the

capillary. The fluid then acts as the core, and he capillary acts as the
cl addi ng. watssiehfiemwhich fhegrelomn anvmade); and stretdhingdefireforin 4o farmetbellightal  end

of the capj S . npel | | capd llar nd. exits
The 11 ur aF bdiEng %‘Irp?%fﬁe%}b&% istd RS %’\@X‘?ryé}%&‘t‘#}gd&rﬁf}%’%wd{!%e%fs @ a

lji ght - con d(lmrsilda g p]?mmtaamg\tle p?ﬁ)rbﬁ(@mrF dﬁhﬁ'ﬁig lovhes ;:]HH reftactis! iﬁdex}/hf‘fi tﬁé]jsi'!i&a)'g F_
eposiit a r o or oped silica ng the cavity_wall of a sSilica
pr ef gbm (t?@&“ﬁ’t‘- © Qi Sy theipre gnﬁ%@rﬁ’gtﬁﬁ%ﬁgb%duﬁf&%%ﬂ% i ndex than
the material fromwhich the preformis made), and stretching the preform
to formthe light conducting capillary. Afifth way is to deposit a |ayer
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.
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39 22 Cctober 2004 Cains 1. A capillary bundle conprisigg(ﬁmﬁky§@¢4ty of

I ndi vidual capillaries having proxinmal and distal ends, each capillaries
havi ng a channel extending fromthe 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 capiltﬁﬁﬁﬁs are substantially coplanar in a
static array in a facet of the solid mass. 2. A capillary bundl e according
to claim1, wherein each proximal end of said plurality of capillaries has

a vertical, heig reference plang and at..least.. one of said
capi | l ari o has‘@galﬁﬁ%}r@ﬁlﬁ%ﬂ\%: PEPCRS ﬁé’lhbrﬁﬁtyé)%&mﬁ‘t”d}]@5@?‘“8’?\85 VI d
capi | | ari es hagreximakendidisteberddscench bapillities hanihgtahbashid beepdiae fdaf teen t he

m ni mrum vertical height, and the maximum vertical height is ng pore than
about 100 ni crdﬁ‘?x@a?ﬂldc@ﬁﬁ? &‘é@e‘ﬁﬁ?ﬂﬁﬁc% By arth§avine EPBW&%CWﬁerei n each

proxi mal end ofwARitherdin@hil frb¥infl efRRFkAShERfAPS R ¥RE bieRburbgtht above
a reference plane and at |east one of said capillaries has a m ni nrum

vertical hei ghtongggother ingaselid grnss srchdhatdhe prapingl gndseef saidscapillanizs aem
vertical height : | t ] {mg% ertical height
and t he maxi w%usﬂ%}allgﬁoﬁlgfl égrﬁ{lggga%ﬁ%gﬁggtﬁd%%g& \é’m' cron. 4. A
capi | | ary Zoundlfecauidoydundletocartiagto tlaimihewbémningachppxoxalreal ofsadd of sai d

plurality of capill.aries .has vertical, hei ght above a reference plane and
at | east one urgfé"iyd)f@%%ﬂflﬁl%?ﬁfagg Vﬁgkcaghff@ﬁ%ﬁﬂ\’ﬁ %/’ée;f?rF’chflp?% PEIERs at
| east one of saind of eddichylitiriehall @ snidinit verseaMRIdh GAd at184s8bhe oAl t he

di fference bet V\Be_Ell the mninmum vert,iagﬁl _ggei ght and the naxi num verti cal
hei ght is no msfRllEfeyhes gRBImIm Yaricadpeight, and thedilferanse bsiweandhaiccor ding to

claim1, V\'hereinﬁ‘inﬁﬁﬁﬁ@ﬂ%ﬁﬁ@éht%ﬂ&'t@mééﬁﬁm@érﬁ&ﬂ%i?ﬁtQBo%gr%}Eltﬁaﬁri es has a

vertical height above a reference plane and at |eas one sal d
capi | | ari es hagbautiiOfimigranverti cal height and at |east one of said

o |5 ey B POLARS O B SR hg o
about 5 m cr onplwaliigdf Capiles 120 @4eficalthaigipiabbwar y refferaie]l accmidt legstt 0 any
of claim1-5, v(\)/%g rO?isarlld %%iﬁlar%slﬁrag la inEiXin?Jm 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 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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capillaries are secured to one another to forma random byl gesopdshat the
distal ends of the capillaries are grouped in a first arrangenent, the
proxi mal ends are grouped in a second arrangenent, and the first
arrangenment is not identical to the second arrangenment. 7. A capillary
bundl e according to any of clainms 1-6, wherein said plurality of

i ndi vidual capillaries are secured to one another to form an ordered bundle
so that tthe diAcapllaydynde apensdivgpe bnwel daimal-8, whereivedid plurality ofst
arrangement , thﬁgﬂl@ﬁQf&r@@écu%ﬂ%oﬁ%%m&ﬁ%ﬁ%ﬁgr g%&%ﬂleasfortﬁ‘él% nt, and
the first arrangenent 1s 1dentical to the second arrangenent. 8. A

capi | | ary bundldstalcmds df thg cbmllamas ané gobpedim alfirdt avdngemen, thaghoxdmakai d

i ndi vi dual capi | Idari es has.an outgr di anee;tqgr gf I%Es t han 20Q mcron. 9. A
capillary bundl® %Ef&%f%ﬁpﬁé‘? B Se60d grangement; apd the fESEArEANgemERids B9t <5 g

i ndi vi dual capiili¢raichies thesecai ain@emehtanet er of |ess than 100 micron. 10. A
capi |l ary bundl e acgordi n((i;lét o] an;égof clains 1-9, wherein said capillaries

conprise |Tght &Sﬁiu@ibﬁg apsard teany ‘lflc.laimsda@i"}’h"*&@? sydmiralii@dor di ng to
cl aim 10, mherqhalvﬁi%hﬂc_apmmes- SRReUfLd faqmegﬁemk} b af BRI FIARS cal fiber
capillaries. 12. A capillary bundl e according to any of clains 1- fl,
wher ei n sai d buhafltee digigheruds of thetcapidlagies b @aupeddn ¢ fpst hiramgesent, Il A

capillary bundl i . Qf i wherein.sai d bundl
contains at le g?ﬁg%g%r?ds%%%rgu%f% Sggén?sﬁaféfgmi{ltt%lgﬁb? QFS%‘ a%ﬁ?ﬁ?fngngccor di ng
to claim 12, wigidentics & thelesvalianangdnadnas at | east  about 5, 000

capillaries. 15 A.capillary bundle accoa{%i?.n t | ai.m 12, wherein said
bundl e coﬁai né&?plﬁggibmglﬁﬁﬁw&géf‘bw 1 %&Fﬁé’gh.er?ﬁ%?a 3B | ary bundl e
according to cliadifdhdl capliRFies Rasdl dhtd? Wi ferCTMésB ittt 200 thRast  about 100, 000
capillaries. 17. A capillary bundle according to any of clains 1-16,

wherein s&-d buhemillzybuadls dceerding je myefrlpimg 3 - apiersinerdiofisaid cnp t hat
print non-overl; i af.S in| bundl e
according to cllg@%{d%gi,& 'Efglr%gél)llri:assa?&hﬁgﬁlﬁﬁcrcoﬁ?sgﬁ@q?to eg@sﬁt’ about 833
capi | | ari d9. perA canillarfibundle iaegordiog toarer dfagbping d -% pdieseinnaid capiligtigsat e. 41 22
Cct ober 2004 190bm§ri$gﬁ Ll ary,hyadl eqaccording to claim 17, wherein said
bundl e contai ns at Téa a oultngé;g%’lg capillaries per cnR that print
non-over | ddpi ngA spullsy bondle acdsdingt®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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20. A capillary bundle according to claim17, wherein sap4 Firlﬂ)ogont ai ns
at least about 41,666 capillaries per cn? that print non over appi ng spots
on a substrate. 21. A capillary bundle according to any of clainms 1-20,
wherein said capillaries are configured to transmt light fromthe distal
ends to the proxinmal ends of said capillaries. 22 A capillary bundle
according to any of clains 1-21, wherein at |east plurality of said
proxi mal dfds a«il eaplﬂﬁv\bmdlalawordmgrﬁ@damlhav@ranmﬂlbun@s comamat lehstr y

bundl e accor di ted with
an electricall yrllgg%t(r?gégtéﬁ lal% S al ﬂ?agan}«;h capl f@@r@g %P%?Sd‘% eél %%bcs’%tgt ing to
any of cl &0ms Jaaa)ﬂlaweuedla at:dsmdmgm tiaim ¥7, voheneih gaiddandlesuppms tat asticket

t hat prevent s t C of .t he capi ! bundle fram contacting the
SUbstFate. 2. ROV HC AR BRI S B AR PP IR SRl AR L1 34, wher ei n
said capill ar| eabstrk® |1 ght-conducting capillaries that transports bot h
l'ight and a flurd fromthe distal end to the proximl end of said

capi | | ary 2lwhererapillay fundigaecosding te amnef claimsiir3taiwheredn sad papdllastesa mat eri al

that has a ref ra@&tdn\ﬁ%utea% ﬁﬁ.‘ﬁ it Gf thdWlta &%h%&@@t&ﬂﬁa%n%%’ﬁsloo”S

said light. A print heag'ﬁ nting proe m croarrays on substrate,
wherein said prsaldtcapihbads conpri se at Ieast one capillary bundl e of any of

clains 1- and, a f.fa hat 0_hal i d.at st 0

capillary undl%capﬁﬁlargiumale ﬁf:co§§1§ ?ﬁ‘t”ﬁﬁ.ﬂg WS‘.%%&%" 83“‘?@@%

conFri sing at Ida'lszltl p@cﬁ)ﬁrnehﬁtldlslaﬁerlyid1vlbwany€orﬁfed®cb hdve A3ell.a frarr]t::I ho:jdi ng said
at | east e ca i e ur reservoirs.in ui

conmuni cat4 P?Plﬁﬂé bypdle arcazding Q)?n}t‘?ttlepﬁgi@é 142, aheredn gd BeeliS at | east one

capillary bundlc@ate@\thPtl &%ﬁ%?%n&@ﬁ%%a@&a‘l.o the
el ectrically-conductive material on said facet and connected to an

el ectrical¥y- co%aamlﬂarvbunﬂ@eﬁqoadmﬁécaan}tmlemﬂr%awhemstmfcamﬁé%apl | laries
ina fluid conagsiiags keé‘tt‘ﬁt froV é[Hté ‘tac% PRk l:%qﬁﬁmgt)%dt' S
pp ag

configurated to contro e tage source. 28. A
print system fd‘ronpcd)madtimgtbﬂfmbetratmroarrays corrprl sing a print head

accordi ng 4.0 c ura LvVaoi.r |n flLuid commy nlcation

o th 4237250, db Py piefle Hibsuht it TR R e T SRR 4t T east
one capi | :car?/dhbmlﬂglgvcoﬁﬂubt@g cﬂ?gmtﬁjslthatfﬁaﬁbﬁbrg%&fﬁg}@hn&\hﬂhugﬁmgrtﬂé es a
magnetic field,, sal d nmagnetic e enerator bheing positione
sufficiently c%gleydt%g@arwea ¢11d of;sgidghiiagy, peherein said ight-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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nove a magnetic probe-containing fluid through said capi bb@jdgrer s
generation of said magnetic field. 29. A print systemfor printing probe

m croarrays, wherein said systemconprises a print head according to claim
26 and a plurality of reservoirs in fluid comunication with the distal
ends of the capillaries. 30. A print systemaccording to any of clains
27-29, wherein said plurality of reservoirs conprises a mcrotiter plate
havi ng wel | s. dked ;@tagﬂldﬁofé%wﬂiaa@&@f%ﬁlw least g/ capillasy hppdle,2nd20 and

further conpri %gg]feac ﬁta@%hpﬂaf‘ormggem%tew X%luuég%t ) ﬁlagﬁetﬁ:l%:gfd pri or

to printing, sal | exi mount I ng con re nmove©so t sai d at
| east one capi | geaemtdybritiggositionedwifintiemily @osshetoaaidgapilboybantistesai d

substrate across _the surf.ace.of the priynt.. hea .said print head and
sai d substrate BEHHTAEIYKOIRT Eaélflg%gl HlthquﬁP‘ Salﬁé%aﬁ 13688 ot cont act

sai d substrate memambﬁm@m@@m&ﬂﬂdthe print head in the absence of said
flexible unt system Sccordl ng to any of_ clains 27-32 wherein

sai d reseroi rsAPE‘EF ’a’ég’ ’%’rPT‘ e ys ?’ﬂlgﬁ%‘Tayénﬂh%@rsé}drﬁyéﬁphc%@msé%lst one

capi | lary bundlgydfitheR! Adbidisy tomzaq@lez@d&{daav}ﬁufaﬁtm&@@r@oﬂsnnfﬂﬁh@t' on to said
reservoirs. 33. A print systemfor printing probe mcroarrays conprising a

print head acd‘@ﬂﬂmﬁgcqﬁ@né‘flﬁi%Q@tﬁﬁﬂd@fﬂh%mﬂé@@sal ning fluid within the

e oMY oA BARLsyRR RLoldifs fonfl b diahe £755, RULESA A iRl | o250 One

capillary undle accordrn ein the
probe conpri sesreﬁrtmmlcmglpmdasammdrﬁutmaﬂ;lateSﬁvmgvmﬂsnt system according to

claim 34 erei mat er | nucl el. ¢ acid,
pept | de. a1 bonprmERSlsPu g esS Bk of faire 2080 aff Belef SrnaieesEl af m 33
wherein t he pr dhgilempuhs@swhich Retbstate is hRR6d pRbr toPfintifg Maid exspist em
according to claim gﬁlﬁ\gcg g nﬁg he chem cal reactant conprises _an am no

acid or a drug TR Brpere W@%@ﬁ%%é‘?ﬁﬁﬂ?ﬂ?@’@@%ﬁl}ﬂ%ﬂe ©rai ns

33-37 wherei n thgtipp gRfe aﬁﬂ?§ é’dnrt‘dc'wsaui éﬂl‘)’sﬁ'atg‘a@l%smta st ehd
| i ght - conducti ng gro pert he capillaries. 43 22 Cctober 4 39. A

probe mi croarr diga demteaald@nngh@ﬂ and agid subsératecywing aligned amthatsaid ponidi ng t o
O o o Tl il ARSI S BBy S o
m croarray on ahs ubxencremfesaldﬂaxd)lemtobnd
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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conprising: a. Providing a print head according to clai m26.dyer Bamsi Ng a
plurality of non-identical probe-containing liquids through a nunber of

capillaries of said capillary bundl e simultaneously; and c. Printing said
plurality of non-identical probe-containi-ng |iquids onto said substrate to
form said random probe mcroarray. 41. A method according to claim 40

wher ei n sal d probes are attached to beads and said beads attach to said
substrat e.3942. aprebemeigroarey prnisd usivg et lepshone copiamivndisacesdiag tar e
magneti c and  7@C enti cal

pr obe- cont ai n\llvlralégl ?Bl!fgl&uh:??z@ br %‘hﬁg‘?‘ﬁ&%ﬁﬁ ‘?&ﬁ')h é%r prf‘qp% egl conpri ses
nmovi ng the nagraecardlrigetadsy ofd:iamwgﬁ -3%i d capi I | ari es u5| ng magnetic force.

43. A net d f .cl 40- 4 in .th f [
the ol ur o ty SReSAYIERERE P o ey ah A T ar e ibugh baid |
capillaries caﬁﬁfplnsmg providing an electric potential across said

capillaries to nmove sai probe-containi.ng |iquids through said nunber of
capillaries. 4& A r?é?ﬁgﬂlgm}t&??fgaqcﬁr oM X s 40- 43 furt her

conpri si ng the act qfasmhéhﬁl’ﬂrélﬁ&'o?ﬁoﬁ m%nﬁ!:ﬁl Ae- &Btatlrﬂﬁgﬁgﬁ § (b passi ng
i ght through at |east one Sai d | es. be m croarray

made by a met hod accdwmbiengt mﬂms of Sé’é‘l? aamléambundie SMItaﬂeOUSly, and
C. Printing said plurality of non-identical probe-containing liquids onto

said substrate to form said random probe microarray.

41. A method according to claim 40 wherein said probes are attached to beads and
said beads attach to said substrate.

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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