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1 POLYETHYL PM’ﬁE— BASED Bl OMOLECULE ARRAYS TECHNI CAL FI ELD Thi s invention

relates to an array of bionolecules, and jmore specifically to an array of
di screte bionol ecul e-contai;ning el ements positioned throughout a 5

pol yet hyl enei m ne | ayer overlying a substrate. BACKGROUND OF THE | NVENTI ON
In the fields of nolecular biology and m crobiology, it has |ong been
comon to enploy solid supports having bi ool ecul es i mmobi |l ized t hereon.

| mobi | i zation pr ovPOIsYEEHIYRENIMINEBASED BIOMORECULE ABRAYYBor

mul ti pl exi ng of 10 sanpl es and ready neasurenents of tags enployed in a
| ar ge nunber of signal systens. There is, for exanple, a wealth of
literature fgﬁﬁ\gﬁgﬂj’ igatihng nucleic acid polyners to beads. One such

met hod uses vidin-coated magneti c beads, which are commercially
avail able from e.g., ThsiavemfonGelates thanvasay offdsmoleealds, andemornipacificdlly 5

with termnally | abeled biotinylated oligonucleoqtides. Bioti glirl]d
st rept avi dito aneamway lof kdisonste digmelseulecontgining sHlement| B?ﬁmwg’ IgHEROW 8 e

manner, which for many rposes, ks th uncti onal equival ent of coval ent
“conj ugat?onP°qWE¥l,en9P¥§gk‘lﬂXg{ QYFIiNRA f‘r‘éeti?{rg&orre i nobi 1.i zed on a bead
t hroough this biotin-streptavidin interaction. Another nethod relies on
carbodli m de chem stry. There are several 120 variations on this basic

approach. FBAGKGROEUND QI THE BNVENITI@N beads may be joined to

car boxy-nodi fi ed ol igonucl eotj des escribed in. e.q.., Kregsky., J. N. et

al . Ny%:ll ei ¢ Aci ds Reg.h.l 1153 %ﬁf-égﬁgffc‘g’@é%}d%% aeﬁr‘%&?"l“?x‘f’% W&PB@II}I’@“

coupl ing. A%g,},,ﬁﬁ "t a&h?f O%oﬂg E%Hg%r@p%@ﬁx h BisiRS1e6 QRS I RhinBBilized © tHErésts
ma y eads W

(CPG or I'C polys ene th a Surface coating of carboxyl

groups. whi GhmabRizhREE ipeeivides Rariedsnadvandigks.esuch28s, altiwiggnfoc|meuoltipthxing af
described in, e.g., Giosh, S.S. et al. Nucleic Acids Res. 15:.5353- 5372,
1987 andOLusamples end rgady Mpsasuseients iof tagresplaypdiip ddareegnmeper pé gignal gystems.
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beads.

One such method uses streptavidin-coated magnetic beads, which are
commercially available from, e.g., Dynal of Oslo, Norway. These beads are contacted
15 ~ with terminally labeled biotinylated oligonucleotides. Biotin and streptavidin are well
" known to interact in a non-covalent but highly stable manner, which for many purposes
is the functional equivaleﬁt of covalent conjugation. Thus, oligonucleotides may
- become immobilized on a bead through this biotin-streptavidin interaction.
An.other method relies on carbodiimide chemistry. There are several
20 variations on this basic approach. For example, hydrazide-coated beads may be joined
to carboxy-modified oligonucleotides as described in. e.g., Kremsky, J.N. et al. Nucleic
- Acids Res. 15:2891-2909, 1987, via carbodiimide-promoted coupling.  Another
variation on this approach uses controlled pore glass (CPG) or magnetic polystyrene
beads with a surface coating of carboxyl groups, which are reacted with amino-modified
.-25 ‘oligonucleotides, as déscribed in, e.g., Ghosh, S.S. et al. Nucleic Acids Res. 15:5353-
5372, 1987 and Lund V. et al. Nucleic Acids Res. 16:10861-10880, 1987.
Yet another method uses a layer of polyethyleneimine (PEI) that
surrounds a bead. See, e.g., Wasserman, B.P. et al. Biotech. and Bioeng. XXII:271-287,



2 1980; Pov et al. J. Pharnaceuti cal Smences 75:831- 8

Rounds, QJ”A‘)(‘,‘%Eom 362: 187 196, 1986; Van Ness, J. et al. ucI el géxm ds
Res. . 19: 3345 3350, 1991; and PCT I nternational Publ i cat i on WO 94/ 00600.
Furthernore;, PEl has been used to inmobil4ze various bionolecules,

i ncl uding nucleic acid polyners, on a wwde variety of 5 non-bead solid
supports and surfaces. See, e.g., Schurer, J.W et al. J H stochem stry and
Cytochem stry 25:384-387, 1977; Alpert, A J. et al. J. Chrom 185:375-392,

1979; Vanecqlygo,@ovey, RIC. etlal]. PRirpeioical Sdiences 715&1 smwsazmmss,um & J. et
al . Chromatographia 19:9-18, 1984; Rounds, M A rom 362:18
1986; Eur op€morRal6n87ab4,i19861 ¥an Nisss.d, aiot. NedemAftlév Resad 3Wé358t1%81
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et aI D e Angewandi e Makronol. Chem e 212:167-179,
1993 Brig I noA-bead salid suppBitsmad shfhcesReSee, 22:, &Taerer,llzﬁé et Bb9B Hipothemistry

coported © 3%2&%‘5@%&5& 8 1877 Alpes R S Lhepm ABSaTEA0%, 1990
09, Bouss! fy,Beel®l 68! et BOUndNA! inchid 1571156180, OF9FRI 1 7RIy, 1%

al.
Recently, | ntense attention has focused on creatihg arrays o | onol ecu‘ es,

and parti culcafrb,»a@g&aﬁmwlﬁm941®esl9m Roiids] MQAJ d/. s Gapemn.t 36211871816, 0V986y
publications (and the references cited therein whi ch are eXﬁ%néol ar&)onl Y,
provi de 20 EQMIPa@nﬂA@pb@?}tqubNgv%W? &8 Adfmv%‘f"?%swtﬁ ief a5 Hese

v b ot H S8 B ARhalger i aRias 1SR, BERRET A8 0 " Al
1993; Chet V%"cieﬂcesﬁy@zmejzmalwsﬁ U/STatenpl 753,983 14 O, m919s@%o&autmm,
E.M Nucleic Acids Researcéh 22 1368- 1373 1994 Li pshutz, R J. et al.

Bi oTechni quekpplieatiotoNa40,4031.996 A lSthErame, MJ. Bf JE48YsTrimh, 2K, Dig Angewam&e%;

Bl anchard, A.P. . 687; 19
S Bonnel 1 liafragol. fiksmie JTZBT 301 B BuEfy 0B S bt M @RS Paas3:
13:151- 157 12&99@93'??@4* ﬁ@&?naﬁ%élaﬁpasﬁcauan% 300 637021849 96Indeed] FHIi s, bebh

Fortune pp. March
15 reported to bind ohgonucleotldes in the absence of a solid support. See, e.g.. Boussif,

O. et al. Proc. Natl. Acad. Sci. USA 92:7297-7301, 1995.

Recently, intense attention has focused on creating arrays of
biomolecules, and particularly polynucleotides, on a flat solid support. The following
publications (and the references cited therein), which are exemplary only, provide

20 général and specific overviews of various utilities for these biomolecular arrays, as well

as methods of preparing éuch arrays: Eggers, M.D. et al. Advances in DNA Sequencing

- Technology SPIE Vol. 1891 :113-126, 1993; Chetverin, A.B. et al. Bio/Technology

12:1093-1099, 1994; Southern, E.MM. Nucleic Acids Research 22:1368-1373, 1994

-Lipshutz, R.J. et al. BioTechniques 19:442-447, 1995; Schena, M. BioEssays 18:427-

25 - 431, 1996; Blanchard, A.P. et al. Biosensors & Bioelectronics 11:687-690, 1996,

' O’Donnell-Maloney, M.). et al. Genetic Analysis: Biomolecular Engineering 13:151-

"157; 1996; Regalado, A. Start-Up 24-30, Oct. 1996; and Stipp, D. Fortune pp. 30-41,
March 31, 1997. '

Many of the reported procedures for preparing these arrays has drawn

30 upon expertise which developed in connection with immobilizing biomolecules to



Many of the weR9pisegl pProcedures for preparing these arrays hasp@ragbs/silde.
upon expertise which devel oped in connection with imobilizing bionolecules
to - 3 beads and other solid supports. Perhaps surprisingly, there has
been, to date, no report of, using PEl to igmobilize bionolecules in an
array format. At nost, this has been suggested as a theoretical possibility
for linking oligonucleotides to a nylon support. See, e.g., PCT

I nternational Publication No. WD 95/09248, citing Van Ness, J. et al. 5
Nucl ei ¢ Aci diseaitegnd othegsalisl agports.] Fethapasunprisinglis dheriedras ibeen.tthalate, aeamport

i nventors ha i.dent.ified praobl ens assogi ated with.preparjng PEl-base

o eomact eo Shusing PE) a0 Sapbbrls SomRlRales b a0 Sy FamEt Al Best thig g een
. o et )
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t o ot her typSe, efg. PCHatermmtionhisPulldicatibw Neod WEr 85/09288 \VARY Van Wkks, J. et al.
| NVENTI ON_The i nvention provides for an array of bionolecules conprising: a

sol 1 d subdt rifpeeiscteias Rasndf a3 euPPabdPai d surface at least partially
covered w th a | ayer oh.peLy(er YN RIS FEEAr 816 A CORMLEL "

a plurality of discrete fiTst regirons surrounde

conti guous sgeedisted 64itlo prefading PEI-bisel ealigtnackeeiidd eerapy, b HaveBRed RHosé
bi onol ecul e and PEI; and sai d second region defined by the presence of PEI

and t he subsprahlems| s@dhataPElebased grayh ardnowomeraithan just asthgoreticali possitilty.
first regi on%:i al so ¢ Ilgﬂ hhe i npl ant frﬁ?einon’ ecause.bionblecule is, in
sone sense, 'ﬁ%}eéwf"ifd Pt BE[-RaseAErITaYS (Af tHen AnYantiop  PERyids svarieus jpdvaniagesy

herein, ihe SpGRRE ofIh@yhes dHlapdys ak hRE didtfoss@ReR)n.r €0i On or contiguous
spacer region, because in fact the spacer regions serves an unreactive
spaci ng between reactive 25 bionolecules in the inplant regions.
SUMMARY OF THE INVENTION
The invention provides for an array of biomolecules comprising:
- a solid substrate comprising a surface;
said surface at least partially covered with a layer of poly(ethylenimine)
15 - (PEI);

said layer comprising a plurality of discrete first regions abutted and
surrounded by a contiguous second region;

said first regions defined by the presence of a biomolecule and PEI; and

said second region defined by the presence of PEI and the substantial

20 absence of the biomolecule.

As used herein, the first region is also called the implant region, because
biomolecule is, in some sense, implanted into the PEI within the first regions. As also
used herein, the second region is also called the spacer region or contiguous spacer

- region, because in fact the spacer regions serves an unreactive spacing between reactive
25 |- biomolecules in the implant regions.
In another aspect, the invention provides a process for preparing an array
- of biomolecules, said process comprising:
};mviding a solid substrate comprising a surface, wherein a layer of

poly(ethylenimine) (PEI) covers at least a portion of said surface, said layer comprising



I n anot her {gPéiidesed he i nvention provides a process for prepapcrarsdsisiasay
of bi onol ecul es, said process conprising: providing a solid substrate
conprising a surface, wherein a | ayer of poly(ethylenimne) (PElI) covers at
| east a portion.of said surface, said | aygr conprising 4 a plurality of
di screte first regions abutted and surrounded by a conti guous second

regi on; and depositing a bionmolecule into said first regions while

mai nt ai ni ng said second region substantially free of the bi onol ecule. 5

Ot her aspecasplufalithiof disoretatfirshregions abustedeand pureunded Jonh areonsigueuse second he
attached figures agd the follow ng detail ed description. DESCRI PTION OF THE
DRAW NGS Fi K@% 2R%j s 3 schematic top plan view of an array in accordance

with an embodi ment of cfegﬁsmﬁ%%rﬁl?ﬂ% echfé into sald ﬁrst regidrisOWhite hBihtiinthg said
schemati c cross-section VIiew o e array of Figure 1A Figure 2A | S an

i sonetric viesondiregion shbseamtinllp fiigaofithesbibmolqoulepar i ng the arrays of the
invention. Figure 2B is an enlarged front el eyational view of an fenbodi ment
of a del Bver y t i p i n Lthey aspaets ofithis inwention,Will perome; apparent upon refereneg 49 e

315 a fron ol kALl AOGES KheHe oNAIREIRL A de ST Nohi P i th a coni cal

design. Fig SI'BVar Vi ew or yet anot her enbodi nent of
a delivery ti p with a fluted, conl cal design in accordance with another
enbodi ment of the invention. Figure 4B is a bottom pl an

vi ew of theDﬁﬂGRJé’rT}ON@FJfHED&AMNﬁS Figure 5 shows an array of

m crospots prepared a ord|

0. nventi on. and. devel oped u Vect or
Bl ue (Vector Laborato %u'rslal b%mﬁ“" @?Iqlﬂ)yﬁlwa? Wyrfﬁ ’aﬂ‘%
canera and @?n%@ﬁﬁé?%fthe mvennon

10 Figure 1B is a schematic cross-sectional view of the array of Figure 1A.

Figure 2A is an isometric view of a delivery apparatus for preparing the
arrays of the invention.

Figure 2B is an enlarged front elevational view of an embodiment of a
delivéry tip in accordance with the invention.

15 Figure 3 is a front elevational view of another delivery tip with a conical
design. '

Figure 4A is a front elevational view of yet another embodiment of a
delivery tip with a fluted, conical design in accordance with anothér embodiment of the
iﬁvenﬁon. )

20 ' F igure 4B is a bottom plan view of the delivery tip of Figure 4A.

Figure 5 shows an array of microspots prepared according to the
invention and developed using Vector Blue (Vector Laboratories, Burlingame,
California) and imaged with a CCD camera and microscope.

- Figure 6 is an illustration showing how two different oligonucleotides,
25 both present within a single array element, may be identified and partially quantified
" “according to the present invention. .
Figure 7 shows a CCD camera image of an array produced by a robot

using the methddology of the invention, where the domains are approximately 100-150



Figure 6 i Svﬂﬂpé'/Msﬁt ration show ng how two different oligonucpenusors4elS -
both present wthin a single array elenent, may be identified and partially
gquantified according to the present invention. Figure 7 shows a CCD canera
i mge of an array produced .by a robot usimg the methodol ogy of the

i nvention, where the dommins are approxi mately 100-150 5 mcrons in
average dianeter with 200 mcron center to center spacing between spots.
The standard deviation of spot dianmeter is approximtely 15% Figure 8 is a
phot oni cr ogrmijshensnincayeragd stiameted mithc 201t mictogheentgsi tagceater ispaeing fgiween spots.
fl.uorescence, whic nonstrat es, t.he reproduci bl ition (as determ ned
5 by vi sual T}P?S?S%'E{;F‘g%"‘%ﬂo rfp%ﬁaﬂameéeré%ﬁ%ﬂémage@ﬁ%@?hi s case,

fl uoroescent m crosph FAVZ=To: AR '

DESCRI PTI ON OF THE | @%ﬁ%ﬁﬁf&f@‘?ﬁ‘fﬁ?@a plis i on‘“{%?‘ai? gggbéa}{r?ealgé g/ﬂ shig

bi onol ecul esfiltekfor Alubreycdnoe) whieh densmistrates uhs repavdudibleidegosition (dsdeemhined
Is preferably planar, where the surface 10 is at |egst p_artiallﬁucovered

with a | ayerbyf vigealy irspretiamieiohi Ren-vebiclg . componenie (8¢ thig) cases Alupragseant ¢ y
fdi te first ' aded b ti d
(r)egi :)?lf:r'?'hg ?‘i#@stph%%gﬁl %em§e%9§%§g?%g%y§§g{ﬂ%w%§ese%cg g?nal gtjglrjrgl Zgﬁlog and

PEl, while the second region is defined by the presence of PEl and the
substanti al absence of the bionolecule, i.e., |less than about 10[err]

bi ool ecul esDEEFAIREDMESCGREIVEON OFcRHEINVENTION second region. Figure | A
Is a schematic to I view and Figure 1R, s a sche l.C_Cf0SS-segtional
view of a bi onol e(F:)uFea'g?"r &esept Wea@%rpaawéss it Wgngg%%?%ﬁps.oﬁ%é;my

| nvention. -'_ilﬂglugéé @goggf?sidﬁﬁfa@%\éﬁn%q B8 ShilH isSSHERPABly PUNGE, WticPe e stirfabe @

pl anar surfac e array IO may have a top |layer 30 covering at
| east a por tisanleadt gamialROcoveradpwith adayestaf poby(2thylefieeminop(REdY.eThe tayies of PEI

O a1 gi U nhReGr PRl o At SeRarL AR Ao amomabbBy % SLkuae Tt
plurality of  iim! afife £80IQEehs3fe GBfifled b 't PrestrceSbPYBidntbiEhl'afid PRY, while
the second region is defined by the presence of PEI and the substantial absence of the
biomolecule, i.e., less than about 10° biomolecules per 2,000 square microns of the
15 - second region.
: Figure 1A is a schematic top plan view and Figure 1B is a schematic
- cross-sectional view of a biomolecule array 10 in accordance with an embodiment of
- the invention. The array 10 may have solid base or support substrate 20 with a planar
éurface 22, and the array 10 may have a top layer 30 covering at least a portion of the
20 support substrate 20. The top layer 30 is preferably composed of PEI and the bottom
~ layer 20 is preferably composed of a rigid material to which PEI covalently bonds. The
PEI layer 30 has a plurality of implant regions 32 (e.g., twelve as shown in Figure 1A)
disposed in a contiguous spacer region 34. Each implant region 32 is a discrete,
- isblat"ed region defined by a mass of biomolecules 40 implanted into the PEI layer 30,
25 and the spacer region 34 is defined by the remaining portion of the PEI layer 30. For
~ example, each implant region 32 may have a truncated-conical shape extending from
the surface of the top layer 30 to an intermediate depth “d” within the top layer 30. As
- described in de}ail below, the biomolecules 40 diffuse into the structure of the PEI layer

30 and covalently bond to reactive amine sites within the PEI layer 30.



di sposed in ?ﬂ%# uous spacer region 34. Each inplant regi opcdrishsi1Shas
di screte, 'gg?;g e 6?egi on defined by a nmass of bionol ecules 40 1 nplanted

into.the PEl |layer 30, 25 and the spacer region 34 is defined by the
remaining portion of the PEl layer 30. Fog exanple, each inplant region 32
may have a truncated-conical shape extending fromthe surface of the top

| ayer 30 to an internedi ate depth "d" within the top layer 30. As *
described in detail below, the bionolecules 40 diffuse into the structure
of the PEl |ayer 30 arfhecdinmngiohs$ wf iber PEI dayera?d,i imeplamti regiagist £ andl tspacing he
PEI | ayer 30. 6 The dinensions of the PE] |ayer, 30, inplant. regi.ons 32
and spaci ngbeietespdhe implantgsgions I2egansrallyavariss asronding %ﬁee?eﬂgi&ﬂp%#’ﬁﬂ’qrb.

t he specific,appljcati tihi o | e,
my be o smaPf HekaRy 100 wh RV GRET: dfliplly ey o o B o sl en eR
i mpl ant  r egipgSnaleulsE NN ditionalpOthel fplfRt fegionksrark ngehesillgnaiont] (3100 fuen in
surface of the PEI layer 30, and the center-to-center distance "D' between

t he i npl &nt diamgitemat 8@ surfageref thel PEbiayae 3R, 2od thereepisrdawentepalistarger Din

| f d embodi.ment . th f, di anet f i npl ' 32
o Bt oxi RESTesnI6° BRI Thes EspraNy et 005 acfRob S 0 L
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Substrate Tﬁe substrate 1s preferably glass or silicon. However, the
substrate naY pahtaxirtat implant tegiaps32tare spavled apast ibyheecénterstogranter dissancedd of
such as pol yet hy| ene, | ar and 6, 6-nylon, or conposites thereof. In a
preferred e#BPIG?‘M‘FI}’Q{B‘éé“@UbStrate is planar. In another preferred

enbodi nent, the substrate be forned of wells or other 15 indentations

di stribuylped ghRsugipld an otherwise planar surface. The substrate nmay have
t he nor phol 60y Of a non-porous nmaterial. or it may be porous such as nyl on.

Th bst r at b . f.i. | as. ¢ |
Fosent a1y any Yol o BEAUPFERE iroReabiy MaTu Shichh. Ifevel, She SRty |
and retenti QRer@btivdly bedfifirts] ol SitheicCophiic PolgmERIKURA SasSpolyakbiylene] ylad

PEI - cont-ai ni ng bi onol ecul e-free 20 region. . .
and 6,6-nylon, or composites thereof. In a preferred embodiment, the substrate is

planar. In another preferred embodiment, the substrate be formed of wells or other
15 indentations distributed throhghout‘an otherwise planar surface. The substrate may
have the morphology of a non-porous material, or it may be porous such as nylon. The
substrate may be a membrane or a film (mylar or gold, for example). Essentially any
solid substrate may be employed which allows the formation and retention of PEI- and
_ biomolecule-containing regions surrounded by a PEl-containing biomolecule-free
20 - region.

. An example of a solid support that is useful for this purpose is a silicon
wafer that is typically used in the electronics industry in the construction of
- semiconductors. The wafers are highly polished and reflective on one side and can be
easily coated with poly(ethylenimine) using silane chemistries. The wafers are
25 commercially available from companies such as WaferNet (San Jose, CA). Glass slides
- can also be coated with a reflective coating. Glass slides with a reflective coating can

also be easily coated with poly(ethylenimine) using silane chemistries.
The polymer coating of poly(ethylenimine) permits the covalent

attachment of oligonucleotides, PCR fragments or amplicons, DNA molecules or



An exanpl e @lo dd/gagdél d support that is useful for this purpose BRCI/BSI8I152460N -
wafer that is typically used in the electronics industry in the

- construction of sem conductors. The wafers are highly . polished and
reflective on one side and can be easily cbated w th pol y(ethyl enini ne)
using silane chem stries. The wafers are 25 comercially available from
conpani es such as WaferNet (San. Jose, CA). d'ass slides can also be coated
with a reflective coating. d ass slides ting can al so

th refl ective c
be easily cdmgments to5 SBISY( AFHRS-CORIANHES \Ace}emvgecg eSafe HfesPld, suportrpsing

pol ynmer coating of. pol y(.ethyl eni ki ] t C I t
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fragments or athelidaHReharthahddedbepeAiof apshef lite stisilisol i d support using
comrercially available cross-linkers (Pierce, Rockford, IL).

Pol y(ethyl enim ne) (PEl) coated slides also have the added benefit of |ong
shel f |ife Preparatiamof A¥lcCoatimgson of PElI Coatings 5 The

cheém stry used to adhere the layer of PEI to the substrate depends, in
substantisal part, uporThd¢henhietny matd taladlidre yheofayethef BEb&1 thet substfite dppéngls,

art provides nunerous exanples of suitable chemstries th’glt-x mgy adher e PEI
to-a solid dupspestantiabpartewpampthe, chemical ndentity o the substates  Ehe, prighart prevides

coating may be applied the. [ , .
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WO 94/ 00600 exh@pfe, Gihethitehsistraten &0 6/80kybAJ tHe PBI eolding ah@y d8capplivhey tiie
solid support is glass or silicon, suitable nmethods of ag-%l yin | ayer of

PEI are foumkthods disgjosedvitsVen higss, B. 0. alBNockeithdelds fiesah @ﬂ%éaéﬁzin 1i angl
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coating nmay be- coval ently bound t0 the Substrate using silylating
chenistry. HayereofaPill are folhd Hayeggy Waasarinae, BiP.oRiplashdglogymwdi Bioengineering
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agitation, the Preferably, the PEI coating is covalently attached to the solid substrate.

15 . When the solid substrate is glass or silicon, the PEI coating may be covalently bound to

. the substrate using silylating chemiétry. For example, PEI having reactive siloxy

endgroups is commercially available from Gelest, Inc. (Tullytown, PA). Such reactive

PEI may be contacted with a glass slide or silicon wafer, and after gentle agitation, the

PEI will adhere to the substrate. Alternatively. a bifunctional silylating reagent may be

20 employed. According to this process, the glass or silicon substrate is treated with the

bifunctional silylating reagent to provide the substrate with a reactive surface. PEI is

then contacted with the reactive surface, and covalently binds to the surface thrbugh the
bifunctional reagent.

PEI coatings have been extensively used in the art for binding

25 . biomolecules. PEI is very effective in this capacity for a variety of reasons. For

| . instance, PEI is very hydrophilic and thus readily wets aqueous solutions containing

biomolecules. In addition, PEI contains many amino groups, which can form salts with

acidic groups in a biomolecule. However, the readiness with which PEI accepts

aqueous solutions of biomolecules is precisely why it has not, to date, seen use in the



PEI wi || adigsév/iq8og he substrate. Alternatively, a bifunctionglcravsoghsiseng ..
reagent may be 20 enployed. According to this process, the glass or
silicon substrate is treated with the.bifunctional silylating reagent to
provi de the substrate with a reactive sur§ace. PElI is then contacted with
the reactive surface, and covalently binds to the surface through the

bi functional reagent. PElI coatings have been extensively used in the art

for binding 25 bionolecules.. PEI is very effective in this capacity for a
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5 to be avof eparation of bionolecular arrays. Arraying
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nodi fied spring pr oges_ di scl osed herein, to deliver nultiple uniform
ni cr odr opl efS cppfained) within aq, aqueqns, gligonyicleotide ¢omposien, ihenthigkeping agent

imparts desirable rheological properties to the composition, thus enabling the

15 composition to be used with the modified spring probes disclosed herein, to deliver

" multiple uniform microdroplets to a planar surface having a PEI coating, with only a
single pickup of the composition from the reservoir of composition.

The concentration of the thickening agent is 35% V/V to 80% V/V for

liquid thickening agents such as glycerol. The preferred concentration of thickening

20 agent in the composition depends, to some extent, on the temperature at which the

-arraying is performed. The lower the arraying temperature, the lower the concentration

of thickening agent that needs fo be used. The combination of temperature and

viscosity control permits arrays to be made on most types of solid supports (e.g., glass,

Wafers, nylon 6/6, nylon membranes, etc.).
" 2_5 ¥4 The preserice of a thickening agent has the additional benefit of allowing

-~ the concurrent presence of low concentrations of various other materials to be present in

" combination with the biomolecule. For example 0.001% V/V to 1% V/V of detergents

" may be present in the arraying solution. This is useful because PCR buffer contains a

small amount of Tween-20 or NP-40, and it is frequently desirable to array sample
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15 between those of pure water and pure glycerin. - _

The arraying solutions of the present invention may be used to deposit
microdroplets onto almost any surface. Since, the surface property of the solid support
has little or no effect on the deposition of the microdroplet, biological samples can be
arrayed onto almost any type of coated surface or polymer-coated solid support. For

20 éxample, typical aqueous solutions tend to spread rapidly on solid supports which are
coated with hydrophilic polymers such as poly(lysine) or poly(ethylenimine) whereas
these same solutions tend not to be easily deposited on hydrophobic surfaces such as
silicon wafers. However, arraying solutions with a thickening agent according to the
present invention may be used to deposit uniform microddts on any of these substrates.

25 . Another important benefit of including a thickening agent such as

. glycerol in the arraying process is quality control. When glycerol, for example. is used
_ in the arraying method as described herein, a small droplet of liquid is deposited on the

solid support. At the concentrations commonly used in the methods described here, the
- glycerol concentration is sufficient to prevent evaporation of the microdroplet.

30 Therefore, each printing of each array pin can be examined prior to chemical processing
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any surface. Since, the surface property of the solid support has little or
no effect on the deposition of the mcrodypplet, biological sanples can be
arrayed onto al nost any type of coated surface or pol yner-coated solid
support. For 20 exanple, typical aqueous solutions tend to spread rapidly
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15 PEl-coated surface when the nucleic acid contains a primary amine, as disclosed below.
" The ftypical concentration of nucleic acid polymer in the arraying solution is

© 0.001-10 pg/mL, preferably 0.01-1 pg/mL, and more preferably 0.05-0.5 ug/mL."
' Preferred nucleic acid polymers are “amine-modified” in that they have
been modified to contain a primary amine at the 5°-end of the nucleic acid polymer,
20 preferably with one or more methylene (-CH,-) groups disposed between the primary
* amine and the nucleic acid portion of the nucleic acid polymer. Six is a preferred
number of methylene groups. Amine-modified nucleic acid polymers are preferred
because they can be covalently coupled te a solid support through the 5°-amine group.
PCR jJroducts can be arrayed using 5°-hexylamine modified PCR primers. Nucleic acid
25 duplexes can be arrayed after the introduction of amines by nick translation using allyl-
" dUTP (Sigma, St. Louis, MO). Amines can be introduced into nucleic acids by
* polymerases such as terminal transferase or by ligation of short amine-containing

nucleic acid polymers onto nucleic acids by ligases. |

Preferably, the nucleic acid polymer is activated. prior to be contacted

30 with the PEI coating. This can be conveniently accomplished by combining amine-
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The nucleic acid polynmer may be a PCR product, PCR prinmer, or nucleic acid
duplex, to list a few exanpl es. However, essentially any nucleic acid type
can be covalently attached to a 15 PEl-coated surface when the nucleic acid
contains a primary am ne. as disclosed below The typical concentration of
nucl eic acid polyner in the arraying solution is 0.001-10 [err]g/ni,

- preferably 0.01-1 [err]g/nL, and pore preferably 0.05-0.5 [err]g/m., .
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or by ligation of short am ne-containing nucleic acid polyners onto nucleic
aci ds by | i dersinratedpegleicaisidpolymersthaye seastedcwith 9oe yaalecule ofrichiorewiszinei s

b 30 .with .the PEI i ng. .Thi : i ent |
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Wien the nucleic acid polymer contains a 5 -amne group, that 5'-amne can
be react ed “wontaining atrayingtsolutiong enay be alepositad antocy kil rdoatingleven dizouighathat

Ness et al., Nuclei¢ Acids Res. 19 : 3345- 3350, .1991) Preferghly, an

excess of 5 a“@i}'&ﬁtﬁ‘ﬁ?‘lf’oéhn?%t?‘&é g §‘gé§iféﬂf %OF%%H&@&? RARE- p%riowdes a
solut! on, WEHSridnt avaneact MR fniétﬂodi%ﬁécfeﬁ?‘f&ﬁingfa HEREIS Go BB! bt YA
t he nunber o amnes in the nucleic acid polyrmer~in the arraying solution

i s .pref err edn atmyingiselutian prionto ampwaying podcessti ne- term nated nucl eic acid

ol yners, have reacted W th gne no) ecul e, of trich]orotrjazine o .
oLy IJ] R \X)dhen 81e nuc e?c. _.ac?d polymer. {s dou{aie stranded?. a preferred

- embodiment of the invention provides that both strands or one of the strands contains a
terminal amino group. The double stranded nucleié acid polymer may be bonded
through one terminal amino group to the PEI coating. to thereby immobilize the double
stranded polymer. However, since only one of the two strands is covalently bonded to

20 the PEI coating. the other strand may be removed under denaturing and washing

‘conditions. This approach provides one convenient method according to the present
invention of achieving an array of single stranded nucleic acid polymers. The double
stranded nucleic acid polymer may be obtained, for example, as a reaction product from
PCR. | |

25 - Preferably, the arraying solution is buffered using a common buffer such
as 's'o&ium phosphate, sodium borate, sodium carbonate, .or Tris HCL. A preferred pH

- range for the arraying solution is 7 to 9, with a preferred buffer being freshly prepared

- sodium borate at pH 8.3 to pH 8.5.

To prepare a typical. arraying solution, hexylamine-modified nucleic acid

30 polymer is placed in 0.2 M sodium borate, pH 8.3, at 0.1 pg/mL, to a total volume of 50
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An advant ageous ?eature of the present invention is that the bionol ecul e-
cont.ai ni ng arrayi ng sol utions. may be deposited onto a PEl coating even
though that arraying solution contains ajsignificant anmount of
trichlorotriazine. This provides a significant advantage over nethods
wherein coupling agent needs to be renopved froman arraying sol ution pri or
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arraying sol ution, hexytam ne- F nucl el ¢ aci d 30" polyner is placed

in0.2M Soﬂbﬂm{bﬁfra‘sﬂectbﬂdlﬁ &livering .disdrete) legnindlled ovolunest af o diiomslechlab0
12[err£l Ten [err]l of a 15 rra@rrL sol utjon_ of cyan ic chloride is then
added, afd saletionsewspithe PEL layer d0efi thearmob el ons; embegiment thoaprarafps has a
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a final r|n i ng nlques
bi omol ecul .agn sppésingd RAd TEXhE peAg|prétt 50. tTike Eiring patbiend) lggnarally dficludes a

housing 52 encasing a biasing member 54 and a plunger 56 with a first end 57 adjacent

" to the biasing member 54 and a second end 58 projecting from the housing 52. The
15 housing 52 may be a tubular barrel, and the biasing member 54 may be a compression
: sﬂr’ing that pushes the second end 58 of the plunger 56 out from the housing 52. The
- first end 57 of the plunger 56 according has a shoulder 57a that engages a stop 59 '
"projecting radially inwardly from the housing 52 to limit the maximum extension of the
pIunger 56 with respect to the housing 52. Suitable spring probes 50 are available from
20  Everett Charles (Pomona, California), Interconnect Devices, Inc. (Kansas City, Kansas),
Test Connections, Inc., (Upland, California), and other manufacturers.

The actuator 60 preferably moves the spring probe 50 along an axis
normal to the array 10 (indicated by arrow V) and in-a plane parallel to the surface of
the PEI layer 30 (indicated by arrow P). The actuator 60 accordingly controls the spring

25 : probe 50 to dip the delivery tip 70 into a well 80 containing a biomolecular fluid 90,
o position the spring probe 50 over a desired point of the PEI layer 30, and press the tip
70 against the desired point of the PEI layer 30. In another embodiment, the actuator 60

may only move the spring probe 50 normal to the array 10, and another actuator (not

shown) translates the array 10 and the well 80 to position the tip 70 over the well 80 or



t he nunber @fg égig4e8 ques currently used in mcrofabrication. FeCT/OSIEM5245,
the solutions may be placed into an ink jet print head, and ejected from
such- a head onto the coating. Figure 2A is an isonetric view showi ng a
preferred apparatus and nethod for selectiyely delivering discrete,

controll ed volunes of a bionolecular 10 solution onto the PEl |ayer 30 of
the array 10. In one enbodi nent, the apparatus has a spring probe 50
operatively attached to an actuator 60 and a delivery tip 70 attached to an
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al ong an axB@ andrfomh atcormespongingplurality ioh dmplant rreignsat Ghewn im Figure 14) pritthe
lel to th f PEL, | 30 (indi R);.. The.
Dot bt or 60 8RRl HIGHGHS SEBn FHEIE 2B A nishaed o0 R Aol v, B vl b

del i veryj i ' Weith 086 emBBiRidhit BF tifk iRbetRIne CPieAdelivei ip 90 préfefably on
t he spri]r(l)tg g?é@gb%g%!\%gr a 8esier ed point of lt he PEI Iayer1 3 ,d%ndppr essythe

tip 70 agai has atthmcatediconitabshape with a klistéiHfiace 33 end aplutatityanbilles or channels
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. between approximately 15° and 120°, and more preferably between 60° and 90°.

The spring probe 50, actuator 60 and delivery tip 70 operate together to

-deliver a controlled amount of biomolecular fluid to the PEI layer 30 each time the
actuator 60 presses the delivery tip 70 against the PEI layer 30. The actuator 60 initially

20 ;dipé the delivery tip 70 into the well 80 of biomolecular fluid 90 to draw and hold a
significant volume of biomolecular fluid 92 (Figure 2B) onto the delivery tip 70 via
capillary action. The actuator 60 then bositions the spring probe 50 ovef the PEI layer

30. After removing the tip 70 from the well 80, a portion of the biomolecular fluid 92

on the tip 70 forms a hanging mass 94 of fluid at the distal face 72 of the tip. The

25  actuator then presses the tip 70 against the PEI layer to form a single, discrete implant
.region 32 (shown in Figures 1A and 1B) of the array 10 from a portion of the

- biomolecular fluid on the tip 70. The actuator 60 preferably presses the tip 70 against
the PEI layer 30 so that the tip 70 contacts the PEI layer 30 with a nominal amount of

. pressure. However, it is difficult consistently press the tip 70 against the PEI layer 70

30 with the same pressure because the actuator 60 may not always position the tip 70 at the



si ngl e act ug,bo%rg/&&ﬁsi mul t aneously deliver a plurality of biomplcgfiidog/1smsses
to the PEI ayer 30. The delivery tip 70 preferably draws a sufficient

vol ume of bionolecular fluid 90 onto its surface to deliver a plurality of
bi onol ecul ar masses onto the PEl | ayer 3Qg4and form a correspondi ng
plurality of inplant regions 32 (shown in Figure IA) with a single pick-up
step. Figure 2B is an enlarged front elevational view of a delivery tip 10
70 in accordance with one enbodi nent of the invention. The delivery tip 70
preferably kase alevativicaridthecsumfacalof $reaPEI Mayeh 78 rday nat be awiformlysplanar. The
plurality of flutes or channe)]s -74. The distal ,face 72
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a between approximately 15[ err] and 120[err], .and m)red:&referably bet ween
600 and S0[ éerstrokd nftheachuatpr$0odhepoaraphy o theERlAYerR- i very tip 70

The PE 1 over 50 each Tty SRERRpE AT B e BleoRiBETREVIAES ap alibdlghe
agai nst t hegyRElad FJeEr3 gQ:gPQ_iQ@nﬁﬁﬁ]H&ﬁWolﬁﬁeidf ibibrable¥uldf flufll efchitiifte dad iy g0y

tip 70 into the we bi onol’ecul ar fluid 90 to draw and hold a
si gni fi cant engrgesrtheoPEblayenB@.c Ut avill fHeuanpredatedithatr & prRjseo persistens wwdume exfy

P sy, 2, Gt B BRSSP S S0, P ABR 3o
. _ -. ; Cion 7 . . -

5a"or 1110 qmeliitfindhEBREF teekin 34 h OPER Iy e S0, he el Tot B R s

the tip 70 agplanet inke tREPBlalager 80 dtoam impbim glegiond B2 ciseganerallyl determigidon

32 (shown in Figures IA and 1B), of the array 10 from a porti f ot

bi onol ecul aFmPFf?ﬂaHYoﬁ‘dt Hds ajfpnctipn thgdime thatthe tip %F%Sa@?%ﬂ}%/&g‘r %é’g"eg&t the
tip 70 agai . I:he t F Pt t r
50"t th o Rt ot Hi&%@%‘?%sé@ﬁ‘e@m“‘m@@’ﬁ%“"?@‘. SOk 70,1488 B bresfi' y
press the tbpwéen agatipsto drtetheEET layar 3070 B2Oauset the thiasimpmentiee S¢previdecause

t he actuator .6.0_,Ima?/ not al ways position the t i&) 70 at the 14 .
15 substantially constant pressure between the tip 70 and the PEI layer 30, the primary

factor 'in'ﬂue'ncing the quantity of biomolecular fiuid delivered to the PEI layer 30 is the
time that the tip 70 engages the PEI layer 30.
Figure 3 is a front elevational view of another embodiment of a delivery
- tip 170 in accordance with the invention. In this embodiment, the delivery tip 170 has a
20 tfuncated—conical shape without flutes or vanes. Accordingly, the delivery tip 170 holds
the biomolecular fluid on the surface of the conical section of the tip. Although the
delivery tip 170 may be used to deliver biomolecular fluid to the PEI layer 30, it is
generally more desirable to use a fluted tip because such tip hold more biomolecular
fluid. .
25 ~ Figure 4A is a front elevational view and Figure 4B is a bottom plan
““View of yet another embodiment of a delivery tip 270 with a plurality of flutes 274 and
* vanes 276. The delivery tip 270 operates in substantially the same manner as the tip 70
- described above, and thus it also provides substantially the same advantages.
The delivery tips 70, 170 and 270 described above represent a few
30 - examples of delivery tips that may be used to implant biomolecular fluid into the PEI



sane el evat {{lloAfidod e surface of the PEI layer 70 may not be peynfgysmisyss

pl anar. The biasing nmenber 54 accordingly stores energy caused by pressing
the tip 70 against the PElI |ayer 30 permtting the spring probe 50 to
contact the PEl .layer 30 with a substantigkly constant pressure for each
delivery irrespective of minor irregularities in 5 the stroke of the
actuator 60 or the topography of the PElI |ayer 30. The delivery system
descri bed above accordingly provides an apparatus that can deliver a

consi stent ilagerad® Ytowillvbe afppheciated dranisaverhl miodifeations iofighe kips gy 5O made,
engages the PEl layer 30. It will be_ appreciated that a precise, consjstent
voluns of bilathedisetisig difisrent Shenssd HaiahBior issigns-1 §oF FRabele. fhe\tins may have

Cayer 30, TRl cdndfod oot U her {abROGEDe! BEbARIK ubsh WlPodfituar
30 at an i mb?ﬁéatfoﬁgiAHHiﬁé’ndlﬁ', garRRited may have eonfadatondi stherathhry thos@ shdvim s a

function the'tinme that the tip 70 engages the PElI |ayer 30, the viscosity
of the biSnuhequesent ffigures. 90Thushdhe alelivepyr &ips care ofott hecessasily Oimided) te hihose

pressure betyeen the t.ip 7Q.and the PElI |ayer 30. Because the biasing
menber 54 pP Wtﬁ’é%‘{l‘gﬁig‘?r%ggé{g‘nitial |y constant pressure between the tip
70 and the PEI layer 30, the primary factor influencing the quantity of

bi onol ecul arqﬁltghgcggaiiﬁﬁﬁggﬂdpgsttmalgl& Trésent30 1S the time that the tip
70 engages the ayer . Flgure I's a tront elevational view of

anot her enbodi nent of Ly:er V. bl 7Q | IQ§QC 1t .h €q:l I Qn.
In this enbodi nent, th’ghegg#%lgéysoﬂt%n%'fg %eggﬁﬁ;e%gé ruﬁlfél t%dy%gn?lgéalﬁ9gl&|’a%£

wi t hout fl Utaﬁ%?/ﬁfg peotess. ATRA i 118l ¥, prefegrede binbBdiyndnit Pfot 7&rdydhd snuclege acid
bi onol ecular fluid on the surface of the conical section of the tip.
Al t houghl@ hgolighérscthg adtivatedonyplgic eid pelymess @ed note putifiedremay Jirem ynreacted o

the PEl |ayer 30, it, I. ener al nor.e desirgble to use a.fluted ti

because suc r‘fﬁ?‘ﬁ‘%‘?‘&f‘ﬁ%&’é‘"_ﬁi‘%ﬁ%‘?@& 0% _S%pui ﬁ_bhaESbeen su.rpns.lngly ‘ﬁf—‘ioé'ﬁ‘%g hat s
a front el evpireoRalo KeItARENEVE Whe edEes TrdssRAkLrOpRioY ﬁi‘pﬁhﬁlﬁ%% thetarAypigher
enbodi nent of ‘a delivery tip 270 with a plurality of flutes 274 and vanes

276. The delmathod. Thy i2.1be epegsacyantiric chivridesint tha [r¢actiph enixture daeswsrintgsferehe
tip 70 described above nd thus it also’ vi des.suhgtantially t same
acvant ages. S emwErs Vi yAE Fléry arhefng SBE HEEiS FodeobunTa Y edsSied,
]f oW goi B ?{Eﬁg&%lg?ﬁorﬁ CTHiY & Bechiifethe:RAS aiRYcddS of Effndsdn tBsSId iRl RE Hel!
number of cyanuric chloride molecules that will be arrayed at any given volume

. (nanoliters to picoliters). _
Typically the reaction which attaches the activated nucleic acid to the
solid support is allowed to proceed for 1 to 20 hours at 20 to 50 C. Preferably, the

20 reaction time is 1 hour at 25 C.
_ - The arrays of the present invention are particularly useful in conducting
hybridization assays. However, in order to perform such assays, the amines on the solid
__'supﬁort must be capped prior to conducting the hybridization step. This may be
| accomplished by reacting the solid support with 0.1-2.0 M succinic anhydride. The -

25  preferred reaction conditions are 1.0 M succinic anhydride in 70% m;pyrol and 0.1 M
-, sodium borate. . The reaction typically is allowed to occur for 15 minutes to 4 hours
. with a preferred reaction time of 30 minutes at 25 C. Residual succinic anhydride is

- removed with a 3x water wash.



15 layer 3Q,| .| be appreciated that several nodificationgcfusbsisaié PS -
may be madg’,voigglgﬁ?éi ng using different shapes a distal face des?gns. For

exanple, the tips may have pyramdal, cylindrical, cubical or other

sui t abl e shapes. dependi ng upon the particgy ar application. Additionally,
the flutes may have configurations other than those shown in 5 the present
figures. Thus, the delivery tips are not necessarily limted to those
illustrated in Figures 2B-4B. Arraving Conditions and Post-Arraving
Treatnents The arrayi Mhesolidtsupport &s thtasincutred albithva solmfiob eontadngliOrle6 My
in an arraying process. That is, in a preferred enbodi negt fcsar,qﬁrray,i n%
nucl ei ¢ aci glytidepnOyint0.9 Misadivm: besata &bl (e 9ei This sten “sansy Apy digyero e

purified away, from unteacted cyanuric,chl ot de [ t [ Akd: p.
It has beenwé_l?}‘pr’?‘g n_&Fy c&vglga r_§8“‘§_ a?‘&t @er eplgfs_ g‘%rférlcgedgf o&lr;ﬂedr%%g\};ekgt ?{{etg
excess crosglhAifibrobidAte.  PhedpreftitedGohditioRs af 0.2 W1 pliyci in@ill M bediumsbordtbe
excess cyanuric chloride in the reaction m xture does not interfere or

conpet e §i t fx pHn8.3c Ghteel sobidd sappert magrtherobe washeduwith idetezgeinttconspiping splutions teE|
coated 15 solid suypport. This s becayse there is_a cess of..am nes .on
the solid sWﬁWFt“"&S’_&%@Pd dpterialSHtor Nelni e T ﬁ‘EW.’r OP{egggﬁlg, aleu?"é‘ga?"ﬂ’gfmvbﬁl I
be arrayed gladio 85 YoI MNIO20DS MPEDTA ol Gl M 4§ b 0Pkr 3 it

reaction which attaches the acti vat nuclerc acid to t solid support is
al | oned to Phigdreting step terhovedthdnecovalemtly 2ftatiedsfuctzic Reidf poipnkrs, sucheasZCR
reaction tinme is 1 hour at 25 C. The arrays, of the present_ |nvention are

par ti cul ar | produets.yin the casmwhere;doybleystrand inugleicrid arcaArrayedighus step alsghasthe

to perfqpm sych assays,. t ' I e capped
ori or 1 Q0o oAt R venind, 05 b SHa08  Hgh Yty TR0 RichadBittont”, CTPECL
reacting the solid sugperirraystdie Gndy Belinkdridgatddnby protbesdlel gleoliddtticRotides,
preferred reaction conditions are 1.0 M succinic anhydride in 70% m pyr ol

1
and 0.1 M soatileimagist fragmentsePERaproduets; §igi)cwhicl are bigtinglated.  $he grathodsofor 15
inutes to @& ho i th a pr.ef tion,ti 0. N .
U2, 2, SRRt AL SRR BERE P ol ool ot

Pierce (Avidin-Biotin Chemistry: A Handbook, Pierce Chemical Company, 1992,

15 Rockford Illinois). Probes are generally used at 0.1 ng/mL to 10/ug/mL in standard
hybridization solutions that include GuSCN, GuHCI, formamide, etc. (see Van Ness
and Chen, Nucleic Acids Res;, 19:5143-5151, 1991). '

To detect the hybridization event (i.e.. the presence of the biotin), the
solid support is incubateﬂ with streptavidin/horseradish peroxidase conjugate. Such

20 eﬁzyme_ conjugates are commercially available from, for example, Vector Laboratories
(Burlingham, CA). The streptavidin binds with high affinity to the biotin molecule
bringing the horseradish peroxidase into proximity to the hybridized probe. Unbound
streptavidin/horseradish peroxidase conjugate is washed aWay in a simple washing step.
The presence of horseradish peroxidase enzyme is then detected using a precipitating

25  substrate in the presence of peroxide and the appropriate buffers.

A blue enzyme product deposited on a reflective surface such as a wafer
has a many-fold idwér level of detection (LLD) compared to that expected for a
colorimetric substrate. Furthermore, the LLD is vastly different for different colored
enzyme products. As shown in Example 5, the LLD for 4-methoxy-napthol' (which

30 produces a precipitated blue product) per 50 uM diameter spot is approximately 1000



16 The sol i‘go?yﬁggggt I's then incubated with a sol ution contai pcrgs9s/isias M
glycine in 0.1-10.0 M sodium borate at pH 7- 9. This step "caps" any
dichloro-trjazine which may be covalently bound to the PElI surface by
conversion into nonochlorotriazine. The preferred conditions are 0.2 M
glycine in 0.1 Msodiumborate 5 at pH 8.3. The solid support nmay then be
washed with detergent-containing solutions to renove unbound materials, for
exanpl e, trace NWP. Preferably, the solid support is heated to 95 Cin 0.01
M NaCl, 0. OmoléchREAwherda®a réd Precipitptedssubstrate ghvesiandildl abay K00Q:feid highet atp

renoves non-coval ently attached nucleic acid.pol LS.  Such PCR .
products. | hsoﬂ)ﬂ@og&@e%ﬁ%?%ergﬁdﬁ\qéﬁ%ﬁ?ﬁﬁ’%ugﬁ’gi%ﬁﬁ %ﬂtmns‘?ﬁésﬁ/‘ga‘?"%%ﬂ&
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(e.g., oligaoHt Zas) demipped civithca avikibld diphtresousce BER 1GCdctamerat (Princetonch
are biotinylated. The methods _for biotinylating nucl e@ ;Mis %re | |
known i n5t hinstmmentsd Prinectaneliat Anyimage of iapprexipate]ye | 06 i 19:0805¢ M can
Chem stry: Handb(ggéd PLerce Chem cal Conpany, 1992, 15 Rockford

I11inois). PFSTRRECEACNSHBFally used at 0.1 ng/nL to I Q[err]gnl in

st andard hybri di zat i on, Sedéttb @3¢ thd'Bluel dotdritderricifetdtiofpsthéme, the Rarfadtemust C.
(see Van Ness and Chen, Nucleic Acids Res., 19:5143-5151, 1991). To detect

t he hybri di batvenyncleareafter(the enzymatipraactior end the wafepiosslidg mushbe seanngd in a
support is incubated with streptavidin/harseradish peroxi.dase conj.ugajs.
Such 20 en %ﬂa@oﬁ}‘ @é’é‘?’&g’ &5"(—&%? E‘?aﬁﬁml “}B?gb? 5&# ¢ PBH qu %??uréﬁg?rﬂfg’,e
Vect or bo ' ' ; : xSk | L hutd3. hi gh
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proximty to the hybriltiigedlsprppssbleUnd aused chemibyhimescting/ substates dios halkaline
peroxi dase conjugate is washed away. jn Z}{ﬁggrpl e _washi ng step. Thf Q{rlﬁ_ﬁence
of -hor ser adPBoSPhatass PH AeEserbshRereXidags, el gH°’i§§‘?ﬁ’?8°- SUpHEALgSotar P25
substrate ip of ' ' r e
cnzyme pr oddlipii BhEHEGSeEARRiriNe HENARCE MioF BREGRIUTIR dMIIAE! Slosfhdtis
“many-fol d | gvilablecfoin RerkieElmdiriopAttdphos HRPrsabstrite fromhIBL SxipatifiedSimLuis

15 Obispo, CA).

: Robétic Delivery of Biomolecule Solution |

. The invention provides a method for depositing a biomolecule onto a

solid support, which includes the steps of: immersing a tip of a spring probe into a

_ s(alution of biomolecule; removing the tip from the solution to provide biomolecule

20 soluﬁon adhered to the tip; and contacting the biomolecule solution with a solid support
to thereby transfer biomolecule solution from the tip to the solid support. In a preferred

_- embodiment, the contacting step is accomplished robotically. In other words, a
precision robotic system which can be controlled in the x, y and z axis. A precision
Cartesian robotic system would consist of linear positioning tables coupled with the

_25 appropriate motors, amplifiers, motion controller, personal computer and software to
 drive the tables. Precision linear positioning tables are available from Parker Hannifin
‘__.-._Corporation (Daedel Division, Harrison City, PA) or THK Company, Ltd. (Tokyo,

- Japan). Motors, amplifiers, and motion controllers are available from Parker Hannifin

Corporation (Daedel Division, Harrison City, PA) or Galil Motion Control, Inc.



calorinetri te. Furthernore, the LLD is vastly differ
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different colofed enzyne products. As shown in Exanple 5, the

4- met-hoxy- napt hol (which 30 produces a precipitated blue product) per 50
pM di aneter spot is approximtely 1000 147 ol ecul es, whereas a red

preci pitated substrate gives an LLD about 1000-fold hi gher at 1,000, 000

nol ecul es per 50 [err]Mdianeter spot. The LLD is determ ned by
interrogating the surface with a m croscope-(such as the Axiotech

m croscope coviomitaindliew, EAJi [Saftward woulddrostly) likesly bp pestom anld could e biieteh irght
source and a CCD canera (Princeton 5 Instrunents,. Princeton, NJ). An inage
of appr oxi e language sych a5 Barlagd Criod GoBoriapd Ivematiopal Inca Seatts Xtah%ec‘ﬁ) fe.
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scanned in aavailyble i nunfera@ imanGfactiréie sA6K \WHDEIE CoamiteroCorposdtione(Sistipped
prior to saturation of the 10 reference spots. For horseradi sh peroxi dase

this is apprBPX)mately 2-5 nminutes. It is also possible to use

chem | um nescent substgates faqr al kaline,phosphatase pr, hoyseradi sh. ..
peroxi dase (HRP), or f %?%QE‘&‘?&@S ﬂg'{q’re tag V$6‘Fe %“%Ft‘ﬁ?igﬂ f’?lé““med into
phosphat ase. ' LO B e
avai |l abl e from Per kierﬁ‘l Efﬁnée#g%;&%? %Eh%nséh%égsg%egﬁlr i;r‘ffehe]?érg%ng rgﬁveggl&z%? ﬁalﬁi

(San Lui s 15suitablysgized €a¢ptadlebtd accepe they springoproBeo nPreferredereSeptadlesoare ihade
| ecule onto a solid

I nvention provide et hod for deposjting.a bio
support, mféq*rnimriqeﬁalé‘éer OR rcg}zgplgxeggpfdi l?*ﬁ'\?iié’i"ﬁ’ghaggtm‘ﬂ(ebf Aflesign Tapa predereed
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provi de g(? ono?%éét}{lee%gn@%%w{l&oﬁlggﬁler eg Tt ggt%%rptul; g?dnan@’ (’:'go(r%% g%%@%éﬁfﬁé“
bi onol ecul e millinteiets) W sduate SWdiei 0lSmuP PE 11t miOtHitlG Ao prefnstle 0.64 mpHael e
solution fromthe tip to the solid suci)port. Ina preferred enbodi nent, the

contact i ng swEppedsintecermend ehithe tbpand sedled;. Epch tepptacigds smanufacpired: withom
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with the  recéptacle so the barrel of the probe is flush with the receptacle end.

| 15 A mounting head is mounted onto a robot for the purpose of arraying

| liquid. The head has a bar which is interchangeable for various printing applications.

Bars can be easily changed by removing two screws, and replacing one bar designed for

arraying from a 96 well plaie'with one designed to hold spring probes designed to array

from a 384 Well plate, for example. The receptacles are held in the bar by ﬁiction using

20 ﬁrecision—drilled, bi-level holes to fit the wire wrap and crimped region of the receptacle

snugly. This design allows easy replacement of damaged or poorly performing

rei:eﬁtacle and/or spring probes. Once inserted, the receptacle/spring probe unit extends

down from the bar a distance of 25 mm, thus allowing the probe to reach the bottom of

the microtiter plate holding a sample liquid to be arrayed.
25 . Arrays

The biomolecule arrays of the present invention contain a solid substrate
© comprising a surface, where the surface is at least partially covered with a layer of
~ poly(ethylenimine) (PEI). The PEI layer comprises a plurality of discrete first regions

abutted and surrounded by a contiguous second region. The first regions are defined by



25 appropr i@hﬁg&ggggrs, anplifiers, ot ion controller, personalpcgargaghsiseand.
software to the tables. Precision linear positioning tables are

avai.l abl e from Parker Hannifin - Corporation (Daedel Division, Harrison
Gty, PA) or THK Conpany, Ltd. (Tokyo, Japgn). Mtors, anplifiers, and
notion controllers are avail able from Parker Hannifin Corporation (Daedel
Division, Harrison GCty, PA) or Galil Mtion Control, Inc. 18 (Mountain
View, CA). Software would nostly |ikely be -customand could be witten in a
| anguage suahe gsresdnté afich Biomeleéul¢ Bmd| BEY whilertheitsecond ragien is defineds by the

Vall ey, CA) or Visual Basic 4.0 (M crosoft Corppration, Rednon

Per sonnel capienee LIaPEI And; ﬂ‘&b?‘g’sﬁnﬁﬁf ﬂ&?ﬁé‘r"ﬁu&oﬁ%&?%i’lﬁf’@% ?Eﬁfvﬁr%g" b
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to accept the spring probe. Preferred receptacles are nade from

ni ckel - si § vedescuibdsvaboxye,. t hen gol d plated over hard nickel. A design for a

preferred 10 receptac [ tal tube with dia L.5 mmto 2.0
nore preferably 1.68 ni Fiﬁ@?&‘r?%’.ngAp? RELD W?‘@%%?‘gng W?lﬁ?@% wﬁghé
preferably gfﬁ&,ﬂi h906.0! gk weDEf @ bifuh&idnab BodlthgSdd@heft
Each recept grgﬁém S mar%g égﬁgg’gg%?gﬂéagﬁg?g@nt and E)resé ri n%lﬁ?ogf%@d aay

spring probebes disposddy betheen thesebstmte rseeface dnd rthe REle coatingptveheire tso redetion
"barrel of the probe is flush with the receptacle ¢

d. .
mount i ng heaRrofluct s GaYalanty, bended, todenth ithe SP‘If%cep%ﬂdpg‘SeP é?cwgy%sqquWi%?

The head; ha -whi ch J g, enter e, : o) ' | L4

2pp! i cat 1oner BegRin e Sutitel" THENARARNGhal Nonbfihh WEnPELIARSD firy and o
repl aci ng on@chad retivenReiclieial airoay, Rhefd die irfi6rasetive fuadtivnal tghownds, for
designed to hold spri ng@probes designed to array froma 384 well plate, for

exanpl e. Theexammipt 2181€Q-Grrissatkylgilane. tand ther saspnd rpaqtivenfupstionp! gyoup is, for

precision-drilled, bi-level hol fl Lot he Wi cl.med |
of the receptitik é’s?\‘bg‘f%?.xldfhilg‘_)cﬁégi&tg’r\léitq“g\%gan\gtaés;e/an }rﬁg%ﬁl c-errgnéljogp ' dgﬁ%‘gg@or
poorly perf opififelioh4IC @REFIgE agBists Oinchudlel RY3PI-iH& cyIohiexyl Raslfriatkthdygilane;

receptacl e/spring probe unit extends ' . . . )
15 3,4-epoxybutyltrimethoxysilane; 3-isocyanatopropyltriethoxysilane, 3-(triethoxysilyl)-

-, 2-methylpropylsuccinic anhydride and 3-(2,3-epoxypropoxy)propyltrimethoxysilane.

The array of the invention contains first, biomolecule-containing regions,

..where each region has an are within the range of about 1,000 square microns to about
100,000 square microns. In a preferred embodiment, the first regions have areas that
20 fange from about 5,000 square microns to about 25,000 square microns.

The first regions are preferably substantially circular. where the circles
have an average diameter of about 10 microns to 200 microns. Whether circular or not,
the boundaries of the first regions are preferably separated from one another (by the
second region) by an average distance of at least about 25 microns, however by nor

25 more than about 1 cm (and preferably by no more than about 1,000 microns). In a.
. preferred array, the boundaries of neighboring first regions are separated by an average
~ distance 6f about 25 microns to 100 microns, where that distance is preferably constant
throughout the array, and the first regions are preferably positioned in a repeating

geometric pattern as shown in the Figures attached hereto. In a preferred repeating



down fromthe bar di stance of 25 nm thus allow ng the probg &‘R]sl‘gﬁfﬁh5the
bott om of t‘ﬁgg%ﬁs’gtiter pl ate holding a sanple liquid to be aFraye . 25

Arrays The bi onol ecul e arrays of the present invention contain a solid
substrate conprising a surface, where theygurface is at least partially .
covered with a layer of poly(ethylenim ne} (PEI'). The PEI |ayer conprises a
plurality of discrete first regions abutted and surrounded by a conti guous
second region. The first regions are defined by . 19 the presence of a

bi ool ecul e gapgheftfd pattéfti, la8l ricighboeing fidstregions atessepafatetchy dpproienapely shmsameot
PEI and the substantial absence of the bionolecule. Preferably, the
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t he substs atprefotted ambodimkrit/therefzre 40Gita $Qf) fiveh eagionsian the substeaie. pr oduct i s

covalently bonded to bgth the surface and {he PEl coatin d secures the
10 PEl coating to theT’é%P%?c%g’ °% c‘%ﬁﬁ%ﬂe&mﬁﬂ% H%‘fedra ta Bﬁﬁ?‘éﬁaﬁ a

first and a d | t] ; [ ¢ [

Funct i onal ~ GPOR <A EelrtE nbbBR deB oty Hie? dPan WIERctodfids Mg (RAHE ok 15
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 preferably present at an average concentration of less than 10° biomolecules per 2,000

15 squafé microns of said second region, and more preferably at an average concentration
of less than 10? biomolecules per 2,000 square microns. Most preferably, the second
regions does not contain any biomolecule.

The invention has great ﬁtility for a number of biotechnological
applications, specifically those methods relating to developing large scale diagnostic

20 screening methods utilizing the polymerase chain reaction (PCR), nucleic acid
hybridization, nucleic acid sequencing by hybridization, replicating of viral, bacterial or
cellular libraries, as well as any other methods that involve the repetitive arraying of

 solutions onto solid surfaces. .
The biomolecule arrays of the present invention may be probed by

25 tagged biomolecules, for eﬁcample, oligonucleotides covalently bonded to cleavable

 tags. These tagged biomolecules may be used in assay procedures, such as
" oligonucleotide sequéncing and gene e?(pression assays, among others. Exemplary
~ tagged biomolecules, and assays which may use the same, are described in U.S. Patent
~ Application Nos. 08/786,835; 08/786,834 and 08/787,521, each filed on January 22,

30 1997, as well as in three U.S. continuation-in-part patent applications having



The first rggi e preferably substantially circular. wher es -
e‘?@ ggg,f,hzag’ﬂ{ %dﬁﬁsﬁh@%

have an av ameter of about 10 mcrons to 200 m crons. Wet her
circular or not, the boundaries of the first regions are preferably
separated from one anot her (by the second 2kgi on) by an average distance of
at | east about 25 microns, ‘however by nor 25 nore than about 1 cm (and
preferably by no nore than about 1,000 mcrons). In a preferred array, the

0t ance o °';m$,ﬁéagt$°£ﬂoé‘?@5('§5§ésqﬁ%i&%&iﬁﬁ%&% ety flsrcduly 22, 1997;
preferably CO gt%](é’ylﬁlﬁlxj-xgg}o I?ﬂﬁh@i’cfoﬁyNo n%/(t)r@ﬁ%ﬁﬁt‘ W'Q@%ﬁg eﬁ;'d WO

preferably pﬁg trng geone ern’as shown

Figures att a9'79d3@¢r Thése diX 1BS pl"ﬁé:ﬁ%ﬁﬂxdaﬁ@ﬂﬁ&rhmﬂuee PCY Iﬂ&@zﬁmidhamﬂﬂichﬁéﬂs,
all neighboring first regions are separated by approximtely the sane

di stance (abareteazh heiebydully incomissated hegimby refarcpce imthsirentiratiss. ar r ays,

there are from10 to 5 flrst regi.ans he sub ate | n anaot
enbodi menP, there are 39 additiage ‘?19{110?%4 ?anérpsfl EQB%SF’?QPECM}% '%Y contain

another 5 p I t fe 0 e
substrate. ?{FJ gltfcl)%g loggﬁ?%oﬁgélg?té%‘%ﬁeﬁéfﬁ ngrt) a?e%?‘g‘ﬁé{ Ifo:r pfﬁlg? h%?%'f {h R
nucl ei ¢ aci dldnghygesf Figups bARr Bisiolechleiatrags containlingratoré thaarone ohgonucleotlde
ol i gonucl eoti de having_ from about 15 to about 50 nucleoti des.

bi ool ecul e Aeguenee Within ap lemenh and-uses &Frff?fea{i"céesscﬁhﬂ HyUry- d’rFP&E&E@l Bafenty
about 1, 000 %g:c Eé’t%ol&dgﬁl 9&@?%&%3 tltlefl “Multl 1 ?ﬁ‘g&mnafxﬁé Wqﬁ{u? 'kn M]r% Elerpent

blonnlecule an - aver age concen I'ON rang

10[err] t19 1QAr DiesbTiRNBe Y fREd PEy 22,0007S MR TiRe-fitled ANS. Nﬁm?rﬁﬂsﬁ;’haf B&ieRN.
More preferably, the average concent Fati on-of bionol ecul e ranges from

10[ err] to 1@pplicitids Mool ecul es filed cenmnﬁqdmmmh cdrash of which pee keselynflly
regi on, 'the bionol ec Le i.s g %f erab‘lﬁ/thg sent. at an average concentration
of .l ess than rf@f%qr?t]e BETs PR LelFEace 1r§6§r S- square microns of said

second region,  and norer gl tularddrrad SIVieastBsen® IRRIMI0A LhAY alkb Beased! fan
10[err] bi orml ecul es per 2,000 square nicrons. Mbst preferably, the second
regi ons does padorngingt anphﬁcquolm amdb|atherl enzyTivadici maehoms{oraShdsscgbeditmuouﬂ LS.

for a nur'it%er Prov:sﬂor?he rzltne(ljllt O.pr):hcatlon No. 60/053,428 titled “Amplification And Other

. Enzymatic Reactions Performed On Nucleic Acid Arrays” as filed July 22, 1997, and

 like-titled U.S. Non-Provisional Patent Application No. . which is being

. filed concurrently herewith, both of which are herel;y fully incorporated herein by
reference in their entireties.

20 The biomolecule arrays of the present invention may be prepared

| according to techmiques disclosed in U.S. Provisional Patent Application No.

60/053,435 titled “Apparatus And Methods For Arraying Solution Onto A Solid

Support” as filed July 22, 1997, and like-titled U.S. Non-Provisional Patent Application

~ No. which is being filed concurrently herewith, both of which are hereby fully

25 incorporated herein by reference in their entireties.
o Computer systems and methods for correlating data, as disclosed in U.S.
| Prov1smnal Patent Application No. 60/053 ,429 titled "Computer Method and System
'for Correlatmg Data" as filed July 22, 1997, and the like-titled U.S. Non-Provisional
Patent Application No. filed concurrently herewith (both being fully



applicationg ifically those nmethods relating to devel opi [ |l e
di agnostic ﬂfﬁ@@%‘{am ng nethods utilizing the pol ynerase 'chairkgc’bgﬁ%?lisz B
(PCR), nucleic acid hybridization, nucleic acid sequencing by

hybridi zation, replicating of viral, bacteyjal or cellular libraries, as
wel | as any other nethods that .involve th epetitive arraying of solutions
onto solid surfaces. The bionol ecul e arrays of the present invention may be
probed by 25 tagged bi onol ecul es, for exanple, oligonucleotides coval ently

bonded to cl gRYARIRed BSRin by RFeRnESEOMEIr RhArRIeS b beiBdd Rcorfatttion wiSSHY
procedures, such as oligonucl eotide sequenci ng and gene expressi on assays,

anong ot her sbiomudeqilaaryayscgglescribedistain.ul es, and assays which may use the
sanme, are described in_U. Pat ent Applicatjon Nos. 08/86,835; 08/,786, 834
and 08/87,521, each fi %%MW arggtiertddpy Way of Ukraiion, Aot HRUAtQn. 5
continuation-in-part patent applications having 21 Application Nos.

08/ 898, 180; 08/898, 564; and 08/898,501, each filed July 22, 1997; and in
PCT Intermgational Publication Nos. WO BXAMBBES WO 97/27325; and WO

97/ 27327. These six U S. Patent Applications and three PCT |International
Publ i cati ons are each hereby fully incorporated herein by reference in

their entireties. 5 : “In aﬁk&iﬁﬂ%}%&ge bi onol ecul e arrays of the
present invention may contain nmore th rgonucl eoti de sequence within
an el ement (or "firoke/Sagb PROCESS KORPRERAANPAIGN OF PEI-QOASEB BLAsSBOIMR! ecul e

arrays containing nore than one oligonucl eoti de sequence within an el enent,

and uses thereof, are described in U S. Provisional Patent Application No.

60/ 053,436 titled "Ml tA glass slide s omstedt with O MNiacetAnadidy then frirsee withl ratefnd

Uses Thereof' as filed Julc)(f22, 1997. and like-titled U S. Non-Provisiagnal
IO

Pat ent Appl i Bilithe water rinsed frong theslide haza pHosquel tobe okl ehthe pvater Retngmsed o
are hereby fHh&é’ﬂ:%@ﬁ&’%.pflﬁléél?&igﬁieﬂieﬂlo%drtgf ence in their entireties. The
0 e

bi ool ecul ar "arrays present 1T nventiomrr may al so be used in performng
anplification and ot heoe2y:5adthanol :®aGirisoRionds ad@ed 4 istffitidnd qaanititi).oB.a 5084

Provi sional Patent Application No. 60/053,428 tit|led "Anplification And
O her - w/w solution of trimethoxysilylpropyl-polyethylenimine (600 MW) in 2-propanol
15 (Gelest, Inc., Tullytown, PA, Catalog No. SSP060) to achieve a 2% w/w final
" concentration. After stirring this 2% solution for five minutes, the glass slide is dipped
= into the solution, gently agifated for 2 minutes, and then rémoved. The glass slide is
dipped into ethanol in order wash away excess silylating agent. The glass slide is then

air dried.

20 o , ~ EXAMPLE?2 |
ONE-STEP PROCESS FOR PREPARATION OF PEI-COATED SILICON WAFER

A silicon_wafer {WaferNet, San Jose, CA) is washed with 0.1 N acetic
acid, then rinsed with water unﬁl the water rinsed from the wafer has a pH equal to the

25 pH of the water being used to rinse the wafer. The wafer is then allowed to dry.
' . __ To .a_.9_'5:5 éthanol:@atéf solution is added a sufficient quantity of a 50%
w/w | solution of trimethoxjsilylpropyl_-polyethylenimine (600 MW) in 2-propanol
; (G_e_l;st, Inc., Tullytown, PA, Catalog No. SSP060) to achieve a 2% w/w final
concentration. After stirring this 2% solution for five minutes, the silicon wafer is

30 dipped into the solution, gently agitéted for 2 minutes. and then removed. The wafer is



Enzymati c Reactions Perfornmed On Nucleic Acid Arrays"” as file _
1997, and | MQI¥W4B%d U. S. Non- Provisional Patent Applicati ond‘ﬁgl%g(”?l%ﬁ% ch
i's bel ng filed concurréently herewith, both of which are hereby fully

i ncorporated herein by reference in their tireties. 20 The

bi onol ecul e arrays of the present inventi may be prepared according to
techni ques disclosed in U S. Provisional Patent Application No. 60/053, 435
titled "Apparatus And Met hods For Arraying Solution Onto A Solid Support™

as filed Jul {fg%gd 13’(%%3.&'1‘% lor8&-Whd SfaexcesdlailylRtify iagemnalhdsilieos wafer is

Application , Which is being filed concurrently herew th, both of
whi ch are hettehyirfdtiddy 25 incorporated herein by reference in t hei r
entireties. Conputer systenms and nmethods for correlating data, as disclosed
in US. Provisional Patent Application No. 60/053,429 titled "Conputer

Method and System for Correl ating Datagyagqpifed July 22, 1997, and the
i ke-titled U.S. Non-Provisional Paten i on No. filed

concurrently her ew THotSrpPRUHESY FORIPREPARATEN 88 PEREIRTED GLASS SLIDE

PCTI US98/ 25246 22 incorporated herein by reference in their entireties) may
be used in conjunction with the biomol ecul e arrays as described herein. The
fol ] owi ng exanpl es ar e Afglass estidbyis weaghed withl @4 t)N¥ sceidn acidp theni maedtwm waer

EXAMPLES EXAMPLE 1 ONE- STEP P S ARATI ON OF. PE| - COAT AS

SLI DE 10 until the waterginsed from Filiedsi gq Q%EEQ%T{%‘}G pH ﬂFgEe‘F?tSI Gingus “?h‘8n
ri nsed W|th I e & the slide has a pH equal to
the pH of t he é\a{hg géé ’Eé@%lé&%its?%exﬁ]nse tttfgd?g)l ide. The slide is then
allowed to dry. To a 95 daedsrghanskiatersslutioris addeddesifficient! quantigniof an
quantity of a 50% w/ w sol ution of trinethoxysil yI pr opx% pol yet hyl eni m ne
(600 MY 10n elepirophilielsilylatingageat twith shirringrig peRisyh 2 PR WK ifHab Gongsntration.

SSP060) to aghieve alezggpﬂlgv fi n?ihylatmg agent is one of 2-(3,4-

“epoxycyclohexyl)ethyltrimethoxysilane (Gelest, Inc., Catalog No. SIE4670.0), 3,4-

éﬁokybutyltrimetho:éysilane (Gelest, Inc., Catalog No. SIE4665.0) or 3-

isocyanatopropyltriethoxysilane (Gelest, Inc., Catalog No. S116454.0). Aﬁer stirring

15 this 2% solution for five minutes, the glass slide is dipped into the solution, gently

agitated for 2 minutes, and then removed. The glass slide is dipped into ethanol in

order wash away excess silylating agent.

A 3% (w/v) solution of 70,000 molecular weight poly(ethylenimine) is

prepared by diluting a 30% aqueous solution of poly(ethylenimine) (Polysciences,

20 Warrington, PA) with 1-methyl-2-pyrrolidone (NMP). The treated glass slide is dipped

into the 3% solution and gently agitated for 24 hours. In order to remove excess PEI

from the slide, the glass slide is dipped into NMP (2x), followed by dipping into a 0.1%

aqheous solution of sodium dodecyl sulfate also containing 0.09 M NaCl, 50 mM Tris

_ | pH 7.6 and 25 mM EDTA (2x), then dipping into water {2x), and finally dipping into
25 ethanol (1). The glass slide is then allowed to air dry.



concentration. After stirring this 2% solution for five m nut ’6§§ g%‘ﬁ
slide is di ¥R¥44¥% the solution, gently agitated for 2 ni nut 4
renoved. The glass slide is dlpped into ethanol in order wash away excess
silylating agent. The gl ass slide is then gir dried. 20

EXAMPLE 2 ONE- STEP PROCESS FOR PREPARATI OF PEI - COATED SI LI CON WAFER A
silicon wafer (WaferNet, San Jose, CA) is washed with 0.1 N acetic acid,
then rinsed with water until the water rinsed fromthe wafer has a pH equal
to the 25 pH of the water being used gRAMPEISE 4t he wafer. The wafer is then
allowed to dry. To a 95:5 ethanol:water solution is added a sufficient
quantity of a 50%Twe-STeP BROOBSSHOR' PREPARATIONSOR BERCOpYED Suligay MAFERI i ne
(600 MW in 2-propanol (Gelest, Inc., Tullytown, PA, Catal og No. SSP060) to

achieve a 2% w w final concentration. After stirri &thl s 2% sol utlon for
five m nut es the si ||Aos:hmn waferyVaferietp San Jpse: CAhis washadiwith 0delNtaoptic

i d d. .The vaf d
ethanol i B GRORS HEHOHAT CEBBES. PR S orease. “ifie dbfilng kA md 1.
then air drigd, agaggmgd,%g%ﬁggp PROCESS FOR PREPARATI ON OF PEI -COATED

GLASS SLIDE 5 A glass slide is washed wwth 0.1 N acetic acid, then rinsed
with water until the water rinsed fromthe slide has a pH equal to the pH

of the water being used to rinse the ' The slide is then allowed to
dry. To a 95:5 ethanol :water sol utionsﬁggmga sufficient quantity of an
10 electrophilic phly %moaﬁmlﬁt ifﬁc?mesmmae&mspm@p@dgyv/w final

concentration The ect ro ating agent one of
2- (3, 4- epoxycycl ohexyl)ethyltrimethoxysilane (Gelest, Inc., Catal og No.

g: Ejggg ggj O? g_ epOXYWﬂPtﬂiﬂgtﬂ}QK&S%@ﬁu&ﬁﬂeﬁﬁtom|(D'§byrB£i@6rﬁté)ﬂivﬁ‘§i’on of
Everett Charles (Pomona, CA)). A probe was directed “tip-down” against an extra fine
diamond sharpening stone (DMT Inc., Miami Lattes, FL) and moved across the stone
for a distance of about 0.5 cm with gentle pressure. Approximately 0.005 inches (0.001
to 0.01 inches) of metal was théreby removed from the end of the tip as observed by

15.. microscopy. The tip end was then polished by rubbing the tip across a leather strip.
The tip was then washed with water. Before initial use, or between uses, the tip was

stored dry or in 50% glycerol at -20°C. -

EXAMPLE 6
: ASSEMBLY OF ARRAYING DEVICE WITH MODIFIED SPRING PROBE
20
: The tip as prepared in Example 5 was mountéd into an arraying head
~ mounted on .a precision robotic system which can be controlled in the x, y and z axis.
. The prec1smn Cartesian I'ObOth system consists a of linear positioning table coupled
_ with the appropriate motors, amplifiers, motion controller, personal computer and
.25 software to drive the tables. Precision linear positioning tables are available from
Parker Hannifin Corﬁoration (Daedel Division, Harrison City, PA) or THK Company,
- Ltd. (Tokyo, Japan). Motors, amplifiers, and motion controllers are available from
Parker Hanmﬁn Corporation (Daedel Division, Harrisort City, PA) or Galil Motion
Control, Inc. (Mountain View, CA).



i socyanat opropyl triethoxysilane (Gelest, Inc., Catalog No. S116454, %@
After stirrw@pods896 his 2% sol ution for five minutes, the gl aFCHYFFASH6

di pped into the solution, gently agitated for 2 mnutes, and then renoved.
The gl'ass sliide is dipped into ethanol in _qgrder wash away excess silylating
agent. A 3% (w V) solution ‘of 70,000 nol ecdl ar wei ght poly(ethyleninne) is
prepared by diluting a 30% aqueous sol ution of pol y(ethyl enim ne) :

(Pol ysci ences, 20 Warrington, PA) with 1-nethyl-2-pyrrolidone (NW). The
treated glass slide is dipped into th%gg‘l\mlﬁ'bi on and gently agitated for
24 hours. In order to renove excess P e slide, the glass slide is
di pped i nto NWP (2x)Thi 0kt OPRAVIDROFHRIE SYRFATETCEPROMATHLAQUIBRICK YR ut i on of
sodi um dodecyl sulfate also containing 0.09 MNaCl, 50 MM Tris pH 7.6 and
25 nM EDTA (2x), then di pgRHEP TRANSFERANP MISRO-DRORHET PERASITION ppi ng into 25
ethanol (Ix). The glass slide is then al'lowed to air dry. 24 EXAMPLE 4
Two- STEP PROCESS FOR PREPARAT| ON OF PE] - COATED Sl |E1I§CO\I FERag ﬁ§i.| i Cftion
wafer (WaberNet, San Jd&6 tpcof)a SRINGRIARG aggording 1q Eyampls 7 is soaked ip g Solu

described in he 13 j fr WL i | kNODj ind
PEl, al so as°‘§£§dgg‘|l‘§eld4'|d{r§ﬂ@}§%ﬁae&@. 0L A vss ity bifecs for, 80 6”6"‘%%%?‘&%‘%
FROM A COMVER(H facSkEth MG oRReFackGhrough thiol-gold casRiiAftiaptol makgtheisesfacmofthe
purchased from Gsby-Barton (a division of Everett Charles (Ponona, CA)). A
probe was di geldthrdrophilic @eswwnrfasg s essentigdlydindrexofatad)- di anond shar peni ng
stone (DMl Inc., Mam Lattes, FL) and noved across the stone. for a

di stance of about 0.5 emw th gentle pressure. Approximtely 0.005 inches
(0.-001 to 0.01 inches) of netal was thexaMPrEgoved fromthe end of the tip
as observed by 15 mcroscopy. The tip end was then polished by rubbing the
tip acrod® a |eather stripPREPRRATION @ REAGSHYERIGRONUGLEMTIRRL er . Before
initial use, or between uses, the tip was stored dry or in 50% gl ycerol at
-20[err] C '

N

75 . pl of a solution of
5°-hexylamine-GTCATACTCCTGCTTGCTGATCCACATCTG-'3 (0.5 pg/pl) was
reacted with 5 pl of 20 mg/ml cyanuric chloride and 20 pl.of 1M sodium borate for 30

15 minutes at room temperature.

|  EXAMPLE 9
. ARRAYING SOLUTION OF OLIGONUCLEOTIDE

An arraying solution was prepared which consists of 12.5 uL 1M

20 sodium borate pH 8.3 (freshly prepared or thawed from a stock at -20°C), 50 ul 0.1
;Q.g/pL 5' hexylamine oligonucleotide ¢ hexylamine-

| GT_CATACTCCTGCTTGCTGATCCACATCTG-3'), 7.5 pL of 15 mg/mL cyanuric

| chl_pridé in aéétéﬁitrile. This mixture was allowed to incubate at room temperature for

30 :to.60 'x.n.inute.s.h 155 pL of 80% glycerol was then added to the solution and the

25 resulting solution was mixed well. In some cases, 15 pL of 10% NP-40 or 10% Tween-
20 or 10% Triton X;]OO (Rohm and Haas, Philadelphia, PA) is added to the solution.
When the arraying substrate is composed of nylon or nitroceilulose membranes, 25 pL

of 5 M NaCl is added to the arraying solution.



EXAMPLE 6 ASSEMBLY OF ARRAYI NG DEVI CE W TH MODI FI ED SPRI NG PRQBE 20 The ti
as prepar edWQ}”%ﬁ‘pl e 5 was nounted into an arrayi ng head mo Jrft HSBf 15246
precision robotic system which can be controlled in the x, y and z axis.
The precision Cartesian robotic system con%'asts a of linear positioning
table coupled with the appropriate notors,<anplifiers, notion controller,
personal conputer and 25 software to drive the tables. Precision |inear
positioning tables are avail able from Parker Hannifin Corporation (Daedel
Division, Harrison City, PA) or THK WE@IL%W' (Tokyo, Japan). Mdtors,
anplifiers, and notion controllers are avartrapleé from Parker Hannifin

Cor porati on (Daedel DivisionARrRAYmMNGSoLUTION OFPAR AMPEECONS Moti on Control ,

P

Inc. (Mountain View, CA). 25 EXAMPLE 7 THE USE OF A HYDROPHI LI C SURFACE

TO PROMOTE LI QUI D PI CKUP, LI QUI D TRANSFER AND M CRO- DROPLET DEPGOSI TI ON 5

The tip of a spring proWbem®PER ainplicans &g dobearsyed, 28aled M sodiugpberateopt of

100 mM 1, 4-dithjothreitol and 0.1 M sodi um.boraf 0, M nutes, .

Di t hi ot hr i 1 813 Gieshly Rrggared,oF ﬁhaé"eé‘ggfﬂns%ﬁ‘f’%%& at %b?%ﬁ% @hQ-ﬂuzé&f g bexylamine
coordi nati on .: tihe,sU _ tedtee Tl Al

essentially ﬁ%g?%{%ﬁ% g{dgdgf WE{ BG?E(SQP A€T GC‘TG%E@E%%%’?%%G&;) ’
REACTI VE OLI GANWCL&EOTbDnghhL cyanuric dhdoridd in acetonitrilef are added toathe PCR tube
sol ution of 5' -hexyl am ne- GTCATACTCCTGCTTGCTGATCCACATCTG: " 3 (0.5
[err]g[err]| FonainingthetRER wontents gfter the thermoeyching ften: i fomnletec Hibdy mipdursig

exapLE o ARPIOTREREHAERFtiomt finatestit i pfgh 80 tuled” 5 PG oK gfycerol

10 is then added to the solution and the resulting solution is mixed well. In some cases 15

pL of 10% NP-40, or 10% Tween-20 or 10% Triton X-100 is added to the solution.

When the arraying substrate is composed of nylon or nitrocellulose membranes, 25 pL

of 5 M NaCl is added to the arraying solution.

EXAMPLE il
15 PREPARATION OF ARRAYED OLIGONUCLEOTIDES

The modified springl probe of Example 5 is positioned in a robotic
delivery device according to Example 6, and the spring probe tip is conditioned
according to Example 7. The tip is submerged 5 millimeters into the arraying solution

20 of Example 9 for 2 seconds. The solution-bearing tip is then used by the robot to print
72 microspots in a 12x 6 grid onto a polyethylenimine (PEI ) coated silicon wafer
prepared according to any of Examples 2, 4, or as provided by Cell Associates

_ (Ijiouston, Texas) or the like, who will prepare PEI-coated substrates under contract.
. .The spots produced were approxilhately 100-150 microns in diameter with 200 microns

25 ) qu_rgan the centers of n_gigl_iboxing spots.



An arraying sol uti on was prepared which consists of 12.5 ,[er
sodi um borg‘V 3 (freshly prepared or thawed froma stockli)g'tm;sg%gﬂﬁ
-20[err] Q), 50[err]101[err]g/[err]L 5' hexyl am ne

ol i gonucl eoti de (5 . hexyl ami ne- TACTCCTGCTTGCTGATCCACATCTG 3'),
7.5 [err]L of 15 mg/nl cyaruric chloride i acetonitrile. This mxture was
allowed to incubate at roomtenperature for 30 to 60 mnutes. 155 [err]L of
80% gl ycerol was then added to the solution and the 25  resulting solution
was mxed well. In sonme cases, 15 [ergKIAMPLEQ® NP-40 or 10% Tween- 20 or
10% Triton X-100 (Rohm and Haas, Phil adel phia, PA) is added to the

sol uti on. Wien the arraying subBL@@K@G@A@WB?@d STESny| on or

nitrocel |l ul ose nenbranes, 25 [err]L of 5 M NaC is added to the arraying

sol uti on. 26 EXAVPLE 10 ARRAYI NG SOLUTI ON P LI Wien PCR.
anmpl i cons are to be arFhsgaday of Exprplq |1 s ?W‘ﬁ%“ﬂ%qb@{/g’tgg“ﬁ USCIEIC?TE;W‘BQ%I y
pr epar ed h r / 5'
hexyl ani dpl gﬁf{d ]C\Ilfl\ilp{tr(]?r 1@5S %)gﬂ{tesatm ofddrGh blSdk umladiéd PEL sx@es]m{ filelakra9! s
hexyl am ne- GI4ARAGWEE b a WAt WASHIGAFATCTG.3" ), 7.5 [err]L of 15 ny/ni
cyanuric chloride in acetonitrile a& added to the PCR tube containing the
PCR contents after the thernocycling step is conplete. This mxture is

allowed to incubate at room tenperat UEMO 60 m nutes. 155 [err]L of
80% gl ycerol 10 is then added to the nd the resulting solution

is mxed well. In sonme Bl lﬁ@oﬁﬁlﬁ\fkl-:kcﬁéo@:‘Qﬂ(wb’lirc"@m@imé@%&\/\een 20 or 10%

Triton X- 100 is added to solution. Wien the arraying substrate is,.
conposed of nylon or nltrocel | ul ose nenbranes, 25 [err],1 of 5 MNad is

added toj¢he arrayi ng ¥hé wirhpof E¥APRLIR it treattl with 0.1 M glycme in 0.01 M Tris for
PREPARATI ON OF ARRAYED OLI GONUCLEOQTI DES The nodifi ed s ri ng robe of
Exanpl e 5 i slpuénutes; feldowed by dowashes with Teny (0. bMil‘&?la da H%g 0 MIrp 2

o ggg nte';gegﬁgi ﬁﬁ'{ﬁr)gﬁf%r%léptio n@%afﬁ?eeaa@a‘g&nm%pwrm sii8s b iBy!- The t1P

EXAMPLE 14

HYBRIDIZATION PROCESS

15
The immobilized 'Qligonucleotides -in the array of Example 13 were
hybridized 1o their biotinylated complement (5’-BIOTIN-
TGTGGATCAGCAAGCAGGAGTATG-3) for 20 minutes at 37°C with a 6x Tens, 2x
OHS (0.06 M Tris, 2 mM EDTA), 5x Denhardt’s solution, 6x SSC (3 M NaCl, 0.3 M

20 'Sodititn'citréte, pH 7.0), 3.68 mM N-lauroylsarcosine, 0.005% NP-40) wash.
Following hybridization, the wafer was soaked in 0.5 pg/ml 'alkaline
phosphatase streptavidin for 15 minutes with a-2x Tens, 4x TWS (0.1 M NaCl, 0.1%
TWéén 20, 0.05 M Tris) wash. The microspots were then developed using Vector Blue
(V ector Laboratories, Burhngame California) (following kit protocol) and imaged with

. 25 a CCD camera and mlcroscope Figure 5 displays the image generated.



20 of Exanple 9 for 2 seconds. The solution-bearing tip is then used b he
robot to priv@99/48%i crospots in a 12 x 6 grid onto a pol yet hy FER{UROBLS ?’EI
) coated silicon wafer "prepared according to any of Exanples 2, 4, or as
provided by Cell Associates (Houston, Texgg) or the lIike, who Wil prepare
PEl - coat ed substrates under’ contract: The“8pots produced were approximately
100- 150 mcrons in dianeter with 200 m crons 25 between the centers of

nei ghboring spots. 27 EXAMPLE 12 BLOCKI NG OF ACTI VE PEI SITES The array
of Exanple 11 is treated with 100 nu/g@za4PEERENISC anhydride 5 in 100% NVP
for 15 mnutes, in order to block unreacted PEl sites on the array. This
was fol lowed by a water MasHPLEDINIGOERANRINA ISSNGLOSKR NGECEMENREACTED

CYANURI C CHLORI DE SI TES 10 The array of Exanple 12 is treated
with 0.1 Mglycine in 0.01 MTris for 15 mnutes, followed by 4 washes wth
Tens (0.1 M NaCl, 0.198@DS, ®nplats Trdligos5 v EDIE 99 |#r1 or'U’er fo exydampine-

Eﬁ%&e‘i?%%heoﬁ%wgﬁ@@ﬁucMfﬁagfé?% oS oy Py "ot EXRASIENS oy o

hybri di zed Y P EETTTTEaMR S EE-3") both n@émﬁéﬂi'\#
TGTGGATCA (&%&%ﬁ?&%ﬁic for SO mnutes at 37[err]C va t?\ aco6x Tfens 2X
OHS (0.06 M(s Ip.%/pIZ\NéI‘MrEEfék) sepaxatédeg it dtjilsof2€ Mglmhcy@nrlsslﬁw@el\am\m;] of. 3

M 20 sodiumcitrate, pH 7, 3.68 nmM N-| aur oyl sar cosj ne, 5% NP- 40021
wash. Fol | OV\IMQO Qﬁa%fioréh mipHies RhFQOM {ERPIRHIGEHOTR eec%onf w Py 7,d 00 .

L\ Rl B A SR il Sy o bl ity SRSl
devel opegp USgl?&rMe&Td)dlhﬁEdl @ombinations of the two oligos (see Table 1). Eight arraying tips
were submerged 5 millimeters into each of the eight arraying solutions for 2 seconds.
The solution-bearing tips were then used by a robot to print two sets of eight 12x 6
grids each containing 72 micrbspots onto a polyethylenimine (PEI) coated silicon wafer.
Each grid represents a single arraying solution. The spots produced were approximately

15 1-004150 microns in diameter with 200 micron center to center spacing between spots.
Following arraying, the unreacted PEI sites on the wafer were blocked
~ with 100 mg/ml succinic anhydride in 100% N-methyl pyrrolinidone for 15 minutes
with a 3x water wash. The unreacted cyanuric chloride sites were blocked with 0.1M
- glycine in 0.01 M Tris for 15 minutes with a 4x Tens (0.1 M NaCl, 0.1% SDS, 0.01 M

20 Tris, 5 mM EDTA) wash. Two hyBridizations were then carried out.

In the first hybridization, one set of the eight arrayed oligo combinations
was hybridized to the biotinylated _ oligo
(5>-BIOTIN-TGTGGATCAGCAAGCAGGAGTATG-3’) complementary to oligo #1.

- . In the second hybridization, the other set of the eight arrayed oligo combinations was
25 hybridized fo the biotinylated oligo
(5°-BIOTIN-AAAAAAAAAAAAAAAAAAAAGGCGCGCCTGATCAGTAGT)

complementary to oligo #2. The hybridizations were conducted simultaneously under
Hybriwell Sealing Covers (Research Products International Corporation, Mount
Prospect, Illinois) for 20 minutes at 37°C with a 6x Tens, 2x OHS (0.06 M Tris, 2 mM

30 EDTA), 5x Denhardt’s solution, 6x SSC (3 M NaCl, 0.3 M sodium citrate, pH 7.0),
3.68 mM N-lauroylsarcosine, 0.005% NP-40) wash.



(Vector Laboratories, Burlingane, California) (follow ng kit protocol) and
i maged wi t hwb99/04896CD canmera and microscope. Figure 5 di spl ay@CTASR4e

gener at ed. 28 EXAMPLE 15 MULTIPLE OLIGOS WTHI N A SI NGLE ARRAY ELEMENT
Two = tenplate ol i gos (oligo #1 = 5' - hexyl am ne- 5
TGTGGATCAGCAAGCAGG  AGTATG-3', oligo #29 = 5' -hexylamne -
ACTACTGATCAGGCGCGCCTT TTTTTTTTTTATTTTTT-3") both concentrated at 0.5 Ag&l.

were reacted separately with 5 [err]l of 20, ng/m cyanuric chloride an 20

[err]l of 1M sodium bo%éﬁ&ﬁérhyiﬁgﬁapﬁé,g%e%afélp&g% %&ﬁé@& R0 §§/§ﬁlq{cﬁ‘§ﬁradish

reaction volume = 100 two reactions, afraying sol utions

were made ngagg ‘&%%%%id}f) 2P 46 MRinutdsywith Gl 2RMénd] 4% TS qOrtbMh NaiCins. 10§

the two ol see le 1). Eight arraying tips were subnerged 5
mi | limeters Twéen 206050M Ths) washhThermicpdspgisswergttherhdevelnped usingdht sg/mhé-

sol ution-bearing tips re t used by a r.qbo o] I nt sets .0 I ght
12 x 6 gri dsnethexy-dowp %(Rdﬂ% h%ﬁ%%;ﬁf‘f%’“gﬁt faz‘% ’Bg{’\?‘é‘fln?ﬁﬁi‘?ﬂ‘ﬁé f‘?’%%
coat ed siéic‘g el\’@gﬂ{' Each grid represents a single arraying solution. The
spot s produc were approxi mately 15 100-150 microns in dianeter w th 200
m cron center to centeThspetiofgnbetveligosshylirilizddotd ol cgmplenagnit naf, oligee #1,

unreacted PElI sites on the wafer were_ bl ocked w th,log?r%égi succini ¢
anhydri de i rshopedothe gesatest colpr insensity fon ghe grd ganigining g5t gongenigation of

o0 01w Triortf nd R hk Gofeliffehl®y Sidhhe WESCONARE It 1S hsP OB EGRT
20 Tris, 5 gNiEeT#. RwWever Whe Battof Mixedtdlizes habridizetao toncomplément of bligd he

first hybridization, one set of the eight arrayed oli.go conbjnations was
hybri di zE@l = #2, showedthe greatesttqedor intensity farghe gifl soptaining the Ryjghe concentration

5 -BIOTIN-T T ATG 3'. | er t ' I
gecond hybr i'th %PW%%S&&O&%%EH& 3%%% ilﬁpéig °§Ha§‘3“§é‘r‘r‘ﬁi g)éﬁggns
was 25 hybrigliggehtion ofoligo #qsee Fi§ure 6! t he bi oti nyl at ed
oligo (5 -BIOIl N GATCAGTAGT)

Table 1
Concentration of oligo in Concentration of oligo in
arraying solution (ng/ul) arraying solution (ng/ul)
Arraying o
Solution Oligo #1 Oligo #2
1 56 0.44
2 28 0.88
3 14 1.8
4 7 3.5
5 3.5 7
6 1.8 14
7 . 0.88 28
8 0.44 56
15 _ - ~ EXAMPLE 16

DETERMINING ELEMENT S1ZE CONSISTENCY

An arraying solution was made which consists of 56% glycerol and 44%

water colored with blue food color. The arraying tip was submerged 5 millimeters into



conplenentary to oligo #2. The hybridizations were conducted sinmultaneously
under Hybri WQ99/048% i ng Covers (Research Products Internati on®CT/US98/15246 ~ -
Cor poration, Mouunt Prospect, Illinois) for 20 mnutes at 370C with a 6x
Tens, 2x OHS (0.06 M Tris, 2 mM 30 EDTA), 5x Denhardt's solution, 6x SSC
(3 MNaCl, 0.3 Msodiumcitrate, pH 7.0), 38. 68 MMV N-1 aur oyl sar cosi ne,

0. 005% NP- 40) wash. 29 Foll owi ng hybridi zation, the wafer was soaked in
0.5 [err]g/m horseradi sh peroxi dase streptavidin for 15 mnutes with a 2x
Tens, 4x TWS,(0.1 M l:  Oc 19 bS) ¢ ' S
were then de@éla&%wg:}g ﬁﬁigo .Oi ?%%42& r?egﬁg%?%&{r{gﬁ ?1%?»%? 6h %Hzll%)eﬁly ragg%%i
peroxi de, 128 sriith@n@lcrodpd® invk 1D xe6 gid@ntex sHiconavafer.wake spdts prediced fwere

m xed ol igos hybridized to the conplenent of oligo #1, showed the greatest
col or i nt ensappyoXivratednd 09+1i5Q minsens in digmetes wikly Rﬁ@ HNICHHL E5TNEII0] GSHICHSPRFINgG 0

#1 d the | t | | nt ' ' h P i Nnj t
200, e Ak SO BTt s el DR Y e,
the conpl M Qhndkd Bvidlon &Pspot BTt iDBpEIoRREAELy TS%OT i ntensity for the

grid containing the highest concentration of oligo #2 and the |east color
intensity with the grid containing the lowest concentration of oligo #2

(see Figure 6). Table I Concentrationgm_éh Concentration of oligo
in arraying solution (ng/pl) array n (ng/[err]l) Arraying

Sol ution iNIQG REPRODUCIBILITY WITHIN ARRDANEDPRBCESS

56 | DeTghis v AR

0.88 3 14 1.8 4

; AnarRayling solution was made which consists of 56% glycerol, 0.01 M

10 Tris pH 7.2, 5mm EDTA, 0.01% Sarkosyl, and 1% V/V Fluoresbrite Plain 0.5 uM
microspheres (2.5% Solids-latex), (Polysciences, Warrington, PA). The arraying pin
was submerged 5 millimeters into the solution for 5 seconds and then used to print
multiple microspots onto a glass. slide. Photomicrographs were then made under
fluorescence light using a filter for fluorescerice. Figure 8 demonstrates very

15 reprddu;':ible déposition (as determined by visual inspection) of the fluoroescent

microspheres with each of the microspots (array elements).

EXAMPLE 18

DETERMINING NUCLEIC ACID POLYMER CONCENTRATION PER ELEMENT

20 - Oligonucleotide (5'-Texas Red-
CAGATGTGGATCAGCAAGCAGGAGTATGAC) complementary to arrayed
oligonucleotide was hybridized to the array in 3 M guanidinium thiocyanate (GuSCN),
0.01 M Tris, pH 7.5, 5 mM EDTA and 0.1% Sarkosyl. The volume was sufficient to
cover the solid support (1 mL for a glass slide (1 x 3 inches)). The concentration of the

25 Texas Red oligonucleotide was 5l pg/ml and the reaction was carried out at room
temperature. The hybﬁdiiation was allowed fo proceed for 30 minutes. The slide was
then washed with Tens (5x). The slide was then covered with 1 mL of elution buffer
(0.005 M Tris pH 7.6, 0.0005 M EDTA, 0.01% Sarkosyl) and heated to 95°C for 2

minutes. The solution was removed from the slide and placed into a black microtiter



6 1.8 . 14 7
0. 88 WO 99/04896 28 8 0. 44 PCT/US98/15246

56 15 ' EXAMPLE 16 DETERM NI NG ELEMENT Sl ZE
CONSI STENCY An arraying solution was nmade ich consists of 56% gl ycerol
and 44% water colored with blue food color. The arraying tip was submerged
5 mllinmeters into = 30 the arraying solution for 2 seconds. The gl ycerol
bearing tip was then used by a robot to print 72 mcrospots in a 12 x 6

grid onto a glatd. cFudekence W fieasiedin ti btatkwaierotifepr maiena fhkysaldfonl s
mcrons in diameter with 200 mcron center to center spacing between spots.

Fi gure 7 shomsnavedCiomatherincubatign ®bes (00 nLY apdRlacadying hlagk F‘Bﬁ'@fﬁer?lqtﬁe

DETERM N NG Heieeth b Erories ERaR APl NESRS s, e, B MRy ysing o
was rmade whi g o?&ﬁlgb i%l/(;sﬂﬁ&o%%rg (B166F labofdtdtesMMELddn), SVRR‘JI Usifg 2 BRRifakbbA.

0. 01% Sar kosy VIV Fluoresbrite Plain 0.5 [err m cr ospher es
(2..5% Sol sdswhaatlength dfR95/ am amt emnitdéing iengsoon aPAR0 nméoaﬂnawmn,pumngvas

subnerged 5 nmillinmeters into fhe solution for. 5 secands n yused fo
print multi pF’@‘W@Fd&%’G@%‘gE}hPéSg 1 g, and “éﬂ'i"i?é‘nglﬂ%‘tgﬁﬂilé’?gég g‘i/\i?’éast*%

made under f] e;@ﬁggﬂr clth hd ?él%tﬁ ofFisi7b $im %H& rﬁ 'iﬁ%%ﬁlggﬁ%n af’ Sﬁolgf‘n for

denpnst r at es epro position y visu

i nspection) Risahfife for UDAMRAENThE dilag6hef efuted tdlllgeﬂﬂdfleaidet has eterafined by
(array elenments). EXAMPLE 18 DETERM NI NG NUCLEI C ACI D POQLYMER CONCENTRATI ON
PER ELEMENT dividing the amount of meawmﬂp@mpqtqmge (3.84 re]atlve fluoresgence Tumitg Jrfus))

Red- AT nt k2
ol i gonucl@ %Q-[\f/a@ ¢ i 3 li’gr Eﬁt% fﬁ%aw gg %?2 Kéegn{fPhP%rc9‘§n§fe
(@saNy, oligonucleotide). It was therefore determined that 108 ol:gonucleotldes were present per

element in the array.

 From the foregoing it will be appreciated that, although specific
15 embodiments of the invention have been described herein for purposés of illustration,
various modifications may be made without deviating from the spirit and scope of the

invention. Accordingly, the invention is not limited except as by the appended claims.



0.01 MTris, pH7.5 5 mv ﬂ“ kosyl . The vol une i.clent
to cover t%ogmﬁsupportﬁmm “M s siide (1 x 3 incﬁg‘z@%%& '
concentration of the 25 Tekas®Red dii ﬁonucl eotide was 5 [err]g/mM and the
reaction was carried out at, roomtenperature. The hybridization was all owed
to proceed for 30 nminutes. The slide wad2then washed with Tens (5x). The
slide was then covered with 1 niL of elution buffer (0.005 MTris pH 7.6,

0. 0005 M EDTA, 0.01% Sarkosyl) and heated to 95 C for 2 m nutes. The
solution was renoved fromthe slide apgaphpgred into a black mcrotiter

31 plate. Fluorescence was neasured in a black mcrotiter plate. The
solution was renoved fromthe incubation tubes (200 [err]L) and placed in a
bl ack mcrotiter plate (Dynatek Laboratories, Chantilly, VA). The plates
wer e t heWhetisglaimedas:| y using a Fluoroskan Il fluoroneter (Flow
Laboratories, MlLean, VA) using an excitation 5 wavel ength of 495 nm and
noni toring em ssiomn at Oarﬂﬂ) : 0 ing an excitation ,
wavel engt h of 591 E'm andi%m)nl t%ﬁ%hl&%ﬁ@;&gfﬁ%&sﬁi 12 nmfor Texas Red, and

using an excitati ogselay aitstglelcopiprishiy asaréard; noni toring em ssion at 590 nm
for lissam ne or TAMRA. The quantity of eluted oligonucleotide was _
det erni ned by di vi shichgurfage at jeashpartiplly senvared withjaay @i oabiethylegiming) @Elie

fluorescence units _(rfus 10 by.the speci.fjcC tivity, e e

ol i gonucl eoti de (6§%dr#é¥2")pecr°“[féf°f"[% of %ﬁa}’é}onoﬁﬁlesgék%et}rgi Ir%g\e/\o\/ﬁ;s- %@Ztre gf 1
det er m ngghotihddd g)oggéﬁﬂg&hgg%alrsgbhges were present per elenent in the
array. From the Toregoing it wli1 be appreciated that. alt houg{? specific

15 enbodi ments of saidhfirstmeginns definedvhy the presdrescefi dhigmoetaculeanddtElpardoses of
illustration, various nodificatipns e nmade w ut deviating. fromthe
spirit and scope of&l .ﬁﬁcq"f#\fs&f’f'&%%nﬁ‘g%r‘ﬁ? Hﬁﬂsﬁr,’cet‘ﬁteﬁﬁrﬂPQﬁﬁF 8&%‘@9%[)?1’““‘:6

limted gxheBlonddede.t he appended cl ains. - 32 -
. 2. The array of claim 1 wherein said substrate is a glass plate. .
h 3 The array of t_:laim 1 wﬁemin said sﬁbstrate is a silicon wafer.
4. The_ array of claim 1 wherein said substrate comprises a material

selected from the group consisting of glass, quartz silicon, gold, nylon-6,6, nylon and
polystyrene.

_ 5. The array of claim 1 wherein said PEI has a molecular weight ranging
from 100 to 100,000.

6. The array of claim 1 wherein a reaction product of a bifunctional
coubling agent is disposed intermediate to said surface and said PEI coating, said reaction

product being covalently bonded to said surface and said PEI coating.

7. ~ The array of claim 6 wherein said bifunctional coupling agent

comprises a first and a second reactive functional group, said first reactive functional group

This Sheet Has Been Replaced THIS SHEET HAS BEEN‘T




What is claimed is: 1.. ”Im ﬂ

substrate CWRP04Ng a s i i

a continuous |uer conprising poly(et yﬁ eni mne) (PEL); said continous |ayer
conpsing a pluality of discrete first regions and a second region, the

di screte first regions surrouned by, sepg?at ed from one anot her by,
abutting, and contiguous with, the second region; said first regons defined
by the pesence of bionolecule and the PEI; said second region defined by
the pres gg,q,g aqﬁéét@l-eﬁhkﬁ)yiiaﬁ@@n& sH8 sactndakacheduneticral pioupietgitetected from
The array of claiml Wwheérein said substrate is a glass. plate. 3. The
array of tigd gronp conmdistingj of epakide sisbeanatecisothiecyenite @od aphydride. 4. The auay
of claim1l wherein said substrate conpuises a material selected fromthe
group consisting of glass, quartz silicon, gold, nyloxt-6,6, nylon and

pol ystyrene 5 . The arr f | : r & ik P :
wei ght rangi ng fro%‘loo%@fb’%,&%ﬁﬂ%ﬂw %ﬁrgﬁgrsggyggﬂuh%ﬁ?? Hé?hgm% ggﬁntaxs
react i onsgle@@d frorf the fiolip nedinsisting afoR+(B j4rgpoxgeydiohexyfethylsierethaxysitareslidxt-e
to said surface and sard PElI coatirg, said reac¢tjon product

bei, .
coval ent lepoxyimtitrimethesysilaner f actispsranorIopgfricthsysHane, -%éhgt%‘?’.‘YS‘lyl)T%e
f clai 6. Wh ' i.d Dbi St I\ '
o o L S BTt B 1 B R = o

functional group being a tri(OCerr]-Cerr]alkyl)silane and said second

reactive functional group being selected fromthe group consisti ngi_ of
epoxi de, isocyanat €. i soThs awsaofelainaddvhertincackief said firstmggions isgetyred bynm

7 wherein said bifuncti i t,i d fromth
Consi st 1 AeOMR S Thgp SR pea el e brht RGE Rltes, ¢ OO

10.  The array of claim 1 wherein said area ranges from about 5,000

tlﬂ RN, oy o5 compet 51 Doperopaitls,, -

microns to about 25,000 microns.

11.  The array of claim 1 wherein each of said first regions is substantially

circular.

12.  The array of claim 11 wherein said first regions have an average

~ diameter of about 10 microns to 200 microns.

13. The array of claim 1 wherein said first regions are separated from one

another by an average distance of at least about 25 microns.

14. The array. of claim 1 wherein neighboring said first regions are

~ separated by' an average distance of no more than about 1 cm.

15. The array of claim 1 wherein neighboring said first regions are

separated by an average distance of no more than about 1,000 microns.

This Sheet Has Been Replaced
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epoxybutyltri rret hoxysi | ane !I-HJ: ﬂm EIMJHH opayt i hoxysi | ane, -

et hoxysi yl )¥ Wo.9 ﬁ’é?gﬁyl pr opy l l 'I |de and _ P%Thfs”llsz“

3- (2, 3- epoxypropoxy) pr opt eoxysi |l ane 9. . The array of claim 1l wherein each
of said first regions is defined by an area within the range of about 1,000
m crons to about 100, 00Om[err]. 10. 3the array of claim1 whereimsaid
area ranges from about 5,000 m crons to about 25,000 mcrons. 11. The
array of claim 1 wherein each of said first regions is substantially
circular. 12.  Thegar r gheOhrray afMtlhim W ehwBbrRirS dietbhbofifif $atd)i QS rb@Evns e
average diameter of about 10 mcrons to 200 microns. 13. The anay of

clai m 1 seperatidrbysan averagesdistanes ofrabont 25 grgransitee G minroRsae anot her by an
average di stance of at |east about 25 mcrons. 14. The array of claiml
wherei n nei ghboring said first regions are separated by an average distance
of no nore than abgyt 14§ f i g
said first reqgi ons?Zre sepa?%%egfg%n?aq&/gérfg@e Ali?%rg?ncgmﬁ ?gﬂﬂt@ nld
about 1, Rpéatinggdeontetric pattein.16. The array of claim1l wherei n nei ghbori ng
said first regi ons are separated by an average di stance of about 25 m crons
to 100 m crons. The array of claim1 wherein said first regions are

positioned in a re ati | a
17whaerin said fi rgg I rgl%gns ﬁpéfé’g%‘?‘oﬁ 5@%&;’[‘5 Sea(ﬁ(lij O%C%Lf ﬁ)%%ig]rﬁgtely
anot her distbf€e fbmPOneCdnothetl M 18 wherein sai d di st ance i s aboat 25

m crons 0 about 100 m crons. . 20. The array of claim 17 wherein said
pattern conpriscs cicular first regions, said circular first havi ng an

ﬁ\ésir ﬁgelgl ? gEthrf i Elg,? Pgélhg%mayt of aﬁ? Ut181w91g1%1r12 :sL)ald dl-srttcluei\ceafs glyou?fZSC mlcrons to

about 100 microns.

20. The ‘a.rray of claim 17 wherein said pattern comprises circular first
regions, said circular first regioris having an average diameter of about 100 to about 1,000

microns. "
21.. The array of claim 1 having 10 to 50 first regions.
22.  The array of claim 1 having 50 to 400 first regions.
23. The array of claim 1 having 400 to 800 first regions.

24.  The array of claim 1 wherein said biomolecule is selected from the

group consisting of nucleic acid polyn‘iers;

25. The érray of claim 24 wherein said biomolecule is an oligonucleotide

having from about 15 to about 50 nucleotides:

{77 26, The array of claim 24 wherein said amplification reaction products are

n‘

' nuclelc amd polymer having from about 50 to about 1,000 nucleotides.
R o
et Has Been Replaced IS SHEET HAS BEEN \
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22. The arr cl ai 00 fi rst regi ons. ay -
of claiml WQ\% 849300 tg“mmm" mﬁ)mwu ; The array &I/J%§§I|1§1i4ﬁ
wherei n said bi onobl ecul e *s Sel'ected sfr am t he group consi sting of nucleic
acid polymers. 25. The array of claim_24 wherein said biorolecule is
an ol i gonucl eotide having from about 15 3% about 50 nucl eoti des. 35 26.
The array of claim 24 wherein said nucleic acid. polynmer is an
anplification reaction product having fromabout 50 to about 1,000 nucl eol

| des- 27. The array of claim1 wherein said bionolecule is present in
said first regions at an average concentration ranging from10[err] to

10[ err] bi onol ecul €. perTh; avdy ofjclaime lnwbcm saifl taompl%sulerlégxr@aemt pgsaid firste

array of claim 27 wherein said avera ncentsr at ranges fro err to
10[ err] HREHNSI &AW %@%C@CGW%@P ﬁ”?i‘nﬁs Qfoe%‘ §V1F§Feg?jo%
wherein rgn é% al S present in said second regi on at an average
concentratrion o ess an 10[err] bionol ecul es per 2,000 square mcrons of

sai-d second region. 30. A process for preparing an array of bionolecul es,
sai d process conprising: _providing a solid substrate conprising a surflce
wherein a continuo@$- Iay'QPe grayef Sl By Ivreinreld gyarpge eqnpepisation Tapges frgm

portion 6l surfac | u yer conprising a plurality of
di scret e?{)itpgto Pg’cﬁ“gﬁ% g’j%deag%%a{krrgg%ﬁsa the discrete first regions
surrounded by, separated from one another by, abutting, and contiguous

wi th, the second region; and. depositi n%narrayl ng solution into said first
regi ons, said uiraydng sPhearrayo odaipr 1 wiherpin saidbierpoleoulg isiptebent e said gecond

e e P %'argagl%ﬁ? pas i £0, RopBI ey e écﬁc?@tesr%éf% ighaps of
gl ass pl glifsecond region.

- 30. A p-rocess for preparing an array of biomolecules, said process
comprising: |
providing a solid substrate comprising a surface, wherein a layer of
poly(ethylenimine) (PEI) covers at least _-a portion of said surface, said layer comprising a
plurality of discrete first regions abutted and surrounded by a contiguous second region; and
depositing a biomolecule into said first regions while maintaining said second

régior_x substantially free of the biomolecule.
31.  The process of claim 30 wherein said substrate is a glass plate.
32.  The process of claim 30 wherein said substrate is a silicon wafer.

33.  The process of claim 30 wherein said substrate comprises a material

~ selected from the group consisting of glass, quartz, silicon, nylon, polystyrene and gold.

34.  The process of claim 30 wherein said PEI has a molecular weight
ranging from 100 to 100,000.
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32. The process of clai ' d substrate is a silicon wafer.

ThWORGEWSs of ‘i‘mmmmﬁumﬁm sai d substrate conpi S€TURRA24¢ | al
sel ected fromthe group consi st ng of gtass, quartz, silicon, nylon,
pol ystyrene and gold. 34. | The process of claim30 wherein said PEl has a
mol ecul ar wei ght ranging from 100 to 1036000. 35. The process of claim
30 wherein a reaction product of a bifinctional coupling agent is disposed
intermediate to said surface and seid PElI coating, said reactionproduct

bei ng coval ent |y bagded 140 5Bheks HIAAREI0 Uherdthh REbtGPBHdAER oBR bifundlsha

36 33.

process

of claim 35 wherel I ona gent conprises

I ng

first angmiplingapest isedispised intenatdiorao @idwirfackadrnd $did PEIrovatihg,vsaid reaction
functional "group bei n?@a‘ tri éO Cerr]-Csal kél )silane and said second
Piytcs

react i veprfogdnct bemgtovg

epoxi de,

consi st

y bea saidbsurfage ppd seid REI goatRe-consi st i ng of

| socyanate, isocyanato and inhydride. 37. The process of claim
36 wherein said bifinctional coupling agent is selected from the group

ng of. 2- (336 ePOPHEC yfdceIC 8T Icldtin B5 L WhERMO¥MA! bifistRitional coupling agent

3, 4-epoxybut yl tri met hoxysil ane; 3-isocyanatopropylttiethoxysil ane,
3- (3i et hecompritegla) fidt and afsgtondorppttivecfiinational ignguty, isdid firstireactive functional group

3- (2, 3- epoxXypr i 1rimethcxysilane. 38.. Th f claim 30
whor oi n. BRIBH GRS G AL APB st faid Secad Fepctive pshioms HrowR BRRG SeREeH dinde
of about 4, Qll%c%rﬁfsﬁﬂg orfggé’)a %',E)i?n Qg,C}%%ﬂH_%nd%ﬁhydﬂd-Ehe process of cla

30 whereln

m Crons.

al'd area rang ou m crons” to about 25,000 .
40. The process of claim30 wherein each of said first regions

is substantially cgscular. - 37

The process of claim 36 wherein said bifunctional coupling agent is
selected from the group -consisting of 2-(3,4-epoxycyclohéxyl)ethyltrimethoxysilane; 3.4-
epoxybutyltrimethoxysilane; 3-isocyanatopropyltriethoxysilane, 3-(triethoxysilyl)-2-
methylpropylsuccihic anhydride and 3-(2,3-epoxypropoxy)propyltrimethoxysilane.

38.  The process of claim 30 wherein each of said first regions is defined by

an area within the range of about 1,000 microns to about 100,000 microns.

39. The process of claim 30 wherein said area ranges from about 5,000

microns to about 25,000 microns.

40. The process of claim 30 wherein each of said first regions is

substantially circular.

41.  The process of claim 40 wherein said first regions have an average

_diameter of about 10 microns to 200 microns.

42.  The process of claim 30 wherein said first regions are separated from

one another by an average distance of at least about 25 microns.

im
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41, The process of ClHl Ilm ﬂlﬂ“lﬂl d fi rst regi ons have an aver aﬁg
di anet er of WS(PA80 ni ons. The proces@CHUPBAHF30 -

wherein said first regions are separ at ed from one anot her by an average

di stance of  at |east about 25 microns. 43. The process of claim 30
wher ei n nei ghboring said first regions &% separated by an average distance
of no nore than about 1 cm 44. The process of claim 30 wherein

nei ghboring said first regions are separated by an average di stance of no
more than about 1, Qg0 m"ﬂ{cogfoceéjssof clalfie3@" éiﬁ ﬁgx g‘ 4 VSt Fégﬁbr}s are
nei ghbori ng said f| rst regi ons are separate y an vera I stanc

about 25sdpafatediby b aldtgerdistanos of iémore Haa aboackem. of clai m 30 wherein said
first regions are positioned in a repeating geonetric pattern. 47. The
process of. claim 46 wherei n said firt regions are approxi mat el y equal

di stance from one ot T, [ o cl ai e said

di stance is Ehout %& el;}b gm[c Ssaggg aPTog&r@%ef%ﬂ el onng.rsr?é& ?F%clee%mgfare
claim 46séfﬁ4’=1ﬁr ﬁﬁhdera 8i8taRcE SPRPfrioPE thafiabii R006 idi&bns.€gi ons, sai d
circular first regions having an average di aneter of about 100 to about
1,000 mcrons. 50. The pr ocess of claim 30 having 10 to 50 first regions.

- 38- 51. The pro ess claim i t.o 40Q ,first crns. 52

The process of cloa|4 PW&e’lFOBPF 08(9 fWE}Fﬁm gmg&mc?%rqth@gtﬂnacaégs
f clai ol ymer. 54. The
gr ogeglsr%%qq rfh‘gg‘?& %@Fﬁ@%ﬁﬁ Ol%é?gg@e}g&%g@?go gﬁéo ?go%ucl eoti de having

from about 15 to about 50 nucl eotides. 55. The process of claimb53

wherein said nucleic acid polynmer is an_ .. ) .. .
46.  The process of claim 30 wherein said first regions are positioned in a

repeating geometric pattern.

47. The proc’eS_s of claim 46 wherein said first regions are approximately

equal distance from one another.

48.  The process of claim 47 wherein said distance is about 25 microns to

about 100 microns.

49.  The process of claim 46 wherein said pattern comprises circular first

regions, said circular first regions having an average diameter of about 100 to about 1,000

microns.
50.  The process of claim 30 having 10 to 50 first regions.
51.  The process of claim 36 lraving 50 to 400 first regions.
52. The'process of claim 30 having 400 to 800 first regions.
53.  The process of claim 30 wherein said biomolecule is a nlrcleic acid
: ~polymer. - -_-
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anplification reaction produﬂ“l“ﬁ"llmllmm”mout 50 to about 1,000

nucl eot i des W@89/0489Ghe proce erein said bi onol REX/P898/15346
deposited in said first regi ohs to 'prdvi de &n average concentrati on rangi ng
from10[err} to I0[err] bionolecules per 2,000 square microns of a first
regi on. 51. The process of claim56-whd8ein said average concintration
ranges froml(err] to I dJerr bionolecules per 2,000 square m crons. 58.
The process of claim30 wherein said bionolecule is present in said second
region at an average concentration of |ess than 10[err] bi onol ecul es per

2,000 square mcrons of said second region. 59. The process of claim 30
wherein said deposij4.ng Thoi provescabf climr iBeswherisl esidi NdomeldcaleC BCidAh
polymer on the tip of a spring probe. 60. The process of claim30 wherein

sai d dep®digenygieetidsihgiin @bewinkdy toabout &0 nueleotides) ei ¢ aci d pol ymer from

an ink jet printhead.

55.  The process of claim 53 wherein said amplification reaction products

are nucleic acid polymer having from about 50 to about 1,000 nucleotides.

56.  The process of claim 30 wherein said biomolecule is deposited in said
first regions to provide an average concentration ranging from 10° to 10° biomolecules per

2,000 square microns of a first region.

57.  The process of claim 56 wherein said average concentration ranges

from 107 to 10° biomolecules per 2,000 square microns.

58.  The process of claim 30 wherein said biomolecule is present in said
second region at an average concentration of less than 10° biomolecules per 2,000 square

microns of said second region.

59.  The process of claim 30 wherein said depositing a biomolecule

comprises transfening nucleic acid polymer on the tip of a spring probe.

60. The process of claim 30 wherein said depositing a biomolecule

comprises jetting nucleic acid polymer from an ink jet printhead. -
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