1 APPARATUS AND METHODS FOR ARRAYI NG SOLUTI ON ONTO A SOLI D SUPPORT

TECHNI CAL de)Ej,,ﬁg_{ﬁn S invention relates to mcrofabrication t@efsdspdpse such
as DNA 5 chi p- naki ng technol ogy, and none specifically to nethods and -
apparatuses for delivering controlled anmbunts of a solution to specific,

cl osely spaced |l ocations on a solid support. BACKGROUND OF THE | NVENTI ON I n
the fields of nolecular biology and mcrobiology it has | ong been 10

common in the art to nmake repl,&at ays,-o. ' ical agents to
facilitate parallel testing o migﬁpgég W@ﬁgml e, the use of
sterile velvet cl of IFORMRRAVINGPSOLUMORPARIE UsORfp seipdiepn used 1o
make replicate agar plates of bacterial and yeast onies on many pl ates,
each containing a different growth medium as a way of rapidly screening a

| ar ge nunbey, gf indipgﬁg nt colonies for different growmh 15 phenotypes
(Lederberg Bacteriol. 63:399, 1952). Likew se, 96-well

mcrotiter plates hav n 0.8L0 rgani zed, and iy
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col | ecti on deliverngroentyolled rompints hed solutiosi tagspacificgictbselyt spacert lqnhasﬂis 6n a
96- pi n devi CF desi gned so that each pin is spaced relative to the others
such that iYUASPRP ecisely into the microtiter plate. Depending on the
task at hand, the 96-pin device is lowered carefully to the surface of an

nutrient-agar plate (if the objective was to grow replicate biol ogical
sanpl es), iBACKAROUMND OFCTIOEINVENTION (to grow or dilute the sarrpl es),
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from one pitesthgmofimany daheples. For example, the use of sterile velvet cloths and a piston-ring

apparatus has long been used to make replicate agar plates of bacterial and yeast

colonies on many plates, each containing a different growth medium, as a way of

rapidly screening a large number of independent colonies for different growth

15 phenotypes (Lederberg and Lederberg, J. Bacteriol. 63:399, 1952). Likewise, 96-well

microtiter plates have long been used to store, in an organized and easily accessed

fashion, large numbers of cell lines and virus isolates representing recombinant DNA
libraries or monoclonal antibody cell lines.

Experimental screening of the 96-well microtiter plates housing a clone

20  collection is commonly accomplished by using a rigid metal or plastic 96-pin device

designed so that each pin is spaced relative to the others such that it fits precisely into

the microtiter plate. Depending on the task at hand, the 96-pin device is lowered

carefully to the surface of an nutrient-agar plate (if the objective was to grow replicate

biological samples), into another microtiter plate (to grow or dilute the samples), onto

25  nylon membranes (for molecular screening by DNA or RNA hybridization to identify a

particular recombinant clone), or transferred for use in any other screening or procedure

that is adaptable to the 96-well microtiter dish format.



sanples arrayed in the master mcrotiter dish, the anount of sanple

deposited _during each sequential print drops off. The abili ol
t he upt ak@’oo?még?ol ution onto the printing pin, and the depgéﬂtulg%érzgééd’

solution onto a printing surface are cri4ical to 5 realizing an

aliquotting devise which neets the technical needs of mcroarray production
for the fields of genom cs, nolecul ar biol ogy and nol ecul ar di agnostics. An
i nportant factor in devel oping a successful printing process is the ability

to control the force While spdégleoprinsvmap e peifbrmdd dfont fmeppifi dippint€ ahé act s
t he surface bejng printing upon. As noted by Drmanac and Dr manac )
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hybri di zati on. ne

eicelssI f)i nIS af g%P%é’rHﬁ’F‘gnﬁp%"anﬁ%nﬂ?ﬁ by iDrmange apdeDamorast (@P%VéméwleSCal e
enom cir o S d ' ' di : . I ' ostics,
e pr ot 7o 335140 A EBIAY W fent iR Hor KD ot B RS

screeni ng rean bebaughton EisidedoRd paslesding s ddulg @iiting Car@iedropRlaskifg can
performance of | arge scal e DNA sequenci ng projects, and exe_cutlgtg 2
replicati vEOCSFHRG Bginsiating pimead s withdrawa doel fasy romithepringing sutfages | Tow

| i f ' | i catj. t
et or ences "L ddrieaiabaltoTbite kgl 10 bl STt RBalife e TRy af o
speci fic oyeinveews Do littedforddvhay BB pust aseishSldsy iRkt Vaablein RS Seiar

arrays, as well as nethods of preparing such arrays: Eggers, MD. et "al.
Advancel’ i mBNAe SeagsiEredngr the prist swpybsmEietective . all st 3- Ha6exaddple,1 9ben
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pressure results in disruption of the agar surface, while too little force may result in little
or no transfer of a sample. In addition, many nucleic acid hybridization membrane
surfaces are fragile and are easily damaged by excess pin head force during sample
20 printing.

The advent of large scale genomic projects and the increasing medical
use of molecular diagnostics, has prompted the development of large volume
throughput methods for screening recombinant DNA libraries representing entire
genomes, the performance of large scale DNA sequencing projects, and executing

25 replicative immunological assays, nucleic acid hybridization assays, or polymerase
chain reaction assays. The following publications (and the references cited therein),
which are exemplary only, provide general and specific overviews of large throughput
methods that rely on biomolecular arrays, as well as methods of preparing such arrays:

Eggers, M.D. et al. Advances in DNA Sequencing Technology SPIE Vol. 1891:1 13-126,
30 1993;Chetverin, A.B. et al. Bio/Technology 12:1093-1099, 1994; Southern, E.M.



Nucl ei ¢ Acids Research 22:1368-1373, 1994; Lipshutz, RJ. et al.

Bi oTechni %kz§9&5%6£42-447’ 1995; Schena, M BioEssays 18: 427 3hysodA9ke

Bl anchard, A I£ et al. Biosensors & Bioelectronics 11:687-690, 1996; :

O Donnel | - Mal oney, MJ. et al. Genetic Analysis: Bionol ecul ar Engineering
13:151-157, 1996; Regal ado, A. Start-Up 24-30, 5 OCct. 1996; and Stipp, D
Fortune pp. 30-41, March 31, 1997. The need for high throughput nethodol ogy
has led, in sone cases, to a chaxn&g froma 96-well mcrotiter dish format,

to a 384- waVuclgizpdads dteseqreh 22:139%1 EBhnH Mg yLipshute,1 R.19&u pl. oBicTedknigids
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require thednadwsionf BomalmdarcEnginedringl 1 1ev1-$67.1 1o96; iRegaagabAe Sei-Up 24-30,

repr oducj bl y t ferri.ng equal volupes of liquid fromone arrayed

confi gur%t i%ﬁ' E%.%z?{lc{ é’épﬂné?-ﬂy‘%’f{‘@ted’ﬂ’i %%‘t‘“pmf‘@%lbd%ﬁot her (i.e., 96-spot
array on a hybridi zat+ I41 : . Recently,

met hods have al so beeﬁré%gl %géﬁ@p i‘%@ %teg]%?‘eo‘if)%)l%'ehagrl?%}g S8fnes‘f?8?¥ toa

ol i godeoxy rihahgotftaiesa (8ONs)l Baerothet odish ofodmsat, Sty aggalhal (hvepeesend, ay!

or a subset_of all, possible nucleotide sequences (Maskos and Sout hern,
Nucl . Aci dsBireshnalogy 38781, 1899) or GhadovellBrmanacDy ak, &lectraphtvesin HHht20,my

be used to rm sequenging b bridization.(Soythern et al.,

Genoni ¢s 13&?833?%‘05% naj o g? ué?cm/n f@njug‘éti‘%(‘f"ét(hz’ég’.o% ViseH 639, eghe
utility10f Bélpadereitad BbTiNhiGRSIORREN 9IS UMAIKESH U1 ablaknodiR! G Tbiolo
better nethods existed for the transfer and arraying’of the precise amdunts
of the bi octrednfeal. Discagedi & 81 RN edldvervet, ] afithesecmitemated lteshpipuee teu@ONs
bound to hybri di z?bl e, surfaces, ,This would eag’fblg greater equal ity of CDN
yield at eath oS &il8ROHS PWrtRol Aevise thal is Aapable of reprpduciblyt transfring avale
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reaction (PCR) %as ?@und w de e331|Slpl ?’cat i onéé%g%xggd%f%ggr@% olng%}oﬁlia&e&lto

probl ens. ahathentyjeaard6-spot amsy oms hybridibaticofil@rméeabrant).| i zati on of PCR are

t he hi gE cost of the reagents @ga ghe ina?}i@lity to automate the performance

of the process. ReagehfeBB%tBCUaAs Bavq Blfeeen develared i synthesiasnlerast areysh 30

Lg?% ?28gacgn%Gn%%%%?Qucl@dtid@W(@Ehﬁ) B8RP & BHss YGRS ePrb all, or a
subset of all, possible nucleotide sequences (Maskos and Southern, Nucl. Acids Res. 20

1675, 1992). Once such an ODN array has been made may be used to perform DNA

sequencing by hybridization (Southern et al., Genomics 13:1008, 1992; Drmanac et al.,
20 Science 260:1649, 1993). The utility of this method of DNA sequencing would be

greatly improved if better methods existed for the transfer and arraying of the precise

amounts of the biochemical reagents required for the synthesis of large sets ODNs

bound to hybridizable surfaces. This would enable greater equality of ODN yield at

each position within the array and also increase the nucleotide chain length it is possible
25 to synthesize.

The polymerase chain reaction (PCR) has found wide application to
many different biological problems. Two major limitations to the commercial
utilization of PCR are the high cost of the reagents and the inability to automate the
performance of the process. Reagent costs can be lowered if the total volume of each

30 reaction can be decreased, allowing a concomitant decrease in DNA polymerase and



4 nucl eotides. An accurate and reliable neans to arr% rs}rr:all VIO| urrEstgf f
reagents using a robotically controlled pin tool cou el p solve bo o]
thege PCRWf?B‘g‘PSé%. As noted above, transfer devices have bEBERUSAS/L®I f or
some time in the fields of m crobiol ogy Agnd nol ecul ar biology. The types of
devi ses whi ch have been 5 used can be roughly divided into two categories.
Pressure devises (e.g., punps and automatic pipettes), driven by positive
and/ or negative pressure, which deliver fixed aliquots of liquids sanple
via a pi Pehidedtides! AractathrdlieliAfe nithnd 1 Sy Fhall ObluhR o‘f@éé&gnt@'u?ﬁ%tae
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devi ses have been used for several years in robotic devises to print _
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liquid for subsequent printing to a glass surtace ena et Cl ence
270: 467, 1958;formpat (Retlesta)., BiodEskugues 92827 19939 @heShddvicesate mlost, acCaraee

Res. 6:.639 996),. Such a print head has been used.tqQ print PCR anplified
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15 acid micro-dot arrays which are then used in hybridization reactions to measure gene
expression.

Researchers have modified the traditional rigid microarray printing tip so
that it contains a micro-channel which functions by capillary action fo collect and hold
liquid for subsequent printing to a glass surface (Schena et al., Science 270:467, 1995;

20 Schena, BioEssays 18:427, 1996; Shalon et al., Genome Res. 6:639, 1996). Such a print
head has been used to print PCR amplified ¢cDNA inserts into micro-arrays using a
robotic system. Small volume (2 pl per microdot) hybridization reactions were
performed using this system to measure the differential expression of 45 genes by
means of simultaneous, two color fluorescence hybridization (Schena et al., (Science

25 270:467,1995).

There is a need in the art for highly efficient, cost effective means for

arraying oligonucleotides and other biomolecules on a planar solid support. The present

invention provides these and related advantages as disclosed in more detail herein.



SUMMARY CF THE | NVENTION I n one aspect, the invention provides a spring

probe CO”WdﬁPo@ﬂﬁa tubul ar housi ng encasi ng a conpressi on SpErRBos/ 13889
spring is in mechanical comrunication with a plunger. The plunger has a

first region extending out of the housing, where the 5 first region
conprises a cone-shaped tip termnating in a flat surface. The flat surface
I s perpendicular to a |longitudinal axis of the housing. The cone-shaped tip
has, in cross- section, two exterior sides adjacent to the surface which,
i f the si dSYMMARYEF PHEINWNTIONace, woul d neet at a point positioned a

di stance of about 0.00 1-0.005.,i nches. beyond the surface. 10 .,
In anot her aspect, tH&OPHENGES IE IBYTHoREORIdes A,SBARS PEAbeicARPEigings tbular

t hi ckeni ngpag8 eﬁ‘éasﬁi}g%{’ﬁ&e&’ﬁgl"eﬁﬁsﬁ prig%. aigﬁ%&rﬁs f»g%%é&agggggo@%uma%{wased

on the total" volune o onposi onucleot |

cancent r at iwdth a plvggerg TheopiufigddMhbs facfirsd @iion éxaerdding eut dOthelhousing, WatRrthe | N
anot her aspect, the invention provides a nethod for depositing a 15
bi onol edul rgFegion camprises dfopeshapetitp eeminsting e p flabsurfase. aﬂa@?m srface is

| mer si ng 1R 1:Qf Spk 1 X 1 n sol uti of bi,onol ecyl e;. renovi ng
the tip frostefutuafi P iiraftuBinBbsib Bt BrondRit TR Senet B BRdpEn o Bhe
tip; and ceedtivhl twid extBRoDii@EAdsdehetSPlelutfaBe Whidh, 3f &R/ didksAREd phat the

t hereby 20 transfer bionolecule solution fromthe tip to the soli 8 support.
The spri ng sprfadse waulddneet at & poigt positionade disteherleSatout QDO .00finsheschbeynndisi ng
a conpression spring, as described above. I n another aspect; the invention
provi des a Wel¥B8for arraying a bionol ecul e. The method incl udes the steps

of : 25 19 ilmoﬁ{e?gas??&,i heinvRnfBh | OVRIEORE cbil gsigo§QE1:lhhﬁgle

bi onol ecul e; renoving the tip omthe soluti'on to provi I onol ec
sol uti on adhickening aganhat kigopcendwatian tof rapotih a5 lviotfrittb exbolie 86 ololbi tsedvioh thée
solid support. to thereby transfer bionplecyl e solution fromthe tip to the
solid suppé?t?‘l, volume ofe %e composition, an oligonucleotide at a concentration ranging from
0.001 pg/mL to 10 pg/mL, and water.
In another aspect, the invention provides a method for depositing a
15  biomolecule onto a solid support. The method includes the steps of:
immersing a tip of a spring probe into a solution of biomolecule;
removing the tip from the solution to provide biomolecule solution
adhered to the tip; and
contacting the biomolecule solution with a solid support to thereby
20 transfer biomolecule solution from the tip to the solid support.
The spring probe used in the depositing includes a tubular housing
encasing a compression spring, as described above.
In another aspect, the invention provides a method for arraying a
biomolecule. The method includes the steps of:
25 immersing a tip of a spring probe into a solution of biomolecule;
removing the tip from the solution to provide biomolecule solution
adhered to the tip;
contacting the biomolecule solution with a solid support to thereby

transfer biomolecule solution from the tip to the solid support; and



repeating the contacting step a plurality of tines to provide bionol ecul e
patterned in an array on the solid support. Again, the sprin r obe havi ng
a tubul ar '%%3?’9@‘)?5 as descri bed above. Ot her aspects of tthTﬁW}ﬁo%n

wi | | becone apparent upon reference to the attached Figures and the

foll owi ng detail ed description. DESCRI PTI ON OF THE DRAW NGS Figure 1A is a
schematic top plan view of an array in accordance with an enbodi nent of the
i nvention. 10 Figure 1B is a schematic cross-sectional view of

the array of Figure Iépeafihgtheecodtactifig stepiassiamiity 6f Minewt@providichivmdletule
apparatus for preparing the arrays of the invention. Figure 2B is an
enl arged f Pamed @y an agayonthe sobd suppasvbédrine the gpring geibevkaving a pubular

accordance \W: %tg i hyentjon. 15 Figure 3 is a front
el evat i onalczm\}‘lr1 & ?e%{: %’Fﬂgbw elivery tip with a conical design. Figure 4A

is a front el evati on@th Apeql of Mis FRhASH vATRERE Q%R%lfrenf;‘urﬂgl di‘e‘f&%ﬁfcet oP

with a fluted, conical design in accordance with ano I ment of the
i nvent i on. tixgattached Figures and thej fglipwingRletagled dbstriptionpl an vi ew of the delivery
tip of Figure 4A. Figure 5 shows an array of microspots prepared according
to the invention and devel oped using Vector Blue (Vector Laboratories,
Burlinganme, California) and imaged with a CCD canera and m croscope. Figure
6 is an illustration showi ng how two different oligonucleotides, 25 both
present w DESCRIPIFIONY @F FHBDPRAWMGS, nay be identified and partically
quantified according to the present invention. Figure 7 shows a CCD canera
i mage of an array prdd¥edAply aschepaic 0B Plg \iew ofran Bryay imascopdanchiwith an

ety 0 SRS E ARTRRGAL e cooroxi oLy 100,10, L mcione
The stariard devi ati (gt 1809k schematic@iossSeatiHaP¥ieWBd fehy ark®Ydf 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
delivery 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 another embodiment of the
invention.

20 Figure 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 methodology of the invention, where the domains are approximately 100-150



Figure 8 is a photom crographs nade under fluorescence light using a filter
for fluorescence, which denonstrates the reproduci bl e depositi

determ ne‘d’(599/°5§°8v| sual inspection) of non-vehicle conponen??rﬁ&s’g@ﬁg
case, fluoroescent m crospheres) deliverzd from an assayi ng sol ution.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON The invention provides a nethod for
depositing a bionolecule onto a solid support in a highly controlled
manner, using a specially designed transfer device 10 and/or specially

f or mul at ed yERR® lie Qutrage dldtidtonwith ED0OniePe ebigtkt 1o Eemércshaivigi BELTERIDSIOLS .
More specifically, the invention provides a nethod for depositing

bi ool ecul é‘hgntaodardsiﬂvlaﬂogwﬁmttdlamf§m&mﬁﬁb\dlﬁ%cl udes the fol | owi ng
steps: imrersing a ti r obe |nto ecul e;
Femoving sai o it r diees & B RiTmE el BRostoh Retentt PER, a8
adher ed tofﬁﬁf Gort ﬂeoreedeﬂc&%mlemdeﬂﬁn&?atek me o%ﬁé'ﬂb?e &aidgftioﬂn(awciuenﬁuéel id
support to thereby transfér bionolecule solution fromsaid tip to said
solid suyppbyt .visal i ngpeetivngs ofiauen-veltiolee qperpenahtsy (el thik naase, Siuvceestémy
were introduced early in the devel opnent i)f the printed circuit board

i ndustry. %Wsﬁhﬁe@@ellﬁg@ﬂ:ﬁﬂ%é’l’ a%FéWlSé@ W88 gned to neet the need for
precision and reliability in the construction and testing of a variety of
el ectroni c conponents and their connections when being assenbled into

functi oni nQETADED DESCREPTION OFITHE (NS ENTIONSsent i.al | y el ect romechani cal
devices, typically consisting of a tubular housing encasing a conpression
spring, ball and pl un’@bﬁ inveptien provides amaethod dor ﬂ@msuylgdééqu@}nelecmle anix ay 25

| ect | t dto d
Component s EHSuBpert it ¢ iy SnShI BeRic, UREE 2 Betibly prubhe L Bnfrerie ©
sol deri {@. ahbAkespexidIBt FonBulbiRdt BRSO lutBiskahdBy flechBlyi BGatdd OREY

that suggests the| r potential utility as a nechanical devise for the
transferri raypponts. ar Mgiengpesfificallyat thendnvemtion s ptavidesupp anathédr fons deriositinge

Spring ProBuSTaseRg T BUET Sipet whemdhe RGN ebdraeddirsig RSl udi no
Everett immersing a tip of a spring probe into a solution of biomolecule;
removing said tip from said solution to provide biomolecule solution
15 adhered to said tip; and
contacting said biomolecule solution with a solid support to thereby
transfer biomolecule solution from said tip to said solid support.
Spring probes have become generally well known since they were
introduced early in the development of the printed circuit board industry. They are
20 mechanical devices designed to meet the need for precision and reliability in the
construction and testing of a variety of electronic components and their connections
when being assembled into functioning circuit boards. Spring probes are essentially
electro-mechanical devices, typically consisting of a tubular housing encasing a
compression spring, ball and plunger. Some probes are specifically designed to carry
25 electrical current flow, while others are used to drill, crimp, and secure components to a
circuit board, and yet others are designed to perform soldering. There is nothing in the
design or marketing of spring probes that suggests their potential utility as a mechanical
devise for the transferring and arraying of solutions onto solid support for use in the

fields of microbiology, biochemistry, or molecular biology.



Charles (Ponmpna, CA), Interconnect Devices Inc. (Kansas Cty, Kansas) and
Test Connections Inc., (Upland, CA). 5 Figure 2A is an

i somet ri cwaiesmsMaowi ng a preferred apparatus and method f orPGEPES(15089
delivering discrete, controlled volunes of a bionol ecular solution onto the
PElI | 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 opposing end of the spring probe 50. The spring probe 50

general ly }5188@3??3‘?@9“&0“8' ng 52 encasing a biasing nmenber 54 and a

pl unger 5 d 57 adjacent to the biasing nenber 54 and a
second end 58 projectin m the housing.52. The .hous
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first end 57 of l'unger 56 according has a shoul der 57a that engages a
stop 59 15Coqmeopemst1nug(lﬂpldn®,l(lizy) innardly fromthe housing 52 to limt the

maxi num, ext ensi on of Ihe | unger 56 with respect.to the_housin )
St tabl B spr i ng. pr ObEESE) 24 8° F0alPREitls M eRoRitg p. RiFETes 2oRGRh 2nd
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to the array 10 (indicated by arrow V) and in a plane parallel to-the
surface of saring meebe @ pperavely atachedte @npptuarr & any a delwvert tin d0xttaghed to

accordlngl control s e<»0 | to a
wel |l 80 co gpﬁ?sr%g 5“%?2&%?%%&%&03 581%% ﬁtllg}%bgl egeg%%(a}n:}}g&ﬁry%oée%o

over aldeSh&g%%)su BicaSin tahﬁadﬁl;‘g mledibef 58and aphripes6 willea firsd A STgdjdesht t he
desi red poi nt t he PE | ayer 30. I n another enbodi nent, the actuator 60

25 may ontoythehiasingmenpher rié gedobeeceod eod il proiecting fmmélye housirg)§2 ankdeher
actuator (pot.sh t.,ransl a r.ay, .10 and the Qsition
Fhe T b 70POUERE ShElayele ® BohT balaahs UP WaTRE Msrtina ity PR g ngtisigne
act uat or Qpﬁ Pafh @h@bkﬁé RchRPeid 98 oPTtHEeﬁluﬁg’éfp% 8t ﬁ&atthelhbagin 3ndlTiRg
devi ce t hat otical delivers the bionbl ecular solution to the PElI |ayer

30. Additi ﬁmildnyl 57aof)|thpr plungsr 56 astmrdmg has chelsowddern®ida thet gngagehedstop X9 9
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plunger 56 with respect to the housing 52. Suitable spring probes 50 are available from

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
20 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
probe 50 to dip the delivery tip 70 into a well 80 containing a biomolecular fluid 90,
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
25 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
a desired point of the PEI layer 30. The actuator 60 is preferably a robot or other
computer controlled handling device that robotically delivers the biomolecular solution

to the PEI layer 30. Additionally, a plurality of spring probes 50 may be attached to a



The delivery tip 70 preferably draws a sufficient volunme of bionolecul ar
fluid 90 onto its surface to deliver a plurality of bionole S
onto the"ﬁ@l”’iowgr 5 30 and forma corresponding plurali tyﬁg#&{s?rp aﬁf
regions 32 (shown in Figure 1A) with a signgle pick-up step. Figure 2B is an
enlarged front elevational view of a delivery tip 70 in accordance with one
enbodi nent of the invention. The delivery tip 70 preferably has a

truncat ed-coni cal shape with a distal face 72 and a plurality of flutes or
channel s 74inglbactia®rad siradleanéausipyleliveraa phamtlitg wifiomoleenlesnesies totheaPEl

| magi nary intersecting 10 point 73 by a distance "R' between approxi mately
0. 00001 in layRr38: 010 in, and nore preferably between approxi mately between
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spring probe 50, actuator 60 and delivery tip 70 operate together to 15
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fluid 92 (Figure 2B) onto the delivery tip 70 via capillary action.
act uat or 60hdshetmpmasid-consal shapeswith ngligtabface 50 ander plutadityPbf fluteger chénneB).

After renoving_the tip. 70 _fromthe |1 80, a portjon of, the biqnol ecyl ar
fluid 92 on/t-hdbeidistaipfars 7rgmay ba "ﬁgs“'ﬁ’g@% repeStstl 9T A IRCEMLY APETEFTECe

(o Torm'd obfint I BACANEREE RO BEReRaRBRAb Gl RoGR0P AP RIS 10, it RIS

of the arr aprefddably GerRediotpproRingdtely Hetwean0J00¢ Uhaindf 0.0081 inn Additibhgdly/ @he The
actuator 60 preferably presses the tip 70 against 25 _ the PEl |ayer 30 so
that the tiButes 74dravacianes Re ridges Vayanverging; toward fsndistal faggol?nat &1 angle o

pressure. ver, it i | f1fcb | o agai nst
Phe PE i ay SHgh apircifag e S 126430 BAGE bRl WRedlh oo 30207

al ways _position the tiThe&Brinf prdte S0nEnRtR\6U drdNdelivent i 78Wpkate 1ogktteh & PEI
| ayer 70 may not be uniformy planar. The biasing nmenber 54 accordi ngl

stores dfer geliveawseanttpjleg raseaying pfttiemelegulap fichitnshe PRE 18@r 30esachajme t
DL L 19, RSP BB tRE a5 Tl PR P TR Ao o i
irregul arit gps thé 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 positions the spring probe 50 over the PEI layer
20 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
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
25 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
with the same pressure because the actuator 60 may not always position the tip 70 at the
same elevation and the surface of the PEI layer 70 may not be uniformly planar. The
biasing member 54 accordingly stores energy caused by pressing the tip 70 against the

30 PEI layer 30 permitting the spring probe 50 to contact the PEI layer 30 with a



the stroke of the actuator 60 or the topography of the PElI |ayer 30. The
delivery system descri bed above accordi ngly provides an apparatus that can
del i ver aWebis888ent i npl ant vol ume of bi onol ecul ar fluid eBEHUBPEH%¥%he tip
70 5 engages the PEl layer 30. It will_pe appreciated that a precise,

consi stent vol ume of bionol ecul ar f1ui d'%houl d be delivered to the PEl

| ayer 30 at each inplant region 32 to maintain the spacer region 34 in the
PElI | ayer 30. The quantity of bionolecular fluid inplanted into the PEI

| ayer 30 agu@.&nhmq]eaﬁsd&%&@ué%f éaaﬁ@af@w s&&g&&w@ Muﬁimhfegﬂa%hy nand

it is a function e tinmethat the tip 70 eéngages the PEl |aye e 10
Vi scosity tfe stioke bf themktwator 40 oﬂhﬂtdp@g}aphmnfthemglyeat%()on of the tip 70,
and the pressure bet he tip 70, an PEI | ayer 30. Because the
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el evational  view of another enbodi nent of a delivery tip 170 in accordance
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4A i s ront el ey nal n Bis a hottom_plan view of yet
anot he?loerrb’ifﬁ?sr’rgn‘ffa%? %é?"EﬁJF‘f r@‘g ‘SWaH%IO?J ?‘PJBOF“‘* thetRIgssyter and
anes 276. I I er
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r epr esent few | e of del i y t|p t hat may be used to inmp
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cyl i ndriskcal , cubi cal Ri)gureBheh fmb&bhﬁo&h&ﬁ&soﬂﬁnﬁmidﬁg)ddmenﬂdf& daiveiycul ar
11 tip 170 in accordance with the invention. In this embodiment, the delivery tip 170 has a
truncated-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
20 generally more desirable to use a fluted tip because such tip hold more biomolecular
fluid.
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
25  described above, and thus it also provides substantially the same advantages.
The delivery tips 70, 170 and 270 described above represent a few
examples of delivery tips that may be used to implant biomolecular fluid into the PEI
layer 30. It will be appreciated that several modifications of the tips may be made,

including using different shapes a distal face designs. For example, the tips may have

30 pyramidal, cylindrical, cubical or other suitable shapes depending upon the particular



application. Additionally, the flutes may have configurations other than

t hose shq 9.’P %Fe present figures. Thus, the delivery ti pSp@ffssiPisoso
necessari Mted to those illustrated in Fi gures 2B-4B. Bionol ecul e

Sol utions 5 The invention grovides for conpositions which may
be used to deposit bionolecule onto a planar surface. The conpositions are
particularly well-suited for being transferred to a planar surface with the
nodi fied spring probes described above. Wen the conpositions of the

i nvent i on applicatien.uddditionaiyythe flutdsonaybave configwiatiohs ediesthan tgosgrsbbws inf

the invention, nulti.ple m crodr over 10 and ferably over
100) mmy bl BERGRIEBLS ddbs TEAOUREDY A afa pob dePeRearilyy fayieqricy tipse

Si ngI e li qﬂhﬁtr&?eﬁ%h‘@ e mayention provides for a conposition, also called
an "arraying soluti ong contalning a thickening agent at a concentration of
about 35 vol %to about 80 vol % based on the total volunme of the

conposi ti oBiomoleculeobaidns which is preferably 15 an oligonucleotide at a
concentration ranging fromO0.001 [err]g/nL to 10 [err]g/nm, and water. It
has beers surpri singl yTid meemesregrobviirt fhedmpositiinseRich inR0BE usédStoc@Posit ned
wi t hi n an aqueous ol i gonucl eotide conposition, the thickening agent inparts
desirabl e rblimwbg:leazlntqaaqqdymmgsfam f ecemrp@l@pm are, partiguladyiaieli-sujtadnior
conposition to be the d|f| sSR! robes di,scl,osed herein,

el T ver - mREing GG AP Eng et rafonE oot fed SRS PIRvRE A55TRS PRES PEI
coat i ng, V“Wﬂerrﬁmeycoﬁl stighe opwﬁwe&{onté}ﬂ £ERRAB I Ml B RS HeSRBERY " Of
corrp05|t|on e concentration of the thickening agent i1s 35% V/V to 80%
VIV for |i gptiflg piubek efithegnegeionsmaligite ascrglsopiato(e. g. Toner A0ahd prefdrably over
concentratl on_of thickenin ag‘%flnto in the COiTpOSI tion depends to SO%\@'

ext ent , 1®bn 10RE maynpe rerraduet Sifed Aatoo3; Plagat syifers pRerpenly G mpale tad

| ower the zy ing tenperature, the | ower the concentration of thickening
agent that ‘needsS to be used. The conbination of tenperature and viscosity
control permts arrayfhd dnvemtiondgrooidestiot atyme@osifmﬁOhlsd adllegoan S‘afrayigg,

gl ass, wafers, nylon 6/6, nylon menbranes, etc.). The presence of a
t hi ckeni ng SRiBion” eaBtaiting a&laplfqnma@geﬁé#e% fQnCERtraiance qbgut 35 vol% to about 80

vol% based on the total volume of the composition, a biomolecule which is preferably

15 an oligonucleotide at a concentration ranging from 0.001 pg/mL to 10 ug/mL, and
water. It has been surprisingly discovered that when a thickening agent is contained
within an aqueous oligonucleotide composition, the thickening agent imparts desirable
rheological properties to the composition, thus enabling the composition to be used with
the modified spring probes disclosed herein, to deliver multiple uniform microdroplets

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

25 arraying is performed. The lower the arraying temperature, the lower the concentration
of thickening agent that needs to 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.).



t he concurrent presence of |ow concentrations of various other materials to
be present in conbination with the bionolecule. For exanple 0.001% V/V to
1% V/ V of wimew0saent s may be present in the arraying sol uti oRCTTISPY15089
useful because PCR buffer contains a 5 snmall anmount of Tween-20 or NP-40,
and it is frequently desirable to arrayl3anple nucleic acids directly from
a PCR vial without prior purification of the anplicons. The use of a

t hi ckeni ng agent permts the presence of salts (for exanple NaCl, KO, or
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t hi ckeni ng agents are used. 15 I n ‘genéral, the thickening
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The arra ing solutions of the, present invention nmay be used to deposit
micr odrlcs%| ditiopal bengfied permifting the yseof apsiclkinking scagents gpé/op prgsaia splynts he
solid supp Lkt g . fect, O he deposition of the.
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coated sur aac ool ¥ElveoRt Sfbaniel dolveitt Gk tas TS SDMEBANMIE, méthradial
aqueous solutions tend to spread rapidly on solid supports which are coated
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thi ckenjsng agent accgn dgdp@ral,O teh ehibke@sEN taghmty St AN ifEYase8 WMSESith Ot RROSI t

uni form m crodots on any of these substrates. 13 Anot her inpoftant
benefit of amayingdphtjon Wlieoleemppry vasrosity tsuashiexsd in the arraying solution, the first

drop is the substantially the same size as, for example, the 100th drop deposited. When

an improper viscosity is used in the arraying solution, the first drops deposited are

significantly larger than latter drops which are deposited. The desired viscosity is
20  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

25 example, 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 microdots on any of these substrates.



glycerol in the arraying process is quality control. Wen glycerol, for

example, is ot gg) in the arraying method as described herei npcpy368 9089
dr opl et ot %E’ % is deposited on the solid support. At the concentrations

commonly used in the nmethods described hgre, the 5 glycerol concentration
Is sufficient to prevent evaporation of the microdroplet. Therefore, each
printing of each array pin can be exam ned prior to chem cal processing of
the array. The ability to visualize mcrodroplets substantially enhances
the ability to perfodmotheal imporeohtbenefitnof linclodingca thickehimgangenyi sugh as

process. This |leads to a substantial .increase_jn value [n the arrayin
et hodol ogglyegiel in the arraying Progess I Colk FRPETLEYESTAl APEPETIRIP 587 mer
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Nucl eic acidr onuc) el ¢ acl eoxy onu Ic acid. The

bt onol ecul solithgupporpratske tortehiatidns aothinoonlp ysddintthe nrlseis. desérébedieng) ke ul e
may be single or double stranded_ nucleic acid polynmer. 15 . A
preferr&d Blysesl eeancentralionn iy safligientaty dPrewny neYapor#iosn of ndiey grisrodroplet.
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1, 000 nucl eoti de bases. The nucleic acid polynmer may be a PCR product,

primer, or perfeingiquality icdnigolpiviglk respectitp she arrfyang p®cessx aps bwds Hoasvisstantial

essentially any nuclei.c acid type can, he covalently attached to a
PEI - coat ed)’/‘%“tﬁ? Q&VW%Wﬁl‘ﬁé”ﬁ&’\éEé’i’%ﬁ%ﬂ?‘ﬁﬂycont ains a prinmary anine, as

di scl os bel ow. The |5 [ ' [ I [ he
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mor e pr ef emaPNYAQ phbspthobothimatel gdmil mefndplersphohatesc| MNlaci atipatfereits utle
"am ne-nodi fied" in %fat hey have 25 b,%egf nodi fi ed &o contain a primary
amine at t Fdonuclgigpcyt anddeaxyeiparycleie peidy of henbipmolcuiesingy Icompriss uppRiug)
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t he nucleic acid portion of the nucleic a IX I'S a preferred
nunber of pelyiydrene groups. Am ne-nodified nucleic acid polyners are
preferred because th% can be covalently coupled to a solid support _through

the 5'-bhine group. 30 PretRedr bamefesuleais B narley asidupelmes Whichy IngHidse
modi T ed Pgﬁggﬁliﬂ%tﬁtes I\éﬂfltg iaﬁo@tci(Sb nuclddtide bases) and polynucleotides (over about
100 bases). A preferred nucleic acid polymer is formed from 15 to 50 nucleotide bases.
Another preferred nucleic acid polymer has 50 to 1,000 nucleotide bases. The nucleic
acid polymer may be a PCR product, PCR primer, or nucleic acid duplex, to list a few
20 examples. However, essentially any nucleic acid type can be covalently attached to a
PEl-coated surface when the nucleic acid contains a primary amine, as disclosed below.
The typical 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 pg/mL.
Preferred nucleic acid polymers are “amine-modified™ in that they have
25 been modified to contain a primary amine at the 5’-end of the nucleic acid polymer,
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 to a solid support through the 5’-amine group.

30 PCR products can be arrayed using 5°-hexylamine modified PCR primers. Nucleic acid



dupl exes can be arrayed after the introduction of am nes by nick
translation using amne allyl-dUTP (Sigma, St. Louis, MJ. Am nes can be

i nt roducedVOi#P8538ic| ei c acids by pol ymerases such as terni nRCHYRR4PBPase
with amno allyl-dUTP or by ligation of short am ne-containing nucleic acid
pol ymers onto nucleic acids by |igases. Preferably, the

nucl eic acid polyner is activated prior to be contacted with the PEI
coating. This can be conveniently acconplished by combining am ne-
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in the asraying sol utP&fbrhtﬂypﬂﬁfmIcﬂ@d acnldnpél?tn%r e Yetivanal ﬁﬁblofd bY cBhtagigline-
term nated nucl ei c_acid, pol yners have reacted with one nol ecul e of

trichl orot rWHblth‘?e,P EE goating. t hhis ¢anebsgenvenisndlyiagcpoplished bye combming pmimeat ed

ith dichl i ) d t .featu f th t t
that the bi BREPGRAFRL ndRe AT R %&3‘%Saag'&ﬁt§€l?%9§n%a§fﬂ§§?r§%cﬁ%'§.Vq S o a
PEl coati ngsiRKeR thbl‘ilHﬂﬁ‘rliﬂ?é AV hugR djﬁélegy gﬁﬁ xa&cﬂ'ﬁalﬁs I G rﬂrfcn'ngagg{)/%pf

anount of trichlorotriazine. This provides a | cant advant ag
met hods whethat A° -amupl ¢angba gewtednedhl dricldotudriazng vasb known2B cyanude chivridg

Goubl ¢ 907 ahiAndess ¥ by ARl A R R Aot SN S Brehrablot dm sxessaotbot
strands or %uﬁf: diRidet fsag&t&dcﬁf"tl‘gﬂe'ﬁﬁcl@g:eg&t hg@hgﬁm Jofutfin C)L{lphe:r%r he (doybl e

stranded nucl eic acid polyner bon one fm nal ‘am no
group to t ht0MEold omldrregeess of tcblmwtmyc}ilmdﬂob\l'drzbe hbmbeoobh@in’ in $he AuslEd
pol ymer. Howeyer, sinceg only . one of the two strands is covalently bonded to

the PEl coaffitgolynKs ipthecarayingsplution ispueteardy du this vy, &&@@mnmg amine-
hi di
Lot he o ool nullaRPREIGRCH 1RE Vet PRE of MR RIS IEhIRRHAAECISE, (0

aci d pollynethat thenecldiewdeldpalymantkedmes edreimatal with idhi e tria¥é. be obt ai ned,

for exanple, as a reactiqgn product from30 PCR . )
An advantageous feature of the present invention is that the biomolecule-

containing arraying solutions may be deposited onto a PEI coating even though that
arraying solution contains a significant amount of trichlorotriazine. This provides a
significant advantage over methods wherein coupling agent needs to be removed from

20  an arraying solution prior to an arraying process.
When the nucleic acid polymer is double stranded, a preferred
embodiment of the invention provides that both strands or one of the strands contains a
terminal amino group. The double stranded nucleic acid polymer may be bonded
through one terminal amino group to the PEI coating, to thereby immobilize the double
25  stranded polymer. However, since only one of the two strands is covalently bonded to
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

30 PCR.



15 Preferably, the arraying solution is buffered using a common buffer such
as sodi un e, sodium borate, sodium carbonate, or Tr iP%’l"f{g%/ &89
preferred pHTange for the arraying solutionis 7 to 9, with a pre#erred
buffer being freshly prepared sodiumborpgge at pH 8.3 to pH 8.5. 5

To prepare a typical arraying solution, hexylam ne-nodified nucleic acid
polynmer is placed in 0.2 Msodiumborate, pH 8.3, at 0.1 [err]g/nL, to a
total volume of 50 [err]l. Ten [err]l of a 15 ng/nL solution of cyanuric
chloride is then addducierably.ithe:amraying isohtion isbuidered using prasowaocn bufferisublpur
at 25 C with canstant Itation., Aycerpl (G,bco Brllerr Grand .l sl,and,
NY) Ts add i SOHum phasRRatey AP eptEn s esarbopgtessy asEIGh ok BrelrEd P

I nvention [ arih bt j '
support, whi c\é figfneg‘ieudes ﬁgléﬁnpge&g? 9’l wmli‘}grats)ﬂln%g@}aegﬁﬂ éﬁ 61?) eg%s%rs?%ﬁ %Paorg%
into a sol sodiam tmfrateiabpHl &8 td pH &&noving said tip fromsaid solution to
provi de bi onol ecul e solution 15  adhered to said tip; ,and contacting said

bi orrol ecul e sol ut i on_m P‘I’?P%Fe_saotD’PH‘a_ UYpPpare S‘?IHti?%é}eébl?‘ml?eaﬁ@Fig‘iedﬂl%}%ﬂ eedl e
Sos s o' o 28R i€ bR fu 2 R ol EAMPBA'E. o107 SO S AR JorRbELREG D! Y

has a pl an&r YUt f aké upon eCul e i's deposi e of

a solid suppomentuMaf ails meeilUkolution oficSamiicRdseridesis dhéi ddde@NantPheredchiah | S
typically used in the electronics industry in the construction of 20

seni conducibaltowerhie nragasd Jont oy f5/C yoth ednstink agitationl ddytarel HibenBrl®), de
and can be gasi oated wi al t hyl eni m ne ing silane chem stries.
The \/vafers@?ué(h L%?ﬂ%e@é? F?/&eg}gialfﬁﬁ?go egﬁ]a@%ﬁ%%#%s such as WaferNet, (San
Jose, GRY. The coating of wafers and glass slides with polyners such as

pol y(ethyl eni m ne) can be performed under contract through compani es such
as Cel Ass@olidiSvppéibust on, Texas). 25 dass slides can al so be coated

be. easi 1y coat ed wi ¢ nTOIYPEITHRENIdR RS hed A deppeifes biramicils odo asped -~
oLl catt AR IERASIE R 00 speeig BRI VB
ot her am nefdiomaliemileprdmaving saidl tigs from sdié sebitiod teuyppvtde bieholgeule solution
15 adhered to said tip; and contacting said biomolecule solution with a solid support to
thereby transfer biomolecule solution from said tip to said solid support. The solid
support preferably has a planar surface upon which the biomolecule is deposited.
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
20 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
commercially available from companies such as WaferNet, (San Jose, CA). The
coating of wafers and glass slides with polymers such as poly(ethylenimine) can be
performed under contract through companies such as Cel Associates (Houston, Texas).
25  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

fragments or other amine-containing biomolecules to the solid support using



16 comrercially avail able cross-linkers (Pierce, Rockford, IL).

Pol y(ethylenimne) (PEl) coated slides al so have the added benefit of |ong
shel f |i f®os9#18308i ty. Anot her desirable solid support is a Re/HFISASF
stainless steel. Such netal solid suppoiés may be used as substrate in
MALDI - TOF anal ysis, where the 5 el enents“bei ng anal yzed by MALDI - TOF were
deposited using the printing process as disclosed herein. Arraying

Condi tions and Post-Arraying Treatnents The arraying solutions as descri bed
above may h&éﬁcﬁ’alg SROLDIY chdssAhkess’ @Yirb RSREGASIL). Tﬂ”@l&{éﬂ%ﬂeﬁiﬂliﬁe)lﬁ{?ﬁi)‘?r red
enbodi ment tor arraying nucleic acid 10 polyners, the activated nuclei'c

aci d pol ynesasedsiiesalso have the addedeenefit ofdoup ket tifdstahikityuri ¢ chl ori de pri or
to the printing step. It has been surprisingly discovered . that there i.s no
need to renpve the efQ@eHer g’r‘%‘@iﬁ? ﬁR@g SBPRSt 95( 8 fE?‘Pﬁt"r&g staiplessestefls ayRehy

met hod. Th } . C i [ i LR M does
not int erfg’tre}aEh (?r0 hél}ﬁﬁgﬁgm hy{l%gé dc%%%?%%aké;& g@ﬁiﬁgﬁff@?%%ﬁﬂc elpt{:ﬁ}fci d
pol ymer § t glefheRis!betioiretlyze8 byQUIALDIVPOBrwere Bepssited usitgahis erinfieg procesais

excess of am nes on the solid support over the nunber of cyanuric chloride

mol ecul es disalosed hareibe arrayed at any given volune (nanoliters to
picoliters). Typically the reaction which attaches the activated nucleic

acid to the _solij t i wed t ed for 1 to 20 hours at 20 to
50 C Pref%%ﬁf%@g@gegé a%’rﬁ’eﬂlejs}b%—gfsrour at 25 C. The arrays of the
present invention are particularly useful i, onducting hybridi zati.on
assays. However, in ORGeTAYRESHIFEoNS, %-%@??C&E%‘ﬁﬁg?% H@Ygtfﬁ ﬁ%eél Fe¥ens# i d
support nu C pr :{ 0;.£QN i i gi.zati i~ This may
be acconpl ?‘fsrﬂgggb@e ?%g’ct iTr}llg{ tl ’emggl Pﬁ?ésrtéggﬂb%\c}m{}%{ tof.#{- %}%ﬁﬁﬁ :‘ﬁ%&l%i%w
anhydrilde. pdlyene?§ the ektdvated nueleict acid pobyriers i vehoaparified awayuftomnireacted
anhydride in 70% m.pyrol ,and Q0.1 M sodium borate. The reactign typically is
al | owed t o CHEBEIC Ghhpridesprionier the RILINERSER s IhWwhanbeenpswpdsipgly dissRverednthat ne

of 30 m nuyes. q%fl%Sneg,d e RntHR! thEUSEEQY GroBHRKEr ipggr % Hrﬁlql?lﬁeﬂ et pﬂ‘%’l@(

wat er wash.
method. That is, the excess cyanuric chloride in the reaction mixture does not interfere

or compete with the covalent attachment of the nucleic acid polymers to a PEI coated
15 solid support. This is because there is an excess of amines on the solid support over the

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 timeis 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
support 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.



The solid support is then incubated with a solution containing 0.1-5 M

| yci ne i - 0O Msodiumborate at pH 7- 9. This step " T
gy [{?,8 3%,%,@8 PerAIsoslish

di chl oro- whi ch nmay be covalently bound to the PEI surface. e
preferred conditions are 0.2 Mglycine i 0.1 M sodium borate at pH 8.3. 5
The solid support may then be washed with detergent-containing solutions to
renove unbound nmaterials, for exanple, trace mcyrol. Preferably, the solid
support is heated to 95 Cin 0.01 MNaC, 0.05 MEDTA and 01 MTris pH 8.0
for 5 minutes. This hEmt salif sippprtristhencincubated withl & selutiomconteinng Aded M ¢

aci d pol yners,. suc rodycts. | se where double.strand . 10
nucl e!oc ;ci%iy‘ap%“h&tl?a@e(g,ﬁqfoprﬁ“gniﬂ?ﬁe & é}é%ggscﬂﬁﬁs‘@? 1? %?Hsdﬁf‘y é&ﬁli‘i‘?!f’ttf‘?\ﬂn? he
doubl e str i ti . be
ot orogat citigh el CTaR{9 BB Plothe SBT SR U profiea oo dRMOZ
products, eglgcihe 0.0 M 3odiubi irate vt pHEB. The net hods for biotinylating

nucleic acids are well known in the art and are adequa_tel(é descri bed by 15
Pi erce (Avidi n-Bi oti nTBheselidt FypPoR PRAYdbessk bepiashed YiBhi detargenspeaigining 992,

Rockford I1]inois). Praqhes.are ral 1 m. to 10/[err]g/nL
i n standar ds%‘é}bqnis Eeé?(?v%ﬁmg%l"ﬁ?lg{r%gagh@ e#%@? ﬁg‘ga%ﬁfégﬁ{ l'GuHCI , formam de,
etc. (see Van Ness anpr§ig8ly, tNeGoRH Gupisdrtls KRged tolsh 844 . GILMNaEY V05 MO
detect the hybridization event (i.e., the }lgresence of the biotin), the 20

sol i d suppoEDTAsandn@lubbT s pHi §.0) fert T apnutes. dThis heating stap s¢meeasawnetasalently
conj ugate. Suc nzymne cqnj ugates e rciall vai |l able fro for
exanpl o, Vetitshed BRiTIS A HOTEGSeR R R ReRiuctin In e fass Wortgideublerstendu ¢ h
hi gh af fijpni -0 L [Way g k Ry ' [ e
nto pr o G e B e e B O D e B e
per oxi dase sioglestatdform (dersngdtianjay i n a si npl e washing step. 25 The

presence of horseradi sh peroxi dase enzyne is then detected using )
preci pi tating substrat eiaﬁ‘ai’ﬁé'epfr@ge‘?&:g‘tﬂfo%’é“r‘ggydé’o‘éﬁd&t&\eo ?}}‘G&Of‘éfse

buffers. A i refl j u S a
wafer has. ab e PR EpRERC SCR IFRRRI B LRRER£r b el The ool P
expect ed f obiotinglating noeleici avidsudrs twell knoviniin ter /0ard atdeddqublelys desafibéd/ by

different for different colaored 30 enzyme products. As shown in Exanple 5,
t he LLD Y¥or P@r%(ﬁw-ﬁgﬁ{nhghewwyém andbook, Pierce Chemical Company, 1992,

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
20 solid support is incubated with streptavidin/horseradish peroxidase conjugate. Such
enzyme 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.
25 The presence of horseradish peroxidase enzyme is then detected using a precipitating
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 lower level of detection (LLD) compared to that expected for a
colorimetric substrate. Furthermore, the LLD is vastly different for different colored

30 enzyme products. As shown in Example 5, the LLD for 4-methoxy-napthol (which



18 produces a precipitated blue product) per 50 [err]Mdi aneter spot is
approxi mately 1000 nol ecul es, whereas a red precipitated substrate gives an
LLD about wi®0#es308 d hi gher at 1, 000, 000 nol ecul es per 50 [ eRCT/IVEIB/1A08% er
spot. The LLD is determned by interrogating the surface with a m croscope
(such as the Axiotech mcroscope conmerdBally available 5 from Zeiss)

equi pped with a visible light source and a CCD canera (Princeton

| nstrunents, Princeton, An i mage of approxinmately 10,000 [err]M x

NJ) .
10,000 [err can_be scann t et | rder to.us he. bl.ue
col or ot 1 PEOUERLe AresTP LORE R RS0 e 30V SRk Sy BpbRinnyet S, 100
enzymati c realeddl) whBftat Bed\Bicipitefed ShbstRtdBisés AELEDAMRGH]00D-fo1d RighlF 3
state. In addition, the enzymatic reaction nust be stopped prior to
sat ur at i on 16300,008 meleeulesper Xpovigliareter dpot. SEheldLBls detenmindd by inthiregatmng
appr oxi mat e 2-5 m.putes. It i so,,possi bl.e to use chem | um nesce
SObstr at s thepitEite Mt aiTieRe ek SRR QBB SasiDer GRmaecaly o ool d
fl uorescen r P, Of;qi ' a | g ude
tho di ox SURETr aneY JErPr A il RERC SR IRITAIPED SHAE PRl
El mer or Atlhstpiments;Rrinceton) Na). e Ahrinvapd Bf agjroxintatdly d 0(0B8mMwi 10,000 sipocanCA) .
Roboti c Delivery of Bionolecule Solution The invention provides a nethod
for deposi therfgannediabpRt W¥8 e onto a 20 solid support, which incl udels thle
steps of: imersing t] f ' : . SO ' f i cul e;
renoving the tip fro%nt(*{gergtgll%fa ﬁg{\B]{&g °§¥°§1€'§e gépgiag%%ﬁ%e%ﬁ%ljgggtg uS_P &8‘%@3%&%
to the tip;beavdly elahagkt (¢ dnBpmbli©rsatisiUam] Gielwiferosr dMdelmast elscahreddp@t to
thereby transfer bionolecule solution fromthe tip to the solid support. In
a pref el edirgsisiadi Ineaddditiann thecenaymetic rryciieremuptsbeastopneg | nirion éei satatation o&rhey . h| n
ot her words,_.a 25 reci sion rabotic st.em.whi ch .can b ontrolled in the
v 'y and z SETEopolr o EpLhalnerediil BUPEREF BT WPV HOMRs i ot of
l'inear positioning tapl 8salgeuplssilenitd hisk NeheaRRIARESCAIE siBMales - foRMBkhTideer S,
notion controller, personal conputer and software to drive the tables.
Preci si on |phosphatase girt hiagseradjsh ablosilase IR R dr dhiogescemon fdbstcates FemHRPi or

(C_?_:’)E;{)at ! Onﬁgaqgl%dﬁlos%a\{és%' %Xamklpﬂgsr inScPu%e%é >c/iioxPéAf}bst(%ertte;r (|)<r a gﬁ&nﬁhoslﬁhgtase
15 available from Perkin Elmer or Attophos HRP substrate from JBL Scientific (San Luis
Obispo, CA).

Robotic Delivery of Biomolecule Solution

The invention provides a method for depositing a biomolecule onto a

20  solid support, which includes the steps of: immersing a tip of a spring probe into a
solution of biomolecule; removing the tip from the solution to provide biomolecule
solution 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

25 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
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). Mdtors, anplifiers, and notion controllers are available from

Par ker Hanni fin_ Corporation (Daedel Division, Harrison Gty il
Mot i on Con¥PAPOSI0Rc (Mountain View, CA). Software woul d mgtcﬁ@%ﬁ)/iseo y be
custom and could be witten in a | anguagg such as Borland C++ 4.5 (Borl and
International Inc., Scotts Valley, CA) or 5 Visual Basic 4.0 (Mcrosoft
Cor poration, Rednond, WA). Personnel conputers are avail able from nunerous
manuf acturers such as Dell Conputer Corporation (Austin, TX). Spring probes
as descr i bddpato\Motars ampiifitsc tnd eobtibn costrolbers tredavailableafingm dfarlee \Hanaifin
styles of receptacle, and rohots g&g‘,ul In the present invention contain 10

sui t abl yI si%ﬂoﬁa&l@%p@%@@ﬂ@sq‘ém&@c . i$99e Gltyy by F dalil pfetiasy Cogtrol, Inc.
o d i ckor MOIR et . [ G are Sl FhngRly BLADEE ol PHEN At

di‘amet er 1.DHjafphdge sdcld adBorliRd €+PIe$ eBalAnA ThtepSativnkl IndEtRoets VAIIEHURAFOM I €
0.5mMmto 1 mmthick, nore preferably 0.64 mmthick is crinped into one end

of the t¥beVisnd Bari¢ 4. (MinrosofieCernozation, Redmendf ®Alr Edrsahngl compigers jarelent
and press ring to hold a sprin be secuyrel y. .. The probe is inserted into
the Fecept Artedt v uierdis BinBRAES SN & Pey SPmpify Eopratip A cna

A nounti ng -hg)qd I's nounted onto a robot for the purpose of arraying |iquid.
The head has a bar which is interchangeable for various printing
applications. Bars caSpring pmbed gs démrriged abover arermvdnatactuwed e bewsqunsgadinto
repl aci ng one bar desigyned for arr.ayj ng froi/n a 96 well plate with one

20 ,
desi gned t AMYoPigseygral atylesrofieeeniands. and Fopets fisefi, in thepresens Anvention gortain f or

o cct st 83, A pPEGRAEFIeEEANE UPtepfu PrinRerle PGt ®hilies re made
of the recefbmalicketsilgiryor binizs, tHespgld pittdurer dasynicles)] aceemy foph piefongbd or

poorly perform ng receptacle and/or, spring probes. Once inserted, the
recept acl e/ ¥pentagie is gometghtubeoMithndiamster Iy pms tootdt man. papreapgfesebln ceb®df 25

ol ding o sagrE o BAREuAe 0 5860k PR IR hthe e LG 0k ith eR'S

sol utions, aidpéPint@dte efid 6ERRILbE K KialidD| Bl recappatldR amdadtOred VARRAS
arrays. Those arrays nmay be used in various assays, where those assays nay

i ncl ude 1pagipden egscring §0 heldpe spring probg securelygebhe3probg|is drsstied émpithes) .
Exenplary t xae%gpetgclg isg HmDel barrel 5fthe %po gl Swm h?ehrecr:reap\facllles &d. he
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
20 arraying from a 96 well plate 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 friction using
precision-drilled, bi-level holes to fit the wire wrap and crimped region of the receptacle
smugly. This design allows easy replacement of damaged or poorly performing
receptacle and/or spring probes. Once inserted, the receptacle/spring probe unit extends
25 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.
The printing processes and solutions, and methods of depositing
biomolecule may be used to prepare arrays. Those arrays may be used in various
assays, where those assays may include tagged biomolecules as probes (e.g., tagged

30 oligonucleotides). Exemplary tagged biomolecules, and assays which may use the



20 sane, are described in U S. Patent Application Nos. 08/ 786, 835;

08/ 786, 834 and 08/ 787,521, each filed on January 22, 1997, as well as in
three U. Swa@e%i033pRiati on-in-part patent applications havi ng PEHUBSALSPEMN Nos.
08/ 898, 180; 08/898, 564; and 08/ 898, 501, 8ach filed July 22, 1997, and PCT
International Publication Nos. 97/273312997/27325: 5 and 97/27327. These
six U S. Patent applications and three PCT International Publications are
each hereby fully incorporated herein by reference in their entireties. In
addition hg.28RALELNSed 1 O "eflent ChpbillaBh AN6N1 08/ PRERIS 008 ABY 598 died 1O
prepare arrays contal ning nore than ong ol 1 gonucl eoti dé séquenc€ W thin an
el ement . Bi08M87¢52u| eachrfiled/en famutinyi 28, 199 Tyas evelllaarin diree ULS.gontichiohiifigart
sequence within 10, an eJenent, and u ereof . are described in

h U S.
Provi si onalPaisit aprlicalipns baying ApRication/ > f0§é$é’8t1i894 B¥/8984364; #1d:08/898,501,
F [ i L V1 hi ; fa A 22,
Tonct Sl RO 2 ook pEL AR SOREBRIo7 AT AL 9

filed concundeor/Ly3dver eThdsd, sikOUIS. bPitaet hpplicktidoniC @hd Othadee PATE TRicthafbnal
reference in their entireties. 15 The apparatus and net hods

of the predahlicatinps are eash hergbufdly ipeomeratedihsrgin bp aefereace ty/thenentiteties.n
perform ng anplificat{o nd gqther enzymatic,reactjons, as,described in our
U.S. Provisional Pat éHta%ﬂg‘pS’Pr @Etafpé?ﬁraﬂﬁ.aqlgd?ﬁ%‘?ﬁ the Rresept inXgpiion magdieon
And Qt her EREY iRlpképalRe@edysOdbhtdtfing Gh 13 ' e vAthihidned
July 22, 1997, > prepaReanhy U REhE et il ohbiSligbychiiide A E—‘%%Fiv?gﬁ‘oég No.

20 elemerfti Bésalenue rrrayst doptaining wiordithab ohé ohigomglebtitlé yequenear withiat ed
her ei n reference ip their tireties., .T par at us _and net hods of the
b esent 1 B Aoty ies Shesr 8 eoerhed i LS AP eRah Patest Aapdoation No.

di scl osed igp/d43936P%0N¥E SHARR; ' l:an,No. 25t it

"Pol yet hyl eni m he- Balged Bi g@k?i@&ﬁéeﬁoﬁgégs%?gﬁf %9&}3{ g@l&eﬁléél}hg% and
| i ke-titl| edtgréaf” hipfileRrJalyi 23, 4897, and likedtitlep pl.$ dbn-Drovikional Patent Applicatfonl ed
concurrently herewth, ﬁFot h being fully, jncorporated herein by reference in

their enti ré?i-es—ConptHedr cAFUfr ¢TEWHB: PRthcheing Telbr incomaratgd drein band

nmore parti Gufeal]c¥i : : ting tagged data to information associ ated
with the taggedlcég%glggggggeﬁlegi sclosed in U S. Provisional Patent

Appl i cation No. 60/ OSBheddfpatatid and méthoduudfahe present invention may also be used to

prepare arrays useful in performing amplification and other enzymatic reactions, as

described in our U.S. Provisional Patent Application 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.

20 filed concurrently herewith, both being fully incorporated herein by
reference in their entireties.

The apparatus and methods of the present invention may be employed to
prepare biomolecule arrays as disclosed in U.S. Provisional Patent Application No.
60/053,352 titled “Polyethylenimine-Based Biomolecule Arrays” as filed July 22, 1997,

25 and like-titled U.S. Non-Provisional Patent Application No. filed
concurrently herewith, both being fully incorporated herein by reference in their
entireties.

Computer systems and methods for correlating data, and more
particularly, to correlating tagged data to information associated with the tagged data as

30 disclosed in U.S. Provisional Patent Application No. 60/053,429 titled "Computer



21 Method and Systemfor Correlating Data" as filed July 22, 1997, and
like-titl n- Provi si onal Patent Application No. fil
concurren?ﬂ'y 9&5%{%0,[ h (both being fully incorporated herein B T’Pﬁ%“Z&&%e in
their entireties) may be used in combin }ion wi th the nethods and apparat us
as described herein. 5 Thé i nvention has great utility for a
nunber of bi otechnol ogi cal applications, specifically those nethods
relating to devel oping |arge scal e diagnostic screening nethods utilizing
the pol ymenpandcdidl Systeadot QoreRERy DAChE fifedaRilf! 2Dy PooAli At QD! €1 C
aci d sequencing by hybridization, replicating of” viral, "bacterial or

cel lul ar | NepdirodsionalsPatent| Application dicher et hodSled rahcurrantlyvigeréwith (both

repetitive_ arrayi,ng. of 10 | utiqns onto salid surfaces. The foll ow ng
exanpl es a?eén%%gyeﬁmﬁ?oﬁ T P‘i}'str?fr&?fqnﬁ?l,mn Ir ERHIEHES) omay 1be used in

EXAVPLES EXBhEid %‘tﬁrﬁgh@ﬁ@@% P"'é'gﬁ PEI - COATED GLASS
SLI DE 20 aten AgIEass sl ﬁ@%s%he \-/%htqﬁiregﬁlNacetic acid, then
rinsed % th water unffht inventieat dmsr gresteditilionfor he ministe HRbiGtehRspdl t O

the pH of the water b%ivﬁng usq%d to rinse the slide. The slide is then
al | oned t o?RPFations, spesstically thastomethods relaing e slevelopingdergeascslef dingnastic

guantity o % | &4 tri xysilyl pr | - et hyl.eni m ne
(00 My 1 rerEerily ol il Be SRR BB AR SnédfeiRoacia
SSP060) * t ohyterhdiatienpmitdeic weid sbidbing UYASHdRation, refl dafihe SEWEI BQﬁtEx*i‘él%rZ%
solution for five mnutes, the glass slide is dipped |n§o the sol ution,
gent |y agi eedtudar litsarics, g alleas amhathehmethodsvbadnvdlve the apstisvé drrayiag difpped
into etIBané)Alu{'- SQLger sh.away excess silylating agent. The glass slide is
then air dfied. P FE" 2 ONE- STEP PROCESS FOR PREPARATI ON OF

PEI - COATED SI LI CON WAFER A silicon wafer (WaferNet, San Jose, CA) is washed

with 0.1 N acetic

The following examples are offered by way of illustration, not limitation.

15 EXAMPLES

EXAMPLE |

ONE-STEP PROCESS FOR PREPARATION OF PEI-COATED GLASS SLIDE

20 A glass slide is washed with 0.1 N acetic acid, then rinsed with water
until the water rinsed from the slide has a pH equal to the pH of the water being used to
rinse the slide. The slide is then allowed to dry.

To a 95:5 ethanol:water solution is added a sufficient quantity of a 50%
w/w solution of trimethoxysilylpropyl-polyethylenimine (600 MW) in 2-propanol

25  (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 agitated for 2 minutes, and then removed. The glass slide is

dipped into ethanol in order wash away excess silylating agent. The glass slide is then

air dried.



5 acid, then rinsed with water until the water rinsed fromthe wafer has a
pH equal to the pH of the water being used to rinse the wafer. The wafer is
then al | oNE@9%9F30By. To a 95:5 ethanol :water solution is adBEHU15083 ci ent
quantity of a 50% w/ w solution of tri hoxysi | yl propyl - pol yet hyl eni m ne
(600 MW in 2-propanol (Gelest, Inc., |l ytown, PA, Catal og No. SSP060) to
achieve a 2% ww final 10 concentration. After stirring this 2% sol ution
for five mnutes, the silicon wafer is dipped into the solution, gently
agitated for 2 mnutes, and then regRxsehrLgbe wafer is dipped into ethanol
in order wash away excess silylating agent. The silicon wafer is then air
dri ed. EXAVPLE ONE-STEP PROCESS FDR(PREFERA PROCESTEIFCH THRENARARN WINFEE PEI - COATED
GLASS SLIDE A glass slide is washed with 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 udéiicos Wafﬁrs(ewaﬁéN@t Seie Josph £4) is eashed widn0.4IN @etit t o
dry. 20 utiqn.is a

suffi ci entac%ghelnlrfr?e%plgxnw%tprégr?tflgh%ma ¢ rgxﬁccfr Lhaw &I s q’?ﬁq‘éa?'t? theng to
achi eve a Iﬁ%)Nh\é’V\fdtéﬁJelrngﬂE@fH ﬁﬁsie'tﬁé‘wa?éli*eThe wa?ér‘?ﬁlfeﬁﬁhb%&to ilylating

agent i's one 2- (3, 4- epoxycycl ohexyl) et hyl tr| et hoxysi | ane
(Gel est, Inc., Cat aI'Bgal% 5 ShantbPetad)sohBion-is egdedybsiffibient quentiox yEa 5a%e
(Cel est,

! Socyanat ovts/]%ﬁymope?ﬁdﬁg@fh%mg&ﬁepgsno%qthﬁemnt!ﬁ? 2000 N3 dn1 weopans!
After StiTdel ! s 2dfisiohil ipoll E0GIGE Y. rsswie@z to! Bhillic? 8528 I8, Iiihgfl! PPEC

into the solutron, 'gently agitate 2 mnute then renoved
gl ass #0i dmncmtdnppedAftm stireihp ahisl 2% rsobutibar fonefive mimytes; Xhe SHicdh| wafet fing
agent. A 3% ( VE ol uti,on of 70,000 rml ecul ar vvel ht poly(ethylenimne) is

30 prepar éHP 189 FuSﬂlgmanm % gakeied fore) minuies. ard fsnyemeisd. cRpawaky is
(Pol ysci ermgéed nto gtia BI dgt th(ljé%'ﬁ%’géo;}“ls‘ %ﬂy{éﬂ %enPerrh%l 11(flco'ﬁe étN Q The

treated gla Fruers |ppe dgen y agl & for
24 hours. then aitdded.t o renove excess PEI fromthe slide, the glass slide is
di pped into NWP (2x), followed by dipping into a 0.1% aqueous sol ution of
sodi um dodecyl sulfate also containing 0.09 MNaCl, 50 nM Tris

EXAMPLE 3

15 Two-STEP PROCESS FOR PREPARATION OF PEI-COATED GLASS SLIDE

A glass slide is washed with 0.1 N acetic acid, then rinsed with water
until the water rinsed from the slide has a pH equal to the pH of the water being used to
rinse the slide. The slide is then allowed to dry.

20 To a 95:5 ethanol:water solution is added a sufficient quantity of an
electrophilic silylating agent, with stirring to achieve a 2% w/w final concentration.
The electrophilic silylating agent is one of 2-(3,4-
epoxycyclohexyl)ethyltrimethoxysilane (Gelest, Inc., Catalog No. SIE4670.0), 3,4-
epoxybutyltrimethoxysilane  (Gelest, Inc., Catalog No. SIE4665.0) or 3-

25 isocyanatopropyltriethoxysilane (Gelest, Inc., Catalog No. SII6454.0). After stirring
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

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



5 pH 7.6 and 25 mM EDTA (2x), then dipping into water (2x), and finally
di pping into ethanol (1x). The glass slide is then allowed tr%&g{%
EXAVPLE 4 WRPP8T PROCESS FOR PREPARATI ON OF PEI - COATED SI LI 10
A silicon wafer (WaferNet, San Jose, CAy3is washed with 0.1 N acetic acid
as described in Exanple 3, following by treatnent with a silylating agent
and PElI, also as described in Exanple 3. EXAMPLE 5 PREPARATI ON OF ARRAYI NG
TIP FROM A COVWERCI AL SPRI NG PROBE 15 XP54P spring probes were purchased

f r om Osby- Béartingto,2PAl) withilemetbyl-Epyrrelidone(NMBs Throtreated glasy slideAs plipfed was
directed "tip-down" ai nst. an _extra fi.ne.dianond sharpeni ng stone (

e S N anintb 6 52 sobiiond SHHUE eied £6° 7 E0TR0 8 For 2 TOS ceess Phbout
0.5 cmwt I I : 0X | [ : 0.01
nehes) of Ta A SGAG R BHEAERPIBR TR NN, (Y ToBReR by dibelid B 0.t oy
M ‘Cr 0SCopy aqudeRs bolptiem df vediuttxdedisulfite disoycontdiing @.0h® Nall,a80 #d4 Tais

| eat her strlgp. The tip was then washed with water. Before_ initial use, or

bet ween Sus &, 7-6 had 2Spmivb EDJito (2x0, ey dinpinginto ypagary(@8), ¢ind finally ofipping dnto
EXAMPLE 6 2 A R [N PEVI CE WTH MODI FI ED SPRI NG
PROBE The f Qélﬁ}e?her%ﬁéigﬁ%gﬂ%%:ael@%g affm%’t ed into an arraying head

nmounted on a precision robotic systemwhich can be controlled in the x, y
and z axis. 24 The precision Cartesian robotic systemconsists a of
| i near positioning table coupled w BXAMPLEropriate notors, anplifiers,

notion controlle persqpal co er and sof re to ive the tables.
Precision i nearji‘B gﬁqu’nﬁpﬁass(%ﬁq%&mégglgvgf &’gﬁg'lcgj"‘fTIEB IBSPReY AFRhni i n
Cor poration (Daedel Division, Harrison City, PA) or THK Conpany, 5 Ltd.
(Tokyo,.nJapan). Mdtors,. i fel {4 A | i.labl e
from Paquier Hanni fin 1rl%‘gllr?a a&%ﬁﬁg@!}g’l é% zlol(gg’i gg‘?%&*‘?‘%@“ﬁ%’%ﬁ gy@ﬁ%qmor
Galil Moti @pidG@ies@tbedin Exampeis) Folldwill ®w treefdent with a silylating agent and PEJ,

also as described in Example 3.

EXAMPLE 5

PREPARATION OF ARRAYING T1P FROM A COMMERCIAL SPRING PROBE
15

XP54P spring probes were purchased from Osby-Barton (a division 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

20 to 0.01 inches) of metal was thereby removed from the end of the tip as observed by
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

25 ASSEMBLY OF ARRAYING DEVICE WITH MODIFIED SPRING PROBE

The tip as prepared in Example 5 was mounted into an arraying head

mounted on a precision robotic system which can be controlled in the x, y and z axis.



EXAMPLE 7 THE USE OF A HYDROPHI LI C SURFACE TO PROMOTE LI QUID PI CKUP, 10

LI QUI D TRANSFER AND M CRO DROPLET DEPCSI TION The tip of a sprin r obe
accordi ngWe @bl e 5 is soaked in a solution of 100 mV 1,§CH4‘§P§;¥§PW ei t ol
and 0.1 M sodium borate for 60 m nutes. 4Dithi othreitol will react with a
gold surface through thiol-gold coordi r?ation to make the surface of the 15
gol d hydrophilic (the surface is essentially hydroxylated). EXAMPLE 8

PREPARATI ON OF REACTI VE OL1 GONUCLECTI DE 75 [err]l of
a PR PekRidn Cartesiadf roB6tic system consists a of linear 5positioning table coupled
5' - hexyl am ne- GTCATACTCCTGCTTGCTGATCCACATCTG- '3 (0.5 [err]g/[err]l) was

react ed wi with 3h¢ exppidpriete a®ters/ atnpbifiensumatiosh comiallst,apersomal [ eamputerond M
sodi um borat.e for 30 m hut at .roomt erature.. E LE 9 AR | NG
SOLUTT N R BB (isg RAEaTpa, TRE Dorfibiips AHes are aXAubIs, och
consi sts ' } : : - Lephl

haned 1r orarkér Rl Cordordaithd M B1vHin Mlbcisch Ci6 P or MR GipAD,
hexyl anbnelLid. (Tololo, Japand. adbiote amplifiers, and moedsy |cenirokers are 2vailable from

GTCATACTCCTGCTTGCTGATCCACATGTG 3' ), 7. 5.[err]L of 15 mg/nL cyanuric .
chloride i PerkereHamiifipj Corporptipr (Riagdel Raivigien, Jlpminer Gity, i B)iBRiGalk Mptiem

terrperaturé?lflt%l,ﬁgm%glq%igsﬂu%ﬁ%)_l% [err]L of 80% gl ycerol was then added

to the solution’an solution was m xed well. In sone cases,
15 [err]L of 10% NP-40 or 10% Tween- 5 20 or 10% Tri.ton X-100 (Rehm and
Haas, Phil adel phia, PA) is added to the solution. Wien the arraying
substrate is conposed of nylon or nEXAMBLER ose menbranes, 25 [err]L of 5

MNaG s added a5 251 Ei SRS R RN kY ATV, SOLUTT O oF

10 LIQUID TRANSFER AND MICRO-DROPLET DEPOSITION

The tip of a spring probe according to Example 5 is soaked in a solution
of 100 mM 1 ,4-dithiothreitol and 0.1 M sodium borate for 60 minutes. Dithiothreitol
will react with a gold surface through thiol-gold coordination to make the surface of the

15 gold hydrophilic (the surface is essentially hydroxylated).

EXAMPLE 8

PREPARATION OF REACTIVE OLIGONUCLEOTIDE

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

minutes at room temperature.

EXAMPLE 9

ARRAYING SOLUTION OF OLIGONUCLEOTIDE
25

An arraying solution was prepared which consists of 12.5 pL 1M
sodium borate pH 8.3 (freshly prepared or thawed from a stock at -20°C), 50 ul 0.1

ug/pL 5! hexylamine oligonucleotide ¢’ hexylamine-



When PCR anplicons are to be arrayed, 2.5 [err]L 1 M sodium borate pH 8.3
(freshly W@gﬂ,ﬁor thawed froma stock at -20[err]C), 50 [p¥ddogfsoso

[err]g/[err]L exyl am ne ol i gonucl eotide (5

hexyl am ne- GTCATACTCCTGCTTGCTGATCCACATQRG- 3" ), 7.5 [err]L of 15 ny/nL
cyanuric chloride in acetonitrile are added to the PCR tube 15 contai ning
the PCR contents after the thernocycling step is conplete. This mxture is
al lowed to_incubate at roomtenperature for 30 to 60 mnutes. 155 [err]L of

t
80% gl ycer STCATAGERCIGEIT GETEAd CCACATET GaAa: 71e nLesfiI16] mg/mbl etanvrici s

i xed wel | 7 [ er. f % NP: 40 10% T - 20 10%
Triton x TOUNMERTRSERRAR. P Bkt Bh AT i ncubie s oL BB et
conposed 030 Ky konmitei t 1S3CL! ol g9 RS the added it the QolRfior MINRSD 1S
added to the arraying solution. EXAMPLE 11 PREPARATI ON OF ARRAYED

OL1 GONUCL BesitaEs salytiomwias friixed well.i Ingsoprectasespt 5 Elaofpl 036 BIP-40 po0%i Daesh-i N a
robotic.25,. del Vv deyi ccor di t 0 | e and the spring probe
tip i s Sondh o Sial ook PR gREEmesed s Birlopiphin, P4 IS addrb iy s sTuon

m- i met ergnjept ; ' : j f ﬁglagg),b el

sol ution- b?a}tire ?rtlge %?%Illﬁég‘t?%gﬁﬁdgggﬁhgﬁta r?g n|y obo ‘§°g?1¥“2‘§5335§‘§n8’%5g§&3t*£’? in a
12 x 6 griof DN Na@l paldist foythe miragingsdlitidn.) coated silicon wafer prepared

according to any of Exanples 2, 4, or as provided by Cell Associates 26
(Houston, Texas) or the like, who will prepare PElI-caqated substrates under

contract. The spots produced were 3PP -L@i |y 100-150 microns in dianeter
with 200 m crons between the center‘s—o'&ﬁrrergﬁbori ng spots. EXAMPLE 12 5
BLOCKI NG OF ACTI VE PEI Sl TAsralmec 8oL@sionbr BCRRMPLIEGNES treated with 100
nmg/ mL ggccini c anhydride in 100% NWP for 15 minutes, in order to bl ock

unreacted PEl sites on the array. This was followed by a water wash (3x).
10 When PCR ampliconsEatAMPbE atrdyll, QCKUNG BF sédiRnASokkle pH

CYANURI C I SI TES ,The, arr of Ex le 12 is treated with 0.1 M
gl yci ne i %—%C@f% Prepared pr thawec{a K‘om a sto&cngt -20°C), 50 ul 0.1 pg/uL 5' hexylamine
oligonucleotide (5' hexylamine-GTCATACTCCTGCTTGCTGATCCACATCTG-3'),
7.5 pL of 15 mg/mL cyanuric chloride in acetonitrile are added to the PCR tube

15  containing the PCR contents after the thermocycling step is complete. This mixture is
allowed to incubate at room temperature for 30 to 60 minutes. 155 pL of 80% glycerol
is then added to the solution and the resulting solution is mixed well. In some cases 15 -
KL 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 puL

20 of 5 M NaCl is added to the arraying solution.

EXAMPLE 11

PREPARATION OF ARRAYED OLIGONUCLEOTIDES

The modified spring probe of Example 5 is positioned in a robotic

25 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

of Example 9 for 2 seconds. The solution-bearing tip is then used by the robot to print

72 microspots in a 12 x 6 grid onto a polyethylenimine (PEI ) coated silicon wafer

prepared according to any of Examples 2, 4, or as provided by Cell Associates



15 m nutes, followed by 4 washes with Tens (0.1 M NaCd, 0.1% SDS, 0.01 M
Tris, 5 15 nM EDTA), in order to bl ock unreacted cyanuric ch I jtes on
the array W08 14 HYBRI DI ZATI ON PROCESS The i mobi | i zed"‘g’o’bbdf‘(?lﬁ*ig

ol i gonucl eotides in the array of Exarrpbg 13 were 20 hybridized to

their bi oti nyl at ed conpl enment (5" -BIOTI N
TGTGGATCAGCAAGCAGGAGTATG 3') for 20 mnutes at 37[err]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 sodi um ¢HbuabE, Txks)7ot0the 13kef 8vioMMY Ipaeparey PERtomed sabstfate30afdeNLortect. wash.
Fol | owi ng hybridi zation, the wafer was soaked in 0.5 [err]g/m_al kaline 25
phosphat addespets predyiced werepprioximpielit £80-hWQ migropsimdipmeten with A0 rpictony Nadl |
0. 1% Twee 0 . 05 Trks) sh. The mcrospots were then devel oped using
Vect or Bl 3’8‘2"(5'\983‘?%?‘*“%5%8¢’é‘)tl%’?%é%‘,g SB%% i ngame, California) (follow ng kit
protocol) and i maged with a CCD canera and m croscope. Figure 5 displays

t he i nmage generat ed. 27 EXAMPLE 15 MULTI PLE QLI GOS WTHI N A SI NGLE ARRAY
ELEMENT Two tenplate oligos EXAMBLEJ2 #1 = 5'-hexylanine- 5
0 5' - hexyl am ne -

TGTGGATCAGCAAGCAGG  AGT ATG%,L’ ol i #2 p
ACTACTGATCAGGCGOGOCTT TTTTTTPEPFR ACHVE BRLSITESoncent rated at 0.5
[err]g/[err]l were reacted separately with 5 [err]l of 20 ng/m cyanuric

chloride an 20 [err]4. 0 i r: - 30 AR e .
tenperature (total rié ece[rlra&n'\éf\s/%%% E?i%‘b&ité(?&\f%l.dHF{r‘]‘g}ﬁﬁgéceﬁ?\%n%Werg&i ons,
arrayi ng saliebvORMPVRE € SrHaRRtes inCdd €00 H16dkeshredct&BPEL Sites BnyiBie afthy. 2 MHis

di l uted conbi nations of the two oligos (see Table 1). Eight arraying tips
wer e subnevasddllewed by awatesrwashi3%. 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 12 x 6 grids each containing 72 mcrospots onto a

pol yet iyl eni m ne (PEl) coated siligmyv@igri3 Each grid represents a single
arraying solution. The spots produced were approxi mately 15 100-150
mcrons in di aneter WBLOCRIOG OFi BNREACTED CyMNUBICEHL@RIDE FHEENg bet ween spot s.
Fol l ow ng arraying, the unreacted PEl sites on the wafer were bl ocked

| The array of Example 12 is treated with 0.1 M glycine in 0.01 M Tris for
15 minutes, followed by 4 washes with Tens (0.1 M NaCl, 0.1% SDS, 0.01 M Tris, 5

15 mM EDTA), in order to block unreacted cyanuric chloride sites on the array.

EXAMPLE 14

HYBRIDIZATION PROCESS

The immobilized oligonucleotides in the array of Example 13 were

20 hybridized to 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
sodium citrate, 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

25 phosphatase streptavidin for 15 minutes with a 2x Tens, 4x TWS (0.1 M NaCl, 0.1%

Tween 20, 0.05 M Tris) wash. The microspots were then developed using Vector Blue

(Vector Laboratories, Burlingame, California) (following kit protocol) and imaged with

a CCD camera and microscope. Figure 5 displays the image generated.



with 100 ng/m succinic anhydride in 100% N net hyl pyrrolinidone for 15
m nutes w wat er wash. The unreacted cyanuric chlori hdoB5046T €
bl ocked vvi%vﬁgg’.c%\i)?gl ycine in 0.01 MTris for 15 mnutes w t%%g%f; I%ens (0.1
M NaCl, 0.1%SDS, 0.01 M20 Tris, 5 mWEDTA) wash. Two hybridi zati ons were
then carried out. In the first hybridization, one set of the eight arrayed

ol i go conbi nati ons was hybri di zed to t he

bi oti nyl at ed oligo (5" -BI Ol N TGTGGATCAGCAAGCAGGAGTATG 3')

conpl ementary to oligo #1. In the SREAMPIELSI di zation, the other set of
the' ei ght arrayed ol | g oI L6OHmRos S AN Bl to

' - Bl OTI N- AAAAAAAAAAAAAAAAAAAAGGCCGCGCCTGATCAGTAGT) conpl enentary to oligo

#2. The hybridizatio owerpem?ﬂ ucted si mul t@%%glﬁbfgﬁgnw'%%km

Seal i ng Covers (Research Productis Infernatio

Prospect, TETARASCAGTARBOAGG eAGTIABES W tdligs 6¥2Teas, 52xeidtn(ie 06 M
Tris, 2 mM 30 EDTA), 5x Denhardt's solution, 6x SSC (3 MNaCd, 0.3 Msodium
citrate, pACTASTGATEAGHCRAGLEDY I ERFEDETRET TOTODE% Nip-both) comcshirated 428

Fol | ] bri dj ti h f ) di 0.5 /. h di sh
o ol ung e DEnatl Bt seRcted SopBRET ylES 17 SO el papuirid S ep DR
0.1% T i T, 1 s L [

0 4 v i " P sodhulbobdd Fr 30 iR afisEreRlRERGE Wt Eak B LOENELAROL 1S NG

with a fin&rom@xthese Wwad etactiasy). arfidyings adlutibnsriwesel mddegohidly bongdsted dft H6%%he
conpl enent of oligo #1, showed the greatest color intensity for the grid

cont ai i%hg shyserohap dduted sambmatians ehthgtwg) aliges fseelable bk Eitght arraying tips
: ! . £ ContEntTd | . . L
However |t s sitifertid & EARLALR B fabf o ME B ARERAL kBhBs B PIGRAET,

#2, showed Theaoltaltrating b wetantheAistd by ar rdbe t@ btidt 00d isals iMmeglith2 hisghest
concentration of oligo #2_and the least color intensity with the grid
cont ai ni ng etid&eachgostaining ¢2 micraspasnome agolxsthylenimines(PE ) eqaedssilicopawaler. 1

Concent r at 'Pf%@h gid %ﬂrgs%nf.s'l singlecgrgj&%]é £o%tiiocﬂ? ﬁ];e s%lc){sgp(%ogi@ced were approximately
15 100-150 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 to the biotinylated oligo
(3’-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.



arraying solution (ng/[err]l) arraying solution (ng/[err]l) Arraying
Sol ution Adigo #1 Aigo #2 1

56 ‘WO 99/05308 0.44 2 28 PCT/US98/15089
0.88 3 14 28 1.8 4

7 3.5 5 3.5

7 6 1.8 14 7

0. 88 28 8 0.44

56 15 Followin% hybridization, ErAWileEwh6 sEEEGRYION Nghﬁ'-@\l@}ﬂ&s‘ﬂ ZE
CONSI STENCY An arraying solution was made which consists of 56% gl ycerol

and 44% wepesoXidase catrsdtawidit foy L niinwes odthor 2xTFensafdx aBWRg(Gt T Y weClsbtier ged
5 mllinet [ .th [ | uti f 2 ds.. Th I
beari ng ¢ 1 Tt RS MEBDsE B BRto RS e e e el redap g 4 el -6 °

grid onto gefbky-3aApURI Eb.gg‘gﬁﬁy&@gérﬁ p&b?%?‘?ﬁ%"ﬁfeﬁmaﬂ@ﬁrPB‘S)”ﬁItE'ayﬁﬁQOS)ELw

mcrons in dianeter wt m cron center to center spaci'ng between spots.
Fi gure ¥ sWateswashCCD canera i mage of the grid produced by the robot. 5 The
standard devi ation of spot dianmeter, is_approximtely 15% EXAMPLE 17
DETERM NI NG REPRODUCT RS EFfr?P verxed QlispgAybRéizeRiehe campiempenti ofgokign #li on

0. 019% Sar Kagied RGeS Moy K68 B e obuafid eld bpnBlLchpSmiicler (2o

Sol i ds- | atéligo #1 kel jieCeaneshr iMéfisityngitipthe %?A) contifiing! tha)lowest RoficepBition
subnerged 5 mllinmeters into the solution for 5 seconds and-then used to

print mul tfpeligon# br Blopsver, tha st #f grized oigosdleybridirsdaaitbe eomplsmentvef elighen
made ungder {1 uoresgence | i.ght _usin filter, for .fluQrescence. Figure 8
GonmonetD otk PEVER T8 iFute dRtoc TRy Fob tet s < Plaitunths Riehes Sopesphicn
i nspect i ongf Aflighhg2 fdniorREeIeAnt color intensity with the grid containing the lowest

concentration of oligo #2 (see Figure 6).

Table 1
Concentration of oligo in Concentration of oligo in
arraying solution (ng/ul) arraying solution (ng/pl)
Arraying
Solution Oligo #1 Oligo #2
1 56 0.44
2 28 0.88
3 14 1.8
4 7 35
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



m crospheres with each of the mcrospots (array el enents). EXAMPLE 18

DETERM NI C ACI D POLYMER CONCENTRATI ON PER ELEMENT

a i gonucl gﬁ? %@ (5" - Texas Rgg]‘ms%/lsow
CAGATGTGGATCAGCAAGCAGGAGTATGAC) conpl epgntary to arrayed ol i gonucl eoti de
was hybridized to the array in 3 M guanidiniumthiocyanate (GQSCN), 0.01 M
Tris, pH 7.5 5 mM EDTA and 0. 1% Sar kosyl. The volunme was sufficient to
cover the solid support f(l m. for a glass slide (1 x 3 inches)). The
concent r atheoarraying spduti® for@xsgsorRisd Wiei glpenrrel raring dipvass Sieharsed by mirobotd t he
reaction S.C ied out at rQom temnperature. The hyhridizatign was all owed
to proceeg‘@ap’&?%n}’r‘frﬂfﬂoé%m ﬁ'ﬁgxga B oRipsa silispn wdere ol kg snetsrRroduges werehe
slide was 4 i red- 1ot fi s O [ ' L 7.6,

0. 0005 1t PR BEToIRQ,IA0 Bickoininfklek yAlh 0L trop ke Jediie ot
sol uti on \hasveeaspeted FigupaV shewsa CGD eademlimagelof theqrial frbésded Byahetétoer

30 plate. Fluorescence was _neasured in a black mcrotiter plate. The

sol uti on &S skeryddeviatienpf srot dirmeterts approximately 46%.[ err] L) and placed in a
bl-ack mcrotiter plate (Dynatek Laboratories, Chantilly, VA). The plates
were then read directly using a Fluoroskan Il fluoroneter (Flow
Laboratories, MLean, VA) using anERaNMPBEIIgn 5 wavel ength of 495 nm and
monitoring em ssion at 520 nmfor fluorescein, using an excitation

wavel engt h of 591 ABTERMINING REBROPICIBIIYSWHTHINARRLY IMGPROCESFexas Red, and
usi ng an excitation wavel ength of 570 nm and nonitoring em ssion at 590 nm

for lissamne or TAVRA. The quantity of eluted oligonucl eotide was
det ermi ned by di vi di‘Hy2EHADG AYUHEN Yis mads which ponsisie ot 86'6cly@rald 0031 Mt i ve

il i O BYo,t i £icoactivity of .the T d
ol L goni a3f M 15 S BrTA %0 8100 SGRTTHd e Nl e Wab Y Rondr o
det er mi nednicivaphetey €.5% Sdlldgamur), €PblysEiences WabiQRent PRR! TokeRingd Pint he

array. Fromthe foregoing it will be appreciated that, although specific 15
embodi ment¥@sotubmeegedny apitlinagiensdpte teeselutionc farbededondeiand fthen psadpwspsntof

illustrati . vark Lficatlons. may e made w thout deviating fromthe
spirit ané&ggg%eﬁ]ggg%‘r?gy Sb\%’e%tql%ﬁ 3@09’2%%?&?‘&{0%(% Si‘ﬁ?fénieriearfnﬁge Hager
limted exhrpdscéfeeblghthasiappentiest €rdifiBrescence. Figure 8 demonstrates very

15 reproducible deposition (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 5 pg/ml and the reaction was carried out at room
temperature. The hybridization was allowed to 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



- 31 - Wiat is clained is: 1. A spring probe conprising a tubular

housi ng encasi ng a conpression spring, said spring in nechanj

comuni catwmg(ﬁg?‘ﬁ a plunger, said plunger having a first r?ﬁ@ﬁ%&f%ﬂdi ng
out of said housing, said first region ggrrpri sing a cone-shaped fluted tip
termnating as a flat surface, said surface perpendicular to a | ongitudi nal
axi s of said housing, said cone-shaped tip having in cross-section two
exterior sides adjacent said surface which, if said sides extended past

sai d Surfagﬁte. WL 6testRAte dfasamBaiupdd ROSI blaslnesicitiddrshRnce THe adlatidn was

0. 00001-0.010 inches beyond said surface. 2. The spring probe of claim1l
wher e t he vamevedhfzpmdthe|incahtion gubesn{200g9ds) andypladed i faaklack MicrotiteThatepr i ng

be of clai i n. saj - ti,p _has i - tion.t
Ot ori or <R abelones, Ghatiiba AT e iRes et ST il

said surfa Lt Libiene i s (o =3 Sttt
5200155 boLTorditdh d%geg{%r Hlerdd BI0H Lot mf%ee%s’pY?‘Rgﬁsdfr?%bag’bg%&fﬁngf’m 1

wher ei n 5samdivelength sfe4f)Sonmcamipmoniterigg phissivini atyS26f niaofoe -fhivegseeinf lsihgan t he
flutes separated by vanes cgnver ging toward said flat surface at an_angle
bet ween apgreiativaravlensthept Pohnm ahmositoring emissign, 3t Zorfer dexas Bedn 1
wher el n_sal,dg L8 tan SHALCQIPILRAS oF 570 HEPLId Yo BhofRNEnANARGH sbb YhFfy the
ut es separated®by vanes converg ng foward sali at® surface at "an angl e

bet ween appissmin@ta! YARRA! 1 Thanthafiky of eluted2oligéhucleotide GRIEPA&EMMIAET by
conprising a thickening agent at a concentration of about 35 vol %to about

80 vol % badéddiog theemogntpf mekswied Bromesnenes (B ralative, flupressenerownitsl @bs))de at
a conceptratiaon rangkng from0.001 Lerr]gl to 1 errlalm,. and water.
The conitbs i S PECRE el ar dR% THES! ReElalednlebBie |BY 3R L

al cohol hayigen@ledtRIzs t It ks ARrEBs s @Xrni SEOHRSI0® oligonucleotides 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 purposes 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.



8. The conposition of claim7 wherein the pol yhydric al cohol is selected
fromthe sisting of glycerol, trinethylol propane,

ti met hyl o?éevtahang%ﬁgpent aerythritol, and saccharides. 9. TﬁeCT(%Sn%;{)lg?stgi on
of claim8 wherein the sacharide is sg|ected fromthe group consisting of
manni tol, sucrose, fructose, |actose, cellulose and corn syrup. 10. The
conposition of claim®6 wherein the thickening agent is glycerol present at
a concentration of 40 vol%to 60 vol % 11. The conposition of claim®6
wherein the oligonucleotide is at &le&Md8ntration ranging from0.01

[err]g to.l rr]ol/m. 12. The conposition of claim®6 wherein the

oli gon%aébs[‘ilﬁgleﬁés'at a concentration of 0.05 [err]g/nmL to 0.5 [err]g/ .
13. The conposition aof claim6 wherein the oligonucl eotide conprises 15
to 50 nucleotides. 14.  The conposition of claim6 wherein the

ol i gonucl eoti de donpr ifs sErirfgOprobe toMPfisingc mbtilad dsusing enc@g a tompresiioa
conposition of, cl.aim®6 erein the oligonucleotide is, single stranded. 16.

The cofpfiRS SRIGSPERS db FeFhaNiGa) SPmmuNI¢ALion | Wigh A plunest.i id plungemhaving 3 first The
oD oS kididl ellenfind BLC b WBuliRE, Suiki IRRY Gefi3h' EomBAGnETs Wnfntadd e 1) ;

wher ei ferinieatiak iig @ Mla¢ hrgice daidasfase hespehditulaetd a (dabltedinh) 48§ bf sdihsndidg,
group at a 5 end of the oligonucl eotide. 19. The conposition of claim 17

f ur t hesaid ¢aps-FhAPAd tip hawving dn erass-sedtien twe@xterior hides adjpesnit saidrsutfhce whidy &
havi ng _a pH, of 0.9 and. furfher c risi a.buffering agent. 21. The
composreriaitesiedntftPad b nE N apod A A oileprstianed of Sfiote pF ahereine
group Q@MILEH0TiECcks beosShd RPN RFRRAt e, sodi um borate, sodium carbonate and
Tris HO .

2. The spring probe of claim 1 where the cone-shaped tip is selected from

pyramid, radius, conical, needle and fluted designs.

3. The spring probe of claim 1 where the cone-shaped tip is fluted.

4, The spring probe of claim 1 where the cone-shaped tip comprises a
gold surface.

5. A composition comprising a thickening agent at a concentration of

about 35 vol% to about 80 vol% based on the total volume of the composition, an

oligonucleotide at a concentration ranging from 0.001 pg/mL to 10 pg/mL, and water.

6. The composition of claim 5 wherein the thickening agent is a

polyhydric alcohol having at least three hydroxyl groups.

7. The composition of claim 6 wherein the polyhydric alcohol is selected

from the group consisting of glycerol, trimethylolpropane, trimethylolethane, pentaerythritol,

and saccharides.
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22. The conposition of claim6 having a tenperature of 18-25[err]C 23.
The conposition of claim6 having a viscosity at 20[err] C of about 6 to 80
cent i poi seWQ 990588 r | C. - 34 - 24. A nmet hod for deposi tRGTHUIBAMPecul e
onto a solid support, the nmethod conprising the steps of: imrersing a tip
of a spring probe into a solution of BZonolecule; renoving said tip from
said solution to provide bionolecule solution adhered to said tip; and

h a solid support, tao thereb

tacti i d bj onolgcul e sol utian wi _
Cranater bi oml edul e SHEETERSKPEAF SR TCHErED terasdsiideds Spes Fomiber ei n
sai d_SREQREARLGHS, SPIRERE S oMl NS RIGASHAL f, SRR o051 on

spring, spring 1n nechani cal conmuni cation wt r, said
pl unger having a first regi on extending out of said housing, said first
regi on conprising a cone-shaped tip termnating in a flat surface, said

surface perpendi gl ar # &b QRGIdhUsH 2in ?’%}?era tﬁ@itﬂcf?&gr?eé ggﬁ}tzgi‘g&cegoéi d

cone-shaped tip having i n cross-section fwo exterror si

sur f ac ersyehich a cohcentriation bfléEvel¥s wdleeblgast sai d surface, would nmeet at a
poi nt positioned a distance of about 0.001-0.005 inches beyond said
surface. 25. The met hod of claim 24 wherein said bionolecule is an

ol i gonucl eoti de d sajd sol uti.on c ri se t hi ckeni agent. .at, a
concentration of alrabbou?h?ls C%P%lﬁ%n é’ggaﬁll%oss\)glfe@/glﬂaé’@doﬁgonﬂﬁgof‘é?a‘IS YoPune
of the GarRastidbh %gir%@o,gloi_(g%ﬁ,j&{qgtli }ggam@t_ a concentration rangi ng from

0.001 [err]g/n to 10 [err]g and water. 26. The nethod of claim 24
wherein said solid substrate conprises a planar surface, and said surface

being at |east partial covered with a layer of, poly(gthylenimne) (PEl)
Wi th whi ch the bidnol et‘i% é°§’8?ﬂf‘?‘br?fr%la%n{ sthesein” e oligercleoiidhod’ ¥ acl ai m
24 wher@hFen®atign 69005 ¢igifl 1581l epeated at |east 10 times without an

p.

i nterveni ng |1 mrersing sSte

12. The composition of claim 5 wherein the oligonucleotide comprises 15

to 50 nucleotides.

13, The composition of claim 5 wherein the oligonucleotide comprises 50

to 1,000 nucleotides.

14.  The composition of claim 5 wherein the oligonucleotide is single

stranded.
15.  The composition of claim 5 wherein the oligonucleotide is duplex.

16.  The composition of claim 5 wherein the oligonucleotide has an amino

(-NH,) group at a 5’ end of the oligonucleotide.

17.  The composition of claim 16 wherein the oligonucleotide has a

hexylamine (-(CH,),-NH,) group at a 5’ end of the oligonucleotide.
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- 35 - 28. A nmethod for arrayi ng bionol ecul e conprising the steps:

i mersin doloRzgaf @ spring probe into a solution of bionol geyhRos/isRPVi Ng
said tip rromsald solution to provide bionol ecule solution adhered to said

tip; and contacting said bionoleculejgolution with a solid support to

t hereby transfer bionolecule solution"fromsaid tip to said solid support;
and repeating said contacting step a plurality of tines to provide

bi onol ecul e patterned in an array on said solid support; wherein said
spring probe corBri sé&hecompesition dislaimn$ Brbessarmprisied inhlyeirdgingpr i ng,
said spring in nechani cal comunication wth a plunger, said plunger having
a first region extending out of said housing, said first region conprising

a cone-shaped tijp t erfficN@binBsitifn off LRim SSMHAGf aSpHdoBW G0 Aar ReARE cul ar
to a longitudinal axis of said housing, said cone-Shaped tip having in

Cr 0SS comptising atbuffesinpagemr si des adj acent said surface which, if said sides
ext ended past said surface, would neet at a point positioned a distance of

about 0.001-0.005 inches beyond said surface. 29. The net hod of claim 28

wherein the a”a%béggtr“iar%??rﬁg? iGPbF dia bﬁ%%ﬁif%ﬁﬁﬁ%ﬁ%oﬁ%{?\é?ﬁ%ewéface;

said surface at y covered wth a Tayer 0 eni m ne)

(PEl) frovditkk brwplcoadisting of Badiampphisahateysodiurditsgate} sodihmsdarbor@teons Tyt t ed

and surrounded by a contiguous second region; said first regions defined by
t he pht&lence of a bi onol ecul e and PEl; and said second region defined by

t he presence of PEl and the substantial absence of the bionol ecul e. - 36
- 30. The nmethod of claim 29 wherein a reaction product of a

bi f unctional coupl i ngTROEShpdstich SRIHADS hmiﬁ%a&%&ﬁt@@bﬂlmw@r surface
and said PEl coating, said reaction product being coval ently bonded to said
pl anar surface and said PEl coating.

22.  The composition of claim 5 having a viscosity at 20°C of about 6 to 80

centipoise at 25°C.

23. A method for depositing biomolecule onto a solid support, the method
comprising the steps of:

immersing a tip of a spring probe into a solution of biomolecule;

removing said tip from said solution to provide biomolecule solution adhered
to said tip; and

contacting said biomolecule solution with a solid support to thereby transfer
biomolecule solution from said tip to said solid support; wherein

said spring probe comprises a tubular housing encasing a compression spring,
said spring in mechanical communication with a plunger, said plunger having a first region
extending out of said housing, said first region comprising a cone-shaped tip terminating in a
flat surface, said surface perpendicular to a longitudinal axis of said housing, said cone-
shaped tip having in cross-section two exterior sides adjacent said surface which, if said sides
extended past said surface, would meet at a point positioned a distance of about 0.001-0.005

inches beyond said surface.
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31. The nethod of claim29 wherein said array has a plurality of first
regions selected fromthe group of first ranges 10 to 50 first regions, 50
to 400 fi MR %’@é?sbns and more than 400 first regions. 32. PCHUSIHER S0BDd of
cl aim 28 wherein said solid support é nprises a planar surface having a
coating thereon conprising polyethyl i mi ne (PElI'), said bionolecule
solution contacting said PElI. 33. The nmethod of claim 32 further
conprising the step, after said repeating step, treating said coating with
succini ¢ anhydrizie. 3Phe méthedmedfhodaief 23 aiwheddnf Lsratdﬂebloefm‘rwdléi 1 &x’ﬂe

st ep, after sajd treat.l ng*tstep, I hcubating, said coating with g fyC| ne.

The nedliggpuieotideand,said spltion compaises 3 Uickgningeagsnes), a %ﬁﬂcémr%mncp ab@ubyil ng

tep, det

So. " YA GBIt Attt BT (AU I FirghotTlibn, i ik Pigleonds a7

t r eat | di@c&itRbion Reping o @00 1GOSHING 1Bt LBRI dRl®alee: 37. A method for
depositing oligonucleotide onto a surface of a solid support, the method

conprising applying to the surface a conp05|t|on conpr|5|ng a thickening
agent at a conc rat' n_of t 35 | % t 0, abqut % based on the
total vol ume of tt?ﬁ) liqa‘ﬁﬂy ‘%Fﬂmo ‘?IE‘IneB“PHo%’ ids S‘g’SHSWc%?WPrﬁeFo%

" ANGI Nl OBBecRO e O Rde® el G $hod
of cl ra}lgm 37 vvherelnn thle tshl%:kenl n agentét%ag&ﬂgl %%rl caﬁ?lcoho%ﬁﬁaw ng at
| east pdly(ethyteninimey(PE]) oithsvhi@9the bidthelecult boldtioh ictditaotéadB wherein t he

pol yhydric al cohol is selected fromthe group consisting of-glycerol,

trmet hyl ol propane, trimethylol ethane, pentaerythitol, and sacchari des

The method of clg L n C fromt h up
consi sting of nanni ts?h su?:@gs%fa }H?J??oaﬂéﬂeﬁlac% ?)S(%% a%ﬁ}’g% [P & TEREF %‘glaﬁ

syr up. ledst 10 timdsevithouhadintrvering imBérsiMpestel.n t he thi ckening agent is

gl ycerol present at a concentration of 40 vol%to 60 vol % 42. The net hod
of claim 37 wherein the oligonucleotide is at a

27. A method for arraying biomolecule comprising the steps:

immersing a tip of a spring probe into a solution of biomolecule;

removing said tip from said solution to provide biomolecule solution adhered
to said tip; and

contacting said biomolecule solution with a solid support to thereby transfer
biomolecule solution from said tip to said solid support; and

repeating said contacting step a plurality of times to provide biomolecule
patterned in an array on said solid support; wherein

said spring probe comprises a tubular housing encasing a compression spring,
said spring in mechanical communication with a plunger, said plunger having a first region
extending out of said housing, said first region comprising a cone-shaped tip terminating in a
flat surface, said surface perpendicular to a longitudinal axis of said housing, said cone-
shaped tip having in cross-section two exterior sides adjacent said surface which, if said sides
extended past said surface, would meet at a point positioned a distance of about 0.601—0.005

inches beyond said surface.
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concentration ranging fromO0.01 [err]g/nL to 1 [err]g/nL. 43. The net hod

of claim Q,gg\gggég%n the oligonucleotide is at a concentrati %19{’593’\9\??&@ .

[err]g/nL err]g/m. - 38 - 44. The net hod of clai'm

t he ol i gonucl eotide conprises 15 to 53% nucl eoti des. 45. The met hod of
claim 37 wherein the oligonucl eotide Conprises 50 to 1,000 nucl eotides. 46.
The met hod of claim 37 wherein the oligonucleotide is single stranded. 47.
The net hod of claim 37 wherein the oligonucleotide is duplex. 48. The

met hod of cl ai mZ87 whEhemathodof ¢laim@Tuehereinitbeatas camprsasno (- NH err])

group at a 5 end of tBe | igonucleotide. 49. ~ The method of claim 48
wherein the oli g%?ﬂ(i’élsé‘ ftr%%cgfggngnmﬂﬁngmw i (CH err])[err]-NH err])

t 5' ; j ' . fs ' 8
Pl ther compri o mi PR POeaT PRI RobEa vt g lavdr e IS SIS RS, o1

the conposition daik layqrHcahpilsihg 9 plnehlityir sthelisceaepfiist efegoriubib@tddnandgent .
52. The thod of claim51 wherein the buffering agent is selected from
t he grigtipy Yt FORLiSHPUSSEPRiSBBs phat e, sodi um borate, sodi um car bonat e

AR T W R G M T N

applied to the surtace enpera

met hod of cl ai m s37d yheene kepiéh1 Qe fRANASihk ippEbeh@SofPEI SEPBlelNb@hnttALBELE Of
about 6 to 80 centi poi se.
of the biomolecule.

29.  The method of claim 28 wherein a reaction product of a bifunctional
coupling agent is disposed intermediate said planar surface and said PEI coating, said reaction

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

30.  The method of claim 28 wherein said array has a plurality of first
regions selected from the group of first ranges 10 to 50 first regions, 50 to 400 first regions,

and more than 400 first regions.

31.  The method of claim 27 wherein said solid support comprises a planar

surface having a coating thereon comprising polyethylenimine (PEI), said biomolecule

solution contacting said PEI.

32.  The method of claim 31 further comprising the step, after said

repeating step, treating said coating with succinic anhydride.

33.  The method of claim 32 further comprising the step, after said treating

step, incubating said coating with glycine.

34.  The method of claim 33 further comi)rising the step, after said

incubating step, washing said coating with an aqueous detergent solution.
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35.
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36

The method of claim 32 further comprising the step, after said treating -

step, heating said coating at 80-95°C.
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