METHODS AND DEVI CES BASED UPON A NOVEL FORM OF NUCLEI C ACI D DUPLEX ON A
SURFACE Cross-Reference to Rel ated Applications This international

appl i cat iwo 20b%i4p886benefit of priority under 35 U S. C. PeO/uskoopsomsng
continuation-in-part application U S. Serial No. 12/080,720, filed April 4,
2008, the contents of which hereby are incorporated by reference.
BACKGROUND OF THE I NVENTION Field of the Invention The present invention
relates to the fields of mcroarray devices and hybridization technol ogies.

Specifically, the prﬁi?i#o??nx bg @%@ﬁAgﬁﬁlW@NlAdN jgon devi ces having a

surface and a satur 0 gonucl eotides effective to
hybridi ze to a conpFORMQE YUGREIC ACIDPUYPEEX DN ASURKFACE| asymetri cal
dupkex. Description of the Related Art The double helix is known to form as
a result of the hybridization of conplenentary nucleic acid strands in
aqueous solution. In the helix, the negatively charged phosphate groups of
each nyGlLirGreahbdioH el Al h@atﬂl,ll@trl buted helically on the outside of the
dupl ex "an ere, are aval interaction with cationic og
Cation-coated solTihis isiemsspral aapl@aﬁww%weﬁs@oprm%Pmeééﬁrlbﬁg‘gﬁ 120 of
especi %Lﬁa{ngf&hum«&l APartabpIRGROROS. §éna¢%w152/@0@2@|fh&9ﬂbm|4eﬁ(§08dﬁx§ cérfients
surface-bound probes on m croarrays. These cation surfaces can bind the
nudPei of ghichhesehyasvineorpprated pyEafereiceal | y t hrough t he phosphate noiety.

d i gonucl eoti des of |ess than 100 nucl eotides are better suited for

hybri di zati on on such su&;‘)orts t han full th genes. M croarray

t echnol ogy has revol utio QGEG&%VNQ@%EH&H\& ng VG et al., 1999,
Naturemqi,%vg]%;ﬁ 19; Duggan DJ et a!., 1999, Nature Cenetics 21:
10-14) . Tt based upon hybridi zati on of a surface-bound nucleic acid to a
nucl ei ¢ aci d i n Joewresen inention rlaesigrthofelds plricioniny dewess; andybrdizgtion
phase rt&ﬂﬁélbg%‘s ts%sei\ﬁ@an CtﬂérBlle?éﬁ?mv@:{t%n REAGRS Ry el i i cﬁe@ﬁ‘é§hav—ﬂgea SeaQhar Y
structure of the resul hel ix i s determ ned, part, by base

pai ri ng samtqgefé@ thad%ﬂtl?qﬁlg) ngpwcte@nﬁiqg sEEGtyR toybridize do EG%E’IFIBF‘HW npﬁﬁeél@e on
phosph gglﬁ;}g mati on and sugar pucker. Those interactions
serve '(taghgé#ﬁlggl ocal aﬁ?ggmpl)%{rl ng and al so the overall pitch of the helix.
Al though, in solution, the average pitch of the helix is near to 10 base

pairs, &g(gr_;égg Hofahe §él5{gd /g have reveal ed a high degree of variability and
erX|bl of prtch angle, including the nodeling-basedprediction that a

y of pi
f130, non hel i cal The daybig-helixis kapwp ia fore ang et ¢fghehyhrdizationgd grplsmentyy
extr eﬁg%@ @l stlasdh %&@e@ﬁé Qdiut(dnegﬁ thelfeli®! thehegatid @9 LharB6l phospifve gro@stof 83:

1066 9; Bensi non
each nucleic acid strand are dlstrlbuted hehcally on the outside of the duplex and there, are available

for interaction with cationic groups. Cation-coated solid supports are now widely used in

biotechnology, especially for covalent attachment of cDNAs and oligonucleotides as surface-bound

25  probes on microarrays. These cation surfaces can bind the nucleic acid backbone electrostatically

through the phosphate moiety. Oligonucleotides of less than 100 nucleotides are better suited for
hybridization on such supports than full length genes.

Microarray technology has revolutionized applied genomics (Cheung VG et al., 1999,

Nature Genetics 21:15-19; Duggan DJ et al., 1999, Nature Genetics 21:10-14). It is based upon

30  hybridization of a surface-bound nucleic acid to a nucleic acid in solution to form a Watson-Crick

double helix by a mixed phase reaction between complementary nucleic acid strands. The secondary

structure of the resulting double helix is determined, in part, by base pairing and base stacking, in

conjunction with the constraints imposed on phosphodiester backbone conformation and sugar

pucker. Those interactions serve to define local base pairing and also the overall pitch of the helix.

35  Although, in solution, the average pitch of the helix is near to 10 base pairs, structural studies have

revealed a high degree of variability and flexibility of pitch angle, including the modeling-based
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25  to prepare sample arrays for analysis in a mass spectrometer).
Methods for noncovalently immobilizing nucleic acids typically require a bridging
agent. In some cases that bridging agent is a salt or detergent. For example, U.S. Pat. No. 5,610,287
to Nikiforov and Knapp discloses a noncovalent immobilization method comprising contacting a
glass or hydrophilic polystyrene solid support with a combination of a nucleic acid and a cationic
30  bridging agent (sodium chloride or a detergent). See e.g. 287, abstract. The method of attachment is
based upon interaction of the detergent flocculent with the surface, rather than direct adsorptive
interaction between the oligonucleotide and the surface.
Alternatively, the bridging agent may be a high-affinity interaction pair such as
avidin and biotin or digoxigenin and an anti-digoxigenin antibody. For example, a biotinylated
35 nucleic acid may be immobilized on a streptavidin-coated surface. See e.g. Belosludtsev Y et al.,

2001, Biochem Biophys Res Commun. 282:1263-1267; Holmstrom et al., 1993, Anal. Biochem.



avidin and biotin or digoxigenin and an anti-di goxi genin antibody. For
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However when short nucleic acids (less than 100 bases) are to be attached to
microarray surface, the known adsorptive methods of microarray attachment are found to be too weak
to provide for stable probe attachment to form a microarray-based hybridization device. Thus the

30 standard of the art for attachment of oligonucleotide probes (less than 100 bases) in microarray
applications has involved covalent attachment of the nucleic acid to the microarray support, generally
by covalent linkage of the oligoncucleotide terminus (3° or 5°) to the solid support or other means of
non-adsorptive interaction. Known methods to increase the strength of adsorptive, non-covalent
immobilization of short nucleic acids to microarray supports have been shown to render the DNA

35  unsuitable for these applications. This may be due to a loss of the ability of the oligonucleotide to

form a duplex or unsuitably high levels of non-specific target binding to the microarray.
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Thus, there is a recognized need in the art to provide improved, low cost,
hybridization devices utilizing direct adsorption of oligonucleotides. More specifically, the prior art
is deficient in biomolecular hybridization devices comprising oligonucleotide probes effective to

30  hybridize to a cognate target as a nonhelical, asymmetrical duplex. The present invention fulfills this

long-standing need and desire in the art.
SUMMARY OF THE INVENTION

35 The present invention relates to simple method to fabricate DNA hybridization

devices based upon adsorptive rather than covalent attachment of oligonucleotides to a surface. Such

4
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The present invention also is directed to a related biomolecular hybridization device.

25  The hybridization device comprises a substrate having a surface of functional groups permanently and
covalently attached thereto and an adsorbed monolayer of unmodified, single-stranded
oligonucleotides all of which are about 30 bases in length as a saturated film of constrained
oligonucleotides on the surface via direct non-covalent phosphate-surface adsorptive contact of
substantially all phosphate groups of each oligonucleotide. The constrained oligonucleotides each

30 have a targeted, hybridizing domain of 10 to about 24 bases and a non-targeted, non-hybridizing
domain of bases flanking one or both of the 5’ or 3’ ends thereof. Each constrained oligonucleotide
base plane within the targeted domain is presented from the surface in a manner effective to
dissociably hybridize to a complementary single-stranded nucleic acid target with asymmetric, non-
helical base pairing without alteration of the oligonucleotide base plane presentation and without

35  oligonucleotide phosphate group dissociation from the surface. The present invention is directed to
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compl enentary single-stranded nucleic acid with asymetri ¢, non-helical
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t he surface resent invention is directed to rel ated bi onolecul ar

hyBPi dicongitions tlﬁbmr@ééybm%atlpm pheretar sugly gt nonehetiend, asymmptsical prape-target duplexes
non- hyRrigdinelyng pol y-T sequences, the capping material and the

singl e-stranded nucleic acid reversibly hybridized to the oligonucleotide
as discussed supiTae present pversiontis diragted firgher ptgl @iarraethafot identizing sti¢lpotide a
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non-helic rical pro e-target exes
complex(es) are eluted from the surface w:th a salt solutxon with an ionic strength of an aqueous

solution of from about 1 M to about 5 M NaCl. At least one strand of the eluted nucleic acid duplex
is sequenced.
Other and further aspects, features, and advantages of the present invention will be
30  apparent from the following description of the presently preferred embodiments of the invention given

for the purpose of disclosure.
BRIEF DESCRIPTION OF THE DRAWINGS

35 So that the matter in which the above-recited features, advantages and objects of the

invention, as well as others which will become clear are attained and can be understood in detail,



The present invention is directed further still to a nmethod for identifying
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oY I%g%ﬂg N calbb i, 88 40mhitid, 6% htf¥indt ARARISN BRIHaRs, Bi=bBE Fifureye and
shows the hybridization of a 24-mer Cy3-labeled target to the array shown in Figure 2A. A 10 minute

25  hybridization at 3 mM and at room temperature was followed by a 1 min wash at room temperature in
60 mM Na+ carbonate, 35% formamide, 0.6% polyvinyl alcohol, 5X Denhardts, pH=9.5.
Hybridization conditions are described in materials and methods. Probe and target sequences are
described in Table 1. Cy3 signal is green and CyS5 signal is red.

Figures 3A-3D illustrate models of duplex formation on a cationic surface of the

30 invention. Figure 3A shows a single-stranded, 24-mer oligonucleotide probe electrostatically
attached to an aminosilanized surface. Figure 3B shows a linear, non-helical DNA ribbon duplex on
a cationic surface of the invention, formed along its full length between an extended 24-mer probe
and its 24-mer complementary target. Figure 3C shows a 24 base pair long B-form DNA double
helix on a cationic surface of the invention. Figure 3D shows the chemical structure of a 3-

35  aminopropyltrimethoxysilanized glass surface of the invention. The models in Figures 3A-3C were

generated in the Molecular Builder module of Insightll and energy minimizations for ribbon duplex

7



Figure 2Ais a prototype of the layout of a mcroarray of the invention.
Fi gure 2B shows the hybridization of al2-nmer Cy3-labeled target to the
array showo 2009/1H58par e 2A. A 10 mi nute hybridi zati on at PCENSa0d/ 081088 oom
tenperature was followed by a 1 mn wash at roomtenperature in 60 nM Na+
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oci ati on, er hybridization and dissgciation for 1 mn,

di
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16 min, followed by a second hybridization ste The barlrﬁgraphs represent
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array el ements. [Figlites6A-8B 2EDNaK FiOteditAl sl $ a@brdidpeoiBaRblRE. & Higufe 6AN
Fi gure 5A patches of aminosil anized surface (3 m® each) were saturated

with q)\gl it eseats Sy%ggsla?ql@dl)z merdang bbr@yzed to the arrays described in Figures 2A-2C.
25 In Figure 6B wild-type, sense, Cy3 dye labeled 24-mer targets hybridized to the arrays described in

Figure 2. (1) No hybridization, (2) after hybridization and incubation with 0 u/ml of DNase I in

DNase buffer, (3) after hybridization and incubation with 0.1 w/ml of DNase I, (4) after hybridization

and incubation with 1.0 u/ml of DNase I, (5) after hybridization and incubation with 10.0 u/ml of

DNase I, (6) after hybridization, incubation with 10.0 u/ml of DNase I, prehybridization and second

30  hybridization. The bar graphs represent the normalized means and the standard deviations of the
mean from 8 array elements. Cy3 signal is green and CyS signal is red.

Figure 7 illustrates the length dependence of target hybridization stability upon a 24

base surface-bound probe. The following protocol was employed at room temperature throughout:

(1) pre-hybridization in 60 mM sodium carbonate, 20% formamide, 5X Denhardts, 1.5% polyvinyl

35 alcohol (PVA), pH 9.5 for 1 min, (2) 10 min hybridization at 3 mM of Cy3-labeled targets (10-28

bases) in 60 mM sodium carbonate, 20% formamide, 5X Denhardts, 0.6% PV A, pH=9.5, (3) two



rinsing to renove the excess probes as described in materials and net hods.
Cy3-1 abel ed targets (green) were hybridized to these patches, rinsed to
renove thwounoussset argets, and washed in 2 nl of the washiusgoowobfoes for 15
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al Cl@hm(F(gE}@B)m%i(?%%r@gs Friddd Wit 8-mdibréBel hybridi zation at 3 M of

Cy3- 1 abel’ed targets 8 bases) in 60 nmM sodi um carbonate, 20% f or mam de,
5X Denhardts, 0. d9gweA0 dopicts 8 adsarptiveymiqrepsiay hiypridizes. withe YA Aargpts deterf er |

(4) 10 fuduiiRsb ég&eﬁgr%w&lwmow&wmt%s%"éefor mani de, 5X Denhar dts,
0.6% PVA, pH=9.5,” (5) brief wash'in de-1onized H20, (6) drying. Sequences
of ol igonucl eot i ddguren11A-3XE depigtseqrensingiprdfiienantgpiceoanray yhaidigatiepdata psing | n
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surface using vapor deposition (Exarple 1) was washed for 5 mnutes (Figure
8A) or Ptirded.iassn Figurga2é-2B) FighreselliAc h1B anetstanddrd sespierping prhiblem farryvarfanisd 232,
3 | aREVE b and Y {leclel Hipurel d PENRBLORE BorfesfililrHhiErodthy RBRAZARA" 4! NG
tot heaagglklu | %g?pb}e@g‘{eﬁet‘:’% ! ¥re%e? Assocrzl at 6% (S@ -n%E};" o }I% :
ht't p: / /dawvioctbsel vadants.) InBigunvad Hied rfugbeSofnbN Gt eaip(eFicguespoBiD)g tr krpavnHoNAS
( Flzgur esec?u%))we variants were subjected to HLA-B specific PCR and microarray data. The two-domain
30mer hybridization probes generate sequence selective microarray hybridization data which can be
used to confirm nucleotide sequence changes in the corresponding HLA-B region of the human
genome.
Figures 12A-12E illustrate the results of microarray hybridization with Cy3 - labeled
30 amplicon target from exon 2 of HLA-B to probes printed on various metal oxide surfaces. The
surfaces are: an agarose-ferrite particle composite where the surfaces of the ferrite particles are the
substrate for probe binding (Figure 12A), an agarose-ferrite particle composite where the surfaces of
the ferrite particles are coated with aluminium oxide is the substrate for probe binding (Figure 12B),
an agarose-ferrite particle composite where the surfaces of the ferrite particles are coated with
35 magnesium oxide is the substrate for probe binding (Figure 12C), an agarose-ferrite particle

composite where the surfaces of the ferrite particles are coated with zinc oxide is the substrate for

9



Figures 9A-9B illustrate the effect of capping and hybridizati on conditions
on detection of probe-target duplex formation. Absolute signal, absolute

si gnal mwoodaakgpsound fl uorescence, and the rati o of ecgnsbowoomaskgr ound
is shown for capped (Figure 9A) and uncapped (Figure 9B) DNA microarrays
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I D NO p3hnoldchi¥ i i tﬁ%ﬁﬁa{&]ﬂ;ﬁggaﬁé ¥EMERMTiRS adidisl pgn . B)r BUBBR aReLueREes,

i.e., differs fr equences by nore % over the region
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used in conjun tion
in part, on the electrostatic attraction between the phosphate background and a surface having cationic

25  functional groups.

As used herein, the phrase "functional group" refers to the atom(s) responsible for the
characteristic reactions of a compound. For example, the functional group of alcohols is ~OH, the
functional group of aldehydes is ~CHO, the functional group of carboxylic acids is -COOH. A given
functional group behaves in approximately the same way in all molecules of which it is a part. A

30 single molecule may have a plurality of functional groups. Functional groups of the invention
mediate mediate a noncovalent interaction between a surface and nucleic acid

As used herein, the term "probe" refers to a nucleic acid, typically single stranded,
that is adsorbed to a surface. Probes of the invention may have a length of from about 1 nucleotide to
about 100 nucleotides, preferably from about 12 nucleotides to about 60 nucleotides. A nonlimiting

35  model of adsorbed probe structure is that of a nonhelical structure having substantially all backbone

phosphate groups contacting the surface.
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about FURPQE biagrolegular aiserptien: A ewfaseief Beinversion maydr Sxtaisntyd pr o prbstvgIer may
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structure is that o nonhel i cal structure having substantla
ba@Q bo ﬁ@lqsﬁ&gﬁh%&n@fgr%wbé%@ wheFiRGatione petioalearoups a@ecavmmlmlm ed thehet er m
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hybridi zed to a probe nolecule. Targets of the inventi'on nay b Spl ngl e or

doubl e s¥facapiserrikpdihgiay conpri se DNA, RNA or both. In sone enbodl nments of
the i nvent i on 1 aigehs JGARNE & HENGRNDinlchAB ARALLS DroHELEBlohfifechfir about

100 nucl eotides, preferably from about 12 nuc eoti des to about
nucl eofhyklidizatipndeyisieecompraiag msHbsiraisthaving ajsurfegstdf dunctipaal gectuvﬁramam@ly and engt h

of 261 0%@3@&9&'151 4 hed thereto; and an adsorbed monolayer of unmodified, single-stranded

oligonucleotides all of which are 10 to about 24 bases in length as a saturated film of constrained

oligonucleotides on the surface via direct non-covalent phosphate-surface adsorptive contact of

substantially all phosphate groups of each oligonucleotide; wherein each constrained oligonucleotide

base plane is presented from the surface in a manner effective to dissociably hybridize to a

30 complementary single-stranded nucleic acid with asymmetric, non-helical base pairing without

alteration of the oligonucleotide base plane presentation and without oligonucleotide phosphate group
dissociation from the surface.

Further to this embodiment the biomoleculary hybridization device may comprise a

non-hybridizing poly-T sequence at one or both of the 5’ or 3’ end of the oligonucleotides such that

35  the adsorbed oligonucleotides are each about 30 bases in length. In another further embodiment the

biomolecular hybridization device may comprise a capping material disposed on the surface.
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hybri diig3bdr meMAIGE a GRARIeES bkl dondH RRlal Bkife. hiié(n‘u@ngafl’y SHE FREE oikie fisUQFrhé onal
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hybr i di i S one
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25  effective to dissociably hybridize to a complementary single-stranded nucleic acid target with

asymmetric, non-helical base pairing without alteration of the oligonucleotide base plane presentation
and without oligonucleotide phosphate group dissociation from the surface. In further embodiments
the biomolecular hybridization device may comprise the capping material and the single-stranded
nucleic acid reversibly hybridized to the oligonucleotide as a non-helical duplex as described supra.

30 In all embodiments the the non-targeted, non-hybridizing domain bases may be a
poly-T sequence or other inert sequence of bases. Also, the saturating amount that forms the
adsorbed monolayer, the density of the adsorbed oligonucleotides, the functional groups comprising
the surface, and the form of the substrate are as described supra.

In another related embodiment of the present invention there is provided a

35 biomolecular hybridization device comprising a substrate having an aminosilanized surface

permanently and covalently attached thereto; and an adsorbed monolayer of unmodified single-
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enbodi ment the bionol ecul ar hybridi zati on device nmay conprise a
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ol i gonughr@khigorde plane within the targeted domain is presented fromthe
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25 The present invention provides devices and methods for detecting solution-state
target nucleic acids or solution-state small molecule analytes. Devices of the invention are
biomolecular hybridization devices and comprise a substrate with a surface and an oligonucleotide or
nucleic acid adsorbed to the surface. The substrate itself may be an adsorptive surface, e.g., glass,
plastic, metal, ceramic, or a woven textile or paper. The substrate may be planar or nonplanar. Pores

30  may be introduced into the substrate as a polymer network, a network of ceramic pores, or by etching
of an otherwise-smooth glass, plastic, metal or ceramic surface. The form of device may be a slide, a
microbead, a microarray, an electrode or an integrated circuit.

In those instances where the substrate surface cannot engage in direct bonding with
the phosphate backbone, the substrate is coated with an appropriate surface film, allowing for the

35  desired adsorptive association. The substrate may have an adsorptive surface comprising functional

groups permanently and covalently attached thereto may be uniform and dense with respect to the
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25  invention do not require any intervening or bridging biomolecule between the surface and the
oligonucleotide.

Device surfaces may be hydrophobic or hydrophilic. Hydrophilic device surfaces
may be uncharged (polar), negatively charged, or positively charged. For example, surfaces may
comprise a primary amine, a secondary alkyl amine, a tertiary alkyl amine, a guanidinium group, an

30  amidinium group, an imidazolium group, an uncharged organic H-bond donor such as an aldehyde,
alcohol or fomamide, an uncharged inorganic H- bond donor such as metal or metalloid oxides or
others, or combinations thereof.

The adsorbed oligonucleotides may comprise about 10 to about 100 bases, preferably,
about 10 to about 60 bases and more preferably, about 10 to about 24 bases. The adsorbed

35  oligonucleotides are targeted by and are hybridized to a single-stranded complementary nucleic acid

or cognate ligand, such as DNA or RNA. Also, the oligonucleotide may comprise a non-targeted,
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plastic, netal, ceramc, or a woven textile or paper. The substrate may be
pl anar or nonplanar. Pores may be introduced into the substrate as a

pol yner meowoeki4ssenet wor k of ceram c pores, or by et chipog/uskoo02088

ot herwi se-snoot h gl ass, plastic, nmetal or ceramic surface. The form of

devi ce d@ﬂ)ﬁygﬂilﬁnggﬂ)dsgﬁ‘equéacmﬂﬁm@@@r@ or@omo?litgajr 931 erfd th%l'e%ﬂtfcﬂqlﬁ e n@hber

integrated circuit. In those instances where the substrate SUrt ace tannot
engage 9f Ras icie aﬁ%ﬁ’ﬁ‘?ﬁdh’é‘gﬁﬁ“{cﬁot‘q’f‘els 9o SRatle thhakleasscthe pdrorbed iobiorarcieotids

coat ed dinbHsedR HPREP oA Sf F01d At b bilfes QM oy d}gwwamh dg.ﬁm ﬁlgt cannot
adsorptive association. The substrate may have an adsorp |ve surface

conpr i SWRHdiFe,19c fRegshnudsio asid. B Pravifsradsgrptivecstabilityte thel %dsﬁb%h@liﬁ@duqlmdet 0
nay sbe haiffafking aHaieMas c¥hprise 5P Thyrhife T([Kbg)t ngéq'u%@lor QirRH Rrrels %ﬁen g ate

nuclei¢c acid binding, e.g., polar,” unchar groups, charged gro
hydropﬁﬁﬁ?c groups, and conbi nat i ons thereof The functional group

uni formty and deml;Irysehtsmaerﬁ.rohtalsféadroxfleétdla@wceTm HREd {8kt 6@HBn F@%l

cationic with a density of about 1 group per 5 D on center. Particu
desir ed‘“F]G'ﬁcacCi‘b ARAlYtEY JpElyar devise SPBRtisipe dhe aligpaycleetide eruhbudieiataeidt probasr m a

sur f ac Qlesofib&PheréiH kdt iaRNBdund 'HYURSorPIVE LSoclibA¢h ek &eanE RErfaddb SAﬁe?taﬂ?cp%(tlv\éapo r

depﬁ5|t|on A nonlimting illustrative conparison between th
od 25YCiguRndP theesytages thsbovsd Brobrcpy ﬁaﬁhe%wggurfaéﬁ)af rapable of aytmdizmg taat

sol ut i eBfbPRsE ni@Eibasd MPa2E. 5., DNAE&WAetIJe?e ?rfs'thggy bfobe- targé?%uaéé O§Rhi ve

surface na be saturated with the ol i gonucl eo formng a nonolayer to
maxi mi 2¥PHHERS magihefetesicd bynitandasgymesaodsciagluding Sivergsspcea mptisal mgdiametiic arwo
fold nQb@n@jﬂﬁﬁnﬁgyﬁbe surface than required. In a nonlimting exanple, a
probe concentration of 10 nMis used where a titration curve (such as

di spl ayed i n Fi g @ddition, dhg methed forfggmipg, the piowel ftuplen ds shomare be &fimmediateor

sat§r atprftical &tility, rTMhamQﬂl BinfpRredidadlat Sprdxihfel§ DADIRScE O FAMcBEbnERRR to
adsorption is essential. The invention contenplates the use of any neans of

cappi nGUEERS Aernatives, Hyhridizayion signals aserfvad rebe hishs e e densp prokinerafputiaceused.

For eX%BEid%rG&%U%GleWtyb@ nﬁsﬁn%vt%d)e% bhnea.r S 1 AiE bRy kBoWn foriybri@baridht h an
aci d anhydri de ., .succinic anhydride. The present |nvent|on provides a

net hod bF%F“%Rﬂ's‘&?tb‘?'h%”%\“’r?ﬂ%'%?l@‘faﬂ?atﬂ'%nto a surface. The surface is

contacted wi th aThad WhdpreQdr VP B ﬁ?&&l@é@'}%v@pédrﬂ%sﬂﬁn Bpﬁ'laﬁér n él% aunder
condi tions that pernlt adsorption and ca ng resid nucl el ¢ aci d bi ndi ng

si 2s. nywstablgforarel fauslainacidAvalgx. dT*?tanam!?SGEfeq' bwetdpm@rrangrtbmpmgtewaanmpport

adsorp I i yi ng
LD L G oA TAIER el S9NL Lo, E74RLE Dbt R
adsor ptrgieic ggidfaenelayer: eUper seguenge-selectivd Subiidiraiion ef suetcadssrbed @rabes toythair
phosph %ﬁt?pagﬂadwgtgont Eri V\i]m&)nfﬂi%gnl g%léleg FS R dGRA PG Ec:{l'%g astyEﬁ"ne‘? %r@ﬁe ies T

adsorptive force by h'the oli gonucl eotide pro oun e surface
may be apaear kxgé t?é‘mﬂlh grithethe knevys hedicplcDNAtserpetutes.onsh as/An Boer Z\dgable helix.

| NDST aGhidiPRout AkHARACKIpficdtith SR RuplR”, GRER! S RE Sndi L Hrers WG S ©f
nucleic acid form which is characterized by a reduction of helical pitch angle to a value near to zero.
This new form is created by adsorptive binding to a surface of the phosphate backbone of a DNA or
RNA single strand “probe”, greater than 10 bases in length, followed by Watson-Crick base pairing
(A-T, C-G) of a cognate RNA or DNA strand “target” to form the unwound, surface-bound probe-
30 target duplex.

Although unexpected in a simple, mixed phase hybridization experiment as presented
here, it is interesting to note that unwound ribbon-like duplexes have been proposed to exist
transiently in other somewhat more extreme contexts. For instance, the DNA complex formed upon
binding of intercalators such as ditercalinium, as revealed by X-ray crystallography (Gao O et al.,

35 1991, Proc. Natl. Acad. Sci. USA 88:2422-2426), involves a nearly complete loss of helical winding.

Similarly, an unwound and significantly extended double helix has been proposed to form in solution
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I nvention do not require any intervening or bridging bionolecule between
the surface and the oligonucl eotide. Device surfaces nmay be hydrophobic or
hydr ophi IWo.2004ydss3phi | i ¢ devi ce surfaces nmay be unchar gedT(ysedoa0)2088
negatively chaﬁgﬂhe or positively charged. For exanple, surfaces may

conpr i $&2aespPns al?ﬁcraeﬂcahstgfé&mﬁla%ﬁdwyatwhmamr TEyeteabs 49995 Physt RYH Latm ne,

a guanigdinbéLivey; BeéRsimdn Rt li.,Ni998) ghﬁuﬁev el ﬁhd@s’-@hsqﬁsﬁnﬁtﬂlms e@4]., ugghar ged
organi ¢ _H bond donor such as an a dehyde, al cohol or fomam de, an uncharged

i nor gante€n4-27 bR b AsPreade f ahs 1996 M‘Clo@c‘ﬁ‘r‘e‘?"di 243260326 Qe IV ishin dherropiext ofy

conbi n%lmgarhmr&@&e Heg, AdEOKOEUnGh Mtﬂa&ee%ad@g; alRP VeGP TRIE 8R ahphy 10
to about 100 bases, preferably, about 10 to about 60 bases and nore

pr ePer dpsclanically,  in thestudiesdaseribed preyioualy, eitheren chgaifeblorcedinsgtinn el ebttsrowslear e

target ebdmleyn 6436l phihés) loy Bfeu%?eeplsntag\%oﬁltﬁw R@e&t(g ) GOMRbRARO LA éreastcdrei C
acid or cognate |l igand, such or the ol i gonucl eoti de may

conpri é’éseé’aﬁé?i’afaél?‘g@dé‘desr\%mﬁ?ﬁﬁﬁ'éﬁ“ﬁ‘f'r‘uﬁ‘sbase sequence fl anki ng one or both
of the 5 or 3' eamdexpdiatetQf danafcliftatheteltfadmoriRbsund bataagﬁsséparaa&ﬁdledﬁpr bed

oligonucleotide is about 30. In this instance the adsor onucl eoti de
conpri diawexer ay yayiwlyipredictsd from modelingishidies pthessayeatost brvs faunsy it dificuly tenki ng

domei Nszehdiaé a@safb@@nm&v Iriibdh ZiRe UBplakek Aad 86 nBUGTAVCata&dstla SOBLinddéRY iflBuplex
adsorptlve stabili to. the adsorbed ol.igonucl eotide. The flanking donmai ns

may conghet elaaveptaﬁ%f» Brhelin (Fée- o1 Thupyit sséafa@ﬁe@ 18 constdsithal the Fibband g duplex. of

bases. whi Has B@eﬁﬂﬁfeﬂrw/ﬁ@ﬁ lsﬁﬂne@h&@nﬂ%%iedﬁ& ﬁax@%ée@ﬁnﬁ}nﬂcmfa%nhﬁaﬁi%s%ﬂ
solution state nucleic acid anal ytes, namﬁ, devi ce conprising. the

ol i gon 9k Pasesteeking,dueip streschings Jt i Vﬁr“dﬁ‘@&”“(&'@éH}e|eB%Tae‘WéPE?W‘°cxrf8f’“aé‘Pé'SdB‘ﬂh'él by

adsor pldeiniASEHE ba%E lséaekth nﬂtél’é‘ctdﬁy hﬁcﬁelééiFJs@ﬁ@ repﬁfstoﬂranﬁﬁl? PhBdphiBs asisiREdoat | on
to the surface (now on the device sur ace IS ca(g)abl e of

hyBPi diRE: hgP2 MeféO%’cﬁ"éX'ﬁllj%rPléﬁatlélrM%(Fwe“ KEpil1 210et Mop Bgol

thereby form ng aherRbfipt AlEEied HPE Exanbiedsupyl it abd@ MB VB AetREEad by
standard met hods i ncl ud| ng fluorescence, optical, radionetric or

pot ent iCBeFYenees 2hdunjes adsorprionpranta Riane, batie theetragtre pad thesnereetiss oh Bbhradike

dupl ex d'u?leyg RMBLSrOdilEr B6m i (RATRALRh €n B RE i tedls idtlont Whe'dﬂac‘in@ﬁtapt)ﬁcaﬁérﬁ dre
i mpl emented at approximately 1/10 the cost of fabrication relative to

cur r entSugy stragtyrak ang energqtip Wiffeagneex arotignfigpatl s are found to be high, due to

thegdense packi “EFoPExa%{HJ %%ba%gnemf&hﬁmmgs S EhRfifoh \taley TR TIRAMRFudO be
at or near the limt already known for hybridization based upon

Wt son-agy prefeing ¢e e dowle helixfafiepds 3seasiatefhyith tranpigntfpraratinp of #nxtandesh uayeund

provi dggmAof iRy Qeubfeq{sz r[th& QAka PrestRid Fere smLMn@ndQ?Wsﬁetcéblhe b Hei®f foim
nucl ei c acid duplex. The data presented here denpbnstrate that
si ngl e-dstcribgddeege mimics such a transmon state. Potent drugs have been developed based upon their

ability to bind to the transition state of the substrate-enzyme complex (so-called transition state
25 analogues). By analogy, the use of the novel duplex form described here (in the context of
appropriate devices and methods) allows such DNA transition state analogues to be discovered as
pharmaceutical lead compounds.
Also, the novel duplex form has enhanced H-bonding selectivity. The data presented
show that base pairing selectivity in the novel duplex form meets or exceeds that seen in the standard
30  Watson-Crick duplex. Molecular modeling of the novel duplex form suggests that base stacking
(which is not very sequence dependent) is greatly reduced in magnitude relative to the energy of H-
bonding (which is the basis for nucleic acid sequence selectivity). Thus, both modeling and
experiment suggest that methods and devices based upon the novel, untwisted duplex will display
more precise base sequence recognition than can be attained with the double helix.
35 In addition, close proximity to the surface allows for modulation of hybridization.

The formation of the novel untwisted duplex form is driven by the symmetry constraints associated
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DNA can bind tightly to a positively charged, am nosil ani zed gl ass surface
to forma densely packed nucleic acid nonol ayer. Upon sequence-sel ective
hybri di zawoenodofss886ch adsor bed probes to their anti paralPCeluSYemw0208Cr i ck
conpl ement, a dupl ex |%,forned with distinctly asymetric properties that
appear "HHrsrfacs adeacesing; (Thugat 1S eote thanpans! dhler famm BRANIEGUAS R SthsiEdugs A,

B, or Znd efichd afe infifa@UgERIPled td thel pASdi@INEherRfly drahd Qittacd. NRs lIRERAted in
"dupl ex" ess qQtherwi se indicated, refers to this nucleic acid faorm

whi ch &€ Eh%{?%l?:%é*f ep dhe syrTage 18 fadeNiG he Elagkpsiati comRoprntefJihe duplex sydacge

near t QntZﬂEtfbn chRiefimiveie¢ fhe rondihdry eécﬁﬁte&éntmsr aaw Bt ihe eybiidighitid@ sbiutidn.S Uhisace
of GB )hat e backbone gle strand "probe", greater

ha O redusea i PrRctge by SoaPt A Bt 1081 AORmaR B e BPHAIOFS drpendetie anés Gy

of a ceaeativay BNAysHdidatién 84 formtthe have @lipled Banf B Mibdified glﬂamugd judfcisuls aagadgound
pr obet ar et duplex Al t hough unexpected in a sinple, mXxed phase

hybri di ficgtip Texperi nent as presented here, it is interesting to note that

unwound ri bbon- | idgghétdidtes ¥6th dafvBc BRERoIEBPMS 8Gkfices @Ni Slppbift aRSASVEI duplekn
ot her sonewhqﬁfnnre extéene contexts. For instance, the DNA conpl ex forned

upon  bil il g thsroafareserieg. spbstrate spfares werq PHBRRANIPG §Raied £125% &g AN aRtingsilase.r ay

cr\et alor a@gtafphie {dar@ shifRies.alhus, ARile ad?d! Probe NibiptioMEatle sttt/ based upon a
ete | oss of helical w ndi

88:2422-242 i_nvolves a n

Si mi | ar’PPd '"s')fP“Lﬂ‘i\RBﬁ‘ﬁ?f‘aé'ﬁ dnd ?'é?ﬂ"f‘s" fPﬁ}'°@>PF@W8'éH’¢d‘HI&'H? goyRsiang theoppbats

pr opos adckbond. OERpérim&@dl Udat0 s m@délﬂfgpﬁfggast ttRat trhe nowRg hﬂnk Cf@x'm $équass siabiduced
by stret&%;gg (Le er JF e Rev. L - 1066- 1069;

tt.
Bensi méfl migdial edi@gggh 43?19{;05!’\‘-*?&/ ElE%‘fQSét'eiﬁueﬁafgﬁn e,tgyen gt gy garegd
1996, ShbpPhsE aki'the 719&713/9%5&1‘@&@1&&1& betsufficient th39Bieve\iiable add6iptlen Behat kind.

24 260- 2267 W t e xt of an antiparallel double helix, it is
wellP kridith @%(&?d Bﬁg’ée §?3é'€ﬁ? R a'ir‘fﬂ‘dﬁeflof gxample ibut pot 1UBited toq PHIBRNASFRAIY,. | n
the st ughi@$ amhafes, dnliRshilites Analinlun Rl fdGidindung BRITDS ahd frefal fonk | MSLduppaDtef a
het er ocycl e bet ween base pl anes) or nechanical strain upon the dupl ex

(stret ARYHETaCEIoBUpl ed to an increase of base pair separation and a

resul tant | oss ofalR@laticay, stnét phosphdie iseaiqdedni dxedlfenl Hdﬁh@a&@ﬁt@f inb@ehl BEBRUN dO
not neasure base pair separatlon directly. Howeve as previously predicted

from nﬂ&%ﬁti“ﬁéuréﬁcﬁﬂ?‘é% are(cpable ¢ rﬁ?@?ﬂ%‘?%f%'ﬂ‘}é’“f%li‘fd“‘?vfl belixefpray| This gncudeer at e

adoor begled ki€ Aydrodyl RixAfe, lutds And Ve ¥651 héialic @lpbdaatdoh&y @dcms a{ewh QA filetafloid 0%
increase in duplex Iength relative to the B-helix . Thus, it is

i nt er e PX{deYy eBo alPrRYNY dioxidp 401k Etanjughdinsids (O apd &l corwﬁp’eﬁe Q) prdpites

i nferred cbhpiad, Uaies QB8R Or rQRtks NQiface- émyedhawﬁmeﬁpsﬁgér kY aluRfimtich AfbxRie
significant |oss of basé stacking due to stretchin I's well known that

t he endflidl titapiugs digxide O FirearipBriigdertgita), barist exi W@@) isglcyasexidg §aRdng

i nt er achmm i @aestd 9§1E ai ue CEDL kY oRiaP hps @Lﬁ.soxmm@ maké?E
1992, Met hods Engﬁigﬁ ° : ( 66N1 Nbcgnne@%CEJ e 2000, JF

Bi @b 3B@e§$§38@®¥m0¢ﬁéc@@ﬁﬂlngs |Ilustrated in the Exanples suggest that
due to the directs gideit R6id'RBlex of the invention has structural characteristics, which differ

greatly from a standard nucleic acid helix: namely it is greatly untwisted, with an increase of the
separation between adjacent base pairs. Thus, compounds capable of binding double helical forms of
nucleic acids may display a different affinity for binding or hybridizing nucleic acid duplexes of the

30 invention. In particular, dyes and haptins which are capable of intercalating into standard double
helical nucleic acid forms may bind to an extended, unwound duplex of the invention with higher
affinity than to the double helix. Such compounds could be used to distinguish surface-bound duplex,
from a standard double helix which might form in solution as a side reaction during hybridization
analysis.

35 Thus, the present invention provides methods for detecting and for screening small

molecule analytes, based upon their affinity for associating with a probe-target duplex. This may be
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consequences of dupl ex adsorption upon a plane, both the structure and the
energetics of ribbon-1ike duplex formation differ fromthat known in dilute
aqueous swbubvewnass3ghe practical applications of such straTtuse@b/oezvds
energetic differences are significant. For exanple, the novel duplex form

m mcs a@anﬁﬁE\ﬁa'dtHyQB ;ﬁ&@a}igg &H@ﬁcpk&%rﬂ%gojnfcg{&%]e%ﬂge ?f Alcfidseid rog@ﬁlapglm l'e

helix often is associated transi ent mat 1 on of an extended, unwound
f or m ofbornkbygrslsprpvehasseciationjie thg e ico pustien asedpserihed helsw(iDirantaptingribsdevice
respectyin 4 el MRlic 184 det 6AMRRS Wl RGN ESEmT N SFns Midhexd (ifif Bipolihd

state. Pqten%edrugg:have geen Jevelope Basedmuppn therr abfﬂ??@ﬁfoéggnd to
t he tr &§¥re foh selptqreofotmalihmolseiie apalytes, @ang i deferiipie and/(08 golkestingene erametiet i on

st age ?aﬁﬁ%t@gbﬁéi)ontﬁé/afﬂﬂi%l QY which they 8H1d He dupx Novel dupl ex form descri bed
here (in the context of "appropriate devices and net hods) allows such DNA

transition state TRRansirnaliogelies i be swelt mglegwe predyteradisnoyerediin sughuaiscreen
COMPOURHS thefd 36y, ESiSxBRAYR! shiPBlechif! abBifd BOHRNEBHRx hhg%daﬁs@@ ( %rﬁggw Ity.

Rl
The data presented show t hat base palring selectivity i'n the nove upl ex
f or m nelgtestigfy of dupley sfofmations ag in jdgvicese of tthm inentiomt Gdris deadsk fag gybesguent

Mol eculppsmiaBaiabd BeveRpmeher () UehhAtecalsOr M Suggest s that base stacking
(which'is not very sequence dependent) is greatly reduced in magnitude

relltive to the dikehghe grvertinsnriPriges wiettediter tdeesifiyingithe pegleqiide sequenagcipd
SequenGhi&eth %ﬁ&nwﬁaeyamdﬂig Lﬁ%teila%.@. OGS s oA o8 nﬁﬁdsnsd?ﬁprﬁugg&ﬁkachg?fg
y

met hods and devi ces based upon the novel, untwi sted duplex will dis
mor e prEgPIELBRINSsBlsetbeund ek geb AuRlpes Witna Buclaetidsi biedingProtein adetoubl e
hel i X. chiyifsd tHat ,itcstrfaﬁgo@agasmeydl;pgxtt@fai@%}b{eﬁﬁauahdg %xf;{f&eim@g&lbl@;éson of

hybri di zati on. e forpation of the novel untw sted duplex formis driven
by t he foymhihesracechet Mith dreongeataed stlbplition) snd seauencirisyripast one strppdiof thgt it s
cons, fihgenovel duplex formis a nolecular entity with structure and
energetics that are intimately coupled to the physical chem stry of the
surface. As illudtfait el spen thak tho Bsihiods andydeyiceshel therinxendionprevifle sevesal t he

el ect r Q&latab& FVEPRIP &R nefodd £ o@weé.%rgkg],ﬁ%g i@raé MRS RGhd Qelﬂfi&_@Bf it inﬁmﬁbe the

ordinary requirenment for cations in th i zation solution. This
obser v&P neffequirg peelsicpeid dervitizagian wih adinker dbprebyieliminatiag the inetficiensien ardgosts

t enper giddtiaedOPRNIEACE stipd PEIARE lidefidieRieshHOL il %AhE@BAL thcl e ThiSiEpifeve!l
dupl ex can be nodified greatly by judicious surface nodification.
Fur® he dembyidzation phthe au¢leiaiaeid avidh the Hokesthiasad derivifizrtienef spime| nuslgptisisrsequeness novel

dupl ex oLa" Bihedsn iﬁ&%p‘ﬂé@ s YLRBRt & theSHRRT Bt G SHHhAE Sshd éc%ssgbj DRdiYofyl nNe

coated glass, e.g., an amnosilane, or netal oxide coated surfaces. Thus,
nucl ei aagefagtuping 5iepesols o Furtber adyantage svissthe soxalpry betheds opetiachmenintsi that i on

of el quv@gﬁ,hgiggh@ﬁgbé:gmw@,&g. interaction between the am no groups and the
phosphat e backbone. Experinental data and nodeling suggest that the novel

hel i x form requi The follgping examples are given for the purpose of illustrating various

25  embodiments of the invention and are not meant to limit the present invention in any fashion.

EXAMPLE 1
Aminosilanization of a glass surface
Glass, pre-cleaned, micro slides (Gold Seal, Gold Seal Products) were cleaned in
30  deionized water, followed by rinsing in HPLC-grade methanol and dried in dust-free oven at 45 C.
The slides were transferred to a vacuum oven at 82 C, equilibrated against 3-
aminopropyltrimethoxysilane (Aldrich) in 1:2 proportion to p-xylene (Aldrich). The slides were then
incubated overnight at 27 mm Hg, followed by storage at room temperature under dust free

conditions.
35

18



adsorption nedi ated through the phosphate. Electrostatic interaction

bet ween the negatively charged phosphate and the underlying surface should
be suffi cwennow@ssehi eve stabl e adsorption of that ki ndpPCThissgooobmsged
surface coatings of all kinds, for exanple, but not limted to, primary,
secondary, tertiary am nes, am nosgkaR@s,e M di ni um and guani di ni um groups,
and netal ions, may support the novel surface form Alternatively, since
phosphm%ﬂawm excel | ent H bond acceptor, neutral H bond donating

surfaces al so ar %papgm&&yﬁﬁmﬁaeme& wBg s§Rhd¥BLd, bl vJu'ﬂGCﬁQ)Y@ 5h%ﬂegse,tt0r m
This includes, inter alia, hydrox am de, urea and ot heéer 8)'
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(Zrx) oﬂgaaeosam&mi@ouﬁmre pﬁﬁt'e@ From 8% Wdg p(a@@@JUN@gﬂhé‘ Besfd Eghckdedin in

cobalt oxid CoO), ferrous oxide (FeQ, rnagnesium oxide (MO, nickel
oxi de GQ%?MS (P lgrichy/ 38%i 1O (QP@O inglugige i the pafiag aqlpm@kslewect the prepgesnafi on

has st rdsahil th&&éfe%stuﬁéd §1trh&§ um‘f‘ef}hlcd?ot@'dfeifx ? v\gﬂhﬁ?thé erafy" é?é&é‘xts’%s%i?ﬂﬁafré’d to
nucl ei c acid helix: nanely is greatl w st ed an increase of the

sep& atArighing e peebss ypaee nf\ftslae@tw@ greays Wcﬁswaséwmb%a@/l Naphb (180 tM ardi ng
doubl e hghhgkelrds Bélgfﬁnﬂfal&lﬂSi SXCDEHhh S fBRY nflh SREAYMndd Mifi RE GiRtes i”rf Bén&h e for
bi ndi ng or hybr| I zing nucl éi c aci d dupl exes of the invention.

part i cuilQf andgied fos ptgrage ph il REcCodireshvesg rerforprdlist eoomftemprratiieal at i ng | nt o
standard doubl e helical nucleic acid forns may bind to an extended, unwound
dupl ex of the invention w th higher afflnlty than to the double hellx Such
compounds coul d be used to distingEXANMBEE 3 ace- bound duplex, froma

st qrgdar%bq%%{oga};@jd&mgm ch mght formin solution as a si de reaction
during hybridization anal ysis. Thus, the fgr esent inventi ongprovi des net hods

for detecting andbybsdizadercwns ariechaut|in gl ielewiag dubiidizasion hyfewyo% s Natei r

af fini tcﬁrbf)ﬁ’iie @iﬁ%ﬁh%isnﬂ-lWS fora 2 A RRsdt @40 N carbblhte, S Wenhardts, 20%
beacconpl i sh % ?‘)’ preparing a deV| ce conprising an ol i'gonucl eot'i de or
0@ e POIYAt

nucl ei c,fora@m!d nyj §lcbb‘2lnﬁﬂb95ef@§ gf-er vargeis.s déeart bas beenthedd deBdce
Sur f ac gy 3o Be" Irlfg Qo REFEL Qurrdck 'chargpa‘&eatstﬂéagmhﬁ@ f3aN Cgefm ﬁygad&amethe _
nucl ei ¢ ac er conditions ermt fOI‘ITB.IOI’]O 1)
ex@si ragaYSh‘eerd@mtr@eted n eprse@pqndmrhybﬂdlsamhlbufferlsevmoet @anaarg@tescontawwg(l
det ect | r | WA, W th
i on R BRIPRS ofiBha A 1dr, 128 o0k biBDL R 0R, YSTerf SRRUAE of i Mot
mol eculAftean@Inyinwes ofi lybodizatean, ithe didehwere yoaskegninandespaeding bgkridizafion beffarnpl e,
smal | Le%“sgv %ﬁ Héé% dRldAfed QatfeP‘anQdJQJg%ag&Y be used (i) for optical

up f evl ces

detection o ex formation as Irn of the invention, (2) as |eads
for subsequent The arrays were imaged on a CCD based Arrayworx Imager (Applied Precision, Inc.)

25  with 10 mm resolution. Cy3 and CyS optical filters were used during the imaging of the arrays.
Exposure times were held at 0.2 sec for Cy3 channel and | sec for Cy5 channel, in order to normalize
sensitivity. The analysis of intensities from Cy3 and Cy5 channels was done in ArrayWoRx Version
1.50 software (Applied Precision, Inc.) from the original stitched images and the bar graphs were
generated in Microsoft Excel. The pictures of the representative arrays were modified by adjusting

30 the levels in Adobe Photoshop 5.5 for presentation purposes only, and the level adjustments did not

have any effect on conclusions, since the quantification was done based on the original images.
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pharmaceuti cal devel opnent or (3) as pharmaceuticals. Thus, the invention
provides a nethod for identifying the nucl eotide sequence to which a

nucl eot i dwokoydi4sgoprotein, e.g. a transcription factor pchiusdeoeups i si ng
contacting a mcroarray having surface-bound probe-target duplexes with a
nucl eoti de binding protein under cpgdihpg that permt binding of at |east
one duplex to said proteln el uting dupl ex-protein conplexes fromthe
surfacélﬁéﬂéglg¥#$ﬁ¥%2%@%€@ﬁtrated salt solution), and sequencing at Ieast

one strand of thergduRbEexperiheidi W& iRB&tant RAtavd Qﬁlgmrgé?%spl%wraqg\{héé@g
a evi ce.

t he invention provide several advantages over prior art nethods an
For exafpng, tafs%Wﬁ@thafB% zedrfg S gelj cepeenisationhgnd; 24vaeittargers #grerybridises At BemM

nuckei Gofch@atdR) in¥dst kiZRE bderwikd ITide lcbﬁ}keeindtchﬁéeﬁmloﬁ |dt:g3@na@f¥cb @ﬂaem%ms have
i nefficiencies and costs associated w th such a step. Possib

i nef fi dP¥Aled that ysuehgoasentations of i darpit thein sizpal cveppatwaied ga uspe\ﬂf“tq prefes afterf t he
nucl ei Q'nlﬂﬁtbéjof\/ﬂylbhdl'fzﬁlﬂmI |TH‘éQﬁrgetbtb<'%§@di 1368 hatl Bebf Heh Qe dOfas &OSE cAldifdtiBR ok df

sequences over qQthers, inconplete association of the linker to the surface,

and nedwabersf molerufes diem ‘hﬁﬁﬂﬂf' drelFyhyeralehrfary hyhridization &r piehearfexigdensiser

the covgleenhybrediBiien Oforatid@eReRAd | Stahffdr @UEVe3! b | €Y3.0farddnecys-labeled
pro e-surface bond, The fol |l ow ng exanples are given for the purpose of

i | 110st P&ﬁ?%&ﬁ&?’?%lf@“@ﬁﬁ%&ﬂﬁénts of the invention and are not neant to
Ilmt the presentTheRwaddrl @irvk Pords- &@@bhﬂﬂvsémmgy%lﬁ%rﬂ@érbisﬁﬂ é?og&t)@n of
Seal

a glass surface G ass, pre-cleaned, mcro slides (Cold

Pr oduc tsighalimioaa“dogiaypker Pf] malerues)y wcSigrp Blot 2609 | Gwremiber of; fﬁ%‘FW@esl"Yﬁs found
HPLC- griagemekhéad 0blumB d1 Al el ax'ri}z db‘rﬁ&mf 5rRE oAV RatfIn cﬂr%ngedel!;kﬁlbahac%admr e

transferred to_a vacuum oven at qui | i brat ed agal nst
ani nopreBiP i sPiutie RREOATSY elment AT ftéfhfj“q ‘ﬁ‘”ies forp?b?ptﬁ‘?g BHNEY) ﬁllg(ﬂ%r‘t’é 12-s
(A18ri ghdse) W i by Rndd® & rdsBisR (fo @&b%‘igﬁﬂl)%ﬁﬂbﬂhﬁm@& &Rm@a if §ighfawed

by stor.age at room tenperature un dust free conditions. EXA

Fabri cdfta0%s The F%i%SS‘RI‘ IcuﬁFlf@bQWﬂﬁéﬂE@Pé@? ivalues ¥est-&3-SyatiHdSs 32"8899
| abel edvﬁé&etlh1s@1¢3re§fess€bh5cot3fﬂé%?§tctﬁ@heg¥ eﬁe@@gr&s@%n@urv@@ﬂﬁ theaté}‘getbaygv@Qﬁ' fied

by Bi oSource International éCamarl crol ab 4200 r obot

( Ham | 2BhEYI-h2-1 Oadhyalusy yprg &9 %vd529u§e‘%l99')oa"ﬂryf)ml3€>@= 1y Eyg%fespecu"ely
ani nosifha Q&&%@ bidk@rotndubHESed &3 signaVét! |C&'§thpﬁ[as PFdb@Befble Mizatish Wad392,

di aneter, nm center to center. O igodeoxyri bonucl eofides were printed
fréfh 384 wel | pl dihes tenupaher af C¥fewtidny erpbe sprRieqvwasner @Fray rglement could be

calculated from its regression equation: (probe number of molecules)=10*[(log(Cy5 signal)-
yo)/a]=107[(log(332)+13.1)/1.58}=7.7*1079. In the same way, the number of target molecules after
hybridization was found to be 3.8%109 for Cy3-wt-24-s and 7.8*10A9 for Cy3-wt-12-s. Thus the
target to probe ratio was 0.5 and 1 for 24 and 12 bases long targets hybridization to 24 bases long
25  probes, respectively. The concentration of 24 bases long targets was not increased above 3 mM,
because that would lead to dramatic increase in background. The fact that 5 mM concentration could
be used for 12 bases long targets could be explained by the fact that longer nucleic acids have more
negative charge and therefore are attracted stronger to a positively charged surface. The ability of the
adsorbed onto the positively charge surface oligodeoxyribonucleotide probes to specifically hybridize
30 to nucleic acid targets with target to probe ratio approaching 1 has been shown previously by
radioactive labeling of the targets (Belosludtsev YY et al., 2001, Anal. Biochem. 292:250-256).
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70% DVSO (Al drich)/30% H2O. DMSO inclusion in the printing solution slowed
the process of drying and therefore resulted in nore uniformprobe density
wi t hi n t woanesapsssbenent s as conpared to printing the pralbas2009/00m8er .
After printing, arrays were washed in 10 nM NaCOH, 100 nM Na+ carbonate, 2%
pol yvinyl al cohol, 5X Denhardts fopxAMprEsthen rinsed nultiple tinmes in
dei oni zed H2Q, and dried for storage. All procedures were performed at room
terrperétléﬁ(—’@&t@%&m@&& Hybri di zati on and i magi ng Hybridi zation was carried
qut i n the ol | o RybclhAl I sl Ge WAhels Nadhe 03 DA Fres il
Denhardts, pH=9.5 for 12-ner ets and mM Na+ car bonat e h&r dt s,
20% f orhé/ﬁﬂﬁ“é?élon Quifer,contripingnl 3 % érvg% ne‘vvmﬂﬁi@hel fidey parerthen ingybgted for VFH@USpH
has sbeafindial ot eBp&atifdlif wethpath bhﬁelqro%rmrtg%orrﬁmgr Sirbdnite ©20%0 S HEm R Fort

free am no gr drﬁ%fioBefore hgbrrdr zation, arrays were pretreated in

cor r espBritirhyt ERaRds R 2hterses ¥ QR/P'EaI‘FBﬂtO qqﬁ@ll‘a%@é'tc@hdw;aﬁ ning 1.5%
(w'v) polyvinyl alcohol (Aldrich), used as a bl ocking agent. Al steps were
done at roomtenperature. After 10 m nutes of hybridization, the slides
were washed i n correspondi ng hybri gxkasmpigmebuffers, rinsed several tinmes in
dei oni zed water, dried, and inmaged. The arrays were inmaged on a CCD based

Ar r ayweH § : 0 ied Precision, Inc.) with 10 mmresolution. Cy3 and
Cygooptical filt e&fser\ﬁgrs,ﬂnmrsﬂ tﬁ@Jrrrdegwtree«agmmagmeg‘ mtcbﬁes%BﬁcﬁNgshybﬁﬁﬂﬁﬁiﬂr e
times V\ere held at O 3 channel and 1 sec for Cy5 channel, in

order tRffRGFPREFINIRG ls%‘?ﬁs<“t/r>vr’<t‘x/vmyrr?écoaﬁbrf%%edoty priefeprplicatian of; the Ryase dnd
Cy5 chafngnehsn vieer am%m,ﬂsd\ﬁmxw)% nYiarsgon 25 i mtrtr@rabﬂ ééprrhe attres were

Precision, Inc.) fromthe original stitched i mges and e ba aphs were

gener at'hed lnwbﬂnee fPLGringzk fqm terweraﬁrr% i} Osls 410, Phéﬂ pap P&@é‘ﬁﬁeat fRﬁ@hedﬂr s
wer e ngditEd Sve)YindigUiieds nlgcérr’é@pdn@i‘ﬁ@ |h?bricf‘zaﬁ@@9§fe? BHARIALR.5% Fol§ iyl alcohol,

present ation purposes only, and the [evel adjustnents did not have any

ef fldct toan washed|in deienized wetescdsied pad Mgtk i f i cati on was done based on the
original imges. EXAMPLE 4 Cal cul ation of target to probe ratio For these
experinments, it was inportant to have a high target to probe ratio,
therefore 12-mer targets were hybrE¥AVELE '? 5 mM concentration, and 24-ner

t ar get sa d6hBord b ik dle 88 FibalucR ofidds EONFIRMNIR At ddYhss HiMa8SS Stated ot herwi se.
Ti me course and concentration dependence experinents have reveal ed that at
such concentrati & Gidodicarbpeyagiae ol (@Xherp3 s niin empeso3la ity 2893 dyenrbslsddidf i c

Pr @ges wafes %ngglﬂhﬁHta%a ZQfméi%lngbdi:b%ﬁ'fﬂoﬁ’ﬁ}:leo-trbce(cﬁ@&gﬁfeoﬁ&) QFCQ)@@ wE@tﬂrﬂteB%ﬁ been
nmeasur ed baseéd on cal cul ati on of t’he nunb nol ecul es fromthe anal ysis

of Cy5 agiagringsianized glass RyFace ¢3 Jzamoawprl@rm@hmeéa,nebysh@ piayafosmatf tUnadsorbed
hybri digatiaPRa Rinoved BEEensARAvahiaR defodmCtemp&atufO THYboun@ 0Ys G gorudb&ded

signal was saturated beginning at 1 mM of the printed oligonucleotide. By reference to standard
curves (Fig. 1A) the surface area per bound oligonucleotide could be calculated as a function of total
25  applied probe concentration.
A well-defined density limit was detected (Fig. 1B) for both 12-mer and 24-mer
probes. At surface saturation, to form the monolayer, it was found that 12-mer oligonucleotides with
a dye label at the end occupy 10.6+0.3 nm? and 24-mer oligonucleotides with a dye label at the end
occupy 16.6+0.5 nm®. Thus, the data in Figs. 1A-1B suggest that, assuming a 1 nm width for an
30 oligonucleotide strand and full extension of the phosphate backbone, since the dye occupies about
1nm?, 12-mer oligonucleotides without a dye label at the end occupy 9.6nm?+/-0.3nm? and 24-mer
oligonucleotides without a dye label at the end occupy 15.6nm*+/-0.5nm?, Thus, since there are n-1
phosphates in an oligo of length n, the area occupied per phosphate, as measured experimentally in
Figs. 1A-1B, for 12-mer oligonucleotides = 9.6nm?*11 = 0.88+/-0.03nm? per phosphate equivalent
35  and for 24-mer oligonucleotides = 15.6nm?*23 = 0.68+/-0.02nm’ per phosphate equivalent.
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ol i godeoxyri bonucl eotides (Fig. IA). The standard curve for Cy5-w-24-as
(n=56) was fit by a linear regression (log(Cy5 signal)=yo+a*l og(nunber of
nmol ecul eswp 2009/18s83m Pl ot 2000. The nunber of nol ecul espaaast@ancd2o8s om t he
known volume (10 nl per array elenent) and concentration of

ol i godeoxyr i bonucﬁlﬁﬁlte'rﬁi@leicrhcm dtﬂ%ﬁ% ﬁf@éhk’trs 'tl%'ﬂa@@l[y é)&én%h‘d RUATEAid stk will

standard curves for V\g d Cy3- -s (n=56) were fit b

| i near W@W@E@Pﬂﬁ‘aﬁy%(w Pej r@ﬁ%ﬂ yteyswaa*frtsgeeﬁmelowpaﬁlsne@mle@chlqon@ gna

Pl ot 2QQ¢he J&elapegmﬁsth@@xpwmeanfdara PR MA 48 ]?%ﬁjemaehﬁh@aqgé/ewq% S tﬁl?’ 1,
|

a=1.58, R=0.999, where Ris the regression coe cient of The mean.
r egr es SATRETSURS @gonns rof tsHEagea3 R PEcUpiPd RFE PhosPhate FRIains30af 19 thesO.aun” vvaluge s
y0=59. GFedid@culfrod® crulf-hpPSkimaiti. Wien IR ekperfimehtal fnceRaiflidvol Ve@SME Qhih ¥ERYs. The

average background subtracted Cy5 signal of Cy5-wt-24-as probe beforée

hybri dilZath arguchat teszresem inyentiaw iy d‘?ﬂﬂéﬁ' by fn egssrbggl surface density remadrul Qs per

array qbep®at mﬁD ael qmbsattseddgftg QUBgbdt $hat BOSRSPL ANbiAGIME AR ok, RIIRE
nunber of nol ecu E:; r#) g(Cy5 signal) -
yo) / a] Stbitpre fofgots b3 wena 41"‘5'81]“”‘?" aippwﬂr:@es 3 flensel Packsd meaglayeraf exigndsdr of

tar get pigYe®figdnadedtidt Stranldy bri di zation was found to be 3.8*10L9 for
cys Wt -24-s and 7.8*10L9 for Cy3-w-12-s. Thus the target to probe ratio
wad00. 5 and 1 forAdsarpiive aqachmentef F‘Ghda‘?%“rdg‘élt%’“W?ﬂ“idﬁﬁ ¥at fompdite beaslgplyes

| ong prrekesole, rp%%e@&mafﬁﬂlgbou;rm HONGRABYE Evehiafill rBfeartd WASHRS wltRBEIihAEGSTiRdNaS
not increased above 3 because that would lead to dramatic i ncrease in

backgr J\Ad: Tifeadsgibed tqlfa?melwfeo%%f)? &&1ord dyureshie wikdoflige M Hacks

| ong t apg@tifg FQbtkiBledRn@sPligt RREr&VAt MReh@fh. tRaL tegameAtSH (ﬂig@n@ﬁz‘oﬂ@eshave
nore negative charge and therefore are attracted stronger to positively

char ged® 8§spdace carhe atiuteditg egirerelys tight<dschevptisrintsractien ofdhs mmm&y evagede
surtsac ghedphAOBRRYE bbmu&l &mslt&lﬁe s@tli)@ﬁy dhBrg8PBhint gﬁaﬂ)wtmnffa&l ze to

nucl eic acid targets Wi th targ ro eratio apfroac I%gpl has been
shown previ ousl y 08P Figyresalé-i éemalaférmeﬁ@e yisorpHen ofat2gear and BEerarokes setheyy et
al ., 2Q0QdndiAReh surfftOslaamt tl?egrgec%msng 8bads fBoth dgpeF 0! R deARCE ¥R NT S

After hybridization, the slides were was e 5 tinmes in the correspondi ng
hybr i diBerplayei formatien apd theaAmaual ofl susBEY o5y pegypieshpy rhppe. diheoH@tmerprd R4veare

then i fb?&b@@&d‘s@rbflgf anVREARYS mELHIRRMAThdrO8R, LiRbP B3 ridr Uh& 24Rel RRoMBEhiRAIT &7
cont ai ni ng 60 mM°Na+ carbonate, 20% formam de for 12-ners and 35% f of mani de

f 0024 prebe shat Byf B ftermediate lengBusyshlag ¥ hgses, aF tnsteaientaliy fonges, SUEKANEL & 2% DNas e
pr ot ectel, GheARsANduldlab&ib MR e dhA@htdAnish REf0? 12 %ﬁaﬁﬂ%—eméfi’%&%g two times in

correspondi ng hybridization buffer containing 1.5% (w v) polyvinyl alcohol,
foll owed by brief application of the DNase |
EXAMPLE 8§

Specific hybridization of dna to adsorbed oligonucleotides

25 To determine whether DNA could specifically hybridize to such a densely adsorbed
oligonucleotide monolayer, microarrays were fabricated with six Cy5-labeled DNA oligonucleotide
probes (red), printed in quadruplicate on the aminopropylsilane surface, slightly below saturation of
probe adsorption (0.3 mM of added probe) and also at a saturating probe concentration of 3.0 mM,
Figure 2A depicts such a prototype. For 12-mer probes (Figs. 2A-2C, left side of arrays) and 24-mer

30  probes (Figs. 2A-2C, right side of arrays) three probe sequence Homologues were employed: a wild-
type reference sequence (wt), a single nucleotide change per 12 bases (mt), and the randomly
scrambled isomer (scr). Cy3- and Cy5-labeled oligodeoxyribonucleotides sequences (Biosource
International) used in the experiments are provided in Table 1.

Microarrays were hybridized to a Cy3 (indocarboxycyanine, 1(€X)..,=552 nm,

35  I(em),,=565 nm, green) labeled 12-mer target (Fig. 2B) or 24-mer oligonucleotide target (Fig. 2C),

chosen to be complementary to the wild-type reference probe sequence. Hybridization was
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di gestion buffer containing 50 MM KA, 10 MM Mg 2, 20 nM Tris-HCO, pH=8.0.
The slides were then incubated for 20 min at roomtenperature in 0, 0.1,
1.0, or MWouwbmi4ed36DNase | (Roche) in the buffer above, Prirrzsee9®o108sres i n
correspondi ng hybridi zation buffer containing 1. 5@6po|yviny| al cohol , then
washed deffofiRidQnh e VoG Hedh LB Hradloh VR Ofha®f

oli gode%x;c/)rr bonucl elgg\l?dg%l nglhg%Qtﬁ%QQFégm zegrrat "ass éﬁz &/E%éelts dhd'3'mm

(i ndodifearBaorey 4#eeie), to tehievaeRtuEBIPN M the (Perfyqrhfxme@nemmpl¢>ed9nddl¥eeqluatbeluwd 12
bases |QaghwylAz %rs)atu?d?l@n %émm?ﬁe &Juhg Qﬂgé? Xy {)ljopé) RGeS ?lteéeq%'b('lglzatg)%@i%rﬁgenk de)
probes were printed on an am nosilani |'ass sur

( 3- ami riepPesHymeasurertobs Ryisfior Zhaier fagetsipad arfpragz merripngets (Yon audtsonly@ad matheds).al

vas 5r e Mg ckpBaifiGiKt &S blGinb@ Sbth Piskedd rerp%mtatﬁrmeéraéé%@er tﬂ_cb?ntpﬁ H&%rb%spro e

ol i gonucl eoti de Signal was saturated beginning at 1 nM o e printe
oIrgondEW@BW?de By reference to standard curves (Fig. 1A the surface area
per bound ol i gonuediefal G 16 ‘ElarEéi‘ (ﬁ. | i) @&s%ﬂmgﬁed% by @&Ba{r%e% t@béh th
applied . robe concentration. A wel efined defsit det ect ed

(Fi g. 1'B)d %ef 1perand Sﬁé’i‘e‘ﬁr‘?ﬁlthz@f‘rf’é?f Pﬁ?tl%é'%ndSAtS"B'ﬂﬁ”b’a@é 24-anay taagat GFg- 2© form
t he NDNRdsadSikned &) BeBSont feHchtdr % blaal ﬁi@rwﬁd ly?@@ﬂ%@cﬁrb&e%d"\(ﬁlhl ﬁrg@ygtran%be‘l

bhe end occupy 10.6+0.3 n 4- mer onucleotides wth a dye | abel
he (é(ﬁrda‘@éé%rﬁ}? emenwid type. P“I’*Pﬁﬁra"f‘heHdaP‘éFfr for thegdd-mpemtargeB hylrilizasion.t hat |
assum NG pédirdentlsitin fndy hey bR iRdrt BN IH8ObihaRg 36 HRNG. rﬁé}dprf)%l rk t&f‘v@zﬂcst'o% of
the p hosrhate backbone, since the dye occupi es about | nn®

ol i gonlﬂ?e%'?li’ﬂ:é&%leﬁé@?) a dye | abel at the end occupy 9. 6nrr2+/ 0 3nm2 and
24-mer ol i gonucl egiafigspdttiéhGthe BatslYSedi G e@etn at Bﬁdi‘ﬁ@gat%ﬁ&p%y?ndlzatro

15. 6nmR+/ - 0. 5nnR. Thus, since there are n-1 phosphat&s in an oli1go o

| engt h highly specifi¢-ed W%@lsrr@rchpheésﬁmr@amag Qi Dhisarhtairpiard Hemerapairingi n

Fi 95 T skBh tof R6dute mBRS thall & 9—@513%&9&6@&%?'t%nﬁimﬁ?(/corhpdre owd: 2%3/4'19 Fj)g}aﬁl 2

per phosphate equival ent and f 4-mer ol I gonucl eoti des =

0. 68+/ -a9d 3&hnwhilsebinding & Higt ssragthladvispraer casn%meedqtm@rieuﬂwacrhd dgrarabewh@ve

pr edi ctegnfidiRl th%t I)l?ﬁohr‘fcl&?ﬁﬁ@sr%ﬁgd B}'st%hﬁoﬁ-ﬁi 'cgl aih&15hiYdd! s'uer&QHQIYx the capacit
appr oxi rratel% E phosphat e equi val ent, assum ng cl ose ckin

ol i gonue [bEgt dé§"'i11?='r‘f%”r‘i’ %mr%gﬁé&r SeqEHgs COmAlemERpHWith mrlaableratnaleomlsmagtb IA—
| B ar gugsclifahtiddwitif a"2088 dtrﬁ]@frhﬁdzddﬁ%fesmrrsﬂatgﬁdﬁ&frﬁmaﬁdﬂ%lﬁ{ﬁph‘ 7). erafr sHhf.ace
area occupi ed per. phosphate remains near to the 0.7 nnR val ue gr cted

fr @fh criybEdizsion o itheatarests complementapetoaniorrpbasedst el %srr@éqrraéroﬁtheégrgrtm@d thed,
the datzouef addihall dﬂﬁxp}a&@ﬁ@h‘&chﬁﬁ% tlngdﬁfl&?%d J‘é’cﬁlﬁ}‘ﬁ]QHht'bﬁthqﬁ{]'lﬂﬁﬂ' 4y an
adsorbed surface density from about O. to a nn? per phospha

Thus, tH@erRipkes NigTegs Stithitarggt, int stadard ptl¢r9@raurhmmd1@tlgaaa§mtas orFigss U flBc era

St T UG Whah® fy B Pheib lBlanRAT TRAHRRY SiRLLHMARRI AR A (S RARPon AR 2

nonol ayer O ext en ed prooe | gonuc eotl de stran
a probe that is of an intermediate length, such as 18 bases, or incrementally longer, such as 25 or 26 or

25  even 30 bases also would hybridize to target as for 12-mer and 24-mer probes.

TABLE |
oligDNA oligoDNA 5 Color Probe (P) or
name sequence label Target (T)
30  wt-12-as ctgtagtgggcg Cys red P
SEQID NO: 1
mt-12-as ctgtagagggcg Cy5 red P
SEQID NO: 2
scr-12-as gtegtggagegt Cy5 red P
35 SEQID NO: 3
wt-24-as ctgtagtgggcgte CyS red P
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Adsorptive attachnent of such | abeled oligonucl eotides was found to be
slowy reversible, probes renmaining bound to the surface even after

repeat ed wiehowigsssst h boi | i ng dei oni zed water. The adsorb®Eas2009/002088

ol i gonucl eoti des could be renmoved by washing with boiling 5 M Nad ,

i ndi cating reversible poaseoval ent electrostatic interaction. Thus, the
attachment of oligonucdm@ih les4to the surface can be attributed to
extrenely tight electrostatic interaction of the negatively charged
phosphd®te4fsickbone of giedagesssisci ds to t heCpdsiti ®dly charg&d ami ne groups
of the surface. Al so, PRYeH<Es | A- I B denonstrate the adsorption of 12ner
and324mer probes to t REQUBNOYP zati on surface and that the nmechani sm of
adsor ptg;opn 4f bot h appgapselacdie identical ciy terpg of nonolpayer formation
and the amount of surfg¢ecagea occupi ed by base. Thus, 12-ner and 24-ner
probes adsorb by an i ilfRb: gechani sm Therefore, since 12ner and 24ner
adsorb identically, a probe that is of an internediate | ength, such as 18
bases, “Wrl2isncr enent al 15898288, such as 25C¥t 26 &eeeven 30Thases woul d
add@rb with the sanme UNN&nYas for 12-mer and 24-mer probes. EXAVPLE 8
Speci fig ydri di zat i ongpderghiedg t 0 adsor bed el3 gonuglegpt i des To determ ne
whet her DNA coul d specigg gaNbyghybridi ze to such a densely adsorbed

ol i gonucl eoti de nonol ayer, nmicroarrays were fabricated with_six Cy5-1abel ed
DNA ol is§olat! eot i de pr"ﬁ%‘"é%cagﬂaéd), printed £¥ quad®®shicate dn the

ami nopropyl si | ane sur f3RRLIP YO Jht 1y bel ow saturation of probe adsorption
(0.13 mVjols added probejgamiaghagss0 at a satuggding peagpe concgntration of 3.0
MM Figure 2A depicts gUGBaggPr ot otype. For 12-mer probes (Figs. 2A-2C
left side of arrays) aguh gsNoeIo probes (Figs. 2A-2C, right side of arrays)
t hree probe sequence honol oggues were enployed: a wildtype reference
sequend®-4it ), a si ngl&823faeqieedes de change éé} 12 #5¥es (nt) T and the
random y scranbl ed iS(ﬁ%‘Ftaf%cri. Cy3- and Cy5-1 abel ed

ol i2§odeoxyri bonucl eot i YAV éhces (Biosource International) used in the
experi ngMss are provi dd%ngJ Qag‘g@%&e 1. Mecr oagyg ays é\@@rp hybrigi zed to a Cy3
(i ndocar boxycyani ne, |fghd@x=552 nm | (em) maL=565 nm green) | abel ed
12-mer target (Fig. 2E§Ec§fDﬁéfmar ol i gonucl eotide target (Fig. 2C), chosen
to be conplenentary to the wild-type reference probe sequence.

Hybr i ditaOrsdB hasper f GIREECER a rel ativel yCW gh s&F¢htion stdte target
cod€entration (3 mM f oYEQIRNE¥ 13 argets and 5 nM for 12-ner targets) to
achi evey,stytgf i on of dheyperfectly matchegyglupl exedi nding gquilibrium
(yellow). At the satur@Q@N@imt, the bound target to probe ratio in these
hybri di zati on experi nents has been neasured to be 0.5 for 24-mer targets
and 1 forllsx=-3kr tar gewgeccpda®@ materi al s an€yhet ho&8§" Thus, Tspecificity
dat a obt ai ned conpri seSEQ HtNPek®nt ati ve average over the entire adsorbed

pr (366 rmnlql-s@(y.‘?f ' gcccactacag Cy3 green T
SEQID NO: 16

wt-14-s gacgcccacta cag Cy3 green T
SEQID NO: 17

wt-16-s aggacgccca ctacag Cy3 green T
35 SEQID NO: 18

wt-18-s gcaggacgceccactacag Cy3 green T
SEQID NO: 19

wt-20-s-(-3) aacagcaggacgcccactac Cy3 green T
SEQ ID NO: 20

40  wt-20-s-(-5") cagcaggacgcccactacag Cy3 green T
SEQ ID NO: 21

wt-22-s-(-3") ggaacagcaggacg Cy3 green T

cccactac

SEQ ID NO: 22
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Note that the 12-mer target (Fig. 2B) was designed to be conplenentary to
both the wild type 12-ner and a segnent of the 24-nmer probe strands.

Si m | ar | ywothe/134s3ger target (Fig. 2C) was designed to lpeTaso@oeom®mBs ary to
both the wild type 24-nmer probe and (with target strand overhang) to the
12-er e prob However t he r target

hybr i dl‘ﬁeaétzfjso%ypexperl eaa%iéééékgt rclcngency has@g%aen i %rf:érrggsed sget hat bi ndi ng
to the 12-ner probe |ssé@g) YWepksto be detectable (Fig. 2C, left side).

Vi sual inspection of the data reveals that, even at binding saturation,
hybr i di%ed8rson is hi ghl p8gqseascadeace A si ngl eChhse negeemtch inTa 12- mer

pai Ping, or two ni smateRwRcgit o 24-ner pairing are seen to produce nore
than a 5-fol d reducti o¥FQIDN& @&t binding (conpare rows 2 and 4 in Fig. 2B
and 2C), while binding to the scranbl ed i soner cannot be detected. Thus,

t he data above have confirnmed that oligonucl eotides bound by adsorption to
an aminosil ani zed surface retain tBX Pty to bind their antiparallel

Wat s0n-makﬁoﬁ%ﬁ%@gﬁm@e?yglg@ﬂ&morwh@man&f;fe rable single msmatch
discrimnation wthin a 12-ner duplex and doubl e-m smatch di scrimnation
witlfin a 24- ner pHiongmgaryrsveEibleadserprion of tarsingleasivgades RRmslligprusteatide 0@ mt
probes, % vip | cha@gd, ! fYiabsiRhiz0d sﬁr@zﬁ:etﬁéﬁ&sm@'ﬁgle’( a@ctw’s%gesin@%h&ds%éeﬁ
support this conclusion. In addition confirmthat both the 12mer
and 24rheFkbepe pRasPhatt gfodes ang e sprcgets, depisted igtFigciy-d The emingsifasg monolayer

hybri di zakh®Ro 38158 a Phank rbedl&ély ;;IaAkéJdBame %radae (ﬁ%nﬁnbywrﬂngama%n of a
mechanism Therefore, since 12ne ize to tar

i dent i datatignally SW@B‘é‘CtQ%l?le|h§"’bf”1tar¥n|%‘#'é‘?’ﬁé&b&ﬁeel?q'%ﬁ@ﬁhl"(ﬁ&s 3Eh ta% ripgpniikses
or qisncrapBhR! bakkbaHe G ehesphlsﬁb g 2§A9fmu%f5d&5che‘ﬁ%ﬂa 2t Q@%é @ha’fr?edv\m#a@e

hybridize to target as 12-nmer and 24-ner probes. TABL

ol i goDmnsentl@ouncﬂrdqbﬁ%wéﬂp(awutdhe ineQTRing @wéﬁa?@dl aheantr iy pyelke Qﬂqrpmnffzn e

ct gt agt t SEQ ID
ol ot 20'agaes Igaasfé glgégélttgegm %A?m amm ﬁalca%usfeg saa%q%ge@é@dc@gfgagtsgggcgt ;
Cy5 red Pctgct gt tlﬁdlesE@elxmomd an ﬁhﬁsmacasveeq gﬂlalgagggrcgtqtatozyw qrdigjary pitch,

helical symmetry requires that both strands (target and probe) bind equally to the surface through their

20 rotationally equivalent phosphate backbones (Fig. 3C); and thus, during the process of duplex
dissociation, it would be impossible to remove the target without concomitant dissociation of the
symmetrically equivalent probe strand. In view of the simplicity of the modeling technique and the
substantial uncertainty of surface forces, the models of Figs. 3A-3D should be treated as an
approximation.

25 Figures 3A-3D show the result of a molecular modeling calculation for a 24mer
probe, that has adsorbed to a microarray substrate via a non-helical mechanism consistent with the
data of Figs. 1A-1B & 2A-2C. Because of the linear nature of the model, the model would not
change materially for probes incrementally longer or shorter than about 24 bases. Thus, calculations
for probes incrementally longer or shorter than about 24 bases would generate a structure that is

30  similar to those of Figs. 3A-3D.

EXAMPLE 10
Asymmetric dissociation of the strands from the dna duplex formed on aminosilanized glass surface

Such experimental dissociation analysis is shown in Figs. 4A-4B, which depicts a
35 dissociation kinetics experiment similar in form to the equilibrium binding experiment of Figs. 2A-
2C. Briefly, a Cy3-labeled 12-mer target (left) or a Cy3-labeled 24-mer target (right) was hybridized

to microarrays of CyS-labeled oligonucleotide probes as described in Figs. 2A-2C. Target was then
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cagctgttcc SEQ ID NO 5 scr-24-as tggtgcggtgacaa Cy5 red gctcctcctg SEQ ID
NO 6 wt-12-s cgcccactacag Cy3 green T SEQ ID NO 7 nt-12-s cgccctctacag
Cy3 greerw® 2809045836 NO. 8 scr-12-s acgctccacgac Cy3 greemCT/USE6091002088) 9
Wt - 24-s ggaacagcaggac Cy3 green T gcccactacag SEQ ID NO 10 nt-24-s

ggaac agfdsSIAED réni ThedfrERA b9%€'rf» Iﬁq}&ghl Qiﬂnmn JkinRC I A2l tim@ Dot HaRf:t 9t C
Cy3 green T accgcacca SEQ | -10-s-(-3") cgcccactac 3 green T

SEQ | D signals pgre guantified ftuosmfmeelba'at %Feagvowgg theessigrahframdhe yurgbduplex (vetlow)
-Il-s(,@vO&%sﬁ@.csteﬁ f dT: fbk 15 wt-11-s-(-5")

gcccactr:!ttcjatgt &/3 reen 9 S L%%e % y§% 14@§(Ngoacgcccacta cag Cy3 green T

SEQ ID NO 17 wt- _[:glrlgﬁxgcgé lél&b’_ll ertdaf@gbdlapglaaglégﬁe‘pomts (Figs. 4A 4B, array 2 vs

5 array 5 and subsequent bar graphs), reveals that during 16 minutes of washing, the target strand of
both the 12-mer and 24-mer duplex pairings is greater than 90% dissociated from the microarray,
under conditions which have left the density of adsorbed probes intact (compare array 1 vs array 5
and subsequent bar graphs). Moreover, a repeat of hybridization upon an array, which had been
previously hybridized and then washed for 16 minutes (array 6) reveals that the process of

10 hybridization and dissociation is fully reversible, thereby confirming that probe has not been lost or
otherwise altered structurally during the course of duplex formation and dissociation. Also, the
experimental dissociation data for both 12mer probes and 24mer probes are consistent with the non-
helical model of Figures 3A-3D. Since targets bound to 12mers and 24mer dissociate selectively by
an identical non-helical mechanism, a probe on a microarray device that is of an intermediate length,

15  such as 18bases, or a probe that is incrementally longer, such as 25 or 26 or even 30 bases, would
behave similarly.

Again, since the initial ratio of bound target to probe has been measured to be close to
1 in these experiments, one may conclude that the observed kinetic asymmetry during dissociation is
a general property of all duplex pairings formed on the microarray surface. This highly asymmetric

20  kinetic behavior is not easily rationalized in the context of a helical structure for the surface bound
duplex, since in that case the targets would be bound to the surface in a manner equivalent to probe
strands (Fig. 3C).

To confirm that important experimental observation, a 3 mm? area of the
aminosilanized glass surface was saturated with the same set of three Cy5-labeled 12-mer and 24-mer

25  probes (wt, mt, scr) described for microarray analysis. Cy3-labeled complementary targets (green)
were hybridized to this patch of adsorbed probe under conditions identical to those described for
microarray analysis in Figs. 4A-4B and imaged.

The surface was then rinsed briefly in hybridization buffer (to remove unbound
target), followed by application of the wash buffer to initiate dissociation of the duplex, as described

30  previously for microarray analysis. Figure SA presents those image data. The first row presents raw
image data for 1 mm? of the probe-modified surface monolayer prior to hybridization; the second row
presents 1 mm? of the same surface after hybridization to target binding saturation; and the third row
presents 1 mm? of the surface after hybridization and then a 15-minute wash. Overall, bulk analysis
of surface hybridization in Fig. SA (rows one-three) directly confirms the specificity and kinetics of

35  dissociation that had previously been monitored in the microarray format.
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SEQ ID NO 18 wt-18-s gcaggacgcccactacag Cy3 green T SEQ ID NO 19

wt - 20-s-(-3") aacagcaggacgcccactac Cy3 green T SEQ ID NO 20 wt-20-s-(-5")

cagcaggacyoco@ciusssag Cy3 green T SEQ ID NO 2 1 w-22- S-PCTBJS)Z009/002088

ggaacagcaggacg Cy3 gr cccactac, SEQ I D NO 22wt - 22- s-

aacagcaggacgcc tegrlgé’?t""'l‘esc%fc IS5eGptionEEe| T9shby 62’3”%‘:0'2‘%‘:“? %‘Qg’ﬁaﬁ%%aﬁgacg

Cy3 gr efan Exﬁﬁnaﬁlaﬂ@aggliss &:‘zia dna)uh@ed 24th¥H\HnEg9d£@5mpteatmmn ebw Fdue Soorget Iy
Iex nea i rreversi bl e adsorption of a

ar gune a h cal
si ngl er}:ts"l3 H&‘H‘ *‘iﬂats ?Pét"ée L 9%6 £ F’fR‘iBF‘ﬁ"@I‘P&?@%ﬁ was FivErsed adni zed
sur f ac gratgg gestisedmasl §ollm|oﬁ‘ saleaige® ahatargetd WEe rua&it dsG0FadeeHovRE Prob&s Kl eIt

pho phate rou d the surface, as dep cte ' e_am nqgsji | ane
PeBeE et ovaa PR R ngH She> ey Al ARE P S Fi g,
3D) mepagnoﬁmttmt ns(aneﬁﬁllyahe’ avatd maaisirwuﬁmmwﬁrreucn the rati £ ahayshs( OeirdMl,

or di nar C), the N bbon-Ii ke ckhone
of "t ho P SbER RSB st 28 B kndd dswnmvin ot hierof alihgatio Stfaee B
t r ansi efpleystrands. or der to w ap about the incomng target strand. In
contrast, probe desorption fromthe surface is not required to explain
formati on of a non-helical duplex, such as that depicted in Fig. 3B. If the
du bex formed on the surface Wereﬁﬁ(l{ﬁg F vmth a relatively ordinary
pltch heI|caI syrmetry requires t oth’ strands (target and probe) bi nd
s 2 wed 3 H l n @

equal | , psé & ; i b 1ed/a)
backbon gFl g. 3C) and t hus, during the process of dupl ex d| SSOCi at I on,
it woul® | npossible to renove the target w thout concom tant

di ssoci ation of tlherdsysneinfiroahé ybseryed vadeintsypmeotre bstartamﬂ mettrmdythe\mnﬁdcet he
TP b sk B PP R U ST ! Bt
15  was designed exactly as in Figs. 4A-4B, but rather than being monitored for dlSSOClatlon kinetics,
bound duplexes were digested at room temperature for 20 min as a function of increasing DNase 1
concentration (arrays 2-5 comprising 0, 0.1, 1.0 & 10 units of DNasel, respectively). As seen by
direct comparison (array 1 vs array 5) fluorescence signals from the adsorbed probe strands are
completely protected from DNase I cleavage (presumably due to the direct phosphate backbone
20 interaction with surface amines), under conditions in which greater than 90% of the bound 12-mer
(Fig. 6A) or 24-mer (Fig. 6B) target strands were digested away with DNase 1. However, re-
hybridization of arrays which had been previously digested at the highest DNasel concentration
(compare array 2 vs array 6) suggests a small but finite loss of probe capacity to bind target, which
may reflect a slow but finite rate of probe cleavage by DNase I, which does not appear to alter probe
25 association with the surface, as detected by fluorescence.
When a standard B-form double helix is formed in solution first and then deposited
on the surface, it is well known that DNase I digests both strands symmetrically (Rhodes D et al.,
1980, Nature 286:573-578). Thus, the pattern of highly asymmetric DNase I protection detected in
this study has confirmed the idea that the phosphate backbone of adsorbed probe strands is not
30 available for interaction with solution state DNase I, but instead faces the aminosilanized surface. On
the other hand the data confirm that the phosphate backbone of the bound target strand faces the
solution phase and remains readily accessible to DNase digestion.
The experimental dissociation data for both 12mer probes and 24mer probes are
consistent with the non-helical model of Figures 3A-3D. Since targets bound tol2mers and 24mers

35  are digested selectively by an identical non-helical mechanism, a probe on a microarray device that is
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approxi mation. Figures 3A-3D show the result of a nol ecul ar nodeling

calcul ation for a 24nmer probe, that has adsorbed to a mcroarray substrate
vi a a norwbebesxakssgechani sm consi stent with the data of PErgs2000h02088 &
2A-2C. Because of the linear nature of the nodel, the nodel would not
change t 24
ohange o Lt [ PUERSS 0ARS ST i s HAGHe Ol IR Sfr DD AR 2
about Zﬂﬂb§§E§5wﬁﬂﬂ@bﬁﬁﬁé$@ﬂ%hh structure that is S|nllar to those of Figs.
3A-3D. EXAMPLE 10 Asymmetric dissociation of the strands fromthe dna

dupl ex fornmed on am nosil ani zed gl ass surface Such experinent al

di ssoci ation analysis is shown inBXAMPLEA24B  whi ch depicts a dissociation

Ki nst i qsupfx G ARAE h‘é'léﬂglh&ff:ﬂo?e el Wil RrRWBLHA | UM bi ndi ng experi ment
of Figs. 2A- 2C. Brie é@ -l abel e -nmer target (left) or a

Cy3-1 abel ed 24- netthoyghy th@r%qlﬁtyonmuﬁym IANase Protection @swgay paypsuggested a
Cy5- Iatneghgdas%hﬁgw&lpmtgtﬁ@mwmeﬁe 3EnefS GhiASiSehwith 9SymARrR doutiRHIRE, Was

t hendi ssociated fromthe probes by sStringent washing as” a function of tine.
At eac fueh HEMBS; IRfETPrespting; Q€ éh%ﬁiaéan'éﬁ“so%?“ema‘ifa'ﬁfllefqu@&xfuln%rsi'-ﬁ’ét’? fullyifprnegy
deconv Qe thé1gpah Bf?th'élsﬂﬂé’ée tohRprobe b@md«eﬁmmcﬁlésdoxezuew teh tty3- naﬁeﬁedt(%wen)

co onents: 3 tar (green) and pr obe ére Conparison of
i nilPi altargsipligonygieot e§§6€¥i‘réﬁd| Ighgth wigge sgmhﬁ%léed(ap Gabridizedp theyarpayy desciibedaipr ay 5

and subsgedieAat Uhddr sgrnga{mbmnm&ah@ WAABing AUkdifohs 1O whi fMEEthaOfiniRSHhtikty t he
target strand of both the 12-ner and 24-ner duplex pairings is greater t han

90% di 43 SemBlementrYoth-MRk PrAbEY Painfedyat Qi adY aRoRinesilaniged pyrtase.Hagreasedps at he

densi t YurRlioneSiaigeengih AP S the ThiR pobé CABMDT 24 DhdedYFik. 'Qsanartmeame@eanﬂereaﬂer
subsequent bar graphs). Moreover, a_repeat of hybridization upon an array,

whi ch HAePugheuh R&Ff‘emleﬁ% SRECHIFEY M zw%zﬁﬁfi B laxBlspletyyof Rse ehangesREr @4-mesr 1 ay

6) 15eVvepdbe. U1 rddiRel’ ﬁﬁp&somonnymggs&kszmu Qeecﬁs@ﬂkeddpsaﬂeld%blesa s Feming, o
reversi bl e, thereby conf not been | ost or otherw se

al t er e@"&rgeRlong the F%Pf?}m Pf W@ avah'éb'e 86 P§Sé P&?bedwdewh% Hrtkg TegiitingRyoduct were a

di sS0Cis@hdaRNB-féMrSRlix | Wi CRREFAE B shilghitl] 56 SlaftbhORed@tidmE or both 12ner
probes and 24ner probes are consistent wth the nonhelical nodel of Figures

3A-3D. Since tar JOf S*pimal Gybrisization drfg domesiralgs Sebiarsaieirem| l@ciapsdp P4by an

i dent i @ades BRA-Bah qaaertyﬁrghwba%mlo@g 08D 8y Pt Sinfd &Je@ﬂlr ﬁ@whalr%w féchhhigh &S of
an_internediate | ength, such a ases, or a probe that is increnentally

| oﬁaer demppstratgd imExamplesed- . W%I%@eﬁa@ég 24ypans @rasesrhindbtosI4mer grabgs byadai n,

since thige ibRdi¢ infdchAriddrh Oa ProfROUNG hfthflay tRVRE QRS BaF ReRRerARA&IM! RRlth Qrbe
close to 1 in these exgerlnents one may conclude that the observed kinetic

asy metieReaRinipnasrswise pat §-6hdases. yoyldbebayr sigrlspiertlyo. dre dafa cleadpskow WHatini ngs
f or med gpréseR HybREIRATOh Wévied! [thfiBbe ddl Bind oGkt HIHEWREd baSic mechanism, even if

the probe contains nucleic acid that is not used for hybridization, i.e., if the probe is longer than the

25  target nucleic acid to which it will bind to form the duplex.

EXAMPLE 13

Protocol for repeatable, reliable adsorptive microarray formation and hybridization:

Preparation of the adsorptive surface

30 Microscope slides were cleaned in deionizing water, and dried in dust free oven. The

adsorptive surface was applied on the surface of the glass by equilibrating adsorptive surface material

in a vacuum oven at 82° C, overnight at 27 mm Hg.

Preparation of the oligonucleotide
35 Presynthesized, linker-free oligonucleotides were dissolved in de-ionized water.

Dimethyl sulfoxide (DMSO) was used to uniformly dry the oligonucleotide to create a uniform
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ki netic behavior is not easily rationalized in the context of a helical
structure for the surface bound duplex, since in that case the targets

woul d be wouna/usssshe surface in a manner equival ent toPpraiseomonsgls (Hg.
3C). To confirmthat inportant experinental observation, a 3 MmR2 area of

t he anifGSial@inZkd a&bgﬁ.% suifRc Satififiof a.tnu{s%tfeﬁt Witabe (R hSAEGBLon8 Wb €€
Cy5-1 abel ed” 12-mer an 4-mer probes (wt, , scr) described for mcroarray
anal ysicglculated hYawgeab@wle%wteawgleSta@ﬁqbe §°’(CQP%W)1 afethe oligerucigptided was t hi s
pat ch QhaiRdsQrRedndialfioeas. conditions identical to those described for
mcroarray analysis in Figs. 4A-4B and imaged. The surface was then rinsed
briefly in hybridization buffer (to renove unbound target), followed by

appki Catijeahdeth ttoh%fms,h &Mtntardegebthawa@ete di ssoci ation of the duplex, as
descri bed previously m croarray analysis. Figure 5A presents those

i mge data. The @‘@B“C#W‘iﬁr%%?ﬁsgr pch(R thérafacedyt using grrobgiipnaghing pedispense

pr obe- rg@gtediie dk Wi Rffieind¥D B ANEY cabh ld%p 6f0th9)6h g&ﬁu%a&aeogumtdaqs SRFPRd<[RW

presents 1mm? of the sane surface after hybridi zation to target binding

sat ur at'PEHIoN:A e dher o1 dhe Bxhridiratendiedica me of the surface after

hybridi zati on and then a 15-m nute wash. Overall, bul k analysis of surface

hy ridization in Fig. 5A (rows one-three) di rectly confirnms the specificity
ki Aeshyvladization); ssociation that had previ ously been nonitored in the

m croarray for matrhéf h®brbed BligdHuBRofle Gi SEQALRRHI Ath 4 PReHYBElizRHN| Rlutiens
col l ected and gjatted onto a clean am nosil ani zed gl ass slide and i maged

Those P&W“PW&@’QO f5 byffer (RomsEpn RosAhate JHPIBRsIC, S%’(‘WBWQ"@S“’&#‘MS\R&W

si gnal syifh'sX Dérhadesbidtioh gnd DB)kodivih @Bddcisurae DIy esHI8Imipkest ocol was r ever sed
and probes were used as solution state targets and targets were used as

surface bound probes, the result was reversed, i.e. the wash buffer
consai nprigtdtiengndy&nand weak Cy3 signals (Fig 5SB) in relative proport| on,

which is general I}}/ the i nverse the di strl bution obtained in the initial
anal ysi s. Over al IHybfifigatipa;is cafriegiopisby aprlvitg EQHEof fugrespenily fagelgd fargss(full

asy metingf ARNAL &Sé}m@i 1rof R sdntpfe SRR, hAFRCRAKAGVEMRINEX BSbhadAseratlrEAVPLE
11 Asymetric DNase | di gestion of the strands fromthe DNA dupl ex formed

on ani N8dsThumidixime gprdidonsy Afigr a 1R Royrhybridigasiopopashingis frnedh a @hosehnate byftsid

asy Mmetyith dPkad uptb bchalfBhd QebngthN@sEMM)aE SroRAHNnibERl X thadfdfHyuiree diddur
guantitative DNase | digestion (Figs. 6A-6B). Briefly, the experinent was

desPgnaay Bxkerdf ysdtionn Fi gs. 4A-4B, but rather than being nonitored for

di ssoci ati on kinetics, bound dupl exes were digested at roomtenperature for
20 mn as a function of i ncreasing DNase | concentration (arrays 2-5

conpri <8y 0, 0.1, 1.0 & 10 units of DNasel, respectively). As seen by

Slides after the wash are dried by centrifugation or heat, are scanned using either a
laser or CCD based scanner, to generate a fluorescent image.  Fluorescent image intensities are
25  obtained by the quantitation of the spots on the microarray by either applying a grid or by automatic

spot finding algorithms.

EXAMPLE 14
Comparative example
30 A first set of Cy3-labeled DNA 50-mers were directly adsorbed on to a uniform

cationic surface using vapor deposition according to Example 1. A second set of Cy3-labeled DNA
50-mers were adsorbed on to a uniform cationic surface according to the solution dip method of Cel
Associates (CSA-25; http://www.cel-1.com/). The surfaces were then washed with the wash buffer of
Example 16 for S minutes or 24 hours. The fluorescent intensity of the DNA remaining, i.e.,

35 remaining Cy3-labeed oligodeoxyribonucleotides directly adhered to a surface, after washing is
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direct conparison (array 1 vs array 5) fluorescence signals fromthe
adsor bed probe strands are conpletely protected from DNase | cl eavage

(pr esumabWy 2dese146836t he di rect phosphat e backbone i nt er aetCirars2emtobeostir f ace
am nes), under conditions in which greater than 90% of the bound 12-ner

( Fig. GAdwRln 2 ufBRr3A-BD%and6Blbid 1 gﬂmo.%scream,%enw areéll H6S bl Qe widhidy [Nase
However , ybridi zation of arrays whi had been previously digested

at t he SH'i’Séﬁ'?E@'cY th\iqEIE 25 RISIREASTY dHavsiyer E‘%ﬁhﬁaﬁ"@ ahpimg gero wag undeteglable) suggests a
small but finite |loss of probe capacity to bind target, which nmay reflect a
slow but finite rate of probe cleavage by DNase |, which does not appear to
alter probe association with the surh®tg2 as detected by fluorescence. \Wen
a sgandard B-formdouble helix is fornmed in solution first and then
deposited on the surface, it is ' elA s both
strandsigyegretrically (Rhodes D gt al ., 1980, Naturec286:578 578). Thus,
t he pa n of highly asynmmetric_DNase | protection detected in this study
has con ?SF’mad the idea that the ?)WH‘SpI’?é‘tlb backbone of ™¥sor B2 probe
st r andsspbSintegityavai | abl e for inteoactiiosp wi th sol uti ege3st at ggZDNase |, but
instea%faces t he am nosi | ani zeg%éurfaczﬁ On the oth hand he data’
conf i r HaFkEERUEhe phosphat e back e of the bound targﬁ stré d faces the
sol10t i GignalBekgraind r emai ns readi4g;s accessi bl e to DNagg di gegui on. The
experinmental dissociation data for both 12mer probes and 24ner probes are
consistent wth the non-helical nodel of Figures 3A-3D. Since targets bound
tol 2mers and 24mers are di gested ®BXAVMIPLEABY by an identical non-helical
mechani robe a mcroarray device that isof an internediate |ength,
such as@?%*@gg&%p—gdqﬁ%%%%—"t hat is increnentally |onger, such as 25 or 26
or even 30 bases,A w@uled DD prode priftied at 1.9. ul\EXAWBt&dlii’edDum{ @peffedtlysmatieay t he
Hgth of more than two helical turns of B-helix Although both dissociation
ti dyse At misalhy Brest VeprrotrsdySagiecdbing! sorfgrietion oh!- H.Mafh?cg&“%'égvﬁ]%elt #Yic

dUpI ex §Blateled wg@n@lwam@tmglembbmg W@FeQB&l %&mlca\rvcéaal@ e ABé Vel Gy dQupdre
helix, such a sinple interpretation of the data can only be nmade if the

dupl ex P él?eﬂs?@dd]ﬁr% OsSuM zvc%@weanv@rwﬁ@t é?)aﬁ% agyd ?(Sh'eclseapf aeEupoiand 6
probe. pders 2RWRE by Q'lﬁluﬁllbtﬁéée' &5 M SRtinR anhfdCBDMILR 6@ (B pRARIe FT 1981
ol i gonucl eotides of varied |length were synthesized and hybridized to the
ar r ays Adegtivebe surfagtapt cgppieg was achisursbyssing §HShn the prenybridizationbrihd washi ng
copgitions, it V‘@ﬁapfd%ﬂﬂéiel hag thWlJ‘ﬂtnéﬁ/ﬁ%ridﬁaMcﬂ Quf?&rEBh\%fﬁ%{'&rﬁWer@?estEr
probes, printed at on am hosi | ani zed surface, increased as a
functi der Wektnareg‘@tenmengtl displgyedosatisfactery | perfermapes. |Eesfgtoﬁth@fpreifzrrq9§§@§memr@ 7)
and t hgpod e¥alad 3LAeEgadhess. Throughout, base-pairing specificity was
mai ntai ned at the | evel of tw base changes per 24-ner probe. This
relatively sinple outconme suggests that a sequence specific duplex is
form ng, on
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average, along the entirety of the avail able 24 base probe strand, which if
the resulting product were a standard B-form helix, would correspond to
slightly wonrewtiassét wo helical turns. The experinental Rgbaisdézaviossh dat a
denonstrates that targets from 12 bigﬁi to 24 bases bind to the underlying
24 base |l ong probe by the same over fdn- hel i cal mechani sm as
denonstrated in . es 9 0 Sl nce 12 mer.s up to 24 nmers targets bind to
24mer probes—by idizatign butfer .. Ash : ¥ ay device
that ig, of an inter iate Iength or |ncrerrent aI Ionger such as 18-30
bases, M&Slﬂﬂab % rIy Al so, the dat ééﬂsy show that in the
present hybridiz § %%‘l\é t he probe Caﬁ;oﬁt})% g{% et by the sane
bassc mechani sm QBWI 0r'}?éﬂcfﬁrrobe cont ai n IR Ogﬁ‘% that is not used
for hyhetetidzati ong% $p®., if the probe is |ongerotpgm tdeDNar get nucl eic
acid to which it will bind to formthe duplex. E$AN¥RE 13 Protocol for
r epeat abI e rel i 3bb mMapHBIOHUif¢e M croar r ay3doaiMeH 0 barsl hybri di zati on:
Prepar of tl}@ orptlve surface M croscope Ildes were cleaned in
Iﬁ v?/ate dried in dust free o e‘? dsorptlve surface was
6 |ed on t he s fst | ass by eqjﬂﬂ?ﬂh sorptlve surface
rraterlal in a va r?sq §'g C, overni Preparati on of
t he ol iMpativdell eot |1dﬁ§[§3 esynt hesi zed, |inker- freeowhg/gmwcbemi des were
di ssol ved i n de- isemedlegdiwat er . Di met hyl su$xf Desihakar{ DVBO) was used to
uni forn1y dry thSO@}nil\ng%Hﬁ&Ei de to creat3oanMpH N5 Burpsaol ayer on the

ad rp urfa turation limts of the surface for the
g qﬂ?é’g ;;ul ated by using Igblg d Q| i gonucl eotides and the
concentratl on of W&?’%g% eoti des was gn g er the saturation
limits. Direct aa fhe ol i gonucl EOMYPE THPHHE surface

A i gonmehieatel des 1eesEs adsorbed to the surface by using a robotic machine to
di spense cont rol Isgtenkar@wn vol unmes, such that each drop of the

ol pgonucl eoti de 306 MM pM oisbusedi | ar (<1% vapoina¥ipPry.s befférhe ot her one on the
hybri di t| n deV| cg Prehybri di zati on The adsor?tg%g ol i gonucl eotide is

i ncuba i'th al bridi zation sol ution conth g hoszhat e buffer
(pot assi um phosphat e nonobasi ¢, sodi um phosphat gqteD 8 0) with 5X
Denhardt* s sol ut PHReBM B0 sodi um dodecyl SDS for 15 m nutes.
Hybri di zat i on and"hRShPRSORUEFZation is ca}qol"é’}ﬂp Pyftesppl ying 20 L of
fl por essepdilgy | ahed sk target (full 0.2 pg/ul cotl DNA

5x Denhardt’s 5x Denhardt’s

300 mM pH 8.0 buffer 300 mM pH 8.0 buffer
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| ength nRNA, or cDNA) fromthe sanple of interest, and incubated overnight
at room tenperature under hum difying conditions. After a 12 hour

hybri di zawoangy/msski ng i s done in a phosphate buffer w PthTaiS2000@8108%1p t 0 of
hal f the strength (150 ItiM in nolarity conpared to the binding buffer,

wi t hout any Denhardt’'s solution. Jea{mPLEdgs after the wash are dried by
centrifu atlon or heat, are scanned u5| ng either a | aser or CCD based
scannerletecingsolutipncstate ¢ DNA witl adseeptive RHEEQAITaYS| \or escent i mage intensities are

obt ai ned by the w&&& weRd 5@me%foft5}@de&p@tr§d Q&yubRe (B@mee%wn%ohye %dstrlasfed
applying a grid or automatic spot finding algorithns.

b
Conpar &Enejanduergdsorkeq pitg o glasy sugfpcedesording &¢ E@WI%OTW%f%y@dmamvm y
adser begk gitrdafap wepd &g;;amcpa%tfb%wsc Potall RABaURNAGAARGAILROR] dntreflef&ifady-di Ng
to Exanple 1. A second set of Cy3-label ed DNA 50-nmers were adsorbed on to a
uni f or Mf%da%% MousE thympsetissieo i hdgnedifigd, guaniding-isgihiesypnate terhniaus (Qiagen,

Associ atapsncia COA; %A)htfﬂ cidaYW‘hrﬁﬁlhe'coﬁ&mrAtionT&eth@ lR'I‘fﬁ-Q@e?e \‘,\ﬁé'cﬁe& bene vaahed
with the vvash_bff of Exanple 16 f m_nut es or The

f 1 uor e SBEHPMPHE @A idt/?/ tegts ({‘Wé“‘{éﬁﬂx (F%H’éz}dn% U§A)e 10 'F‘ét?ﬁ‘???‘r@"WBRNéb@‘é'a

ol i godemirskddaRdiide tgatus desie Wak &lelsy 1aRRAB&ICLsINg MMS . R2Gelonbh, afaloRRd) AN
I sshown_in Figures 8A-8D and Table 2. Flugrescent intensity after five

m A8t e I%Y lwgﬁpwgof.%ﬂ&efﬁ&raﬁflram Bigsqigngess Bigeatagay o)) phigh rswited inGeydansted
backgr wrA &lomt inf@até®musbahy hird emaﬁg aobal cemBLENR fror i RlisteCRbusBIHRAIs at €S
Figure 8 AB C D Wash 5 mn 24 mn_24 Spot intensity 1208 11 1023
192 BadRYF S@nHEVoBe Ea'fcwg U?'Qgéwhé(r‘%%é@w?%ﬁﬂ°%t°5Cé4U§AgmszasemfxlﬁLYE 15
Ef f ect 49¢ (AmétHaROBRbciReBY, iPikcaiak 4y0 NI w#h REGIdANA @rsqmldarmnmctr@ﬁ udtrddte™ WA s
hybridi zed with a perfectly matched target 40-ner. The tarl\qet 40- mer was
hybr i dimuse thYmysppsiile revsiRedrpscaipligmpratecols %'Pﬂlmdd’és ﬁ%?ﬂt%?#hlgthg kRNt | abel ed
tanget. Two met hm@r&fxlnﬁé%bl@&cﬂﬁ)\@vab‘%Q@lpltﬁ@@@ i‘ﬁ&lbaﬁ&ﬂlﬁ'%% Mrmoreh| Rypd by

a vapor phase nethod wherein 0.5 M acetic aniy de in DM at 50 0C and 25
i nches abf’0 n%,raegl F}S‘F pregipitpge was pelleted using a microcentrifuge at 12,000 rpm for 10 minutes. The

pellet was washed in 70% ethanol and air dried. The dried pellet was dissolved in the hybridization
buffer.
Equal amounts of Cy3 and Cy5 labeled cDNA targets were added to the microarray
20  and incubated at room temperature in a humidifying chamber for 12 hours. After 12 hours, the
unbound target was removed by washing the microarray with washing buffer on an orbital shaker for
30 minutes with buffer changes every 10 minutes. At the end of 30 minutes, the microarray was air
dried and scanned in a CCD imager (Array Worx, Applied Precision, Inc. Issaquah, WA, USA). The
resulting image is read as follows, for each spot on the array, the amount of green intensity signifies
25  the level of untreated gene and the amount of red intensity signifies the level of g-irradiated gene.
Yellow color signifies equal levels of gene expression from both the samples (Fig. 10).
Pre-hybridization buffer and hybridization buffer comprised 300 mM phosphate
buffer (0.017 M monobasic sodium phosphate, (monohydrate)), 0.305 M dibasic sodium phosphate,
pH 8.0; 5X Denhardt's solution (0.1% Ficoll (type 400), 0.1% polyvinylpyrrolidone, and 0.1% bovine
30  serum albumin); and 1% sodium dodecyl sulfate. Washing buffer was 150 mM phosphate buffer
(0.0085 M monobasic sodium phosphate, (monohydrate), 0.15 M dibasic sodium phosphate, pH 8.0);

1% sodium dodecy! sulfate.

35
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hours followed by a |liquid phase of 9.5 M succinic anhydride in DVF at room
tenperature for 1 h. Alternatively, surfactant capping was achi eved by
usi ng SDSvonroedasgssenybri di zati on buffer. Approxi mat el y PC#0IS2009/002088
prehybridi zation/ hybridi zati on buffer conbinations were tested for bl ocking
efficiency. Al displayed satisfa@t’fﬁ‘vl’b@rlgorrrance. Ei ght of the preferred
gom:)l na{&;ggggmg@bmhge ﬂf?bésmagkeﬁgg pblydBseqfihe@B. TABLE 3 Prehvbri di zation
uf fer ridization bu r thod 1 _1% SDS 1% SDS 5x Denhardt’'s 5x
Denhardt’s 300 m%spshp\wﬁﬁwq @ SSBRS AHOrqoes e SRR IbTHE 4t 1 557858 16, 2
g%/s mlo/Qfgig reé?imPOS Sjet%hmd naﬂoAIH\@dﬂHrf]ramgaxbhlefcaﬁerad)ﬁoW @dbiB6M i.butdden ehirbpd 3 1%
0 X nhardt' s nhardt's 300 nM. pH 9.5 buffer H9.5
buf Por RO Yo A0, a5edgn 85 P uegtes SNSRI R e iens s (G AFERERE 9300
g/l EH gro'i_h ugg %MBLEE}Q HMpdt';it&aEe bqhére dMghmendd tbolllioSholksy. Tesbandiass 1dng
nhardt's mv pH 9.5 buffer 300 .nmM pH 9.5 buff hod 6 19 5x
Donhar dtanctooviin B B8 1, nusfsoud e &t Biies 2554 Hofiran g Bk, sps
Oi_|28ﬁ!0}/ﬂghl]§e@(16 leitlEANéqh'dgby Rantir dteight Tymbertasesdor 1 30Gequehges] Bhith brdfubar as3@0 v
p .0 buffer. Method 8 1% SDS 0.2 mog/ml cotl DNA 5x nhardt’' s 5x
Benhar dETASIE MR 18 <kt PSEBOIRPDEL e Gt ¥k ARBrE tegabilty of the

10  central 14-mer region to bind to a cognate nucleic acid target, thus generating probes with an overall

length of 30 bases. Each of these 30mers posess base changes, shown in bold, at their center which
render them specific for a known sequence variant of the HLA-B gene. Figures 11A-11E depict the

sequencing profiles and hybridization of these probes as done in Example 8.

15 TABLE 4
HILA-B Probe Sequence SEQID NO
Variant 1 TTTTTTTTCAGATCTCCAAGACTTTTTTTT 25
Variant 2 TTTTTTTTCAGATCTTCAAGACTTTTTTTT 26
Variant 3 TTTTTTTTCAGATCTACAAGGCTTTTTTTT 27

20 Variant4 TTTTTTTTCAGATCTGCAAGACTTTTTTTT 28
Variant 5 TTTTTTTTCAGATCTGCAAGGCTTTTTTTT 29
Variant 6 TTTTTTTTCGGAACATGAAGGCTTTTTTTT 30
Variant 7 TTTTTTTTCAGAAGTACAAGCGTTTTTTTT 31
Variant 8 TTTTTTTTCAGATCTACAAGACTTTTTTTT 32

25

Figures 11A-11E demonstrate that these probes, which may be up to about 30 bases
in length, usefully possess two domains within each probe. A first domain, which may be about 10-
24 bases long, binds target DNA to form a duplex and a second domain, flanking the first probe
domain to one or both sides, comprises a material which is inert to ordinary nucleic acid
30  hybridization, such as poly-T, or some other polymer or inert sequence that is non-complementary to
the target, such as, but not limited to, inosine. This additional flanking sequence can additionally
stabilize probe adsorption to the surface by the mechanism demonstrated in Figs. 1A-1B, 2A-2C and
3A-3D, while keeping the target binding domain of the probe limited to a length that is shorter than

the full span of the surface-adsorbed probe.
35 That combination of a short target binding region flanked by an inert region to one or

both sides of the probe allows an optimal combination of surface adsorption (because the probe is
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Detecting solution-state cDNA with adsorptive m croarrays Probes were
60-nmers of predeterm ned sequence (derived from nouse p53-rel ated genes)
and wer e wWo200E@8836nt 0 a gl ass surface accordi ng to Examprasi®@9/otasget s for
hybri di zati on to the m croarray were prepared as follows - Total cellular
RNA wadongk £ouRled &yerhapgef (185t dinding dissrmyiation(pecauss ?PBU%’ehl{brﬁ&?'fFﬁ%O"t‘?%?Ub%a" by a
modi i ed igplanénddne- i sot hi ocyanate technique (Q agen, Valencia, CA USA).
The quality and the concentration of the RNA were checked using both
spectronetric and dye tests (Invitrogen, Carlsbad, CA, USA). 10 ng of total
cellular RNA from untreated nouse BEXWMREEtI8SSue was reverse transcribed
u5|mg 0_ __ C ont ect&, Pal Q A USA) in presence of Cy3 dye

Soitm m e S at e  which resulted in Cy3 | abel ed nRNA

f rom unt r eat ed MM&as! d;mmmfacelébateg sliles Wérd|maie lusing afayFiNA rheétglnoxgtel paktiabisat ed
nouse th ti ssue was reve

[ anscrl bed usij ont ch, Palo
A tor CRITRAN b SE e dREY o crgalA I AREF SR BMSS SRt A STy,
NJ) vvhllohnM BJS}EO%SDﬂlM Bytfe dcidbedrend NEINA 4 particle rtbﬁ@atraebnmm patmils,, Iaai Ng

The r oSBT 1eLBEran ‘LERA TR pruBpie SoBd By Bhicmat B ﬁé‘?ﬂ%@#‘ﬂm

fon0l hawhceatratiof &f Q@ wiabGoluhe, gmdeeatpd tocollinga Thp @gdrese 8ol utici i @laded in a water

2, 000 f d 70%
ot hanorat R Pof: pisfo WP cPsEr | Sotng e 2088 DR inelh BTt | on
buf f er .anfEapisel t@aDeveh suspéns{ayiB Taaslidey brelnglde be spreddiy It mLgetie agmbe-racialedideo t he

d t h d f
T hourbbbngtapaiot R 5 4 LR HETRN B gedordudedigen By a Sl A iehe
m cr oarthayslidé ishthemshied qinbetf irelsierancoaditionbf &dmpetaake ranl lumddtynmumilttes geii i‘sh

buffer chan ver 0, m nut At the end of 30 mi nutes, the mcroarray
wad>aj r“”&‘a]l ég' %ﬂ‘ﬁrﬁl@ﬂm}tﬁ §d&CD i mager (Array Worx, Applied Precision,

I nc. | ssaﬂuah V\A’noUﬁﬁbnntfﬁb&hd’ afsgwhtmlagldem&s hsSan' &reuy calSthéselslxmeNSthefsbdle rach
spot on t arra unt o een intensit es the | evel . of
P ettt e A it gea e Bt P PsranhBl Porer raloPRt b Bt ef gy

g-i rradbabﬁdorg@nﬁ 50V£bdh@w1®ﬁitarsoait@m le&sslelaualthdneM&iw&dab drgnadexmigagi on

from bot h _the rrples 0 Pre-hyhridi zation buffer a dlzatlon
b £ o1 CCBHBS cLeaRIER AR oS HNB i G A A epre oo Fongbtaes B 25
pheephabRrtiod 60 NSV r'sadiam) phobphafeSbutfed |(lms=| £.5)5 0059 phigphaiod] sptdsthe0; THe X

Denhardt's solutio 0..1% Fi cql type 400 1% pol yvi n on and
0. 1% bdbij WeTE Pfpey) | ﬁia‘fhaﬁﬁf ataﬁ?’ T@‘J‘é@‘aifafn%‘éméc'yﬁad'él?ﬁf‘é‘t”b%% ‘?H’dﬂ&ﬂ?f er
was 15QllthVldl)dﬂ¢l§ﬁhatc€osbllhflf( @lie frobd30 e MisBnode st stopell atnndheas phpetures and
(rmonohydr at e) 15 M di basi ¢ sodi um phosphate, pH 8.0); 1% sodi um dodecy!l

sul f at dupidiyspt hill?ndlzatlon

The target hybridization process was to dilute a 30 cycle PCR amplified target with

25 one volume of water, and incubate this solution for 10 min in a heat block at 110 C, then immediately
cool this solution in 4 °C water bath. The probe is then mixed with the following solution, 50mM
Boric acid, 10mM sodium tetraborate, 10 mM NaF, ImM NaH,PQ,, 0.1% Tween-20, 100ug/mL of
Herring Sperm DNA, and 5 X Denhardts Solution. Forty microliters of this probe mix was applied to
each slide and put under a glass coverslip, and incubated in a humidity chamber at room temperature
30 for 16 hours. Post hybridization processing of the microarrays is a 20 min soak in 2X SSC followed
by a 5 min soak in 1X SSC, and 2 min treatment in 0.2X SSC. The slides were air dried and imaged

by an imager.

Kaolin particles coated with aluminum oxide
35 Aluminum oxide surface-coated kaolin particles were synthesized by suspending acid

washed kaolin at a concentration of 20mg per mL in a solution of 50mM HCI - 2mM AICl;, To this
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HLA- B vari ant adsorptive probes flanked by poly-T sequences As shown in

Table 4, a series of probes are described which have at their center a 14
base regiwo 2009/1bs36human HLA- B gene from exon 2 cent er egCarusaovd/ocmdon 67,
i.e., codon 65 through the first two bases of codon 69. The sequences are

nucl eoted CEléﬂﬁi‘?ﬁ'QaOEEdEFé’ﬁ’éﬁé%" PEDSpddediad ety @l umeoth M AV HERBL andppixeq ppidht. abase

sequenggd alié giNEaNbIWiORis (MRabdté foPNShour AR khpbRtRe.! TR KEQAUFHAEAS wiki Ch
are variants of the nucleotide sequence at bases 265-278 of human HLA-B are

f I ankedotesnteatadihy certyifpgatign QS ¥ 8 £RY Sgning; Hhersupeiganny s discarded ang the,parijclerare
SsequenG@aspendbdGh wiité dﬂ%eﬂirﬁ‘cﬂe 3bndeitedtion fof 20kis NEr AANRIIIBWES bGHNFINCEnS b fhace
adsgrptlon of the probhe, hout %%erln the ability of the central 14-ner

r egP on PRGClSS By cepyri g@B%‘hé]tSQ fud fei ‘éR:l {sahrgesss Wtafllrfsf’e@‘@?ué‘%ltf AdHhPlothes
W th aRugvittaat Is the fgidasorhe moh&fgaﬁaterﬁ%‘sh (Btwedhes & HOTREsS pRASRSRIAAS then

changes, shown in bold, at ter I.ch render themspecifjc for
known §%‘dﬂ’éﬂ if o $AAM{OnGP Fﬁ?é‘%ﬂ%@g"é‘ﬁé“”fﬁﬁijﬂrf8%°YL‘1’wB’l“ | EriefelSi 'Bt""tghg
sequen@ariglep! with la@srosd)dehByiriiclesz atel pélleddd frlae\saaep&a}b@&tasauﬂexnewasne&x\arwl e 8.
TABLE ?FPHLA-B Pr @3 guence SEQ I D NO ?{?6 gn SF

TTTTTT %‘A@Rﬁ*&"r&%&%ﬂ M OB N OR Sht Ve P T TTTTTCAGATCTTCAAGACTTTTTTTT
26 10ari ant 3 TTTTTTTTCAGATCTACAAGGCTTTTTTTT 27 Variant 4

TTTTTT'ETCAGAT. ‘GCAA( CTTTTTTTT 28 Variant 5 TTTTTTTTCAGATCTGCAAGGCTTTTTTTT

29 Var ith A GGCTTTTTTTT 30 Variant 7
TTTTTTTTCAGAAGT AGAAQGGEB‘RT"E‘RXTO@ strfMRrdoaed feritd [Held,), 1.6 CHapd T ApAASOCIdE TTTTT

32 Fi gures 11 A- | enonstrate that the e i.ch p tq about
30 baodieds Ry BEPAINE B BRI oetsaetongt JuREMIan aiP iR chimMD 2t et
domal NAIBRI TH tHidyoliidnab adtded b eqid vbiame Sf LRNMGH,GH astEmixad gaidiidNAd tids ndieth a
géex and a secondq&rra}]l fl ankin lge the fjrst Erobe domain to one or, both
Ty 15 dncubate drhoyf atiqpm femueratyyg, (The pargrlas WETS\FOREROF ’%‘F‘g by, pagnetic
hybrl dlfié&i it supSthanffs @iedaydel, afd u&omgmlbqranwsyxnm réduspendéd nﬁ&ﬁtdsﬁlﬁce t hat
I S non-conp Ienen%?qﬁtothe &aavget, such as, %4 not Ilmtg_g |ne
Thi s aGBFEMEHHEN © &PHgMSse e EEh PRResS #aF fapga ? §ECOPGBIMF; 8?’86‘& Pe
adsor ptwa®itheh QesubjRn&edl ih A0EmMIBY Nb&JUD), ARE 2 Bbated £l eemNGlefragR And Brofddgf thisl Buffidd,
2A-2C and 3A-3D, whil e kee t.he target .bi nding donmai n of tgpggaeose &le

i mi t edntilligey *Eﬁ@laﬁe f“hﬁ‘fscf‘&ds’ﬂd?'f &xamme , Prigretorpiring Jhe partigles i
sunbaceamidehleashgRétRARy pelleted from the carbonate buffer, washed twice (resuspension-pelleting)

in water at a concentration of 20mg/mL.

Other metal oxide coatings may be formed by using an appropriate metal salt, instead
of the aluminum chloride, in this method. For example, zirconium chloride (ZrCl,) forms zirconium
oxide (Zr0,), barium chloride (BaCl,) forms barium oxide , calcium chloride (CaCl,) forms calcium

25  oxide (Ca0), cadmium chloride (CdCl,) forms cadmium oxide (CdO), cobalt chloride (CoCl,) forms
cobalt oxide (CoO), ferrous chloride (FeCl,) forms ferrous oxide (FeO), magnesium chloride (MgCl,)
forms magnesium oxide (MgQ), nickel chloride (NiCl,) forms nickel oxide (NiO), and zinc sulfate

(ZnSO,) forms zinc oxide (ZnO).

30 EXAMPLE 19
Hybridization of Cy3 labeled amplicon derived from exon 2 of HLA-B
The slides were prepared for hybridization by wetting the slide in 2 X SSC for one
hour, air dried. Applied to the slide was 40uL. of following “prehybridization solution” consisting of
50mM Boric acid, 10mM sodium tetraborate, 10 mM NaF, 1mM NaH,PO,, 0.1% Tween-20,
35 100ug/mL of Herring Sperm DNA, and 5 X Denhardts Solution, 3X SSC for 2 hrs at room

temperature. The probe is then mixed with the following solution, 50mM Boric acid, 10mM sodium
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That conbination of a short target binding region flanked by an inert
region to one or both sides of the probe allows an optiml conbination of
surface aweanpri4ssse( because the probe islong) coupl ed tecenisanomoosar get

bi ndi 23 dgscri nm nat i on é’ cause a shorter, Qlybri di zation domain can be -

i mpl emiSirRerHe: AP 4 HpPQux®- 4% Tstrep-20.el008(mb Pt deriiftesSPerm Al janddt hods
Met al  oxDelfhatiitr Sohgtidn C Fait e chicrblitehe Sf MY FrobBdR Wil a@FnéaI t3 ) dEBABPut QXded §
particl es sus‘glendeg.i n_an, agayose. matrix. General | nmet al oxi de_particles

vere s§aSerERand incgbaied B BymidignchapbspatcirorcrmpEyredon L6 fours: fide at a
par ti clves eiased eéniva@t, iainiried, (RéNthe Plde wWils. hybfidiZedSWBIRAGRIL S(UN®S $Rks &gafsRHE The

di ssol yed.jn.a solution of 1 2B407- 50mM Bor i ¢ .acj d-. .10xrM NaF at . a
conten ¥IV %l‘{'%ﬂo'bsf‘)?‘ﬁ%“ was 98“1\‘/8'%% ?l‘ﬁﬁtfﬁi‘ (fReegt sqyreed a‘iﬂ?fi (9 B d*Fﬁ‘éo"ai?Ngﬁ"Bg ith
sol ut i dinali Conpénm@gchsi ¢f 2X \ESICe 1 0aDBniAtdt8 Ceapént O (00ug aifitheiringt dpefin DNALL0.01%1 S

dded 1 I f the 2 ... net al [ i on, d. m xed

oven s SRl S vk, PoRBEr e ik oL b My Bre RN SxeR ot a

oxi de $8€palsiedby o8intin soak inX1R'SSAy #hd 2adhin &redtmeitt i0.2XISSde, and t hi s agar ose
ension is allowed to cool and ljde.is.then drie nder

o et con 1 oREobET ek Sssieicen a2 (ROTENOS o S'E nigll e SRR 21 1

collDapseeh tauntn DA -B s shevrsiniTdble SPrirete vafiarts 9 add rtaléicee frbingodacd 6OHLASB,

probes.as an . array on these slides, the slide is treated for in . Wth
Ol oot aPOReRr R S SR Bl Seee i ond % it Bliipases 1 gk FybeNahe
wi t h adet twmghroOniespgecth@dy. Thbaspah eodahe6- 16 of ditectivhally belosd 1616, Pobé keianglli owed

to dry u r anbi ent condi.tions., T rinting of DNA prqbes ai an

ol 1 gonmat] e FRRERcash PRy st RBiroly 4By Ginef e S GfEs Ao s efHL AP um

phosph a_kcmt Datidfspan gqiﬂtﬂs 32815 SZagg/ash ae _&(@j%_stsﬂﬂ;eu mnb?%uﬁmﬁbmwmcgslie {Re:é{ &!ﬁf?g%rg gs

werg prin cybated a ohum dity for ~16hrs, irradiated wi

m Ilsi ] Sﬁ?nezggcﬂl‘r}tiﬁt raviolet light to cross |link the probes. The slides were

then stored at ambient tenperatures and hum dity until hybridization. The

target hybridization process was toggéw e a 30 cycle PCR anplified target
. .

with one volune of water, and i ncub is solution for 10 mn in a heat
bl ock atPrdbtQ hen | mredi : 0 SO IMNO 0C water bath. The

Fny O ] J

probe iis.then mxed with t i | uti on, 507M Borijg¢ acid, 10rM
sodi umlvtsag?nrtgbor ate, 10 nM @&W&%ﬁ‘% 0. 1% Tween- 20,5§I OCug/ mL of
HeROi nyaffgendn DNA, and 5 X CRGTGGAAATAG ution. Forty mcraditers of this
probe 1y x applied to e i put under a gl ass,goverslip, and
incubas)é'ﬂm]\{\ﬁ§a huni dity ch%‘g&g{;gpg%%tenperature for 18 hours. Post
hybri divagisrito2 processi ng ofCAGeCTTACOGArays is a 20 min sa@k in 2X SSC
fS|O: hg\é\es\e?g :i r5 gigr&é%o%ll%éegﬁ)cﬁdi%ﬂgn %rrggfsnshtol;v?x?gt H)?br}ltdizlagor? 'og)t%es\%giou-srhe

amplicons to the probes adsorbed to various surfaces, such as, aminopropylsilane, ferrite particles and

25 ferrite particles coated with a metal oxide of aluminum, magnesium, zinc or zirconium. Relative
intensity scoring of the hybridization onto the microarrays is shown in Table 6. All intensity

numbers are the average of six arrays.
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by an i mager.

Kaolin particles coated with al um num oxi de Al um num oxi de

surface-coated kaolin particles were synthesized by suspendi ng aci d washed

kaol i n atwe 20@viasssbr ati on of 20ny per

Al Cl 3, To thisnetal

chl ori de/ kaol i n sus
of 2M NH4OH and m xed rapidly,

and

VO

m. in a sol ution eCTACaMoMNCI0sS 2V
%en3| on mx is added an equal

| ume

rﬁxed solution is incubated for 1

hour at Mer e _concentrated hy
cent ri fugdidestifacasod xC¥ f orf Probed 1 u‘ﬁ’é?’nat Rrabed&sS dProbedddey GHY t he
particle aﬁhém‘rsg)éuspeﬁﬂéﬂg'lah /\Ké%bé? t“i’béf‘@cffé%t?‘??rclt/l’&t?e%f 20y pEr
m. foll | eting—of the 1pa XS et rifugation (166887 gl for
3m n)_ This process was re_p_e_a_t_ed 1 i rhp lepr natantlis the
sane aczAmH’BPTJOHYlﬂHP‘?\r WEEr  \Wasds (Het \%5313 '\ 'rn 53\5 ThpQQGr art7H4% mettet|is
then r¢RQbEEMOi nla 44239 | omof [100mM NOCOR and| i ntubatled f or (#8832t |
Prior 10yobe XicdVibe |pard3%l es with agarose, the particleq are pel 681B2 from
t he cafiebadt eongenss er| wash®d twicd (resuspension-pelteting) -in wats8768d | a
concentfrebeid8l: ¥il-Pny/ dL82.Ferrite |particl s coated wi-th netat oxi §$35.0
Al um niim oxi de (Al 2d8) surface-codted ferfite (FeBO4), i.e.., magpetite,
parti cl Esriwsndacende |by-strspen@iOng |t h&Omagnet 1.7e aIt dancent r &fli on|-ef--20ng/ L
in a solut@FEelds) 5OM HA - |2nM AI|Al 3. Tofthis soflution ifs added|an equpl
vol une | Bbb2lvkcd@MPH gnd3pBxed rapi dly,--and|thi-s mxed--sol uti on is|[$R8%UBa} ed
for 1 hPrabe 26d? BN tlenPes at Ure- ThHe parti ¢l es- werje concentrated b§sSARONELI C
field, Prébe 3sagmeensat gnt50.5 di scarded, and the-magneti e panti Gt es W§2367.8
resusp dgsnvneler] a06a concentrlation of 20ng per #l. The wash|568.0sk
was repeated a secorld tine.|The pgrticle pellet was then|resuspenpded in
100mM INaetirGRidaBshtingqubat ed at [ eagt overnight andf storedjin thisfbuffer
until $TT dgfm@lud Nede.as._descir.ded 15 h1 $ exanpl €. Ax i or t@sm x|ng-the
particles wid ho@garqgse, the|partidles are[nmagnetically pglleted fromthe
car bon@pBpdlchFVo WISHEd § W Ce._(T gSuSpension-perTeting) ijn vat er [§igigo
concentpghd Pgd{ 1@ 0N07 &y O el mgral _oxT{ie coat 1 ngs._may [be for meghepy2Upi Ng
an app'ﬂ@e@%d’ﬂséh‘é"é ai 5%5 [sreat O_T'__I[ h(l-:*_’aiﬂu_r‘q apT chl or I:'re,___l M 1E7Ras
nmet hod, Protd a&3FHRIE | QWBBUIIINUII_}‘E,IIL orTUE ({r A TprmE ZT TConunT 9835850
(Zr @) —parrumchioride ( Baft—2) florms—bayumroxrde—, —cal[Tr unTchforue
(Cad BH— catctumoxide—(Gao; Iyt orrde L Cd@-2 forfrs_Tadm um
oxi de Cd agné‘“ b>alt chiori d¢ Egégd 2) %rm; cobal t oxi'%e (Coé))l, ferrous
l — N P [ lal : (| L I o\
oo ?G%F“ B AETIOCSReR 5 Bl A A 1 T
(Ni O, [H8 2oLV I, loeOF 3JJH*:OD, F -2k ot 21Oy EXANPIE— oL
* |Probe 3: nonsense - -- -- - -- 35571.8
Probe 4&5: V11-12 346.0 -- -- -- -- -- 65535.0
Zinc | e 7.1 15.4 23 3.1 X A P—
(Fig. 12D)
Probe 1: ¢cd9 V9 1122.3 -- -- -- -- -- 65535.0
Probe 2: ¢d9 V10 159.3 -- -- -- -- -- 65535.0
Probe 3: nonsense 72.8 -- -- -- -- -- 63180.7
Probe 4&5: V11-12 487.8 -- -- -- -- -- 65535.0
Zirconium | ---eeeo- - - 1.4 - I
(Fig. 12E)
Probe 1: ¢d9 V9 528.8 -- -- -- -- -- 58579.2
Probe 2: ¢d9 V10 0.0 - -- -- -- -- 64048.3
Probe 3: nonsense 0.2 -- -- -- -- -- 58300.2
Probe 4&5: V11-12 382.3 -- -- -- -- -- 65535.0

Any patents or publications mentioned in this specification are indicative of the level

of those skilled in the art to which the invention pertains. Further, these patents and publications are
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Hybri di zati on of Cy3 | abel ed anplicon derived fromexon 2 of HLA-B The
slides were prepared for hybridization by wetting the slide in 2 X SSC for
one hour ,weiwoudssssd. Applied to the slide was 40QuL of f @Cras2eny/ 002088
"prehybridization solution” consisting of 50rM Boric acid, 10rM sodi um
tetrab %c@;p%rateli% ek hedrdTMINAEI R Aexidht 47 TNRERdi #iBual |p§&@66ﬂ—w&f spk&fidal1pg
Sper m DNA,” and g X Denhardts Solution, 3X SSC for 2 hrs at room

t enper abdindividuplly ipeasprsatpdby 15EFP7RT-xed with the fol | owi ng sol ution, 50MM
Boric acid, 10mMsRdiklichgh sk @Joﬁld él;(&réEMté\laeEduJ tixt NRHRERH: inQentitn Tywen- 20,
100ug/ m. of Herring Sperm DNA, and X Denhardt's Sol uti on. FortY

ni cr ol iadapied tgfcagry oyt B}edﬁ’éecfﬁ %Pdv%’éa“hﬁb’l ends) apd)advaptaees| mepsionrrly as well Asdhgse 5

gl ags cBjuas, sehadoandaaabnugeymérad heﬂamachwgwth&aémcdaamf usdt whiRAtel QBFBFasdelr €
for 16 hours. The slide was rinsed in water,_ air ied, then the slide was

hybr i di*Z&H We smriuebibe pypriiop agdefined by o %CPP"p?f therﬁlémrfy%'ﬂ'. Wy de these gatsdt'Pon
was 15ye sf PCR sol ution (target source) added to hybridization solution
with final concentrations of 2X SSC, 10% Denhardts reagent, | OQug of
herring sperm DNA, 0.01% sodi um | auroyl sarcosine. Post hybridization
processing of the mcroarrays is a 20 mn soak in 2X SSC followed by a 5
mn soak in I X SSC, and 2 mn treatnent in 0.2X SSC. Probes are sequence
variants 9-12 (SEQ ID NOS: 33-36) of the ninth codon of exon 2 from hunman
HLA-B as shown in Table 5. Probe variants 9 and 10 al so are from codon 9 of
HLA- B, however, the sequences are fromthe anti sense strand and are
nunber ed nucl eotides 102 thru 90 and 101 t hrough 90, respectively. They
span codons 6-10 or directionally codons 10-6. Probe variants 11 and 12 are
m xed to get a positive control. They are sense strand sequences for also
from HLA-B exon 2 and span odons 72-75 Targets are Cy3-1abel ed anplicons
froma 30 cycle PCR derived fromexon 2 of HLA-B. TABLE 5 Probe Sequence
SEO I D NO Variant 9 GGIGTAGAAATAC 33 Variant 10 GIGFGGAAATAC 34 Variant 11
CAGACTGACCGA 35 Variant 12 CAGACTTACCGA 36 Figures 12A-12E are

hybridi zati on arrays show ng hybridi zation of the various anplicons to the
probes adsorbed to various surfaces, such as, am nopropylsilane, ferrite
particles and ferrite particles coated with a nmetal oxide of al um num
magnesi um zinc or zirconium Relative intensity scoring of the
hybri di zati on onto the mcroarrays is showm in Table 6. AU intensity
nunbers are the average of six arrays. TABLE 6
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Any patents or publications nentioned in this specification are indicative
of the level of those skilled in the art to which the invention pertains.
Furt her, wbes®/gstsents and publications arei ncorpor at edPoy/usedoenense herein
to the same extent as if each individual publication was specifically and

i ndi vi dyflaMsidicompepased by reference. One skilled in the art woul d
appreciate readily that the present invention is well adapted to carry out
t he objects and obtain the ends and advantages nenti oned, as well as those
obj ects, ends andg, advq&ng@g\%&cmmgggygaﬁlgg@g\;,&cogagg]ggs therein and ot her
uses whi ch are enconpassed within the spirit of the invention as defined by
the scope of the aubitiate having a swréage of ynetippalereups peraynenty pad coyalentyptpehsd
CLAKMELherépo; add A bi onol ecul ar hybri di zation device conprising: a substrate
havi ng a surface of functional groups pernmanently and coval entl attached
thereto; and an 861%ed menckye A runardifisdnsinete-wanded; dhigppucieptidgs @l @f which

ol i gonied APbiaBes 23! dasedfin Mgﬁms&rsﬁtuﬂe@edtfﬂnﬁ&%ﬁst&ﬂneb@ﬁg‘&mbl@otl&%ﬁ bhe@arfate
saturated fil mof constrained oligonucl eotides on the surface via di rect

non- covi et oRsepiet ot %%!?P?‘%é‘éfaéﬁl§%$Pﬁ’t‘w?/é°‘ﬁ36ht’fa%‘f’s‘6‘?"agnB%PB??PI’%‘? grpups qf

phosphahé @igdHegedbide eaﬁé}elaldago Botstr@inéd Biggonuhedtide fba%?lﬁn&ﬂnﬁweﬂdeﬂl @bm the
ol | onucl_eot 1 de base ne i s prese d.fromthe sur

a ace _in a nmnner
ef filct SYEacE dn §;reanges CVV%%?‘F%SI’F‘?E‘Y[}UE%d‘E"oW;ﬂ eqmRleRTAny |S'|‘?§lees"§{‘$8r‘i‘&@8'°

nucl ei GeiaGiith ah ey SEAdlIcS! babOPaified WRRdut BRERidAadfIthd1gli gnLd1edtide Bhde Pl ON

of the oligonucl eotide base ‘PI ane presentatjon and w thout oligonucleotide
phosph é’f"éefgq"(?{i ﬁ"‘bV%‘%‘&P‘é&oi"% ife RyosphategioyPdissociation-fiom e YHEFecul ar

hybri di zati on device of claim1, further corrprl sing a nonhybridizing poly-T
sequence at one qr both of the 5 or 3" end t he, ol Lfgfonucl eot i des such

that the adsorbed-ol i gBﬁ&?%fqu&ééywaa%#%&&f'am HBY OMPTiERgR AON-3.

Thesbi ayBidLH ﬁélyhy&ﬁhéilxbéﬁttén@fbr B6iMi of ehe0s’ del3aexm df. thé bli ddnaEleABPCE kHAP the
capping material di sposed on the surface. 4. The bionol ecul ar hybridi zati on

devi ce aéW’Q?F‘&I‘%ﬁ"BCICWéﬁ'%Fﬁaqhﬁéo%éﬁb?sﬁblnﬁ%{lggﬁ'| al is a surfactant or an acid
anhydride. 5. The bionol ecul ar hybridization device of claim1, further
conprising a single-stranded nucleic acid reversibly. hy brldlzed tQ .the

ol i gonucl eotide @ a ndl- Hemptestlaghyfridizagen fleviee of giaim 12ﬁ“’15t§§é’°‘§87'?'§g Fong

adsor ngippt“% ,;,g;@amg,;@g@@n e sdmee bi onol ecul ar hybridi zati on device of claim
5, wherein the nucleic acid is DNA or RNA. 7. The bi onol ecul ar

hy@pl di zation device of claiml1l, wherein the phosphate
4. The biomolecular hybridization device of claim 3, wherein the capping

material is a surfactant or an acid anhydride.

5. The biomolecular hybridization device of claim 1, further comprising a
25  single-stranded nucleic acid reversibly hybridized to the oligonucleotide as a non-helical duplex of 10

to about 24 base pairs long adsorbed to the surface.

6. The biomolecular hybridization device of claim 5, wherein the nucleic acid is
DNA or RNA.
30
7. The biomolecular hybridization device of claim 1, wherein the phosphate
groups adsorb to the surface at a density of one phosphate group per about 0.5 square nanometers to

less than about 1 square nanometer of surface.
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groups adsorb to the surface at a density of one phosphate group per about
0.5 square nanoneters to | ess than about 1 square nanoneter of surface. 8.
The bi onowecudswmsssgbri di zati on device of claim1l, whereipaTituseooboomss onal
groups forma positively charged, polar or negatively charged hydrophilic
surface or form g hydrgRNobGie il 1SR dizRion [d2GicPIoP TRR QU WerellY (el fhAiBRdION
device of claim8, wherein the positively charged surface is an

am nosigreupe formpa posisivelyoshsrgsdu palar 19y megativelyt sharged dvideaphidic urfacenos fosghar ei n
the surf@ephobRiRicees an organic nmaterial or an inorganic material. 11. The
bi onol eCul ar hybridi zati on device of claim10, wherein the organic materi al
is amno acids, |ipids, nucleotides, carbohydrates, hydrocarbons, or

i sogrenoi ds. 12. gThe bieribRetMr HYBRAIZEAAddvRE o QWi &8, AhefdiRtHY pdditivirper ei n
the inorganic nmaterial is a hydrogén bond donor netal oxide. 13. The

bi onol ehypessu3asis aapHResdenedevi ce of claim 12, wherein the netal oxide is
ferrite, alum num dioxide or titaniumdioxide or ferrite coated wth an

oxi de of alum num_ titanium zirconium barium calciu cadm um caqbal t,

i ron, magnesium !Ri ckelhe Ypmolepylar hypridigaton dgrss é’&lﬂaérf‘n%y‘ﬁ'i“i’ﬂf‘zta? Sefacgevi ce
of cl aicBmpriseyiiEdrdnit hiteridi OF i iabrghhiematehat rate is a slide or a bead. 15. A
nmet hod for hybridizing solution-state target nucleic acids to probe nucleic
aci‘tds conprising: contacting the bionol ecular hybridization device of claim
1 with at |east qne sothétbiemorb@ichybrialAiien asiict sagigial 10/NWRdreis QRE bfdaRios
that permt hybridization thereto such that nonhelical, asynmetrica
probe-ﬂ%Wﬁ@PS@ﬂBPé%€§“QWé‘PHF%%B?CTﬁﬁuﬂﬁﬁﬁﬂﬁgﬁmwgwwiﬂéﬁ@ﬁpﬁpﬁg a nucl eoti de
sequence to which a nucl eoti debi ndi ng protein binds conprising: contacting
t he bi onol ecul ar hybri di zati on device of claim5 with a nucl eotidebi nding
protein under corditi dit§ Riemeleqdar hvprigizatign figvice Pfiflal)y 1P oW e dbpinei&apicot ei n
conBl exf L&l i b BJArbEE bohd dGREm¥al dkid. sal t solution with an ionic strength of
an aqueous solution of fromabout 1IMto about 5 M NaC ; and sequencing at

| east one strand of the eluted nucleic acid duplex.17. A bionol ecul ar

hybri di zation devzce caRRidSdi8@iar RySidatibRE&iRaY cRtn 32 SWhdréalf theQhetdiWridei Onal
groups permanently and covalent%y attached thereto; and
10

is ferrite, aluminum dioxide or titanium dioxide or ferrite coated with an oxide of aluminum, titanium,
zirconium, barium, calcium, cadmium, cobalt, iron, magnesium, nickel, or zinc.

20

14. The biomolecular hybridization device of claim 1, wherein the form of the

substrate is a slide or a bead.

15. A method for hybridizing solution-state target nucleic acids to probe nucleic

25  acids comprising:
contacting the biomolecular hybridization device of claim 1 with at least one
solution-state nucleic acid target under conditions that permit hybridization thereto such that non-

helical, asymmetrical probe-target duplexes are formed.

30 16. A method for identifying a nucleotide sequence to which a nucleotide-
binding protein binds comprising:
contacting the biomolecular hybridization device of claim 5 with a nucleotide-
binding protein under conditions that permit binding;
eluting formed duplex-protein complex(es) from the surface with a salt solution with
35  an ionic strength of an aqueous solution of from about 1 M to about 5 M NaCl; and

sequencing at least one strand of the eluted nucleic acid duplex.
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an adsor bed nonol ayer of unnodified, single-stranded oligonucleotides all
of which are about 30 bases in length as a saturated filmof constrained

ol i gonuclwotnaessssn t he surface via direct non-coval ent ppimamspévaiezossir f ace
adsorptive contact of substantially all phosphate groups of each

ol i gonucl eot i de; _IWIDEVQf\Biohbﬁcﬂ&*}?rbﬁ@-kaﬂi%ﬁid@dié-él%ﬂgﬁéiﬁgti des each have a
targeted, hybridi zi ng domain of 10 to about 24 baseS and a non-targeted,

non- hybri di zi ng AcHeUACdRViRg 3 swface ghiunstipnd eoups peBependy andheovalenthy at@chednds
t her eofihepdigand hat each constrai ned ol i gonucl eoti de base plane within the

targeted domain is presented fromthe surface in a manner effective to
di ssoci abl y hybr i28i29%0rRed monokxe) & pemedifigd. singlsr seranded ahgennclegiqdesiall of #high

tar get. avd 40duesY BI¥eY ini 6ngth @8 a RALiaEAl filRPSFecoRd el B1iBbieRYfided|ch@h@tirate ¢h t he
ol i gonucl eoti de base g[; ane presentation and w thout oligonucleotide

phos ph&{rect gprseRyaleniRtigenhate;syitace Adarntive canipdt atbwibstamiallyplb phasphat reypsof each

hybri dichgéduetBotidevi ce of claim 17, further conprising a capping material

di sposed on the syrface. 19. The bionpl ecul ar hybridi zati on device of claim
18, wherein the eﬁ*ﬁﬁrmﬁe fensEpiney oliggnuelegfides saghofiaye g targeieda bybuidizingdematneef 20,
The bi qowd @oul 29 babeskind dindatar gtedd Rot-Byriafzing|ddndinJof bades! Flikkig SRR bbthi ioNghe @

ST Copbe RS S LSS BB 2E 0 e lsoniclegt o

sur f aces prédentelifeomhitifirface il nityibéd dffezaid ENdiskoviabe W9brigik@ion 28mplekieitaiyn t he
nucleic,acid is DNA. or RNA 22 The bhi.omol ecul ar hybridi zati on devi of

cl ai m PipglepHanded H“Ct"H‘éa%H‘-@%WEP%}‘“%&-“ﬂ&‘/‘ﬁ?'lca'ﬁ??‘h 'H’Eﬁfﬁ‘i“i?“b%l?é"é“’at"gﬁ‘é

pol y- T ofigsHucisceleBas©plafé pres@itdtios emd evitRudli doasdsotide phosphdte Broapwisesdidtian
hybridi zatjon device of claim 17, wherein the adsorbed nonol ayer is forned
from adOIBUN R ce saturating anount of unnodified single-stranded

ol jgonucl eoti des. 24. The bi onol ecul ar hybri di zati on device of claim17,
wherei n the phosphate _groups adsorb tq the surface at ensity of one
phosphat e group pér aﬂg'ﬁtb‘&'?)le %Ialeé’“HE%ﬁ‘(')‘We‘?eéﬁ‘@ ‘ifod‘?‘@s@’gﬁrél?f' BYRYS'4E quar e
nanometegppimdfmdiéHal dsoseddn thd figfabd. onol ecul ar hybri di zati on device of claim
17, wherein the functional groups forma positively charged, polar or

negatively charged hydrophilic surface or forma hydrophobic surface. 26.
The bi onol ecul ar 1bybr iTthe Zséhe1Bculka Vi ybE diRAtidhl @ivite 25, clAMAET S i whetdi@ thRO&ippingel Y

20  material is a surfactant or an acid anhydride.

20. The biomolecular hybridization device of claim 17, further comprising a
single-stranded nucleic acid reversibly hybridized to the oligonucleotide as a non-helical duplex of 10
to about 24 base pairs long adsorbed to the surface.
25
21. The biomolecular hybridization device of claim 20, wherein the nucleic acid

is DNA or RNA.

22. The biomolecular hybridization device of claim 17, wherein the non-targeted,

30 non-hybridizing domain bases are a poly-T sequence or other inert sequence of bases.

23. The biomolecular hybridization device of claim 17, wherein the adsorbed
monolayer is formed from an about twice saturating amount of unmodified single-stranded
oligonucleotides.

35
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charged surface is an am nosilane. 27. The bionol ecul ar hybri di zati on
devi ce of claim25, wherein the surface conprises an organic material or an
i nor gani cwoab@vi4sd3s 28. The bi onol ecul ar hybri di zati on @eviuseooofomBai m 27,

wherein the organic material is am no acids, |ipids, nucleotides,
car bohydrates, hygr ocam%ml@émarw ,ncﬁwoﬁ%ev@@of Thien by mke%meaghos hate
hybri di zati on device of claim?2 erein the inorgani ¢ nmateri al Pa

hydr og@rPupbarisoddn dre svefees at G)@ieﬂﬁet)’ ‘o8 one ptivepHatecareperen Rbout Ayjisanate z%ttomwmdew ce

of cl aijg dgn atdel Qu&e%ﬁﬁon‘i@ér%ks&?&hé’e is ferrite, alum num di oxi de or
titanium dioxide or ferrite coated with an oxide of alum num titanium

zirconium barium calcium cadmum cobalt, iron, nagnesium nickel, or

zing. 31. The bi ogpl e%e%orﬁ&l@éﬂlﬂ'h&ﬁﬁdn%noﬁ%\!h@@op&aﬁl & "Whkfoin Yﬂé%ﬁdn’amhhe
formof the substrate is a slide of a bead A bi onol ecul ar

hybr i disf®PP $orny @\Rassivelynehargsdn golag os @ngtwaltyecméaﬂi mydeaphliei sitstace gniforay a
sur f acqy@epHIBR&hiA¥. and coval ently attached thereto; and an adsorbed
nonol ayer of unnodified single-stranded ol igonucleotides all of which are
10 to 24 bases in length adsorbed to the am nosil ani zed surface as a

saturated fil m ofyeCconstyeaiitifsleqidr H9BNGLRARh idd@ASe BNCIhIAE25 WG thé ;fbsli'n'vél?Ct
non-coval ent phosphat e-surface adsorptive contact of subst anti al | y al

phdgphéf‘%gij‘r%ﬁ%‘%)“F“"é‘al’:‘l‘f"%‘ler gonucl eotide at a density of one phosphate
group per about 0.5 square nanoneters to | ess than about 1 square nanoneter

of surface, wherein eachcaonstrai ned ol igonucleotide base plane is presented
fromthe surface%n a Hgniepolssylarchybyidizatony fedescefagipin ﬁ?vb?’l“?:fF'i‘eth? gurface

conpl e%Brﬂﬁﬁ’s%é’anﬁdr%%@mﬁtéﬁzﬁﬂﬂﬁﬂn&'gﬂﬂx@inﬁteﬂﬂ| d with asymretric, non-helical
base pairing wt t alteration of the oligonucleotide base pl ane

presentation and w thout oligonucl eotide phosphate group di ssociation from

thgssurface. 33. ghe blfl@ni%ﬁ&'éhﬂﬁr mzde.&aaém SteMhine 20f whdréih The3 3sgahidl t her
conprising a nonhybridi zabl e poly uence at one or, both of the 5 or 3

end of mafaialgp ﬁ@@ﬁ@@%@jﬂ%ﬂgmﬁs tcwa?h Fées ydEcpibensoPr igRPFRRCIdE ot | des ar e
each about 30 bases in length. 34. The bi ool ecul ar hybridization device of

claim 32, further conprising a cappi % mat eri al di sposed on the surface.
35. The bi onol ec@ar PRsrhiemteguias hybadization sievice of fiamy 27, whgreip dhe {ereamispi ng

mat er i @ladrial ifa Bdrb@atbdMd dBfior dttal6kibe.anhydri de. 37. The bi onol ecul ar
hyb6| di zation device of claim33, further conprising a
30. The biomolecular hybridization device of claim 29, wherein the metal oxide
is ferrite, aluminum dioxide or titanium dioxide or ferrite coated with an oxide of aluminum, titanium,

zirconium, barium, calcium, cadmium, cobalt, iron, magnesium, nickel, or zinc.

25 31. The biomolecular hybridization device of claim 17, wherein the form of the

substrate is a slide or a bead.

32. A biomolecular hybridization device comprising:
a substrate having an aminosilanized surface permanently and covalently attached
30 thereto; and
an adsorbed monolayer of unmodified single-stranded oligonucleotides all of which
are 10 to 24 bases in length adsorbed to the aminosilanized surface as a saturated film of constrained
oligonucleotides on the surface via direct non-covalent phosphate-surface adsorptive contact of
substantially all phosphate groups of each oligonucleotide at a density of one phosphate group per

35 about 0.5 square nanometers to less than about 1 square nanometer of surface, wherein each
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singl e-stranded DNA or RNA reversibly hybridized to the oligonucl eotide as
a non-helical duplex of 10 to 24 base pairs |long adsorbed to the surface.
38. The bwormdseasdzar hybri di zati on device of claim 33, waoenmstevoobmss or m of
the substrate is a slide or a bead.

constrained oligonucleotide base plane is presented from the surface in a manner effective to
dissociably hybridize to a complementary single-stranded nucleic acid with asymmetric, non-helical
base pairing without alteration of the oligonucleotide base plane presentation and without

oligonucleotide phosphate group dissociation from the surface.

33. The biomolecular hybridization device of claim 32, further comprising a non-
hybridizable poly-T sequence at one or both of the 5’ or 3° end of the oligonucleotides such that the

adsorbed oligonucleotides are each about 30 bases in length.

10 34. The biomolecular hybridization device of claim 32, further comprising a

capping material disposed on the surface.

35. The biomolecular hybridization device of claim 34, wherein the capping
material is a surfactant or an acid anhydride.
15
37. The biomolecular hybridization device of claim 33, further comprising a
single-stranded DNA or RNA reversibly hybridized to the oligonucleotide as a non-helical duplex of
10 to 24 base pairs long adsorbed to the surface.

20 38. The biomolecular hybridization device of claim 33, wherein the form of the

substrate is a slide or a bead.
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