WO 2009/145836PCTfUS2009/002088 METHODS AND DEVICES BASED UPON A NOVEL FORM
OF NUCLEIC ACID DUPLEX ON A SURFACE Cross-Rpference to Related Applications This
international amé‘é{ﬁfﬁ‘r‘ﬁélms benefit of priority under 35 U.S.C. 120 ofR§diéhidigodwmiauation-in-part
application U.S. Serial No. 12/080,720, filed April 4, 2008. BACKGROUND OF THE INVENTION Field
of the Invention The present invention relates to the fields of microarray devices and hybridization 15
technologies. Specifically, the present invention provides hybridization devices having a surface and a
saturated film of adsorbed oﬁm@pg@gﬁﬁﬁq@ﬁﬁ@s&wﬂﬂ&e Ao eeplementary nucleic acid as a
non-helical asymmetrical d% §N %g& g%uble helix is known to form
as a result of the hybrldlzatlon comp eme ary nuc elc aciq Strands aqueous solution. In the helix,
the negsatlvely charged phosphate groups of each nucleic acid strand are distributed helically on the
outside of the duplex and there are available for interaction with cationic groups. Cation-coated solid
SUppOorts arerid\Kevs chpelogy, especially for covalent attachment of cDNAs and
robes on. mlcr areﬁys These C@“"Q S &Jges can bind the

oligonucleotides as surfege gg '}9 ; pro
] t
nucleic acid backbone electrostatica Ii through t almlalos ate ncc))lré Fgonuc eotités of less than

100 nucleoﬁﬂ@é"é?@ﬂ@ff&f’%mt@d‘FBP*WBWHE tr?ﬁ’i‘%l’?'%d W%ﬁﬁoﬁédtﬁaﬁ’fbl?@@ﬁgth genes.

Microdftay 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 n t atson Crick double helix by a mixed
phase reactlor‘li between complemliegrli%gf(yé &u@ﬁéﬁgﬁﬁrMe secondary structure of the resulting
double hell%ﬁe’t@%ﬂﬁ%ﬁ?—m part, by base pairing and base stacking, in conjunction with the
constraints imposed on Pragpisodiesisiohadkise reteofitnoftiomandysisgaepuckgibriihasen interactions
serve 16 defm&mg&asbalﬁeclﬂampg@@%@é&%ﬁhﬁz@ﬂ%@ld@ﬂﬁ%ﬁ&ﬁﬁ?ﬂ%%%céﬁémglflgglﬁl& §f?}&lg'0” thef
average pit i ar.to. 1 se pairs, struct tudies have reveale egree o
variability a%%%teaﬁgﬂé é%‘aﬁﬁc A ‘ré’“f‘r? d£ g ég, Fﬁo%g %E]é ase ngmemw nueteie a%
2009/1458%W@b@%‘?bﬁmégbﬂ?dlctlon that a flat, non- hellcal ribbon-like structure might form
under conditions of extreme mechanical distension (Leger JF et al., 1999, Phys. Rev. Len.
83:1066-106Q:ansimesn ;@gm 1995, Phys. Rev. Lett. 74:4754-4757; Smith SB et al., 1996,
Sciengg 271:795-799; L flxi 96 Nl%gllrm,éagldrgs toft 4. 2 6% 32;;20%70 %Qd grrlfg JF, Feig M,
and Pettitt BM J. Phys em s Mmitte y\gpersona communlc 1on f or up on'th qﬂsr@btlve binding
of an intercHigfd %rﬁ“e*t ig|aqyegys sebyripn: NAHhoARsHa, ‘B%f‘eEJ‘SNSS“ZEEEQJQ‘&m}“C groups of\|ycleic acids
may be cowatbmtigar wsherudbeatisiirdbitizetyan aw@mofﬁmm&memnerafaeomlanmattach ment
of nucleic aeheef@dmpwnhim&h&@rtgﬁ%sexmmc@m@me eﬁsﬁam' R CONRIENLEQWRIINg to a
surface by hteggl | or hotoicf Orpclz%aélﬂggpstgé%@l% a}si%g on 3{ E)lractlced following Northern and
Southern blotting o?%yu f@e iC AcidS ORto AYION OF Ritrocamiosa hiasTBaI LI & MEsE A hment also
may b actebsPlSHPpTarsy Ties g IBRU R Hiad shtatckie 1ailrheakbenasibeucepiotical linker at
one or bothhengs bF thieoplige mdbeoti 0 cthiSleRiales ND1e6:; b8, 6AbnieIBradlepmandid siidiseloses a
method Wh@’ﬁl&;ﬁdgﬁl@%@{@pﬁ%w@IQQQHE&%&IIde for the purpose of making a covalent bond with
reactive moieties on thev[surface SE U.S er 15 No. 6,048,695 and references therein.

Thus, oligonucleotide probe A SIRRISE ?:%Sung%‘tﬁ“fﬁ %‘fﬁfﬁcéeﬂg%ﬁsgqﬁﬁ@%mge?‘ YathePthan by
direct adsofpiie friesstidn of thEyrserhathd Sridetare Genetics BtillGabth&rimaasisupbrcovalently
attacHifig nytibizaicidsfto artisfacenisnbylphatalih o grapi)acld 5 .sRalioSaY sdva.-vaeR088:10 Goldberg et

al. disclosena o adiviain.asHERcEIaABMHS Yapelericd acipnaL gatps. Nucleic

acids are sgéputglegl(zne% |rect on the 20 surface by selectively illuminating surface regions to remove
H

the protecting groups.The ae%r&‘é’&éa“fb‘j SHERPEhBPYY AP RS AR Atsadaekinse i of
nucleotide fAEpRStREr &G e plicebpsdmeeed femetionkidissepbdRapetivofvoftresedtspsresults in
oligonuclegiicies Cnitﬁéeﬂﬂ‘é};a&'trﬂﬁedet@ethﬁdawtas&i basetben axann pliesief auay fabrisationanclude U.S.

Pat. Ng. 6. 25083 0Sralan And ki t}.ﬁ%ﬂ'@!‘lﬁé pguatmgeefffcb?o gigis-acid,auiiding plqcks) and U.S.

Pat. No. 6,024, 9 5 (microfluidics robo repare sample arraysfor analysis in a mass
aled a high degree of variability and ﬂe}l(lbl]lty of pitch angle, including the modeling-based

spectromef@Y



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 nonCOYAIAT Himobilization method comprising contacting akfi&&SWpHasDhilic
polystyrene 9 igﬁghj%port }‘}’iEh a co _bi!nann of a nucleic acid and a cationic 30 bridging agent
(sodium chibride or a detergeny. Sea et PIBHEIF4CE MHSR: dothtieT cordickmscptasisased upon
interaction StE" & aitfarion desatdRevdtn 898, ShrfaBer. fath83-106h I¢Hadeasdsonitiveantmaction
between thePloligBautleotidaand 8% Snifase e al., 199sAdtesmnativelyoghedbridgindagant fosy be a
high-affinity iateraclioR.paik ssah-as-2yi mand oty i dRPHARN ANGAN B0t iagigenin antibody.
For exaﬁnpl? egsok%ia(i};ig%gteid 35rg)uclgic a id may be immobilized on a streptavidin-coated Surface. See
e.g. Belosluttoevy ot A 6% Bidegnhs ?6"@%{/%%85‘%?5%?%:@8?&%7}??blﬁfgfrom etal,
1993, Anal.Blodremcif/e 88841324436 PCT/US20091002088 209(2):278-283. In this method, a
biotin-modified linker is dtded 40amofigorsaientds fafthapunespskmaking.ahendydth avidin or
avidin-lke gieupsrcoainel e R uriAss. ARERABLAESH RN Japsuiface froudh e |

e

biotin-modifiead uglégrmré%%hcg{i tpantby dir§ct adsorg)tl_ve interaction of the prq? : WiR R sUtace.
5Methods of adsorptive, nortcovalent ImioBiliZamsH oF ISR LB of ehstitiie S trarRIBRP B A
moleclfbs drpesicrbialivaine dortbeiaand Sercrntiatios af device refbrreth toyls ar"Boathiinior "Northern”
blot. StandarepracticEohiére diatingterbnalppy akdasshowr Habhwhars psakelaagthds less than

about 100 hasasrtheknann adsecntivmetanss,of il Ll l90 ek to support probe
attachmentétggg 55%@959“){&?3"3 to[ form a %Brig?ﬁagti%grlrgcfeg\}ft?él. g?ﬁtcg‘%h%é'l%fg%ﬁibr% for
pr

attachment of short nucieic acid probes i bIditig KIEHEAHBHE Prssid i ¢ tesvarisstisedrdsslinking the
nucleic acidPfoPHROEdnakipparorais P otise Fraptiaheintiss dinfimgfarcothreremdafshet Ren-adsorptive
linkagéS(suth. aghemnndraresstinkingy. Ko gonibhedadgrineraaamthcostiangth af agdsogptive,
non-covaletdRmAbitaliomal sy AHCISIEAGIS . NEmREaNs ?o‘é@%%ﬂtﬁlg‘s?v been shown to render

i dh

the DNA unsuitable forg I bridélzatlon device and hence the conventiona bfbtﬁcﬁg 15 methods
BPB&S B8Ry % &8N AtAchiRs AL S iR Gb IRz At 28t PYypes of

involving short nucleic ¢!
porous mafiefitrererim glpd Rt SteNels’ AR08 s &l sheal Fdrtisteopo rouston g tiatesizage: known to

behave as domempraneshihairiscdeaguRihpobas. mayibe attaches Ryadso Ve ingraction, but
short oD LS, e RUARD R AAR:AASE UG TSaNS.ASHRLIE, nascoyalent immapilization of
r r

Iong,‘singlerﬂorodsoublﬁlstran, ed DNA "20 molecules onto non-mem ouUS surfaces, most particularly
the planar Sifbstrates (Ot TerefPEaTESY altde)oThaly"BeeaticvtyBsr«hive Memrrieshd used for
the fabricafi¥isisPBaRumticrBertéyen Thidcse sopptivatiorobelimtercetiohsisdhdebawiknies fabtieation and
use of DNAumcsoatraysdampiicliang (@sraianthanddhaserhnesieisacdpabes ag,apotted into

planar e 91T J15 RIS RIIAIG G SLITE.iGATey fabcalion athas showr

that lgg nucleic aCiECfIP%rObeS may be 25attached to surfaces by méans o sorpli L& ciation with

polycation-CSAEE SHAALHZYE LUAMI B agrarsapectrometen).However when short nucleic acids (less than
100 bases) are to be attathesty for mrieroairayysomfabéizhe mpivndiiappriie mgthads-agimicroarray
attachmentgfe fouBMdels 190 M@ngtﬁ)g&fhﬂywr%if% atahlenp rg&‘f‘?ﬁ%‘;@ 'fﬁ;.@ b0 rﬁ%r@]@o,zsf’/

microarrayj; idizafi vice. Thus t 0 standard of the art for attachment o

oligon ucleéﬁg‘zﬁp%é%gsrd%eﬁsgé%g%%féag bases ‘iarll%r%%g%né%aﬁagﬁrb A P&%Oﬁggslﬂ%ﬁﬂ?éﬁt%\falent
attachmen®8FRe K UCRE R 15878 SPHE SRR b P SPRYertenak Ay el aris itk sgéonitthe
oligoriéLicldotielestessnifradiy® didiictor theewadédtsUirpery. AStar-MEans atBaNcagserplvgnteraction.
Known methadsigeninaeartentae el anatiamasatalivan teNseovRlsat i maPlization of short nucleic
acids to mi&[%ﬁaybgmggﬁggohp\olg Qeo%r(lesahg\{gg St&.g(cagder the DNA 35unsuitable for t%ese applications.
This may be due to a loss of t| 3 aLblﬁty of the oligonucleotide to form a duplex or unsuitably high levels
of non-specific target biftfiffg i thenieieireaseew erp G0 9/ hisbSEHIG TIS200 W00 2088
Oligonuclevofidies (& horirsmglestigenilethp ecesi af gualeit asich¢BN RN, lga8dhi3R1dP0 bases in
lengtisy ar%wguc%iaeaaa%pra%gimeb%rastmmnecéﬂémsﬁmpf&..%seFg??aagsh% [Qr g hyQyidization
device. Hoyever, n err}p%gqtdsi%gre entlﬁ/ kgé)z\(vln o dirg.ctly adsorb the’o lrlgonuc eotide orito a solid
support by adls'orptlon, in& Way that yiefds a pr&ge‘ YA SRR S ¥or VBrifigatErcT s fact, the
literature indicates that direct absorption of oligonucleotides is not expected to work. For example,
Lindsay asserts that methods of attaching DNA o¥er about 100 bases in length to mica using
aminopropyltriethoxysilane for structural analysis by atomic force microscopy result in DNA that is
bound too strongly for studies of processes in situ. See Lindsay SM, The Scanning Probe Microscope
in Biology, draft available at http://green.la.asu.edu(reviewichap_7(3-5).htm. 10A recent study of
adsorbed oligonucleotides at a hydrocarbon coated silica surface concluded that oligonucleotide (<100
bases) adsorption would necessarily prohibit base pair specific hybridization, and thus make the
product useless as a hybridization device. See Wirth MJ, http://www.udeLedutchem/wirth/oligos.html
("Any specific adsorption to sites on the surface interferes with the hybridization process. In practice,

surfaces tend to have groups that hydrogen bond 15to the bases on oligonucleotides. Such hydrogen
hondina to the crithetrate anzee hackarorind noice that



reduces the sensitivity of detecting oligonucleotides.") Furthermore, Bradley and Cai argue that
adsorptive methods to create DNA hybridization devices adversely affect the quality of performance of
the device dué"d¥H&'¥f#é¢rostatic charge on the glass surface. See U.& @&SN@/‘@?@@% ,695, col. 1,
line 46 to col. 2, line 8. 20 Thus, several lines of argument in the literature assert a hybridization
device basé® gﬁﬁ?@éﬁaﬁéﬁlﬁﬁ‘%ﬁgﬁﬁﬂb@%ﬁ@ PYBBRS tided dndrsalisnamciectids fendible. To the
best of the inrstefsmkkiogtebind, Witk e iimer evidieiise forpr diseddsiothofstich. antaligoaucleotide
adsorption basediybedizatiomdeior drasHadi thecHiRmRdHIROs Ak FARMEIEANY. All known
oligonucleogide, B@@gg hvbridization devices (including microarrays, membranes, bead supports and
25all other configurations involving probe attachment to a support) are based on one of the above-
described attachment nfAHGAY of adsorptipg, mogeroyaleat “Pé‘b%t’é‘ﬁﬁ'é‘a‘ EdaTh frelsreifprbiside
improved, lgwndestONYoridizatienctyvesniltz ingdire eteadis drpiio foof aliyanuefeotitles aMore
specifically;$banpriobartismieficiant Mahioplacdlar hybridizationdryicaskomprising, Qligenucleotide

probes effe&ggg&g 0hyRridize ta a ﬁﬁ%@@se tg%r‘g]%gwﬁsac% Rgellémsi;@ggmcal drﬁ\l% The present

invention fulfills thls long-standing need and desire In the art. S ION -

35Discloself AT RS ‘i'r‘fﬁﬁi@‘ﬁ%f%dstéufgfiﬁ'ét&té@fﬁ,&“ﬁﬁﬁﬁ&i‘éﬂ’&ﬁ@%ﬂ’ﬁc@ HaséBt8h adsorptive
rather hanstoveibier atesbimmenft Hboligdnciiditessto biatnfaas!iStichs rdsoried oligbmugleotide
probes formadianselyenackachenopohayesd wipiah (aiains.capaeity.ferhassingloepeificmybridization -

with a solufipp, ﬁ@&%@h@é‘%‘ﬁk@é’egsu%l&ga%tcﬁé%@ﬁ R{9rm e Rl Heweysr,holh slrand dissociation

kinetics and the rate of DNase digestion demonstrate on symmetry grounds that t etaréet nucleic acid

binds to su8533?’]’%’?@(98"61@8?{&'&é’éﬂﬂ‘@%’é’?ﬁﬁﬁ%"ﬁl@Yﬂﬂ?‘&%‘%ﬁﬁf“gﬁtﬂ%ﬁ%ﬁﬁaﬁ&ﬁﬁk A
non-helicalshervigicremsicr thaghebé rmyibbidlier plefaidzetiotrdetisradrid bener by carchatiget butitace. In
one agpectmtaees liﬁvawygqﬂ&@,mm@&&ppwehmb&qg@x@Ebdﬁyﬁc%aamriﬁm&mﬁzﬁmﬁt@t@rhaving a
surface of fyncthnalgjrou jrm n ntI and g%valelatl laﬂlt%tc? eﬁl %to and an adsorbed monolayer

orqu € rous su a!e
ofunmodlfled single- stran gonu IBofides all 0 are a Basestin I gtﬁ asa

saturated fifiP6t EoREHEUIIGERBRRSS RS Snithe @Uﬁaﬁ@%’ﬂ%&? ﬁB?F‘ESv%%Iﬁ?ﬁOW“"e
phosphate-atrisos. ddsbgtrebeomtacheafitecisd tarvalhdsatbpreosgnate groups of each oligonucleotide;

wherein the constraineQ@W%ﬁMg&amMgﬁﬁgar&q@@ Qy@@@zﬁw@@m%aﬁ@fﬁ@\to about 24
bases%%ndano tarlgﬁted norlm}{brldlzr}n dom{am ofupqrs fiankino ne t of he5 or3 ends

clecles OMO nonmem us Su 3, IMOY hc planar su Jea‘
thereof such that each constraine ollgonueleotl e base p ane Wlthln r e ed doman is presented

from the suffdce W&%WF‘E%E‘W@@%@%@%WW’G|?é"fﬁaﬁ°€dﬁfrﬁﬁi‘éﬁﬂéﬁ{%’ya§n§ stranded
nucleic aciddargeewitiheaisymarmetric tirdnshdlic & thasepaidngewitDoU altesation of Whemnlggnucleotide

base plant @F@é&ﬁﬁﬁ&i@ﬁb%@éﬂm& Qéigweé%%l%mmm&%@egﬁ%@%@%mﬁwe surface.

Thus, dlsclgsegl is a biom q}cular ha};brl ization device. The br|d|zat|cir:1 device % sbes a substrate
Tacuce .0 MiCcro rication art has shown on eiC

having a surface o ? nctlona groups ermanentfjl and cova entf Atiached thereto and an adsorbed

mono%a%/er %‘Pﬂﬁﬁ%&ﬁféﬁﬁs§‘i5h@r@"ét?é?ﬁﬂ@'@"dﬁg?fﬁﬂ&ﬂ’éﬁﬂﬂféé’%ﬂ%?%ﬁ%ﬁ‘bﬁ@ﬁ@%@%&uw& bases in

length as algétirated film of constrained oligonucleotides on the surface via direct non-covalent

phosphate-surface adserRib(e:ORLAGkok bRzl RhaSRbR A9 YRS aRlidligpucieotde.. I

the monola%er each ¢ nstr S(ed oll%onucleotlde bafe plane is gresente from the surface in a manner
effective to dfecoarably RyBHdZE b S eBE T AR R RIRR B SRR &y mmetric,
Mon- hehca‘lob-‘&%‘édﬁéﬂflﬁ@‘%}@lme\?ﬁ %ﬂ@é’i‘aﬁ@ﬁ%fmeadngmwekwa@?ﬁasé@m@weseﬁtaﬂ@w and without
oligorieleatisieaphaspbate Groupdisancatnghienotiae sudaceAmendiosloaed is aebatad
biomoleculgt Rl alian ey o8 Al EL Ok RS A0RNT WP &;{,19@%'91 Sgguefice at one or

both of the 5" or 3' end of the oligonucieotides such that the adsorbe onuc eotlcfes arfe each about
30 bases iTIERGR ARB SIS IRLRIFTEHHAT G tFé’fH?éﬁ(?)|8ﬁ?o)|é%fﬁ%?%ﬁﬁﬁﬂ??éﬁbﬁ“ﬁé%@é‘stﬂﬁt further
comprises eeeagiointvmitenaliclisosed veiltbds soifaressAivostivabsdtisapribtherhiomdiecular
hybridizatiopsishiieaithasfishaicompises mengysiipRietiedeals asithreverabinhpridized to the
clgonyicleqtidnan Spabalisrldunlonel 40,18.aRew 24,0ap%palin PRA.AAREA. I DR surface. Also

disclosed is a related biomalecular hybridization device. The hybridization device comprlses a
substrate ﬁ&(ﬁ‘r?dj‘ﬁ’@ﬁﬁfdﬁ’éua‘f‘tﬂf%%fblﬁ%ﬂlb%ﬂﬂ?s“ﬁé‘lffﬁé?ﬁ%hwdé?&f‘b%é{l@fﬂﬁadttached 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 oligonucfeotides on the surface via direct non-covalent
phosphate-surface adsorptive contact of substantially all phosphate groups of each oligonucleotide.
The constrained oligonucleotides each 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 oligonucieotide 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 oligonucieotide base plane
presentation and without oligonucleotide phosphate group dissociation from the surface. Also
disclosed are 5 WO 2009/145836PCT/TiS2009/002088 biomolecular hybridization devices that

fiirthear comnrice the cannina Mmatarial and the cinale-ctranded niicleie acid revaercihivy hvbhridized 1o the



5 surface permanently and covalently attached thereto and an adsorbed monolayer formed of
unmodified sirégle-stranded oligonucleotides all of which are 10 to 24 bases in Iength adsorbed to the
aminosilanized SUHACEEE a saturated film of constrained oIigonucIeotid}égTétfﬁPPé” ifce via direct
non-covalent phosphate-surface adsorptive.cantact of substantially all phospha oups of each
oligonucleotide at a der)g? m(‘)‘f&oeﬁg 5?15%%5%%%@5‘%%?’5 555? Bl.’g%sfcqﬁé?fje?ﬁgﬁoﬁégt‘éfg Tﬁsiess than
10about 1 stiemte’ hassoihisaehbrisurrce  Elae et strainber bty el BorareB as&pbariefis presented
from the sutfgeimiarmanack effeetive toecissociakhy hybsidize to-aieamplenie ptaomsiaglesstranded
nucleic acidwith agymmErs.AeR:hslical.hase-naiing withautaleratiqn.pfshe pligagusleptide base
n

plane p%eseptatignra without ol onducleofgde E)hOS hate %Joug dissociation from the surface. Also
disclosed ar&biomorseurar Y BFd A SR AR A T ARG KR I AP S 8P T 5 5™
non-hybridiZigare hiTissetsensn cees mtbodapsitnginaidiaPapdivie LI beesmarmgddaiaeieigintcid reversibly
hybr@d@z_ed t&xﬂftepfbkigl&wmd@@fﬂkiﬁ as di_sau&*;e@h@upta.at&raamfwmﬁﬁﬁbythgﬁ& is Ipmviﬁtaqlsa method for
hybridizing $olusiaRsSIRI6 1 99&&%8}&%@&@%&9&r?&%ﬂﬁﬂj@wﬁ%‘%ﬁ%@%@%& PES

contacting the_biomolecular hybridization devices describe sug)ra with at least one solution-state
nucleic acidtaPgeBuARL P IR n i RERE BaHA BHY I3k TRe? o such that non-helical,
asymniétrical probe-tardetegenplesds dredferhrroelizonucipntidies sirobhidnecasprarceotivd el prdeided a method
for identifyingraiiuclentitd eoseopiancedooaied) aiivslaotidadibaingiprotsinbiespalhpammihod
comprisies GoRiacting the;ipmelacuiar hybridization device seemprsing. the nan:hgliga! dyplex
described supra with a 25 nucleotide-binding protein under conditions that permit binding. The formed
duplex-prot&iPEgmpiRl &8y shemriibyaiem e SUMECEPTHI SEAPLBRUtA With a6 Etrength of an
aqueous solutitereriotre Aljodtzativh wakreun HrvitiNaGifast leastcoreestreund tf thdregetdédnducleic acid
duplexijis seguRneed on oligonucieotfdtheluaineh fitberasneetsnieatiras -pRdmRdvahrgRsOfhthe present
invention Wi;L&geggggchaﬁg{lt é{?%@?e};ﬁﬁ foigl%wtijggog%scéiption of the presently preferred embodiments of
the invention given for the purpose of disc osure.. BRIEF DESCRIPTION OF THE DRAWINGS 35So
that the matter in which ¥HehaBRRTe- BT fanstird 2 atfy HifadEsSTBN Y SRS dPthEalvEAtion, as well as
others whichywilibecotndceledravavatiingd anticairbeunder stomdinvicedad] jo WQlscirostatic
2009/145836RG TS 2004002088 moerpariisyes deseiptions AR cartaimegnbodiments of the
inventigy briefly summayized aboye are llustated i, e sppended drawings, Ihese drawings form a
part of the specification. "% 10'Pe noted, hiowever, hat the appendey rawings iifistrate preferred
embodimen€& et eHevipRmicHaaticiraietarebaté ot Beredhsidetderififingoinbthesi $EdfFe. SFigures
1A-1B illustiatenitie nencayalentadsarptidencf DNA diigonicte etides eit @rpositive biehalged surface.
Figure 1A shawsstandard.curves ik aidarmemtflled.aauareskiant 2 24ndneh (PPem SGURkes)-
Cy5-labeled probes were printed at 10 nl theg |,mia%,ed0 without Washln%}lon an ﬁ\r\ra\p/Worx Jmager
(Applied PrétRIBIMES PPHe K OmREEY BF %:rvc’) 58 PR R B P a A IR "L Wad Calculated
from thé prodiuetha feprfraaelion] imel vpro Broksorieahipeition? AHIIRY Gtfakhss FoensuhiiertPrfe y-axis
represents lggcatdhamean: tagmied value of Cy5 dye fluorescent signal from the array elements.
Each data point represeﬂggstht%eggegnaa&goﬁﬁyggIgegga{gld%@d Q?YJPHI;%%HQ%E‘P@vé’ﬂ?%cﬂlﬁu'med from

56 array elements. Figure 1B shows the surface area per oligonucleotide, occupied by a 12-mer (filled

circles) or aBifzaie frfreiHiEE e EUBSI AbCBLCB RY SYRFCRELREE b rdfREa RS B ite P 7HR DM S 0/30%
H20 at 10 nisp&ficenajrdiemeatylas iy o diction gb doncempasion dirdneitSidamingsikdtized glass surface,
followesghby waskio e, tP:LermeVa dnRoLnGRIRRE TR raxigupas ealcuiatadihydivdinmihgsmeasured
array elemept 6s‘gurif ce aréa t%t e nutr’%b%r of adsorbed probe molecules per array element (calculated
from standard curvesin iﬁ’fjreef}ifj.'rfitacﬁ data point represents the mean and a single standard
deviation from the mean calculated from 56 array elements.

SUMMARY OF THE INVENTION

35 _ Disclosed herein.is a simple method to- fabricate DNA hybridization

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

4



Figures 2Ad6lllsitpaiacdhs dabrisaliomef Bearraveanshapsslicvdiridizalion.4Q Figure 2Ais a
prototype ofi;hsealgli Q t g&&mgggo&ggaé/ g the |nvent|orl1._ Figure 2B showds th% hybrlglzatlon of al2-mer
Cy3-labeléd tafget to the array shown i Figure AR G0 ARIA SRy BFEL AROR 5t B MR &hd at room
temperatuF@ A fBNEWeddsseaiaih Kivaits aicrbe mtahbiiratuliechi GOiPmvRaR Tanbonstte, 20%
formamidezréu b shalywinytsalcahtlic ¢ Denbatd itichHabefigiian 2eahnw s thedhybrigization of a
24-mer CyylahaledlRrgRlindG A ax SBOWR I FIOUTE.60 (b9 MRS Hybiidization at 3 mM and
at room te_m%(j:_rature was followed by a 1 min wash at room temperature in 60 mM Na+ carbonate,
35% formamides o 69 FORKARST alcohol, 5X Denhardts, pH=9.5. Hybridization conditions are described
in materials andimethess:tPiobeinpgtdtd et Seguente Saredteseribed-inclablieds Gydisignahisigreen
ggd Cy5 sigaal l&r&ﬂgﬁa@!rll@ﬁﬁﬁﬁ%%ﬂ&ﬁifalﬁdm%%@é&@f 9&4?9@25 fﬁlaya@;;%o&baa‘&%ﬁ&@%wf@%f gf the
invention, Figure 3A shows a single-stranded, 24-mer oligonycleotide probe electrostatically -
attached %Sn}ar%? ggﬁyl nsééfa%?gégsﬁlﬁg%%gégﬁrg%% gﬁhcl)(:\ig/]s'f‘r a ﬁﬁ!'?é%r%é’ﬁsﬁ%éﬁggfm ABBBRAUPEX N a
cationic SUSRES! HETGERRSH, Tortie <IRS| SARHY BRvebp e eiERic i 2Rt cptebiecand
its 24-merbompleminterytargetufiglre-BQishovieai24base: pairclangBfomchNAsieuble: helix.on a
cationic suHiace Rftieinvention. Higw et shawshechemical SIHGIR 05 Bimain of bases flasiing
35ammopgl%g%:}t)g%g%tg}%x%/,sgl%mze %L?es sﬁlé}r}f cg:eof the |Qv.en(§|op. Th mgdelsﬂm Figures 3A-3C were
generated In the Molecular Buider module o H SR RR G SR S T RN SES RS PiBBoR: dEpTsd. wo
20091145838 & PIRFE20OH92 0b208B-S U HFE I SHE TR doviopRP A e fifs ree el bsfBistover!a
‘package 481 Althaugh itisquiteapassible thatmostesmmap isomnersafsingle-stranded (Eigie 3A)
and doublesstranded (Figkg:3R) ANAMRaKNAVS SaMme cHvallre: ansa.pasitively. charged surface, only
the linear isomers are shown for simplicity. SFigures 4A-4B illustrate dissociation kinetics to analyze
strand asymmetry witfiti thelstsfticebsalergupiexdergnds us dhews wild type sense 12-mer targets
labeled withr@y&idydevidoridizetdo:tiveamays deserkbétinr igunie2 Araps biguiee4B shows wild type
sense 24gpendangetsiahelodwith e syedvbsidizaditothe Wﬁ&%ﬁ%@@%&]ﬂ%@éﬁz”m- The
kinetics OJIitg%rr%eiteizi%%O%ilat%o”hq‘c}{@91 %sl%ig :,)(41?) no hly ridigation, Zgafter hybridization and no
dissociation, 10 (3) after hybridization and dissociation ToF T i, (A afer H)oti st and
dissociatfSFTSFEMNT @) BrterFp it Atfohargureschatemdsrstgastindepartesdnpistidization and
dissociatrobsforizBynalh pfolighaedehya secartd digbrisization stepe Thedargaphsdaepigsent the
nOfma'iZ%dgm&afééﬁ@Q@&eﬁ%iﬁ@Q%FLQQME"@B%&I hermean from, siobkarkay %_'%EQS%%S?FQWGS 5A-5B
in

are an ar%a%scgiseotgtpe was gel uagtg. In Flcgure‘_SA )atches of 15 aminosilanized surface (3 min2
each) were Safirated wWith Uy b tabeied Brobe L i8I By ARSiHg T8 Y6m 8% PR cess probes
as descriBBRPH AYSTRYRHCRM AbERBEScdYR kb cledetareremsatgrean) wahethyhisoizgetoithese patches,
rinsed to remrbve thepuibatimnontargets, samdvashedine mh afifhe washing buffer for 15 mm (see
materials,apd; - ali | o the resulting washing buffer and spotted
onacle r?:gﬁ %ﬁ v%gh?gﬁ}\?jv%%%ggé% l%?{];/)al{ %ﬁ%ﬁ%%f%%ﬁz’z% &%%n?iﬁ% uesrfé“fs%oorﬁﬁé ArrayWorx
Imager (RBPRelPredidichy. T igfra s es SR oy thegaimiven ol sqwiei e mas the targets
and the pfobessHaveseedsrediersend. iT heober grsghsorepresanihalinonmalized thefiseandthises =
standard @spintiensiaf deeweantsemfauniidciodmt @Hiake BiomoleculFIGHES 04 8Biara.PNass
protectiogoggﬁgt;@ gg&g_gqgggegp Example 6. In Figure 6A wild-type, sense, Cy3 dye labeled 12-mer
targets hybridized to the arrays described in Figures 2A-2C. 25 In Figure 6B wild-type, sense, Cy3
dye labe 892 FHE F4rgabs RpBFdrea tos tlisamidsrtidescripeetirimg dvaisx. ¢i) N Apdwidization, (2) after
hybridizateenpairddncedsatiohindth Ordadm| of DNase | in DNase buffer, (3) after hybridization and

incubation with 0.1 i el QMNase A A afIsLIPrdzatian,and poubation with 1.0 uiml of DNase |
(5) after hybridization and.incubation with 10.0 u/ml of DNase 1, (6) after hybridization, incubation with
wpridiza

10.0 w/ml oF BRSEE L RSP Ao R ARTLE RS SRR ALY RS 2P TRIMY ABresent the
normaliz&e¥ Hidiis Belede Beagid arvid eviatienisof therpirogn frbmdadifiyielempatsa@46a signal is green
and Cy5 @ignakisotaids all of whitigute sbdllListrates:the ilepathdepsndance qf tarasthyhridization

stability ypo : tface-bound.probe. The following protocol was employed at room
temperaﬁr"e%%%t%%%i%s(% %ﬁ?ﬁ;gﬁgﬁiz}?éﬁorﬁo?ﬁ%‘bar% l psgséglﬁgr%_é‘é% ONate, B’Ff)%%éc’)lrgﬁﬁ%lﬁﬁide, 5X
Denhardi&?SPEH M SR GhesR i seam (e Plisererisatder Fik copgeemsh aiiegedmiationaat 3 mM of
Cy3-labeled targetsd 10 BibageB)rin66f riMostdiu v dasbonate, 209 fgisaamidetadRgnhardts, 0.6%
PVA, pHahbin ()t Q20096145834 RET/HS2009/002088:nsesin.Rlg Bykridization buffer, (4) 10
min wash ) 60, aadim catbanate, 2596 formaide, SX Denhars, 0.6% PVA, pHZ0.5, () brie
wash in de-ionized H20, (6) dfying. Sequenées of oligonuciedtices it % SaY & BrOVIE in Table 1.
The arra{f€sa<ablsipiprisier &ppmmsienars suelstisandetaurisivay s sevh it Rigaresi, Te bar graphs
representehel nasenadlided wisan siandithestansiamateviatinns phiaemean:Fomdeiamay elements.
Figures &hsSikiluslpiedha-stablitkatadsarhed DNA.CYRahaledRNA S0-mer directly adsorbed
onto a cationic surface using vapor deposition (Example I) was washed for 5 minutes (Figure 8A) or 24

hours (Figure 8B). Numerical intensities are shown in Table 2. Cy3- labeled DNA 50-mer directly
adenrbhead onto a catinnie <irirfacre aceordina to the enaliition-dinned




10 method of Cel Associates (CSA-25; http://www.cel-Lcomo was washed for 5 minutes (Figure 8C) or
24 hours (Figurg 8D%. Figures 9A-98 illustrate the effect of capping and hybridization
conditions on Jeté&i61 & probe-target duplex formation. Absolute signal CEHSBGLCRal minus
background quorgE)cl:ne%ce, ﬁg%t e Eatiodof. siqﬂalfto L)ack round is shown for capped (Figure 9A) and
uncapped 15(Figlire 98] BN G0 S H Ay S e W IO ERTS A5, EpRRE material and;the Singly-depicts an
adsorptive ATRENSAFNERYBA MY &6 With BTN tartfetisariteetdrendismsseditert¢green) or y-irradiated (red)
mouse thymus tissue.Also disclosédigurasnllAabil E depict sequencing profiles and microarray
hybridizatiopy giaR.4sing:RLePes shALAE SRAURNRS YaHIgHS L-RahR IR NOS: gR:32),0f pucleotides
265-278 of hllj_"man HLA- 210 B. The 3i0-rper vagant%I 1-8 were printed to fofm microarrays, hybridized to
a Cy-3 Tabell&d PR PHEEIE HEritag 0 AN EIsT K ABh A AT IBHE VRIS EFMERRB and
hybridizatio¥r@atiis s gpeamce dmuriptiresai AL 20ICk iyelésid 19bat B mastaricavel seguencing
profiles for watiasts2.3 andvatiantsudandih sespeativedyoifpiguirs kol LR are.theicairesponding

microarray Qybtidizati [ jant i Apumber of DNA samples
correspondingt to knov(\%/Jr% %%QJ%EJ%%Z%%%%;%%é %egr'gebgg%k:tb‘glc%!teg1 § A Eﬁagsp@ciﬂgeﬁ%R and

A 25
microarray SHETRE A8 -ASREN SoMePATRIMI AN BABeY Jerdrate BaqusrEdsER e microarray
hybridi#atiothertaseueie anctse dsedags. darfirmmabiesbtitoseiushoeepngas irthecosesponding
HLA-B regian efithe ibumangeseme Gigumeat2ivi2dlustaiethesasulis of miciaasiayhybridization
wih Cy3 - 1ahele 30 AmRlic AL O SXA0 S ARG, PIORe B URICA 0. Yarogs metal oxide
surfaces. The surfacés are: an agarose-fe_rFlte article composite w eréthe surFaces Stthe ferrite
particles ar@r?ﬁeé"%tt?&sﬂ%i]te“?ﬁ%trc?ﬁé%‘fﬁ}ﬁﬂ‘iﬁe(P%%‘izﬁﬁ?%ﬁ%ﬁﬁﬁ%-%‘ﬁtéhba%@céﬁfﬂo%ft]ésﬁ\?hé"r‘é
the surfacesiohtheferiteipartioldsvare bodtetewithualerdiniuardixide is the substrate for probe binding
(FiguresL218)nanmasainsg-fRitite patislecampasittwheithe sudasasol haderite pagigles are
coated Withrg,grrag%eosrilg{pe ﬂ%(i e iﬁ tok;gg% Igérat&sfc%rs géc;gtarabinding (Figure 12C), an agarose-ferrite
particle composite where the surfaées of the ferrite partlcffes' are coated with zinc oxide is the substrate
for WO 2009/148886R¢H1 §52009/0020883hebebiriditigFigurer1 2D), and an agarose-ferrite particle
composite whersgheasisfaces of theédonitecpadicl Tsareltantedpiith zitcentismoiideis-ihe substrate
for probe biyding.(Giguis,taFde Rowdlsarabemate iSEQAP MR #OW.21DI0Rss Alg.SEQR:D NO: 34,

row 3 %obes re ne(gative C%?Eﬁ%!iWithO@t any hF%an seguences, 1.e., differs from the human

RS TR a00) BHRE BrEOR TR ah

sequences By more region i Foui A BrehaY BrbiieeslbiEites, SEQ ID
NOS: 35-3¢" 5 raiLED DESCRIPTION OF THE INVENTION As used herein, the term "a" or "an",
when used in conjdRetiepawiththe ters JRveampriaingiindheclaims.aodier e SRasilication. ek,
refer to "ong,.4 gé;ggnadﬁﬁ p%srix%hggé/gg;lrgsqees me %%i]{‘%%h%f "one or more," "at least one," and "one or
more than %ne.' 1 ome emi)_odlments of the invention may consist of or consist essentially of one or
more elementa IHatRo 8 SEPE SRHBY ThSTTHES BE tHE IRIMIS Rl oAt RE ThAtAfy method or
compdsitiontstsstab i dies girpielin Weanslalitiertabrivitiméspedinn afiy odrercméthled moteomposition
described hetgirxtbAsusaeifarimh:thetesmitpe nthaaRiman efernitosRAMOE Mnlgss.explicitly
inaicated taleh @ AURRINPRANGRK e Aleales are el exglishve, Allhgugh the disclosure
supports a definition that refers to only alternatives and "ancﬁ‘or. S used heréin. the term
"adsorb", "aUEIPHSH", and grammatical equivalents thereof refer to a noncovalent interaction between
a surface and a biomol€eéthte aid préferpeptambadincais af22@ghefinvepticn; thehiemalesule is a
nucleigacidsar-athaemotimente:of fhe: BMRNHRHeRINR ISRMEBAY e HNAY.FQMmprise one or
more amin?o?‘}jéjsu Ii%iglsf ) Srclzﬁl_“/oracarbohydrates. The interaction may be based on elecirostatic
attraction, hydlrogelﬁ on mg,i‘}rah der Waals interactions, and/or hydrophobic interactions. In presently
preferred embodiments, the interaction is based, at least in part, on the electrostatic attraction between
the phosphate background andBR$BFfBESORIATNOAOBITER Biknetingd groups. As used herein,
the phrase "functional group" refers to the atom(s) responsible for the characteristic reactions of a
compq nd. For example, the functional group of alcohols is -OH, the functional group of aldehydes is
-CHO; the functional grolipaf CarBu ik LR ShE 2S5 A TGRSR fifTenBRe Grothr tietidbes in
approximatiiyerhenseineinaspibes| Minohes Ul dscofovhieh dtegiripattand G0singieimoiatinlgamiay have a
plurality of functional groups. Functional groups of the invention mediate mediate a noncovalent
interaction between a surface and nucleic acid 6  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 | nucleotide to about 100 nucleotides, preferably from about 12 nucleotides to
about 60 nucleotides. A nonlimiting




35model of adsorbed probe structure is that of a nonhelical structure having substantially aII backbone
phosphate grougs contactlng the surface. WO 2009/145836PCT/U52009/002088 s used
herein, the term f?arg(é‘% ¥&fers to a nucleic acid that is either in solution %?érfgs&fmﬁ%?‘%?zed to a probe
molecule. Tar%ets of the invention may be S”L%Id ortdo k%Ie stranded and may comprise DNA, RNA or
both. In sorie e RBSd iR R P I 8 BRI T AT g SEL Ay R AVE 9B RETHYOHPERTA SR Y Alcleotide to
about 100 rﬁU@F@éﬁ’d@@bP@Pévamwlrmmg&b’ﬁmq@m%&rdes periatioie eFcHieteleolides tn some
embodimenigeaf thecrvehiions targaiahaphiayei tulengthraétianmabomi-10 s eetidrs tadull-length

cDNAs or rggllgkg,gagrgﬁgaoglyoggggé@]g;;lh;,gr}pmmpgggﬁghmltlng model of a hybridized probe-target
structu? is that of a no ellcal gulrﬁe with a he ical ltch %s gle near zero with at least about 9 of every

10 nucfeotides base- palrega Rs tised NEFETR A 8°t‘é°Pm i on A BRA S R 2AITA Pherinsically
having a 18%‘61?’?&@"6’&%éurfﬁ?énﬁéﬁ*r’?t%§M%%§W%é@é?lé¥fﬁﬁt(ﬁiw SEAROEITEEdb create a
surface of theripgentinaeSulist-aibsemppiee wasgiweramitpinbialitsedganic.i RasHagieh Qh
combinatiopshRieeimaMPeliRiRg MasRAvadhe frmaba elgeb@mwgg A%LNGERFM,known in the
art. As used h]ereltn t et term #rfac refers t? a cova{)entg}; -contiguous geometrical domain or
a region of & GeGmetrical domain %ﬂrgcﬂ VU SRR S TS0 RS STRGRHANRE: M08 RA%EAY°P5 functional
group$@hat’s@ppio rT‘EdS@T‘ﬁﬁﬁﬁ‘ieéﬁ“ﬁdeb‘Pé ta@;mgamme@% ledeesdtane ddheesas, $eratdgan bonding,
Van der Walalaninterantians, thandon doike raptionss hydiephobie intgtaciinhs aeaaembimatiers thereof. In
some emboglimentsiaf the.inuentioy. e?ea\@ﬂgew@m% awfsﬂsssrn@ys@e&sﬁgatgmﬂg SHigmolecular

adsorption. A Surfabce of the iny entlo g fabricated on a sy bstrate or may be an intrinsic property
of the substStE"*A Wohlfihy ?(%‘rzﬁqle F & e 1RGN is %d%%’ﬁ%‘fﬂ@%ﬁ&ﬁ?%‘g%% BP¥ glass
substrate wirsipteediichfe Wé%lf@%erp@ aeccevad slsmpringkad wertihe isoatratation gohte
embodBnenisinasileniee ghiheuimuentidnmisaonicisiany whereineachispobds Tsuface assdescribed
here. mLﬁhB&?n‘?fﬁm@H ﬁ’.@tr&faﬁbx%ﬂ%?@femé{ﬁQL&?&JQ?&:@Q? REQIRsH B%%E% e lapgaybridization

device comprising a substrate having a surface of functional groups permanently and" 25 covalently
attached thBPB A 2R ST (FROFHEIr 3P JRATEEIaY “5ilfgfdektt alitle dFBh cﬂiﬁ@d’é‘g‘fldes all of
which are Terteadin Peirdasiteienyirgsieyisbon fere thimsanicelowatrhimee6lkgen aeevtides on the
surface via direct non-cBigienzahIspinatens Urtateradeat ph vi: coniacina fsgedistamntialbyzalbphosphate
aroupsp eagh @SR RE R WBEIR 63 méssmg%f%g%ugs!%gt'Oﬁmezﬁlm%stﬁresented

from the surface in a manner effective to dissociab ridize to a 30 complementary single-stranded
nucleic acidXRHAAEGM S T™Ro ﬁﬁéﬁeﬂf’?)é%réebé‘?n%@ it oteaRdmaf lﬁ’frf)f?tﬁe lid8liGgdtide base
plane presédwbatietiong futvowdolitomclersiterphodpinated gsoubrdisserdiatianirsmptrreusinface.

Further to thaﬁ:mmﬂmds’mmt&hmwwmdeﬁd&armm@diz}ammdememﬁydeomﬂ@se gigeedeybridizing

poly- Tsequg seth%thog]e Q. botpaozf the:r% %-}a end.o of Qoeﬂ%h onu cl,evgtg}ges 5L gh tlla éBSIhe adsorbed
ollgonucleotl es are each about 30 bases in ength. Tn another further embodiment the biomolecular

hybnd%fat.o‘ﬁfa@eﬁe@m@f&%ﬂﬂ@éﬂﬁ%&ﬁ%@%&@f&l'%ﬁ&%d B (s s TR teppepture in
2009/145836 RO/ Nab 2084082 0B8-EXcamyplels 00 &% apynigpyh aterial .afi azbulﬁadtanmwf%m acid
anhydride. Hy&&%&n@&h%&ﬂ&e&rgm@&ﬁim%mﬁi@n@@m@'ﬁ%@ﬁ hyhyidizatigroelepiarinaycomprise a
single- strarhded ng&lejctita(ildcr verS| brlddz(eqjl to EE oll(gonucleotlde as a non-helical duplex of 10

to about 24 base pairs long at l"’eainsur ac xamples of a nucleic acid are DNA or RNA. 5In

all embodiments the phgﬁb‘ﬁ%&é"g’%ﬁﬂ’é‘%@ BERTRtE R SPTRERN NP daPIRIY BIEFiebMsphate group
per atidut O stuarckigurenisterews lessghanraldedit J4saeant goandemite poftsudiacesdncatydition, the

form of the éﬁ&%ﬁ%@dﬂﬁ%&ﬁaﬁlé‘é&%ﬂc@ Beafle 3B showsAlfRbal MR- ﬁméapﬁme%oth@u GHional groups
may form Wherelnctpue functi iona \%r(t)u forga %)osltl\{ey' cht%rg] > éég‘olag c%rr% gagvely ci‘l)arged
hydrophilic Siace B S?r% a 18 Rydrophobic Stifdce "Ar &xam “fe ofa r’)(oes itvely Inhanea surface is
an aminosipRfdts |#f-aRfa ﬁRﬁPW%‘ﬂﬁa‘é@%a@'&'Uméﬁé@aﬁ %Fﬁé’ﬁ% PAALERR POTOEM %g&ﬁhﬁfmatenal
Examples okmn @rgasiodiaiatiat afetsmbvend ci0SFIgAS 3pugleedidescieanbahydiaiesohydrocarbons, or
'SOF’feﬂf"d%nﬁ{%ﬁ&@m% 53010 (%’;A& maieLigh tﬁeqnhxﬂr&geﬂpme@qn@ glahoxide, Particularly,

the metal oxide Is férrite, aluminum dioxide or titanium dioxide or ferrite coated with an oxide of
aluminum, BERAREH MBS MalssA BRSO e R ARG AR S U RO R S B8 #if 8 ke, or zinc.
In a related embodiment of the present invention there is provided a biomolecular hybridization device
comprising a substrate having a surface of functiohal 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 20 oligonucleotides on the surface via
direct non-covalent phosphate-surface adsorptive contact of substantially all phosphate groups of each
oligonucleotide; where the constrained oligonucleotides each 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 such that each constrained oligonucleotide base plane within the targeted domain
is presented from the surface in a manner



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 ol{yBritiétiide phosphate group dissociation from the surfa&e HHEABPEmbodiments the
‘biomolecula[rm%brigvizatéon de%ﬁi(t:he (Ra com r}s?dthfe cap‘?in material and the si%%letstranded nucleic
~ acid reversibly Bybridized o the ligonucestide ¥ PRENRAIRAI IR s HEUEB P AHFa. 30 In all
embodimePE$hiE this PRshormrERrdtPitSTRhS Bt Y ddRienredas esdiianplostanded/Fizgee@®nce or other
inert sequehbde ofap hsesoitsayrthersaiurpiiny dyroatpidhatdel msythe adsobadmanaayae-the density
of the adsogagggijgonucleotides, the functional groups comprising the surface, and the form of the
substrate are as descried supra. ... . n another related embodiment of the present invention
there is provided a 35b?§r%'gfes(§lr§a4rB H%Srtfatlezé'tsiséoﬁiﬁéo\?i‘é‘é]eé’ﬁ?nt%?f?q%ﬁe t?ﬂ%%??ﬁi“é%\?‘fﬁ@“&fﬁe
aminosilanEa st iR haRigy Ahdteusaraialy psetcdetmeratzeanusirhaddrosd #onolayer of
unmodifiedisiniglesd WO 00941 45836P GiTFIE2000/002 088isiream deaveligantypteatigessalledf which are
10 to 24 baggsndenathadepshed ipthe.aningsianzed swiace maasatusatesfilpm af copstrained
oligonucleqtides.on thi surface viahdire ! nor}l-co%\ézlalleunt 2!1 S h%t%-sgrface agsorptive contact of

€

substantially &l %lﬁsgglﬁ %‘té{“gr" ips Of each oligonucieotidd at a density of one PhossHaE yroup per
about §5 stiafte febikkruien and dissesiptian fabbimin. €O alire PYTdirriniciet drssireonhefein each
constrainedsokfjorhybteotiden baddiptandoisiprés eme@)faden e dradacenndsndanine Feffeative to
dissociablyshywidize 1a_HQAMURMEINAN.3INgIR-sifandad RHcleie Acidomith ASHRUMELE on-helical
base pairin Wciztxpcﬁ&gf %Eg:rsag%qpe(‘;Jethe;rgrlr!%%yé:rlreog]geeggse plane presentation and without
oligonucleotide phosp a'{_e group ISSGCIAtIon om the surface. In further embodiments the
biomolecular hybridizatf8Hes s THaEBNpHEERE the Yoskipgidras- ndh igsndizimgigsioT sequences,
the cappingmimteidaikehshtieesihgla’stren dedenuclieiedeichreversibiyd mybisidized toother-aligpnucleotide
as a non-hglical dyplax asilescifisrosunia shistelniAlkambadinents.tie feyn oidie shkatrate is as

described upra. .In 1glher embodiment of the present invention there is provided a method
- hybrid '
for hybrld|z%|ﬁgei)ﬁﬂ%r{srf:ftzee%{%%é?enﬁatéﬁ% acids 10 probe ﬁﬁr&%g?é‘deféf stsc?)“rfgsbvﬁ%lengg'%:zon"illa?gtlng the 15

biomoleculd¥ R7HEs 4o ef\A CHE GessBaAsEdssp rashintPatAdbs oAk Hab rdtaes FDIBR acid target
under conditsoltisg hather mifféndod dppatibon tharetcibic vitiatwao n:bhelical) nsyarum eirical piebe-target
duplexgs agg@imadss on the AMINRLRAAIDE RPIIOINREELAS heraIam davenign tharedsprovided a

method for ide tifgin% a nuclehotlde sequence t% w ichba nucleotide-binding protein binds comprising
contacting afoaﬁl] e biomolecuiar AyBIdIEatiss raee\?icévgoﬁ?ﬁrrl‘?s‘iﬁréef]heTﬂ%R?ﬁg’i BB FFAISREY scribed supra
with a nucleestiabzes vy Pfoheipantrié fovivian oh S meepBrmiowineh e 2@l tingeformed duplex-protein
complex(es) from the smifmsees Mkﬁmmmfsaﬁyﬁmwﬁh Ao alcosiipnEti-ahanr &que?igi&esohgtion of from
about 1 M m!aﬁw,t;é&é,%&g@agmqymm%ﬂ A?ﬁ%é%@‘%oﬁﬁ%%qy‘}fd@&iEJHES?%QME!%-Q&” duplex.

nd m

25The2§)re%$ mver;%i(‘)wrﬂlcprovides devices a ethods for detecting solution-state target nucleic acids
I

or soltition-StAIE LAl HG IR I B e TRSTIEL &SP Eh B RS NRE 4k b IR AR dRSFIRTB bization
devices anbigstprise Nstitsidizas it baben fabe drd arredidonbrtientide 6umiceieNsid adsorbed to
the surfacepﬁme isiffastrptefiicrybraaybe a0 iadsxaﬂaﬂwetsurfaﬁa,@.gwf@éas{it)@m%%mgmbnceramig, ora
woven textilg QrRaRRk 4ie S RalferRaY e #'anan o5 RRARANRE FQkGS.s 0iMay # g ftpduced into

the substr%i\)as éa g)%l%{mer network, a network of ceramic pares, or by etching of an otherwise-smooth
glass, plasticietad ot RePAMHHZRLRPARE POt OF- AT R B A eI IEHRE AP0 SEE™S microarray,
an eleé@trodesidizatiene Jider cirahit represent the teosdimdmerse sty stthdasidssirgtassefrfce cannot
engage in disact-npding witheibe OhasphateRackhons sthaisvRatrate is coated with an appropriate
surface film, allowing foﬁg&?ﬁ%ﬂﬁ&ﬁﬁg tﬁgﬁ%ﬂpé%ep%% c%@p%pg.eg'ﬂ%ns&lo%ltohag m iyuhafyg%n adsorptive

surface comprising functional groups permanently covalently attached thereto may be uniform and
dense with S SEETPRHBY PR 2008 /P48 38 PEPFOIS O GBRIYSOSE AR BREPEIE (e #iat nediate
nucleic aciéll bimethygridizgtiop o) md hediged-yitonps, Aliafgedgdsu X, Peptecish d15i@ gebujps| and
combimationsHereek) The Junetionahomup wifermiand sensity & e,shlicaldealsendhg functional

group mabesees%aH%E;i%w{“s%ﬁude&%%ﬁf AOULIEouD PSS ﬁh%‘?l:"%%%@%”{@’i&?y 33%%3 ed functional
groups are coval'enty attached fo & substrate 10 form a suriace. 5 A so, functional 9 ups may be
attached to the substrate by vapor deposition. A nonlimiting illustrative comparison between the
preferred method of vapor deposition of functionaFgroups relative to a prior art solution-dipped method
appears in Example 13 and Figure 8. The adsorptive surface may be saturated with the
oligonucleotide forming a monolayer to maximize probe retention. This may be accomplished by
applying about two fold more 10 probe to the surface than required. In a nonlimiting example, a probe
concentration of 10 RM is used where a titration curve (such as displayed in Figure I) indicates that the
amount that probe required for saturation is 5 RM. Capping residual surface charges following probe
adsorption is essential. The invention contemplates the use of any means of capping known in the art.
In some embodiments chemical capping may be used. For example capping may be achieved with a
surfactant, e.g. SOS, or



15with an acid anhydride, e.g., succinic anhydride. The present invention provides a method
for adsorbing a nucleic acid onto a surface. The surface is contacted with a saturating amount of
oligonucleotid‘e’vglz??a%f‘éfgéﬁacid under conditions that permit adsorption d’rﬁ%@ﬁ)‘ﬁﬁﬂj’%idual nucleic
acid bindinc};i sites. The surface has unjformly distributed functional groups that support adsorption. In
addition, the"ﬁ%“‘e{ﬁ8‘8'%‘&?%??&*‘88%%“?%‘@?&6% TRrERBY BN fRY YRS PRRat Rt YETHELiPdd functional
groups desbabeditiefedft. PVA, pHTRS, dasoristiveasiuifadeipairedeifelti( yaisodsquesteicdcids thereto
via phosphatigdacieingstm thefuneianakgw Tpacompeisingsthesddase: pbarasarptivaifarce by which
the oligonuglentide, pralie:if RAACLIR thi.SUFace Ay Re NYIrasRBoNdINg. SIeGiLoRialic nteractions,
Van de W%als lnter?g;uons, hydroghoblc interactions, or combinations thereof. Devices of the 25

invention d8Hat TEJUIPS SRR heBria ATy §75dging biomolecule between the surface and the

oligonucleotide. TiguypsS A fPaidlas Aol duahiigy op risbibed DNl rHBifRbeldy @opliliceevice
surfaces maiyskey unehedd)estd poladpnregative lkichamgedipbpositimimphargeds hasexasaple, surfaces
may comprisg &PHmRary 8)BeAseSORYRRY Ay Mmint.aaferiaty akulAmine 8gyariginium group,
an 30 amlqllgé%@&[%uge_gnn |§1|daﬂzollé1mb%(riouip, an lgnchar d organic H-bond (jlonor,such as an
aldehyde, alcoRol or Tomamidar an Unehargad inorgamic A BSha eohaF SudK A2 it gPthetalloid
oxides' Br offféied &iebiprriats Sthaiebtp//www.cer heomstatreashsil dorirelpead@izmef@smprise about
10 to aboutza Banba@BigsrgBBferably, about 10 to about 60 bases and more preferably, about 10 to about

24 bases. The adsorbeg3pRliopRuslantidesare @f&@t&dc%gﬂgfimmméﬁdcmmqlﬁ-stranded
complementary nucleic acid or 00%15%?2%%%%% such as DNA or RNA. Also, the oligonucleotide may

comprise a S6H tAr JebEer e t#igs A4 CHIYES S P38 hERCRY B R§ 8 R4E%equence
flanking on&usreprsascotih s rasio T sirgs! thdrsbiraurshitikavthéon crpitse (Bithessts) irndhacanieedrbed
oligonugleotitimiie g ouA3Ricoathig insiancaihe adseshed oligonucleotide comprises a targeted domain
of 10 to about 24 baseSﬁg%an{hedg imrt'm%mgvgmm%mﬁm@mmmemg& gy nucleic acid,

but provide adsorptive stability to the adsorbed oligonucleotide. 5 The flanking domains may comprise
a poly-Thy FTHe a8y e HEBGrat er RIS BYTBHESSf bases. The present invention
also provides a device ighrescthiod B detectoshivrofite andcledracid wbadjaamntamedipa device
comprising ghageoligont! cdgaictevaiianucl ey saQ drpRaime sy eribaedgaeindhaypse hasndiby-adsorptive
associiondo e ASwisaireqs: olienater B, MkAReHEHARRdS LERsalicdnd probe

(now on the device surface) is cagable of hybridizing to a solution-state nucleic acid target, e.g., DNA
or RNA, thefe T e Pt gL I SR-SUEN HipBHAZ it niagrb &vdatiatior 8st4ndard
methods inehrdierdy fioiagoengs;26htiGghrea dibimdh ere stpoder Seqeirics anelliesi Sorl reagditioh, the method
for florming Jﬁtﬁvmglmalﬁex%@@d/mw% tﬁéme@fxmrgﬁﬂb@é%el&r&@eﬂmg H#&%&ﬁlytmnmaenbeb ;
implemented at approximately, 110 the.cast of fabrication relatjve to current alternatives. Hybridization
signals ared%ﬁfloél @%Sﬁ_e‘l nlaér&?'dﬁe%%u{ﬁel(g%ﬁsg%%%k%%‘%ssﬁrr?gése Ogﬁgf?&np%%teo }ﬁ%wgeﬁeﬁrqﬁfivity is
measured PN BrABS e MRIRCEHSAGT-RDARTIEF BHB g MisRITaE S8 Ip SR WIEeRetrick double
helix formati@mer hipugiitiveppesentinsentiequalsosy coive asceonoydl ybanipasitidm ofinatier pnamely a 20
new Stab'%f%"_io@oﬁfﬂh&%@eé_{?@ claplaxe Iﬁ&ﬁg@@_i@ ﬁ@&ﬁ&%&ﬁﬁ@eyﬁwwﬁ%ﬁ%t fRiRgle-stranded
DNA can blrégogghtly to a positively charged, aminosilanized glass surface to form a densely packed
nucleic acid monolayer. Upon sequence-selective hybridization of such adsorbed probes to their
antiparallel Watson-Cridiisgsthbténéhiliasmipibsersuseharrarruivindastiasyithiaticdebiderties that
appeditharehigicecongiteiwitlethe kndWhABlicapbiNApsitadtoresrisuchas Ail, arfZcdoutie helix. 25
Throughout thednstant applcatian. e e DnfdRleX nHiRSS.AI0E ISR lodicatad.tefgrs o this nucleic

acid form WhLCh IEsfc:har%ctg:rl ed by a relg ction of he?cal pitch angle to a value near to zero. This new
form is creAtRHH BRSPS A BRI fo & A M REE BFIRT S RBLSK SETBELREISE BF SB19% 8 RNA single
strand "probefergie praicitiat roasd 368 muaiigm dofowed vt sorrardindmehigirmEBA-T, C-G) of a
cognate RNA s AsiteapaltdRrgahpbeito whcth ehd nwekiadoSthd deers gdnldipy abecatarget duplex.
Although upgeeqifching BRI SuiRcBBRES AHAE AR PRIMAT AL RIRSRRIGHR®, 1t IS
interesting to note that unwound ribbon-like duplexes have been proposed to exist transiently in other
somewnhat FRBPESEKIEH EOTHERES. P TR EaTHE BRATBIMHIRE ToHEE ot Bt db1
intercalators such as ditercalinium, as revealed by X-ray crystallography (Gao O et al., 351991, Proc.
Natl, Acad, Sci. USA 88:2422-2426), involves a néarly complete loss of helical winding. Similarly, an
unwound and significantly extended double helix has been proposed to form in solution WO
2009/145836PCT/US2009/002088



as a response to the mechanical stress induced by stretching (Leger JF et al., 1999, Phys. Rev. Len.
83:1066-1069; Bensirgogr; D et al., 1995, Phys. Rev. Lett. 74:4754-4757; Smith SB et al., 1996,
Science 271:%%%@1; T8brun A et al., 1996, Nucl. Acids Res. 24:2260-%§W§?W{mﬁ%e context of an
antiparallel dq)u IeJJeIi it is V\ﬁﬁrg‘g n that ba§e stacking and helix t\ﬁ\\/ist are c éﬂgle 5

. e ) .
mechanically, in %Réngtl%%g described pravioush,  Srthar & clennear o es (HsEHidH ot a Keterocycle

between b4&E HPARELES B AOBEA ST IR Uisrsthe wbiyes epeknhigine EyptddBdb Bavincrease of
base pair sépaiatien 3BQ rEculfdntiogyobhaicBBEWIBING: 34, roW heekparmepsdatarcdescribed

herein do npfRAsHIRRASR RBHSE PRI WIRLHHSE e HAWEVEASPBVIRSMRradicted figm modeling
studies, thergeioint\égg ors,have fo nsdarié: g‘iigis%u‘lltet(geg%}g%qg%ﬁ ) _%)rbed linear, ribbon-like duplexes
that do not INVoIVe at ieast a 509% Increase n aup’lex ength refative to the B-helix (Fig. 38). Thus, it is
interesting to consider that the ribbon-like duplex, which has been inferred from studies described
here, may have necessarily iBETAEES SIFHIRBITIIS OBIITESENSIENRINdue to stretching. It is well
known that the energetics of duplex formation is mainly determined by base stacking interactions and
electrostatic repulsion amaong, phosphates (Dickerson,15RE, 1992, Methods Enzymol. 211:67-111;
McConnell ICJ et al., _2%{5101:5\% IIC\%I/I%W kilci)%llef 56 ;8?)3(3@2?5).‘ wher usq?ﬁfé ﬁ%n&'fﬁaéoﬂlﬂvéttré &dSi’the Examples
suggett thafWmREEBEHE B slimirrdRitecreshctigheryasier anprex Buddfistapsima ttine, both the
structure and tirangef(etics oforiibenidisccdtDion formeation: diffesrrOnidinatkhelivess diltite agqueous

solution. The.Rkastina) BRGNS Of SHEsstHaL Rl AR cnerosiic.differsnrss aiR siggificant. 20For
example, theé O\S/%m]uplex Iormlmsimics a tranﬁj‘tion state. The bindingno drub% }gnd proteins to the

1 € 11 VERLion. ontemplated That any method or composit e5Crl erel can
double helix often'is associated with fransient ormgtlon‘o? an extended, unwound form of the double
helix. The dEPSPTRSEHBAFRRS SRBUPIFAIHMAISCPERpELes dmePrRAETHRIiX form described here mimics
such afransition state. Roteat dengs Heverbetn"deviiopdahased wpandbeinabitydibind to the
transition siaiR.the sHPIY AlRRNAMNEEOBRIRG(RARAC D apalien siaigke ARdlRauss)- BY
analogy, th%—:sgggi r(e)fmtlhe novgzIt_ian{E)leg}(1 a1‘torrrtn gj{%socrba l%Irhae(’e in the dc/oruext of appropriate devices and
methods) allsve SueR BRATARSTION SEATS Aralbglas iy Ba ditovEred as pharmaceutical lead
compounds. ALS6 LERFEIRESYR FifURTE X A6 h 2SS anc 8RH BEBeRiFR) cseluteivitheorrk data
presented siiow thahbaskeairengBelbativity 4 qutfiecnoy e bthiplzxderm maetsdmixeéaeds that seen in
the stapdag 30\ MBES R Gliplolenier Malgerlatmoseling of Hisanue! dERieXiUmAuagests that
base stack'nﬁngfvhi h is not very sequence de;r)endennt]) is gr aq}/ ,r&edu%?d in %gni'gudeTrelative to the
energy of H-Donding. (which is the Dasis Tor hucleic acid sequence sElec f\ﬁ?{/%g G55 bdtif modeling
and experifhERESIgHRskaRateretfsgscsRtc adres adugangondine Newvdsr dinalisussmaigntex will display
more precisaibaserspigbRIseriesagnitigrinan pakbd atiinedit|tidhedouale balix, Bhirtaddition,
close proximinttQ,ihe SuHaceIANS: IREH AU aR.gh R RHdizalIRN NG L AliRK, o g novel
untwisted duplex form is driven by the symmetry constraints associated WO
2009/i§58§§5’@"?}@§‘2‘1§09/002088 with surface adsorption. Thus, at its core, the novel duplex form is
a molecular entity with $russtdibereindhe nhryetivsctivatiareupitiniatalytcoupidés totbeiphysidal chemistry of
the surfacesniscibiisis aéed instbeRyapiles, whenthe aefaceisaationiertherigatrostatisg.component of
the duplexgiifes JURBCHA A0 CURIRAIR A RIINARL IR DL cellansdn Ihg Diybridization

solution. This 5 obServation reduces to practice the concept that the 1onic dependengie‘:etemperature
dependendd"SHRI% ST URIA S HY BRIPSIBRYS YO FRTTHE L BVl agneset ah BEchib it grently by
judicidds seirfgleennirstiificetiomrve a pluraliy hémridre sottpeationitiamrt momscettitnioysuifaces will
support tharnague hidplex Heesvtmthecaatadsasentedirtubstiatasyr{ages were primary amine coated
glass, e.g., an aminosilane or metal oxide coa rfaces. Thus, nucleic.acid probe adsorption to
the substrate is based 358?16%[%5%%}%%%53 o) r%%qz{%%%%%g gﬁ‘%ﬁ-ﬁbﬁaﬁiééﬁté?ﬁ%ig%ﬂ%% \Wween the
amino grouf s Aded she sptiste DRSS IRRpEHRRR RN tatergh T HTomahery SoefeEttiat the novel
helix form ebquites skadidded parfptibly fmaditad ithrotghidlepiiospbateciEdetiroatatidimigraction
betwegn theRagativeiahased:phosnhate andithrsirariing siiaceniowe,be swificignt to achieve
stable adsoggti n of that kind. 15t Thl{f, charged surface coatings of all kinds, for example, but not
limited to, nrﬂJa?)tf, %cé?éﬁ?j"é?f/t,”{%r Fasrli/ &fiines, aminosilanes, amidinium and guanidinium groups, and
metal ions, may support the novel surface form. Alternatively, since phosphate is also an
excellent H-bond acceptor, neutral H-bond donatiflg surfaces also are capable of supporting formation
of the novel helix form. This includes, 20 inter alia, hydroxyl, amide, urea and other good metallic
H-bond donors such as metal or metalloid oxides, e.g., aluminum dioxide (A102), titanium dioxide
(Ti02) and silicon dioxide (Si02), or ferrites or compounds, such as clays or ferrites, surface-coated
with metal oxides, e.g., aluminum dioxide (A102), titanium dioxide (Ti02), zirconium dioxide (Zr02),
barium oxide (BaO), calcium oxide (CaO), cadmium oxide (CdO), cobalt oxide (Co0), ferrous oxide
(Fe0), magnesium oxide (MgO), nickel 250xide (NiO), and zinc oxide (Zn0). A nucleic acid
duplex 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.
Thiice compnoniinde canahle nf hindina dorihle helical forme of niicleie acide mav dienlav a differant



WO 2009/145836PCT/US2009/002088 accomplished by (i) preparing a device comprising an
oligonucleotide or nucleic acid probe that is bound by adsorptive association to the device surface as
described her&ift me &?ﬁ%gctlng the device with a target nucleic acid und&F ESHERGRS vhich permit
formation of the duplex i) exposing the dewce to solution of s molecule anal tes, and (iv)
detecting and/or coIIectlrssg‘}orclit(a{i)%“ra'l]ﬂm%lr(:\12 Banalytes based on the & r?ahtat WA 'ﬂ‘l S%’ fid the
duplex.  ° MYopfizethGeRIBRe Aol Teratdaresttie @m‘éﬂeﬁﬁ'ﬁfe{fﬁbebaﬁﬁ’lﬁ}f‘e@ Gf%’(‘?&?v‘é’r@deﬁwas&ch a screen
and their usessy. poprexdiiplaeiisfnalbotiol écedes thavdimncdoofhie dupteximagehentisedd b ikagwptical
detection osmmmmrm@a@aga@tmﬁvmsmmwmwy eams@aaﬁnmresam%%meo
pharmasceu‘%] ceeoggvelelpggrelgte%rbgé .S D ee&e@gp&gla 10Thu atrge growdes method for
identifying the nucleotide sequence to w a nuclestid bindi ngvpr% r?gcr]’ ion factor,
binds com%‘ﬁﬁ‘@éfﬁéﬂlH’@gg‘W&ééﬁ@%ﬁr@@u’?@t@%&?{d‘we&&ﬁlﬁb@dlﬂpl’es{@é %Pﬁh a
nucleotide hydirgdrotsinigadencorditidasdhmtqpeerivil bipdingyof ahldast pke dgklextacsaid protein,
eluting dupﬁmm@@i&g@mpj@x@g fm;ﬂw&ygﬁa@gaﬁ(g., with a concentrated salt solution), and

sequencing at least one, %t[zart]ﬂdhgltemett:zl'égyrpl Substrate” retlers an be Seen tlhglgrmec et ac\)fgns and devices of

the mventlo rovide several advanfages over prior art methods and device. amp”le the
methotfs araERAERE BYtAEhVEREDFEE W&P?’é&ﬁt&?f@iﬁ%@?éf ﬁﬁmoéé'ﬁ@li?z%{fﬂﬁﬁwfﬁﬁ RAKEr thereby
elimlnatlng lmentn?efﬁ&témas anyl teogtssassouiatedulith sgahicaistepnieessibidimnadiiceeeiss of existing
methods ins&udezaaeﬁmlet&eMem/&ﬁia@tmagtmﬁymﬁ%ammm #edinker, biased derivitization of
some nucleotide sequenceseg\ﬁegepéh rs mcprlp Ietergt%somatlon pe Ilntker to the Sprche and
necessary additional manuf acturing’ step s). Afurther adsvan%age over the CovaIERt RS r?ﬁods of
attachmentRfe ¥t ERkBifity? 6?%‘15?6H‘@Wf%t&féllyoﬁ?ata%bimRﬁpﬁledinmﬁﬁeenaﬁ@zawon ofa
plan_itfacefGlamszipgesgie dire d:uppistoagiiceto(Gel dSkeal, %5 dddi S eghPredneis)ivvkercieained in 30
deionized waiglaefolonag, Wakinaingais iiRl-rgrade.mehaeatand dved gﬁbﬂl%ﬁtg@&&\é%}‘ at45C. The

slides were tr nsa1°tclaor£3egml acuum ove(r at 82f% e wlgbrated against m|nopropyltrlmethoxysnane
(Aldrich) in D" Broportion 1o pclana (Alareh) e é%“i/\?ezr‘gt AR EUBREPO VR G R at 27 mm
Hg, followemyrstsragjerdissamPtS p eatiire ?fﬁhfeﬂmg?frrf@éy@erﬁthﬂw. @5 sypetyate or may

2009/1458 86 RC It SRODDEOR 0FBtkeXshbdfrltEE 24F abivioaiting afkaiglySof surface fAbkication is

oligodgexyrippEIeAtice s WekRsSHBhas K adeilphslaH Wﬂat&\i?’g%u%éefm%@ﬁ%mkg&'%&t the 5'-ends,
and HPLC pgrlfled p]}/SBloSo%oce Intern tional f(qlamarlllo CA). A Microlab 5 4200 robot (Hamilton) with

10 ml syringes Was 1SedS PRt 6Xs arrea‘ﬂ}geé)n AinGat a{‘nllszf%clln SRR YL %Rt LR per array
element, S%fﬁﬁﬁﬁsdﬁﬁ'?éféi’egeo mm center to center. OIigodeoxyrlbonucleotldes were printed from
384 well plates (NUNCabilrestgesidzit 006 @it rattorminnfeft Mz (Alpidehild¥ntd20uiMSO
inclusion 'fh%ﬁﬂdﬁ%&ﬂ@eﬁ@é%%ﬂfﬁ@’@qn&ﬁa&r%ﬁﬁg aomaw@gf%métmegﬁ%ssrs%&e%p fppre uniform

probe en5|t |n the %erraklﬂelements as compared to 10 printing the probes in water. After printing,

array<iver w%% té’d T RSO B AfieRPsS &%eﬁgfe sz% ﬂ’é’@/\/‘iﬁ‘i/l srehsTaadeDenhardts for
1 min, thereligpsedieatidrsié efibirtrageid mzabauH2bbaedit Heetios storagedAlimbcetitrisdvere
performed aigaandeasperabi eualANPlifc3 a&%ym&za&%@ﬁohﬁmgmmm cory¢bgdlization was

e e e A Buhr glaalian oo M Na SR BN aleu S o RpALGIRBI 0 © o7

I2-mer targbéts and a+ carbonate, 5X ar ts 20% formamide 0 polyvinyl alcohol,
pH=9.5 for % MaP%AF JERE R H1k T HaS ﬁ%@ﬁeHéla e8RSO PR YbiER '8 iface charge
due t3éreecammismatoypsrBefonadeybrididation, it 2Pnancays werdgiretrbatephiringorigsponding

hybridizatiaRehutiess v bguhdtieslaEgate papn ARG bl Wihoubalyibdtatao Rlphidricl), used as a
blocking a%?s@&nﬁﬂ;ﬂ%?rﬁﬂ%ﬁ% one at room temperature. After 10 minutes of hybridization, the slides

were washed in corresponding hybridization buffers, rinsed several times in deionized water, dried,
and imaged. Further fo this embodiment the b1omoEecuiary hybridization device may comprise a

non-hybridizing poly-T sequence at one or both of the 5’ or 3' end of the oligonucieotides 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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The arrays were imaged on a CCD based Arrayworx Imager (Applied Precision, Inc.) 25 with 10 mm
resolution. Cy3 an 5 optical filters were used during the imaging of the arrays. Exposure times
were held at 0‘@57339%?%?3 channel and 1 sec for Cy5 channel, in order“t6'/oPiANZ¥%ensitivity. The
analysis of intensities from Cy3 and Cy5 channels was done in ArrayWoRx Version 1.50 software
(Applied PrESEBIE M )W%H@af’fﬂ&}lﬁé‘f &l?&ﬁ%%“%%fg@baﬁﬂdafﬁédd‘éfe griptR neteet BHdeated in
Microsoft Exebdirisat hetbianoistuins hepridisematiesicr reayscareps snadifigd-bypealijustisi¢g3gibe levels in
Adobe Photesidgyhibiare @St ialienuplkspasas: abih-a0 dbgdevel edjusimentadighirobhave any

et o ool AR B BRI cAlIAN Y AR darRRazsdRN the original images. 35 WO
2009/145836PCT/US2009/002088 EXAMPLE 4 Ca cu atlon of target to probe ratio For these

experiments, it was impBrEArTIBCRRE S Ry S roney et arstdaee Friefsigets were
hybridized arSniwpiaenerener atiorbonhel 2 svaest niangredsrovisr éedvytbeit edt ot 81walvl néhooereesttration,
unless statmaammimo]{jmefswasm@@ﬂsmm@nsa;iama&m%aﬁnce experiments have revealed that
at such concentrations 9.“15@Qr}ﬁfggﬁ&ﬁﬂ&ﬁmglf}{%@ﬁﬁﬁt‘éﬂ HQED g el‘RQEeSfa el mminutes of

hybrldlzatlon The target to_probe ratio has been measuré ased on calcu ation ofuﬂ%e number of
molecules fFONT ?ﬁ@rg.’nﬁlﬁ’/%sr'é’Beﬁ%ifl'%a@f'gdnélglﬁe%fg%}Bﬂﬂ|22ﬁf§?fj fBYPPBBES, CYASighHE atter
hybridiZatiotydebabisetstagn oistarand ef rvestifchChaedndryssl ab eldtedibotigbveidipribbnucleotides
(Fig. IA).  surface nidyecstpriodicl GpuMe farebal i 2dras: bV as £k iy arlinensreoresion (log(Cys
Signal)=yo ¢ QUnYIRSH Al HIRHIES) LR SIORR. Dl A000 he: DAL OT paleses,yas found from

the known volume (1 gfé‘o nl per array element) and concentration of oligodeoxy ribonucleotide in printed
solution pef"SFFaY% r‘ﬁré%t‘sfﬂg‘gf’éﬁ‘dgf’ad JTSH G4t ?‘3°§’(‘H¥5%5’ éfﬁﬂ“(f%‘%f ik 15 (n=56)
were fit by altinsamrdgridssiprifobic fdosidmat) yow adeginuthber ofidaciéelies)yim Sigma.Plot 2000.

The regressironaMerioin Cybnw - 2Airmshaiba dinsh valbRe WP Tididiledmt. 58, R=0.999, where R is the

regression coetiient o g TR IS EPRION N5 LU IRICR U IR g Cyo-e1 2
9, R=0.997

had values yo=-9.69, a=1.2 0.99 respectlverP()?ecﬁe average
background TR SR B TR g 6r8ﬁé“ﬁé’f&@%&?ﬂﬂoﬁ%‘ﬁbﬁ%§%§}2a“% Thus the
number of Gy3igwti2 Atecmbbkemisicentespadamieyd atonvatec oofldubm ahifculatetk frommeitédegression
equation: (RrebruEsHEGT M snalan as) ZbONTho0kLyDiSINal)-2as a saturated film of constrained

YOVl ONORBRRIS IR (049, LS SRS N IS umbss shisLagh mglgcules after

hybridization was found to b 9 tor Cy3-wt-24-s an BWE-12. Aus the target

to probe raﬁﬁ’%@aﬁyﬁgﬁaoipﬁwﬂ%%ﬁEaﬁ%glé@li‘iﬂ&f%é‘@eﬁ)fﬁﬁafi‘éﬁﬂH"f‘o"?&ob’éfé"é’g‘l?ing 25
probes, respektively taffred dmbeditiagidrmeind Kosebooidd targets wamtotirdreasbybadiove 3 mM,
because thasavaiild laad liapalic inerase iﬁletbangfob&mé thhecfasithaho il canegnation could
be used for ]’1.209!% “@f“{-, g tar eetswcl:t qhbe gx m’(;:-n(g b)(sthre(zasfaa(t:etdt@r Iogeqselannuclelc acids have more
negative cha e an ere?olij'e are a racf'e[a g%ron erto a posit vely c'ﬁarg Strfacemthe ability of the
adsorBBéd offtertie ﬁo@ﬁ?%ﬁ?‘éh%é’%rf%ée%ﬁ‘@l?ﬂ@ﬁ%?hﬁ‘ﬁ&‘ﬁéféﬁﬁ'&% Propess dpreeifitiEly hybridize
30to nucleiesaoitktargetshwlithl tasg @bitin p robheuwatioraippnd dehingpdudiasi e show/prgeadiaasly by

radioactive Jabeling: QiR RIS ABSIRILEIRE YRl el Ko AR BIPRRER e%%gd%@qt@%) 35 WO

2009/14583},6PCT IS 9{0@/&9{}2&% J(AMPLES DISSO iation. experim ntS

hybrldlzatlon Pnom ides'were washed b times m gsgct)r?ézgﬁ%n%jlna[ obAHIZAssheEs reaP contalnlng
1.5% (wiv) pelsigisid ﬁr@{ﬂiw.h?ﬁ@%@%@rg?ﬁﬁqm&%dsf@ﬁqr’dﬁéj% @tﬂ‘ﬂé%ﬁ QFW@Fﬁ f&Mperature in the
wash Baiffer containing 60ambh bidimearne aie n20%r Jasa) asnit ghfan Ay reniand 3o M farmamide for

24-mers, 5&9@”?&3[{3%& %@%%é?%éﬂ%h@éﬁ!?é‘@#&%&'&:gQSEXQME&%% 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 biomolecutar hybridization device comprising a substrate having an aminosilanized surface

permanently and covalentty attached thereto; and an adsorbed monolayer of unmodified single-
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1,2L_lase_protec on assay' 10After hybridization, the slides were washed two times in corresponding
hybridization buffer containing 1.5% (w/v) polyvinyl alcohol, followed by brief application of the DNase |
digestion buffé?%&??tgéﬁi"ﬁﬁé 50 mM KCI, 10 mM MgC12, 20 mM Tris-HCII,’(fJW—’P—Sé(.’ 4 E%lides were then
incubated for 2 in at rqom.te ature in 0, 0.1, 1.0, or 10 u/ml of DNase | (Rochg) in the buffer
above, rinsé gg%?r:?g oﬁ%%ortr‘de%sr%ﬁ%:ﬁélﬁy e |§F‘1iL i é%“ﬁfg?%‘?%‘ﬁg . /o"b%%i/“\’/‘i’ﬁwaﬁlé%dhol, 15then
washed in d8BRTASE wrsereifibr o ranTiaigetoleRmprotifes7on dsonytise vk slisedruxsaibenucleotides to
aminosilanipespjiessisud aderiySofimdadiCatsaayaning pldein g6l shech(@pnaksGhhinm, red)
dye-labeled, 123 hsse Rehhke: BBLbaRA A4ues Qljgpdamenibanusieatide (qliganuglegtide) probes
T P A e O S AR VLI Aoy SLanch e plrey format.
Unadsorbed material was removed by extenaive washing at room temperafirs ™ HdBBURY cys
oligonucleotif@Signmmans satertinetr Hogmaihiy mbddrmost thBRRFrEa D Rsslsusiensidevdyjcreference to
standard curieésifkigykdjettie surfatieabtes: peribpuhtboligemicleotite anisaddecaladlatashas a function
of total 25appligshREPRA FRNEEBIERHIRoide phospriid¥Rllsfanedidensibuliniiaas detected (Fig. IB) for
both | 2-mer and 24-me; ptruolgg;s.nf?t %L%gem%ag%@giocn! tc%%g%ztg]‘% rrtljonola er, it was f(gug,d that 12-mer
oligonucleotides with a dye label At tha end oceupy 10.6+0.-3 hin2 and Sa-mer sTgor.fedtides with a
dye labRl aieehacBubifizing. Bl BsaHoIcThine coREdtAfHaE 1S PEANBestgbdesasigic adduming a 1
nm width foreamsB§ bligriined| eoticleigtranrttaidd 481 exdersianiafi¢thesphasiphatepbackibone asince the dye
occupies ahoubtdtid d2- 8 SICNLEatideSitiout3,6ye label at the end occupy 9.6nm2+/-0.3ne
and 24-mer oIigonucIeo}ides Witho%oai?‘xﬁlap%l at the end oceupy 15.6nm2+/-0.5nr’ﬂ2 'rl'hus, since

of leng

n. another gm fhe present invention there is provided a method fo
there are n-I phosphates inan oligo jth n, te arca occupied per Qsp%a%e, as easured
experimentAYRFigizimg solyion Batofanest ke GBI debifblo BUEl 6 ifiND OMErGIBB YOG OBARS per
phosphiite eguivedant 3badichfion 2eimae datidgiad sapeobitie s: fedbobamRiidd-satk 68cidid0d mape: per
phosphate gauivaIRRtonNR: 2009 AARRRORS THHS20R0 10208 Retical, asymEIRIA PGSR AEid Structure

predicts tha& aifully e>1gtenecclie nucleic acid strand will occupy approximately 0.7 nm2 per phosphate
equivalent, a8sUmfg €i6&e packing of oligonucleotides in the monolayer. Thus, the experimental data
of Figs. 1A-IB argue thalfietiaothtiga besiere oh espresod inmveng ontibegniforiatidésamatediesa occupied
per phosphaitadiympantdeatd getventk fonmizvahieliipsadiciec-fbam bileeoappeng matiamgGiven the
experiggental UnGRsiainties sheled: Ha%&aégqufﬂ@ mtAchRAAVG 8l e RESSHIVeRYoN is defined

by an adsorbed surface density from about 0.5nm2 to about Inm2 lpe_r phosphate. Thus, the data
suggest thal"SIEaHER A Bfﬁ@fﬂd’%daefu?g?ﬂiﬂ?’guwgc%m&fhBtfﬁ‘é‘gft)? BERE oML PURE PR probe
approximatearilerésis Sgnphielkatansoritl ek splasieandéckpiobie wiigehfleptde sty apidscn FAdsorptive
attachmentsafrsugiidlabelpdsligenuaactides wasfoupd: tebestoudndayensiblaedrohas samaining
bound to th@udag{face even after repeated washing with boiling deionized water. The adsorbed
oligonycleotides could be removed by washing with boiling 5 M NaCl, indicating reversible
non-cévalent electrostatieSMEFR B AT S L HsEhH ERT SeBiRgs fercAsttns Wi siiface can be
attributed tdassetramibsly tigiht elesthobiatitinteraldtior cofithennlygativBhyichargatiel Bptwisphate backbone

of nucleic agisislREHHSTIIME BOFGUMPIHPRGLOUBSRE WRh SUKIASR- and an olifdliRibiadises 1A-1B
demonstratg, (1 adsaelion  demiskandrdmiskpiones io.ine hvbrdaation suace apd hat the
mechanism of adsorption of both appears to be identical interms of m noelayer forafion and the
amount of AT E Stk 4B BAEE o PiRePY2 The Mo Mnsr Prored el bieEn identical
mechafismmaitierefodsssiinte tidwisirand 24mpnadsordkidenticathysf ae20iprohe, hay igafian
intermediater lgngithm &G anlh RASESi OMIMIG NS M IRRICFRSHER 851anL1R0 18N8 30 bases
would adsorb yvli)tthhe same mec arg!igégoas for 12-mer and 24-mer probes. EXAMPLE 8 Specific

hybridizatiorﬁ’%? dna to'ac sg%’e_aé\ %ﬁ@onucfé%tﬁ%%mﬁ igu(ljl'ete_rmine whether DNA could specifically
hybridize to such a den$eRjeatissiaiett gl rbRE mErs et st difechiondirgbyitated with six
Cy5-labelethbpissligonuicientde pibhes: (redytarintdirnsiiaaiapicgiee dhnhenaminapragylsilane
surfacgs slightiyelowRRuLalion.f PreRe.adsornian (s MM aladdedREpelapd Alsq.at a saturating
probe concentration of 3.0 mM. Figure 2A deglcts such a prototype. For 12-mer probeSéFlgs. 2A-2C,

M
left side of AVEISIRTSH A Cgﬁqﬁ?g%gg’afﬁ? SPIROTERY RGHPLRIE BRLTFEYs) rEEPRTBe s equence
homologues were employed: a wild-type reference sequence (wt), a single nucleotide change per 12
bases (mt), and the randomly scrambled isomer (é%r). Cy3- and Cy5-labeled
oligodeoxyribonucleotides sequences (Biosource International) used in the experiments are provided
in Table I. Microarrays were hybridized to a Cy3 (indocarboxycyanine, 1(ex),,,"=552 nm,



35l(em),"ax=565 am, 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 WO
2009/145836PEH98558%/002088 performed at a relatively high solutioF &R HBIEoncentration (3

mM for 24-%g£t}araqets and 5 mM for 12-mer targets) to achieve saturation of the perfectly matched

duplex binding egtifontint &Rt Atre L WASH psintote ORIt gu S BraBeereti in these
hybridizatiohY85peiNa EFePhasbeerbiTrtiast feriers. bEhe Hrfaiond -grawtardetsianehd dosilRimer targets
(see m_aterial‘siran&mﬁhwﬁs}u&ﬁhw,mﬁ@i%w&mﬂaﬁmed@ﬁmmﬂ&eoatregfﬁﬁﬁm%i&&eoﬁlV?rage over
the entire adspubog-RIGRS MARCKNRIIons group MRS BRNG SRR JAURLIEID RN s designed to

be comg)lerr}snta{l}/ to both the wild tgpe 12-mer and a segment of the 24-mer prtr)%e strands. Similarly,
the 24-fher target TEIG"S &) R TSRy s B D& BRnpIRHER B 1Boh SRR HlWil P ryisRlizititer probe and
(with target i§Hsiadve GomsrHangroctee2oreierediloiahoe proberstenesitor ofvbwetiofar gheR4-mer target
hybridizatiorl:experdmental stingensyehasiaepiac arsadse thatdendipg. to the 12-mer probe is too

weak to be detectable (g EalflotRace may v/ IHELISRRRTRN Ol 05, ARG feveals hat, even a
binding saturation, hébrid_ization is highly speciﬁc. A sing'le base mismatch in a 12-mer 5alring, or two

mismatche< A 5% FiBFRRIHiRI P 'F S8 A NS BRS &G A TSI 9N PR Y8RPt EASADPErget binding
(compHie ravgsezodbrosufaserthgn 2Buipd 20 nephifetbindineplo theobcrambieditsemérdannstde detected.
Thus, the datarabavesbavereosinmedithat@ligansslentisaskoundiy.adsarpliopde ayaminosilanized
surface retgip #ic-FRRAGNO Eing ibels Aarparallel WalsanGrick seagence, complement with
measurable single mismatch discrimination within a f%-mer LFp ex and double-mismatch
discriminati’c?ﬁe\‘i\%ﬁ‘iiﬁ"&“’é’ﬁ’-’ﬁﬁ?r‘b%ﬂﬁﬁ@f Y EYHHAL SRR IRE AR gRE L R o ipieserRbRY Ms At probes, as
well as revehsaief tpitgnyetdaveddhEoproinadeadoitignadybs agioritivis eondiosior:. drsaddition, the data

confirmsthatvhpti the shByasd-20gl MKk RiRRaginteract with target, in a standard microarray

hybridization assay, as i Figs. IA-1B via the same r%y idization mechanism, Therefore, since 12mer
and 24mer hybridize to far etsﬁeWt‘fggflmf %mﬁ%ssea fha %@8 gc%ﬁ%fg‘%r%gléﬁge{%ﬁgﬁaﬁ%? asﬂuc%' 4s 18 bases,

or incremerfEIRATGFffe FORRERIAED S trusting prugr Sippmsisaridre tis\sia asifbrnde samsiignet as for
12-mer andi24pemsit pdodypinnload bipring ligdiNA olig o NASGGIG Reebd{PJudlace has uniformly

e e G0 B S S BN o
Lo B OSSO SETTD o

The adsorptive surfaces are effective to adsorb nucleic acids thereto via phosphate
bonding to the functional groups comprising the surface. The adsorptive force by which the
oligonucleotide probe is bound to the surface may be hydrogen bonding, electrostatic interactions,
Van der Waals interactions, hydrophobic interactions, or combinations thereof. Devices of the

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 formamide, an uncharged inorganic H- bond donor such as metal or metalloid oxides or
others, or combinations thereof,

The adsorbed oligonucieotides 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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cagctgttcc 5SEQ ID NO: 5 scr-24-astggtgcggtgacaaCy5redP gctcctecctg SEQ ID NO: 6
Wt-12-scgcccactacagc 3greenT 10SEQ ID NO: 7 mt-12-scgccctctacagCy3 reen;r SEQ ID NO: 8
scr-I2-sacgctc‘é’§’cﬁ‘3&f§§%reen SEQ ID NO: 9 15Wt-24-sggaacagcaggag a%‘ggr‘?‘fz?féccactacag SEQ

: -24+ nT ccctctacag 20 ID NO:; Il
Is[érl-\lzcjf'-slc(-z:ug11 g&%%f’gg (%%%t%%%%gﬁggﬁ%ﬁéﬁgegﬁc% &"é’tj’%iﬂe% é’%g‘g S H5reol SR et s ey 3greenT
25SEQ ID RIGF31ivte 69&0(e elieeneededifehagruetfr SEls|msiume the edsorbed oligonucleotide
1-s-(-3")cgoerartasatyBare SonBEQ!| B NGbdLE B0wtesl shdsore br JgectaniagagayAoiee Bifnot
hybridize to a target nucleic acid, but provide adsorptive stability to the adsorbed oligonuclectide.
5 The flanking domains may comprise a poly-Thymine (poly-T) sequence or other inert sequence of
bases.

The present invention also provides a device and method to detect solution state
nucleic acid analytes, namely a device comprising the oligonucleotide or nucleic acid probes
described herein that are bound by adsorptive association to the device surface. After ad;sorptive

10 association to the surface, the bound probe (now on the device surface) is capabie of hybridizing to a
solution-state nucleic acid target, e.g., DNA or RNA, thereby forming a probe-target duplex. Such
hybridizing may be detected by standard methods including fluorescence, optical, radiometric or
potentiometric anaiysis,

In addition, the method for forming the novel duplex is shown to be of immediate

15 practical utility, in that it can be implemented at approximately 1/10 the cost of fabrication relative to
current alternatives. Hybridization signals are found to be high, due to the dense packing of surface
bound probe and selectivity is measured to be at or near the limit already known for hybridization
based upon Watson-Crick double helix formafion.

Thus, the present invention also provides a novel composition of matter, namely a

20 pew stable form of a nucleic acid duplex. The data presented here demonstrate that single-stranded
DNA can bind tightly to a positively charged, aminosilanized glass surface 1o form a densely packed
nucleic acid mdﬁo!ayer. Upon sequence-selective hybridization of such adsorbed probes to their
antiparaile! Watson-Crick complement, a duplex is formed with distinctly asymmeiric properties that
appear hard to reconcile with the known helical DNA structures, such as A, B, or Z double helix.

25  Throughout the instant application, the term "duplex", unless otherwise indicated, refers to this
nucieic acid form which is characterized by a reduction of helical pitch angle 1o 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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SEQ ID NO: 16 wt-14--sgacgcccacta cagCy3greenT SEQ ID NO: 17 wt- 16-saggacgccca

ctacagCy3greenT 35SEQ ID NO: 18 wt- 18-sgcaggacgcccactacag0y3gr EQ ID NO: 19
Wt-20-s-(-3')a§/c 2g“((:}g{é“g‘r’gc:gcccactacCy3greenT SEQ ID NO: 20 40 %%%}%Ez%eg;%z@gs

wt-20-s-(-5acageaggargbec oactatag Cydg tednrdd S QdChiNgO( 2der IF et al., 1999, Phys. Rev. Lert.
Wt-22-5-(-390 9RRCRE6 200RGEAYS HeLN T005CHEIACHE ReID MQ75424 MO mith SB et al., 1996,

2009/145836PCT. 002088 wt-22-s-(-5")agcaqcagga ep.cactacag SEQ ID. NO: 23
wt—28-scag§gcé%253éﬁé5§§§c%(§7 mrne%rﬁ3 ?c&:gécét’a%ga%t? g%g%%%g%?gﬁAl&éﬁ % IE%‘rtFﬁ‘ﬁ ation of the
symmetry APt - dopiaidalitutids. e StrenE, h et Eeers s felisrptishast souRigfle-stranded
DNA oBgonueiesiieley (0etipositlice Heshibed edymmnipositanizeeanscif five: Siggesisukipteelectrostatic
interactionghetuiast: packhene.Rnsphalei I PP manehhe sHifans) ALApRIEEdiNEits36- The

aminosilan monola%rer.ﬁres nts to solutithaIi I?tr‘)ve of closely packed amine groups (Fig. 3D). During
e he

formation of & fotatl n%{f)? g@rﬁrﬁé‘frﬁ%nagﬁb X With an ordinary 10 base pair pitch (Fig. 3C), the

ribbon-like 15 phosphatE'b&thenaed e protved (irginaiR PRY (rSpHEt 281 AnTeRiatige Aseycharged
surface, trafsiendtyadpevdes! jopwdiped bout tldelingomidic, tirgeisirand . hhvetintrastdifficldetdesorption

from the sufacsdSRGbEeGHERdinsxRlain fumationioha nesrkelicaldipiexixHakas diat.depicted in

Fig. 38. .
g.38 length relative to the B-helix (Fig. 3B). Thus, it i3 interesting to consider that the ribbon-like duplex,

which has been inferred from studies described here, may have necessarily incurred a significant loss
of base stacking due to stretching. It is well known that the energetics of duplex formation is mainly
determined by base stacking interactions and electrostatic repulsion among phosphates (Dickerson

153  RE, 1992, Methods Enzymol. 211:67-111; McConnell Ki et al., 2000, J. Mol. Biol. 304:803-820).

The findings illustrated in the Examples suggest.that due to the direct and indirect
consequences of dupiex adsorption upon a plane, both the structure and the energetics of ribbon-like
duplex formation differ from that known in dilute agueous solution. The practical applications of
such structural and energetic differences are significant.

20 For example, the novel dupiex form mimics a transition state. The binding of drugs
and proteins to the double helix often is associated with transient formation of an extended, unwound
form of the double helix. The data presented here show that in most respects, the novel helix form
described here mimics such a transition 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 niovel 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 dupiex 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 doubie 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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If the duplex formed on the surface were a helix, with a relatively ordinary pitch, helical symmetry
requires that both strands (target and probe) bind equally to the surface through their 20 rotationally
equivalent ph&%ﬁ‘g’?@ﬁg&bones (Fig. 3C); and thus, during the procesg%'i" feR'Gt8 ociation, it
would be inwibssile tdscepriovelie, taigebw]tho ubedagoen tent dissotialiarafithdabyrmeatrically
equivalent probg.stiaothalnvigw-aidpesimplisivohiiemadsling teshnighe.and thesubsiantial
uncertainty, of puliase. [RsS b e modeis gl bigs,d o3k Shollds deaied g2 g Approximation.
25Figures é -3E5"Show the.resuft of & molecular mods iNg caiculation for a 2AMmer probe, that has
adsorbed ta"SRTRILERR S BIBE Bt WA TeHIFNSIfon seprisiEhibe dwbridigrionitalthend SEiof Figs.
1A-1B & 2AREGviBecadsesabthedine te cattee Ofthie inadekhwenedahpemlct Mepabanrganmaterially for
probes incremagnially pnaerMshe ismiiRnake L4 Rases bt GAlsations fPiakss
incrementa%glg%er or shorter than about 24 bases would generate a structure that is 30similar to
those of Figs. 3A- 13 EXAMPLE 10 Asymmetric dissociation of the strands from the dna duplex
formed on aminosilanizEbr a8 &UitHcerSyic ek prHfatanasHissee it sHPaPARySiBAE strplon in Figs.
4A-4B, whiétgleipidtsdarBpralissaciabatk ngtes experimentsinitandd irn) 4Q.the equtbinmem binding
experipaentphlzig 9 b Bheediglis 21hy3 Jabeledid 2perdgatdefonataRabgled.gdzmer target
(right) was p%quii!gainzgdo %mticrs %r%yﬁlfé%\éS-labeJeg oligonucl ot;d?n rggue§ as &%S%QE%QJH Figs.
2A-2C. Target Wwas then WO 200 BREPCT RIS 0081662088 gfsscﬁzlaf’eanf‘r'om Bfobes by

€ pro
stringent w.

A eas ERERBABA! SRitntad Atodeltns titegesolhdt BiRdvi SigivaiSwererartiiia
fluorimetricadbpriwjon ecdinto [utingHive pigmnakicoFidhedoniandetiepderodyekovy rintdisipvoeamponents:
Cy3 target (gramm: anffenddahie el GRMPaLsan Ahihe Iniiak and dinabAissosiatipn:time points
(Figs. 1456\-42[’.h asrrgx{zegssus arra Smanc(i) fsquiclalgsu?nrt b%;m‘?l%a hg,%l,mr_ ivegl& tthat _dunng 16 5n|nutes of
washing, the fa’rge ‘_%tran 'off. _ Sth %ﬂe. Ié—_mer &and ﬁ-_ er’ lfp ex prgfr'fngcs” g greatsF than v0%
dissociated ST HHENFRIAFRYBPPHINCH TR YRANG B NHE B hefpaPie RIthB SRS ity TYauBB &% probes intact
(compare amsay irfsseeferay 5 and subsequent bar graphs). Moreover, a repeat of hybridization upon an
array, which had been preyighsty i dizephae & DienWashed for adaieuies (REraY higyeals that the
process of &O h%bﬂd{!fzatloa? and dlssb cigtion is full¥ rever5|bge, therelbl}/ c,:oim‘lrmlnlgl thaé?probe has not
been lost of Bheniiee Sltared StrUrally R S AR EEIE SRS aton Shadi%&ciation. Also,
the exferintéritaliel sederaticmdatares psberha aersrpnalie S deadzionser speb be s isgieiht with the
non-helical_cme:ae&.gxf Eigme& %&Q(ﬁmmim;gﬁt&&wr_{ditq) :h&mﬂl’&)_ﬁﬂﬁx%m()gj%smée se_lectively
by an identical nanchelicakmechanisr-aLrohe.an amicartaydsyice atishan ingupediate

length, 15such as 18bases, or a probe that is incrementally longer, such as 25 or 26 aor even 30 bases,
would behd(& &g dioxide (TiRy e AELRE IR IFERFRE Bt BtHE RGBT DPEYE FaPbeen
measured @dauwiozided iR thebslt exge firmBhtirone arisy EolblmdenthiamtiheidshidésQbdrikhsbtic
asymmﬁtryqs{ue_i(rgmbi,&‘ﬁeeia&isﬂ_dé(anggne_ral prope_rty_of all dup!ex pa_liring_s forr_ned on the microarray
surface. This highly asymmetric 20, kinglic hehawionisnaleasiv rationalizedin the:Goptext of a helical

structure for the surface bound duplex, since in that case the targets would be bound to the surface in
a manner JEAVATETR o BPORE SHARGARER BTTRmely itis e MR fat it B Rk B Rfnental
observatiorrergionpdwgre adictinbbarn nosil Ahiz exdrobavsis cafald e of bisdizdeablechelick] fhrnsaine set of
tgrgel Cy?-ldan&kediﬂdzmgrd@aﬁy%m{eﬁamﬁape& eévmé@dtgra%rerﬁmmmﬁq?m mr@aééawmilysisa

y3- ed complementary targets (greep) wer. ridi to. this patch.of adsar robe under
concittns T 8 TR e e Mot P AR ol SRl ¢
The surfac8WA3E WRE ARSI BRERY YSRGS HeIThurErs fapisvE BRBbGRPtargR Y owed by
application affititetheashiisufdevitddhiti el ivsgolatio rodf tva:dd plejistagude sofive dB0dphaliously for
microarray gl sisdEIUEERA DI SARES g eiMag Soflata A haifiEskiawPEsss s yaw.image data for |
mm2 of the probe-modified surface monolayer prior to hybridization; the second row presents 1 mm2
of the samé Surtace after hybridization to target binding saturation; and the third row presents 1 mm2
of the Burface after hybribRs a6 &8t fHEFHEEN BroMidasEsHadhicORssein ek fahetpsrire Fealface
hybridizatiofoiecbiégnbiidy Basdne-dkreeifiiectly ceniing ihe spetificiycandidkingticsal 3bdissociation
that had previously been monitored in the microarray format. WO 20(19/145836PCT/US2009/002088
After 15 minutes of dissociation, the wash buffer was collected and pipetted onto a clean
aminosilanized glass slide and imaged. Those raw image data are presented in row four. Strong Cy3
and weak Cy5 signals are obtained (Fig. 5A). When the experimental protocol was reversed and
probes were used as solution state targets and targets were used as surface bound probes, the result



5 was reversed, i.e. the wash buffer contained strong Cy5 and weak Cy3 signals (Fig 58) in relative
proportion, which is generally the inverse the distribution obtained in the initial analysis. Overall, the
data of Figs. S‘K%@e??bﬁﬁ?ﬁ] a 5-20 fold kinetic asymmetry for dissociatidit SPEE G &l rface bound
duplex straggjcs. 1PI§>§(%M °LE 11_As%mmetric DNase | digestion of the strands from the DNA duplex
formed on Ammosianized atSPalirgzdevice comppiige 48 HEUBRIATERS BIsienis grhnlisidymmetry by a
third methoPPWKEPE atFATE ISASTRIBHIP| iy S8 vins alyiase ds wegershretitheivia. TN aoutardlig dstibmi¢Figs. 6A-68).
Briefly, the eipertimeniutbinasidesyadiasacilyiaspimtigs:biod B butiatheritharbgirgymonitored for
dissociationkiees sBRHBK AuRlaxaRINGTE AgRsed. A9 AN IGMPRIAIIG, [%a0 JAin,Ag & function of
increasing D aE%SebIaS% ng%ptr lion (& ra)és hZhS qur&r%rlsmio, 0.1, 1.0 & 10 units of DNasel,
respectively). AS'seen by direct Comparnson (artay i sPsrtay 5) fluorescence signals from the
adsorbed probe strands'afdnegpaliyeetertersidhmoistalsarhipessiisnges(p dsuntabiyaue to the
direct phosphiatieibagekbdie Qenpterasiipmosth suFacemamiBesiuped ek ceadiions io:whiek greater than

90% of the kpuneh 13- Bl igrfANAr 24N ED SRIAMELSIANGS Wers digssiad.away with DNase
|. However, Ee-hglbrldl %tlon of arrar)g?i which had been previously digested at the highest DNasel
1

concentratignm—('égﬁlw“rﬂ%areeé’#‘é%/mfrf\t/g _?§§/p TUGGEES a small but finite loss of probe capacity to bind
targetvhich may reflectrssiBf iBrrntipm ereatden  prethed dreaderisying DR ase dtighehudessgsmot appear to
alter probe ¥Gassogidtioniwiihdhe suaces. asadeiectediby fldoresaeRCRmprising cdMb@R@Astandard
B-form doufie-hely isfarmerin seliondiest.and disndepasited.an.me §Mﬁﬁﬁg vl gl known that
DNase | dqgs .bottnatstranqilé%mm trlcall% (ER odes D et al., 1980, Nature 286:573-578). Thus, the

pattern of highly asymretric DNase PorRteatioTR e‘té‘_’cstaéglf?’"no‘tﬂ?s%Yﬂﬁﬁ/df‘fg\@xé%rﬁtﬁf’?ﬁ@ﬁ%@ei‘dea that the
phosphate BREHONESE s oHBER SrpRaETaY 16! pisnBend siiapiefe pintetartotavithf shéution state
DNasé3, bdtpiestead faces the aminosilanized surface. On the other hand the data confirm that the

phosphate backbone ofithg baungkiaigetsirana facssthe sauien,Phass ARdFsmaing, keadily

accessible tg Duase digestion. " dThe experimental dissociation data for both 12mer probes
and 24mer PrODES are corsiStent WIS HISR- T3 RISHEF B RS ARE 4XSHY €inteertifets bound tol
2mers and $4R1é14U8S Aveeiigeiddari yaratern wiihsyiekeridershr glimnting Hesinefedtnanisied egvobe on a
microarray dexieedhaitissdéiQ 2000/ FE8A6 REIHILER2A0N/ QRROSS atdsdinisinrdiiegegth, such as
L8basgs, ouh RraleBakisALR TGN dRARE: SHERARANOLRP ' EHENINNASEs, Mod behave

similarly. EXAMPLE 12 5Duplex forms along the length of more than two helical turns of B-helix
Although bSYR" fiEEsei TS RIFE S SR BNASR D HYSEL SN Bk SHTahndRIsfitfGERts FAAHiIGRY asymmetric
duplex struBfirégitingr&gpenerdlyurmes rasivtangsvitteratby erretnc dobble belixacbmehtasiinple
interpretatiesvepditing deda pabeanbpbadmade if the duplex under study is fully-formed over the span of
the surface bound probe. To answer this question, a set of ten Cy3-labeled (green) 10 target
oligonucleotides of varied length were synthesized and hybridized to the arrays described in Figure
2A. Ufider stringent hybridization and washing conditions, it was found that binding stability to
complementary 24-mer probes, printed at 0.3 mM on aminosilanized surface, increased as a function
of target length up to the full probe length of g4 bases (Fig. 7) and then leveled thereafter. Throughout,

base-pairingﬁg)ggmg!ﬁowgfsagjgi&tgjp%d at the level of two base changes per 24-mer 15 probe. This

relatively simple outcome suggests that a sequence specific duplex is forming, on average, along the
entirety of the available3¥Fh RS PI6L aicipaidhiGels fsalrEslithtg! Srotiry weredestethifard B-form
helix, #ouldeboitebpand folstightly imsrg thaifivigradsioafhtenhsnd dried in dihefexpesinaemiat. hybridization
data demonstraipgethatdargeladareal 2dasamnitued basespind tetheunasiving, 240ase long probe
by the same. %\c/)erraall lQpn-tk;lelicql mgﬁ%‘ar]‘i ' i

gé}% 86 05%51 ane [

m as 20 demonstrated jn Examples 9-10. Since 12-mers up
to 24-mers targets nind to 24mer pro es?t'){1 i’?ﬁs "SBme tgﬁ"éa]e"eé 5": I%

. _ y the same WERAASTS: 4 15158 818 B¥feroarray
device that75u6tisth SMEET#E diafe IBAYRsofIHever BneampIe My sponusmemsat8:30drashst Weuld behave
similarly. Atsadithes.data clearly show that in the present hybridization device, the probe can bind to
targetsgy the same basic mechanism, even if the probe contains nucleic acid that is not used for
hybridization, i.e., if the probe is longer than the 25target nucleic acid to which it will bind to form the
duplex. EXAMPLE 13 Protocol for repeatable. reliable adsorp_ive microa .y formation and
hybridization: Preparation of the adsorptive surface 30Microscope slides were cleaned in deionizing
water, and dried in dust free oven. The adsorptivéssurface 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




35Presynthesized, linker-free oligonucleotides were dissolved in de-ionized water. Dimethyl sulfoxide
(DMSO) was used to uniformly dry the oligonucleotide to create a uniform WO
2009/145836PCRAIEYEE8/002088 monolayer on the adsorptive surface SSEFAREH fhits of the
surface for the oligonucleotide were calculated by using labeled oligonucleotides and the concentration
of the oligonucleotides was maintained over i é’éé# J%?'on limits. Oligonucleotides were
adsorbed tGaRHEBIGHEE™®Y using a robotic machine to dispense controlled, known volumes, such that
each drop of the oligonudlenticesglitiancisosiwilesd sikitesasintibapdoviecptheconawrdaa hybridization

device. 10PJﬁl_axbmgl;a$m and HchTJaﬁf?eq '@%mu&qawg%ﬁ;lﬁ(@am&%a@ﬁm% Riggybridization
solutlo %Hungop gplt 5 t%f otaSS|um hos hate m%{} basic, sodium_phosphate dibasic, pH
Wi (

8.0) W|t 5 SO SA RAY TS LB e d IR ¥R BATERIARIEES 8% Hy bridization

fitim- dodecy!8U
and wash slides: 1(hyHrivphatioPes @amealemlﬁy aYbIyig Pomster oI o cetlyy |sbekattarget (full
length mRNXgafeoiibd)tiesddhevermple of inasasteiapdidn CUbEmA Ve mRigE: anteamitemperature

under humighityingeangitions-064as & 1 dhRer iubridizatanwashingiz done dp lﬂepéfm@b@#e buffer with
at least up Eio of ha(lftthe streng th 1%0 mM).in molarléy compared to the binding buffer, without 20any

Denhardt's SORiER WiEke res e s T Pr O SR S b B S RPRIG A SRR RS, are
scanné® usifigiegHerreiesédr BRECHibasBaiscanior, 1oy ontheaténd fudredeeH: ivthgd Meorescent
image intensitieswares pabtainedcbyothexonantitation ofihe ®potmaen thaupicteas aydyeitaer applying a
grid or by ayjtgmaticspet finding ﬂ%ﬁ'&ﬁﬁ%s EXAMBHE4 £5amRls.30A 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 ABE#&&¥EICSA-25; http://www.cel-1.comi). The surfaces
were then yasheaduiihnthieaagh buffer of Example 16 for 5 minutes or 24 hours. The fluorescent

intensity of the DNA rerpginigad ﬁ?@m@amm&u@ﬂﬂ% plgpdseyriRganciaifes directly
adhered to a ts)éjrfac fter was % ‘rf { 2009/1458?%@;1 CTfUS2009/002088 shown in Flgures
ensity

8A-8D and T2Bfé2 S0 St e s TRST FRAS T B VSRR e st b SERARHy tHE same as at

time zero. Howawde, Bé&g?bumiaalmhel ZetteAnaioiutidreadentsie. The pH has been held at 9.5

throughout in order to reduce surface charge due to free amino groups. Before hybridization, the

20 arrays were pretreated in corresponding hybridization buffers without the targets, containing 1.5%

{w/v} polyvinyl alcohol (Aldrich), used as a blocking agent. All steps were done at room temperature.

After 10 minutes of hybridization, the slides were washed in corresponding hybridization buffers,
rinsed several times in deionized water, dried, and imaged.

The arrays were imaged on a CCD based Arrayworx Imager (Applied Precision, Inc.)

25  with 10 mm resoiution. Cy3 and CyS5 optical filters were used during the imaging of the arrays.

Exposure times were held at 0.2 sec for Cy3 channel and 1 sec for Cy5 channel, in order to normalize

sensitivity, The analysis of intensifies 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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TABLE 2 Example 1 Cel Associates Figure 8 AB CD Wash 5 min24h 5 min 24h Spot intensity

12081139 1023 192 Background 2621 369 79 Signal/Background 46.554 2.8 2.4 EXAMPLE 15
WO 2009/145836 PCT/US2009/602088

EXAMPLE 4
Calculation of target to probe ratio

For these experiments, it was important to have a high target to probe ratio, therefore

I2-mer targets were hybridized at 5 mM concentration, and 24-mer targets were hybridized at 3 mM
5  concentration, unless stated otherwise, Time course and concentration dependence experiments have
reveated that at such concentrations of the targets their signal was saturated on specific probes after 5.
minutes of hybridization. The target to probe ratio has been measured based on calculation of the
number of molecules from the analysis of Cy3 signals before hybridization for probes, Cy3 éignals
after hybridization for targets, and standard curves for Cy3- and Cy5-labeled

10 oligodeoxyribonucieotides (Fig. 1A).

The standard curve for CyS-wt-24-as (n=56) was fit by a linear regression (log(Cy5
stgnal)=yo+a*log(number of molecules)) in Sigma Plot 2000. The number of molecules was found
from the known volume (10 nl per array element) and concentration of oligodeoxyribonucieotide in
printed solution per array element. The standard curves for Cy3-wt-24-s (n=56) and Cy3-wt-12-5

15 (n=56) were fit by a linear regression (log(Cy3 signal)=yo+a*log(number of molecuies)) in Sigma
Plot 2000. The regression curve for Cy5-wt-24-as probe had values yo=-13.1, a=1.58, R=0.999,
where R is the regression coefficient of the mean. The regression curves for the targets Cy3-wt-24-s
and Cy3-wt-12-5 had values yo=-9.69, a=1,29, R=0.997 and yo=-13.7, a=1.64, R=0.999, respectively.
The average background subtracted Cy5 signal of Cy5-wi-24-as probe before hybridization was 332.

20 Thus the number of CyS-wt-24-as probe molecules per array element could be
calculated from its regression equation: (probe number of molecules)=10A[(log(Cy5 si gnal)-
yo)/aj=10*[(log(332)+13.1)/1.58}=7.7*10%9. 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*%10%9 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 fong

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 previousty by
radioactive labeling of the targets (Belosludtsev YY et al., 2001, Anal. Biochem. 292:250-256),

35
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Effect of Capping on Hybridization A 40-met DNA probe printed at 1.0 p.M was hybridized with a
perfectly matched 15 target 40-mer. The target 40-mer was hybridized at total concentration of 1.0
p,M comprisin‘g%;zfogl{ﬂ%%&labeled target. Two methods of capping wer& Ve e ical capping
was achieved by a vapor phase method Whew%lﬁ%lgléacetic anhydride in DMF at 50 C amd 25
inches of mercury for 16 hours followed by a liquid phase of 9.5 M succinic anhydride in DMF at room
temperaturéfSpsialipnekeaimentsly  surfactant capping was achieved by using SDS in the
prenybridization buffer. 2@teA pprogiradade]yhd Ospdehyimicli sation/ Hsy brigliz atiormb uffeegomipigations were

tested for bigeking:RffisigRcyntihdisplored splislacianieasiommancg. iahhaliha refgied

combingtions appear in Table 3 a E‘I, 9A-9B. TABLE 3 hybridizati ffer Method 11% SDS
o Donher e A S8 Wik R Bt e B R e RTBARA 816 S
105x Denhafdt& 388 tnki Smaaisedonfdr et As LAt 9 BrayeimkalapeoBod i1 pH 9.5 buffer 15
Method 51% SDS 5x Denhardt's 300 mM pH 9.5 buffer Method 61% SDS

EXAMPLE 6
DNase protection assays
10 After hybridization, the slides were washed two times in corresponding hybridization

buffer containing 1.5% (w/v) polyvinyl alcohol, followed by brief application of the DNase !
digestion buffer containing 50 mM KCl, 10 mM MgCl,, 20 mM Tris-HCl, pH=8.0. The slides were
then incubated for 20 min at room temperature in 0, 0.1, 1.0, or 10 w/m! of DNase I (Roche) in the
buffer above, rinsed 8 times in corresponding hybridization buffer containing 1.5% polyvinyl alcohol,

15  then washed in deionized water, dried and imaged.

EXAMPLE 7
Adsorption of oligodeoxyribonucleotides to amingsilanized glass surface
Cy5 (indodicarbocyanine, [{exX),,~651 nm, Kem),,~651 nm, red) dye-labeled 12
20 bases long (12-mer) and 24-mer oligodeoxyribonucieotide (oligonucleotide) probes were printed on
an aminosilanized glass surface (3-aminopropyltrimethoxysilane) in the array format. Unadsorbed
material was removed by exfensive washing at room temperature. The bound Cy5 oligonucleotide
signai was saturated beginning at | mM of the printed oligonucieotide. By reference to standard
curves {Fig. 1A) the surface area per bound oligonucieotide 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 labe! 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
Inm®, 12-mer oligonucleotides without a dye label at the end occupy 9.6nm*+/-0.3nm” and 24-mer
oligonucleotides without a dye labe! 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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5x Denhardt's 20300 mM pH 9.5 buffer Method 71% SDS 5x Denhardt's 300 mM pH 8.0 buffer 25
Method 81% SDS 5x Denhardt's 300 mM pH 8.0 buffer Hybridization buffer 1% SDS 5x Denhardt's
300 mM pH 8 biffKI9%8°p.g/R1 cod DNA 1% BSA 300 mM pH 8.0 buffeFF88%8HEYR Denhardt's 300
mM pH 9.5 buffer 0.2 vg/nl ch)_t! DNA 5x Denhgrdt'% 300 m%/l(i%)H 9.5 buffer 5x Denhardt's 300 mM
pH ©.5 buifer 300 m pITEPE BUF 194 SBE Pets's B R ORAS BUIFRGFEPS 08 it pH 8.0
buffer Oqgcw/mg_r%ﬂagm B EP aritvhpephate equivalent, assuming close packing of oligonucleotides

in the monolayer. Thus, the experimental data of Figs. 1A-1B argue that in the range from 12-mers to
24-mers, the amount of surface area occupied per phosphate remains near to the 0.7 am® value

5  predicted from crude approximation. Given the experimental uncertainties involved, the data of Figs.
1A-1B argue that the present invention is defined by an adsorbed surface density from about 0.5nm®
to about Inm® per phosphate. Thus, the data suggest that at adsorptive binding saturation, surface
structure for both 12-mer and 24-mer probe approximates a densely packed monolayer of extended
probe oligonucleotide strands.

10 Adsorptive attachment of such labeled oligonucleotides was found to be slowly
reversible, probes remaining bound to the surface even after repeated washing with boiling deionized
water. The adsorbed oligonucleotides could be removed by washing with boiling 5 M NaCl,
indicating reversible non-covalent electrostatic interaction. Thus, the attachment of oligonucieotides
to the surface can be attributed to extremely tight elecirostatic interaction of the negatively charged

15  phosphate backbone of nucleic acids lo the positively charged amine groups of the surface.

Also, Figures 1A-1B demonstrate the adsorption of 12mer and 24mer probcs to the
hybridization surface and that the mechanism of adsorption of both appears to be identical in terms of
monolayer formation and the amount of surface area occupied by base. Thus, 1Z-mer and 24-mer
probes adsorb by an identical mechanism. Therefore, since I2mer and 24mer adsorb identically, a

20 probe that is of an intermediate length, such as 18 bases, or incrementally longer, such as 25 or 26 or

even 30 bases would adsorb with the same mechanism as for 12-mer and 24-mer probes.

EXAMPLES
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 oligonucieotide

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 ﬁomologues were employed: a wild-

type reference sequence {wt), a single nucleotide change per 12 bases (mt), and the randomly

scrambled isomer {ser). Cy3- and Cy5-labeled oligodeoxyribonucleotides sequences (Biosource
International) used in the experiments are provided in Tabie 1.

Microarrays were hybridized to a Cy3 (indocarboxycyanine, 1{eX)n=352 nm,

35 Hem),,,=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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300 mM pH 8.0 buffer WO 2009/145836PCTRIS2009/002088 EXAMPLE 16 etectin2 solution-state
cDNA with adsorotive microarrays Probes were 60-mers of pre%eg%rmin?d equence (derived
PCT 0 oe;zf;

from mouse pgg-%%q%{fé?fﬁienes) and were adsorbed onto a glass surface accsc%{r]d?ng gsExampIe 13.

Targets for hybridization. t the microarray were prepared as follows, - Total cellular RNA was
aatad SRRy MR T WAL SIS0 IS bt st bl s
guanidine-iEBthioR§aiERe Y hAibiGes (Bigeen albhersfeety pihyd PreluRint arfatiéé8hcentration of
the RNA wérdlohe cketleusingtivothropestiomet ricgand phybetestsifl ivitr bgieidi GamshactjfizAs USA). 10 mg
of total cellylanNmefEamry WtkaRigsk MOHSAHBMIUAS TissUS WasdeVRse ARSEHREH Mg MMLV-RT
(Clontegh, Falo AligsC-40 SRl presence of Cyadve (Amersham Binsciances, Liscataway, N
which resulte inp&yé [abeled mMRNA from untreated mouse thymus. 10 rug of total callutar RNA from
y-irradiateo“n‘?ﬂﬁ’i@é"thymus tissue was reverse transcribed using MMLV-RT (Clontech, Palo Alto, CA,
USA) in presence of CySotybafAlim ézsiranaBiodiiedesaRistatedvays bhidpihioharesuttatl de Cy5S labeled
MRNA frorrla(vnmtygat%dneaehtlss Jéwaub l%fdhlﬁiﬁ-grfﬁVSf&Q Hﬁﬂ@@rmgﬁabergr@t@b@mﬁaéwe&qdithéélonlt?ch ir;] the
MMLV-RT ki The resulting Jabe D as ipitat, y_incubation in 95% ethanol for 1 hour
70 . B O s A Sl B T e e
pellet Was WESHEH 17 AEOb2ENSaREL HRF &1 BR T Ih T RTSHEpSRER 26 BEsBIeed A HBridization
buffer. Equedrarmsantstoh@yd datd t@yS lalseiadsc DinAitsigets weild-addpagitoitheomicioartay 20 and
incubated kAL @RRera ). a humidifying chamber for 12 hours. After 12 hours, the unbound
target was removed by Wwashing the microarra ng% @é?@d@ﬂapﬁﬁ r gosr}i an n%%t,’ﬁ% rlsJimz@%I?er for 30 minutes

with buffer changes every f0'minutes. At the end of 30 minutes, the mlcroarra%was a{fﬁd?ied and
BK) PFRB8resulting

scanned inBeECPFTfiag A erpoVEisRakp it dPPETRaiERe. IR R BRI AN,
imagelfs read senfollpwiscdorceabhnspbichréietonay tdizet dimbunicohgreaemintongityisigpifies 25 the
Ievlel of Ur}}fﬁ%@@,gﬁfﬂ% ﬁ:’ﬂ@i:}@Qﬁ%@é&h@ﬁé@ﬁﬁﬂi@%ﬁ%ﬁkﬂhﬁé&%t&h? Iﬁl\(f_,l &%@ﬂﬂ%@i@%&ene- Yellow
color signities u VelS O1 ger Xxpression from both the sa e . . .
Ml e N e e L ARaY
monobasic'SdtfitiiEhuYisAatl! (Wsiatytatey)ycers e8Il b ds it BoBrt PifoSpHARIEIE 0; 5X
Denhardt's diwtirtiosti(®. 4 ¥bif ic O ity piopkdC)d0i 484 o srommpl disarotitherie, wittdnG, 294rsopmineé80 serum

albu rr%n);_anﬂ)él&&a‘ﬁ@ﬂ imﬁadg&v&%fgeM@ﬁqM%gam 115(%@%1 EJ@ @%ﬁﬁ%@s tiluéé%e(OigOSSdM
monobasic sqdium. phosphate, (monohydrate),.0.15.M dipasic sodium sphate .0); 1% sodium
dodecy! sulaE S OB A A S S BAN A Togl ERU LE Ty hA AARh: aceorptive
probes flankSFROBE LA fifb e, in a standard nigreafiay iy ridietion apsaprie ddigsrdheSare described
which haveiatstheihgditiestianlAcbiasameTherioftk@dauman did AxBeganaditens exeniZatmatered around
codon 67, i,6608aR 0Pkl e dis UL B BRI S AARERIT 6 SE WENEES Breduiclectide
codin equen%§§ CDIS% refﬁ[grlg:%d frtotrg thLe EfMI%i__-EPI HE.A databb%se sequence alignment tool (no
intrond), THAgL X EE IRy Sase A bR A AT AN S b B A& eotide sequence at bases
265-278 of human HLA-B are flanked to either side by a string of eight thymine bases, or poly-T
sequences, which are used as an inert flanking domain to enhance surface adsorption of the probe,
without altering the ability of the 10 central 14-kfeflriedion to bind to a cognate nucleic acid target, thus
generating gighes with an overgibtength of 30 bases. Bach of thaseradmens gosess base changes,
shown in baddieat their center vetpietrs oCifimbs : argee(Variant of the HLA-B
gene. Figures 11A-11E depict the sequencing profiles and hybridization of these probes as done in

Exampfe 8 MBTABLE 4 HLA-%‘%%%%ﬁﬁquenceSE ID &Y validif 121111
a

ICAGATCTCCAAGAC1 1111 rnant 21111111 1 CAGATC1TCAAGACT1 11 11 126 Variant
31111 Il 1ASETCTACAAGYEEE2438%8 1127 Cys red P
SEQTID NG: 2
scr-12-as gicgtggagegt Cy5s red P
35 SEQIDNO:3
wi-24-as cigtagtgggegtc Cy5 red P
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20 Variant 41IIFINICAGATCTGCAAGACIIIIIIZ8 Variant 5111111 | ICAGATCTGCAAGGLI 111111129
Variant 611 FI L tILICGGAACATGAAGGCI N30 Variant 711111
FIICAGAAGTACAREEET TMTTT31 Variant 81 11 1 1 1 1 1ICAGATCTARAAE R4 TTTTT32 25
Figures 11A-11E demonstratectQat E:kéese probes, which may be up to about 30 bases in length,
usefully possess two domainssﬁéﬁ%\ﬁ%h probe. A first domain, which may be about 10- 24 bases
long, binds tarzq_pt DNA to form a du%%x and a second domain, flanking the first probe domain to one
or both sidés; Ctprises a maj?ﬁgitcc # is inert to orditfry nufiic acid 30 hybridization, such as
poly-T,$r some other polymersgg@ﬁgﬂ@gquence that is non-complementary to the target, such as, but
not limited tsof_'r%?agne. This additiocnatl l;lanking sequenc §an ad(rji ionally stabilize probe adsorption to
the surface Byt € mechanis gﬁéﬁ Stfated in Figs. 1 1B, 2A™¥C and 3A-3D, while keeping the
target binding domain of the pggbemisaiiasl to a length that is shorter than the full span of the
surface-adsﬂgggg probe. 35T ggcgortgg)aination qf a shor tgrggt b}ggotliilpg regior‘arflankgd by an inert region
to onejgr both sides of the pr > @n optimal combination of surface a sorption (because the
probe is Wgta g9/145836PCI/%§28%9/002088 long) ¢ L§p|ed torgenhanced rget binding
discrimination (because a shog%,l y@gﬁ@ization domain tan be fmplemented). EXAMPLE 18 5Metal
oxide surface-coated slides: General methods Metal oxide surface ¢oated slides were made
using clay éﬁd 2rhsetal oxide pag t(‘%a%"szgended in an a%%\?’rose nFatrix. Gener Ily, metal oxide particles
were syspended in a solution of 10mM Na21340,-50mM Boric acid-10mM NaF at a particle
concerati8h?8t20mg per ng.qzrgc g%a Atate vessel agi¥dse is 8iE¥bived in 4 solution of 10mM
Na213407-50mM Boric acid- ?ﬁ) =@t 10 a concentration of 2% wt to volume, and heated to
boiling. The agarose solution is placed in a water bath at 80 to 90C, and to this solution is added 1
volume of tf§%0mg per mL ccc;lcft:ci)giag%spension, ad mixed®8%An even sUspension. The slides are
made gy spreading 1 mL of th ardeejmetal oxide suspension onto a 1 X 2' area of a | 'x 3' slide,
and this agargse suspension is allowed to cool and gel, The slide is then dried under ambient
conditions & teniperature andEEFAIRIAY Giitil the gel is {820mplef&R? collapsed and dry on the slide.
Prior to printing the oligonuclegtiggnnebes as an array on these slides, the slide is treated for 5 min
with glacial tic, acid, then rinsed with water, followed.by a 1 minute wash with acetone or with 50%
ethanggwa?’zsri(égil{j%gn. The slgﬁff@% allowed to drydCJr%jer ambient conditions. The printing of DNA
probes at an (?LL onucleotide concentration of 75 umolay,in a 20 solution of 1150mM sodium phosphate
buffer (pH g %_ (g 05% sodcccac%ct?fgy[ garcosine. The'slides fere printed incubated at 50% humidity
for -16hrs, irradiated with 3000 millijoules of ultraviolet light to cross link the probes. The slides were
then stored™4t &fbient tempe@%ﬁ%ﬁ?qyumidity untilfyoridiz&H8R. The tafget hybridization process
was to dilute a 30 cycle PCR amplified target with 25 one volume of water, and incubate this solution
for 103in iftd bt block at 1855€C8n immediately c68F this s8R§fion in 4 & water bath. The probe is
then mixed with the following g6fot oﬁl%b?nM Boric acid, 10mM sodium tetraborate, 10 mM NaF, 1mM
NaH2PO4,%:146 Tween-20, 1B0R§HASEE eftHerring SperfYDNA, &fteh5 X Denhardts Solution. Forty
microliters of this probe mix wESHHIEd o each slide and put under a glass coverslip, and incubated
in a humidityt-éhamber at roomgswperatares 30 for 16 Hodrs. Pastdwybridization processing of the
microdfrays is a 20 min soak FERXSEE bllowed by a 5 min soak in IX SSC, and 2 min treatment in
0.2X SSC. ¥hms-slides were aigdigedgpaddamsaged by andysager. Kaslin particles coated with aluminum
oxide 35Aluminum oxide surféEeibEted%kaolin particles were synthesized by suspending acid
washed kagling@i.asgoncentratign @h20@daasdnL in a sghition ghk&OmM HCY - 2mM AIC13, To this
WO 2009/145836PCIMS200%802088: 20

40 wi-20-5-(-57) cagcaggacgcecactacag Cy3 green T
SEQIDNO: 21
wi-22-5-(-3") ggaacagcaggacg Cy3 green T
ceceactac
SEQID NO: 22
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metal chloride/kaolin suspension mix is added an equal volume of 2M NFLOH and mixed rapidly, and
this mixed solution is incubated for 1 hour at room temperature. The kaoglin particles were concentrated
by centrifugat?gﬂ f%’@ﬁ?g% for 3 min). The supernatant is discarded and’ ﬁ?é%g’ﬂ%‘]%z‘g‘?e resuspended
in water at a particle concentration of 20mg per mL followed by a pelleting of the 5 particles by
centrifugati‘é"ﬁ%%%gx g for Bﬁﬁﬁfp A& Brocess was repé(3 ‘%ﬂwe pH of the supernatant is the

ated ufi
same as the incoming water vegsiy veen 5 to 8). These particle pellet is then resuspended in a
-solution of 109mM NaCO3 and inc%bataedagor overnight I;gior to rpgg(r;ng the particles with agarose, the
particles are pel[seted from theg At gDLFffer, Washeg twice (r%suspension-pelleting) in water at a
concentration of 20mg/mL. 10sEexrrisevpasticles coated with metal oxides Aluminum oxide
(Al203) surface-coated ferrite (Fe304), i.e., magnetite, particles were made by suspending the
magnetite at concentration of 20mg/mL in a solution of 50mM HO - 2mM AIC13. To this solution is
added an equal volume of 2M N1440H and nﬁ%@&q&{ﬁ&y and this mixed 15 solution is incubated for 1
hour at roofremavsier sfithesymnecsetiiaeniiors iebegt detiested by magnetic field, the supernatant is
discarged, and the magnetig, pastigleswarsd ndedsingiatenadeoeoneagdnatieni@l@@mg per mL.
The wash QGRS WaREPSalGd AR AMC EIS PAIFS BUENAR B ERISARAEA In 100mM

Na2CO3 and incu at least overnight and stored in this_buffer until slides are made as described
in this exanipiE BB RIRETY B &P TR A AR 68 tHee 6 patlit R R BRSNSy pelleted
from the capbseewtdchigiidienrarinet dnitsselrernsispre prolom goaiistifiey. inliatBrrinsleonsentation of
_20mg/mL. rotationanyQﬂﬁﬁkﬂme;nba_xidai_E@ﬁﬁf@ﬁomayrbedaamqﬂibwmsi_(rggaacap@mwtbaﬁaimetal salt,
insteagkof the aluminum,chlofidg, in this g@?h? - 0% SANPIC A AN EhIgrde (4[Gd4) forms

zirconium oxide (Zr02), barium chloride (BaC12) forms barium oxide , calcium chioride (CaCl2) forms
calcium 25 SRURTE HOR A0 HTRAG M SPBEEHRE 55 SIS c FUFRIAS 'oBiRts fesardiotima ehioride
(CoC12) formicedbmitrenivkal (Cotlpifdormatopivforive-Fed 12)ifarmeh fertiatdepricei(FaGB-magnesium
chloride (MgC12) formsymgomgssis mbndd e Mo Q)raickeak chieride NiC Rhivemsaiake! gxide (MO), and

zinc sulfate, (Zn$S04) forms zinc, oxid n0). 30EXAMP 9 Hybridization of v3 la d amplicon
cerved frotr s ananse VAR g il ekl B S ol e e the sice
in 2 X@SC"fﬁ?“Sﬁ‘@%Bﬁfﬁ"ﬁfﬁ“ﬂr?@ﬂ“fpﬂ?ibIP@B“P(S”tﬁe(E‘I?dé%%“ﬁdﬁ‘f_s’o‘f%ﬂ%\f\ﬁﬁﬁr%?%‘h?fb‘i}/mfétion solution”
consisting cfS@minBoncwdite irdpndvl dodiuemostr tie dreske , Wi Groni\oReim)i tinh M shaili P O4he . 1%
Tween-20, Mwﬁ%ﬂﬁw%&%&aﬂm Oil;? N’}eﬁw ?nmﬁﬁﬁ@ea%haﬁd@ rﬁdam@meoﬁmq&%dg% 2 hrs at
room temperature. .The probe is.then mixed with t owing.sqlution, .50 oric acid, 10mM
ot WO T AR e o o A B e REFER. 0 196
Tween-20, IBEHUGAM-of Herring Sperm DNA, and 5 X Denhardts Solution. Forty microliters of this
probe2hix was applied GgeastBslitie swd put wanderia glaksdoveskpranddrsibatec i Pdadrumidity

chamber atygmue MRS Rl LG heis, Jaslide. wasHinses iRewatem alindties whemdhe slide was

hybridized with L ( (i r gl overslip). Th hybridization solution, was |I5uL of PCR solution
(target sou;ééag) g&é] d fg %b‘%%%n%é tﬁ%%ﬁ)} V‘v"}a%h'?ﬁ%“é&“ﬁ%@ﬁ?gﬁg%‘éﬁ%{‘&“ §%5‘CV,V?L%%/3 Benhardts
reagent, 100RIgeortEiHhg s perbas DA B y4ssdiahsPriisFSYansahew stheaspio Shwry BHeHAENSN processing
of the micraariaysdSrardenmnyshakeino? XhGECHD  owadbyads wuuldealeine X SE@Erathek 2 min
treatmgnt i, QigXoamte P ERREOS B sequence variants 9-12 (SEQ ID NOS: 33-36) of the ninth codon of
exon 2 10 from human HLA-B as shown in Table 5. Probe variants 9 and 10 also are from codon 9 of
HLA-B, however, the sequences are from the antisense strand and are numbered nucleotides 102 thru
90 and 101 through 90, respectively. They sEa¥E&nY 6-10 or directionally codons 10-6. Probe
variants |l axgnlR-areinbeed 0o etearpaditive cantio Huflaeiraiel se asensinand-seauances for also from

HLA-B exon 2 and sparygalons.f2:4 2. T AeRis G réapglﬁmp!gwﬁi{@,ﬂcﬁ%éy&Lea PCR derived
from 15 exon 2 of HLA-B. TABLE 5 Probes_eguence %%ID NO Variant 90GGTGTAGAAATAC33 20

Variart1 0 PETEE ARKFACBA DSHAR 1 C AR O T AL LR AR VNG SIS EREREFT A CGA36

2C. Briefly, a Cy3-labeled 12-mer target {left) or & 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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Figures 12A-12E are hybridization arrays showing hybridization of the various amplicons to the probes
adsorbed to various surfaces, such as, aminopropylsilane, ferrite particles and 25 ferrite particles
coated with a HBHPEF b aluminum, magnesium, zinc or zirconium. REEHTAINAERSRy scoring of the
hybridization onto thfé%n%i) roarrays is shown in Table 6, All intensity numbers are the average of six

arrays. WG SSG81L. g HHEO Y8 s RS it GrrAL &Y Srs Bie BedBeIprobel/
Probe4&5 PIEBEAEY aipstifisd fzmpeript!isibnadcmrolytns heotmaFrab dtdByiRr dip2 [Riabhe3 Print

signal Amimophepydsitapens3S8: & PAmGed (&8 £nd Cy5 probe (red).
Comparison of the initial and final dissociation time points (Figs. 4A-4B, array 2 vs
5 amay 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
previousty hybridized and then washed for 16 minutes (array 6) reveals that the process of
13 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 1o 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 imporiant experimental observation, a 3 mm® ares 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 micfoarray 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 micfdarray analysis. Figure 5A presents tﬁose image data. The first row presents raw
image data for I 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 saruration; 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. 5A (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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712.4 Probe 1: cd9 V9 4425.0 42884.2 Probe 2: cd9 VIO 132.7 61795.2 Probe 3: nonsense 1.8

59768.0 Probe 4&5: V11-12
WO 2009/145836 PCT/US2009/002088

After-15 minutes of dissociation, the wash buffer was collected and pipetted onio a

clean aminosilanized glass slide and imaged. Those raw image data are presented in row four, Strong

Cy3 and weak Cy5 signals are obtained (Fig. 5A). When the experimental protocol was reversed and

probes were used as solution state targets and targets were used as surface bound probes, the result

3 was reversed, i.e. the wash buffer contained sirong CyS and weak Cy3 signals (Fig 5B) in relative
proportion, which is generaily the inverse the distribution obtained in the initial analysis. Overall, the .

data of Figs. 5A-5B confirm a 5-20 fold kinetic asymmetry for dissociation of the two surface bound

duplex strands.

10 EXAMPLE 11
Asyminetric DNase ] digestion of the strands from the DNA duplex formed on aminosilanized giass
surface

In order to confirm the observed strand asymmetry by a third method, the surface
bound duplex was analyzed by quantitative DNase | digestion (Figs. 6A-6B). Briefly, the experiment
15  was designed exactly as in Figs. 4A-4B, but rather than being monitored for dissociation kinetics,
bound duplexes were digested at room temperature for 20 min as a function of increasing DNase |
concentration (arrays 2-5 comprising 0, 0.1, 1.0 & 10 units of DNasel, respectively). As seen by
direct comparison (array ! vs array 5) fluorescence signals from the adsorbed probe strands are
completely protected from DNase | 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 [. 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 { 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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1282.3  65535.0 Ferrite surface (Fig. 12A) 9.08.01.75.1 6.1 Probe 1: cd9 V9 535.3

WO 2009/145836 PCT/US2069/002088

of an intermediate length, such as 18bases, or a probe that is incrementally ionger, such as 25 or 26 or

even 30 bases, would behave similarly.

EXAMPLE 12
5  Duplex forms along the length of more than two helical turns of B-helix

Although both dissociation kinetics and DNase protection assays have suggested a
highly asymmetric duplex structure and are generally inconsistent with a symmetric double helix,
such a simple interpretation of the data can only be made if the duplex under study is fully-formed
over the span of the surface bound probe. To answer this question, a set of ten Cy3-labeled (green)
10 target oligonucleotides of varied length were synthesized and hybridized to the arrays described in
Figure 2A. Under stringent hybridization and washing conditions, it was found that binding stability
to complementary 24-mer .probes, printed at 0.3 mM on aminosilanized surface, increased as a
function of target length up to the full probe length of 24 bases (Fig. 7) and then leveled thereafter.
Thraughout, base-pairing specificity was maintained at the level of two base changes per 24-mer
15 probe. This relatively simple outcome suggests that a sequence specific duplex is forming, on
average, along the entirety of the available 24 base probe strand, which if the resulting product were a

standard B-form helix, would correspond to slightly more than two helical turns,
The experimental hybridization data demonstrates that targets from 12 bases to 24
bases bind to the underlying 24 base jong probe by the same overall non-helical mechanism as
20 demonstrated in Examples 9-10. Since 12-mers up to 24-mers targets bind to 24mer probes by the
same basic mechanism, a probe on a microarray device that is of an intermediate length or
incrementally longer, such as 18-30 bases, would behave similarly. Also, the data clearly show that i_n
the present hybridization device, the probe can bind to target by the same 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
otocol for 1 le, reliabl ive micro: tion and hvbridization:
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.

Dimethy! sulfoxide (DMSO) was used to uniformly dry the oligonucleotide to create a uniform
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57289.3 Probe 2: cd9 VIO 59.5 -- 65535.0 Probe 3: nonsense 50.5 52367.8 Probe 4&5: V11-12

3
306 WO 2009/145836 PCT/US2009/602088

monolayer on the adsorptive surface. Saturation limits of the surface for the oligonucleotide were
calcuiated by using labeled oligonucteotides and the concentration of the oligonucleotides was

maintained over the saturation lmits.

5 Direct adsorption of the olisonucleotides (o the surface
Oligonucleotides were adsorbed to the surface by using a robotic machine to dispense

controlied, known volumes, such that each drop of the oligonucleotide solution is similar (<1%

variation) to the other one on the hybridization device.

i0  Prehybridization

The adsorbed oligonucieotide is incubated with a prehybridization solution
containing phosphate buffer (potassium phosphate moncbasic, sodium phosphate dibasic, pH 8.0)
with SX Denhardt’s solution and 1% sodium dodecy! sulfate (SDS) for 15 minutes.

15 ridization and wash
Hybridization is carried out by applying 20 pL of fluorescently labeled target (full
length mRNA, or cDNA) from the sample of interest, and incubated overnight at room temperature
under humidifying conditions. After a 12 hour hybridization, washing is done in a phosphate buffer
with at feast up to of half the sirength (150 mM} in molarity compared to the binding buffer, without .

20 any Denhardt’s solution.

Scan
Slides after the wash are dried by centrifugation or heat, are scanned using either a
faser or CCD based scanner, to generate a fluorescent image.  Floorescent 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 5 minutes or 24 hours. The fluorescent intensity of the DNA remaining, ie.,

35  remaining Cy3-labeed oligodeoxyribonucleotides directty adhered to a surface, after washing is
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shown in Figures 8A-8D and Table 2. Fluorescent intensity after five minutes of washing is

substantially the same as at time zero. However, background at time zero was undetectable,

TABLE2

Example | ' Cel Associates
Figure 8 ' A B c D
Wash Smin 24h 5 min 24 h
Spot intensity 1208 1139 1023 192
Background 26 21 369 79
Signal/Background 46.5 54 28 24

EXAMPLE 15

Effect of Capping on Hybridization
A 40-mer DNA probe printed at 1.0 pM was hybridized with a perfectly matched

target 40-mer. The target 40-mer was hybridized at total concentration of 1.0 uM comprising 9.1 uM
Cy3-labeled target. Two methods of capping were used. Chemical capping was achieved by a vapor
phase meihod wherein 0.5 M acetic anhydride in DMF at 50 °C amd 25 inches of mercury for 16
hours followed by a liquid phase of 9.5 M succinic anhydride in DMF at room temperature for 1 h,
Altemnatively, surfactant capping was achieved by using SDS in the prenybridization buffer.

Approximately, 40 prehybridization/hybridization buffer combinations were tested
for blocking efficiency. All displayed satisfactory performance. Eight of the preferred combinations
appear in Table 3 and Figs. 9A-9B.

30
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TABLE3

10

15

20

25

Prehvbridization buffer

Hvbridization buffer

Method 1

Method 2 .

Method 3

Method 4

Method 5

Method 6

Method 7

Method 8

1% SDS
5x Denhardt’s
300 mM pH 8.0 buffer

1% SDS

300 mM pH 8.0 buffer

1% SDS
5x Denhardt’s
300 mM pH 9.5 buffer

19 5DS
5x Denhardt’s
300 mM pH 9.5 buffer

1% SDS
5x Denhardt’s
300 mM pH 9.5 buffer

1% SDS
5x Denhardt’s
300 mM pH 9.5 buffer

1% SDS
5x Denhardt's
300 mM pH 8.0 buffer

1% SDS
5x Denhardt’s
300 mM pH 8.0 buffer

31

1% SDS
3% Denhardt’s
360 mM pH 8.0 buffer

0.2 pg/pd cotl DNA
19 BSA
300 mM pH 8.0 buffer

1% SDS
5% Denhardt’s
360 mM pH 9.5 buffer

0.2 g/l cotl DNA
5x Denhardt’s
300 mM pH 9.5 buffer

5x Denhardt’s
300 mM pH 9.5 buffer

300 mM pH 9.5 buffer

1% SDS

0.2 pg/ul cotl DNA
5x Denhardt’s
306 mM pH 8.0 buffer

0.2 ug/id cot! DNA
53x Denhardt’s
300 mM pH 8.0 buffer
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EXAMPLE 16
etecting solution- cDNA with adsorptive microarra

Probes were 60-mers of predetermined sequence (derived from mouse p53-related
genes) and were adsorbed onto a glass surface according to Example 13. Targets for hybridization to
the microarray were prepared as follows - Total cellular RNA was extracted from untreated and g-
irradiated mouse thymus tissues, by a modified guanidine-isothiocyanate technique (Qiagen,
Valencia, CA, USA). The quality and the concentration of the RNA were checked using both
spectrométric and dye tests (Invitrogen, Carisbad, CA, USA). 10 mg of total cellular RNA from
untreated mouse thymus tissue was reverse {ranscribed using MMLV-RT (Cionteéh, Palo Alto, CA,
USA) in presence of Cy3 dye (Amersham Biosciences, Piscataway, NJI) which resulted in Cy3 labeled
mRNA from untreated mouse thymus. 10 mg of total cellular RNA from y-irradiated mouse thymus
tissue was reverse transcribed using MMLV-RT (Clontech, Palo Alto, CA, USA) in presence of Cy5
dye (Amersham Biosciences, Piscataway, NJ) which resuited in Cy5 labeled mRNA from untreated
mouse thyrmus, using reverse transcription protocols supplied by Clontech in the MMLV-RT kit.

The resulting labeled cDNA was precipitated by incubation in 95% ethanol for 1 hour
at -70 °C, and the precipitate 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
and incubated 4t 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. 1ssaquah, WA, USA)., The
resulting image is read as follows, for each spot on the array, the amount of green intensity signifies
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
serum albumin); and 1% sodium dodecyl sulfate. Washing buffer was 150 mM phosphate buffer
(0.0085 M monobasic sodium phosphate, (monohydrate}, .15 M dibasic sodium phosphate, pH 8.0);

1% sodium dodecyl sulfate.
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EXAMPLE 17

HLA-B variant 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 region of the human HLA-B gene from exon 2 centered around codon 67, i.e., codon 65 through
5  the first two bases of codon 69.-The sequences are nucleotide coding sequences (CDS) referenced
from the EMBL-EP] HLA database sequence alignment tool {(no introns). These 14 base long
sequences, which are variants of the nucleotide sequence at bases 265-278 of human HLA-B are
flanked to either side by a string of eight thymine bases, or poly-T sequences, which are used as an
inert flanking domain to enhance surface adsorption of the probe, without altering the ability 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 Exampie 8.

15 TABLE4
HLA-B Probe Seguence SEQ ID NO
Variant 1 TTTTITTTCAGATCTCCAAGACTTTTTITT 25
Variant 2 TTTTITTTCAGATCTTCAAGACTTTTTITTIT 26
Variant 3 TITTTTTTCAGATCTACAAGGCTTTTITTT 27

20  Varant4 TITITTTICAGATCTGCAAGACTTTTTTTT 28
Variant 5 TTTTTTTTCAGATCTGCAAGGCTTTTITTT 29
Variant 6 TITTTTTTCGGAACATGAAGGCTTTTTTTT : 30
Variant 7 TTTTTTTTCAGAAGTACAAGCGTTTTITTET 3t
Variant § 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 i0-
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  hybrdization, 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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long) coupled to enhanced target binding discrimination (because a shorter, hybridization domain can

be implemented).

EXAMPLE 18
5  Metal oxide surface-coated slides: General methods

Metal oxide surface coated slides were made using clay and metal oxide pariicles
suspended in an agarose matrix. Generally, metal oxide particles were suspended in a solution of
10mM Na,B,0,-50mM Boric acid-10mM NaF at a particle concentration of 20mg permL. Ina -
separate vessel agarose is dissolved in a solution of 10mM Na,B,0,-50mM Boric acid-10mM NaF at

10 a conceniration of 2% wt to volume, and heated to boiling. The agarose solution is placed in a water
bath at 80 to S0C, and to this solution is added | volume of the 20mg per mL metal oxide suspension,
and mixed to an even suspension. The slides are made by spreading 1 mL of the agarose-metal oxide
suspension onto a 1 X 2" area of a 1'x 3’ slide, and this agarose suspension is allowed to cool and gel.
The slide is then dried under ambient conditions of temperature and humidity until the gel is

15  completely collapsed and dry on the slide.

Prior to printing the oligonucleotide probes as an array on these slides, the slide is
treated for 5 min with glacial acetic acid, then rinsed with water, followed by a I minute wash with
acetone or with 50% ethanol-water solution. The slide is then allowed to dry under ambient
conditions. The printing of DNA probes at an oligonucieotide concentration of 75 umolar in a

20 solution of 150mM sodium phosphate buffer (pH = 8.5), 0.005% sodium lauroyl sarcosine. The
slides were printed incubated at 50% humidity for ~16hrs, irradiated with 3000 millijoules of
ultraviolet light to cross link the probes. The slides were then stored at ambient temperatures and
humidity until hybridization.

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, lmM NaH,PQ,, 0.1% Tween-20, 100ug/mL of
HMerring Sperm DNA, and 5 X Denhardts Solution. Forty microliters of this probe mix was applied to
¢ach slide and put under a glass coverslip, and incubated in a humidity chamber at room temperature

36  for 16 hours. Post hybridization processing of the microarrays is a 20 min soak in ZX SS5C followed
by & 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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metal chloride/kaolin suspension mix is added an equal volume of 2M NH,OH and mixed rapidly,
and this mixed solution is incubated for 1 hour at room temperature. The kaolin particles were
concentrated by centrifugation (1500 x g for 3 min). The supernatant is discarded and the parlicie are
resuspended in water at a particle concentration of 20mg per mL followed by a pelleting of the
particles by centrifugation (1500 x g for 3min). This process was repeated until the pH of the
supernatant is the same as the incoming water wash (between 5 to 8). These particle pellet is then
resuspended ir a solution of 100mM NaCO; and incubated for overnight. Prior to mixing the
particles with. agarose, the particles are pelieted from the carbonate buffer, washed twice

(resuspension-pelleting) in water at a concentration of 20mg/mL.

Eerrite particies coated with metal oxides

Aluminum oxide (Al,O;) surface-coated ferrite {Fe;0,), i.¢., magnetite, particles were
made by suspending the magnetite at concentration of 20mg/ml. in a solution of 30mM HCI - ZmM
AlCl;. To this solution is added an equal volume of 2M NH,OH and mixed rapidiy, and this mixed
solution is incubated for 1 hour at room temperature. The particles were concentrated by magnetic
field, the supernatant is discarded, and the magnetic particles were resuspended in water at a
concentration of 20mg per mL. The wash process was repeated a second time. The particle pellet
was then resuspended in 100mM Na,CO, and incubated at least overnight and stored in this buffer
until slides are made as described in this example. Prior to mixing the particles with agarose, the
particles are magnetically pelleted from the carbonate buffer, washed twice (resuspension-pelieting)
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 chioride, in this method. For exampile, zircontum chloride (ZrCl)) forms zirconium
oxide (Zs0,), barium chioride (BaCl,) forms barium oxide , calcium chloride {CaCl,) forms calcium
oxide (Ca0), cadmium chioride (CdCl,) forms cadmium oxide (CdQ), cobalt chioride (CoCl,) forms
cobalt oxide {Co0}, ferrous chloride (FeCl,) forms ferrous oxide {FeQ), magnesium chloride (MgCl,)
forms magnesium oxide (MgQ), nickel chloride (NiCl,) forms nickel oxide {NiO), and zinc sulfate
(ZnSO,) forms zine oxide (ZnQ),

EXAMPLE 19
Hybridization 3 Jabeled amplicon derived from exon 2 of HLA-B
The slides were prepared for hybridization by wetting the slide in 2 X $3C 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, ImM NaH,PO,, 0.1% Tween-20,
100ug/ml. of Herring Sperm DNA, and 5 X Denhardts Soluation, 3X S8C for 2 hrs at room

temperature. The probe is then mixed with the following solution, 50mM Boric acid, 10mM sodium
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tetraborate, 10 mM NaF, 1mM NaH,PO,, 0.1% Tween-20, 100ug/mL of Herring Sperm DNA, and §

X Denhardis 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 for 16 hours. The slide
was rinsed in water, air dried, then the slide was hybridized with 40ul (under glass coverslip). The
hybridization sdiuticm was 15uL of PCR solution (target source) added to hybridization solution with
final concentrations of 2X SSC, 10% Denhardts reagent, 100ug of herring sperm DNA, 0.01%
sodium lauroy! sarcosine. Post hybridization processing of the microarrays is a 20 min soak in 2X
S8C followed by a 3 min soak in 1X S8C, and 2 min treatment in 0.2X S8C.

Probes are sequence variants 9-12 (SEQ ID NOS: 33-36) of the ninth codon of exon 2
from human HELA-B as shown in Table 5. Probe variants 9 and 10 also are from codon 9 of HLA-B,
however, the sequences are from the antisense strand and are numbered nucleotides 102 thru 90 and
101 through 90, respectively. They span codons 6-10 or directionally codons 10-6. Probe variants 11
and 12 are mixed 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-labeled amplicons from a 30 eycle PCR derived from
exon Z of HLA-B.

TABLE 5
Probe Sequence SEQID NO
Variant 9 GGTGTAGAAATAC _ 33
Variant 10 GTGTGGAAATAC 34
Variant 11 CAGACTGACCGA : 35
Variant 12 CAGACTTACCGA - 36

Figures 12A-12E are hybridization arrays showing hybridization of the various
amplicons to the probes adsorbed to varicus surfaces, such as, aminopropylsilane, ferrite particles and
ferrite particles coated with a metal oxide of aluminum, magnesium, zinc or zirconium. Reiative
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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wherein the constrained oliaonucleotides each have a taraeted, 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 such twgtzg‘ggxﬁs%ﬁnstrained oligonucleotide base plane within thléc%'rpgsgf%géo &8kRain 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 oligonucleotide phosphate group dissociation from the surface.

2. The biomolecular hybrieliskaitiinizl éhvieet ofouldinprtedertherdip impritingresecappisriienateridl disposed on
the surfac&gapted to card: dddenbiguneleentamhybridizationdeventclaimighaherein thaweepping material
isa sugfactoabn@tc Qr e‘%gs%%d %qgtxd‘g’q&mm herein. 4 The blo_molecular_ hybrldlzatlor) device of_clalm I,
further comprising a smgﬁe-strﬁnded nucleic acid reversibly hybridized to the oligonucleotide as a
non-helical duplex of 10 to about 24 base pairs long adsorbed to the surface. 5. The
biomolecular hybridization device of claim 4, wherein the nucleic acid is DNA or RNA. 6. The
biomolecular hybridization device of claim 1, wherein the non-targeted,non-hybridizing domain bases
are a poly-T sequence or other inert sequence of bases. 7. The biomolecular hybridization
device of claim 1, wherein the adsorbed monolayer is formed from an about twice saturating amount of
unmodified single-stranded oligonucleotides 8. 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. 9. The
biomolecular hybridization device of claim I, wherein the functional groups form a positively charged,
polar or negatively charged hydrophilic surface or form a hydrophobic surface. 10. The
biomolecular hybridization device of claim 9, wherein the positively charged surface is an aminosilane.
The biomolecular hybridization device of claim 9, wherein the surface comprises an organic material or
an inorganic material. 12. The bimolecular hybridization device of claim 11, wherein the
organic material is amino acids, lipids, nucleotides, carbohydrates, hydrocarbons, or isoprenoids.

13. The bimolecular hybridization device of claim 11, wherein the inorganic material is a hydrogen
bond donor metal oxide 14. The biomolecular hybridization device of claim 13, 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. 15.
The bimolecular hybridization device of claim I, wherein the form of the substrate is a slide or a bead.
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. 17.A method for identifying a nucleotide
sequence to which a nucleotide-binding protein binds comprising: contacting the biomolecular
hybridization device of claim 4 with a nucleotide-binding protein under condtions that permit binding;
eluting formed duplex-protein complex(es) from the surface with a salt solution with an ionic strength of
an aqueous solution of from about | M to about 5 M NaCl; and sequencing at least one strand of the
eluted nucleic acid duplex.
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SEQUENCE LISTING 110> Genomics USA, Inc. G20> Methods and Devices Based upon a Novel
Form of Nucleic Acid Duplex on a Surface 130> D6672CIPPCT 141> 2010-10-04 150>
PCT/US2009/002088 151> 2009-04-02 150> 12/080720 151> 2009-04-04 180> 36 210> 1 211> 12

2125 DNALL3Z, AHidal Sequence 220> 223> Oligonucleotide wt-12-as 400> 1 tgtagtggg cg12 210>
2 211> 12 212> DNA 213> Artificial Sequence 220> 223> Oligonucleotide mt-12-as 400> 2 tgtagaggg
cgl2

L A biomolecular hybridization device comprising:
a substrate having a surface of functional groups permanently and covalently attached thereto;
and

an adsorbed monolaver of unmodified, single-stranded oligonucleotides all of which are about 30
bases in length as a saterated film of constrained oligonucleotides on the surface via direct non-covalent phosphate-

surface adsorptive contact of substantiaily all phosphate groups of each oligonucleotide;
wherein the constrained oligonucleotides each 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 such that
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-siranded 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.

2 The biomolecular hybridization device of claim 1, further comprising a

capping material disposed on the surface.

3. The biomolecular hybridization device of claim 2, wherein the capping

material is a surfactant or an acid anhydride.

4.  The biomolecular hybridization device of claim 1, further comprising a single-stranded nucieic
acid reversibly hybridized to the oligonucleotide as a non-helical duplex of 10 to about 24 base pairs long adsorbed to

the surface.

5. The biomolecular hybridization device of claim 4, wherein the nucleic acid is DNA or
RNA.

6. The biomolecular hybridization device of claim 1, wherein the non-targeted.non-hybridizing

domain bases are a poly-T sequence or other inert sequence of bases.
7. The biomolecular hybridization device of claim 1, wherein the adsorbed

monolayer is formed from an about twice saturating amount of uamodified single-stranded

oligonucleotides.
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210> 3 211> 12 212> DNA 213> Atrtificial Sequence 220> 223> Olicionucleotide scr-12-as 400> 3
SEQ 1 210> 4 211> 24 212> DNA 213> Artificial Sequence 220> 223> Oligonucleotide wt-24-a 400>
4 tgtagtggg cgtcctgctg ttcc24 210> 5 211> 24 212> DNA 213> Atrtificial Sequence 220> 223>
Oligonucleotide mt-24-as 400> 5 tgtagaggg cgtccagctg ttcc24 210> 6 211> 24

8. 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.

9. The biomolecular hybridization device of ciaim 1, wherein the functional groups form a

positively charged, polar or negatively charged hvdrophilic surface or form a hydrophobic surface.

10. The biomolecular hybridization device of claim 9, wherein the positively

charged surface is an aminosilane.

11. The biomolecular hybridization device of claim 9, wherein the surface

comprises an organic material or an inorganic material,

12, The biomolecular hybridization device of claim 11, wherein the organic material is amino

acids, lipids, nucleotides, carbohydrates, hydrocarbons, or iseprenoids.

13. The biomolecular hybridization device of claim 11, wherein the inorganic

material is a hydrogen bond donor metal oxide
14, The biomolecular hybridization device of claim 13, wherein the metal oxide
is ferrite, aluminum dioxide or titaniam dioxide or ferrite coated with an oxide of aluminum, fitanium,

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

15. The biomoiecular hybridization device of claim 1, wherein the form of the substrate is a slide

or a bead.
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212> DNA 213> Artificial Sequence 220> 223> Oligonucleotide scr-24-as 400> 6 ggtgcggtg
acaagctcct cctg24 210> 7 211> 12 212> DNA 213> Artificial Sequence 220> 223> Oligonucleotide
wt-12-s 400> 7 gcccactac agl2 210> 8 211> 12 212> DNA SEQ 2 213> Atrtificial Sequence 220>
223> Oligonucleotide mt-12-s 400> 8 gocctotac agl2 210> 9 211> 12 212> DNA 213> Attificial
Sequence

16, A method for hybridizing schition-state target nueleic acids to probe nucteic 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.

17. A method for identifying a nucleotide sequence to which a nucleotide-binding
protein binds comprising:
contacting the biomolecular hybridization device of claim 4 with a nucleotide-binding protein under
condtions that permit binding;
eluting formed duplex-protein complex(es) from the surface with a salt sofution with an ionic strength
of an aquecus solution of from about ¥ M to about 5 M NaCl; and

.sequencing at least one strané of the elated nucleic acid duplex.
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220> 223> Oligonucleotide scr-12-s 400> 9 cgctccacg acl2 210> 10 211> 24 212> DNA 213>
Artificial Sequence 220> 223> Oligonucleotide-24-s 400> 10 gaacagcag gacgcccact acag24 210> 11
211> 24 212> DNA 213> Atrtificial Sequence 220> 223> Oligonucleotide mt-24-s 400> 11 gaacagctg
gacgccctct acag24 210> 12 211> 24 212> DNA 213> Artificial Sequence 220> 223> Oligonucleotide
scr-24-s 400> 12 SEQ 3 210> 13 211> 10 212> DNA 213> Artificial Sequence 220> 223>

Oligonucleotide wt-10-s-(- ') 400> 13 gcccactacl0
SEQUENCE LISTING

110> Genomics USA, Inc.

‘120> Methods and Devices Based upon a Novel
Form of Nucleic Acid Duplex cn a Surface

‘130> D66T2CTIFPCT
141> 2010-10~04

150> PCT/US2009/002088
151> 2005-04-C2

150> 12/080720
151> 2008-04-04

160> 36

210> 1

211> 12

212> DuA

213> Artificial Seguence

220> :
223> Oligonucleotide wit-1Z-as

400> 1
tgtagtggg cg 12

210> 2

211> 12

212> DHNA

213> Artificial Seguence

220>
223> Oligonucleotide mt-~12-as

400> 2
tgtagaggg <g 12

210> 3

211> 12

212> DNA

213> Artificial Ssqguence

220>
223> Oligonuclieotide scr-12-as

400> 3



210> 14 211> 10 212> DNA 213> Atrtificial Sequence 220> 223> Oligonucleotide wt-10-s-(-5') 400> 14
ccactacagl0 210> 15 211> 11 212> DNA 213> Artificial Sequence 220> 223> Oligonucleo de
wt-11-s-(-3") 400> 15 gcccactac all 210> 16 211> 11 212> DNA 213> Artificial Sequence 220> 223>
Oligonucleotide wt-11-s-(-5") 400> 16 cccactaca g11 210> 17 211> 14 212> DNA 213> Artificial
Sequence 220> :223> Oligonucleotide wt-14- z400> 17 Tacgoccact acagl4 :210> 18 :211> 16 :212>
DNA :213> Artificial Sequence :220> :223> Oligonucleotide wt-16-s :400> 18 ,ggacgccca ctacagl6
210> 19cgtggage gt 12

210> 4

211> 24

212> DNA

213> Artificial Seqguence

220>
223> Clicgonucleotide wi~Z4-a

400> 4
tgtagtggg cgtecctgetg ttcce 24

210> 5

211> 24

212> DNA

213> Artificial Sequence

220>
223> Cligonucleotide mt-Z4-as

400> 5
tgtagaggyg cgtocagetg tteo _ 24

210> ¢
211> 24
212> DNA _
213> Artificial Sequence

220>
223> Oligonuclesctide scr—24-as

400> 6
ggtgcggtyg acaagctcet cotg 24

210> 7

211> 12

212> DNA

213> Artificial Seguence

220>
223> Oligonucleotide wt-12-3

400> 7
gececactac ag

-t
e

210> 8
21i> 12
212> DNA

SEQ 2



211> 18 212> DNA 213> Artificial Sequence 220> 223> Oligonucleotide wt-18-s 400> 19 caggacgcc
cactacagl8 210> 20 211> 20 212> DNA 213> Artificial Sequence 220> 223> Oligonucleotide ~
wt-20-s-(-3') 400> 20 acagcagga cgcccactac20 210> 21 211> 20 212> DNA 213> Artificial Sequence
220> 223> Oligonucleotide wt-20-s-(-5) 100> 21 igcaggacg cccactacag20 SEQ 5 :210> 22 :211> 22
:212> DNA 213> Artificial Sequence 220> 223> Oligonucleotide wt-22-s-(-3") 400> 22

213> Artificial Sequence

220> .
223> QOligonucleotide mt-12-s

400> B
goectctac ag 1z

210> 8

211> 12

212> DNA

213> Artificial Sequence

220>
223> Oligonuclectide scr-1l2-s

400> 8
cgotocacg ac 12

210> 10
11> 24
212> DNA
213> Artificial Seguence

220>
223> Oligonuclectide wt-24-s

400> 10
gaacagcag gacgccocact acag 24

210> 11

211> 24

212> DNA

213> Artificial Seguence

220>
223> Qligonucleotide mt-24-s

400> 11 .
gaacagcty gacgecctet acag z24

210> 12

211> 24

212> DNA

213> Artificial Sequence

220>
223> Oligonuclieotide scr-~24-s

400> 12

SEQ 3



gaacagcag gacgcccact ac22 210> 23 211> 22 212> DNA 213> Atrtificial Sequence 220> 223>
Oligonucleotide wt-22-s-(-5") 400> 23 acagcagga cgcccactac ag22 210> 24 211> 28 212> DNA 213>
Artificial Sequence 220> 223> Oligonucleotide wt-28-s 400> 24 aggaacagc aggacgccca ctacagtt 28
210> 25 211>30 212> DNA

aggaggage ttgtcaccgce acca 24

210> 13

211> 10

212> DNA

‘213> Artificial Sequence

220>
223> Oligonucleotide wt=10-s-(=3")

400> 13
gececactac 10

210> 14

211> 10

212> DNA

213> Artificlal Sequence

220>
223> Oligonuclectide wt-10-s-(-5")

400> 14
ccactacag i0

210> 15

211> 11

212> DNA

213> Artificial Seguence

220>
223> Oligonucleotide wi~il-s-(-3")

400> 15 |
gcccactac a . i1

210> 16

211> 11

212> DNA

213> Artificlal Secguence

220>
223> Oligonucleotide wt-1l-s-{(-5")

400> 16
cccactaca g 11

210> 17

211> 14

212> DHA

13> Artificial Seguence

SEQ 4



ifici i i iant of human HLA-B exon
213> Artificial Sequence 220> 222> 256..258 223> Oligonucleotide varian narn
400> 25 tttttttca gatctccaag actttttttt30 210> 26 211> 30 212> DNA SEQ 6 213> Artificial Sequence

220>

220>
223> Oligonucleotide wt-1l4-g

400> 17
jacgcccact acag _ 14

210> 18

211> 16

212> DNA

213> Artificial Seguence

220>
223> QOligonuclieotide wt-16-s

400> 18
iggacgcoeeca ctacag 16

210> 19

211> 18

212> DNA

213> Artificial Seguence

220>
223> Oligonucleotide wt-18-g

400> 19
caggacgce cactacag i8

210> 20

211> 20

212> DNA

213> Artificial Sequence

220>
223> Dligeonuclecotide wt-20-5-{-3")

400> 20
acagcagga cgoccactac Z0

210> 21

211> 20

212> DNA

213> Rrtificial Sequence

220>
223> Oligenuclectide WE=20=5-(-57)

100> 21
igcaggacyg cccactacag 20

SEQ 5



222> 256..258 223> Oligonucleotide variant of human HLA-B exon 2 400> 26 tttttttca gatcttcaag
actttttttt30 210> 27211> 30 212> DNA 213> Artificial Sequence 220> 222> 256..258 223>
Oligonucleotide variant of human FILA-B exon 2 400> 27 tttttttca gatctacaag gctttttttt30 210> 28 211>
30 212> DNA 213> Atrtificial Sequence 220> 222> 256..258 223> Oligonucleotide variant of human
HLA-B exon 2 400> 28 tttttttca gatctgcaag actttttttt30 210> 29 211> 30 212> DNA 213> Atrtificial
Sequence 220> 222> 256..258 223> Oligonucleot de variant of human HLA-B exon 2 400> 29 tttttttca
gatctgcaag gctttttttt30 210> 30 211> 30 212> DNA 213> Artificial Sequence SEQ 7

210> 22

211> 22

212> DNA
213> Artificial Seguence

220>
223> Oligonucleotide wt-2Z2-s-(-3")

400> 22
‘gaacagcag gacgcccact ac 22

210> 23

211> 22

212> DNA

213> Artificial Seguence

220>
223> Oligonucleotide wt—-22-s-{-5"}

400> 23
acagcagga cgcgecactac ag 22

210> 24

211> 28

212> DNA

213> Artificial Sequence

220>
223> Oligonucleotide wt-Z28-s

400> 24
aggaacagc aggacgccca ctacagtt 28

210> 25

211> 30

212> DNA

213> Artificial Seguence

220>
222> 256..258
223> Oligonucleotide wvariant of human HLA~B exon 2

400> 25
ttttttteca gatctccaag actttttttt 30

210> 26

211> 30
212> DKA

SEQ 6



220> 222> 256..258 223> Oligonucleotide variant of human HLA-B exon 2 400> 30 tttttttcg
gaacatgaag gctttttttt30 210> 31 211> 30 212> DNA 213> Artificial Sequence 220> 222> 256..258
223> Oligonucleotide variant of human HLA-E exon 2 400> 31 tttttttca'gaagtacaag cgtttttttt30 210> 32
211> 30 212> DNA 213> Artificial Sequence 220> 222> 256..258 223> 011gonucleotide variant of
human HLA-E exon 2 400> 32 tttttttca gatctacaag actttttttt30 210> 33 211> 15 212> DNA 213>
Artificial Sequence 220> 223> Oligonucleotide variant of human HLA-B codon 9, axon 2 400> 33
gtgtagaaestactes:ZE@» 84 244»=12212> DNA 213> Artificial Sequence 200> 223> Oligonucleotide

variant of human HLA-E codon 9, exon 2 SEQ 8
220>
222> 256..258
223> Cligonucleotide variant of human HLA-B exon 2

400> 26
ttttttteca gatcttcaag actttttttt 30

210> 27

211> 30

212> DNA

213> Artificial Sequence

220>
222> 256..258
223> Oligonuclectide variant of human HLA-B exon 2

400> 27
tttttttca gatctacaag gctttttttt 30

210> 28

211> 30

212> DNA

213> Artificial Sequencs

220>
222> 256..258
223> Oligonucleotide variant of human HLA-B exon 2

400> 28 :
tttttttca gatctgeoaag actttttttt 30

210> 29

211> 30

212> DNA

213> Artificial Seguence

220>
222> 256..258
223> Oligonucleotide variant of human HLA-B exon 2

400> 29
ttttittca gatctgeoaag gotttttttt 30

210> 30

211> 30

212> DNA

213> Artificial Seqguence

SEQ 7



400> 34 gtgtggaaa tactcl5 210> 35 211> 12 212> DNA 213> Avtificial Sequence 220> 223>
Oligonucleotide variant of human HLA-B codon 9, exon 2 400> 35 agactgacc gal2 210> 36 211> 12 .
212> DNA 213> Artificial Sequence 220> 223> Oligonucleotide variant of human HLA-B codon 9,

exon 2 400> 36 agacttacc gal2 SEQ 9

220>
222> 256..258
223> Oligonucleotide variant of human HLA-B exon 2

400> 30
tttttttcy gaacatgaag getttttttts 30

210> 31

211> 30

212> DNR

213> Artificial Sequence

Z220>
222> 256..258
223> Oligonucleotide variant of human HLA-E exon 2

400> 31
tttttttca gaagtacaag cgtttttttt 20

210> 32

211>. 30

212> DNA

213> Artificial Sequence

220>
222> 256..258
223> Oligonuclectide variant of human HLA-B exon 2

400> 32
tttttttca gatctacaag actttttttt 30

210> 33

211> 15

212> DNA

213> Artificial Sequence

220>
223> Oligonucleotide variant of human HLA-B codon 9, excn 2

400> 33
gtgtagaaa tactce 15

210> 34

211> 15 '
212> DNA

213> Artificial Sequence

220>
223> Oligonucleotide variant of human HELA-B codon 8, exon 2

SEQ 8



400> 34
gtgtggaaa tactc 135

210> 35

211> 12

212> DNA

213> Artificial Sequence

220>
223> Oligonucleotide variant of human HLA~B codon 8, exon 2

400> 35
agactgacc ga 1z

10> 38
211> 12
212> DNA
213> Artificial Sequence

220>

223> Oligonucleotide variant of human HLA~B codon 9, exon 2
400> 36

agacttacc ga 12

SEQ 9



