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SI LI CON AND GERMANI UM SURFACES r FI ELD OF THE | NVENTI ON The invention is
di rect ed wo omadi®i ed carbon, silicon, and gernmani um surfacgsr/{isdighwdi ng
nodi fied surfaces of alloys containing any conbinati on of carbon, silicon
and/or germanium. Specifically, the invention is directed to hydrogen-,
brom ne-, or iodinetermnated carbon, silicon, and germani um surfaces

nodi fied to have bonded thereto a linker noiety capabl e of anchoring
various other chem cal noieties to the unoxidi zed surface. These nodified
surfaces are suiMODEFIED CARBONDSTJLONAND GERMANIUM SURHAGESal s,

i ncl udi ng surfaces of bound nucleic acids and nucleic acid arrays
conprising two or nore such surfaces. DESCRI PTION OF THE PRI OR ART Surf aces
suitable for the inmobilization of nucleic acids have become an
increasingly inportant biological tool in recent years. Arrays of nucleic
acid nol ecul es, either as doubl e-stranded segnents or as short,

si ngl e-stranded ol i gﬁgm i have been jobod drug devel opnent,
geneti c sequencing, WWW@M%S“ Ccs, nuﬁ%ﬂ\%@ﬂﬂ“ﬂ\%and bi ndi ng studi es
and DNA conputing.'-Z Th%O(B&I_ n al advant using surfacebound

ol i gonucl eoti des over those I'n solution include ‘BYE of purification,

conservation of material and reagents, reduction of interference between

ol i gonucl eoti des, and facilit aFEELD ANNVENTI@N 2 Previ ously expl ored
surfaces for immbilization of nucleic, c&jds i ncl.ude | at ex beads, 5
pol ystyrene,' canBsinentien isydjesstesitoomodified; carbom siliconoand,germanivgy SERCEs | i con

2t 255, 3 Bndibaif@midigld sl PRoS ol ARG BRI ofRlkbh dlicb&Rfor -

substrat es, “howev not possess many sired char’acter

an ideal sugémemiunl)heSpecifidalbl tirlinfention ¢hdirevtddetol Inidragend, HsoMinE-, TasTBdiBHEET

(RULE 26) WO 02/ 20179 PCT/ USOL/ 27. 131 inc¢lude: surface f]atness and

honogenei t y terpditqdgarben, silieon, apd germpappim éw,%ac@h mﬁiaﬁédéﬁ ﬁlaxhé?ndgmtheg@tatﬁ lity:

reproduci bi {:i¢V; L : 4cl el |ethildtld 1 ;

bi ocheni cal hhn%%"ﬁﬁ?&t“?‘ﬁﬂ@%%@%&’&%ﬁws Gfie gg}dr:é toéttéégaﬁmW%d

nucl ei ¢ aci surésea Thasansdified Burfaves arabwicabbs faruthe sfabicaton | of sueffjce-beurnl

surface anmenable tq integration into.a mcroelectronics format. The,

linmitation Seemigds,dncleging pyrfages phbouad puglelgiacids Bre Auclein @rid Ay LLOMPIFiNgat e a

need for al W&BPHngs&HE&IﬁE%EES that nore closely resenble the ideal. As

descri bed hérei'n, unoxidized crystalline carbon, silicon, and gernmani um

al | otropes thereof, and alloys thereof offer advantages as substrates for

i mmobi |i zati on of nucleic acids and other chem cal s _having simlar or

anal ogous reactivity becausPESCRIBFIONOEIHE PRIOR ARTyh| v or gani zed and

defined crystall ighe, Skr 45hbIEShor ARE iBRIBAEAESS of HulclekPUcilis HARE b 4

preferred due to Its ubiquitous use In the mcroelectronics I ndustry.
increasingly important biological tool in recent years. Arrays of nucleic acid molecules,

either as double-stranded segments or as short, single-stranded oligonucleotides, have
been utilized for drug development, genetic sequencing, medical diagnostics, nucleic acid-
ligand binding studies and DNA computing.'*! The principal advantages of using surface-
bound oligonucleotides over those in solution include ease of purification, conservation
of material and reagents, reduction of interference between oligonucleotides, and
facilitated sample handling.> Previously explored surfaces for immobilization of nucleic

225 gold, 2628 gnd oxidized

acids include latex beads,’® polystyrene,' carbon electrodes,
silicon or glass, >332
The surface chemistries involved with these substrates, however, do not possess

many of the desired characteristics of an ideal surface. These ideal surface characteristics
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However, native silicon surfaces, for exanple, react with air under anbient
conditions to forma thin surface layer of silicon oxide. This oxidized
silicon swpfpaeegms chemcally simlar to glass and sufferspdygso120im of the
sanme drawbacks, nanely inhonbgeneity and variability in the relative nunber
of Si-0-Si and Si-OH |inkages. This inhonpbgeneity and the concom tant

chem cal variability it engenders can lead to difficulties in the

reproduci bility and honbgeneity of the subsequent chem cal -nodified
surfaces, particularly as the silane chem stry generally enployed to couple
to such sur fiaclede:i sirface 8ntnegsr andechangogeneityl; contyolpefodhirfans prapgrties; thermal and

difficult-to-contro | yneri zat.j.on oces . 3a, 35, .Chem cal t hways .f or
i rect 1 unctSHGALNA SibiiGh Forouf irligh abY AEERBIEL 1imie o uro iEara) dhdhave
opened Up neyoaRERER ahiphBfioh OMdrb Sdbkiiy A dedirb SluRUfnRIbTiZRE nclak haahEent -
These new attachnment nethods provide nodified silicon surfaces through

di rect car bombiokénsoninbutegi8iddirgsitstPwanld rhquite # sutice entenablerist interation into

chlorine-, ester-, or acid-term_nated SI|bSirateS. 36,39,,40, 43, 44 t hough
Wagner ot ath TOREERTORE MRt THe NHPHPES, b it PO R RHAGES and atiebimetiog

si1icon Sur f afeidied iflBRE b b B difcatar¥ sHRHMCS thed oRIELPREAOHRTINA
this reference does not disclose a systematic, reproducible nmethod to
produce chends dedoyibed héremgd usoidieahcrgstalline esbom sjensr ahd geroraninug labotcopes

acid-nodi fied silicqgn surfaces j.n particul ar. Reactjons of. . wal kenes with
silicon surf @gkwﬁéﬂwetﬁae@eﬁeﬁwawﬁgqsﬁé sbb%t@#esffm mppbiigiomod ruled by
2

di acyl peroxj r j jat i : | t .

00 031 26376 S b kel havidlinfls anaoodd rbavily Skchielot it Ml 2
a vari ety ofpdritpchighlyadrgamioedosnd defaled dirystpllast gnsturacamdsrob@stadssarilicon is
chlorides.36 Th se of hal ogens as .chem cal passivating agents for
silicon- basewrg@ﬁ@rgmeﬁerﬁéﬁge s uhigujtoys gse wdhe mgeelegiriesdidusirys2, 53
SUMMARY OF THE | el Il t ct: ' j,fied
carbon, silicon, I\%fn %@ﬁgﬁ%%ﬁ?ﬁ%&%ﬁ% f%éxﬁn&fﬁoﬂagﬁn%tgd%fﬁé%ég%ﬁ%ﬂta
strai ght, brenditivgs t@forpycthircsuafake gehefisilivgn dxileb SThig entidingéd silienesapfacarst h an
unoxi di zed carbon, silijcon, ger mani um substrate to yield a nodified

, or
substrate ha‘?heﬁbcaﬂﬁ rféfailer dtor glass) §ng pafess om gomgeofythsciere dravhacks; nemelyeni ng

oxygen at O”Biﬁh&%g&{e&g&&f’va%'a 'Ylty i eFhihfve xglnﬂ)e?gféiEGESi ﬁﬁﬁ’@ﬂbﬁ%kaé’efs. T

i nvention, the reaction I nvolveés working directly with a

hydr ogen- t erifhtvdbgsheRy |dndothe emcbmitantochegitataniridbiliguitl eenddbusin Raditost
enbodi ment of the invention is directed to a nethod of creating nodified

carbon, si | i @8ieultiendn Gernprmivabiity mddemogensity fthribsemientcehemicakmogified
e eon w ¢ nr-i by GHBREATH e g SRR, Sh AR HI B o o

a nodi fied siglxsélf plone basthbilitypestiads sid diffichly-tbltenebipolynierizatoriprocases. B any
i nterveni ng oxygen atons, substituted alkyl noieties, The strength of the

Si -H bond (and C- Phemigalmathvays ders diress funchiopiization pissilicogoblistirses Withgueén t han

onds) . - TrusoC4 prd Ry Rl R pehr PR AR oo sl eicBgaftpcndeny,

Ge- H bonds nuBdse e atthéHnmnk fetod§ pMvideasd difidddilicoblstiuficey tiabegh difdcpeirbén-on,

however, potentially can damage certain sanples (e.g., certain biological

sanpl es and #liensybangs.e i sanddhpe senylted iy mathyl-sehiaiine-vestero ereagidateamingiedpy

hort - | i ght .o 38nesget | icles) . wThus.. in. nbadi ment, of
The | nvent i Voo REs SRkl o B NG B L b (R RIS GBI PR 7 |
CBr/l, or GCestdtietmiagedsilicon afBcds ififobilif: 410152 bp dsubly- shaAteitedivh ofDIGA,

require less energy to displace. Thus, a second _enbodi nent of the invention
is directed thisraferenchdaesaiot disdesciasystematic; reprodiithomethad ta prodyceghemigallyrani um
surfaces cOMprlyl AL EACHLBA.E S ULal ot B AREN Sy LfUf i di8RSs"RY T N0

a substituen fl e
particular.

Reactions of w-alkenes with silicon surfaces have been described in the prior art,

either mediated by diacyl peroxides,* through UV irradiation,'* or by direct thermal
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3 WO 02/20179 PCT/USO1/27:131 term nated carbon, silicon, or gernmani um
substrate to yield a nodified substrate having bonded directly thereto, in
t he abserwe oehomEmy i nterveni ng oxygen atons, substituted adaylsor/2msieties.
A preferred second enbodi ment of the invention is directed to a nethod of
creating nodified surfaces on brom ne- or iodine- term nated carbon,
silicon, and gernmani um surfaces (iodine being preferred), the nethod
conprising first reacting an am no-, carboxy-, or thiol-nodified and
protected al kene, w a brom ne- aor iodineterm pated carbon, silicon, or
ger mani um s&&é‘f’?‘téﬁnggt eﬁ'@@ﬁf“‘é“%‘?ﬁ%%“ﬁ?‘“ﬁfﬂaé'@f% ,ﬁuécrﬂo%l_g,roqu,lgglgam,g or
t hi ol - nodi figgd alkpee+l £alsiiseoval ently bonded to the substrate in the
absence of any r'nterveni ng oxygen nol ecul es. The nodified al kane nol ecul es
of the first stepllsr aisechefi likdggens east ediethichl neasseaiargy )agenthefarbyiligoebaiedg a
surface of unprotected nodjfied al kane nol ecul gg, bonded to the substrate.
« Next, if nec¥guganductprshagalse beengesgn reyigesinl Kane nol ecul es are react ed
with a cross-linker, whereby the cross-linker is attached to the nodified
al kane nol ecul es. Lastly, nolecules such as nucleic acids or proteins are
attached to the cross-I|inker STMMAREIEN THEINVENTIONer eby yi el ding a
surface of nolecules, imubilized on the substrate. Another particularly
preferred embodi nEefeinpedpscribagymathod gt ¢reating madibed carbany bganmandgsapanivm
surfaces on i di kL i t hod
i s charact er%ﬁgfééésbyfﬁdrggﬁéﬁﬁ%wd%g}ésat%awgﬁgﬁb@@éc io?lg{"lﬁ% |nge§$ﬁ8 om ne

Wi th an unoxduBstaatnCherson, with ki Gixidiged @evorpsilicon, st vaniug substtaé to vield
i odi ne- or brom neterm nated _ carbon, silicon, er mani um substrate, Then,

an anino-, camegifigd ,subﬁtratmhwinﬁ)bnrﬁeédliractb@mrqtéripl%@st@wewo@f any dntervening
an T ( "Ll oan, . . T .
car boxy- - orSBRELPER SRl ERfmBlenfy L IPLBITBNORIGE B yEdfy R Re

that the i odiep®iodr inRbIvE} %rkﬁfgr&fe@wdyﬁﬂ @hydiegéiteehinated silicbn, Narkom, e-
carboxy-, or thiol-nodified al kene reacts wth the substrate to yield a
surface of agfrmaniumeyribes yThusx fisstgrehadiment of the avantioeisidinested kes methagl afnt | v

bonded to the subs i he..abs Q ny.|.at rti n.

ol ccul cs. g e B R BerllanlY ol Uy kG ized oy
cross- | i nkereadMh@r £6ttaighie bednehsd, lor yelic hlferd haGied shbstitheniB@tdoneditalakane
nol ecul es. Lastly, nol ecules, such as DNA, RNA, or pol ypeptides, are

attached t o unesidizedartiannsibigon, phgeratgpiugy subgtratg tayyieldrs modified sybsirateiasing
[ bilized t bstrate. 4 WO 02/ 20179 PCT/ US01/27. 43 th
eacti on”of TRABHELEhE B Pnite apsice PRASIER shibS g eshatamt Wi gl 9 ' "

i odi ne-termgakgss substrate is photoinitiated, the reaction sites can be
preselected to yield a desired pattern upon the surface of the substrate by

sel ectively exposThestrengthofitifesfdd] bend (ard Gl pid GeH bands torhhaweyenisiageods
al so direct eéiea} ﬁrg%r %)aqll gi hceetd a %ﬂ%%torr %tﬁ-l rogg L(gre %eaccogpersgérpcgné 8-1§r719 3reGe-Br/I

bonds). Thus, a photoinitiated reaction designed to break Si-H, C-H, or Ge-H bonds must

use ultraviolet (UV) radiation. Ultra-violet irradiation, however, potentially can damage
certain samples (e.g., certain biological samples and other molecular systems that are
sensitive to degradation by short-wave light or energetic particles). Thus, in a second
embodiment of the invention, the Si-H, C-H, or Ge-H bonds are first replaced with Si-
Br/I, C-Bt/1, or Ge-Br/I bonds. These bonds are more easily broken and thus require less
energy to displace.

Thus, a second embodiment of the invention is directed to a method of creating
modified carbon, silicon, and germanium surfaces comprising reacting a straight,

branched, or cyclic alkene having a substituent thereon with a bromine- or iodine-
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met hods. In the preferred enbodi nent of the nethod, visible |light nediates
the reaction of an optionally-protected, cc-unsaturated am noal kene,

hydr oxyalwengr00ar boxyal kene, or thioal kene (the nost prefmreshiReizig

10- ami nodec- 1-ene protected with t-BOC) with brom ne- or iodine- term nated
silicon. Renoval of the protecting group yields an am noal kane-nodi fi ed,
hydr oxyal kane- nodi fi ed, carboxyal kane, or thioal kane-nodified silicon
surface. These reactive term nal groups (am no, hydroxy, carboxy, thio) can
then be coupled to nodified oligonucl eotides or other bionolecules

( pol ypept i determingtgd garbophailinenodt garnieniuan sibytrase thpieldd medified suhstratsi haying

Pr eparat i on BYUE) GresTa el i Absice of M mER S orpRs AL, staeed sl |
primary advagbiagss of the preferred enbodi nents is that photopatterning of

the substrate can be perfornmed at roomtenperature and does not require
exposure to heat,Adir d rssconidograbodimentngf e Havention s doecteddo gymethat ofoul d

destroy sensitive biqglogical sanpl.es..The phqt opatterni an h er f qrned
at ambi ent  eR Bodifiel Suifedt o Rpiinse dsdtiyer dyialed Cagan, sificdn, and
phot opat t er NicigahigmPeifaesNGEHintSh teForRlds, theGhéthOll BmPRMRE Frg redttiBRIT Y
(roughly 2-$n‘ilalir\lllvattsa psgérwjémz)g}&rgis isdgin contrastm?l(;)l t%e firrst 8
enbodi ment ofmititre carbosy, iowrthiolkivedified and qirofenfetli alitene withae thirommew oi mggine-
hydr ogen-t er m nat eg SL| i cgiré, carbon, . or gernmani uegr SUbr?t ra%es are used.
These react i \GHUNALEE CATPRN, FEICHR OR BEfMEAL Satefp eld p syrfacs of Rrofectady aminge
term nal hy ?&ﬁﬁs HRWE: : SRSl d by
LTV radi ati g(%l, t éoftitrstM{;orr‘ﬂ)ﬁoe i neaﬁltetri&gevery 3%%‘?{“ |nr?@§lx‘§'§®ﬁ%é8tg%%§ﬁhgte
need not be dbsermeefany intervanmgioxggarmoleciiles . The modiffledaifi{ane frtdeckIes bfbefire 7d31
Anot her pri mar advantgge of resent inv nti,oH is that it_can bet Hsed

he .
to form hi ghitSE BFeEteBqdehratseted (i wecasspms thereby oXiFiHing & syarecofiurrptest
i ncl udi ng ol i i JRQr i i
SUbst 1t 0. *ARSARUENERA] ABleBiIbeAh B8 suBftste, B AR SsarlRSbElBROd |
surface densmbdified alkansmoteculee arel reattbé vathr ayrosslinieaswhatretye theandsdinkedisand

mani pul ated. Contyol of suyrface density is_provided in two fashjons; In the
first appr oa%ﬁ,cgfﬁ{ Qg Wﬁ@kﬁelﬁir"’iga“@fmqlﬁ@ﬂ?ﬁ- o%%%lb’eﬂwf@%]ﬁ% i asmugleicracisarkene

and dodecen L L4 [ LRI [ pé,g [ t'h@Fet‘ﬂ. 1 ng
reaction. Hggrg{,e%astéﬁ %llﬂeggaérﬁgcrl ﬁ%@%é\%%g}m%fgﬂ]?gun l{gesge\l;}\eten h?ﬁe‘jﬁﬁ%?? '?’J%:c?l on
of ~unsat ur asfafolacolésdainksbilzed ontiesubstngtey m xture and the density of

ol i gonucl eoti de hybridization sites. In the second approach, onl %Aga portion

of the protecti ng?petBeqpartiguarly prefesed qmbneiment ofthg Hyyeutinsds 3 method pfrseatinge
surface by |1 mki ] : [t oyl Cied er eby
i i gt nen S s bh Fofunz Bltvo 2l lE A REANE, A elRE CThEfheurl
attachnment . jdnghahsterizdd byt eigefolibwinge stepy: efifist, oreadtingt ikt abibkdrhiyie oith e
arrays. O igonucleotide nodjfied surfaces forned utilizing the present
i nvention ar@ogidisednearon; siispe, ahgermaniuR FrwTate it foyunan iedinet o brogine-
assays. Thesg sl eenoR! QoA ARrAldiSHIAbAE: UheOldallo ILARSE U hDR! ©S
or surface inmobiTizati’on of’ ol9 gonhucl eot des in huclelc’acrd’arrays, as
wel | as a rombdifitdalkehe is plaptd Dgow thdiodine-eninged raateankiticen) o2! gpmatiémt o
sem conductor materials. By permtting control of the density of the
bi onol ecul essukbtraienThe awimot.icatbosyn paieolgrodifiedalkeneristhemnosedie visible fighie d
herein al so i contral . of . LCl Ltan tting
characteri stiglgfsl %331& %e}fg&flﬁ HEPIi%gH}é%]{iizr erﬁg{;se:a]q?(%g#}e Sggsft?rﬂa%?ﬁ%ﬂ%%{r%%oé’r%(g Y

S ulr fac :as ,  anor thidhicdifiedasinme redcts Witiethalsubgrateoryisld aishiffceaTdmii-| catligd:yried
nol ecul e

or thiol-modified alkane molecules covalently bonded to the substrate in the absence of
any intervening oxygen molecules. The modified alkane molecules are then reacted with
a cross-linker, whereby the cross-linker is attached to the modified alkane molecules.
Lastly, molecules, such as DNA, RNA, or polypeptides, are attached to the cross-linker,

thereby yielding a surface of molecules immobilized on the substrate.
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arrays. BRI EF DESCRI PTION OF THE FIGURES Fig. | A Reaction schene for

i mmobi li zation of DNA on an am ne-nodified silicon (001) wafer. A |layer of
t - BOC- pr w@o02/20174.0- anmi nodec- 1- ene was bound to the surfac®Cysappi#ing a
thin layer of the protected amne to the wafer and exposing it to
ultraviolet light froma | ow pressure nercury vapor |anp. Deprotection was
acconplished by treating the surface with 25% TFA in CH2CI 2 for 1 hour
followed by a 5 minute rinse 6 W O 02/ 20179 PCT/ USOL/ 27~31 in 10% NHAOH.
The cross-linker SSMCC was added to the surface, whereby it bound to the
free amnes thr omaawWﬁgﬂ@h@xygtbéenwlﬁﬁdoalkenéﬂ@theWmeomﬁb&ammeheh

bound to the f or

i nobi | i zati'On o?érgﬁ%?o‘%ugkr’l{p%%% hI) %ﬁtﬁ}%@ ‘?‘ggéﬁ S&gﬁﬁgb\a?&&g eﬁer of
t- BOC- prot ecd @séxré@p@cmrﬂ ap&iCthd -s,@:rm:evaﬂ*@heb@ugtehté By bdlectiveltieRposify the &afa@é to
silicon surface i’Qi/’iappl ying a thin layer of the protected amne to the

- waf er and exth @§IS lightt o visible light from an argon | aser. Deprotection

was acconpl i shed 2 hour
ol owed by a 5 ritiribhBRid el lFE otk sl brhd fedie e Biade Added
to the surf agaghoddrereby it bound to the free anines through an

N- hydr oxysuccini mdyl ester. Thiol DNA was then bound to the mal ei m de
groups of the SS epﬁe&Tedzmbpﬂmgﬂf the rmthOdnghl@thgbt wedintgnthegeastion odf t he
t - BOC- prot ect ed % 1-ene, i blllz do k&N substrate (Fig.
2ay The i Popi BB, bR Bpirof e Tyfabtk G8LcRRIRRAS of
treatment | nhbafieedsfht Qﬁos@ pmfufed bdiflg 1ala}mnddéa1pa@k;§ofee&dr@ﬁpf wite NH3+
and the primary am ne have been assigned the peaks at 401.9 and 400. 2 evV,
respectivel wromnwurorracémc-hmmhusedbsbwrt r Ramovalvaft the 350teTting gmupcmédls by a

f t 1 k ..at 40 V (Fi
This indt carmincalppaoded faliotutiheodiad! SahSbidhe SonPafdiimafinedn)
car bon 5peCt§ilib@§hQﬁrﬁ&eTﬁes@%cB(/@feﬁ%ﬁﬁgrﬁﬁbd‘@nﬂlder@x?tdé Rﬁ% ci7¥¥té1\8/1$5 ev

(Fig. 2d) assigned to the bulk carbons, as well "as a peak €
assi gned t o teheoupladotonmbdifiad lmthgomfclemhées OIBOIhegbmnmlecﬁte@ (palrypcmiylles digads, i s

B e e
t-butyl car b§SMC Dynaﬁn Hﬁﬁ?@lb@?ﬂ?h{ﬁ&%f HB%cHEthayﬁ& & oth&Mseht, 2l ned

usi ng a Mol ecul ar Fiuor ger”-brand fluorescent 1maging device.
Two differermbsttatgonucl eotides are attached to the surface in two spots

approxinaterZ i.n di ter bridization with the fluorescent

compl ement of ¢ heA BEPBHY 4358 Hagh e ngﬂ@ @“i“f‘ﬁdég‘ pirQfopaiterning of the
Denat ur at i O”su@&?’at@%l{ﬁéj#&'ﬁ;dn%‘ af Roh&nlp leé@freﬁg@aoélrﬁ)@r&{&ﬁ- xpddEredy RE €d
i mage (Fig . Denaturation and hybridization wth conpl enent s

al l ows both ei«pmtoastmnheon/arxymhelzﬁnhne feif gnergy )that 7could\dedRy2@nsitive biological

P 27-431
CT/usaL/ sa3mples The photopatterning can be performed at ambient pressures with no vacuum

processing required. The photopatterning is performed using visible light of a moderate
intensity (roughly 2-5 milliwatts per cm?).

This is in contrast to the first embodiment of the invention, wherein photoinitiated
reactions using hydrogen-terminated silicon, carbon, or germanium substrates are used.
These reactions require using higher-energy UV radiation to remove the terminal
hydrogens. However, where the sample is not adversely affected by UV radiation, the
first embodiment is very useful in that the substrate need not be treated with bromine or

iodine.



Fig. 3d: A photograph of the substrate of Exanple 2 after photoinitiation
to attach wundecylenic acid nethyl ester groups to an iodine-term nated
silicon swmboseretre. Fig. 4: Control of oligonucleotide denspdyusm@ingibi nary
m xtures of 10-am nodec 1l-ene and dodecene. M xtures containing different
per cent ages of t-BOC-protected 10am nodec- 1-ene and dodecene were attached
to the surfaces using visible light. Deprotection and addition of SSMCC and
thiol DNA followed by hybridization with the fluorescent conpl enent all owed
for quantificati on of the si %Hi?d‘t A Ilnear rel ati onship Is observed_ between

the fl uorescence &1 PrYBy; age ot therrpisntyention lﬁwmcﬁilfedtsﬁéép fosm; e
surface (y =

ol i gonucl eot | ghl98)§%ésffc?9fagﬁ)@n%ﬂﬂsetd?§ay gg?%%‘eég)sggf?dﬁgdegag gggéﬁ@r%l ggné%leoude
accor di ng t ocartdys, g esmatt, inorganic) waoxidizedesobsttatet i on conditions for differing
| engt hs of tine. 1%;rfac S wer deprotected, then nodified with S SMCC and
thiol DNA. Hybrid Pthaf tﬂ?tfl ‘@nmgae the paesencigkentiondhihat e setise dspsitnefgi ng

on a "Fl uor | ymgy f he
ot gnal . Bxposargier e ltsne TRy Bth BRH) BF Bt MR nd ApnfHN].  CORHI 00 oiace
10- anmi nodec- densitgis providedlietwd fashibss: dn thefirstapproath) dharyhigtures ofﬁheaihbteicteﬂ of
silicon surfaces coval entl y nodified wth fluorescently-ta

ol i gonucl eot Prwsatursfes sraiapdlkens asd|doderens arer wiised Weafnemwew glgdlghkwﬁi@tng to
t he present i .5’ . The
sur faces werée éﬁ%‘% }eg 6@%@%&%1&6&‘1 %&t&gﬁﬁl égfr?kle‘ Bét%(éﬂh% sl ibftich

" Fl uor | magerunsbfuedied iaifagoalicend eivti he . bitiayirhiknge ol tRCasmRRy dfhdligoniélasttie
fluorescence intensity. The observed fluorescence signal is stable

t hr oughout tbridiggten ites: In ghe:sec@dcapmacha qlpzpettion ot ghe protesb@g)gnqum a@f

denat ur at | orteliysre BO6 e REnd follies sIRSFa Biiae i Biche R vt B P ™
hybri di zed DiNpreveetidn eedctivg) eeesdynlimiiigetheDhMinbeC bEATERMbRY bIRgOXiteBER! y 1

% w th each hybridization cycle. The surfaces were also inmaged after each
denat ur at i onoligoapcleatid¢eatisnkinenit e t he conpl ete renoval of the fluorescent

| t. No fl t,h ft
denat urati on.( hyBRPBEC AT gt & feimveiba il e SRR TTIRGerY53  ORgint ot 1
tagged DNA; Modifie@sitlabdsformdd Qta&%ﬁrﬁ the eseMv@Rﬁo’a{l&Z &aPéﬁTél Qﬂléaﬂdﬁe?ﬁem
DETATLED DESCRI PTI ON OF THE | NVE Abbr evi ati ons: | owi ng

abbr evi at i onwelhindNAdybridizatiopressayst Bbesssurfades peavidean altﬁman@(ogold ar glassC24

| i near, branc li¢ d,. where propri.ate, corres dlng
Kyl r oupeibsngtethos SFace fnfobTRintR nisditele 888 %infadh R, SRy
cyclic al ken@ﬁoui:@fﬂf)th@'E:oﬂﬂingnﬂ&%ﬁiowcataﬁfbcogmﬁorpéle&éxﬁpﬁ) sefnicdneuTdY MaxkHAn

thereof, and, where appropriate,
By permitting control of the density of the biomolecules within a modified surface

or array, the invention described herein also permits control of the hydrophobicity and
concomitant wetting characteristics of the functionalized silicon, germanium, or carbon
surfaces, an important aspect in preparing reproducible and well-defined biomolecule

arrays.

BRIEF DESCRIPTION OF THE FIGURES
Fig. 1A: Reaction scheme for immobilization of DNA on an amine-modified
silicon (001) wafer. A layer of t-BOC-protected 10-aminodec-1-ene was bound to the
surface by applying a thin layer of the protected amine to the wafer and exposing it to
ultraviolet light from a low pressure mercury vapor lamp. Deprotection was accomplished

by treating the surface with 25% TFA in CH,ClI, for 1 hour followed by a 5 minute rinse
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correspondi ng al kenyl groups. An a-atkene is an al kene havi ng one
unsaturation, that unsaturation being present at a term nal carbon atom of
t he nol ecwba2/20Bbonoi ecul e" = any nol ecul e found in bi ol ogrcRUISARIBII al ,
expressly including, but not limted to nucleic acids, proteins, peptides,
anti bodi es, enzynes, cell-wall conponents such as phospholipids, etc., and
nodi fi ed and synthetic forns thereof, such as | abel ed bi onol ecul es and
reconbi nant bi onol ecul es. "Cross-linker" =Any chem cal cross-Ilinking
reagent havi VRIS t4 | Rl ' | ' | ar
bonds; the t%dﬁéact“?@g ?r}t{)ig%ljtslgéegmr?g;? S%@(F @Qgg#edotértﬁglgﬁ%rg’e‘h{{%%ﬁ?n%w:
9- f | uor enyl nat the fige amhes yirough' N-hydydxysuicinirhidpinestef Thiol DNAwaythenbowid h 2'
S SPE/ 0. 2% SD %gbuf fer (20 mM NaH2P04, 300 nM NaCl, 2 mM EDTA, and 7 niV
sodi um dodecif the maleimide grpnps of the §$M§rg/ buffer of equivalent functionality.

" Het er obi function ad dis here fIPYinsiLbiH | i.nki ng _«;ﬂgﬁﬁ];
* havi ng two reacti\i;ﬂéag'(r:rlolfﬂll'Zl'?'ia"%actsnlag\E‘/sz(i"}ll I%%f&e} or @ggﬁ%éfpﬁ%roho%e%ﬁf%r onds
wherein the sillcon @at) wafer.mai layéres tBQCPrbteeted n0-dniinsdeedlctnedvixctiound kb thd | ed
al kene" and "~-Modifjed al kene" = A "nodified al kene" is an al kene nodified

by the addi t joginedermingted silisan pyrface by applyings thinlagar of thespratected amine 9 dheoxy
car boxy, or | | ety . . | i d_an re in
t he al kene V\nwétle?% 'h({e@g%ﬁe‘%ft}gﬁls%ﬁql%# %ﬁlg}é?&t&ég’r Or]#@e%ér;cg&%-t"rqrvoaé P‘f‘(i)é’g@ﬁlg Kene"
i s an al kenebytieitiigithé afdceakthi 269 TPAGH CH,EL, ot unélﬁ{fpmcsw&c_h?wm\ﬂahns‘ear bon
of the al kene chain. "Nucleic acid" = deoxyribonucleic acids (DNA)

ri bonucl ei ¢ #ci0e NERQE., Thneropeieken SSMICE svas addadds the srfasnywhssehyos boundd
modi fied for [Penb %‘%{3 gr%fiﬂes 'tl?r%{lé'ﬁj anl ihy‘é"rc}xggu%tcin%nidyl ester. Thiol DNA was then bound
to the maleimide groups of the SSMCC.

Figs. 2a through 2f: X-ray photoelectron spectra of the t-BOC-protected 10-
aminodec-1-ene immobilized on a silicon substrate (Fig. 2a). The nitrogen spectrum
shows a single peak at 400.5 eV. After treatment in 25% TFA for 1 hour (Fig. 2b), two
peaks are recorded. The NH," and the primary amine have been assigned the peaks at
401.9 and 400.2 eV, respectively. A surface that has been treated with 25% TFA
followed by a five-minute rinse in 10% NH,OH shows only one peak at 400.3 eV (Fig.
2¢). This indicates the NH," nitrogens have been completely deprotonated. The carbon
spectrum of the t-BOC-protected amine shows a strong peak at 285 eV (Fig. 2d)
assigned to the bulk carbons, as well as a peak at 289.7 eV assigned to the carbonyl
carbon of the t-BOC group. The carbonyl peak is reduced by approximately 70% after
deprotection with TFA (Fig. 2e) and NH,OH (Fig. 2f). The shoulder at 287.2 eV has
been attributed to the t-butyl carbon.

Figs 3a through 3¢: Images of DNA modified silicon obtained using a Molecular
Dynamics “FluorImager”-brand fluorescent imaging device. Two different oligo-
nucleotides are attached to the surface in two spots approximately 2 mm in diameter.
Hybridization with the fluorescent complement of the upper spot shows the expected
image (Fig. 3a). Denaturation and hybridization to the lower spot also shows the
expected image (Fig. 3b). Denaturation and hybridization with both complements allows

both spots to be visualized (Fig. 3c).



WO 02/20179 PCT/USO 1/27d31 |limtation, |abeled (radioactive, fluorescent,
etc.) nucleic acids, and nucleic acids nodified to include a binding noiety
such as awoliabimgroup or a biotin tag. "Nucleic acid" incleceesiamisiDNA and
RNA ol i gonucl eoti des conprised of the standard bases A, C, T, G and U, and
nodi fi ed bases thereof, such as nono- or dinethylated bases, di deoxy bases,
etc. "Protecting group"” = a chem cal noiety capable of selective addition
to and renoval froma reactive site to allow nmanipul ati on of a chem cal

entity at sites opher_than the reacfive site. host. of protecti.ng,groups
are known in the af. 3‘i'n i hotgreelt o1 the sHEﬁrqtﬁpf\ﬁﬁgnplpgztaigqr PE‘PUF@E%F%”
groups inclu h Fadl b1t ; IS ,
trifluoroac e?fﬁ%, %%Ag ?%&%sagig cl}l?lt?%llrbﬁ{eer gﬁ%h?%%fgg%gﬁy ,&E&é%}z{%%ﬂ %Q&ME

4- et hyl benzyl , t FigodniContrpl dfiuligomesdeptide Bensity Lising binady yixtudesiof 10-apireygt-,
benzyl oxycar bonyl , 2-rutrobenzoyl, 2-nitrgphenyl sul phenyl

4-t ol uenesul g‘ﬁ'B%?’Pd, ‘iﬁ%ﬁ?@f E@&‘E . iningclifferent pereqntages of t-BOC-protected 10-
2cnl or obenzylaiyaar PanY ! and2addeiadd Wbl WAPRANYS e IR EIRY IMEfHRNY!
of | uor enyl nmet hyl oxycarbonyl ,; triphenyl nethyl, an

2, 2,5, 7, 5- peDeproedchiph andiddition GSSNIGCayl thiSlIIANBTollewed by hybridization with the

sul f osucci ni pudyl 4- N- mal ei m dgnet hyl ) - cycl ohexane- 1- car boxyl ate. "t BOC' =
tert butoxycByesssegnt complement @lowed i quypatificatien of the signalo roliftcar Telatigapldp is UV

= ul i ol . a i .
co- o 11 od 2N oroF SR sscefle el iR FRPAE pREL ik afined o

ger mani um suthstsudhe® (ye- §.068 1k 00, 1864,aR> ef0. po4sh ect ed, w-nodified al kane
nol ecul es coval ent|y bonded to the substrate. It the first enbodi nent of
the invention, itFigs Spreertrolad oligarudgetide dergityidsmontraspd byiexpasing wefapgs

contacting t A t . an 0si ng.the. t to a

sui tabl e vvav@?a Q%Jgeﬁﬁdgg r ﬁog@?’pﬁ' ? %?i{ {enig%bcf%e 2@%?%% %%ogéé}ﬁﬁl%]sgﬂf \é‘g@%’?“gany
reaction chaghgths gfshenSstfices wer dbpedtbdled, RRtRbdifidd witle 8 SMEIhsBthiol BAEA T ONS
may be utilized. Such reaction chanbers are well known to the art and can

be fabri cat eHyeridiging svithabel flpprsarentpgmploment follewedipinagingson A Hugrimpges™
xanpl o 7. 1040 (3610 bee RS dhac b gRE R diend, SSRipRE0 TRRSERRE, of
the inventi vgepielebi@dhd £ BOTRhRUTEH 18t @Elnodet-1Cen hslebiileioWiad Surtdee ahiedlt

falls upon the substrate/ai kene reactants, the points of attachnent can be
phot opat t er ned. URigsAoStabdity efsiioeg surfaqss edvatenty modified avthdlugresaentlyrtagged

surface, although the ne to create the.patterned surface. i ot critical
S0 long as  REPROR cDR Ty oieaRuton RERRRL Foa Bt ribrding fo B areet

m crocont act inREatinl Wkeho MR HARM DNAR Rithl fRfdrdiBeid 289hd 7 edil SiTHe SuBRbi ReRedored
surface. Using UV patterning, the surface is exposed to the UV radiation

t hrough a supveaight ioVIBtheyseanned with A SFluprlmagert’ drareimegiog deviomn Bawty scamsgy  at
t he shiel ded_| ocat,i ons. .Afteer phot opatterning,,the rface of.the substrate
o gont Ly i TSR Y St MRurr DR iesey.r 2B phisried HhsBtius s gl | o
course, Optiﬂ@&lghoﬁhﬁxe%ﬁ?éﬂrﬁerﬁWSLO.@D@DEWD.%95FXposed to the UV radiation
to yield a substrate uniformy coated wth covaiently attached ~nodified

al kanes. Note thaFig.Hb Hiabibtyeefcsurfagespiepangd i ascordmgdtouthie entemtidn alfuringel 5
al kene, which.is. cansu in the reaction to yield an C Si, coyal ent

ot tooment | BybrRpEAGR BN denafhutich GEREL IBE meuireEiiasakengs MmO fth the
SURFACES: hybridized DNA and the fluorescein tagged DNA decreases by approximately 1% with

each hybridization cycle. The surfaces were also imaged after each denaturation step to
demonstrate the complete removal of the fluorescent complement. No fluorescence signal
from the complement was observed after denaturation. (hybridized DNA signal, y =

-0.0097x + 1.0059; fluorescein tagged DNA; y =-0.0113x + 1.0241),



In the preferred enbodi nent of the invention, a silicon substrate is used.
For purposes of brevity only, the disclosure that follows will assune that
a siliconwewhabrate is used. However, the nmethod functi onecagusaihyssnel | and
in the sane fashion using germanium or carbon as the substrate. A silicon
substrate is preferred because of its ubiquity in the sem -conductor
industry. In the preferred enbodinent, silicon wafers are treated sim|lar
to the method described by Sie>>al with sonme nodification39~ al to yield a
substrate surface that i AR, s. The wafers
are sorucated in acetone@fjﬁg@nﬁﬁﬁ giﬁﬁ%ﬁﬁuﬁ r 5 mnutes. The
waf ers are t Apbr&aadi@sk:i N a hydrogen peroxi deammoni a-water bath (1:1:4) for
5 minutes at 75C. _The wafers are then briefly dipped in_2% hydrofluoric
acid to hydrogen- TBe falloating abbeeviationg are usedhsoughout thesperHication o

PCT/ USOL/ 27-L31 RE | H N- TERM NATE RE H ,BRON~NE- .
- | ODI NE- TERM NATED %&@g’ X%Ee?t‘ 1‘:‘3‘?%%%%1518@'?% 8? 83$°|H§ a@%eaté\é‘g ‘Y}t?“i/?pe‘ﬁrﬁpré“%?
initial hydregespbiding aRyiedosps f ace, the hydrogen atons may be renoved from
the substrate surface and either bromine or iodine (or a conbination

thereof j is chenf'Alteng(shtand&a-Alkene(s) stBrsCy hnear, branchede or chlicalkens, thenadone
usi ng any reagent or conbjnation of reagent.s .th w Ll reliably remye

v agn’ at of PRV ASEHEIChIEE PAFETS GF AuRumaRRoPaPiEeE ATHh P, SREFaErs
brom ne or i gshkddBordifgTRikerty? ghdis PAef @alkerle RIEROAkdHR Mavih RE uhRRGGL Mhatt he
hydr ogen-term nated substrate wafers are soaked in an TZ/ benzene sol ution
to repl ace ttasatwatiorgheing present atoalierminglosarbonBitomiof theemelesdé.ut i on i f bromi ne
is desired). This.}teatment, vields a,surface.in which the substrate.surface
s uniformy char BioslseHey an mdlepuls pundhinloacal BberitlosRess sl dBdRE po,
or _ger mani uMbuopiidatlik® 18 hieleft Belks, | ReilE, PepiiaThAboRRlCEhlfes] Bell Bl

absence of any 1 nterveni ng oxygen bond between the 1 odi ne or brom ne and
t he subst r at eompotfeatsesuciRisAHbsPIELIPIR) 6t¢. EindAansdifiedSand syhthstiBSrRATheredhaeht he

substrate surf s been prepared so that the substrate nol ecul es
ternunat e in%‘?‘ﬁﬁgﬁﬁme&’ﬁeg@ combingtibimoleqes,r epar ed substrate is
subjected to are I QR sef iane i—gﬂ.:}d. | tne is
renoved and the su glt)s‘rgg;[né& fml g‘%ﬁ{a{e&s‘u r eal(:":ét})e1 W#ﬁ%ﬂthﬁ?@%ﬁ@&g&%&fﬁ@%&
modi fi ed al kevadlable ferfohying iigbholeoutar bondsa cthe cha renctier martedmay be tHeasatney
attached al kyl _%‘rsou S bearing a reactive noiety (or al kenyl groups if the
modi fi ed al k@h@HEEALai ns more than one unsaturati on). As described in full
in the sections t PLI W, Lt that the nodified al kene
contain a single gg}ggllti og;md%%%?ilﬂgg%gﬁagﬁéﬁg single ~-position

cheni cal | y- r eact i ¥EBYei§bididation hiffepsafoaymeds WBYSSPE/Y 2% 8 DS bulfef (20mNf
nodi fi ed al kene is gl aced on the iodine term nated substrate wafer, and the

waf er is t heNaExds880 mMNabil mM ERTA, apd ¢ miYlspdipmgdodsay swifgte, pFhE-40ioSi bl e

i ght renove iodi Vi:S light also initiates the formation of
a Si-C bond ?ﬁ’é@#gg%@ﬁ@%&g&%é}ﬁﬁk ie doubl e bond of the nodified allcene

and the silicon suHefs6biflnttional ¢ross-ligkerP erAmdhemiealtrog8linking rédpent Haviagt i on,
an ~-nodified and protected a-al kene is reacted with a carbon, silicon, or

ger mani um sutQ Teagtevemepisties pypilable foriferyning infepmolecular bonds wherein the two reactive

moieties are different from each other.

“Modified alkene” and “w-Modified alkene” = A “modified alkene” is an

alkene modified by the addition of a chemically-reactive moiety such as an amino,
hydroxy, carboxy, or thiol moiety. The reactive moiety may be located anywhere in the
alkene with the exception of an alkenyl carbon. An “w-modified alkene” is an alkene
wherein the reactive moiety is situated on the terminal carbon of the alkene chain.
“Nucleic acid” = deoxyribonucleic acids (DNA), ribonucleic acids (RNA), and

peptide nucleic acids from any source, and modified forms thereof, including, without
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WO 021 20179 PCTI US01/ 27-131 protected, w nodified al kane nol ecul es
covalently bonded to the substrate. It is nost preferred that this reaction
be phot oiwptieaded by contacting the al kene with the subst rgiguaigrisien
exposing the two to a suitable wavel ength of visible light, for exanple 514
nm For this purpose, any reaction chanber designed for conducting
photoinitiated chem cal reactions nmay be utilized. Such reaction chanbers
are well known to the art and can be fabricated or purchased fi-om nany
conmer ci al sy ier h [,O ifi .+ h, t he
odime- or by S BoolEFRAN R g ARkl B Phud if i md b A RSB

control I'i ng wha¢ledd Hkinting Moiétabhch dspahiol Hroup vbabiclingsd| ReRdsic 4di€” inblubes of
attachnment can_be Rhoto atterned. Photopatterning is preferred to create a

patterned subdthdNAand RN eligpriciestifescosiprisedaf thegtanderddusesohCdT.sEr anke i s
not crl tical ;5e.d ARGRRE pEAS HIFLPOflCH & x'né‘l?'-%r}‘ﬁsrge'tg@a%g§8s%§,§&i§$o§ﬁy§%£ets?ét9: For

exanpl e, mcrocontact printing s can a a

patterned surfac eé‘Pméamc?OQﬂﬁ@p&t b @h&thiedl mbieey Saffable oitselebtivd addRtiorcRAARM
with one or nore nodified al kenes, is exposed to the visible |ight through

a | i ght - opagiemayakfkom paeagpive sitatoallpwananipmlationfa ghericali entjtyaat sité¢seothdrithdnded

| ocati ons. t er _phot.opat t er.ni.n the surface of the, substrate, i ently
noed tor Ol Sk hife BrustPg af s R ival Baps i g AP hisp P,
optional . ThemBigilis€oSpiotddtmkeromys iRCludsnasad, Fniy iyl Sdcetyd tLth@fl! adiylyi el d
a substrate uniformy coated wth coval ently attached 'nodi fi'ed noi eti'es.

Al ter nat i vel bgnzylhsiflvotaacetyt, M-kydréxysecainimides-ioxyspioond rheacbyl, -nystisiienzyl,
o P SRR LBt BRI L AT
a-al kene is psRbphbhAPIRKON CARULURSIPRGHY benififordghbhe BRAEhDhetie

al kene, which is consuned in the reaction'to yie - coval en
att achment i ehlodobenzybeyodrbenyd, | 2 dohtichioophenyl, wW2NDDnEb &y kixiEadESiyl, AnS-

al kene having a reactive nojety, and preferably r,m nal at is

2 postt i on Hudtersietdturboit’ wienduinst, Pih2n b2 ae ittt ovi de
a means to agflafiyptill further nolecules to the substrate surface after
addi tion of the a?lkene. The reactive noiety may be situated anywhere within
the nodified al kef\8SMEGCepsulfmmucminnididryimabemidomethyl)-cy¢lehekne-1-VdboR/126.179
PCT/ USCOL/ 27. 431 reactiye noiety is _attached at a term nus of the al kene,
the al kene is def?%C’(ﬁ@ﬂp“é‘é‘yﬁﬁbﬁpmpweéanﬁgﬁé}ﬁ’e. It is nuch preferred
that the al kene beppgbvegih.3raod;2é4i£arbons long and have a single
unsaturation at or near a termnal carbon of the al kene. The al kene may
have nore than on€UWPsatltmasiolson, and nmay be |inear, branched, or cyclic.
The nodification to the al kene may be the addition of any noiety which
enabl es

REACTION CHAMBER:

In the method described herein, an w-modified and protected alkene is reacted
with a carbon, silicon, or germanium substrate to yield an array of protected, m-modified
alkane molecules covalently bonded to the substrate. It the first embodiment of the
invention, it is preferred that this reaction be photoinitiated by contacting the alkene with
the substrate and then exposing the two to a suitable wavelength of UV light, for example
254 nm. For this purpose, any reaction chamber designed for conducting photoinitiated
chemical reactions may be utilized. Such reaction chambers are well known to the art and
can be fabricated or purchased from many commercial suppliers. A suitable reaction

chamber for use in the present invention is described in detail in Example 7.
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further covalent |inkages to be nade to the al kene after its attachnent to
the substrate surface. As noted in the definitions, the nodification need
not necessanzkgi7he | ocated at the physical term nus of thecarksener43al t hough
that is nuch preferred because it nmakes the nodification easily avail able
for further reaction. . Such nodifications include, without limtation, the
addition of an am ne-containing group, a carboxyl-containing group, or a
thiol-containing group to or near the c~ carbon of the al kene chai n.
Because the nodify L gt r i i : o
protected during Itaﬁ%hﬁ)rq gwggcﬁ%gélmg? fttﬁgqg*’%gﬁ% ﬂﬁtﬁﬁd’ tlﬁﬁghcg%ttl?%fl é.byNot
al | reacti vecomwilingcwherenthe ripghtl falls bporptist sulistrdte/dilcane ieactakig)r thexgoipds eof nany
- car boxy- cont ai nj ng grogps wi |l not, be adversely affected by the preferred
phot ocheni st%%ﬁchglé@f L) %Ph%%ﬂ’ﬁttem?da%ﬂ@t?kﬁtﬁeﬁén%ﬁlb‘sftf%?@, CEg3EE 3 BrdteBiedr e do

not need t0 Bk Ol Afkhe bikaflEGBke 1 SERAI IR, hEAGHINETBAL b A3 T O
“on the al kene carl be done wth any type of protecting group suitable tor
t he reacti vemshdd relinbly yieldcthe degired plttein| [Ros exahply,anictatontatt prifiting hethods

protecting groups.is provided in the definitiqQns. In short, the choice of a
protecting g%@%%eaedtgm@ﬁma@me iSH‘gfi‘%r M prlerpingnthe Rutaca s gxeossdt he
nodi ficatio . o L Lficat] i I £k a
car boxyl gr gtl? pn'?ﬁ gm(r}%&lgn%%g&%j ar'lgieu?iib Oﬁgb%érqu? er}é#?r%a rrgﬁeg?sg%hgch%?ﬁgnfrn a
car boxy pr ot eziutrivg @rheishieldsd ldcdhipnsised. Li kewise, if the nodification is
the addition of an _am no or a_ thiol group, an amno or thiol protecting
group, respectivepiter M@%@n%é!&susfemfdb@@ﬁwepﬁw@zm&@ tgrefupe anyor
any nunber o [ ieties, such as am ne, carboxy, and thiol
functionali tleegﬁﬁ‘%r}g\égtﬁ@m to the art. Many are quite hydrophobic. For

am no-term nat ed Phdtepaternihg BOST ¢cmurdeDsptidiiabl The @flire bublsfhiel iaycbeCexiptyd taci d

| abi |l e prot ectw group.5 Gt her acid-|abil }?rnﬁlr otecti ng groups are_known to
the art. 14 the\gVoadirtarydo yisid msubstpate 3mifapmly| ¢aatad with\covalgathppitached -

phot oi ni ti at £ i 1.NG- | £ 1.-B [ |, K with a
G111 con subsP4FE® i, Ko P oo E oidy e BRRUE BOREo bR aRRR Y
al kene i s cowhiah isSebnshrmbd @thé eshicién teeyivldRat@Si ovaleno Bitadhifeht mtthe adkd ofsposed
to visible light at 514 nm This causes the term nal double bonds of the

al kene to fotisoacsubsteate. Si - C bonds with the unoxidized silicon substrate.
Once the protected al kene has been reacted with the substrate, the
protecting groups (if any) are renoved. Renoval can be acconplished

chemi cally and depREVARING SUBSTRATY SURFACES1e type of protecting group
chosen. Such nethods of deprotecting are well known to those in the art.
For the t-BOC prolnetheipigfegedembodimsat afthe inyentiomRasilicorosubstrathds psedt &ari ng

group to yield a reactive pripar m n r T referred.nodified

) kene for Ritofsek 8RBty off: B8 eoREainal G iFaRieks Biek 8 SuifE pnsfiate
singl e a unsghigedt IM¥Wwevdr, thé Mc@idd SMdlihsOsqualtE el aal ke NEe Bahd Bashibs fiinged
over a branched al kene; the nost preferred ~-nodified alkene is .

10- am nodec- germapiumper ¢rsbeasathesubstrate  Ar slieanr wlistpate tie prefertpddresayse fafiits

am ne-nodi fiegd a ken@s i S t-%((?_ ATTACH NG MOLECULES TO THE SURFACE- BOUND
MO ETY:  Oncel PHEWSH S et ORI ABNUYEY been nodified to contain a nonol ayer

of reactive noi etiethelgrefehi€d epbBuiRfentIBHlichh Sehfark ke Bat Willak Qo themetHodace
of the substrate (or al kenes ifthe nodified al kene contains nore than one

unsat ur at i onjescrieddebyiiSéayat witht soare edificatien’t §' tohpieldoalisabstrate surfavg thatyismeans

k he, art.. Th l.ecul b hed di. | .
modi 11 cat | onteBPingied aHPCeEen PRt dbf ol sPYEERe 1 aeeReb A LIS of
the surface-{EReh MelRAS BNS nliMBed. TEIRIWAYSrsHRé BfeH |sBalted i@@_h%&g@ﬂlﬁ&oﬂw&elr f

the nodification to the alkene is either a carboxy or am no noiety, we
. char act er i zesmmbaigiveater agh (J:84) forfsminutes at 16 ° € olTihd wysifiers aresthen brisflydliptied

pol ypepti des, b tilized to link prateins or other carboxy- or
ani no- gr oup ﬂ%ﬁﬁ%"ﬁ}lmﬁé‘g[ﬂ l@'éfr%%ef‘é‘%ﬁ“?ate Hie sificon atims.
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to the wnodification of the surface-bound al kane. Briefly, in solid phase
reactions, reactive noieties in the incomng nolecule to be bound to the
substr at ewareanprmot ected, with the exception of one or norepapuesti®@s3whi ch
will serve as the attachnent point. In certain instances, the noiety
residing at the desired attachnent point nust be activated to induce a
reacti on between the incom ng nol ecule 15 WO 02/ 20179 PCT/USA /27-1L31 and
the nodification of the surface-bound al kane. For exanple, by activating a

i cycl ohexy! car ORMHEAEING . %&aﬁﬁﬁ#ﬁﬁ%ﬁ%hﬁgb%ﬁ%gﬁ M ¥TE,

am no group at thgrasiiXaL RYDENE- IRAPRFALEREPt i de synt hesi s,
the process is repeat ed over andﬁover to add ditional am no acids, here,

only a singl e couplftenthersebsttators trwtedrtplyw)[céah i:mtldl hydrogéretarmxatﬂdrsgxfamﬂ ¢loeul e
onto the al kg\de-covered SUE’f ace. nore preferred, E ver, to,ufilize
a cross- | i nkBYITOSEIALORS May & Favet T fhp SytstBleSuEiae A BRI R NS i or

to provide agl.i The

st pr of or 1 SRR RGlelR i REAIT LA IR INRARAIMELE TIEARLE B

N- hydr oxysucuasing ayceagest er cambinglion afSreagdnks thht wilkietiable remdvei hydrbgenatantsy .

This bifunctionality makes SSMCC the preferred |inker dug toits ability to

bind ¢ hi ol - riiamhe hsliateanEerdreplacs Mdhar steaEbiIpHRg daduEBOMSat 0. Such a

link is shown in i ol
. . frﬂﬁ Ha?%é (F&ﬁﬁd rﬂerﬁ gfs?%&gl%)ﬁQh%@{f b%ﬁl—te&fﬁin%g trafd]

nodi fi cati ons can nuc erc aC| own reagents such

as S-trityl- &ammmbmwanag/bmﬁ@aﬂhwd to(INpllhbdtheslqﬁmgent );vﬁlhdﬁdﬁm(am dite
and 1- O di net hyl oxytri tyI hexyl - di_sul fide,

1' - { (2- cyanoBiRenFEneRoludP MdeP@WP% desr®s pFit Weatmenteyiclds # gyrfaggin which the

cross-linkin t

exanpl e, di a%‘llb%%t% gd‘?%f:gﬁshu d?é%?cg%&%? ﬁd’y 9 © lgﬁflgrb]%kgzg ds, thlggf"he
like can be usbBéh,as geﬁmﬁnh) Bﬁﬁde@tcﬁawmham ﬂSdlnéfoi‘ aﬁdimnuﬁidbeomeamﬁsalssenédwe
nodi fi ed, subst r at e- bound noi et | es, the deprotected surface |s contacted

with SSMCG f efany iteryeniagoxygendiond bstvwenawmqhee N brpminnand dhesunstrate kg er
portion of the SSMCC to react with the reactive noiety (preferably an am no
group) of the bound al kane. The substrate is gently rinsed to renove

unreacted SSMCC. RiFACBMG-MODIFTED ALKHNES SVIBHISEBSTRAGIRI Wit h

thiol-nodified nucleic acid to formnucleic acid surfaces or arrays on a
silicon substrat eOnepshesuhistipte susfaee hasdbeenaepaged %Q@téheesqhsﬁﬁermdg@dem th

P onun SR o o Rt AR il

reaction, preferably photoinitiated, wherein the bromine is removed and the substrate

molecules reacted with an alkene group of a modified alkene, thereby yielding a surface
characterized by covalently attached alkyl groups bearing a reactive moiety (or alkenyl
groups if the modified alkene contains more than one unsaturation). As described in full
in the sections that follow, it is preferred that the modified alkene contain a single o-
position double bond and a single ®-position chemically-reactive moiety.

In the preferred embodiment, a thin film of modified alkene is placed on the iodine-
terminated substrate wafer, and the wafer is then exposed to visible light (preferably at
514 nm). The visible light removes the iodine. The visible light also initiates the
formation of a Si-C bond via a reaction between the double bond of the modified alkene
and the silicon surface.

In the most preferred embodiment of the invention, an @-modified and protected

a-alkene is reacted with a carbon, silicon, or germanium substrate to yield an array of
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To ensure the quality of the initial reaction with the nodified al kene, the
reaction with the cross-linker (if any), or the reaction with an i ncom ng
nol ecul e wool2@g9a nucl ei c acid, each reaction step may bearorsote?8d usi ng
PM FTI RRAS, XPS, contact angle neasurenents, etc. X-RAY PHOTOELECTRON ( XPS)
MEASUREMENTS: X-ray photoel ectron spectroscopy (XPS) was performed on
protected and deprotected surfaces to neasure the extent of deprotection.
X-ray phot oel ectron spectra of t-BOC protected 10-am nodec-1-ene bound to a

silicon substrat re {,n_Fi 2a. Th i trogen spect.r shows a
si ngl e peak p&'f)?%%‘éﬁ@)—@‘\?ﬁ%"&?tagﬁan? F@flﬁcﬁgﬁon e_"glg&%oﬁ*geé]ﬁ‘oo ef“tf‘f'grﬁ '?gfsd?f’séb),
two peaks argrefefie@ iR this fhastMM s picinkiaRdbyi IRk QIRAY HitheRNsudSEhgned
. the peaks at” 401.9 and 400.2 eV, respectively. A surface that has been

treated w t har@shemgsposiog thete toy saitdbhie wavtlengtle of visible light, fooexaipplets 14 mows
only one pe . 400.3 eV (Fig. 2c). This ind cates the NH3+.nitrogens have
been conpl et qrafu&gmp&sgﬁgy g?fwg%é’@%g?‘?l@ﬁgg rr‘l?r‘?.ﬁ'é‘ft"{gt?é‘ofg%&%?‘%flbe%@ﬁ@ed
am ne shows Ragion® AthyDRaKiligdd. Ateh@d4ctibh Bhamifdls 28 HWellkdBwh Qo tRGrPdkcan@EDONS,
as well as a peak at "289.7 eV assigned to the carbonyl carbon of the t-BOC

group. The clabtieated onmukhased fremunany dopmepgialoxpplisrel y 70% af t er depr ot ecti on
with TFA (Fig. 2 and NHA0H (Fi t~. The shoul der, at 287.2 eV has been

ALLributed ot neBeoth e Eaaetioh Of st randttih STkete,anFh S duifer € BORRIGH ¢ ne
t-BCOC pr ot eclffingtell bdG&aleSufe@is dt&ﬁigitate‘a?ﬁc?r édﬂg:rbhf;?(%gq{g]géttﬂﬁliél{tﬁ{ll@‘ﬂﬁ& fgak on

the primary am ne surface (see Figs. 2a and 2c). e amne salt,
t aken bef or esubstrage/alikene) therpoinisuof dttadhrosntdman bel phatdpatteheds Rhotopaitemongers
peaks (Fig. 2b). A peak,at 401.9 eV_bi ngjng ener i hought .t o represent
Pho s« whiietizetheereste s aane Siros irgheh iegtvhad oF Craage dinmaueited
nitrogens. |d&f8 iPher afﬂidango bRt e hhod P&iaﬂ&tyfitfl&!@ﬂﬁ &éai/&z-f‘qﬂga@e?ﬁp%r

conpletely protonated after exposure to the TFA sol ution. r rinsing in
anunor uum hyekaoipleg enicrosomtayt erinting methodd 0aBaled/ beappehts yigld gpat@ajed sibfacear bon

1 s spectrum.qf the protected suyrface shows a peak at 289.7 eV, assigned to
the carbonylUHB§ Blgg{oﬁqttemgg,ttﬁ S'é?tﬁﬁﬂbé i@atefdylﬁ“ﬂﬁ%”ﬂ%@l{nqdéﬁ%@iﬁg‘%cal ly

reduced usi P 1eQi3h i é)fg“m 04l %];nm MALOEY &

t - BOC groupggﬁ%%eﬁgeﬁgg%\?g% fﬁagﬁséhl Zé aﬁ}gg%\efﬁﬁ eaﬁttél‘i@%?l ngaﬁgilcnng&ﬁe‘d?
i ndi cat es apgcoringedt eheyshidddéddbeatioas. 17 WO 02/20179 PCT/ USQL/ 27-431 t-BCC
groups have been renoved. It should be noted, however, that areas of these
smal | er peaks coubBeghojonstienuns, thesarfacs of thesubgizate it grutly psadito smeye agy
associ ated w.th. ,t1ing paraneters. Optim zing the deprotection

condi tions ﬂﬁb@hﬁg iezrlléct%{gg'si ng the tenperature, TFA concentration, and tine
of reaction yi el deltbtspanieriing ispsfiddusse, CHROGDACTTHE\EtIre MbAGhiREMYbESEXxpOiditact
angl es were neasured for {he SLi)rface at various stages of deprotectjon.

Tabl e 1 SURFAersiieriaght tasteld= mibsisate ysigaly caated withecayalentiy-attached mediisd 4 TEA
& NHOH-treghglit&: 8Altematively, the substrate surface may be photopatterned to yield a desired

array of spots wherein each spot includes the same or different attached moieties. Note
that in the preferred embodiment, wherein an a-alkene is used, the photoreactive moiety
is the double bond of the alkene, which is consumed in the reaction to yield an C-Si

covalent attachment in the case of a silicon substrate.

®-MODIFIED ALKENES:

An alkene having a reactive moiety, and preferably a terminal (that is, ®-position)
reactive moiety, is utilized in the present reaction to provide a means to attach still further
molecules to the substrate surface after addition of the alkene. The reactive moiety may

be situated anywhere within the modified alkene, except on an alkenyl carbon. If the
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The t-BOC protected am ne was the nost hydrophobic. Upon exposure to 25%
trifluoroacetic acid for one hour the contact angl es becane snaller,

consi st erwwowzizbihe behavi or expected from the hydrophili cpemu@cE43l
associated with the protonated amne salt. Rinsing the surface further in
10% amoni um hydr oxi de renoved the salt and produced the primary am ne
surface, which was evidenced by an increase in the contact angle

measur enents. SPECI FI C HYBRI DI ZATI ON: As described in the Exanpl es,

am ne-nodi fi r o [ at ) .atjon of
Sl | DA ar Pas S BR8N WEAded IR RS DB R, B8 lBhe BREHRUTRAIAL &1
per formance ormmédificdylhéried Iriginueh pfgeyd thitihsalk&rbebefeen3and 24 carhbns long
dii~erent types of o]ligonucleotides were inpobilized on an unoxidi zed,

i odi ne-t er m #gt aye gisingleginsgtomtipn gtipr neaea teapinalsaran ofithe alkene, the alkage may

appr oxi mat el | usi e cri herein. A
sol ution of g?\éolﬂéapse g‘éﬁ?‘%ﬂ“ﬁ%@(@%nbﬁdg@%@? lérg%%’g)gg}:cgﬁ‘%loé ﬁgﬁﬁar y to one of
the inmobilized offhg&iddiflcatbn fethe Wi@ndnag 86 tiaddifonSdflahP efdidtd Which enaMill
021 20179 PCT/US01/27-t31 allowed to hybridize. Fig. 3a shows the inmage

obt ai ned af t Birthey pevatang linkages 4 be madnito the alkesieradiier its pachmeptter the subsifatait i ng

successful hyhri di zati 1ot sel ect ed aold genucl eot i de. | i ng foll ow ng
denat urat i ong/uelf%&e'hy Srnlogelrazlggl?eo%e%\ﬂ&f%s’t %“%?ﬁlde?aﬁ%’? gee?ilrl%rng%eéaaﬁnﬁ &'Rcardd at

ol i gonucl eot thd@hpdiiMerinitfis F G Hlkdnd Hlthbitedhati Aluch PréferrdPdecarsefit Makes the
denaturation and subsequent _hgbl’l di zation with both fluorescently tagged
conpl enent s, mpdificafigruieasily availgbledfor Buther eetiction.h Syglomodifigatiensprdeds) wWithoyt

3c). CC]\ITRC]_.CFtSUREA%EdQENSIfTY oF ATT,%QHI\/ENT S| TES:b nt rgl. .0f the density
of surface abPidfife e AR GLan STHAG-ERNARDE S AfRa 2 SArOPRY-containing group, ora

thiol-containing group to or near the @ carbon of the alkene chain,

Because the modification may itself be reactive, it may need to be protected during
the first reaction of the alkene with the substrate. Not all reactive modifications need to
be protected, however. For example, many carboxy-containing groups will not be
adversely affected by the preferred photochemistry used to attach the alkene to the
substrate, and therefore do not need to be protected. In general, protecting the reactive
modification on the alkene can be done with any type of protecting group suitable for the
reactive modification chosen.” Anillustrative list of suitable protecting groups is provided
in the definitions. In short, the choice of a protecting group used is dependent in large
measure upon the nature of the modification made to the alkene. Ifthe modification is the
addition of a carboxyl group, there may be no need for a protecting group at all, or a
carboxy protecting group would be used. Likewise, if the modification is the addition of
an amino or a thiol group, an amino or thiol protecting group, respectively, would be
used. Numerous such protecting groups, for any number of reactive moieties, such as
amine, carboxy, and thiol functionalities, are known to the art. Many are quite
hydrophobic. For amino-terminated alkenes, t-BOC is most preferred. t-BOC is a
common acid labile protecting group.*® Other acid-labile protecting groups are known to

the art,
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present invention because it allows for control of the density of bound

bi onol ecul es such as ol i gonucl eoti des. For exanple, while sone applications
may requiweozin3ely packed DNA strands, others may requi r ®CgriE&at/eM3tpaci ng
bet ween bound ol i gonucl eoti des. Control of the surface density of
attachnment points on the substrate surface was denonstrated in two
different ways; 1) by using m xtures of a protected am no-nodified al kene
and dodecene during the attachnent step; and 2) by controlling the exposure

extent of depr ot AL IBRTBIYE MNP EUIRLBRFiele) blPpykl Ele B PRDRE oo,

extent of deprot et ]

of surface rgagdctedalicit MethS silROn WatstARI T Sotwrih g, US | Fiéte 'th brotédied) imino-
- t-BOC-protected 10-am nodec-1-ene and dodecene. Dodecene, because it |acks
an w react i vieodiSedelizend ig contaetad Withandedine-tarminatasosiliconisulstrate andexpeseditace.

M xt ures cont.ajni.ng. in asi fi_acti,ons of BOC- pr ot ect ed

Yo ant | nodocigoig st s STERR! s aReh i rfinat 90l &k SEAFCelbete 0 BEm 4

al l oned to r@aslentSI0E boRdshwiththel tiloRldezel islliobn sub3gtatgur f aces were then treated
as described herein with TFA (to deprotect), S SMCC (a crosslinker), and

DNA. Hybri di zat i odnesi the priatectaduadkansdes beerorasriedavith thecdubsitate dhe protecting

quantification ofthe {l uorescencg imge s done.on .the surfaces. The pl ot
dhown | n Fi EHOUPLGH) B8 RN« RPEPTeh pp AseT e e, B depeldin

f1 uor escenceagleghakudipoh AR typoot p:_@fbcﬁﬁ% 210up Fhoed e Sudh RBRods'6F Rpfdt&dingd
clearly denonstrates that thé density of surface am ne groups can be

readi | y contaremelgnowhitethosaintthe art.aForahet-BOC protecting grefups treatmentiwitht EFA
surface densi H/ of bou%g ol iggronu I eolti des .or ather bionol ecul es avail abl e
for hybri di Z5MO8Fs B PIRIFEHRS 8‘8%&%#‘%!9”“%@%%“5&9‘\8501/27.131 An

al ternate method o Rt el ioBicl ke TS! bk ilihd HiveAtich RO IR, LS

—]aa

i nvol ves controlling the exposure tinme ofthe initially protected,
~-nodi fi ed salkdnachaving alsipgletoawntsaturatioonal straightschaifoomieyiclie slkeret teingpreferred

approach, four ioding- m nated siljcon surf s. were._reacgte ccording to
The. | nvent | GiFeRADiIEheS koo lastPre s SinBladiied Al 1o hanurndes lcdieude
t hen expose % T otechin PR Yh&Bfed': yifias@s were
t hen nodi fi cejn tg\? %@%’S{l\f/%gfrgﬁgg%p-t%i o%-gil?)&N% 1Egn%‘l;gfllybr(lﬁgiezde t\"/{llﬁthS fl uorescent
conplenment. Fig. 5is a plot of the fluorescence signals of each of these
surfaces. The ano of _fl uor n {]
exposure to the ﬁg&&@w&w@gﬁ&@g@[ﬁ& g@ﬁé@fﬁ’%‘i@f’d@ﬁﬂo about
15 mnutes of exposu e shblErateAurfhél £ bREH Mbdied to 8intdiRG rhorPidyebdRgiviave
been renoved. Contﬁnu":ﬁﬁg thete?isté’pr otection %or 600 rrinnut es ?/i gggs sl ?(ghtly
nmore free anmoetesinthd bhhef rodified atkanerhousd ABlhk kilrface Afithersplosttase(or plkemaset er
of the DNA-npdified, sjlicon surfaces is their stabili o the conditions
enpl oyed forihe daliens Coutains mote Wik AneHnsAYE o moﬁt!%/caﬁqﬁm'i 5elquHl and
enzymatic iUl atien . j e REM T PHOBRR
Stabi1ity ofhe TR EYARkpERIban IR Re BEL] PhEROLIEE (R B0 qRaliel, g
a DNA ol i gonditdceipto the madifitatiohloy viat drbss-linkef mterposed betveden ahemodificatemnd of a
fluorescent tag covalently attached to.the oli gongcl eo{%ié&e (SEQ 1D. NO:3);
the surface Whasuriacetonnd alkape apsl b6 ncoming mglegule e be atts fl uorescence was
measured repeate i O Fr I
fl uorescence int %eﬁiﬁga{dﬁ%aﬁo \I/légl%el'sﬂg‘?ﬂgal% ?@g&ta%gﬁﬁg?sm&sﬂﬁe gré(vav ell
| i nkage was cHasdotezized diesmibthies widet)i used isthe xalid-pleade syinthesis o€ polgpeptidpecanibent , a
surface nodified with fluqrescejn | abel ed DNA (SEQ, | D. :3) in gQne area
and non- | abeftdigedignlinksproteins ongther\car xmﬁﬂ%@-&&“%rﬂ%?ﬁlgj IEE’G}eF\éIS% restlyy
with the fluar € J12 | 1 1. The measured fl uorescence
intensity o%é&%&erﬁ’)dﬁ}mJéleémmlggé%ypaicggﬁ’?d ?km%r{g?hlr d_s thgt of SEQ ID. NO1
. hybridi zed to it sBfiéflygiresitid phaseoagitiens; séactivémoivtiesinl the mdosimpgancidomie todich
signals decay at essentially identical rates (Fig. 7). The flupresc _n%e
intensity af@@mndito the spbptaate gescpiptected, Wi ths@xeaptidn ofging o5 mare mojeties Waic
. value. This r 0 ' I 9 . i:
stabiiity s ousarrariatidfondtinein AARAHRGE o fdiEaigatne ddY, o
20 W O 02/ aifathidemt@oinidist B adthteduto iminee aréantibmbetiveei e isdonying moéleesle t wo
findi ngs denonstrate that unoxidized silicon surfaces nodified according to
the invention exhibit excellent stabilitxsunder t he storage




and hybridi zati on conditions enpl oyed. EXAMPLES The foll ow ng Exanpl es are
i ncluded solely to provide a nore conpl ete understanding of the invention
di scl osedweredi2ai7ai med herein. The Exanples do not |imt thecyosaR7es1
generality of the attached clainms in any fashion. Ezanple 1: Attachnment of
Perfl uorooct adecene to lodine-Termnated Silicon: In this exanple, a
silicon substrate was treated wwth HF and a benzylic solution of iodine, as
descri bed above for the preferred enbodinent, to yield a silicon substrate
whose surfac | | e S: : =1 was
Appl i cd A ot me mioPIEAC Gripththes ol HEAKE Rof BHlngig b9 AEA AL Bl
surface was béueingexmboryigroop,sush & by rédcghg with disfdohsxyfcarbodamidey the incoauey |,

def ocused, at an int_ﬁ‘r}si ty of approxjmately 20 mlIliwatts per, cnR. This is
roughly the e vl bisdde gy expased amisg SERpP-at theastivared arexy meisty: XBerE®n was
foll owed vi a; x- I [ i . .

di sappoar anciy top e SAReaR (€ biRRssE RELART GO in® D Wb hd ot Fpino acics,
appear ance ohera, dilyi@single cpepliagireadtion isemplayed to dink disd ihtamiak ntslédulesogo ths
expected, over the course of the exposure {3 hours), the Si-1 peak slowy
di sappeared alkaner ¢ruieeedyEface. conconi t ant appearance of a fluorine peak as

t he perfl uoroocta f fthe silico .af e.
Control experinen ?‘?‘ﬁﬁe Ilﬂ. %feﬁ%@%ﬁ%eé E@‘é@%ﬁ‘?‘gﬁsg‘ﬁ?‘ f%‘gdnl#lbg P{}gf%ﬁ%né%tp%oof t he
perfl uoro coogecdhetedobiffiieionslbiéikeate pivideacknk tesass the 2oléduld Spdhe alkaheg

Usi ng Undecyl enic Acid Methyl Ester: In_this exanple, an iodine-termni nated
si i con subseevgrasd substraee Jdesaost prefprseds linker m&ﬂ»&- SSMGCmeataisaniamipe+ hi n

|l ayer of w updecyl.gni L hyl r S ted. .o - bstr
surface. A sharmveSdbiAidtolilden 8l hal 0 SREER TR ITRY 205
laser |ight bifurctiéndfligymakaaFSMOCIEe profebrea ik die (oAt Wity o bittdhiot-nidified
remai nder of the 21 W O 02/ 20179 PCT/USOL/ 27431 sanpl e was masked of f and

kept in the Bealeic agigs to the pikapersragifiedsubsiete. | Sudher linkiip Bhowmin the last seaciinshed.
At this poinf_inpt e [ iment,, dJd lumnated and uni |l um nat e ortions
of the sunstyisk Berig FBER A hibimTh LR s e 1o SRARIGE: i ' The
sanpl e was ta@mkhmreig&nb @&@9@@@@;%&@&%1@%@%}@ L{INEN- RSO pe)-
entire sanple was briefly imersed in potassium't-butoxide (a base) to
hydrol yze t hphaspheramiditeyangl d-@+demethyloxytotykbeyldlisulfide) tli-H@-eanpitbyDHEN-ay ed
wetting in t{ixe irraﬂb%ﬁ@%ﬁ@orthgns of the substrate and hydrophobic

behavi or | n ng{?gp( faé?)i. Brtions. This denonstrates that the
undecyl eni ¢ acid ehd¥hitdd &bssLl'i}ﬂd‘n?ngl\oiléﬁ&da?Qkﬁ&Nﬁﬂﬁoﬁi& tye8 ophodiRBations.

substrate and further that the nethyl ester portion ofthe bonded nol ecul es
coul d be renBorekamiple,)digmints; dialdehygies, icanthaylic hads, amino acids, sndthalike ofn iehe
Substrate. ‘s

used as cross-linking agents.

To attach nucleic acids to the modified, substrate-bound moieties, the deprotected
surface is contacted with SSMCC for a time sufficient to allow the N-hydroxysuccinimide
ester portion of the SSMCC to react with the reactive moiety (preferably an amino group)
of the bound alkane. The substrate is gently rinsed to remove unreacted SSMCC. The
SSMCC-modified substrate is then reacted with thiol-modified nucleic acid to form
nucleic acid surfaces or arrays on a silicon substrate. The nucleic acid-modified surfaces
are then rinsed with distilled water and stored at 37°C in HB to remove non-specifically

bound strands of nucleic acid.
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Exanmpl e 3: Synthesis of Aigonucleotides: Al oligonucleotides were

synt hesi zed by the University of Wsconsin Biotechnol ogy Center, Madi son,
W scsonsiwo oZ/ee17¢ ypes of ol i gonucl eoti des were enpl oyed f @CTiusel/Edanpl es
which follow oligonucleotides to be attached to the surface, and

ol i gonucl eoti des enpl oyed for hybridization to the surface.

A igonucleotides to be attached to the surface were thiol-nodified at
either the 5 end using the reagent 5 -Thiol Modifier C6 (HSC6, d en

Research, 22825 vis Dr Ster | Vi raini 64 enres. c or
at the 3' end usi er{sHléetp%%aéﬁY o@ﬂ?%%alf@%%m%éﬂhe&o@ﬁ% %@e(%gr?%%?] en
Research); egieglthe trdshgfiRer@ifafPNoiGhe Rlatiiswitle i:2inddmidlg nidledu®Gich as £ AlGN;IE Sed
. of a 15-mer dT spacer sequence at the 5 end, and a specific 16-ner

sequence at acie each mactionTstep mayds Bonitened swing ST TRRA S RS, wontact angle

5' - HSC6- T15AA CGA TCG AGC TGC AA3' (SEQ 117. NO 1), 5'-HSC6-T15AA CGA TGC
AGG AGC AA3'MPEHEMENS, eikn. 5)  and 5' - FAM T, SAA CGA TCG AGC TGC AA C3SH3'
(SEQ ID NO:3). In SEQ ID NO:3, "FAM refers to a fluorescein dye
incorporated into the oligonucleotide during synthesis using the reagent
6- FAM phosphor anXtiRAY FROTOEEECEFRON (XP8) MEASEBBEMENTS: i f or ni a) .

A i gonucl eot i des | oyed for hybridizati o their.surface-bound
Complenent s vier o C8Bh PP eleglioR 1BeipsElin, PRRbhpas jperisTitk S prhiecied apd
ei t her SEQ  ddfrotdddlsupfacei@medburbthiczxteht\SRRpAItGHOAUKLA bh%%le@@ér?gp%ﬁ@
nodi fi ed 22 W O 021 20179 PCT/USOL/ 27-131 wit hFAM onthe 5' end. The

t hi ol - nodi f ifd-BOCguotecied dOraiisodeet leerbdmunt] ¢ hassilicas salystiategare shopun deFignes

f d R h, 4s, d ified.,b - HPLC wi t j

r ot ent el o GhS iHEen oS SRR bork LS £V Ao retmenn o hor
O her reage t 3 f i i N \

W sconsi ngu%IZé\gﬁglsgggwaggqglgtéaegmaélgqgérog&a% ﬁgﬂ%m;%g%gg néx\’ﬂmélﬂ%@e

10- undecenoyeer hssignied ¢he peatts aGlzd ded 400.2 feVy oespectivelyc  Acutfadehay) has been
di-tert-butyl dicarbonate (Acros gani cs, Janssens Pharnmaceuti cal aan 3A,
2440 Geel, HEsefdumth M%ﬁ:&&é@l%ﬁ% adfiiermingtecansaithi G INE.Qshowes prlnoRet hy! )
cycl ohexane- 1 I LS MI))- P ¥ € LLLLnoLs) ,
silicon (00 avvg{ gé’dsﬁé’(e&t @dé'ni%a 'Sehﬁlgé%aﬁ(%ﬁ%ttg? ;ﬁ%r Zliéﬁg? Eé;ﬁ%%%egﬁcbé@%?%f VW

Vi r gi ni aSendepettiated) THeabonspeaigi ofthe (-BOLC-protégedgminb shoved £stfongareak
obtained froma MI|ipore system (Marlborough, Missachusetts). Exanple 4:
Synt hesi s ofat 285 a¥i(Fig &) assegned tothe butk carhans s avell.ag g peas e @80 J aibassigped he

ol ut on”or s GP8BA CRAECOL M e oAl Ble HBoRI RS Rt RY oni e
(200 nmg) wasppFaBRA4tER 70% m&&pro@écﬁdhwhormmigme) aiﬂd\]qu(ﬁlli‘éﬁigi. PRNThE e

bath. Sodi um azi de (15.6 was di ssolved in 50 nL ofwater and added to the
m xture. ThiSQOWﬂ&ItilirzéﬁRe&\g a5 been attabiied tnibasibytyl sarbonhours in an ice bath.

Th ic | hed, t wi it h 50 t . dri.
Enhyar oae magnosRAAoRAME et TSk e ERDG froradim ety it o "
acid (20.3 nbihat@sthe!mbsenddaiedn Wetpintdry Aiiihg safisbel(BQ Fibt 2l dRy XPElogxed
for 6 hours. The resultant m xture containing the trifluoroacetam de was

cool ed and whe hmihetselt,dekenitefors Oinsing o anynonivmthgdrozifigedearlyshdivs two nigeagbonat e,
then dried ove nesy um sul f filtered. .The so]lvent was re gd by
rotary evapgﬂﬁﬁ%ﬁ @ﬁg‘t 2§§/| él Wagﬁ{%ﬁ'&% ib&#%‘%‘leﬁ%’c‘ﬁ El?ﬂu@?'tﬁ ﬁpgﬁe’t‘t&i’ﬁ%me
the pure trifhiliol Qagat 350 9ev iblugshdg;@a tSTBRMRintfy LARRIARSENS ORtfid inbERektinb S0
identity of the trifluoroacetam de. C eavage of a 10 portion of The

tri f | uor oacetodnthdethemgragenndphotdicecmb yomplttelyiratpnated aBehexposureo BHROTFA of a
7% pot assi um car bonat e wat er: net hanol, ((2:5) sol ytion. 4 e.free anine was

ex('z ract ed tvﬁo_ﬁ’é‘o i eweﬂﬂ&moﬁm@%ﬂhﬁm% ax/\%’églf%@%ﬁkr‘?t gPJ-Q&"IﬁPé’Paf ¥esi um
- sulfate and ii_c\bgll’f oo BYRunRbe thé‘gro‘i&lt Hadelshowd pQ%lé #0380% eV assiC%n

d
PCT/ US01/ 27: y rotary evaporation and vacuumdi stillation yiel egl t he
desi red pr oduoche cabbunybearbaoofithe 3BOA group (8igt 2dy Hds pédak ipdmamaticallyeeduced

using the deprotection conditions, indicating that most of the t-BOC groups have been

removed (Figs. 2e and 2f). Peak fitting using IGOR indicates approximately 70% of the
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Exanpl e 5: Synthesis of t-BOC-Protected Am ne: t-BOC protected

10- am nodec- 1-ene was prepared by standard net hods. 49 A portion of the
purified woiaeo(®. 11 g) was dissolved in 60 nL of chl orof oper/vb@r27v|s added
to a solution of 3 g NaHC3 in 50 nL of water. Sodiumchloride (6.45 g) was
added along with 7.18 g of di-tert-butyl dicarbonate dissolved in a few
mlliliters of chloroform This m xture was refluxed for 90 mn and
extracted twice with 50 n1_ of ether. The collected organic extracts were

dried d .t.h t b
evapor at o, TR BHHEE st b oyl oML AP e IEL B Of fhebe
di stillationsmand pedls dodRINGAL; Be BaTindied ind fRle iy é\lﬁﬁoulﬁr(ﬁ'%Hongs%c&Qd%th L

aliquot of this product with 1 m of 25% TFA i n nmet hyl ene chl orid
hour at roontheditting paameterecOptimizing the dep&éeczmnrmndmodeﬂunegh ammasmg thd’ll n

| ayer chromat ography. anple 6:. Preparati DINA ied Surface:
Silicon waf e%eé’%}%a%é%prggaﬁggﬁe*@;‘oﬂ’ﬁ@% f]C)rS?F? Eytﬁl%‘?%bsﬂﬂ’i?r ults.
described.|19~""1,a4 The wafers were briefly exposed to a 2% sol uti on of

hydrofluoric acid in water to hydrogen term nate the surface atons. The
waf ers were then Dﬁi’é’ﬂAﬂ’EAW(ﬁ)LEd\dEAiSUREMEMBS:ti on chanber, covered wth

10-30 nL of the t ected 10- a c-1-ene, and ex
Ul travi ol ot |1 gnt CPRGH FIRESR mEanara B it eiach vapgns ek oldgarotection.
t - BOCpr ot ect ed 10- ami nodec- 1-ene used was enough to just cover the surface

and varied with the size of the wafers. The thickness of the |ayer covering

t he waf er wa¥ablefl directly neasured or controlled but was typically |ess
than 1 mMmm The rv'nrll 'F| nrl cnr'F ac-es—Aer-e—Lt hn'\ cllh]i ect nrl to-259% TI:Ai nlm_t_h* ene

chloride fol SUR(FAtUEa 3 mnute r| nse in L@%}Nfﬂ@jTANGmwe t he t BOC

pr otecti ng group are—for-mtire Pt et Y am-pe—ternrrated—sur-face—These
sur f aces wer et-BOf:pbteatedarbiienl. dr opl et cpnt ai ni ng t he7h&t er obi f uncti opal
crosslinker SVMCC (L. 5 MV I OOTVMTT T gthanol am ne purter, pH 7) raf 20
mnutes. S S!\iﬁ@*dfﬂ@%@i ns an ani ne reactive N hydroxysuddfthi nide ester fs
wel | asath.g rgﬁ glmde noi ety| The malerm activated surfaces
were react ed AbASNHLOHAEReE 4 0 24 luo 02120179 B3 US0L/ 27431

dropl ets of approxi natel y 1 mMthiol-nodified DNA to formthe DNA arrays.

The DNA rmdlfled were then rinsed with,di t||| wat er and ored
oo Or ' 0 e ARG ptsipiod e SioR T e IO DB RSP PO AP0 TR 2

mv EDTA, andtr?ﬂda\éa%eﬁu T GG Mou? Hiel oot BiGIES theafle Shala! %sﬁéh?bvﬂh%ﬁe
"HB") to renove nonspecifically bound strands. anple 7. Reaction Chanbe
The chanber bemsliof expected ftonvthehstdmiphilic swfare asmcxatmdmﬁtthdpmtomtadwhummhaltc aI
al um num basg.11.5 cm net e nd 5 ¢ The in i 0 t he base
nas |1 ed & BisHiE3Esstatn BT rol QAR e ds FFre v Bl SPAPIORURE
Teflon di sk Yl’gﬁ%rﬂh hé‘s r‘?@ceb%ic‘?ﬂ e ex‘hb{;n%e& ’Bg@ﬂ%crebéé' Al th&REnakt Jtr%le
ports were ad to"a or t he continual pas age of nitrogen gas.
Teflon |id 1fnedsucements. d| arret er and 3.5 cmtall with an 8 cm di aneter
section renoved fi omthe mddle was manufactured to fit over the al um num
base. The 8 cmdianeter hole was mlled to secure a quaxtz w ndow. Wen
assenbl ed and in E? fCIFie AVERIPIZAGEONSd and a LTV lanp was placed over
7V

t he chanber. The arrp was purchased from LTV Products (part nunber
CPQ 7446) and congissdesdridd & fleExemples,cammeanodifieda munfaces omere penalogddngs
quartz grid | nted on an al_um reflectqr. The intensity of the
lanp at 15 cﬁ#aﬁ%géteﬁgwé‘lerﬁfEP%%&“t%fF@ﬁ@Bgfs%Wﬁ)Whl ehwRsIchargcterigad Wit respechn
and Denatura e nts
to the surfa?:c%a 8513 0 |g%ﬁ€Dc tf‘1ave e%‘%&téeg%r#%g?a &"ﬁ?’ﬂ%&ﬂ?

el sewher e. 28types Bf mlfg‘ohuclebﬂidiasWe mndblﬁlhmd ohl dn oRidized| RdiRe-teminated sitiverd
fromHB and rinsed with distilled water then exposed to 5-10 nil of 2 nM

5' -1 uor esce(¥P1) #i5€1ce eRPsorEMEHABhT CHIX Esm) AMPPAPTIBRESE ¢ BhgiBmpter ilm BN 0

m nut es at hu

were then ri nsehteﬁ{m @%por ?l\g/reeﬁlm n%}s@éﬁi{&ﬁ"ﬁeﬂ?orzp&nﬁzgﬁgegédz%ﬁ 3r| §ﬁ§ée
conpl ement . Towpleybntiath toethe DRihe imnhiobilieel digohadastidesvas plh@afd q:ritheadfafceamctiomn
in a droplet of HB on a Mol ecul ar Dynam cs Fl uorl mager 575 tray and
scaruied. This allowed visualization and quantitation of the fluorescent
areas on the silicon surfaces. Denaturat| n was acconplished by placing the
surfaces in an 8.3 Murea solution at tenperature for 25 WO 02/ 20179




PCT/ USOL/ 27L31 5 minutes followed by a water rinse. The surfaces were then
rescanned with the Fluorlmger to ensure that conplete denaturation had
been accowplocatmed. Subsequent hybridi zations, if requiredrciousod2zbsi
repeated using the sanme procedure. Alternatively, for the nunber density
experinment, denaturation was acconplished by placing the hybridized
surfaces in a small volune of water at 90C for 15 m nutes. This denatured
t he duplex and allowed the fluorescent conplenents to be collected for

guantitation.(28,44) Exanple 9. Control of \- ified. Amine Surfagce: A
seri es of Ex%lé‘?&egéo W‘@oh&gf'élép‘i’%&lﬁ HB?@&%"%&D“%"HLY 108 ANGPVagiiRe. hound
ol i gonucl eot } el i . } .
Pybridizati on piedpp ek Intieying o R b fatlolio HeREloh Bigoudleofide, o
ol i gonucl eotImhgmg( E6llowing dématurationt &) hybBdiziidor? )witintthe t diermite flwoesscent

foll owed by sel ective hybridjzation.tg either of the f]yorescent
. conpl enent s. Oligauciectide shoys the %eéoa%"ﬁ@%lgwi SP?H%é&r%lgceJ‘gHﬁl (f‘?éa@%‘ﬂl@lnfied by
reaction of r : ' Sk | ' ] - BOC
br ot ect od an it RARRIZGELR AR BOhShborERndy (AdRel plolerinll, oiSwel
surfaces werimagmgirewdaled bddipsputte at expebtedd¥jpoSuy.e to 25%tri fl uoroacetic acid

for a variety of tinmes. Exanple 10: Surface Density Measurenents: The
nunber of nol ecul es hybridized to the surface was deterni ned using a

previously publis rsqu wqﬂ' t(iiﬂfliﬁfﬂ' LAgDbi | i zed
on the surface angéﬁgirﬁi’feﬁﬁor esc‘gﬁ’ cglr\r’pgllenen?gi'ggée a O\A/esqgg'ﬁybri di ze
as before. The suComesl ofake demsiie bf anfatditarh@antodite i hajoreidoantigsof the

nmeasured. The surface was then placed in 800 pL of 90C water in a m crofuge
tube for 15 Piesent @yemtwné@ﬁwsett@ﬁgwa@ﬁ&m@ of the denpityeofbeundrbjemelgeylarmichas

t hen rinsed | it . r [ | fative into
t he original és‘%%grﬂlé#wégg}&%%%@iﬁw r}%}@ %@%%ﬂ@g%gq@ﬁsﬁé%&c@ﬁnﬁﬁig %&%

denat ur at i orDNadstesild) betdrs Ha§ re@liteBreafer Wpidig bereah ond tligomanaotidsent s
was then reduced to about 10 mL by vacuum centrifugation and | oaded on one
| ane of a pofoued yofathedsuréase deppity of laHachnantneints onf the| substsate eweface was

ol i gonucl eot j < [o BN f.t er .

el ectr ophor eds"?'g""?':%%@ggf &m%\@ﬁéﬁég‘g%%awﬂ%@%ar%ﬁﬁés Jb@rh%ﬁ%ég sag{érh%m(’dlﬁed

ol i gonucl eOta‘ud@eah&usaieo%ﬁ@mﬁdgawmafcaﬁ@nm?; ad ZWbyaoattoling tiefexpedeetie a
standard curve 26 WO 02/20179 PCT/ USQOL/ 27:131 devel oped fromthe known

sanmpl es. Usiefdhe t"BOCasotested antiee syefaed toy FdY, theyehyilimitiegitheskisatofdepratestipnund
to be approxiJmately 2. 3. Q' 2 pol ecul es/cn2. Ezanple 11: Stability
Measur enent s(.’tr%_f %#l"??/dlﬁ?d_l?'ﬂ% _e's_urface chenm stry was denonstrated both
with direct nonitEsathd oFfthd Himbdrl fz8fadd #QERRCAIThe SkdsORMUEnRMkIrsted usin

t hrough repeated hybridi zations. For direct nonitoring, oligonucleotides

| abel ed wi t hmixtures eSteBOR-priotectest 10-gminedens1-gneland dodeseneyridogecens hedapsgit ends
(SEQ Bv7. , were covalently attached to.fh ctivat.ed surfa Af ter
Coval ent " at CAERADR TRt arPahed BtBEuEPn il Pabd Mk STt on
in HB at 27 dontaliifg irckHAKIAS ERABEGs oTE BOC pYoteéied €0 aHihces- 1Lafe Wwdte AppiRagyr ed
by scanning on the Fluorlnmger, after which the surface was returned to the

buffer for Zlodineimaslifieizilicomisubstiatds ané allewed toagactawdanhkdonm visiblkight. The

fl uorescence asured, Subsequent scans wer nf.or ned ever, r for a
Lotal of 10 HOARS Wt Mo ERaed i dese iR h T B AR B sy S o8-
Exposure to fiikght ad@DNAP HyBridizdtion! WHINtA AOSERHE cOMpRIRKP8Ad FBBYequekiie
stability of the surface with respect to hybridization conditions was al so

t est ed. Fl uoquastifidatioh btk BuosE@ncamageyasdans opthd susfacesh dheplet showarie Figent
SEQ ID. NO 1 were covalently.atftached to two dii~erent .areas,qf the

surf ace.  The B OlIeR BIPUopE A bR theirasiind fhyoreaenet igna od e §AtFiag e

- conpl enent  ofr19ERin&ec- Nehd, THN firdthoFleat} BSmEMekatey Blat e @R di9Rf WiRMcSAhipwed to

occur. The hybridized surface was t'hen scanned on the Fluoflmager and the
f | uor escencegreuprendeaéadiy chnDiiedwhich irctirmalenes faecantpl afithendtinmate burface

measured. The hybrjidi zed .surface. was aced in 8 3Mu o,denat ure the
Gup ox st r arroSet b olRaitEgideR Sr Pt Rbmolksies sralbR foh pRERZtoR st o
renmoved. Theg,sHEf ‘was subjected to 15 such cycles of hybridization,
scanni ng, denaturing, rescanning and rehybridization (see results). 27
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STABILITY:

An important parameter of the DNA-modified silicon surfaces is their stability to
the conditions employed for biochemical procedures such as nucleic acid hybridization and
enzymatic manipulation. Two experiments were performed to evaluate the stability of the
DNA-modified surfaces. The stability of the bonds linking a DNA oligonucleotide
covalently to the surface was evaluated by means of a fluorescent tag covalently attached
to the oligonucleotide (SEQ. ID. NO:3); the surface was incubated in HB overnight and
the surface fluorescence was measured repeatedly (see Fig. 6). No significant decrease
in the fluorescence intensity was observed, indicating that the DNA-surface linkage was
stable under the conditions examined.

In a second experiment, a surface modified with fluorescein labeled DNA (SEQ.
ID. NO:3) in one area and non-labeled DNA (SEQ. ID. NO:1) in another was hybridized
repeatedly with the fluorescent complement of SEQ. ID. NO:1. The measured
fluorescence intensity of SEQ. ID. NO:3 was typically two thirds that of SEQ. ID. NO:1
hybridized to its fluorescent complement. The normalized data show both signals decay
at essentially identical rates (Fig. 7). The fluorescence intensity after 15 cycles decays to
approximately 85% of the initial value. This corresponds to a loss of approximately 1%

per cycle. This stability is superior to previously published results using a non-covalent
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substrate. The coated surface was then exposed to visible light at 514 nm from an argon
laser, defocused, at an intensity of approximately 20 milliwatts per cm?. This is roughly
the amount of energy generated by a laser pointer. The reaction was followed via x-ray
photoelectron spectroscopy by monitoring the disappearance of the Si-I peak from the
starting spectrum and the appearance of a fluorine peak in the surface compositional
analysis. As expected, over the course of the exposure (3 hours), the Si-I peak slowly
disappeared and there was a concomitant appearance of a fluorine peak as the
perfluorooctadecene attached to the surface of the silicon substrate. Control experiments
run in the dark showed no significant attachment of the perfluoro compound to the

substrate surface.

Example 2: Photopatterning Using Undecylenic Acid Methyl Ester:

In this example, an iodine-terminated silicon substrate was prepared in the same
fashion as in Example 1. A thin layer of @-undecylenic acid methyl ester was coated onto
the substrate surface. A small region of the coated substrate was then exposed to 514 nm

laser light in the same fashion as in Example 1 (2 hours), while the remainder of the
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Example 3: Synthesis of Oligonucleotides:

All oligonucleotides were synthesized by the University of Wisconsin
Biotechnology Center, Madison, Wiscsonsin. Two types of oligonucleotides were
employed for the Examples which follow: oligonucleotides to be attached to the surface,
and oligonucleotides employed for hybridization to the surface. Oligonucleotides to be
attached to the surface were thiol-modified at either the 5' end using the reagent 5°-Thiol-
Modifier C6 (HSC6, Glen Research, 22825 Davis Dr., Sterling, Virginia 28164,
www.glenres.com), or at the 3' end using the reagent 3’-Thiol-Modifier C3 S-S CPG
(C3SH, Glen Research); each of these oligonucleétides were 31 nt in length, comprised
of a 15-mer dT spacer sequence at the 5' end, and a specific 16-mer sequence at the 3'
end. The three 31-mer sequences employed were

5'-HSC6-T;AA CGA TCG AGC TGC AA3' (SEQ. ID. NO:1),

5'-HSC6-T,;AA CGA TGC AGG AGC AA3' (SEQ. ID. NO:2), and

5'-FAM-T,;AA CGA TCG AGC TGC AA-C,SH3' (SEQ. ID. NO:3).

In SEQ. ID. NO:3, "FAM" refers to a fluorescein dye incorporated into the
oligonucleotide during synthesis using the reagent 6-F AM phosphoramidite (Perkin-Elmer
Biosystems, Foster, California). Oligonucleotides employed for hybridization to their
surface-bound complements were 16 nt in length and complementary to the 3' 16 nt of
either SEQ. ID. NO:1 or SEQ. ID. NO:2. These oligonucleotides were also modified
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reacted with a protecteéd am noal kene.
Illinois), silicon (001) wafers (Virginia Semiconductor, Fredricksburg, Virginia,

www.VirginiaSemi.com). Ultra pure water used for rinsing the wafers was obtained from

a Millipore system (Marlborough, Massachusetts).

Example 4: Synthesis of 10-Aminodec-1-ene:

The 10-aminodec-1-ene used to modify the silicon surfaces was prepared using a
variant of the Curtius reaction.”’ A solution of 40.5 g of 10-undecenoyl chloride and
tetrabutylammonium bromide (200 mg) was prepared in 300 mL of dichloromethane and
cooled in an ice bath. Sodium azide (15.6 g) was dissolved in 50 mL of water and added
to the mixture. This mixture was stirred continuously for 2 hours in an ice bath. The
organic layer was removed, washed twice with 50 mL of water, dried over anhydrous
magnesium sulfate for 36 hours and filtered. Trifluoroacetic acid (20.3 mL) was slowly
added with stirring and the mixture was refluxed for 6 hours. The resultant mixture
containing the trifluoroacetamide was cooled and washed twice with 50 mL of saturated
aqueous sodium bicarbonate, then dried over magnesium sulfate and filtered. The solvent
was removed by rotary evaporation to yield an oil which was vacuum distilled to produce
the pure trifluoroacetamide. Nuclear magnetic resonance confirmed the identity of the
trifluoroacetamide. Cleavage of a 10 mL portion of the trifluoroacetamide was
accomplished by refluxing for 3 hours in 500 mL of a 7% potassium carbonate
water:methanol (2:5) solution.”® The free amine was extracted twice with 100 mL of

ether, which was again dried over magnesium sulfate and filtered. Removal of the solvent
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8. The method of daim7, wherein in step (a), the substrate is reacted
with t-BOC protected 10-am nodec-1-ene. 32 WO 02/ 20179 PCT/ USOL/ 27.131 9.
The met howoaR/2a1’® one of Clainms 1 through 4, wherein in stepr/s)i27ahe

al kene is an a-olefin and the substituent is disposed on an w carbon of the
al kene. 10. The nethod of any one of Clains 1 through 4, further
conprising, after step (a): (b) attaching nolecules to the substituted

al kyl noieties bonded to the substrate, thereby yieldi ng a nodified surface

havi ng the uI es immbilized ther 11, t
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and RNA is agdnfiehiedits Riehti§ o8 urk dindfe. al kyl noi eti es. 12 The met hod of
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wi th a reagent corrprlsmg a Solution of" bromne or 1odine. 16. The nethod
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ether, The collected organic extracts were dried over magnesium sulfate, filtered and the

ether removed by rotary evaporation. The t-BOC-protected product was purified by
vacuum distillation, and its identity was confirmed by NMR. Treating a 10 mL aliquot of
this product with 1 mL of 25% TFA in methylene chloride for 1 hour at room temperature

recovered the free amine as demonstrated by thin layer chromatography.

Example 6: Preparation of DNA Modified Surface:

Silicon wafers were prepared for modification as previously described.’®** The
wafers were briefly exposed to a 2% solution of hydrofluoric acid in water to hydrogen
terminate the surface atoms. The wafers were then immediately placed in the reaction
chamber, covered with 10-30 mL of the t-BOC-protected 10-aminodec-1-ene, and
exposed to ultraviolet light from the UV lamp for 2 hours. The volume of the -BOC-
protected 10-aminodec-1-ene used was enough to just cover the surface and varied with
the size of the wafers. The thickness of the layer covering the wafer was not directly
measured or controlled but was typically less than 1 mm. The modified surfaces were then
subjected to 25% TFA in methylene chloride followed by a 3 minute rinse in 10% NH,OH
to remove the t-BOC protecting group and form the primary amine-terminated surface.
These surfaces were placed in a 50 mL droplet containing the heterobifunctional cross-
linker SSMCC (1.5 mM in 100mM triethanolamine buffer, pH 7) for 20 minutes. SSMCC
contains an amine reactive N-hydroxysuccinimide ester as well as a thiol reactive

maleimide moiety. The maleimide activated surfaces were reacted overnight with 0.4-0.8
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a reagent conprising a solution of bromne or iodine in benzene. 33 WO
02/ 20179 PCT/USO01/27:131 17. The nethod of Claiml4, wherein in step (a),
t he reactwomn2@&7phot oi niti ated using visible |ight havi ng PETVEESsRRBIBYL h Of
514 nm 18. The nethod of Claim 17, wherein in step (a), the reaction is
photoinitiated at pre determ ned | ocations on the substrate by selective
exposure of the substrate to visible light. 19. A nethod of creating

nodi fi ed surfaces on unoxidi zed carbon, silicon, and germani um surfaces

conpri sing ) ct n_amn X 0

prot ect ed alr&gﬁ fﬂf%fﬁ’ru fng’f gg@&g@?gﬁﬂgﬁgp}\@gk’ %°65‘qu%i’5w‘§’§?‘%ﬁds LTlS‘St rate
to yield a JuNAaG6difiEd Ririces WREb therinSed witirdRANE wter bl Sorddndiz7redon(kane
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nodi fied al kppgfismyeeuh®siratidsstep (b) with a cross-linker, whereby the
cross-linker is atfached to the nodified al kane nol ecul es; and then (d)
attaching nol ecules to the cross-linker of step (c), thereby yielding a

surface of rﬁl‘a%:ﬁle%sliemrto Hham e(lgn t he substrate.

The chamber used for the UV mediated reaction consisted of a cylindrical
aluminum base 11.5 cm in diameter and 5 cm tall. The interior of the base was milled to
create a chamber 9 cm in diameter and 4 cm deep. A thin Teflon disk was placed in the
bottom of this chamber. Inlet and outlet ports were added to allow for the continual
passage of nitrogen gas. A Teflon lid 11.5 cm in diameter and 3.5 cm tall with an 8 cm
diameter section removed from the middle was manufactured to fit over the aluminum
base. The 8 cm diameter hole was milled to secure a quartz window. When assembled
and in use, the lid was secured and a UV lamp was placed over the chamber. The UV
lamp was purchased from UV Products (part number CPQ-7446) and consisted of a low-
pressure mercury vapor ozone-producing quartz grid lamp mounted on an aluminum

reflector. The intensity of the lamp at 15 cm was 2000 microwatts/cm? (254 nm).

Example 8: Hybridization and Denaturation:

Procedures utilized to hybridize fluorescent complements to the surface-bound
oligonucleotides have been described in detail elsewhere.?** Briefly, the DNA-modified
silicon surfaces were removed from HB and rinsed with distilled water then exposed to
5-10 ml of 2 mM 5’ -fluorescein labeled complement in HB, and allowed to hybridize for
20 minutes at room temperature in a humid chamber, The hybridized surfaces were then
rinsed twice for five minutes in HB to remove any unhybridized complement. The
hybridized DNA modified surfaces were then placed facedown in a droplet of HB on a
Molecular Dynamics Fluorlmager 575 tray and scanned. This allowed visualization and
quantitation of the fluorescent areas on the silicon surfaces. Denaturation was

accomplished by placing the surfaces in an 8.3 M urea solution at room temperature for
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20. The nethod of Claim 19, further conprising, prior to step (a),
contacting the unoxidized carbon, silicon, or germanium substrate with a
brom ne- wo t2adi7mecont ai ni ng reactant to form an unoxi di zepcT/O8@MM7HIA- OF

i odi ne-term nated carbon, silicon, or germani um substrate; and then
reacting the unoxidized, brom ne- or iodine-termnated carbon, silicon, or
germani um substrate as recited in step {a). 34 WO 02/ 201 79 PCT/ USQOL/ 27~31
21. The nmethod of one of Cains 19 or 20, wherein prior to step (a), the
substrate IS t e o [ I r or
odine. 22, TrANRRE Aok By bEY Hles PTRE s g8 ol Mofined L e
substr at e ISFhIlOﬂhﬁgEIGld) atisiule tHatroeﬂ@mé dematgrstic gl Feef @bstmplizshel Subeequeat or

i odine in be ene. .23. _The nethod of any one of Clains 19 or 20, wherein in
step (a), th@b?@fl%ﬁa ifirequigds coukd heirar %xnﬁgh%amemr@ceﬂu%ﬁltﬁmtm@y, or

mavelength o] rein
in step (a), {}%eﬁxéf}lb%q[ngg%ex-fw@ﬁmﬁﬁr 88—% ,uu?‘f%as;ﬁ?goxg 11s§e?éfﬁ\la ﬁ{e hgg?‘fh%‘g on
t he subst r at surfigesial aes:hammn@oswmr af 90°lefos mbsﬁmmw This \defdtidee thd @lflex 25.
The nethod of any one of Clains 19 or 20, wherein in ste ga , the
substrate i sandd the flaorgseenbeqimplements 1 bawallssted forr quantitation (3%#f i ed and
protected al kene. 26. The nethod of any one of Cains 19 or 20, wherein in
step {a), the substrate is reacted with an am no-, carboxy, or

t hi ol - modi f i Bdample mr@mblaﬂ“mvmmamedaozmimﬂnédaod of any one of Cains
19 or 20, whereinin s the substrate is reacted with an cu-am no-,
w-car boxy, or w tH# S@nengxar@ﬂeSa\ﬁ@rewpndmde@ chaggctesige the behavior of the bound

oligonucleotides and to control the density of the free amines. Hybridization specificity

-

was tested by immobilizing two different kinds of oligonucleotides (SEQ. ID. NO:1 and
SEQ. ID. NO:2) onto the surface, followed by selective hybridization to either of the
fluorescent complements. The density of free amines on the surface can be controlled by
reaction of the hydrogen terminated silicon surface with mixtures of t-BOC protected
amine and dodecene. Alternatively, the t-BOC protected amine surfaces were partially

deprotected by exposure to 25% trifluoroacetic acid for a variety of times.

Example 10: Surface Density Measurements:

The number of molecules hybridized to the surface was determined using a
previously published procedure.(28,44) Oligonucleotides were immobilized on the surface
and their fluorescent complements were allowed to hybridize as before. The surface was
imaged and the area of fluorescence was measured. The surface was then placed in 800
uL of 90°C water in a microfuge tube for 15 minutes to completely denature the duplexes.
The surface was then rinsed twice with 200 mL water, which were quantitatively eluted
into the original 800 mL. The surfaces were rescanned to ensure complete denaturation
had occurred. The volume of water containing the complements was then reduced to
about 10 mL by vacuum centrifugation and loaded on one lane of a polyacrylamide gel,
while known amounts of fluorescent oligonucleotide standard were loaded in the other
lanes. After electrophoresis the gel was imaged and the amount of fluorescent

oligonucleotide eluted from the surface was calculated by reference to a standard curve
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28. The nethod of any one of Clains 19 or 20, wherein in step (c), the
cross-linker is SSMCC. 29. The nethod of any one of Clains 19 or 20,

wher ei n iwo92R@79d), nucleic acids are attached. 30. A nodidIVés#1Reasbon,
silicon, or germanium surface produced according to any one Clains 1, 14,
19, or 20. 35 WO 02/20179 PCT/USO 1/27.131 31. A nodified carbon, silicon
or germani um substrate, the nodified substrate conprising: a substrate
selected fromthe group consisting of unoxidized, hydrogen term nated

carbon, siligon er i u a er,pf substituted alkane | ecul e
bonded di rec?F‘{/el?’gleﬁgms &qp §ampﬁé/s[ h S’&ﬁs@ﬁc‘é‘e@f’a’aﬂv ﬁlieﬁ’tﬂgf \9%@6&{6 gen
nol ecul es, t Bpléeulstwak o iad 18Ik aPFroxhaely ReSSx e ntlecaldsRfiPed thereto a

- substituent selected fromthe group consisting of an am no-contai ni ng
substituent, a carboxy-containing substituent, and a thiolcontaining
substituent. ; 32. The mpdified substrate of Claim31l, further conprising a
| ayer of cro ?ﬁpl%fhgg_}ﬁﬁ"&ﬂ?“é'é“?a'ﬁ“d‘éa to the layer of substituted al kane
mol ecul es. 33. Thetdbly bf i swtlsd dRhistRf wid RintOnditatedBSthSiith diRRt monitoring
cross-linking nolecule is SSMEC. 34. The nodified substrate of any one of
d ai ns 31- 330f immpkilized: fhenresghritdligoaveledtides and through repeated hybridizations. For

direct monitoring, oligonucleotides labeled with fluorescein on their 5’ ends and a thiol

group on their 3’ ends (SEQ. ID. NO:3) were covalently attached to the activated surface.
After covalent attachment was allowed to occur, the surface was stored overnight in HB
at 27° C. The fluorescence intensity of the surface was then measured by scanning on the
FluorImager, after which the surface was returned to the buffer for 1 hour at 27°C. The
surface was then rescanned and the fluorescence measured. Subsequent scans were
performed every hour for a total of 10 hours while the surface was stored in the buffer at
27°C. Exposure to light was kept to a minimum throughout this experiment.

The stability of the surface with respect to hybridization conditions was also
tested. Fluorescein labeled SEQ. ID. NO:3 as well as the non-fluorescent SEQ. ID. NO:1
were covalently attached to two different areas of the surface. The DNA modified surface
was exposed to the fluorescently tagged complement of SEQ. ID. NO:1 for 20 minutes
and hybridization was allowed to occur. The hybridized surface was then scanned on the
FluorImager and the fluorescence signals of both DNA modified areas were quantitatively
measured. The hybridized surface was placed in 8.3M urea to denature the duplex strands
then rescanned to ensure the fluorescent complements were removed. The surface was
subjected to 15 such cycles of hybridization, scanning, denaturing, rescanning and

rehybridization (see results).
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attached to the substituted al kane at an cn carbon of the al kane. 35. The
nodi fi ed substrate of any one of Clainms 31-33, further conprising a |ayer
of nol ecuwe2hotrded to the substituent of the nodified al keopgssodfi43iThe
nodi fied carbon substrate of C aim 35, wherein the nolecules are nucleic
acids. 37. The nodified substrate of any one of Cains 31-33, further
conprising a layer of cross-Ilinking nolecules bonded to the |ayer of
substituted al kane nol ecul es and a | ayer of nol ecul es bonded to the
cross-1linking nol ecules. 36 WO 0 ]L 01/27d31 3 8. The nodified
substrate of Caim3 7, wherein th ecul es bonded to the
cross-linking nolecules are nucleic acids. 39. The nodified substrate of
Claim 38, wherein the cross-linking nolecules are S SMCC. 37
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1. A method of creating modified carbon, silicon, and germanium surfaces
characterized by:

(a) reacting a straight, branched, or cyclic alkene having a substitutent thereon

with an unoxidized carbon, silicon, or germanium substrate to yield a

modified substrate having bonded directly thereto, in the absence of any

intervening oxygen atoms, substituted alkyl moieties.
2. The method of Claim 1, wherein in step (a), the reaction is photoinitiated.

3. The method of Claim 2, wherein in step (a), the reaction is photoinitiated using

ultraviolet radiation.

4, The method of Claim 1, wherein in step (a), the reaction is patterned by selective

exposure of the substrate to ultraviolet radiation.

5. The method of any one of the preceding claims, wherein in step (a), the substrate
is reacted with a substituted alkene selected from the group consisting of

aminoalkenes, carboxyalkenes, and thioalkenes.

6. The method of Claim 5, wherein in step (a), the substituent on the alkene is
protected.
7. The method of Claim 5, wherein in step (a), the substrate is reacted with a

protected aminoalkene.

8. The method of Claim 7, wherein in step (a), the substrate is reacted with t-BOC-

protected 10-aminodec-1-ene.
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10.  The method of any one of Claims 1 through 4, further comprising, after step (a):
(b)  attaching molecules to the substituted alkyl moieties bonded to the
substrate, thereby yielding a modified surface having the molecules

immobilized thereon.

11.  The method of Claim 10, wherein in step (b), a molecule selected from the group

consisting of DNA and RNA is attached to the substituted alkyl moieties.

12.  The method of Claim 10, wherein in step (b), the molecules are attached to the

substituted alkyl moieties using a bifunctional cross-linker.
13.  The method of Claim 12, wherein in step (b), SSMCC is used as a cross-linker.

14.  The method of any one of Claims 1 through 4, further comprising, prior to step
(a), contacting the unoxidized carbon, silicon, or germanium substrate with a
bromine- or iodine-containing reactant to form an unoxidized, bromine- or iodine-
terminated carbon, silicon, or germanium substrate; and then reacting the
unoxidized, bromine- or iodine-terminated carbon, silicon, or germanium substrate

as recited in step (a).

15.  Themethod of Claim 14, wherein prior to step (a), the substrate is contacted with

a reagent comprising a solution of bromine or iodine.

16.  The method of Claim 14, wherein prior to step (a), the substrate is contacted with

a reagent comprising a solution of bromine or iodine in benzene.
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18.  The method of Claim 17, wherein in step (a), the reaction is photoinitiated at pre-

determined locations on the substrate by selective exposure of the substrate to

visible light.

19. A method of creating modified surfaces on unoxidized carbon, silicon, and
germanium surfaces comprising; _

(8 reacting an amino-, carboxy, or thiol-modified and protected alkene with
an unoxidized carbon, silicon, or germanium substrate to yield a surface
of protected, amino-, carboxy, or thiol-modified alkane molecules
covalently bonded to the substrate in the absence of any intervening
oxygen molecules; then

(b) deprotecting the modified alkane molecules of step (a), thereby yielding
a surface of unprotected modified alkane molecules bonded to the
substrate; then

(c)  reacting the deprotected modified alkane molecules of step (b) with a
cross-linker, whereby the cross-linker is attached to the modified alkane
molecules; and then

(d) attaching molecules to the cross-linker of step (c), thereby yielding a

surface of molecules immobilized on the substrate.

20.  The method of Claim 19, further comprising, prior to step (a), contacting the
unoxidized carbon, silicon, or germanium substrate with a bromine- or iodine-
containing reactant to form an unoxidized, bromine- or iodine-terminated carbon,
silicon, or germanium substrate; and then reacting the unoxidized, bromine- or

iodine-terminated carbon, silicon, or germanium substrate as recited in step (a).
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of the substrate to visible light.

25.  The method of any one of Claims 19 or 20, wherein in step (a), the substrate is

reacted with an @-amino-, w-carboxy, or ®-thiol-modified and protected alkene.

26.  The method of any one of Claims 19 or 20, wherein in step (a), the substrate is

reacted with an amino-, carboxy, or thiol-modified and protected a-alkene.

27.  The method of any one of Claims 19 or 20, wherein in step (a), the substrate is

reacted with an ®-amino-, -carboxy, or o-thiol-modified and protected a-alkene.

28.  The method of any one of Claims 19 or 20, wherein in step (c), the cross-linker
is SSMCC.

29.  The method of any one of Claims 19 or 20, wherein in step (d), nucleic acids are

attached.

30. A modified carbon, silicon, or germanium surface produced according to any one
Claims 1, 14, 19, or 20.
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34.  The modified substrate of any one of Claims 31-33, wherein the substituent is

attached to the substituted alkane at an @ carbon of the alkane.

35.  The modified substrate of any one of Claims 31-33, further comprising a layer of

molecules bonded to the substituent of the modified alkanes.

36.  The modified carbon substrate of Claim 35, wherein the molecules are nucleic

acids.
37.  The modified substrate of any one of Claims 31-33, further comprising a layer of

cross-linking molecules bonded to the layer of substituted alkane molecules and

a layer of molecules bonded to the cross-linking molecules.
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