; 3456e3e! TeM_Tat bVd6eTTecWD 02/ 20179 PCT/ USOL/ 27431 MODI FI ED CARBON

SI LI CON AND GERMANI UM SURFACES FI ELD OF THE | NVENTI ON The invention is
directedyW@e®fhd i ed carbon, silicon, and gernmani um surf ageg/dsoiygi4gdi 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 |inker noiety capable of anchoring
various other chem cal noieties to the unoxidized surface. These nodified
surfaces are suMODIFIED CARBONISHICONAND GERMANIIMUSHRFALER al 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 gm w have been drug devel opnent,
geneti c sequencing, WI mﬂm”‘ﬂﬂ@m stics, @m‘m@ﬂm \\mgand bi ndi ng studi es
and DNA conputing.1-21 T advant usi ng surfacebound

ol i gonucl eoti des over those h soI ut| on i ncl ude*&4¥e of purification,
conservation of material and reagents, reduction of interference bet ween

ol i gonucl eotides, and facilit el DFOFTHE BSNENTIONL2 Previously expl or ed
surfaces for irmobilization of nucleic.acjds |nclude | at ex beads, 5

pol ystyrene, 1 cambeinventien ﬁdh%teﬂzto%o‘b@?qjc‘}ﬂ?o@?’ e, 8N %F&"‘B&'Fﬁ‘i SRS | i con

or gl ass. 3, 1..29- 3 The

Subt ot es, UNGHATEOTREH b AaleG tilafiy sy b MBI R IO
an ideal supfagi n;zr) @;ﬂclﬁdﬂ tielihfention ¢hdireetdderoi I8idiagend tﬁsbBSiEl- ,TAFTBdiBEEET
(RULE 26) WO 02/ 20179 PCT/ US01/ 27: ~31 incl udg"oﬁl‘fﬁurfagl (@gﬁ and
honogenei tyterr:mquoftarltﬂn gilieamm @nd perapraium aufacep AXHRORACS INSIBIR | it y;
r epr oduci b| and aner e el

bi ocheni cal i %"bﬂFtﬁﬁaB?ﬁqu}c‘)?nc "}lg FH&IS (%tﬁ %Hé%l’dr:e toéttéssgaftm?&?%dd

nucl ei ¢ aci gydfed Pheieansdfied rsmrfmeegureatsenchum fmthbsﬁ&:muhdafrmqﬁace-bomd
surface anenable to integration into a mcroJ&ectro |cs f.or mat

|i mitati ons chémicls lp¢|il®ng surfaces; pf beusd nyglgt heH e‘&ﬁ‘@ﬂl%’f“?’? ‘é%mP'?ﬁfﬁ%at e a
need for alternative é“é Les that nore closely resenble the ideal. As
described h ‘F"gloﬁmoﬁ'ﬁ% crystalline carbon, silicon, and germani um

al  otropes thereof, and aI | oys thereof offer advant ages as substrates for

i mrobi |i zati on of nucl ei ¢ aci ds and ot her chem cals having simlar or

anal ogous reacti vi ty becaus ®ESCRIRIIONOBEIHE PRIOR ARbh| v or gani zed and
defi ned crystalll struc e t r by
preferred due to effbfla{?ﬁ oﬁosra{l}ge&?mﬁl%e ranﬁcorf(?e deééé)?gir?l%c}ga@l&n%é&gﬁyh
However, ”atilildf@asﬁigl)l iaportany islegizal tbolrin excenpyears. rAaays ofintitieiaiacidumaleculesnbi ent

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 ofusing 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
acids include latex beads,’ polystyrene,! carbon electrodes,*? gold,'"****® and oxidized

silicon or glass >%!12%2

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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conditions to forma thin surface |ayer of silicon oxide. This oxidized
silicon surface is chemcally simlar to glass and suffers fromsone of the
same dr awhackmoi1anel y i nhonogeneity and variability in thectgkalinyg nunber
of Si-OSi and Si-OH |inkages. This inhonpbgeneity and the concom tant

chem cal variability it engenders can lead to difficulties in the

reproduci bility and honogeneity of the subsequent chem cal -nodified
surfaces, particularly as the silane chem stry generally enployed to couple
to such surfaces is itself prone to stability problens and

di fficult-tolnehder wrfaselthms a_@d h@mogﬁn@ttsss@@gogaf s5fach gnopsatiesp themmalyandf or

di rect funct | f bst t hout an.oxi de |
opened up mettaRcl RIRY, BarRhpbiRE oR AEshRER B AuRs oL oz iicidn: o
These new at b@@ﬁemeél nﬁmﬁmﬁnpm&%@ceﬂﬂﬂltﬁé 8&kirith h@@ﬁuﬁéﬁiﬁz%a%clte{&r&i&%

di rect carbonsilicon bonds, 19, 36-42 and have resulted in nethyl -
chl ori ne-, e8biasensopin intsigeptedoeirguita’t aud tequirep eurf8e, apgenalile mlnuegratmgﬁm

W t al,19 d be ter-t t ed
o1 T con surt BaleRBREME FibBe , Thedsior 55 € blof s s SesCind A aohmeria
this ref er engientl&ifiss NBicatdanicbPRHe aerintieQBtiatos tha RidE b'l%'sélir ?es@iﬁﬁl@%1&éhl

produce chem cal l ynodified silicon surfaces in general, nor nucleic
aci d- nodi f i edsglebdribed hereirf, awexidized paystallipe canbon,Ralioon) ané gefmanium, latintrepesi t h

| f h b de be th ted by
G acyl  per ox TR AIPRL o0 o FT SypLEbrEs Dot fob o Ugyioprrdrvaleicy
V0 021 20179 RETY WShar dkhicht hithe SiR0od BRI Rk HEIESIcy BBk JAYEER igh nod

a variety of functional groups, iIncluding esters, aci

chl ori des, 36pﬂ'1’ntg hghl)oﬁrgaallzecgemk deSnedharpstalbhe mwumaammgotnxgnmsss $ilicon is

si |'i con- based ondgj{F has al so. been desgcri.bed, previ ouaqy 52 53
SUMMARY OF T eﬁéﬁ‘&?ﬂts qHEsYsE a the piptos 0'6?“18?’@ ¥§t¥g nodi fi ed

carbon, sili con BlAkcO8, TR BliSIH ERERSs, fl;h%xamggogedcﬂ%ﬂld%? uh&é}%dlﬁigma
straight, br anched or ¢yclic al kene havin bstitutent thereon, wth

unoxi di zed cawmhtmnsso lfomomtmmsume thyer ufrsllwinsctmm eThipoxidezkd sficomstirface i
substrate havjn onde di rect etg, in the abhsence of any i nterveni ng
oxygen at ons? eélﬂf)a? %rd oag%ﬁ XPAMS ors dtom somer p} dhe san, dravdarkspmamely

i nventi on, tﬁlﬁoﬁl%ggﬁdtﬁgnd %fﬁb?ﬁ ‘fﬂarljélaﬂge Al O -0t §1Pn&‘81—0 lmkages his

hydr ogen-t er m nat I'i con, on or germani um surface

enbodi nent ofnhbimegene»tgmndothel sond:mmtahtedhdrmcai vaziabibicly atf en:geadénsn@mmidfﬂoed

carbon, sili ¢ and ger nani u urfaces, the nethod characterized b
reacting a sﬁﬂ(%@?"&rﬂs in ‘F?QH‘[H"E qMogEngityRf th%\“t‘ibﬁ@‘l%n% chesical-w

thereon w thgah e étltlglll%ﬂ asctgéggﬂech}% t{]}éggélgyéalt %Q s[léﬁs%rfag sy' eI d

a nodified substrate havi bsence o

i nt erveni ng mxgsgléprombwstablhtyhﬁbblbms ent dil’ﬂqalt-tnmoatrbb;mlyri[dﬁ&aabﬁ progedsentt he
Si -H bond (and C—Ié and Ge-g bonds to00), however, a good deal |arger than
either a Si-Br or Chemical paiipaystar diremd f%W‘PE%‘BG’H‘EFi‘ ﬁgs@% substsatescwithpyt) an

bonds). Th
oo bonds. nofe BYG Rl e GRS bRl HEPNERT L ohRo R el acldartiefihernll
however, pot Eh¢seaketvatmeimetn megods pravidemsdifipd skconsugfacescitrotigh dirdek cdrban-cal

sanpl es and ot her no] l.ar systens that are sensitive to degradation by
short - wave IF‘B?R“ Bon ?%lrﬁlgeacﬂdchaﬁﬁrfﬁﬁuét%g) methyylrs chlprings, egetoner %@ﬁ!ﬂlﬁ@}fﬁd of

the inventi Oghbs{rg%e Sissabls, 4CAHBOI9grhI_ﬁ‘3§llﬁ!:rt39 DAS 4 Hud b eé an ﬁﬂ*yﬂ?qg(g Ll\?m

Br/l, CBr/l Br/|l bon e bonds are nor an?ﬁl t hus

require | essestemerginated sticamuafee to Thmsbilige SEXSQHY deﬁﬁleditﬂiﬁdléd RbtidIDNA,
invention is di rgegted to a rrethod of creating nmpdified carbon, silicon, and
ger mani um suM¥SFeeEencs Apes not dig clossAsystagatic, sepraduphle mgihad i@ ducschemigally-

al kene havi ng, &Rl dgifiddn" §iFack §5 GRHer, tldr @ A mBdifib® Hifdn Juraces in

particular.

Reactions of ®-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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WO 02/ 201 79 PCTI USOL/ 27. ~31 term nated carbon, silicon, or germani um
substrate to yield a nodified substrate having bonded directly thereto, in
t he abseRrggophoidhy i nterveni ng oxygen atons, substituted aldfisoi@igiies. A
preferred second enbodi nent 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 wi_th a brom ne- or iodineterm nated carbon, silicon, or
ger mani um sulstivationd’ The pralkeneausedhpueeontdingst avasietyenf funaiiond groupsyipduding or
“thiol-nodified al kang .l ecul goval ently bonded to the substrate in the
absence of &Y™ ﬁf@?’vei ‘Emig&gg{ﬁd%%n nol ecul es. The nodified al kane nol ecul es
of the first stepriy qsthen iheipend ot fehichl NREEEAMY ageith eforbyilivérebaedg a
surface of unprotected nodified al kane nol ecul gs. bonded to the substrate.
. Next, if necemiangyctotschaselso beencdaseribeddirévieuslnl*ane nol ecul es are reacted
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 QaMIMER PIGN TEESINVENTIONer eby yi el ding a
surface of nol ecules imobilized on the substrate. Another particularly
preferred embodi nidereingive teseribeamethiod nf ¢reatingmeadifird catbomy siligonrandstmnanivmg

surfaces on unoxi di,zed carbon ilicon, and getnmanj um surfaces. The net hod
i s charact eri"£&8% °rf§e'?‘8$ FIE?\l/Hd%EJ reagiing a S&?‘ggt_f ?’r qngfé i°h §y?118d"|ﬁ??83 g?"‘ﬁ% 8mi ne
Wi th an unoxd guaeEnCRRRBA, with il GRRXidiRd GRIJIREIiICHR, SHEaaiuf dubstt4é 8 yidld

i odine- or bromne termnated carbon, silicon, of géermanium substrate.
Then, an amsnmodificdsbbstsate having bordleduliteétiyethertdanahe sbseheecefchny putarvening

i odi ne-term nated carbon, .siljcon, or .gerpani,umsubstrate,. The am no-,
I(:ar Iboxy- . orOXYBFR AL Y S&H‘Tt%d ngﬁemf’?t‘gﬁ'ue %Iﬁg%§5g’°a'8“?9% of H}eemyqn&ﬁp,. tch
that the i Oq‘e?ﬁ'}oor Engg&g% ir%go&kﬁgrcﬁf&ﬂﬁ%iftﬁ QThidiBgdiiRehindted SMicbd, RrtA NR-

car boxy-, or al'kene Teacts wth the substrate to yi eld a
surface of agarmanipmcsarface yFhusor firsherobodimelitfof te invdosine isnitected t@ s methad adnt | y
bonded to the substrate. in the,absence of any iptervenin xygen mol.ecul es.
The nodi fi echﬁthK‘&rfEO‘ﬁé?‘%?ﬁﬁb% silieQn, @ gerp@g@gxﬁﬂ.lr%c%\ﬁée @thgg_c?{a?ﬁc&gﬂz,e er eby
the cross-Ii | 5 s@hi tdpeoyRe iRt naiE A SubBitgent @ferednwith ar

nol ecul es, s%éﬁ{ngjlg%%,%ﬁtclf&g%cg%’pdgﬁcypep??(ges, altllf% atut ached toret he 1_ '

cr 0ss- | i nkeryndxitizedioarbying biticong ongerarahmoesubktrae te yieldes modifiet isitistrete haninghe
substrate. 4 WD 02/ 20179 PCT/ US111/27-431 Because the reactjon oi E{,\e
modi fied al Keandediirertlyergioy aheabsence REANBISTYRRINSSPYBIALRMS. SHpSH et &
substrate is_phatoinitiated, the reaction sites can be preselected to yield

a desired pattern upon the surface of the substrate by selectively exposing
the surface to th&hestedngtieofithe$itH bond (and C-H and Ge-H bonds too), however, is a good

deal larger than either a Si-Br or a Si-I bond (or the corresponding C-Br/I or Ge-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/L, C-Br/I, 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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The invention is also directed to a nodified substrate produced according
to these nethods. In the preferred enbodi nent of the nethod, visible |ight
medi at es wioa2rzesmt i on of an optional | y-protected, w unsat upei®€o1/27431

am noal kene, hydroxyal kene, carboxyal kene, or thioal kene (the npst
preferred being 10-am nodec-1-ene protected with t-BOC) with brom ne- or
iodine- termnated silicon. Renoval of the protecting group yields an

am noal kane- nodi fi ed, hydroxyal kane-nodi fi ed, carboxyal kane, or

t hi oal kane-nodi fied silicon surface. These reactive term nal groups (am no,
hydr oxy, car ts&Ripatedcaehone silicany en geranasivup pubgtrats tonyitld & swdifled gubsiatelavimes or

et P! S LB Sk i BTN Sh i B byl

t her eby per mnbietiag t he preparati on of bionol ecul e arrays on an ot herw se
inert substrate. A primary advantage of the preferred enbodi nents is that
phot opat t er ni ng oft priefereedhseepnd embedimeat pf tfeoinmendioat is rditsntet! oy methodeofand

does not requ.f.e € re to heat,. electrons,,.ions, .or. any .ot her. f orns, of
energy that %Pg%tfr}; égogdﬁlegs S%rgaﬁﬁ O ROBIRS- o Togines gﬁ’iﬁ%@?‘?‘%@%éﬂl&%t 1 ni ng
can be perf ogérR@niai s’lﬁﬁc@i\gocﬂﬂ@ﬁ&ﬂg PPeféiréd), fife MBGOUBoRPRRE SRy AQHY dntd-
The photopatterning is performed using visible Iight of a noderate

intensity (r¥ugatcarbaxyniar thiokmasiffedr andnprptectridi alkére with edmomirst drdodine
first enbodi pent of the invention, wherein photainitiated_reactions,using
hyr ogen s er W ARRRH ctbPn.tiiShos BRmeteh S fia o Drtes Bt et isnted. A

These react i @ibodye thﬁbl%cﬁl@edﬂlﬁ&iﬁrm@leaﬂ&vc&étieﬁ@béﬂdeg o the f&%@g{? ih B

term nal hydrogens. However, where the sanple is not adversely ected by

UV radi at i onabsenng of angintesvéningi oxygen inglegeles, Theanodifiedulkdnamoalémles olf derfaste
need not be treated w th brom,ne.or iodine. W0, 02/ 20179 PCT/ USOL/ 27431
Anot her pri ntifR aéedg[éeﬁ’t Q‘{}g"{ﬁ:@f’r@ RecgssanD: %?’F\l}%wt Y‘gﬁ‘qgsatSH fcq E&HOEFétqgs ed
to form hi ghidified ket MoRIMESEMRA 36 RYsib&fatd eNeRe & nabisk ethgagﬁg’ée@&ted

i ncludi ng ol i gonucl eotide arrays, on an inert, inofganic, UhOXI

substrate. Amodified alkiage muddculrs wreteagied ofittt & ergss-tinker; whereby theosrosslirtikdeais t he
surface densi of . bi.onol ecu in the arr an easjly he controll ed and
mani pul at ed. at%h?clm thﬁf’“%‘ﬁﬁ?dagga“&éﬂ%]??%)e?'siéﬁt@vmﬂ’gwu‘eﬂ Spcfasiwsleicordds 9 ¢ he
first approaghyeikl #ehadached - w1 4k ' kene
and dodecengﬁgreé ut i Ii%ed iﬁ'i:lﬁeﬁcr?%l%dﬁk%@f\‘/@é?g e S:,%%Pﬁ%% | t%@“@?&% |r?g
reaction. Heefamolacylésisamobilided ondhshibstratas f ound bet ween the nole fraction
of wunsaturated am npal kene . ip the binary, m xtyre, and the density of

ol i gonucl eot i de h%?ﬁgaf%??%{g’ﬂ%}.@@‘?é ?rgb‘{q‘l‘@e‘gé Geinvapinrdae methgd picraating t i on
of the protegbiiifigd SRS of ufoki ! fifFR i if e
surface by Ili m'lti ng the§toi rereo aﬁ%@%bc?%%ﬁi{cﬁ@eagg%@?&ng&é@gcﬁﬁgﬁ{,e'ilfbtﬁer eby
limiting theisnchabesterized dyaiheafilllowimgndiepg fist,emeattig ddirgo o br@fink OWith an
attachnment. Anot Fer advantage of the ipventjon is the stability of the
arrays. Aig izeg: GagRe Pefr gefmagium spbstrte to P An gdinereon prosing-

invention argfMhic8 TEi¥nSh € Iy wﬁﬂ bridizatiap.
assays. These surfaces B’r%l\?éi% hboﬁﬁﬁgﬁg{é&%gﬁ%' tToHeg’o o}r?‘ygF%rgé%’Z’gu‘%@ okt es
for surface mndifibd lalkeat iiplaoéd aboy ol iddemttertninated catbongkilicagict gormanem as

wel |l as a route for ghe coupling of bhi qnol eﬁul ar recognition elenents to
seni conduct oONERtEr TA¢ amingy, cathoxy of Hipluaedihies alkgnedsiberiexnpsed togrsiblp ight
bi onol ecul esg ), {iby Iof bR r ' tion described
herein al so %ler mlmtt Eh egggitﬂrggF bl(;%?m ?ﬁ%}ﬁf}@%pfﬁ%ﬁ%yswgtgﬁ%hﬁﬁgoﬂ }ah?ea%'\%%’?'f’i ng
char act eri stomcthiodinddifesdfalicent renets witlethesubstaesto yied BRGIAUE of AfnirkA! B@BoXy-

surfaces, an i rtant aspect in preparing reproduci bl e and wel 1 - defi ned
bi onol ecul e %(rtgg’i‘gl."%ﬂ%%d p@ES@*@Q"%ﬁ Ggl"@mtg'l-hE’ngﬁﬁﬂF@S 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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Fig. A Reaction schenme for inmmobilization of DNA on an am ne-nodified
silicon (001) wafer. A layer of t-BOC protected 10-am nodec-1-ene was bound
to the swidhasaiby applying a thin layer of the protected agm&oiehe wafer
and exposing it to ultraviolet light froma | ow pressure nmercury vapor

| anp. Deprotection was acconplished by treating the surface with 25% TFA in
CH2C12 for 1 hour followed by a 5 mnute rinse 6 W O 02/20179

- PCT/ US01127: 431 in 10% NH40H. The cross-1linker SSMCC was added to the
surface, whereby it bound to the free am nes through an

N- hydr oxysucci ni Mebplisecthe eeactidi bbHihe Divalifierisallkdme rwithotha dutfasetdf ¢hentabmine- de

" groups of the , SSMCC. Fig. 1B:. Reaction scheme for jmobilization, of .

O e modpdiReerEiatebRbrERIe  PRGTOUREt f Bretin S HeRDpPERdetd viel
10- am nodec-glaacd WSk RNk Qufthe dr B QBsehAE BY BAENCRIkbSRE RUSIRRE 1OV
applying a téﬁ?n ?daé\%r ro?b@ﬂe glrlo%%ct ed ams ne tch’)Ebti%e \?\gfeek a Jﬁexplga?i rtl(g it
. to visible lthghisiblelightan argon | aser. Deprotection was acconpli shed by
treating the surfgace with 25% TFA in CH2CL., .far 1 hour followed by a 5
mnute rinse in TOWINFEIGPRISP 8@F%@l‘?4%Réﬁe‘§§¥%ﬁ€a%§°‘{§’8?fg%?09§?’tﬂ¥8¥@§?face,
whereby it hgugdqd 0 the free am nes through an N-hydroxysuccinimdyl ester.
Thi ol DNA was then bound to the nmal eim de groups of the SSMCC. Figs. 2a
t hrough 2f: X-r ayinphepefredtembodsmac bf the afetiddevisibBAUghpmedietet € rédktion of

am nodec- 1-ene immmobilized on a silicon sub tra&le (Fig. 2a)., The nitrogen
spect rum shdRkORiiogplProtestady oaynsatyriad anpnoalkers, hydoxysiksie. Faboalkersacror 1
hour (Fig. p : _ {3+ LR 1 have
been assi gng@} oialég}{‘%gtﬁalggxlfo;stt $£%iﬁ%cgéﬁg§j8& ﬁ%cg,t'?ir%r% egﬁageg%#mi@sou@&gg t hat
has been treabmihewidrhiodings teridacdd silieh. bRemotalvef- i psbeecting g@up nyidl@9anH40H
shows only one peak at 40Q0.3 eV (Fig. chiﬁ This indicates, the NH3+

ni trogens hamneakanednedified, dydrogpatkane efl, camexyalkaneprdpieakanpmmgdified e

t - BOC- pr ot ec}: ] : D &%,5 i ) i to
t he bul k car lg:(rilgls1 ?mg&mgp%wzgﬁg%{eea g@ﬁ@% e ’ggé/rioggeogrbt%g*tthgﬁ ?%[?@gﬁw
carbon of the toupldd @ mapified Rigoardisviides peather dioneslewtdsd (pylypgnidex i lipde! v

70% after deprotection with TFA (Fig. 2e) and NH40H (Fig. 2f). The shoul der
at 287.2 eV Mwsphalipidsaetey egheratireclly phesing phetgrobungsional opossdinker, prefasalln 3c:

e, o ENER (et G ) S0 AN

ol i gonucl eotdutistgatar e attached to the surface in two spots approximately 2
nmin di aneter. I—%bri di zation with the fluorescent conpl enent of the upper
X

spot shows the expocimad sdvagase & e pedgrredmsrhediments is thaanbotepastaraing afthen to
the | ower Sps%‘;ost?a'ttg% 1§{9§I‘9§rgérh%d%%<f9%gﬁg pgﬁﬂagl%%gﬁhg%s&f’og}r%;%%g% o“shé‘éqo%aé‘”d

hybri di zati on "W 0 nplenen I'sual’i zed
(Fig. 3c). Telectitfs O 0dr ShyPsthetRidts Hf ehdreyFihet caifld déstpdiosensitiod bioddgitdie
substrate of Exanple 2 after photoinitiation to attach w undecylenic acid
net hyl est ersagipdaspsTheophatopasigrnieg ¢asybei peafosged p gralient prgssyneq 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. 4. Control of oligonucleotide density using binary m xtures of

10- am nodec 1l-ene and dodecene. M xtures containing different percentages
of t-BOC-woakaet?®d 10am nodec-1-ene and dodecene were attaptedséeridie
surfaces using visible light. Deprotection and addition of SSMCC and t hi ol
DNA fol |l owed by hybridization with the fluorescent conplenment allowed for
quantification of the signal. A linear relationship is observed between the
fl uorescence signal obtained and the percent of am' ne attached to the

surface (y = 0.00 + 0.166 9045) ntrol  of

ol i gonucl eot i de dgﬁgfhﬂ/p@@ﬁ‘ﬁﬁéf’?‘}iﬁ%"cf’ W@ﬁﬁr@émsn%w ggéétcﬁ?%‘éﬁeédo form
according to C Jering
angt hs. of 1 B5-QHARE BlondIUE LBiys of AR ufintd AR ARISARE Sls Rl fondd

tl uol DNA. I—wdnaysdomamglem inbrganie, thenidiestabstratenpl ement fol | owed by i nagi ng
on a "Fluorlmger"b i i ice allowed for qu%tlflcatlon of the

si gnal . Exposure fA‘b‘o ddi:sg{lﬂ%éa‘gangp;\é:og{lg&rgseph@vgntm thej sggface density of
10- am nodec- i a{afe0Rb Frgiﬂe%?raggaiﬂ #:i?%lg b\%‘ !&Ej%ﬁ(?lfedaa%% L\'fdtgc% éontgﬁlaotf‘slﬂfﬁé'e of

silicon surfaces coval entl uor esce

ol i gonucl eot ddﬁﬁylsleAﬂmuntweﬁasmbhé dnlﬂlesﬂrsﬂ‘a@pﬂmchy&aﬁmrjpmﬂmlee&th@px@tdim to
the present invention usjng. 3 tthﬁ;g DNA Wth fluorescein on the 5 end. The
surfaces wer @'@F@P@ée%%’r“ﬁﬁ Fl‘!e and dadegons areutilizad in 4y npialvisible light-mediated

{1 uor escence™s B BEF RO g R AL AR bERRRARN 08 G TSFo-

t hr oughout t bssatxmed i aﬂiﬂﬂball{:@he—m— theObiddey thix@ur38H) thd:tialsn? ofSbligtinlitleytidy
surfaces pregared according to the invention during 15 hybridi zati on and

denat ur at | onlbyidization siggs. 1@ the seeend anperashcety: @ portipn:af the pretesting srqwps are

hybri di zed Dﬁég ) PNAS6GTS ely 1
% wth each gl zgﬁhgnﬂ(%%ﬁ‘%mﬁ%ﬁe sur?acesac métngsth%)ﬁa @mgef({ﬁgtt fach
denat ur at i ondep‘reﬂecﬂicm deavnios;! tidrebyt Hmitingmples hemb&of advaitibld hﬁuﬁﬁ@@ft@ﬁ gemnt
conplement. No fluorescence signal fromthe conpl ement was observed after

denat ur at i onoligaaypleptideattachmentsi gnal , y = -0.0097x + 1.0059; fl uorescein

et DN o e e LS B ESTASR fh

abbr evi at i onfmodified U&%&e& for@ed ifliding the pAReRiidveaAdn &8 extrdhd@Bable hnd perfofnC24
| i near, branched or clic al kane, and, where appropriate, correspondlng

al kyl gr oupsWwell IRy, )‘ldlzafrlml asgaya| Q‘ég@(sg)faces posvidian alternsdive taogald ohgldss or

Ve bor 2 o SunsRALE e mit B A EH e ShiBligt iR ASci0k aBA SERSAONR (e

is an al keneahsawé fogtherReuplipif bioaidlelar Fdtafnitl B dlembits tORnINdGCtB MaRfklsal a
term nal carbon atom of the nol ecul e. "Bi onol ecul e = any nol ecule found in

bi ol ogi cal mat er i BY peaxipingsentyoljafgha density, ofishe bipmolecules wisbinamadifisdsitfaceci ds,
t ei d t i . | | | | h
Phosphor | pr gt #26 ARker febori O RSy Resrntt R SR e Fa PR e

concomitant wetting characteristics of the functionalized silicon, germanium, or carbon

-

U
)]

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 vaporlamp. Deprotection was accomplished

by treating the surface with 25% TFA in CH,Cl, for 1 hour followed by a 5 minute rinse
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as | abel ed bionol ecul es and reconbi nant bi omol ecul es. "Cross-|inker" =Any
chem cal cross-1inking reagent having two reactive noieties available for

form ng b @ssAhecul ar bonds; the two reactive noieties mperAoiphaszpame or
different. "Fnoc" = 9-fiuorenyl met hoxycarbonyl. "HB" =Hybridizati onbuffer;
synonynmous with 2' SSPE/ 0. 2% SDS buffer (20 nmM NaH2PO4, 300 mwNaCl, 2 nM
EDTA, and 7 nM sodi um dodecyl sulfate, pH 7.4.) or any buffer of equival ent
-functionality. "Heterobifunctional cross-linker" = Any chem cal

RS . : Ker: ol . .
e mol ecul BroBbREEORh et i srornuer SSMACvAY afdeia f SrsPe e P LT O
each ot her. s Npdibi Sdinds HEOS ‘Hnﬁﬂy@si&ﬁnﬁﬁiomﬁ&w&d&éﬁ sslind

\ , ] %‘l@-ﬂ&fb‘xm'b
al kene" is an aflkene nodi f 1 eél y tf%le addi tli on of a chem cally-reactive
nmoi ety such tstheamabeimide, gronpdrafithe SSMO6OXxy, or thiol noiety. The reactive

noi ety may be | ocgfed_anywhere in the al kene. with xcepti an of

al kenyl carbon. AR 3@-’%@%’%&%“?& 'l %g a%?’k@#]gmgpeqpnna‘?lﬁ‘é'n}o ive
moi ety is si &ﬁ%@@oqﬂwﬂaﬁ Kﬂgf@r%ﬂ-]ﬁ?@{ﬁ%’ce&ﬁd i HBnAhdeRBA -GIRANA bouhlld BleC
aci d" = deoxyribonuclelc acids (DNA), ribonucleic acids (RNA), and peptide
nucl ei ¢ aci dedineaemmainated silicaresurfuce byrappliingd thinrlayer of drequbiectedimide heythe

wi t hout 9 WO 02/ 20179 PCT/USO1/27:431 limtatio | abel ed (radi oacti ,
f1 uor escent , Wategan %@F@ggt%ﬁ'ﬁ‘gé’,hg ?f&orﬁﬁ’éﬁrépﬁ?aéﬁri' E’sepfﬂﬁﬁ‘ftﬁné@gﬁffom@g I \e/ea

bi ndi ng noi e ' ) i @Ld " N!ﬁ! ' g
I ncl udes bot Wﬁﬁﬂﬁ‘gﬁ?mkgw&%ﬁﬁgéﬁ ﬁ%é%g#p??éslggo% t ﬁ%gﬁgigggnsbeases
A C T, G mid%WNHOH.nPh¢ trosdlifias SSMCE wes hddaiolthasurfasaovhaveby it bound

di mret hyl at ed bases, di deoxy bases, etc. "Protecti "= :
noi et yy cap abtothg freg amines ,tlyéu&la@elfslﬂgﬁré:ms%{ﬁnnggl elstr:e% %[ﬁ%PBNA wgs t%gg gzng:n%l

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 €V 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).



removal froma reactive site to allow mani pulation of a chemcal entity at
sites other than the reactive site. A host of protecting groups are known
in the arwooanroitol ustrative, nonlimting list of protectingcgyusspsssincl udes
methyl, fornyl, ethyl, acetyl, t-butyl, anisyl, benzyl, trifluoroacetyl,

N- hydr oxysucci ni m de, t-butoxycarbonyl, benzoyl, 4-nethyl benzyl,

t hi oai uzyl, thiocresyl, benzyl oxynethyl, 4-nitrophenyl, benzyl oxycarbonyl,
2-ni trobenzoyl, 2-nitrophenyl sul phenyl, 4-tol uenesul phonyl,

D Ly ent o ovn i) SAS A pibeten of g SERR P Exathole 2 L —
9f | uor enyl MehihAXNEAERRA acid ﬁtbﬂ%??%i’ér%%d})\é o Kaﬁé%b@lme—terqupated silicon su atr'f\te

2,2,5,7,8-pentanet hyl - Chr oman- 6su on osuccl ni nu
4- N-mal ei m donet h¥ig. 4cﬁﬂmea%uixgoﬁucdmtideﬂymsayas1ng blBé]@nuxtutmrdflo-annnodec-

but b t " TFA" triff t d. "
Ul T of ot Raehe TR GSE ARSI ST AGATSIS RIS R £ O PEReSIeRd 1 | o
and prot ect eQmﬁt'ohgé‘?-ehé Jxﬁa%ﬁé?:e}i\é tvb'er? agt%f?é%f‘to 341 esg&gﬁs%sﬂgoﬂa e ”g%ht.

substrate to yle an array o rotec W nodi ane ecul

coval ently bﬂeﬂmﬂedtmnhh@a&dtbsﬁ omWCUanﬂhﬁof]DNﬂfoH@WétﬁbyTﬁiﬁnd%ubmﬁuth the

i nventi on, h preferred that this reaction be photoinitiated by
contacting t gorgqsq@@hgomplﬁmexgtwéloglgg&rr%@tlﬁgqgog REthe sigpals i inaan eelatigmship iy
sui tabl e wav any
reaction cha%er g’@s"%%ee h# g‘?&%%cr? @erstlgﬁr%gg%lﬁgl? %?’Fﬁ ?‘?&’F e%ht %%r@%%#&{%gg‘i%l ons
nmay be utilidedurfstely + €8081:00 OCIGBHD & s- @O@NeEl | known to the art and can

be fabricated or purchased from many conmercial suppliers. A suitable
reaction chanmber !ﬁ %s@oﬂﬁﬁotﬁéﬂﬁp@%@ﬁﬂdﬁmwﬁ’l ctﬁmqngtr%teé@metswmgqsm@mﬂ | in

the T nvent | virREERghepait dh BTpnbbint oy RERRISRARNT OO ok Piply

falls upon thﬁgﬁxﬂbﬁﬁﬂh&t Shididdes MRrd dpedtacits, ,thédlﬁodlﬁédlwahSBl\mal asdRDNAN be
phot opatterned. UV photopatterning is preferred to create a patterned

surface, altHybadizingavr ﬁéluptfswea@@plsméntpﬁatlwednbﬂmmmgama iIBuerdmager’'t i cal

so long as t o Lella elds edes t

i cr ocant act P AHEgs fifioraloed 84 aliaRE By R AL iabayato IFACRI

surface. Usi ﬂ@r&éc@&hé £BOC ghodifled 19UniAGEect BefRoREled © Yidlg sif¥adeadiadsi On

t hrough a swtabl¥ UV-op a ue mask that prevents reaction fromoccurring at
I

the shiel ded | ocaFigfs StﬂM it pf plinonspeiaaes covatently medified ithclucoésoently-togpest rat e
is gently rinsed t no n nin eact ant s ot opatter

course, opti 8@%9““ @ﬂ{e&énbﬁ‘% %m%%&t@n %Hi}acﬁsewgfﬁﬁ?é’éf aﬁc‘{’)ﬁ@glﬂlr}tea"gfsgm on
to yield a siRshticd sing3 T AIONDNA e@ttethopéscbin GRMAE s%hymtkaqmgwy@%té&d

al kanes. Note that the photoreactive noiety is the double bond of the

al kene, whi chverpighbindiBrigniseanmpdwithad Fluorimagelyftrzamﬂ igmaging devicoEbwilit scans

attachnent inp th (;cg r? a.lélsulcon ﬁhe PREPARI NG SUBSTRATE
SURRACES: " 1 niiehieg s SyPien ublestaiRE e Abe ohs resgengeSigughis stabls v at e
i s used. FOFtl@bﬁ%?@ﬁ?ﬁlec& gqrgyﬂtt(y—anlombgh@ ghioggl osure that follows wll
assune that a silicon su strate is used. However, the nmethod functions
equal Iy wel | and Fig.the Stabilityf afskurﬁmeajprepgregexcnmdmgnoothemavd:mnnamrmgel5
Ssubstrate. Lcan substr tels red be se of its ui t |nthe
sem - conductABY%qdfﬁTﬁgP PS}CPE ‘trﬁtéorb%g‘i ﬁi‘ MEscereq ?‘%ﬁﬁaﬁtgg
treated sim hardiRdtNAMREARE GGl S { 1%

nodi ficati onB%JnM to yield a subst rea%gsﬁ?géey?heaa\tgésﬁ a?@?%mr}gcelgd & WIh
hydr ogen nol whlha!brldlmtmmvambr Shesarfaces ivest @b inraged efiareach denaﬁxmmmusttqstcand

t hen nethanol, for 5 nute The s,are then sopaked i n_a hydrogen

per oxi deanmofifEORRALsthecqmP ?teiel?tm%i f?é?ﬂlsorﬁﬁcﬁ@t"@g“pge{“eﬁg Nefluorpscengersignal o1 e
then briefl YﬁGhﬂﬂggofnﬂleﬁléhmgi S derRl iafeP@dnir AidY AfyBHSRed DNA Hahd ¢ be

silicon atons.
-0. 0097x + 1.0059; fluorescein tagged DNA;y = -0.0113x + 1.0241).



WO 02/ 20179 PCT/ USOL/ 27. 131 REPLACI NG HYDROGEN- TERM NATED SURFACE W TH
BROM NE- OR | ODI NE- TERM NATED SURFACE: After the substrate is treated to
yield an Wﬁ'oi/hﬁ'w hydr ogen-term nated surface, the hydrogepcgivxgs28y be
removed fromthe substrate surface and either bromne or iodine (or a
conbi nation thereof) is chemcally bonded to the substrate surface. This
can be done using any reagent or conbination of reagents that will reliably
-renove hydrogen atons fromthe substrate surface and replace in their stead
brom ne or iodine atons o nhadi i nvention, the
hydr ogen-t er m nat ed subgﬁm& ot :ﬁaﬁ;u ed wy&wnzene sol ution
"to repl ace tR % @FsNs With iodine {or a Br2/benzene solution if brom ne
'S trea

. is desired). fment yields a surface in which the substrate surface
i's unifornmy char@h¢ fallowing dbprevidtions a‘celserbthemlghest t(hbepet(:if@}tlen | i con, carbon,

absénce o “?nybf’ﬂ?iﬁwﬁrsﬁg et

t he subst rat Eﬁ’%ﬂ G MODI FI ED ALKENES W TH SUBSTRATE: Once the
substrate su é%ﬁlgg% prigpared so that the substrate nol ecul es
termnate in ei t h€All@nb(syrand€ achlkene(s)e QeC,, litear, preerpbafdedr cyulicslkeat gmomo-
subjected to a reaction, %f)referabl y photoinitj ate g/nerel n the brom ne IS
renoved and ®hBolumsstpeated, e et Bk of gacarekinationrihglisoh |apdn wWhere ARProRTIale

nodi fied al k t y
attached al k&}l?espéﬁhgﬁsf E%g%,ll %&Jggr eac‘? %%R&rrﬁl a&[%ﬁ e?‘%rhg{g gﬁ?f %ga?gégé&? ?Att he
nodi fied al kematgaidrobeiss present b voerminel carsat atomataf dre)moldsulelescri bed in ful

in the sections that foll ow, it is preferred that the nodified al liecpe
contain a single SBipmelpale’toany wolseie found inbigloginabmyiepsls piaressly including,

chemi cal I'y-r rﬂCt' v %’& Qéynuc ?ch%lﬁ Orlgr?s{e eﬁnft?dggogh IEﬂe’s o8 CLi-Waaf

nodi fi ed al kéne |s Tiste nated substrate wafer, and the
waf er is the@orﬂﬁcﬂ@ﬁﬁ&@ub@aélplﬁisﬁlcﬂlpidsgé’tb ot @bdifisdhnd ShtHafié forms theFaet, sichi bl e
i ght renoves t odine. The visible light also initiates the formation of
a Si-C bond & labeled bigoolesulep anduespmbinantdiemelecesnd of the nodified al kene

and the silicon sypfac oL ref er t|on
an Wnodi fied and Frr gs[sgl&kga H‘QY% o %m?sel nk?gdge\%t%ﬁ ﬂda@ﬁ% ;eaEt}\?ednlﬂgtgér%

ger mani um sulsfilbRlk Fol f?)rﬁﬂn@hﬁiteﬁﬂol@(ﬁﬂa%)boﬁﬂs 1fhe twi\rédchlvé MdleniSs Mey be/Biklsame L31
protected, w nodified al kane nol ecul es coval ently bonded to the substrate.
It is nost poefifierantl that this reactl on be photoinitiated by contacting the
al kene with the syhstrate ndt ex osbq?%thetmtoasuitable

wavel ength of visi B i gh u°‘FB¥ Q‘Q POy hm For this purpose, any

reaction chanmber defi0nAGh|dRSatioR RS SRGyRIBAE RithD IISPERTI2ZIBDN hler (20880 ONS
may be utilized. Such reaction chanbers are well known to the art and can

be fabri cat etNabk,PQy rwammmlmﬁp%mmm sodiwpplodeey! sullde.pid d 4 ner
reaction of the di f.i ed g ei{} r% the i odine- or brom ne term nated
substrate suPFRRUTSTOf SAGYEeHfiRcy B%P, Yby controlling where the light falls
upon the substrat %&?Bﬁunétﬂﬁna@@:‘o@&ﬁnﬁér”ﬁWﬁéﬁﬁﬂal Gass-Infkinpeigepaldviigned.
Photopatterning is preferred to create a pattierned surface, al though the
met hod of cr ead reagtﬂzdmmpﬂd&staemhﬂatb femfofmmg intermodgcular b@nd«sa\rhemﬂhehgo eesctivee
met hod reliably yiel d(iﬁ_t bgem r attern. For exanple, m crocontact
printing net FYHLIEE 3FF OIE}seé ?'9Vi el d a patterned surface. Using
phot opatterning, & Hpﬁta'il?én ”S#rdf oG UCAKVALT= 20 B fRD afkePdis dred
al kenes, is expose o the Visib |g t through a |ight-opaque nask that
prevents reaalkend nisdifiedby uhe addjtian of Recleiniedlgadadtive adietyssuctifas en amino,

hot opatternin the surfac f the bstrate i.s gent|l rin o r.e
gny rgmal ni n@y @é%t Qxy, or t?uo? motlety %He react?ve mmety% beylocatedS anywthere n %)e

alkene with the exception of an alkenyl carbon. An “®-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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Phot opatterning is, of course, optional. The entire substrate may be
exposed to the visible light to yield a substrate uniformy coated with
coval ent |'woatracked nodi fied noieties. Alternatively, the gehsssiabgisurface
may be photopatterned to yield a desired array of spots wherein each spot

i ncludes the sanme or different attached noieties. Note that in the
preferred enbodi nent, wherein an a-al kene is used, the photoreactive noiety
is the double bond of the al kene, which is consunmed in the reaction to

ield an C Si;.& t
W NODI I ED AR EleaF'Eglg’g v%l‘lnd}e%acg"rﬁe%gﬁ mi&ﬁgma% a%’& ?aé er a

termnal (thed inclade abindiigtmaiety sicteata thiol giuptoy a bicinthg | ‘I‘N@ﬂexb aclﬂ’hmcmaegs ent
reaction to ortgvi de a neans to attach still further nolecules to the

substrate suP¢adNArand RNA@ligpmiclestides,comprised of therstandatdhaseeAnti &t G, aad/ be

situated an iden) i fi , n ke car.bon.
1 che 13 GorsE o Betet FrolRlh ol AOAETR SRR P u B Rl B
termnus of the akRedtectiigigraiptena dhsmidefl ndety b@;ra@lerbias%le@ﬂv@hkidm&i td est

al kene. It is much preferred that the al kene be between 3 and 24 carbons

| ong and havEempval figna rgaive sitetoiallawananipulationrofa chemiealratitycatsisesother thare

al kene. The h one uns urati.on, .and. e |linear,
br anched, orﬁlgég# g?i#n ngg%tr&% th}ﬁ‘% H YRS %’hg‘tﬁ'ﬁw bg'“t @%ﬁ‘éﬁ fP8h of
any noi ety WiinitihgdiRfbf pﬁatédﬂn@%buﬁﬂﬂalhﬂékt méﬂh?lkmlt&hybeadéﬁﬂet-&ﬁylt Bgisydl kene
after its attachment to the substrate surface. As noted in the deflnltlons
t he nodifi cab¢mssl, ﬁébl@rqﬂsptyhé&bﬁkmsugcmmldeotwgwcmbonﬂéepm|4cm¢th3tlbﬁnmlnus

of the al ken refer eca se it es, t

nodi fi cat i onﬁiéaag%ﬁ%' P%‘ggct}e yé%erézy BY mfeH}yF ﬁé’ftt Woﬁ(@ﬁb?ﬂ%?ﬂ‘%gﬁ%@
include, w tbﬂﬁtﬁoﬂlﬂeﬂﬂ&lﬁph&m hh6tuetdilphiyl, Obeﬁﬁﬂ@@oﬂﬁer@rp NdiphBhyigeBypUR, a
car boxyl - contai ning group, or a thiol-containing group to or near the w

carbon of t hehletobengy Q?‘ryaﬂfhon)&ec arﬂsi*tltlﬁéomhcliyl,c aﬂrwnmwhmﬂmbarb@wl 9-

Al kene. wi t h DRECRE O R ForERabE idi o iRkt oS-

protected, h 1. For exarrpl e, many carboxy-contai ni ng groups w ll not be

adversely affected by the preferred photochenm stry used to attach the
al kene to the sub&5PME ”aﬁvdquu@mﬁldybl-hiﬂnaiﬂmdnmﬁlyt)@ydehqmm bcarbdxylate.

general, protectip e d| fication on the al kene can be done
with any type of pg%(bg:gt Wgﬁﬁﬁ’ 8?¥la‘bP@tﬁ‘°6‘Pgtgﬁ‘§‘pr eactive nodification

chosen. 50 An ill usTthpsuﬁjﬂdo%dcgﬁbMtabl e protecting groups is provided in
the definitions. In short, the choice of a protecting group used is
dependent in |ar géUWB’&su}tavmmn the nature of the nodification nade to the
al kene. If the nodification is the addition of a carboxyl group, there may
be no need for a protecting group at all, or a carboxy protecting group
woul d be used. Li g Ef1ON C flcatlon is the addition of an am no or
a thiol group, an am no or t ol protecting group, respectively, would be
used. Numerous subitherméthod degribedhygrsin, b0 -moyified iihe prarécted alkehe/B reavtal | es,
such as am ne,  carhoxy, _ and thi ol funcgl onalities, are known to the_ art.

h

Many are qU| pishaca N, orgﬁmawrwu rass 10atidd an prraneiprotectsdopmodified
preferred. i

Dei c1 bt | ¢ Arare, ARIRuEETBNIoR tndas o RELikERE TR (G SR ol of dhe

PCT/ US111/ 27}n¢8ﬂtlo@lmtnd prafetred thav thisveadtjtinde photinitigted bt dritadting theslkéneomitlof an
am no- nodi fi t - BOC prgtected al kene with Ellesulcons bstrate is shown in

Fig. | . Her esymra&mdé %wpoaﬁg%mar%w Retvelength ob FValight fongamplg,
| odi ne-term Qﬂt&e &l Fob hﬁfﬂ@&%ﬁ&ﬁ;ﬁﬁgn %iﬁﬁ g‘@é’d %#%b?ch%tlh Hét a@%ﬁ

Thi s causes erm na

bonds with t bhenuculmadtnamin@ Beutitiveds lﬂihsh feattion dBafdeishce \pélbkxmwm tﬁé zkreami has

been reacted with_the Séjbst rate, the protecting
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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groups (if any) are renoved. Renoval can be acconplished chemcally and
depends in | arge neasure upon the type of protecting group chosen. Such
met hods afodepsioé ecting are well known to those in the artcTAmgoifie1t - BOC
protecting group, treatnment with TFA renoves the protecting group to yield
a reactive primary am ne group. The preferred nodified al kene for use in
the invention is an w am no- C3-CZa al kene, having a single a unsaturation,
-a straight-chain or cyclic al kene being preferred over a branched al kene;
the nost preferre - | £l I e | - Tl 0ot qd above,
_the preferred prdﬁ%%yﬁggg%#oﬁg ?g?ﬁghpﬁ29%33??%2§q§§&é%2§?#gﬁﬁwﬂ%fﬁ,5§
ATTACHI NG MRdnfidliing WheréHie JgREALIEs BedMNEhSVERUsTryte/dene relictambbhier pdists safr f ace
. has been nodified to contain a nonol ayer of reactjive noieties in the form
of modified &fachment %@b%ﬂlqt@pthweéuﬂ\g@@twat&eﬁénwmsqf¢raQCbt0(cmateeﬁ nasteEned; f

h di fied_ akk ' | i
Hhenbo. bounttalE M aRt MLl lcorbdl? i HRAHEA & A o SBAER, fiR"

sutia
 then be bounc&l () icatl nmeans

ol ecul es camethod aéliadRheeldsiihe dedited pattednh Foredirhple ahicfitodfacyprintidg methods
cross-linker interposed between the nodification of the surface-bound

al kane and t ¢/ alsadenretforisidapatierned speace UsingddV petterning; the syrseisexaesedn t o

t he al kene i i ther car hoxy ,or am.no iet |, char eri

chem stries tglgl@édg‘ﬁﬁtl?rh&f%%ghs%lsw@b&h se'og%/ Hﬁel é‘h%c)tfpatﬁgﬁ%yspeeﬁ 1 egrorctz‘an be
utilized to bdcdkiny fttkd diel@dd I8tdNRMs.Car boxy- or am no-group bearing

bi onol ecul es directly to the wnodification of the surface-bound al kane.

Briefly, in soli dABreghoterasierting, she sustaes ofithe sahistratedsgantly tinged tagempyrany
nol ecul e to be aboundeato tthe substrate are protected, with the exception of
one or rore TOIPUITREHAMSE will serve as the attachment point. In certain

instances, the nOpRitypsteFhifl BJoPéour e ofisral eBh@krdtie BiBsrateNBhy e ékpdEedi®
activated to i nduce a reaction between the i ncom rg nol ecul e 15 VO

02/ 20179 PCTtheddV/ radiatign teyield mesubsigate  wformly efatedywith govalently atizrhred | kane.

For exanpl e, by..actjvati a l.ecuyl e bearing.a capb Lou uc by
reacting wi tﬁ’_oéﬁﬁ%@lktgﬂ%sx&g(gﬂ%gﬁ ogaca %WS"‘%A%XM -15%%’?1%@8}1 %ﬁ‘ﬁahﬁ?‘%d_ to
an exposed aghiRf iPEsHIBmad il fA6 rétiby 85 FidldCar G.OX Yovikne bitachiltat Rethe cikelsThl | de
synthesis, the process is repeated over and over to add additional am no

aci ds, her e, sibednysubstsiteigl e coupling reaction is enployed to link the
i ncom ng nol ecul e onto the al kane-covered surface. It is nore preferred,
however, to utilize a cross-linker, and nore preferred still to use a

het er obi f unct i onapREPAKRING SUBSFRATESURNMA @ESveen the nol ecul e and the

al kanecovered substrate. The nost preferred linker is SSMCC. SSMCC cont ai ns
an ani nereactive R thedwefeyred cobodimett o thednvemtiones siligen substrptslis pedet Fore

| ei mid iety. This bif i opal it kes SSMEC. t h f d _Linker d
To fts abi i1 Pyrwbissisthieetiionhs Hsahiasrs Ry Slevaoiadshie B SR ataifd i od
substrate. Suclyed |H&keve?, SRS filRBohPEJuall@ eIl £HA iHttBO SO IEHhRA usthg

Figs. 1A and 1B. Thiol nodifications can be nmade to nucleic acids using
wel | - known r gemyeniusn sucdrbam as the substrate. A silicon substrate is preferred because of its

S-trityl-6-nercaptohexyl -.(2-gyanoethyl)- (N, N-dii sopropyl)phosphoram dite
and 1- O di rre’t‘éfﬂl“g‘kﬂ?tt ¢ Wf‘??é‘aé?t%’i“gﬁ% I de,
1' - {(2-cyanoet hyl yy ¢ Nefer2QRnHBYImdnt PIRSRNRARAT A6 tRatdd shRTlarSti thé Method

cross-linking noieties are known for ‘ot her types of nodifications. )
described by Sieval with some modification® ™ to yield a substrate surface that is

terminated with hydrogen molecules. The wafers are sonicated in acetone for 5 minutes
and then methanol for 5 minutes. The wafers are then soaked in a hydrogen peroxide-
ammonia-water bath (1:1:4) for 5 minutes at 75°C. The wafers are then briefly dipped

in 2% hydrofluoric acid to hydrogen-terminate the silicon atoms.
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For exanpl e, di am nes, dial dehydes, dicarboxylic acids, am no acids, and
the li ke can be used as cross-linking agents. To attach nucleic acids to

t he nodi fwedyz2/28uMst rat e- bound noi eties, the deprotected supépesolzist
contacted with SSMCC for a tinme sufficient to allow the

N- hydr oxysucci ni m de ester portion of the SSMCC to react with the reactive
noi ety (preferably an am no group) of the bound al kane. The substrate is
gently rinsed to renove unreacted SSMCC. The SSMCC- nodi fied substrate is
then reacted with .ol - i fi =Y j m n i Caci aces
or arrays on a Ssi wgﬁgraﬁgﬂﬁﬁmﬁ&%ﬁﬁodlﬁi@%Gﬁf aggiilﬁe
then rinsed with $ROMING GR!RSDIVE-PERVAK ALEB KURPALR: L 0 remove
non-speci fically bound strands of nucleic acid. 16 WO 02/ 20179

PCT/ USO1/ 27- 431 TAftenthersebstiate tyutedatadytogield hminiitel hiyddogere tarmimatedvsutface, tise

nodi fied al kene, the reaction with the cross-linker (if.any), or the,_.
feaction wi t FOGIRGSTREOMS FBY e Feaaried o fhe subsiyate ibriape.and sitfer’ e ok v
step may be [mRichohedHGSHRe: gﬁ&l@h@gb o QRN ar o TRASUNBIROS
oto, X RAY PROTGRTRERORIPEOENS (hols I\/(I)El\l'l'eg:ox-ray Shotoal ectron

spect r oscopyufinPs)y wagenper tombindtiomofreagents that wilbiretlaly otneateddydsogeh atmss t o
nmeasure the extent of deprofection.. X-ray .photpel ectron ectra of

t - BOC- pr ot o Fom the subsrrais B et el ot produe iR d1r e shown i n

Fig. 2a. The nitr J5 )
treatment in 25% ir}g%@?g%&ﬁﬂ%&?@?g@%‘?%“%R’gggﬁg&gé%p?eg’?@%{t gﬁ%%& NH3+
and the pri maaferaaterseakalia andgbermene goiation tocreplhak theatydddiend withdodifd (& =V,

respectively, A surface that has heen treated with 25% TFA fol | owed by a
five-m nute BraRsazens spbioribhspmingdsdesigf), Hrstrpdmentiyiclds s surfaogyin %ﬁ@h ﬂ%f‘c)

Thi s i ndi cat LR e . The
car bon spect ?Lu%%{rg% %NE%EE? H%@'} pr g@gﬁelg%gn%f %\%@%&Fﬁ@%%ﬁg‘%&%ﬁl? eV
(Fig. 2d) assarhogrigerrhdrdurh)ibdadedids teemimbioditlelor dsorminp amitecale, #Bfle dbseice
assigned to the carbonyl carbgn of the t-BOC group. .- The carbonyl peak is
reduced by apb¥BhnteRicaing %%Wébe%ﬂ&eég&%ﬁf Yiopineand thesubstrate urfacs.
NH40H (Fig. 2f). The shoul der at 287.2 eV has been attributed to the
t-butyl carbon. Regrettably, the nitrogen 1 s peak of the t-BOC protected
surface is nearl yRENOTING MODIFIED ALKENES WITHSUBSERATE:t he primary
am ne surface (see Figs. 2a and%‘%é). XPS of the amne salt, taken before
rinsing in anmoni Qﬂcﬁgh‘? sustrate 56 hys becavienared o thag §bs syhstrte medegules ) |
A peak at 40 : | pchl . LSt t t ile a
peakat 400, Frifite L B GRALAY ok Sy iBBHE the cRel Rl SRR R "'

interesting tectiod, réfoaiblyt pieotoinitiatede Rdertin thetbromiterie ranoNEdednd| tiie pulbdtapat ed
after exposure to the TFA solution. After rinsing_in amoni umhydroxi de a
singl e peak Hwolesylss seastedapigiban alkens gjoup el a mpdified alkgne therebyyjelding ariusice he

protected sur v I t ; V. bon
b “the & Bacoi g TRy cbyBRt BhadtEd o FiroBREhaPRY aipadE iRy aNER] 2
depr ot ect i on geswpdiftthomsdified dikend torgaihdabrethat orfurisiardtioBLOCAg dautilbediavsil been
renoved (Figs. 2e and 2f). Peak fitting using | GOR indicates approxinately

70% of the 11 thewertinms ZhatAollewTit ispreferredthat theomdjfied ipkeneacantain afingdheved.
It shoul d bepgagg go{hh‘i’égﬁgﬁﬁf and'd Wﬂ%@?@uﬁ)‘}wﬁ&%ﬁn -P&'c{ié? dmgm% hs coul d only

be estimated*du arge a error associ ate
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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the fitting paranmeters. Optim zing the deprotection conditions through

I ncreasing the tenperature, TFA concentration, and tinme of reaction yielded
simlar RrReewbbe70 CONTACT ANGLE MEASUREMENTS: Contact angl gg1ywogafBasur ed
for the surface at various stages of deprotection. Table 1 SURFACECONTACT
ANGLE 8t -BOC-protected am ne78.1 TFA-treated5 5 .4 TFA & NH40H-treated76. 8
The t-BOC protected am ne was the nost hydrophobic. Upon exposure to 25%
-trifluoroacetic acid for one hour the contact angles becane snaller,

consistent with the bg{;ﬁyi qor expected from the hydrophilic surface
_associ at ed iRkt Godifiedaliana molrsules covalentiyhionded tothe subsiiate. tlistest in

10% ammoni u ' : -, 4 t Js )
surf ace i aed it SIDHSEd by RS the o ST AR
measur enent sandSRECGdpotingviRRwid téATsulthble Aavelagth bbediblelight) ofekanpleed 4 nm.
am ne-nodi fied surfaces were enpl oyed as . suhstrates for the preparation of
“snmal | DNA ark¥eiyhis pirnose, ansreactipm chammber designegiforcondueting photpinitiged chemical
erfornmance j i G- [ ' [ 413G,
Gt or ont ¢ yisagRS niHeiiAch, ity AR A0h iy Bl ¥t il oan e
i odi ne-t er m Abfiefedsod purchnséDftdn manyfcdadndraiplsupplisiat ely 1 cmx 1 cn) in
approximately 2 nm di aneter spots using the nethod described herein. A

sol ution of fluorBecaups the regston @f ghe gepdidedestkene withpihe iediteargr biomine of

B g/e > 6 T;g bi 11 G finlel SN SBHAISS pmginﬂia?e(&,eﬁjy g&tlloh%gwe];eat%g 1@({%11]5 %pon #e

substrate/alkene, the points of attachment can be photopatterned. Photopatterning is
preferred to create a patterned surface, although the method of creating the patterned
surface is not critical so long as the method reliably yields the desired pattern. For
example, microcontact printing methods can also be used to yield a patterned surface.
Using photopatterning, the substrate surface, coated with one or more modified alkenes,
is exposed to the visible light through a light-opaque mask that prevents reaction from
occurring at the shielded locations.

After photopatterning, the surface of the substrate is gently rinsed to remove any
remaining reactants.

Photopatterning is, of course, optional. The entire substrate may be exposed to
the visible light to yield a substrate uniformly coated with covalently attached modified
moieties. Alternatively, 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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PCT/U SO1 /27-431 allowed to hybridize. Fig. 3a shows the inage obtained
after hybridization and washing. A single spot appears, indicating

successf uwohplwimi zati on to the sel ected ol igonucl eotide. pongksog7isd | owi ng
denaturation and hybridization with the alternate fluorescent

ol i gonucl eoti de shows the second individual spot (Fig. 3b). A final

denat urati on and subsequent hybridization with both fluorescently tagged
conpl ements, followed by imging reveal ed both spots, as expected (Fig.
3c). CONTROL : @%s , LTES: r f. the density
of surface a{etgéa%ﬁﬁﬁt S| ?ﬁﬁ@éﬁ%ﬁ%’%{éﬁ%@n 1563'5’ %?a{k%gg%rdggrée%hﬁr%lvé‘ﬁf‘? on

because it ablmwvdifitdslkerandrio mw&ﬁtdfardﬂh@dthé'aménmmdv@ngrmﬂelt varBBnSldAg as
ol i gonucl eoti des. For exanpl e, ile some applications may require densely

packed DNA seRbhays 2 sigleamsatygationatof negr giesming} cashoreofithe dlksenge dhe plkeneimay

ol i gonucl eot j . Su ensi f attachnent points on

t he substrat léggeﬁ?%g&{/\g%e %ﬁ%"ﬁ%@a%@ﬁ:&%% eaé%'t}rg%ﬁhg LR éc 1) by using
m xtures of a proThehedifeationtdddialiend mal befie aititicioses neoisty Whikh énaBles
attachnment step; and 2) by controlling the exposure tinme of the t-BOC

protected a eE P Yakend linkages 20 be meade by the atkenerpfter it aigehmant ¢ theepbgitaset i on

of the am ne; L fi face, Control of the.nunbe f surfac eact,i ye
amine sites %Pga%é'ejn{%glgfe;@f’ gﬁe ey %%I?FH}"&&&FW pﬁ%go%pggeés&rgﬁge {ocated.ay
10- ani nodec- fhe@h§siedl GeriDElR TR alkndesioagh PRAERWRRh prefe@6k Becaliseit ARG thy €
noi ety, is unreactive once attached to the silicon surface. M xtures

cont ai ni ng i Mediiationedsilyeviilshls for furtlROTRastion e Suek modificationsdadude, ovithoner e
lied to igdine- ifiged sidi bst.rat d all d g t d
5520 hen vi o bR dddifertin droBlnE bRk e HEot 5 Btbo R ot g B umepo

with TFA (t otHisiRioatiihg groaptdlernbdr 166 Batidikstrihe alkBeh dpbl. Hybri di zation

with the fluorescent conplenent and subsequent quantification of the
f1 uorescence i magBeomuse themodificatine map itsedfhsseactifie ifrhayt nestl twlve firoteFied duding hows

| | ati.onship. b t he . | e signal .and t
fract;on of 5 Ak dion of Y kap BT AR RiiRale. ISR SR Seifipudi need T e
density of spgfhasectedi RewsrepU qsorcmntwe% RA éa)fb&)%nédnﬁéizgigg hgdr&@scﬂ'ili Rof BEN

allows for control of the ultimte surface density of
ol i gonucl eot adisssebyr alfedtest by itherprefened phetoehdnzibine ubet tchgttadhdibe aikienn torthe

further study, 19 02/.20179 PCT/ USUL/ 27: 13 n al ternate.nethod aof
control ling %(Wé&ﬁtgngmer&forg . L Eeeéﬁf’ﬁgl{’ﬁ%tﬁ[’teéi f’égéqefﬂ?’dTrQ{é’gu%ﬁf et Y hg
the exposur emolifiRa@én shelalehé 8 be dAUNRLRELRY typ¥ ITPRMELRY o3ttt RRSLIE or the
deprotection conditions. To demgnstrate thi§ approach, four

i odi ne- t er ni rraciéce modificasionshesendbAn ilustetive listtof shitablegraticting growgisas provided | on
w th t-BOC protected.10-am nodec-1-ene. .The sutfaces werge then exposed to
D504 TEA 1 or | B 18 QRO Ao His L01e oha PLorBPLReEr R Herd in dADRUER I LSt ¢ h

SSMCC and 5' pfehdupé npdWine Astu Py dthéind §ficMdnmdde Yo 11RSARAL. BoRh&dlE R kionfHtle 5

is a plot of the fluorescence signals of each of these surfaces. The anmount
of fl uor esceadditioreaf acatoddgrauds, theretray bd menedd fox pgsoteetitggtonp at all, or a

deprotecting agent. rotection cur idly, t 0.gbout .15 m nut es of
exposur o 11 nEAOS RRIRER e WY B poedn . HievinsrtdPempa s ivberedbngoec.
Conti nuing t il I arPSnith Yt ) J 1 nes
avai |l abl e fo?@faggg{ ?I:)ﬁ%%l‘?%glhﬁ’l @I'IQ: AnrHiilrggglr ggféﬁﬁgﬁé?ﬁ)gé%gweﬁéfﬁ&?d B
DNA- nodi f i edussdl | Domesansfsacle pratectingeroups; fiviahy nymber dfireactiva didiéties,ssuehpb oyed
for biochem cal procedures ch,.as .nucleic acjd hybridizati and enzymati c
mani pul at i on®™fo “BY0EY:i ﬁ%?‘@‘ﬂé‘?@“ﬁé@ﬁ’&?mﬁ@ l"&P"&%éP ?earfhg{)[%‘fyaﬁfq dpife of
the DNA mod hydigpifitid A68P amfilirehbitdd! der8l, ABOCORNMS: pHel B8 2B is a

ol i gonucl eotide covalently to the surface Was eval uate y nmeans of a

fl uorescent tagmonwasiddabilepratettangigrdun. B Qthe aold-lgbiteorbeotinglgroGSE@e kh®wnD: 3) ;
t he surface ﬁgts i ncubated in HB overnight and the surface fluorescence was
nmeasured rep aé'dly (see Fig. 6). No significant decrease in the
fluorescence intensity was observed, indicating that the DNA-surface

| i nkage was stable under the conditions examned. In a second experinent, a
surface nodified with fluorescein | abeled DNA (SEQ ID. NO:3) in one area
and non-| abel ed DNA (SEQ 117. NO 1) in another was hybridized repeatedly
with the fluorescent conplenent of SEQ I,. NO 1. The neasured fl uorescence
intensity of SEQ ID. NO:3 was typi callylt thirds that of SEQ ID. NO1
hybridized to its fluorescent conplenent. The normalized data show both
signals decay at essentially identical rates (Fig. 7). The fluorescence
intensity after I S cycles decays to approximately 85% of the initial

value. This corresponds to a | oss of approximtely 1% per cycle. This
stability is superior to previously published results using a non-coval ent
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surfaces nodified according to the invention exhibit excellent stability
under the storage and hybridi zati on conditi ons enpl oyed. EXAMPLES The

fol | ow ngygsapnhes are included solely to provide a nore FAI®IE7431

under standi ng of the invention disclosed and cl ai red herein. The Exanpl es
do not Iimt the scope or generality of the attached clainms in any fashion.
Exanpl e 1: Attachnment of Perfl uorooctadecene to lodine-Termnated Silicon:
-In this exanple, a silicon substrate was treated with HF and a benzylic
solution of iodine, as described above for the preferred enbodi ment, to

yield a silicon stpllustigtvessesaleofi phgtainitiatedireaciion af axpnpne nodiiiedy -BOkds
" Perfl t - | Ofee] 1 Quird t f ae f
the substr atBorsiel aBe U Aok 86k ARty B 8 i f1 Mdte) e pectutl w0

nm from an angdified slketie is doftactes edth aatiodife-terninatéd yilicoh sabyradxaipdxpbyed2o
mlliwatts per_cnR. This is roughly the anmount of energy generated by a
~laser poi nt evisibleright abét4 am. whiis cases fadtemizakdouble ponsts séitee elkene to form
spect roscopy. R PAL &R hAGif el ARRERSRIGE sifsubda® Si- 1 peak from the

starting spectrum an € appearance o uorirne peak in the surface

conposi ti onal anaDyed the piotetddedlka@ ha®been tdacted Quitts theGlubithie, &P PEIERING3
hours), the Si-I peak slowy disappeared and there was a concom t ant

appear ance ofroHPT (i) gee jsawNedsRemeva epn be apeompliskpdchawmically ardhdapends inhe

surface of tihe silicon t.r o) i [ i K
showed no. si Giberreeit bt B B PR s RS Sl btRabPof (et - ar
surface. ExagpheliZnoWaes Gt inthe i gFbisthe §BOTIpydcting grodpl deddvleltbitEFFRr : 1 n
this exanple, an iodine-term nated silicon substrate was prepared in the

same fashi onrea®venthepapterténgigronp thyigld| aapagtivefprigaiy@uing Igeeie aci d net hyl
ester was coated ant bstd at rface.. mal |l ..reqgion of .th at ed
substrate was t heﬁhee rpetgés}g%dgﬁlgﬁﬁg aﬁl(n%% afgrglrlsel 'i“é’ﬁg q@r?mtlélnegs%ln%f%}é -?:6'?2)‘55 in

Exampl e 1 ( ZalkéHér Béwin%i\ﬁl kingleto@hsh@PRIOAIS ktraifhit EiRin2dr %cwaﬁtzﬁe&lﬂ@pr%f’éﬂekﬂ801
[ 27a31 sanpl e was masked off and kept in the dark. After the

phot o- t r eat never a branghedbatens; thasnast prefeyredas-medifiedialkent is 1paintinoden-1-¢ns. As
experinment, the.illum,nated and uni.llum nated porti ops t he trate
could be 1 ealtRy oL T CHaRP e g oo g mafies St R BHAT L2 Then
i mrersed in dodecene (a hydrophobic nol ecule) and the entire sanple was

briefly inmersed inTpotassi um t - but oxi de {a base}}_lgto hydrol yze the ester to
yield the acid f oARTAGHINGSMOLEGUIEHTO THEFSUREA CGR-BOBYD MQIFLY:

i rradiated porti £t bstrate and h hobi ¢ behavi or in:the.
non i 11 aal af ad. poPPPoe SUERLe el Sus B SRIERE o et RRA Sl Sl 1y,
ester in fachoRasgindnd Rrinte nidiffedGikanés Bdiad soRISIAAR TR shibétidie(or hikehest he

met hyl ester portion of the bonded nol ecul es coul d be removed w thout
det achi ng t hitheohedifi¢dalkénesontains moye than enetnsahigatinmhanolecudes caxthepbebaind

Synt hesi s of i gonugcl eoti,des: All qligonucleotjdes were nt hesi zed hy the
Oni ver oi Ly of® P SUBHEFTon B BHATTS qPoRBoAe hd ! B HOIHES SN Sr 1o
types of ol | GaaG e eld ASSWRIOR 52 R PUBE-fitler I&pbacArTRtwSenhe AddRAKSIVGS

ol i gonucl eotides"to be attached to the surface, and ol i gonucl eoti des

enpl oyed f or theyshrfac-traindaitkane atdthegngoiziog molEichlgdnbe ladathedes t o be attached

to the surface we t hj, ol - ifie ither the 5 end using the, reagent
5 T of Nodi 1 et Bt ieaneetioRdodhe Blents sHRe i, of inigh e S
Virgini a 2816l dMHNd Sh&hisBRs Wi’dagr used ir@ﬂw%@lﬁi-ﬁhas@Bﬂlth@lsﬁﬁpbﬂ?eﬂtﬂég@ﬂbe
3'-Tluol -Modifier C3 S-S CPG (C3SH, d en Research); each of "t hese

ol i gonucl eot inilemd we fivk Broteins pmothemraattoxycongmingeouss bearing biopolettles dueasly
sequence at the 5' e and speci fic 16-nmer sequence at the 3' end. The
to umodtieafiat ool Sittee vound afe,

three 31-nmer
Briefly, in solid phase reactions, reactive moieties in the incoming molecule to be

bound to the substrate are protected, with the exception of one or more moieties which
L 4
will serve as the attachment point. In certain instances, the moiety residing at the desired

attachment point must be activated to induce a reaction between the incoming molecule
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5" HSC6- TI5AA CGA TCG AGC TGC AA3'" (SEQ m NO 1), 5'-HSC6-T15AA CGA TGC
AGG AGC AA3' (SEQ m NO:2), and 5'-FAM T15AA CGA TCG AGC TGC AA C3SH3'
(SEQ m Wo®)o1tn SEQ B7. NO:3, "FAM refers to a fl uorepceiyBoth/ 831
incorporated into the oligonucleotide during synthesis using the reagent
6- FAM phosphoram dite (Perkin-El nmer Bi osystens, Foster, California).

A i gonucl eoti des enpl oyed for hybridization to their surface-bound

conpl ements were 16 nt in length and conplenentary to the 3 16 nt of

a1 ea 2o RIPRHIREORE 0 Hir g IRERE K SAME HaklPRh At e
t hi ol - modi f i bearmigiagarbosy gotibgiweh wEbyaesttng ohtdigtohestatiotiimide, gieittines

fromd en Rese rcp,4, 46 and purified by reversed-phase HPLC with_a binary
gradi ent el uft Pemﬁbmsl tA{AN EXPATEE ARMOLTOWY 2 the activated cathoxnmoieleWhaneae
O her reagen FPM i AL dr ] ] » kee

W sconsin unfripseimgig er vﬁ§ !ssgt% g I(%%E@éﬁ%& g%tgﬁggé}ﬁa E)PF ﬁg&gg‘%@g@%’}gge%%, 1 acids,

10- undecenoy herehomly heinglesdplify @adtita.is émhployettodiakeahd @cating mdlEdle onto the
di -tert-butyl_dicarbonate (Acros O ganics, Janssens Pharnaceutical aan 3A,
2440 Ceel, BaKanuPRVerglPuEBESs. con), sul fo- succi ni mi dyl 4- (Nmal ei mi domet hyl )

cycl ohexane- 1- car I Mﬁj} Lerce. Chem cgl . Rock~ord. LIIi,no ,
silicon (001) waf %ﬁé}ﬁ({%& rgl%e}?l a’ e‘vﬁlg@iéﬁéﬁ@fz(%c sghdfrkie% ﬁg(#)rl?lp ff pr%err&dﬁﬁ%fc} VW
Vi r gi ni aSenm usecohgterddifiiciopdl Bnlwate hravidech fillld bétivaen the rhdlecul@ bl theViliGane-
obtained froma M| igore system (Marl borough, Massachusetts). Exanple 4:

Synt hesi s of cagrahfuhsale. Theraostpreferred Hnker sy SEMLG SMEEdcanipinsoati 4minghe

silicon surf ed. usi vard an t he. i.us, reacti on.47 A
ol ut1on of  aCave Rttt MeRs b AL aRl-bAR SR GIBRE N B de
(200 nmg) wasbifliegshdily mak&EEMECahe piefdited liakaidia ieitabalits arbiR@ihid)-Aedifi&E
bat h. Sodium azide (15.6 g) was dissolved in 50 nL of water and added to
t he m xt ur e. NUHele apidg taithe aliease-smadifiesisubsrate.nSuehsa link is showm iniths lashreaptiorc e

bath. Th i,c .| ) . h Wi i th nL . aof g

b 0 O g R T P o Bl i

Tri f1 uor oacetyell-kn6ivil réagents subhas S@ﬁﬁyﬁ%%r&'ap%jﬂﬁﬂ(ﬂc&ﬁho%ﬁﬂy[)[émﬁ[-(ﬁﬁgph?ﬁle)}-
4Ng§-

m xture was refluxed for 6 hours. e resultant m Xture containin

tri fl uor oacephefpheramiditec aad daO=dintethalompiaitylhiesyd-disulfides 0 '+§(2-oyangeth

aqueous sodi ym bi carhonat t hen dried over magnesium sul fate and filtered.
The sol vgnt_%?PF"eqé!D?é’gwﬂﬁ“F%P@ﬂ?f evaporation to yield an oil which was
vacuum di still ed Dhds@RdCcrOBLlMIREmbIetitd HOKARGE FRBILS ty dd oF B FAREIRL | C
resonance confirned the identity of the trifluoroacetamde. C eavage of a

10 L port i oRoogxample, dianfinespdiokichydes; diearbamglia ecidsyphinshanidshynd e lilkix cargbd or 3
hours in 500 of a 7% pot assi um car bonat e wat er: net hanol (2:5)
sol ution. 48 & FFEELSANNE &S extracted twice with 100 nL of ether, which

was again dried oyglhihBORRRHNE W iRl IERA, fubsiatSdundiRpRYE, ﬂ{éfdeh{b?ec‘ﬁéﬂ vent
23 WO 02/20179 PCT/ USQOL/ 27:431 by rotary evaporation and vacuu

di sti || ati onsyrfast thendntagtedath SICEforattne suflicierd 4o alboonthie Nvbydroxsucdeintidd y as
the pure am Ester p%ﬁ?&? cl)tft‘he5 S Sﬁ% trc])%g:;.c W?t[l tﬁe_ rlg’ac fveP ;n%tleet'\g Epef\gfeémyna%:anﬁno 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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t- BOC protected 10-am nodec-1-ene was prepared by standard nethods. 49 A
portion of the purified amne (5.11 g) was dissolved in 60 nL of chloroform
t hat was wddgeit® a sol ution of 3 g NaHCO3 in 50 nL of watemr/ussoeiam
chloride (6.45 g) was added along with 7.18 g of di-tert-butyl dicarbonate
dissolved in a fewmlliliters of chloroform This m xture was refluxed for
90 mn and extracted twice with 50 nt of ether. The coll ected organic
extracts were dried over nagnesiumsul fate, filtered and the ether renoved

by rotary evapor i on rotected.pr wa fied by vacuum
Cal st et on - andtd eBure R vy e B ARG BR RiaatBRaBE ks e Raclph
al i quot of txmlsth@ cRSAs ik eM(ifAnyd), Gﬂ-th@feagt%\;iﬁfaﬂ mc@min@yﬁ&a@l@mcﬁ ké deudiqe 1
- hour at roomtenperature recovered the free amine as denonstrated by thin

| ayer chr oneacisly eaghseactiomstep enay: bermepidorsd ivsing FAMERARRAS, FXRY @utdchougle
Silicon wafers were prepared for nodification as previously

descri bed. | g"FY Q?H‘e’?ﬁe ®afers were briefly exposed to a 2% sol ution of
hydrofluoric acid in water to hydrogen term nate the surface atons. The
wafers were then i medi ately placed in the reaction chanber, covered with
10-30 nmL of the tX-BWFBEOQ‘QEdEEG‘WMKB&MEASURF&iEP@B&Josed to

ultraviolet light,fromthe for . The vplu of the

L BOCpr ot ect ed 1GCAR ROGBELFHEA APt Bitedht (RSl RPHRRDES By BiotEtied 8 ace
and varied Vdebfotédied surfa@es¥o nidaSuraetefhitent Eﬂ'&p?cﬁé&f&ﬂe§§ra9fphbfb%le|cﬁ‘bf@§pe%9¥er' ng
the wafer was not directly nmeasured or controlled but was typically |ess
than 1 nm Tfe-BOGfroedied uiOFauiesdatel-end bremdga ) siizbe dubstrapSske Fhawi in Fig.

nmet hyl ene chIo defollovved by.,a 3 minute ri [ % NHA0H to r
L-BOC prot ock reaiteagsn SRRSOV e SEle Reak st 470 &V i heanin 2P Al & those

surfaces wer n t tHa nal
crossl i nker @Smﬁ EiTllg @m%fg%%lt%ﬁrg?ﬂaﬁg{g%gn%&ﬁuf %ﬁa@%h&%&%dg? 20
m nut es. SSNIE@naQEgr&dee péakarat nel 9ea¢t40(\7e oV, hyspectivebuc A surface that basttesenas
well as a thiol reactive i mde noj , The mal ei m._de actlvated sur faces

were react edr%@r‘mﬂg ﬁﬁ%\/\nlﬁ f@“QW@ by @YP'““% e 2‘® 19 N dshaws only pngy

dropl ets of t t l.
The DNA mdl;feﬁf?g? aeg}e?%e t?gﬁ “r“f{lr?lagéé{jfhgm % P?lhg{’é i;I%er ar}ljggt&?ored
at 37 C deepﬂotbﬁutéd [ Th&caﬁ&ﬁ‘ﬁ‘p@ctﬁ% Sfiﬁeblﬂ(j@!prdta&emmfdﬂméla st36xy ek NaCl |

2 mM EDTA, and 7 nmM sodi um dodecyl sulfate, pH 7.4, designated herein as
"HB") to rentieds ﬁHr{Epch)@é%gnegl t@ﬁwllgw%xasas \Bllamm@alyat 289akeY esfignsdnber :

21 num basd 37, E3BabTeatfoEr of SROEhbED, FRETATORR, BlaiCi bR bBoc e
was m |1l ed tébp%}@ﬁh@lﬁﬂ%‘ﬁﬂ&&f g&)tsdndnrmm PR (B, aa;iaxfhmajae(mg Aofh hiThe
Tefl on di sk was placed in the bottomof this chanber. Iniet and outl et

ports were adaulder at 28720 has beehattcibuted teithe thatd #8%08f ni trogen gas. A

Lot Ton ronoven (RegPhshr Mool s Beak of Ml HOCH oy Prab s ATl |

base. The 8 &mlailo%&txﬁfmg@i [ealt@s the prirfsly hRufeoHRE: @cdFiR.! Za YA HYWXPHIEN
assenbled and in use, the l'id was secured and a | anp was pl aced over the

chamber. Th ethumnirmrﬁpltmkelphnfmhamlcig fir amanpmivmAydenxades cleprdy thomisitye mitcmen7446)

d ted of +id
. mount ecP B Gitea Bl et POLD 6 LB Fr@Ens POy UE R diEe IS
was 2000 m cypied f)é{l@amalOﬁ 234y ﬂ%%glﬁﬂﬁm%lﬁnaﬂﬁﬁﬁ&hﬁ%ér@n Iﬁ@‘ihterestmg to

Denaturation: Procedures utilized to hybridize fluorescent conplenents to
t he surf ace-hwatst the mwogans donbtewomawempletaly g@g@m@@fter axphstiee to the TFA

| sewh 28, 4 B DNA- nodi fi ed I d
From 1B and $aI%s80 Aferinging s FPBARIE B CYigha SRABEBIN HaB ) ARPST: O ey

-5 -fluoresceyny hbel 5o £ Lﬁ%'&?kﬂe% czf&te@aqfa%é LIRWRG, S@aikhy Bsd. ¢bV%s§i§Hed20
mnutes at ro mterrperatu elna chanber. The hybridi zed surfaces
were then ritsthecirbony chrbon bi the tHOM peempi(Fig-HR2d) oThis qmaalels drqmambiy;bleduhezled

-conpl ement. The hybridized DNA nodified surfaces Iac cedovvn
in a dropl etusd’?gﬁBdGHTO&e%F‘éeﬁ‘IhHP“W‘E% thet Hl?rsT ,ttljgc%g? been

scanned. Thi I aor { o,g%@ t
areas on thelsegl?cvwgﬁgsur %@eiﬁ%ggi%u atl 2 vvaslﬂgfg%g?r%é ﬂﬁg pI amﬂ{r%g t he
surfaces in an 8.3 Murea solution at ro?mtenperature for 25 WO 02/ 20179
PCT/ USQL/ 27: 431




5 mnutes followed by a water rinse. The surfaces were then rescanned with
the Fluorlmager to ensure that conplete denaturation had been acconpli shed.
Subsequenwahgzipo1™i zations, if required, could be repeated psTagotyiresisane
procedure. Alternatively, for the nunber density experinent, denaturation
was acconplished by placing the hybridized surfaces in a small vol une of
water at 90C for 15 mnutes. This denatured the duplex and al |l owed the
fluorescent conplenments to be collected for quantitation.(28,44) Exanple 9:

Co | of - ifi Am Sur f : i f EX I d d
Co"char act er PP AR mal b RHavBTo a1 et PRordt R aTaharees OLBiRes of
the density ghalld@ellis@®ulTblo e estithitbddaaid @8 1@5@%5{1&6 IPeriR asdoBiatedchy iy

i mobi lizing two different kinds of oligonucleolides (SEQ ID. NO:1 and
SEQ | D. NO: the fting parasnetensf Optimizing t rdggctionl @ntlitioas tiytbnghl incedasiog the

either of the flugrescent conplenents,..The.densit f.free amnes on the
surface can g%mrf(r)" §e0ﬁ"ﬁgonowg%éa§18{1,i%ﬁt5?e phrsa &?&r%edgﬂi %“Bﬁ?ﬁrﬁﬂ{héd silicon
surface with m xtures of t-BOC protected am ne and dodecene. Alternatively,
the t-BOC protected ami ne surfaces were partially deprotected by exposure
to 25% trifl uor oa6MINTALT ANGLEIMENSUERFMENTSes. Exanpl e 10: Surface
Density Measurenents; The nunber of l.ecul es hybridized to t surface was
det er mi ned usi ng OB%W&%%%‘Vefs&bﬁaﬁ%fg@é"fﬁﬁ%%@ﬁgéﬁ Va(r?é',sﬁtﬁlgesc?tih‘%BFﬂ}E‘Ft@&i des
were inmobilized on the surface and their fluorescent conplenents were

all owed to hybridize as before. The surface was inmaged and the area of

fl uor escenceTabls Ineasured. The surface was then placed in 800 uL of 90C
wat er in a nperefuge—tdbe—for—tb—mwrut-es—t-o—corptetely—denattre—the

dupl exes. TheSYRFACE was then rinsed tw (CONTACOANGLB® er, which re
quanti tati vefy etutedTmtotheorrgrmat—8¢0—nt—The—surfaces—were—rescanned
to ensure cofpBé(eptesediamineon had occurfed. The vol uA®1df wat er
containing t ﬁg%geplqed;ﬂsnts Was then reduced 10 about IQ_ML Dby vacuum
centrifugati pntaféFahded on one lane of & polyacryl anP#8 gel , while kpown
amount s of f I, lLi gonucl eoti de st andard were | ed in the othér
| anes. After ﬁéﬁm&)ﬁ?&r@g@gt he gel was inmaged and thgg' mount of [
fluorescent oligonucleotide eluted fromthe surface was cal cul ated by
reference to a stand urve 26 . WO 02/ 20179 PCT/ USU1/27=431 devel qped
from the known saﬁﬁf’g'ia.cb@?f‘ﬁﬁa?‘ﬁf@mﬁé”fﬁé ,m?ﬂzlyﬁ@ﬁég?s’ﬁ @%oﬂﬁﬂ?qsﬂff’z@&%/"e
mol ecul es wagiffRiiditeti® 2618 fePRieRturBictontatt anglestcimEBnGldH SGrsGiEat withand! e

11: Stabili t{ Measurenents: Stability of this surface chem stry was
denonst r at ed bemvier ekpeetedi frass therhydiapbilic sgrfase assoniatsidiwithetie pratanagsicmite salt.

ol i gonucl eot ides d thro re ed hybridi zations. Fqr, direc

noni t ori ng, Bmsggﬁﬁgwﬁqcpﬁg@lqr HE@@%&“W%‘H’"F ﬁYJ%P’é‘QE EOYS t]g%%aﬁtrané.prcéjﬁxagd and
a thiol groupheOphithdt§ldmide sBEte, GHRR Whd cviblhic3d bYeinCineRYRA BNtk XorlabRGid to
the activated surface. After coval ent attachment was allowed to occur; the
surface was stasusemenierni ght in HB at 27 C. The fluorescence intensity of
the surface was then neasured by scanning on the Fluorlmager, after which
the surface was returned to the buffer for 1 hour at 27C. The surface was
then rescanned andp¥rEICUPYBRAPIZATIONUr ed. Subsequent scans were
performed every hour for a total of 10 hours while the surface was stored
in the buffer at 2A3CGlesExbeskin ¢he Exhingles, ammekagdified serfadesi wenn ¢rthployghaut
this experi mse&;t

strates for the preparation of small DNA arrays, which were characterized with respect
to their performance in DNA hybridization experiments. See Figs. 3a-3c. Two different
types of oligonucleotides were immobilized on an unoxidized, iodine-terminated silicon
(001) surface (approximately 1 cm x 1 cm) in approximately 2 mm diameter spots using
the method described herein. A solution of fluorescently labeled oligonucleotide

complementary to one of the immobilized oligonucleotides was placed on the surface and

18



The stability of the surface with respect to hybridization conditions was
al so tested. Fluorescein |abeled SEQ ID. NO:3 as well as the

non-f | uorg ﬁgg@g”,c.EQ ID. NO1 were covalently attached t o plcwaddihi@8ient
areas of the surface. The DNA nodified surface was exposed to the
fluorescently tagged conplenment of SEQ m NOI for 20 m nutes and

hybri di zati on was allowed to occur. The hybridized surface was then scanned
-on the Fluorl mager and the fluorescence signals of both DNA nodified areas
were quantitatively measured. The hybridi zed surface was placed in 8.3M

urea to denaaligmed tdbyhrigirecKigs 8a shayes thh inagecbtainndeadier bylsidization epdwashing.

"l
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in the fluorescence intensity was observed, indicating that the DNA-surface linkage was
stable under the conditions examined.
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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

20



34. Uinan, A (1996) Chem cal Reviews, 96, 1533-1554. 35. Waddell, T. G,
Leyden, D. E. and DeBello, M T. (1981) Journal of the American Chem cal
Soci ety, wW@edP3-5307. 36. Luzford, M R, Fenter, P., pcsasogtger, P. M
and Chidsey, C. E. D. (1995) Journal of the Anerican Chem cal Society, 117,
3145-3155. 37. Buriak, J. M (1999) dzenz. Conmun., 1051-1060. 38.
Stewart, M P. and Buriak, J. M (1998) Angew. Chem Int. Ed., 37(23),
::/1257R 3260. 39 Sieval, A B., Dem reI A. L., Nissink, J. W M, Linford,
van der Mass . H Zui | hof, H and Sudhol t E. J.
R. (1998) Lang”m attaghmernbgmﬁ_m% These twerﬂrgdmgg dempnsifats hat lmo"%l]ze iy rtfio%n Y

o2 B w05l e ARty eyl B ARY SRE  ARlt o

42. Haners, aﬁdh%ndlmibh?condmo&emﬁ@ L., L|u H. and Shan, J. (1997) The
Journal of Physical Chem stry B, 101, 1489 1492. 43. Effenberger F., Cotz,

G, Bidlingmier, B. and Wezstein, M ( 1998) Angew. Chem Int. Ed.,

37(18), 2462- 2464, 44. Strot her, TE%&MP% Zhao, X., Haners, R J. and

frznoth, L. M (2000) Journal of the A em cal Society, I22(6)
5-1209. 45. Cormpokdiowifzy Fxanilsé Mediicluded solkBB%d Movidei £ niwre deonffestear ch,

13, 4485-4501. 46. User Gﬁ%de to DNA Modification (1996) d en Resé‘z‘?ﬂi

Cor por at i on,ungerstanding of therigyentign disglosest angk cdgimed henin. ghhg Bxprgles dowot

(1983) Syntl Zesis, 38-40. Ne nal of Organl C
Cheni stry, §§ T?gf’rfﬁ%"éahtﬁgﬁhleaa}f%aﬁqd,dﬂn(sé%?@3rrabrjrr(0to Y. and Pope, B. M
(1972) Proc. Nat. Acad. Sci. USA, 69(3), 730-732. 50. Geene, T. W and

Wits, P. G M (1999) Protective Goups in Oganic Synthesis, John Wley &
Sons, |NC., Biamplerlk Ate@hmenpobRerfbwrooqaiycenoty bodine Tenmingtet Silican: J. M |,

Soci ot Alzi 20) gl Prasgile, 2 sifsO pptstrals g el vnﬁlf‘ﬁféﬁfﬁt%ghg’ﬁﬁ%&%f
Kimerling, Lo§ine(ds ass%hbé&womaforqie LRl efbediMeAtetd yidlsa sitSdEhbstebBrwhsk 53

St ephens, AW and Green, MA (1997) Sol ar Energyl\/at erials and Sol ar
Cells, 45, 2&mfa@H®as terminated with Si-Br bonds.

Perfluorooctadec-1-ene was applied as a drop of liquid to the surface of the
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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31 WO 02/20179 PCT/ USQOL/ 27~131 CLAIMS 1. A nethod of creating nodified
carbon, silicon, and germani um surfaces characterized by: (a) reacting a
strai ght, werexon®d, or cyclic al kene having a substitutent pthaisegrayd t h an
unoxi di zed carbon, silicon, or germanium substrate to yield a nodified
substrate having bonded directly thereto, in the absence of any intervening
oxygen atons, substituted alkyl noieties. 2. The nmethod of Claiml, wherein
in step (a), the reaction is photoinitiated. 3. The method of Caim 2,

instep hot o d. 3 thod of O
o ot on. 4 TP es SEed GREI b oG, ANr L Bl b el e,

patterned by geelyewashed Awthizpointimthe txprerimens thedllieminated bid wniilahinbted poitiving on.
5 . The neth%g of gny one of the preceding clains, wherein in step (a), the

substrate isof EicegTate coulg begeadily dittivguishedyesight (eeie. ﬁ#brr?h%at@l@wsh ]
oG ai m 8, *ShENERAS BRdecoRl BORNRATRE o Bl Q4 R Ramile i Bt 70

protected. 7immbmsedit purassivin Cbatoride (a bée) e hydrolysd thie ebte) to yibld thaidsd faxhe i s
reacted with _a protected am noal kene. 8. The nethod of Claim?7, wherein in

step (a), thdhggpuiting sample displayed wefting in-theitraskased persigna of the swbsteate 2ndne.

32 WD 02/2 27 . nethod..of any. j

7 oo 0 2RSS R 1 s fpn A ks P bl e i
undecylenic acid methyl ester in fact bonded to the surface of the substrate and further
that the methyl ester portion of the bonded molecules could be removed without detaching

the molecules from the surface of the substrate.

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,sAA 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-FAM 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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an a-olefin and the substituent is disposed on an cu carbon of the al kene.
10. The nmethod of any one of Cains 1 through 4, further conprising, after
step (a):wbly2&td achi ng nol ecul es to the substituted al kylpomigtikes: bonded
to the substrate, thereby yielding a nodified surface having the nol ecul es
I mobi lized thereon. 11. The nethod of C aim 10, wherein in step (b), a

nol ecul e sel ected fromthe group consisting of DNA and RNA is attached to
-the substituted al kyl nmoieties. 12. The nmethod of C aim 10, wherein in step
(b), the nolecules are attached to the substituted al kyl noieties usjing a
~bi f unct i onal vehELMpnHheer .en%T.heT—ﬂel-wefiﬁsaOﬁaonmspwemefmr%fiﬁe‘i? %FCQFLIES (b),
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ca(rj bon, sili geddiendehgbelihel D6 atbsinpRirentsl wére pubifiedrim eéhe same manner. Other

I odi ne-contai ning reactant tq form an unoxidized, brom ne- ) .

i odi net er mi n&FAGENLE MeRR Abtaised F’@Hh‘?‘ld&Ph ggFfﬁifﬁﬁ G?H‘E‘Hﬂswlél‘faélfeea%s‘{%ﬁ unlestt i ng
t he unoxi di z L9 | QGLe-L e A/l d§: Il : ni-um
subst 1 at e as S TbRE anard ARMRHE A HRLAL R LHIORRE solmdBIRE ™ LT
to step (a), tiifheroadetit r adié¢ (B Apndistetteshtyli divarboneteg € AtrosoQrgarsesnglaassens
solution of bromne or iodine, 16. The nethod of Caim 14, wherej nb#)ri or to

step (a), th&haumasevtigalaandiedifttcedBelpium, wpeageneomb spfo-gssiimidgt-®r on
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17, wherein in step_(a), the reaction is photoinitiated at preget,erm' ned
| ocati ons on V{Ww- \gigiriePermiccony). Slirapureates uprsdoransu the watgrpyssoftamed from

visible |ight 'Mﬂl?por@sﬁ%n?f@ﬂlﬁﬂl@or%ﬁgl?}tmgﬁaémgétis?.ed surfaces on unoxi di zed

carbon, sili @‘on, and ger um surf’aces conpri'si ng:

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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(a) reacting an am no-, carboxy, or thiol-nodified and protected al kene

Wi th an unoxi di zed carbon, silicon, or germanium substrate to yield a
surface owQRaemt ed, am no-, carboxy, or thiol-nodified abP&pmsonplgcul es
covalently bonded to the substrate in the absence of any intervening oxygen
nol ecul es; then {b) deprotecting the nodified al kane nol ecul es of step (a),
thereby yielding a surface of unprotected nodified al kane nol ecul es bonded
to the substrate; then (c) reacting the deprotected nodified al kane

avtachea to PhoselRaelilnul i ool SR Tal it Bre Bl Mhelefou s

to the crosscoifitived itdideatiBias(the purehati®@)y yi el ding a surface of nol ecul es
i obilized on the substrate. 28. The nethod of C aim 19, further

conprising, prior to step (a), contacting the unoxidized carbon, silicon,
or germani umgsubst rat 1t h L ge-. or .i,0odi ne containing reactant to
form an unoghéfl'?gif g‘b%g}rﬂlﬁés-gfotlr')ﬁ?’gid?ﬁ%t-eft@firﬁ'ﬂ%eed. carbon, silicon, or

ger mani um subst r atBO@Rpeotebed 108AGhoME- 1B WAPKIPh8 by Pirfid Prthols.® A

i odi ne-term nated carbon, silicon, or germani um Substrate as recited in

step (a). 34portigmodzheparifEdrminedSULY gyway dizgdolvathin 6@ tiioof dilorofeemathatOvas s

19 20, wherei riqQr..to e 1 substrate J s. cont.acte ith a

r eagrent conp?ﬁi‘geld:}ﬁ paasoggﬁ“?ﬂ ?ﬁ%gﬁaﬁ—@%tﬁ) ‘B# 0?8@%{e.§°§§‘.m ‘rf]lﬂgr_l‘aﬁs&ﬂ#dg)o‘ﬁasd ai m
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conprising a solution of bromne or iodine in benzene. 23. The nethod of
any one of Crhloregorn® dhismiixtunteaerefluxed fredd him) andt dxdracted ¢wicsrwitls 50 mL of

phot oi ni ti at g"t(illerl.J sf‘lpe%oﬁie&jaci) éregaxlliic %)rc]ttracrtléa1 \\a//ier%%ﬁ%d g@é’r%a?g%%%i&m%&lfa%%,%ltgr@d 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 t-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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24. The nmethod of any one of Clains 19 or 20, wherein in step (a), the
reaction is photoinitiated at pre-determ ned | ocations on the substrate by

sel ecti veygypasys € of the substrate to visible light. 25. pErasoetied of any
one of Clainms 19 or 20, wherein in step (a), the substrate is reacted with
an w am no-, w- carboxy, or wthiol-nodified and protected al kene. 26. The
nmet hod of any one of Clains 19 or 20, wherein in step (a), the substrate is
-reacted with an am no-, carboxy, or thiol-nodified and protected a-al kene.
27. The nethod of .any_ one of C aj ns
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1, 14, 19, of ™ sodiym dogsoybsuiyter pHbirh dsegraivd beremas AHRplIG FERCEatBbn,
Substrate soPEara BB HP RIS L Consi Sting of unoi di zed. hydr agen
term nated carbon, silicon, and germani um

Example 7: Reaction Chamber:

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 sﬁrfaces 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 FluorImager 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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a layer of substituted al kane nol ecul es bonded directly to the substrate,

I n the absence of any interveni ng oxygen nol ecul es, the substituted al kane
nol ecul esWW3/2097%t t ached t hereto a substituent sel ected fpegmusig2@aspup
consi sting of an am no-contai ning substituent, a carboxy-containi ng
substituent, and a thiol containing substituent. 32. The nodified substrate
of Claim31l, further conprising a | ayer of cross-Ilinking nol ecul es bonded
to the layer of substituted al kane nol ecul es. 33. The nodified substraée of
Cl ai m 32, whey g Sid L Nnki . e ' S ' . BE
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ci ds, 37 TG R NG cBserihl FepkineaNOFHEL HadoBpITRABY R it R
conpri sing asheyes imé smab sstuivierdfivagermn o6t f@ sl Shainded. This diRatupadethe Afiplex
substituted al kapne npl ecul es and a | ayer of no| ecul es bonded to the

cross-1 i nki ngn%ﬁ% the flugepscenfyepmplepignts do perplisstsd foy quantitgios. (28:44) nodi i ed
substrate of Claim37, wherein the |ayer of nolecul es bonded to the
cross-linking nolecules are nucleic acids. 3 9. The nodified substrate of

Claim3 8, wExaaiple 9h€ontrobof DNAKMwlified Aaiihe Sudfage:SSMCC. 37

A series of Examples were conducted to characterize 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
HL 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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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.  The method 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 (2), the substrate is contacted with

a reagent comprising a solution of bromine or iodine in benzene.
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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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| [ A410r" | 283% " Themethod of any one of Claims 19 or 20, wherein in step (a), the reaction is

photoinitiated using visible light having a wavelength of 514 nm.

24.  The method of any one of Claims 19 or 20, wherein in step (a), the reaction is
photoinitiated at pre-determined locations on the substrate by selective exposure

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 ®w-amino-, ®-carboxy, or w-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-, w-carboxy, or @-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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32. The modified substrate of Claim 31, further comprising a layer of cross-linking

molecules bonded to the layer of substituted alkane molecules.

33.  The modified substrate of Claim 32, wherein the cross-linking molecule is
SSMCC.

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.  Themodified 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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38.  The modified substrate of Claim 37, wherein the layer of molecules bonded to the

cross-linking molecules are nucleic acids.

39.  The modified substrate of Claim 38, wherein the cross-linking molecules are

SSMCC.
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