WD 02/ 20179 PCT/ US01/ 27431 MODI FI ED CARBON, SI LI CON AND GERVANI UM SURFACES
FI ELD OF THE | NVENTI ON The invention is directed to nodified carbon,

si licon, vead2/grarerani um surfaces (including nodified surfpcewsof27adil oys
cont ai ni ng any conbi nati on of carbon, silicon and/or gernmaniun).
Specifically, the invention is directed to hydrogen-, brom ne-, or iodine-
term nated carbon, silicon, and gernmani um surfaces nodified to have bonded
thereto a |linker noiety capable of anchoring various other chem cal

noi eties to the unoxidized surface. These difi rf sui tabl e
for the fabri caM@PIBIEEQAEEQJYa&IHBCO%ém&IE@, uﬁﬂ' @iﬂ‘elm‘ﬁ ces of
bound nucleic acids and nucleic acid arrays conprising two or nore such
surfaces. DESCRI PTION OF THE PRI OR ART Surfaces suitable for the

i mmobi |i zati on of nucleic acids have becone an increasingly inportant

bi ol ogi cal tool in recent years. Arrays of nucleic acid nolecules, either
as doubl e-stranded segnents or as short, single-stranded ol i gonucl eoti des,
have been utilized for drug devel opnent, genetic sequencing, nedical

di agnostics, nucleic acid- ligand binding studies and DNA conputing. |-21
The princi pal advantages of using surface- bound ol igonucl eotides over
those in solution include ease of purification, conservation of naterial
and reagents, reduction of interference between oligonucl eotides, and
facilitated sanpl e handling. 1XIBLBG EVENSIQYN surfaces for

i rmobi | i zation of, nucleic . agi [ I o : . Car bon
eIectrodes,22-ZS%G%FH?]T%{ﬁéﬁfgégégék@ﬂgyfghgéhgﬁs|’Fggggggaﬁﬁﬁ%ﬂﬁmms

gl ass. 3, 1, 1gndtinemdiflesirf2060fGINSTtSithihidg ahysonbieionof turbdig siiceisndfor at es,
however, do not possess many ofthe desired characteristics of ap ] deal
surface. Thegmanigenl Speeifieadls, hranvestien isglifested to hydyegan-7bgmiaprpfr1 E 26)

WO 02/ 20179, PCT/ US01/.2743 i ncl ude: .sur : kd Y
control of EHPPAE cB‘fb(?Be?lﬁcfoéls z’m(i 2! mPHlag;lllgﬁ %{1118%&@ gﬁi; §%?%1%it{3§l?§?ﬁgfe't5 4
reproduci bi fijkey moiéi§ capmadi drchyridgdvarivuk oilter dbetlicahmmoletibs watheamozidiked

surface. These modified surfaces are suitable for the fabrication of surface-bound

chemicals, including surfaces of bound nucleic acids and nucleic acid arrays comprising

two or more such surfaces.

DESCRIPTION OF THE PRIOR ART

Surfaces suitable for the immobilization of nucleic acids have become an
increasingly important biological tool in recent years. Arrays of nucleic acid molecules,
either as double-stranded segments or as short, single-stranded oligonucleotides, have
been utilized for drug development, genetic sequencing, medical diagnostics, nucleic acid-
ligand binding studies and DNA computing.'*" The principal advantages 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

22-25 d 17,23,26-28
s

acids include latex beads,’ polystyrene,! carbon electrodes,”* gol and oxidized

silicon or glass.>®!1:232
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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bi ochem cal mani pul ation. Mdre recently, the desire to use inmobilized
nucleic acid as a biosensor in integrated circuits" would require a
surface avenzbli®@to integration into a mcroel ectronics POT/aN/27431e
limtations of the prior art surfaces and attachnent chemi stries indicate
a need for alternative substrates that nore closely resenble the ideal. As
descri bed herein, unoxidized crystalline carbon, silicon, and gernmani um

al l otropes thereof, and al l oys thereof offer advantages as substrat es for
i rmobi | i zati,o fn cI e aci 3?1 and ot her chﬁm cal s having sim I
anal ogous r d&dqey SpEfa ﬁ%gé ag¢ hpmggenely gepnttol pf ﬁ‘}‘facﬁlpé?ﬂ’?g‘iﬁ and
defined cry lardy
preferred d%aﬁghpt&%ﬁ% i Fe%l t%ﬁ?ﬂﬁg’é{nﬁﬁiﬁgggﬁ rﬁrl1'§’ctr0 (?g{cggf%é%?gggﬁiﬁdd tﬁ)lﬂ ﬁ{d
However, natbiochemichal marnpuiamdrad‘dsre eomtlexthadbsdre to aa@hnmmnhrzedlnuchmkerd anbi ent

condltlons to.forma thin surface,l a of SI|ICOI’1 oxi de. This oxidized
silicon sur fiRigsepgor ip HE‘FST%%& W%ﬁsmwéﬁé FeauF gSuriagemenpble fQ IfeeERHONIRY of

unber of St G eS| TRIBRRRLRY Gl HE0L AR kel B QRchRLAL Ve

concomi t ant chbmisiresindiatd adeed fdrydtemqateva@ahsimtes thamdrealrbsélpresdnﬁlé tletiti¢dl.es in
t he reproducj b| lit, %p .honogenei ty of the subsequent chem cal -nodified

surfaces, pdttdeen reja, ynegidized shistaling sathopy sikicone A iZgroaamsing AlEtreResc oupl e
to such surf

difficult-t cl)tﬁ%g(?\t% h fcl)f aﬁo&? %H%?%o%a?g%&gr ggééggséeuﬁg& ﬁé@@ﬁ g@%m(i:}g tlo;I)laOfﬁl\lAl/glelsc for

di rect functacusahd bﬂter chemitals ihbving Rinsilab st aailegousirtdutivity becausexoftibeir djpghr have

opened up new possihilities for highly-controlled nucleic acid attachnent.
These new attUEEhrBshly pEganred aﬁéd@f B%J ?Fﬂﬁfﬁlﬂlp%étf%?t}lﬁ'ecﬁﬂd sehustiesss PHEYUEH

di t b
clhlr g(r:i ng?,r ?&{twﬁlalrl'ygﬁ) a%?%@eé%é%gﬁé&%%yﬁgt egwf%%gghg%ﬁg@§4 Al t hough
Wagner et al .19 désweevehenative ndicam shkfiedr fox yesampleniredcd with eistuadert anbiemat ed

silicon surface to immobiljze a 1752 gg doubl e- stranded section of DNA,
this ref er erfBdifigastofsim githig spdecedaysy of shean exide. ebhis auidized silipesn wstace i
produce che i C

aci d- nodi fi g}g&ﬂicw}eg%t&é %%esg ailntrllcsagglr%ﬂi{rézrﬁ %?né %eg@?%nzés d(r) ad&u%l%en s with

silicon surfislessogdeass dndenriabiliie i thecbldtive hinebgrof 8i-Oagitand SeOHékag®d Taised by

di acyl peroxi des, 36 througzh W irradiation, 19,41 or by direct thermnal
inhomogeneity and the concomitant chemical variability it engenders can lead to

difficulties in the reproducibility and homogeneity of the subsequent chemical-modified
surfaces, particularly as the silane chemistry generally employed to couple to such surfaces
is itself prone to stability problems and difficult-to-control polymerization processes.>**

Chemical pathways for direct functionalization of silicon substrates without an
oxidelayer have opened up new possibilities for highly-controlled nucleic acid attachment.
These new attachment methods provide modified silicon surfaces through direct carbon-

silicon bonds,!*?542

and have resulted in methyl-, chlorine-, ester-, or acid-terminated
substrates,33%4%43:4  Although Wagner et al.’® describe using an N-hydroxysuccinimidyl
ester-terminated silicon surface to immobilize a 1752 bp double- stranded section of DNA,
this reference does not disclose a systematic, reproducible method to produce chemically-
modified silicon surfaces in general, nor nucleic acid-modified silicon surfaces in
particular.

Reactions of m-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/ 20179 PCT/ US01/ 27431 activation.39 The n-al kenes used have cont ai ned
a variety of functional groups, including esters, acids, 39,44 and

chl ori dew@62/Ihe use of hal ogens as chem cal passivating RPOBUSE/X7a31
silicon-based sem conductors has al so been described previously. 12,53
SUMVARY OF THE | NVENTI ON Herein, we describe a nethod of creating nodified
carbon, silicon, and germanium surfaces. The nethod includes reacting a
straight, branched, or cyclic al kene having a substitutent thereon, with
an unoxi di zed.car ban,, sili.con, or..germpium substrate to yield .a npdified
substrate h&GH¥HOBondBaPaAloes ﬁ?dﬁl%\é“r"é’f‘l&ml ﬁVﬁﬁ%thgﬁJgﬁE %grogplsy lqcmraog}gveni ng
oxygen at omggieplRsild Pt 00 Bldfdbs10i eties. In a first enbodi nent of the
invention, the reaction involves working directly with a

hydr ogen-t er mi natlh¢ sis¢ i eforhaloganshan, clmmicaje passiviating s agehtsc dor Tlipon-basddi r st
enmbodi nrent of the ,inventiagn |s djrected to net;hod of creating nodified
carbon, sil iS&M?ﬂ%W&Of@é‘P%@ﬁ? h‘?ﬁnsdfﬁcf@(?ggfevﬂ@ynet hod characterized by

reacting a straight, branched, or cyclic al kene having a substitutent
thereon with an unoxidi zed carbon, silicon, or germanium substrate to
yield a nodified substrate hg * FeBHHINdENLIGMNher et o, in the absence

of any interveni axygen atom; ubs it td lkyl _noieties. The strength
of e Si-H bond Heinth 6 frscricr e P enrerathE e i farh . stiea S FREn

| arger than @idO8" TheShetBbd RtluBesteadtidONdrdiQl, ARHRE! 6eRRNEKEE HavBio/d oOr
Ge-Br/1 bonds). Thus, a photoinitiated reaction designéd to break Si-H,

CH, or Ge- Kubsitasntithereon,weith anlunoaidizet earboiNjlicondirgeimaniunybubstratgito yietd
irradi ation, however, potentjally.can d e  certain sanpl.es 0.,
certain bi o!%@P&{gFE§%Hﬁ@ e bd%ﬂ%‘f&ﬁﬁ%ggg‘i’rﬁ% g&/@‘?é‘_ﬁﬁenfﬁé?% % %‘?erg% tive
to degradat 'cg(?%%y atoRe! hube@eed! dl%_htmcﬁéti&ﬁ.n qg%eﬁl_lfsﬁerﬁ%&i%lgﬁtgg)the igﬁ!élztiod, Bhed

second enbo nt of the invention, the Si-H CH, -H bonds are first

repl aced wi trhacBion iBvdlives @oBking directlyGavithr 4 | hydorges-tertiented [sdivds, earbompere
easily broken and thus require Jess. ener o. di spl ace. Thus, a second
erbod ment - GRIPHESTAVEHE diu& T ea e IBCL R RAPIOR dicsctet PAgRe RO | ec
carbon, siliGOfing AHiRRI AR SRCEIMEATRILFhOS, the AfekhJALhBradleFiad Dby -

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.

The strength of the Si-H 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/l
bonds). Thus, a photoinitiated reaction designed to break Si-H, C-H, or Ge-H bonds must
use ultraviolet (UV) radiation. Ultra-violet irradiation, however, potentially can damage
certain samples (e.g., certain biological samples and other molecular systems that are
sensitive to degradation by short-wave light or energetic particles). Thus, in a second
embodiment of the invention, the Si-H, C-H, or Ge-H bonds are first replaced with Si-
Br/I, C-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-

3



branched, or cyclic al kene having a substituent thereon with a brom ne- or
i odine- 3 WD 02/20179 PCT/US01/27431 term nated carbon, silicon, or

ger mani uwa@ubstirate to yield a nodified substrate havi ng PoDUd@E®R7dir ect |y
thereto, in the absence of any intervening oxygen atons, substituted al kyl
noi eties. A preferred second enbodi nent of the invention is directed to a
met hod of creating nodified surfaces on brom ne- or iodine- termnated
carbon, silicon, and gerrrani um surfaces (iodine being preferred), the

met hod conpri si reacting an _am no-, carboxy-, thjol -nodified
and pr ot ect éamam%%%ar 1, 1$1lig0m Q5 EeFRANIYR splsaiedo yield ﬁﬂ?ﬁéﬁﬁl substsEmhavilg i con,
or gernmani u i Xy-,
e A e g S
t he absencencmétmny i nt erveni ng oxygen nol ecul es. The nodified al kane

nol ecul es of the first tep are then deprotected (jf_necessary), thereby
yielding a surfacépatfett peroad eapo 'mltpf dbe Hveainn olissindds vaisthad oo t he
substrate. i 0 ﬂgﬂﬂi{] a ul es
are react edl%\(?vlé(dtt a&ggﬁggsﬁaﬁ{?ﬁ{% &P% wher e% Bfgae&%r 0SS- e C!;a?[#o‘é gﬁc%c ed to
t he nodi f i ecieah&duma sorfhes Wlodine Heagtplyferreﬁ] elwhﬁslm&wdm;&smgmrbteneﬁctmgl s or
proteins are attached to the cross-|inker of the previous step, thereby

yi el di ng a SiiFRere garbery-nor dielmedificdrapd profedded ﬁlkPIFF‘eWSth@sltfPat"tﬁ' oRr{ediReT
D o AL A BRLEL LA URON BBk Bluh 1R d BRI ok SFBIROH hrflo2al | N0
nodi fi ed surfaces on unoéxi carbon, silico er mani um surt aces.

The net hod daﬂ;o&mbacttlelv:ma&lﬁeﬂ)ytlktahembwchlemmlalﬂsa}bsndefdi tbghe subeasteiimghe odi ne
or bromne with an_ unoxi di zed car bon, }Sﬁgl i con, 8er mani um subst rat e to
form an i odidkeence pf FARFTYSNINg gXyaeR FIQkesu r“b?%mélﬁptl ke rapleudgs ol

substrat e. }Ifbﬁearea@leﬂrﬂ Ef’o&ectgda‘g? %Xessa[r% (Sc %% yie %‘h | Sk I6g ﬂﬁgl‘o?ec% aced

upon the io term na car ger nrum sSu ate

am no-, car lhnodified dkarichheibeutmdiohil@ttoahk artstrits. Negt) itnepessay, the deprdtdeter] I [ ght
such that the iodine or bronmine is renoved fromthe substrate and the
ami no-, car Besdiiied alkane mplgeulerpip reastedawith acrossainker, whereby fe gropskinkgr & t o

yield a surf "i’t%gré gft{)gﬂ% E@dlﬁegg[r %(Xlolecu%rﬁ.e g%t?é ﬁlggggdg;és%gc}?ﬁ(ﬁﬂ?elw&&%p es

coval ently bon ate in
proteins are attached to the cross-linker of the previous step, thereby yielding a surface

of molecules immobilized on the substrate.

Another particularly preferred embodiment ofthe invention is a method of creating
modified surfaces on unoxidized carbon, silicon, and germanium surfaces. The method
is characterized by the following steps: first, reacting iodine or bromine with an
unoxidized carbon, silicon, or germanium substrate to form an iodine- or bromine-
terminated carbon, silicon, or germanium substrate. Then, an amino-, carboxy-, or thiol-
modified alkene is placed upon the iodine-terminated carbon, silicon, or germanium
substrate. The amino-, carboxy-, or thiol-modified alkene is then exposed to visible light
such that the iodine or bromine is removed from the substrate and the amino-, carboxy-,
or thiol-modified alkene reacts with the substrate to yield a surface of amino-, carboxy-,
or thiol-modified alkane molecules covalently bonded to the substrate in the absence of
any intervening oxygen molecules. The modified alkane molecules are then reacted with
a cross-linker, whereby the cross-linker is attached to the modified alkane molecules.
Lastly, molecules, such as DNA, RNA, or polypeptides, are attached to the cross-linker,

thereby yielding a surface of molecules immobilized on the substrate.
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any interveni ng oxygen nol ecul es. The nodi fied al kane nol ecul es are then
reacted wwth a cross-linker, whereby the cross-linker is attached to the
nodi fi ed vab kama 7ol ecul es.  Lastly, nol ecul es, such as DNRCT/RBI/27a31

pol ypeptides, are attached to the cross-linker, thereby yielding a surface
of nol ecul es i Mmobilized on the substrate. 4 WD 02/20179 PCT/ US01/ 27431
Because the reaction of the nodified alkene with the surface of the

brom ne- or iodine-term nated substrate is photoi nitiated, the reaction

sites can be pre electe |eId a desired pattern upon {he surface of
the substrate by%§%? ofbe myditied alliepe wath thesu ﬁ%05@§.5n@nrrgmt
The i nventi f i ng
o these  mavhngidifeg S‘lﬁﬁa% pBinRE e L R RERI T BB o1
medi at es t hea desined pam:rmﬁporﬁﬂhe spniice pétheysubstateipt setbetitlly enpoaing (et saeface to

am noal kene, hydroxyalkene car boxyal kene, or thioal kene (the nost
preferred béh‘?lﬁ’s@t? %‘#nodec | -ene protected with t-BOC) with brom ne- or
i odi ne- term nat f

i noal kane- modi 1SRG s S MR s hotfndl Abahe AR Aoty Suelh

t hi oal kane- maethédsed srlrcon surface These reactive ternminal groups

(am no, hydroxy, car boxgﬁ_thr 0) .can then be coupled to podified
ol i gonucl eot i des TBithepnetrrediephpdiment @éh‘(%qhQQ’éﬁﬂPllEght m@dbqt%%he reaction of

h hol
Croser 11 nicer SRl ool Sablalcdim ot h SHAR MARLTe o

bi onol ecul e thicakyse (the msopfeﬁarrwdst&mgwm-hrmmde@ueaé @rotéetpd WmithrtyB@dy avithage of
t he preferred epbodi nents i s that photopatterni n?t of the substrate can be
performed atPTPBERr 08 APHRG: teHBIngted %@g ndemee of ke psgierding 2rowp priskds an

e! ectrons, ' ?rﬂﬁoalllgi’neqﬁ}%dli%dhﬁ}%dgég p&ng Eno%ﬁﬁﬁgé’abﬂégtgalk.;@éj %9395@&583{1102@@ tive

bi ol ogi cal ‘sanple erning cah

pressures wsilivon sufaelTibse praoctiwsisinigalrgecupsi(@dino, linelr@tyo tapatyl, ﬂﬁ@) dag theh
performed using visible |ight of a noderate |ntensrty roug ‘XR
mlliwatts percaupled. tomp@ﬁre% oligonugleptidast ort gfhemfiomplespley bplds,he

I nvention, Vgh%gﬁ{oﬂpﬂg,oéteb Ql'tﬁe'r% rgrgly or using a heterobifunctional cross-linker, preferably

SSMCC, thereby permitting the preparation of biomolecule arrays on an otherwise inert

-

substrate.

A primary advantage of the preferred embodiments is that photopatterning of the
substrate can be performed at room temperature and does not require exposure to heat,
electrons, ions, or any other forms of energy that could destroy sensitive biological
samples. The photopatterning can be performed at ambient pressures with no vacuum
processing required. The photopatterning is performed using visible light of a moderate
intensity (roughly 2-5 milliwatts per cm?).

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

iodine.



reactions using hydrogen-term nated silicon, carbon, or gernmanium
substrates are used. These reactions require using higher-energy W

radi at i owo 02/e@mpve the termnal hydrogens. However, whePeTwkRé/Fadple is
not adversely affected by UV radiation, the first enbodinent is very
useful in that the substrate need not be treated with bromne or iodine. 5
WO 02/ 20179 PCT/ USO1/ 27431 Another primary advantage of the present
invention is that it can be used to form highly-ordered bionol ecul e arrays

of defined surfac nsit i ncl udi ng,oligonucleotid rrays n_inert,
"o gant o unox: dRBLRe b ab@ntig BEE PR e oL 456 b et B an
i nvention i Slﬁ%}hy%rdebé%i BitmbREfle d8API dNVdeBhed RirRB® HEEHY Shcliding BEzHuERYtiEAN
easily be controlled and nmani pul ated. Control of surface density is

provi ded i n arweys,faasini iners inargani¢yainbkidized syhstratech, binary mi xtures of the

protected w unsaturated am noal ken nd dodecene ar ilized in an
initial visible I4 ‘?frfgs&’ingtt aedé’fante%%ﬁt TP e Avepten ’ﬁ@?ag?‘hea”ﬁ%ﬁee%‘?mﬁy of
rel ationshi FbiMY%leElﬂbb'sPi@l tRehiBethnt daSily B @nfroB&d ARiNm ';f)Mhte&'.n eRhi#biadRbrface

am noal kene in the binary mxture and the density of oligonucleotide

hybri di zat i ofensittiegrovided intavodashaond: Ithe Gestappreachybisarpotiss ofthe progected

5, L B AU BT R AL =
limting t hecoﬂﬁﬁ@ﬂea&fon@‘fﬂé, %hﬁh@ar%lﬁl@@d@ﬁipiﬂ}z{s?&ﬁd@etwégnitﬂ@ﬂb!ﬁ!f&@ii&ﬂ@f ®-

attachnent. Another advantage of the invéention is the stability of the
arrays. QO i gowatotaet aténoaltkené fin gble dinatyacestufeo and dhaitdehdityi of) olignmupleetidmt
invention are extrenely s | e an erfagrm. well .in hybr.i di zati on
nosays.  ThedBbatiRteths: bPe Senl aPiiapdneny HosigbpabePripis sFaipsaft ot os
for surface JARn&] fbhahd ARaRImOIESPRIBSr RO LEERS by Tndhily B GnRGUSWE] fRYRe as
well as a route for the coupling of bionoleculaf recognition elenents to
seni conduct ofepnee@ionatectid@y therchy tlinitigg dbe tnuaibenfoft svailatd e shinding fsiteh dor

bi onol ecul es_wi t hin npdi.fied surface or array, the invention described
herein al so %@?H?@?ﬁ@%ﬁp?ﬂFm%W t he hydrophobicity and conconitant wetting

charact eri sti oS okndiigr dsitEAdeRRAd iARAISH I RARADIES LIMBLHEs. BicBRAIARMlde-

surfaces, an inportant aspect 1 n preparing reproducible and well-defined
bi onol ecul e modified surfaces formed utilizing the present invention are extremely stable and perform

well in DNA hybridization assays. These surfaces provide an alternative to gold or glass
substrates for surface immobilization of oligonucleotides in nucleic acid arrays, as well as
aroute for the coupling of biomolecular recognition elements to semiconductor materials.

By permitting control of the density of the biomolecules within a modified surface
or array, the invention described herein also permits control of the hydrophobicity and
concomitant wetting characteristics of the functionalized silicon, germanium, or carbon
surfaces, an important aspect in preparing reproducible and well-defined biomolecule

arrays.

BRIEF DESCRIPTION OF THE FIGURES

Fig. 1A: Reaction scheme for immobilization of DNA on an amine-modified

silicon (001) wafer. A layer of t-BOC-protected 10-aminodec-1-ene was bound to the
surface by applying a thin layer of the protected amine to the wafer and exposing it to
ultraviolet light from a low pressure mercury vapor lamp. Deprotection was accomplished

by treating the surface with 25% TFA in CH,CI, for 1 hour followed by a 5 minute rinse
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arrays. BRI EF DESCRI PTION OF THE FIGURES Fig. | A: Reaction schene for

i mobi lization of DNA on an am ne-nodified silicon (001) wafer. A |ayer of
t - BOC- pr sov@o2/a2d74.0- am nodec-| -ene was bound to the surfareT/bgoiypdlyi ng a
thin layer of the protected amne to the wafer and exposing it to
ultraviolet light froma | ow pressure nercury vapor |anp. Deprotectionwas
acconplished by treating the surface with 25% TFA in CH2Cl12 for 1 hour
followed by a 5 minute rinse 6 WO 02/20179 PCT/US01/ 27431 in 10% NHAOH.
The cross-1i;nkes, SENVGE %Mqﬁképsﬁmcﬁwasfﬁﬁed tdMife, aﬁz{ce wh%wﬁbohﬁdt he
free am nes through an N-hydroxysuccinimdyl ester. Thiol DNA was then
bound to the thefred amides thrawgbsind¥-hydrexyBsMbEmidsil gster] FEhiddREA ivan tisptbomad f or

i rmobi | i zati on, of PNA on_an ani.ne: jfied silicon (001) wafer. A l|ayer of
t - BOC- pr ot eciPdhe e&?ﬁﬁﬁ&%@sp?]gﬁgsﬁgbbound to the iodine-terninated
silicon surface by appl W dAgtch F&ieﬂle't%i/ GhmBbilikdAenSFDRAL Sl 1R ThfitR-0ditiBE

waf er and exposing | t tovisib I'tght froman argon | aser. Deprotection

was acconpl i slived (0®b) wafeat Adgyet bet-BOG- pmeeom'dt H-26odéAl iene Gl Bd@df torthd  hour

fol | owed by 5 minyte se i 0% NH4CH. cro i nker , SSMCC S
oea"T e+ dodine fermuteq. e, s Bot BL AP e HHE L B HEScHh POUGoMRe

N- hydr oxysu e
oroups of e S T A e e B b

t he t- BOC- printeetieg thsurfaoe wohi@6%d Tiehe CHyGIbidrilzedr futlowved by kSaninstehstse at e
§F;2t rent 1 rina8hs WEROFD T Gptsrimies SoMBis Wt 'e%&ﬁa%éu b, POEPRLSOMhe.

NH3" and th eﬂﬁg’ 400. 2
eV, respect |et\(/)§ éf/ﬁ@éAan}%r glgoe \t%lglt}pﬁ§&o eelrzlaftﬁr ea};l ﬁerp %{I(V?'I‘zéghwf%g? Pg%ved by

a five-m nutte the nakirmide E096phlidd tid SIMGE. onl y one peak at 400.3 eV (Fig.

2c). This indicates the NH3'" nitrogens have been conpl etely deprotqnated.
The carbon spect¥igh & thrpugh 280X-Fyg Eﬁgeﬂtraﬂf'l?@t@%g TgBéerfﬁﬁc BQIQ at

285 eV (Fig. %rﬁlq%) ec-f%ﬁ% ?ﬁlﬁzetdhgn Rulifof ARAIR (g, ‘QQJ lTh@%u@oééﬁask')e&}un%BQ 7

eV assi gned e car
shows a single peak at 400.5 eV. After treatment in 25% TFA for 1 hour (Fig. 2b), two

peaks are recorded. The NH," and the primary amine have been assigned the peaks at
401.9 and 400.2 eV, respectively. A surface that has been treated with 25% TFA
followed by a five-minute rinse in 10% NH,OH shows only one peak at 400.3 eV (Fig.
2¢). This indicates the NH," nitrogens have been completely deprotonated. The carbon
spectrum of the t-BOC-protected amine shows a strong peak at 285 eV (Fig. 2d)
assigned to the bulk carbons, as well as a peak at 289.7 eV assigned to the carbonyl
carbon of the t-BOC group. The carbonyl peak is reduced by approximately 70% after
deprotection with TFA (Fig. 2e) and NH,OH (Fig. 2f). The shoulder at 287.2 eV has
been attributed to the t-butyl carbon.

Figs 3a through 3c: Tmages 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).



carbon of the t-BOC group. The carbonyl peak is reduced by approxi mately
70% after deprotection wwth TFA (Fig. 2e) and NHAOH (Fig. 2t). The

shoul der va0 028172 eV has been attributed to the t-butyl parweew27ki1gs 3a

t hrough 3c: I nmages of DNA nodified silicon obtained using a Ml ecul ar

Dynam cs "Fl uorl mager"-brand fl uorescent inmaging device. Two different
oligo- nucleotides are attached to the surface in two spots approximately 2
mmin dianeter. Hybridization with the fluorescent conplement of the upper

spot shows the expect .38 natur at nd h brld ion to
the | ower spot a@g ﬁg\&pﬂqggra&ggﬁgél{x %L}bsﬁﬁqe O%(E%aﬂlpies%fﬁ (flmPﬁl?Ib and
hybri di zati qtavh bhurddetei® iRl Ssté drowyss toRAtidHisPREBInkRdRBIcH subdirheed

(Fig. 3c). 7 WD 02/ 20179 PCT/ US01/ 27431 Fig. 3d: A photograph of the
substrate of Exarffiget:2Cartradof pllrgﬁmuclmudealpnwusmgbma/omxhn@ﬁﬁé@mm@cac| d

met hyl ester t.o_an ine-termn ilicon subst

Cont ol “of - o Pisal otent MhES bR iR el ot frRe SRl TG Srosireflance..
1-ene and doglgr&ie-1-Mebid epde@nt avBiengitsbhéd abemt Ref6&NL3AeSvidble light.

t - BOC- protected 10- am nodec-1-ene and dodecene were attached to the

surfaces us |Ihgﬁrvllesﬂ1¢11 and| addition of BEMICKT erst thishDadfodldvied by hytsidizgtienaith e

thiol DNA foll owed. b bri atl the f.l.uores

1| owed Tor TSR RemPIRb TR 1or Baptcelon o S STBl A PR ARprahp is
observed betyggRed B&vfebﬂﬂfe%@%@&&lé blgfmlob&mealaﬂ@% dnh 6 REHE BRdched tam ne
attached to the surface (y= 0.0081x+ 0.1664; W-0.9045). Fig. 5: Control of

ol i gonucl eotthdslrwnéyﬂp 8w rist. l@ﬁ‘ledizb“yOé‘Qﬁ)‘ijm ng surfaces prepared
according to the on t.o dep i on i,itions.for differing
angt hs. of 11 me. 188 Paesthy pEop PR B R £ RPCTP S ng
thiol DNA. ﬂf@ﬁfrédﬂ hédo'i‘&ing"'té ind ProsédtURVHRE6R '1‘6 d‘éﬁx@@écﬁﬁﬁ r&bn(ﬁlﬁblllsoﬂﬁchlﬁt‘n 9' ng
on a "Fluorl'mager"- brand i maging device all for quantification o

signal . Ex pdsmgtm chbmiéF/Surrﬁlpﬂ:sd’Vqre dcm‘p’reotedcﬁ)sn mbélﬁed B@&Mﬁme@lthlol DNA.

10- am nodec- e nol e | eI d am Ei 6.t ability of
311 con sur 1R, A e Jrracamaltiont FoBrL DY dingion g paotase
ol i gonucl eOtBrQrﬁﬁma% dEordk Eﬂcﬁ%cﬁfok hﬁ%ﬁéﬁ[&n@ﬁ%ﬁe 4Bl PRSRBFAE TAOCRDIY tO

t he present
deprotects the t~-BOC-modified 10-aminodec-1-ene molecules to yield surface amines.

Fig. 6: Stability of silicon surfaces covalently modified with fluorescently-tagged
oligonucleotides. DNA-modified silicon surfaces were prepared according to the present
invention using 3’ thiol DNA with fluorescein on the 5’end. The surfaces were stored
overnight in HB then scanned with a “FluorImager”-brand imaging device. Hourly scans
recorded the surface fluorescence intensity. The observed fluorescence signal is stable
throughout the experiment (y = -0.0041x + 0.9395).

Fig. 7: Stability of surfaces prepared according to the invention during 15
hybridization and denaturation cycles. The measured fluorescence signal from both the
hybridized DNA and the fluorescein tagged DNA decreases by approximately 1% with
each hybridization cycle. The surfaces were also imaged after each denaturation step to
demonstrate the complete removal of the fluorescent complement. No fluorescence signal
from the complement was observed after denaturation. (hybridized DNA signal, y =
-0.0097x + 1.0059; fluorescein tagged DNA; y = -0.0113x + 1.0241).



invention using 3 thiol DNA wth fluorescein on the 5 end. The surfaces
were stored overnight in BB then scanned with a "Fluorl mager"-brand

i magi ng deeoovwanl7Hourly scans recorded the surface fl uor eBCEUSE/A7TMIlENSItY.
The observed fluorescence signal is stable throughout the experinent (y =
-0.0041x + 0.9395). Fig. 7: Stability of surfaces prepared according to the
i nvention during 15 hybridization and denaturation cycles. The neasured
fluorescence signal fromboth the hybridized DNA and the fluorescein

tagged DNA decreases bYDE@E@b@@:K]P%N OPF TEERRRVEXHRTOf zation cycle.
The surfaces were al so Tnmage er eac enaturation step to denonstrate
t he conpl et AAblwewiatdionsf t he fl uorescent conpl enent. No fl uorescence signal

fromthe conple t s pbserved after denaturation. (hybridized DNA
S onal oy o O B A B st e U IR URte. G 01 13 +
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| N\VENTI ON  Abbrevi ations: The fol o ng abbreviatlons aré use ughout

t he speci fi catriesponding dAlayhgfwips. = C2- C24 |inear, branched, or cyclic al kane,
and, where approprjate, corresponding alkyl groups. "Al kene(s)" and

"a- Al kene(s)" = C3kone(s) “ABaro-Alkeneiad Con +lioga) ‘anchedgyclisaikeue. gpono-

pol y-unsat ur at ey tr I i B

appropri at e,& @% r gésag%r%{ fihégg?sr k@%”ysf‘“‘g:??g%@ta{ ﬁﬁéﬁ%ﬁfg%féd’i S Ah aﬁﬁ%@ﬁgehavi ng
one unsat ur ator@sporidivgf alkangbgloupat Anr-dlledneds pii ekent haiingrodeaunzatnedtioapthbon
atom of the nol ecul e. "Bionol ecule" = an)é nol ecultg found in biol ogical
material, exXprFavEtonbsmgpacsey at afierming caoppatogyok the melgcalee aci ds, prot ei ns,
pepti des, anti bodi S = i pids,
Bro. | and modi 1 ediamgRARER eyttt Polnd SIRGRGT nhuaE biRefty AERURL

bi onol ecul esbuantt riggicsdbicn antleibi 2003 pestbias . pépfides ankibodkies, "enzyrAeyy cellewaltal
cross-1linking reagent having two reactive nojeties available for formng

i nt er nol ecul WMR9BAMS suchps phogphelinids, iette andmadified and pynsheticfarmgihgareof such

different.

as labeled biomolecules and recombinant biomolecules.

“Cross-linker” = Any chemical cross-linking reagent having two reactive moieties
available for forming intermolecular bonds; the two reactive moieties may be the same
or different.

“Fmoc” = 9-fluorenylmethoxycarbonyl.

“HB” =Hybridization buffer; synonymous with 2"SSPE/0.2% SDS buffer (20 mM
NaH,PO,, 300 mM NaCl, 2 mM EDTA, and 7 mM sodium dodecyl sulfate, pH 7.4.) or
any buffer of equivalent functionality.

“Heterobifunctional cross-linker” = Any chemical cross-linking reagent having
two reactive moieties available for forming intermolecular bonds wherein the two reactive
moieties are different from each other.

“Modified alkene” and “w-Modified alkene” = A “modified alkene” is an
alkene modified by the addition of a chemically-reactive moiety such as an amino,
hydroxy, carboxy, or thiol moiety. The reactive moiety may be located anywhere in the
alkene with the exception of an alkenyl carbon. An “w-modified alkene” is an alkene
wherein the reactive moiety is situated on the terminal carbon of the alkene chain.

“Nucleic acid” = deoxyribonucleic acids (DNA), ribonucleic acids (RNA), and

peptide nucleic acids from any source, and modified forms thereof, including, without
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"Frnoc" = 9-fluorenyl met hoxycar bonyl. "HB" =Hybri di zati onbuffer; synonynous
with 2' SSPE/ 0. 2% SDS buffer (20 mM NaH2PO4a 300 mwWad , 2 nM EDTA, and 7
mV sodi uwalezzuayd sul fate, pH 7.4.) or any buffer of equPeBUSHI27431
functionality. "Heterobifunctional cross-linker" = Any chem cal
cross-linking reagent having two reactive noieties available for formng

i nt er nol ecul ar bonds wherein the tvvo reactive noieties are different from
each other. "Modified al kene" and "co-Modified al kene" = A "nodified

al kene" i s Q&uta%bKQ%IéH{%dﬁéa%ﬁv@ﬂuéﬂéﬁceﬁg‘é’cct)'rﬂelef&facﬁls Ghe Eﬂl&éb hotad maditiby e

noi ety such as an am no, hydroxy, carboxy,” or th noiety. The reactive
nmoi ety may be lmcxbmmn(hng/nm@tsesuch as hthiol griugne a/bmihn tage “Budeipnridhinstudas

ot oty i 5 siiHBPAU o IR ol en s oo 46 il S RGN o

aci d" deoxy indRetfi&l KaséthéiSof Was nfonBOBMGhRIH 185 &%esé E?M@%xy l?a@é’s efReptide
nucl ei ¢ acids fromany source, and nodified forms there i n¢l udi ng,

W thout 9 WO 02/ ‘ZDﬁ?@tﬁ@'@rbEﬁ’l#Zl?dl&andl|rm1etatqaparhle b dogiste @déﬂomm:and/e
fluorescent, etc.). nuclei¢c acids, and nucleic acids.npdified. to.include a
bi ndi ng noi efevlog%}&?nagfegcm e tpiarpmgripylatipn el dchemie Al o pites albpigthan

i ncl udes  bahb dbUyvand. %s@?f fé‘éﬁﬁ@@ﬁohﬁ@ére%%ﬁh?&@ aftf Aﬂlﬁus‘iﬁaﬁ@gq{oq bases
A C T, G and U, and nodi baseés thereof, such as nono-

di et hyl at edlrinasghst afi preexting geeps iredules ‘trl%uthyﬂ elotrhylgethylo aq:ﬁtyl_t-hutgh amsylal

noi ety capa

to all ow ma eﬁaﬁéfl ﬁ({){%géeltéelg%@ﬁ{lo%ggﬂ;g&}gm 915 {Cgiyrr?% %Lﬁ ﬁ]'raﬁgt thve site

reactive si ttﬁmaﬁzﬁoﬂoc?ésylpﬁ 6l R AT OURS }ﬁzﬁﬁ e EbbRE Zaﬁlfrobéﬁo?rl
illustrative, non-"limting st” of protec I ng’ groups i ncl'udes nethy
formyl, ethyl- mtmphemrlsplghem,t yII tohmnesxiphonylbqvm;dﬂuotophfaﬂlﬂo rdigheeylyiethyl, 2
N-hydroxysuc nimde, t-hutoxyca nzo enzyl ,

t hi oani zyl , %Illﬁrelé‘?”ég]ﬂiyc i;l EE °r° %"@2 g’il?WY:lar Bonyl ,

2- i trobenz ﬁh%heny 18%9&&&)&%14 taﬁa L@Q%S#é@ Eaﬁnylyl-chmman-@

pent af | uor op enan or obenZyT oxyca
2,4,5-tri chlsmiphphﬁnyl 2- brom)benzyl oxycar bonyl, 9-

f1 uor enyl met hyl ox r bo |, triphenyl methyl

2 2.5 7y8 p en%/arreglsc‘g}\l Q’y ﬁsugglmnnalym -m%l/lelmlgomethyl)-cyclohexane—1 carboxylate.
“tBOC” = tert butoxycarbonyl, a protecting group
“TFA” = trifluoroacetic acid.

“UV?” = ultraviolet

REACTION CHAMBER:

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

chamber for use in the present invention is described in detail in Example 7.
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sul phonyl . "SSMCC' =

sul fosucci ni m dyl 4- N- mal ei m donet hyl ) - cycl ohexane-1| - car boxyl ate. "tBOC' =
tert but oxgozedaonyl, a protecting group "TFA" = trifl uoropCcPUSEl/2A¢31d. " UV
= ultraviolet REACTION CHAMBER In the nmethod described herein, an

co-nodi fied and protected alkene is reacted wth a carbon, silicon, or
germani um substrate to yield an array of protected, co-nodified alkane

nol ecul es coval ently bonded to the substrate. It the first enbodi ment of
the invention, iBeda§sdfifRf ﬁﬁﬁﬁ%&t}% bR RRA{VE thebfod? ROPRBIitiALE dbPY
contacting the al kene with e substrate and then exposing the two to a
sui t abl e waveingnling wlﬁerwhd: ilightt fall‘scnupcmxﬂw;psuéstraé/éllmm r@agtantst;nthe poinpose, any

reaction cha deS| for con hot ol ni.ti a chem cal reactions
e ot 11 iy e ot G S Y A S B 1 HEmG & PSS & o
be fabricat es@rt%e BHH&@%%ﬁgn{eﬁﬂnﬂor@éﬂe ﬁﬁ'ﬂéﬁé&b@ku&é&@@é AdchiticAsS %@%'tﬁe

reaction chanber for use in the present Invention is described in detail

i n Exanpl e 7method Mab)lg/yi&ﬂkﬂs%ﬁe PeSiedpatera 7HGﬂexaB@dﬂameto‘c¢tEtactrpnntug methads i on
of the inventiv d is photoinitiate ntrol.li re the |jght
a1 o upon 1 BaBeireater Ridnb et sl s UsPH AR B efung A e miised 2 be
phot opat t er ngdpe P/ ptt@attmattlt&f e{'autaﬁtyﬂgvf@ o658 Sk BE BF& cfts REAciBh BRfh
surface, although the nmeans to create atterned surface is not critical
so | ong as tdveurrimgtahde sh'wlldedﬂd)gattynel ds t he desired pattern For exanpl e,

m crocont act pr nmet hods., ¢ n &ge us dto yie atterned
surface. Using U\/EJE Rhgtqﬂaﬂgrmqgh C§H foed thesu %ﬁ(ﬁ%’é@eﬂ yomtsﬁ tQPmMOXaRRY i on
through a suibably theRaque mask that prevents reaction from occurring at
t he shi el ded | ocatlons. After photopatterning, the surface of the substrate
is gently rinsed Riwtomtteuengisyof qoersej optiogal é%tteteatitessubﬁtme opsbe exposadita s, of

course, opti entire ubs rate e ex d| atl on
S e aoh BRIV AU topd  CObTE WIS SRR B OTIh G VAR el

modified alkanes. Note that 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.

PREPARING SUBSTRATE SURFACES:

In the preferred embodiment of the invention, a silicon substrate is used. For
purposes of brevity only, the disclosure that follows will assume that a silicon substrate
is used. However, the method functions equally well and in the same fashion using
germanium or carbon as the substrate. A silicon substrate is preferred because of its
ubiquity in the semi-conductor industry.

In the preferred embodiment, silicon wafers are treated similar to the method
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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nodi fied al kanes. Note that the photoreactive noiety is the double bond of
the al kene, which is consuned in the reaction to yield an CSi coval ent
attachnewobmain®e case of a silicon substrate. PREPAR NGPSUBSITRATH
SURFACES: In the preferred enbodi mrent of the invention, a silicon substrate
I's used. For purposes of brevity only, the disclosure that follows wll
assune that a silicon substrate is used. However, the nethod functions
equally well and in the same fashion using gernmanium or carbon as the

substrate. A sili at el r of f e[*Y in the
sem - conduct or m%@g}‘r%;&ﬁﬁ(% tﬁ%?g(géﬁédﬁmm §pﬁ%§ﬂm&?¥ﬁare
treated simlar tBROMINE! ORI TOMNE-TERMINA BEBVSURFAICGE:SOMe

modi fication39, 4i to yield a substrate surface that is termnated with
hydr ogen nol ecul eAfterthesubstrateds tpased toryieldaa dnitig] hydengemréerminatedl syifacs, dke  and

then nmethanqgl [for 5 mnutes. The fers a hen. soaked, i hydr egen

per oxi de- a%%ﬁqggp%qrgrmggqq{e?lgyﬁgﬁFlgarsu Slf%ttenﬁ'trfeage %Hdee}tgc%)r %&eédo\fvg ers are
then brief | yoglh 8ination tRedtyd chémivallyibondéd 16 thesubiteltOgefact ETHE dabe dbhe
silicon atons. 11 WO 02/ 20179 PCT/USO1/ 27431 REPLACI NG HYDROGEN- TERM NATED

SURFACE W THISIBRONI$#ECNiCR qoabindtion PRI aRAmEthaswilk reliebly sgreve hydeogsngtamsat e i s
treated to yield an,initial. hydrogen-term nat surfa -1 h hydr ogen

t oms. may  bar o RR R ateace 40 DORRE e RS Brclitht BF e Mty e o
iodine (or a conitR@pieRiretREILEAINent Sf tBEORRERRIN| the BOMAEeh-tePminBRdSUbE LAt €
surface. This canbe done using any reagent or conbination of reagents that

wi || reli ablvyafersrse eodlpd itoefe b/beneans solutiomte Fplasabes hakegens withdediaa forraepl ace

in their stead,brom ne or .i.ndine atons... R the preferred enbadi f the
nventi on. o Ryb gonerfAitiRe Sy Tk MeafieR) SolsFd -SRRELY VRRh Y

| 2/ benzene s@bittdt®RBudfvel i€ RIndBANIYy NPa¥RFAGEDP subsdtiatd afdldales @he theyBiilbRenzene
solution if bromne is desi red(%ﬁ.d This treatnent yields a surface in which

the subst r atagbosupf gesmahigm) hphdadrip y termanad éaditd orduominesuequleinthaabisaes es

f)lrogrr;[ Egy rr;: Lcl%féfqg %ntc?r%g{iﬁlfég)gfgglih«gid bne?v%elfl%e %%1@1%%9 bichife atmedrtﬁéa g‘u%lstrailtg glinQaece.o '

REACTING MODIFIED ALKENES WITH SUBSTRATE:

Once the substrate surface has been prepared so that the substrate molecules
terminate in either a bromine or an iodine, the prepared substrate is subjected to a
reaction, preferably photoinitiated, wherein the bromine is removed and the substrate
molecules reacted with an alkene group of a modified alkene, thereby yielding a surface
characterized by covalently attached alkyl groups bearing a reactive moiety (or alkenyl
groups if the modified alkene contains more than one unsaturation). As described in full
in the sections that follow, it is preferred that the modified alkene contain a single o-
position double bond and a single @-position chemically-reactive moiety.

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

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

a-alkene is reacted with a carbon, silicon, or germanium substrate to yield an array of
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of any intervening oxygen bond between the iodine or bromne and the
substrate surface. REACTING MODI FI ED ALKENES W TH SUBSTRATE: Once t he
substrat av@or/t@ee has been prepared so that the substrat epaDUSCIA7eH
termnate in either a bromne or an iodine, the prepared substrate is
subjected to a reaction, preferably photoinitiated, wherein the bromne is
renoved and the substrate nolecules reacted with an al kene group of a
nodi fi ed al kene, thereby yielding a surface characterized by covalently

attached al kyl u rkng . a re v r, .alken rau i f the
Todi i od al KERETHS, é‘?l?g%ﬁ%ﬁg‘a’%mﬁ il il §?‘i('0geﬂ)t° “}fss‘%%téaégu Bdeho {ful |
in the sectipgreRrrbdéiat tiod tedWiod He ph@tdmﬁlﬁéted b doith@ingtthealkBid Witlethe albstree
contain a m@gle a- position double bond and a single co-position

chemical | y-r éhquﬁﬁn%ﬂyi twpio aiseitahlesvasictaagtheatiyisitt erbight, aneWmme $14 mm.
of modi 11 ed af"‘({l‘%ﬂgp{lli)gg% %ﬁﬂj a9t1on 'decie@ CEForc nr?mang pfé@%fn&%e% ‘{r;u’?ﬁl?crtheand

t he waf er hen 0 Vi SI pre er apt
vi si bl e | i ghteadtRa®¥RS b hfilizcddiSach reEb@onfd;lﬁhiabﬁ akéd GBI k@dvslotd thé kit ah@sart he
formation of a Si-C bond via a reacti on between the doubl e bond of the

nodi fi ed al Kebrécatesrer nun@aqurﬁr@"@magmrco@a@malﬁunnh@rmst preferred enbodi ment
of the invention,,an co-nodifie d tegt nelsreated vmtha
carbon, silicon, %ercaléseer mrm?nfeﬂ?ﬁl f;l?*%a é)(a ﬁ%ﬁ aﬁg?n(f S]ﬁtlha lﬁde o4 21"

02/ 20179 PC%MSQ&&@zﬁtlater@u@ada%mmlﬁaate@djyfcbﬁrﬂolﬂhgﬁﬁeeﬂi&l@ﬁtﬂa@@m\tﬁé ently
bonded to the substrate. It is nost preferred that this reaction be

phot oi ni t i atswhstiye/eleneachd pejutsnd aiprhnent wpn F@etprhétom%@mcht Bhotamttetrméa is
eXpOSI ng t hep teflev . Fcti 90 %re%fé tS‘Bleef‘n V&asu?g'a %?Tgoughdtée megkéogi (l?fl tinﬁ C} gt)t(egﬁpci e 514

nm For thi¥ pu €, any reaction Sig |ng

phot oi ni ti atsaekaeéwenmaénucaleﬁﬁtdngras tﬁameﬂﬁ)dwehém;z §itlds U6 MesirAGIakier. CRafber s
are well known to the art and can be fabricated or purchased from nmany
comer ci al mpieen%crog@éw pentingemedads pasralest ba weedrtodiield edatiiaedsumflceh t he

i odi ne- d bst hot
cont rof 1§ ng WG B pRHerRE e PYRE aRen3oneA S el Hode AebisBh Ehensc s o
attachnent GaexRfged t@mpmlblen Eﬁ@thrdﬂgﬁtaqrgat -bBddbieNhsk Shat RESeBfs raftibR ioReat € a

patterned surface, althou e nmethod of creating the patterned
occurring at the shie ded locatlons

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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surface is not critical so long as the nethod reliably yields the desired
pattern. For exanple, mcrocontact printing nmethods can al so be used to
yield a paoosearied surface. Using photopatterning, the subeT/U&t783rr f ace,
coated with one or nore nodified al kenes, is exposed to the visible |ight
t hrough a |ight-opaque mask that prevents reaction from occurring at the
shi el ded | ocations. After photopatterning, the surface of the substrate is
gently rinsed to renove any renmining reactants. Photopatterning is, of
course, opti ' | S l'i ght
Co yi ol d a dongye pHiRy SR CHATLITNR STl ARt BRGNS B AhIZ P g

noi eti es. Al d-ercididdaidene. It bemsihipse¢feaedthattht alkenatmybebecani3aind Bdtarbomddng o

yield a desire array of spots wherein each spot ipcludes e sanme or
di f fer ent HEG ﬁﬁé%??%&‘%famaé Or pepRA t«?rﬁur_tahearﬁmﬁﬁ? éger@nﬁga? may
wherein an %a%\kj\rﬁ?%kﬂaﬁ oS BfsandrorP R4 ﬁ{a%‘éflihé/a‘i Ef'ahofegfﬁcg: clid’e doubl e bond

of the al kene, Is consuned I'n the"reaction t an C Si coval ent
attachnent in t helleamedififatmngo thecalkens mikyttreahe ad didbeMilDink nkddetpluidiEeRablés

al kene havin reactive noiety, an referably. a.termnal (that js,

c) - posi ti on)trthezgerplse Ws%sytpyhesmef% tpithe alkere 4478 it ApagHRent e bt

provide a nmeagng.d 0Aﬁh<§t@§§1&1% 'dkﬁrxﬁ{i&{st ARMmodiRL SoH "8 A& r{eg&saﬁ’ﬂfﬁé fo%%t%d%’c” face
t he al kene. e sltuate

after addition of e réactive noiety nmay anywher e
wi t hi n t he nhelpliysad! tatrkianeof tha alkpde, alithcaugh shak ésmphchgaefennd bédautehtmalkts; tiO

02/ 20179 PCT/ USQ1/ 27431  reactiye jety is atifached. at .a term nus of the
al kene, the law%g??éwpseaﬂlyf RGP it PN Sagtion B AHI FAU GRIBFRIS, FTEHOY mich
preferred thakik | : r i - Vv
single unsap g@géttﬁlag’n@lg{é S{i)ifioﬁggg?gﬁ‘i@g& %ﬁtﬁg#}%c%rég%% % t#e ai ﬁ%lﬂ%gr#ﬁ’e&a?kene
may have nuhl-ch@ainmgeromnsat ormehr the,o enbomafiithbelkenséain. br anched, or

cyclic. The nodifjicatiopn to_the, al kene y be the addition of any mgiety
whi ch enables fJPedaBset ‘E)Waﬁ@ﬁ%ﬂqnif?ﬁifé‘ij%lg&tféa%ﬁfeﬁ‘é@éy e Be RIPIEEIFH SBFRE Y i ¢ s

attachment tg, hﬂg r&HiSH GAhE alk%flﬁf \fgllﬁﬁ gwl DBstPed eQot 41 fhGivE ‘?ﬁdcﬁﬁf{a i0fneeli 8

nodi fication need not necessar ocated at the physical termnus of
t he al kene, @& ploosctdd, thostevers Foc lbxgmpsé emamyd clrdoryrsentaihingedeespst Wil not be

adversely affected by the preferred photochemistry used to attach the alkene to the

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

the art.
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nodi fication easily available for further reaction. Such nodifications
include, without I|imtation, the addition of an am ne-containing group, a
car boxyl wont/z2i11md ng group, or a thiol-containing group tPCDUSAR3L he co
carbon of the al kene chain. Because the nodification may itself be
reactive, it may need to be protected during the first reaction of the

al kene with the substrate. Not all reactive nodifications need to be

prot ected, however. For exanple, nmany carboxy-containing groups will not be

2l kene 1o the - sctelbat Bk RARA Rt ot B PRELRAOE, |

general , prQireekicd@ldehewitbaGllicyesubiRaielid Satvindn FR) 1! PRrakkenoterd, fgindone
with any type of protecting group suitable for the reactive nodification
chosen. 50 Armeqifigsalicensiy eontpeted with gniiadins-termpingted silicoy supsais and sxpsed taled

in the defini.t.j,on I.n.short,.t.he choj,ce of. rot ecti,n ro used i s
Hependent i NiibiBTEn: ArsEORh Tl e kaOheGetlind AL bl Or BB TAT |
al kene. |f tdwaleBRitC bahdsonith thetufexidizddlkilitaisudbtrate car boxyl group, there may
be no need for a protecting group at all, or a carboxy protecting group
woul d be used. LiQess the prpfectedelleeneibns bean ieacted withahe galistratenthsfprotestiegri no

e “used. YR EnERelPnBind kol ShE i3 Bh R haBRAG hls achep  ©

noi eties, suUgfedfeasid8iupén theayRonNproRithg! stoe) cHdsbe t SiNFhdthoRDf degrBtekfigwn t o
the art. Many are quite hydrophobic. For_ anino-term nated al kenes, t-BOC

i s nost pr efase well knewmchose ia theastmitnr thet-BOCanplesting growp tiregtment vilh. B\ Ot her
acid-labile prot ecthi ngﬂgrtoups are known t? the art.. 14 \WO 02/ 20179

PCT/ US01/ 27431°VEF PIUST P&t OF é’?é?igr"éea& VEPPRBY AR #8PBd reaction of an
am no- nodi fi ed, tFHRGreRirRdembekicd hikene foM dsh iR tikd Ink&RionSy BA ld-ahRolG,-e)jown in
Fig. 1. Here, the protected, am no- nodified al kene is contacted wth an

i odi ne-t er mi aliganedhaying xgngle ghwsataragonristesight sheintas cydicslkane being iprefarred; 14

nm This causes the termnal,,doubl e bonds of ..t.h | kene. to. far coval ent
S C bonds wieh: PEA AL AERE FeBRRE BeSbol S tiat SR ABimp b L ebE A Kene
has been reagh&flabiiveht Bﬁaf&?&ﬁﬁrb&tcﬁ%g bifo@p B6odnfied-nlddificd laMdeRss i HBGMY) are
renoved. Renoval can be acconplished chem cally and depends in

ATTACHING MOLECULES TO THE SURFACE-BOUND MOIETY:

Once the substrate surface has been modified to contain a monolayer of reactive
moieties in the form of modified alkanes bound to the surface of the substrate (or alkenes
if the modified alkene contains more than one unsaturation), molecules can then be bound
to the modification by any means known to the art. The molecules can be attached
directly to the modification or via a cross-linker interposed between the modification of
the surface-bound alkane and the incoming molecule to be attached.

Where the modification to the alkene is either a carboxy or amino moiety, well
characterized chemistries widely used in the solid-phase synthesis of polypeptides can be
utilized to link proteins or other carboxy- or amino-group bearing biomolecules directly
to the @-modification of the surface-bound alkane.

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
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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| ar ge measure upon the type of protecting group chosen. Such nethods of
deprotecting are well known to those in the art. For the t-BOC protecting
group, tmeabtmemrowith TFA renoves the protecting group tPCYUSIIR7831r eacti ve
primary am ne group. The preferred nodi.fied al kene for use in the invention
is an wam no-C3-C2a al kene, having a single a unsaturation, a
straight-chain or cyclic al kene being preferred over a branched al kene;
the nost preferred wnodified al kene i s 10-am nodec-1-ene. As noted above,
the preferr edqRrOhSGELABYT AiRutBEe @Jﬂnﬁ%ﬂdﬁ'ﬁg'ﬁdr%la &1@%%11{1&%11‘1 aBtecule
ATTACHI NG MOLECULES TO THE SURFACE- BOUND MO he substrate
surface has lzesng awabdiyenoum sunhnas by reactingovith caqyelohekaraelaEinmr@ thewiconiies i n

t he form of m)dlfle aI%anes bound to the sqcéface of trllje subs %ﬁ%ﬁor

al kenes i f PHEHDHHT LANGERESISMIN STOURATA® £¢iLyAted CAPIRE Bt

mol ecul es cagfp Eliklﬁfé s ﬁth@é?é“ﬂ%pr&ébsﬁ ReepBattidldvERIdV e A0%INEBAR atiiMRidsO t he
art. The nolecul es can bé attached directly to the nodification or via a
cr oss- | i nkerhereytoalyposagle batplieg reactien ivethpiayedita link thé incomegsuoltadeoito el

al kane and the incom agwgol ecule to be attached. Were the nodification to
t he al kene |i%&“¥FTREF® #%oxy or amino noiety, well characterized

cher stries wi delylsgd dfekEie QLS s SYOLIRAE Al mdRL YiigRldida can be
utilized to link protel s or Other carboxy- or am nd-group bearing

bi onol ecul esusdiartetdrbyifunctond dinkemtodirbvidatiliok betfweeh ¢hesmoleade atd thediligdnkane.

ol ccul & 1 0 GEeTBOUHRY TR MEheePEed KD 1 RBb R coSVICt FOLHE: SAEBRET on of

one or more ABLEE NSy Mkfcildide S8rUS wll ab BehiBicaGEBMIciRMdYhoielyd B¢t @i N
i nstances, the noi ety residing at the desired attachnment point nust be

activat ed t cifundiimmlity makas SEMC O peeferr¢dimkendue o g ability ée bing thidlsmydified

02/ 20179 PCT/ UsSQ1/ 27431 d the i ficati n of the surfac ound al kane.
For exanpl e, MHPIGREFS P?@%P%P@g‘ﬁ)gém’sﬁé@r ﬁhélleléfsb%ﬁwndﬂ ﬁ’ﬁga“ LHEHO%s by

reacting w tgﬂe}dﬂéf)}'&éd)ilﬂ@f%’sj ‘f% ReYB! glohﬁi%% #3Hs CH AmadBbaGHER atidb hsifig nd t O

an exposed amno group a e activated carboxy noiety. Wiereas In peptide
synt hesi s, twel-pnooesagénss suelpas-aityletsmercapidhayle2-¢yanaadiay pOEN-dioptopghi no

oo i 1 SRRSO bR BIE YES. S o

diisopropyl) }-phosphoramidite.

Other suitable cross-linking moieties are known for other types of modifications.
For example, diamines, dialdehydes, dicarboxylic acids, amino acids, and the like can be
used as cross-linking agents.

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

bound strands of nucleic acid.
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al kane-covered surface. It is nore preferred, however, to utilize a
cross-linker, and nore preferred still to wuse a heterobifunctional |inker
to provi deoa2tiimk between the nol ecul e and t he al kane- copeT®d01I2ThHL I at e.
The nmost preferred linker is SSMCC. SSMCC contains an am ne- reactive

N- hydroxysucci nimde ester as well as a thiol-reactive naleimde noiety.
This bifunctionality makes S SMCC the preferred linker due to its ability
to bind thiol-nodified nucleic acids to the al kane-nodified substrate.

Such a link is showydn tﬁ?ﬁu%i?#atgegﬁftfai I%Qctfo%t\gial Ashl Ghed a&ﬂn@tﬁ?{eﬁ%‘t@vﬁnd

1B. Thiol nodifications ca 0 nucleic acrds using we

reagent s suchittfthe Srdss-litildr (i amp srakd Rhcionl wiltlarGiesisiag RivldouleNudh 45 4 meRiopy| ) -
phosphoram dite and 1-0-di met hyl oxytrityl -hexyl-disul fide, 1

' - { ( 2- cyanodCify £3chy Iqagtiongstep swprhepyenitared yrpg i’wﬂm& XPSocpatactsangenbl e
cross- i nki Letjes are known for other types of nodifications. For
exanpl e, di g%a%%,&tegt?’a?tgehydes, di carboxylic acids, am no acids, and the

| i ke can be used as cross-linking agents. To attach nucleic acids to the
nodi fied, substrate-bound noieties, the deprotected surface is contacted

with S SMCC for XA PHOTOEIIETRON (XBY MYASUREMBNYStcci ni mi de  ester

portion of the S-al I 1.t h r i | referably a

am no group) of ?@ng"ﬁ&ﬁ gﬁ?(%(%\r%é_ctn?%go%g u@gér)a%’gs {Elsghglterxnﬁ §nrérﬁseggedt % enove
unreact ed SI¥pfotectdttsure&EEnvadiré iredxetsideplotection.t Xaty pracéledrot spbetra
thiol-nodified nucleic acid to form nucleic acid surfaces or arrays on a

silicon subsfitd&QC-protectadd Paininedsrd-ensdiotnd tp & gilier substratieare phoywrr ind&gd wi t h

di stilled tored at 37 C i.n.BB - i i calyl ¥ Joound
atrands of | Atcir BriegbGet it Gura ek IER S A9 SRt o tr o
quality of the1hshd gm@. RBRGVoPRaNd 418 rédoRddiD dltlel 19H, ‘2 QRE prikhE; dfiAEhb@N Wi th

the cross-linker (if any), or the reaction with an incom ng nol ecul e such
as a nucl ei deemaistgned Hehpaakaat 40P srkfdhgVheespeshivelyr ol sugaaeghFNIapF PEgRAS,

XPS, cont act, ANG'\Gin SRASHL IRt b5 aSive Xt rinss Ih10% NELOM SHowd only one

MEASUREMENT ¢
peak at 400.3 eV (Fig. 2c). This indicates the NH," nitrogens have been completely

deprotonated. The carbon spectrum of the t-BOC-protected amine shows a strong peak
at 285 eV (Fig. 2d) assigned to the bulk carbons, as well as a peak at 289.7 eV assigned
to the carbonyl carbon of the t-BOC group. The carbonyl peak is reduced by
approximately 70% after deprotection with TFA (Fig. 2e) and NH,OH (Fig. 2f). The
shoulder at 287.2 eV has been attributed to the t-butyl carbon.

Regrettably, the nitrogen 1s peak ofthe t-BOC protected surfaceis nearly identical
to that of the nitrogen peak on the primary amine surface (see Figs. 2a and 2¢). XPS of
the amine salt, taken before rinsing in ammonium hydroxide, clearly shows two nitrogen
peaks (Fig. 2b). A peak at 401.9 eV binding energy is thought to represent the NH,*
while a peak at 400.2 eV is assigned to the primary amine nitrogens. It is interesting to
note that the nitrogens do not become completely protonated after exposure to the TFA
solution. After rinsing in ammonium hydroxide a single peak at 400.3 eV appears (Fig.
2¢). The carbon 1s spectrum of the protected surface shows a peak at 289.7 eV assigned
to the carbonyl carbon of the t-BOC group (Fig. 2d). This peak is dramatically reduced
using the deprotection conditions, indicating that most of the t-BOC groups have been

removed (Figs. 2e and 2f). Peak fitting using IGOR indicates approximately 70% of the
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X-ray phot oel ectron spectroscopy (XPS) was performed on protected and
deprotected surfaces to neasure the extent of deprotection. X-ray

phot oel eswvoom@Epectra of t-BOC protected 10-am nodec-| - ereToumRi4310 a
silicon substrate are shown in Fig. 2a. The nitrogen spectrum shows a
single peak at 400.5 eV. After treatnent in 25% TFA for 1 hour (Fig. 2b),
two peaks are recorded. The NH3' and the prinmary am ne have been assigned
t he peaks at 401.9 and 400.2 eV, respectively. A surface that has been

treated wt % TFA fol |l awed by a.five- m i,nse in_109 hows
only one pg[ééég;gr 0% @a"se?ef’%f“g‘?{""fé) .Iyglmq%&:g%lgf){:eg’t %%W?‘ﬁeé’ %%ﬁ?ﬁ‘ %55?15
have been caospliet gdays cotd balybradstflated ae € tHRAM 8 RRBUALGA @for taldciated with

t- BOC-protected am ne shows a strong peak at 285 eV (Fig. 2d) assigned to

the bul k cartbefigingagaremetersaniingeiak the depgotegtian consgiopn derough incrasisgribony |
carbon of the_ t-B ... The car K is I . r oxi mat el
U aft or CEPBERLrs Sk BoncEREy Rl RRMMbe BPARGH G, i BHHP SRR o RPT DT MR €1Y

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 nearly
identical to thdtONTAGE AN ATEREMENES: pri mary ani ne surface (see
Figs. 2a and 2c).~XPS.of . the am ne tq take e i NS} I ni um
hydr oxi de, clearl o%%cé\ﬁgglfewernei ke ?aglérgﬁ%rpfggI%%Ilfa(cl%iagyg%&%.S{aﬁe%gg(%p gc?[e% 19 eV
bi ndi ng energy is thought to represent the NH3'" while a peak at 400.2 eV
is assigned to the primary amne nitrogens. It is interesting to note that
t he nitrogenkablfol not becone conpletely protonated after exposure to the TFA
sol uti on. Affter—rrasthag—t+r—ammontumhydrgxide—a—stngte—peak—at—406—S—=¢V
appears (Fi .SUREACEThe carbon 1 s spect r(UPONTAGE ANGIEN ed surface $hows
a peak at 28977 eV assi gneq TO the carpbgnyl— car bon of_the t-BOC group
(Fig. 2d). THROpaurterted@mittati cal |y redyced using t A8 ldepr ot ection
condi tions, [i cating that nost of the t[-BOC groups ve been renoved
(Figs. 2e ardﬂgﬁ"ﬁea‘i@aak fitting using | GIR indicates ggﬁr oximately 70% of
the 17 WO Q24 71%HP(§i_Fl/_th 27431 t-BOG groups have-pegen removed. |t
shoul d be nd ; ; lhese—snaller—peaks—could—only be
estimted due to the | arge amount of error associated with the fitting

parameters. Qptimgi tr:'ﬁOU}ﬁo%%féﬁ%hﬁr?et\ivgﬂhg R ﬁ}jd%]ﬁlobf&.r ‘U‘bg)g ekﬂ&sﬁ?eat%iﬁgﬁ the

trifluoroacetic acid for one hour the contact angles became smaller, consistent with the

behavior expected from the hydrophilic surface associated with the protonated amine salt.
Rinsing the surface further in 10% ammonium hydroxide removed the salt and produced
the primary amine surface, which was evidenced by an increase in the contact angle

measurements.

SPECIFIC HYBRIDIZATION:

As described in the Examples, amine-modified surfaces were employed as
substrates 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 ofthe immobilized oligonucleotides was placed on the surface and
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tenperature, TFA concentration, and tine of reaction yielded simlar
results. CONTACT ANGLE MEASUREMENTS:. Contact angles were neasured for the
surface av0ovari10us stages of deprotection. Table 1 SURFABEI/CONRAGH ANGLE O
t-BOC-protected amne 78.10 TFA-treated 55.40 TFA & NH4OHtreated 76. 80
The t-BOC protected am ne was the nost hydrophobic. Upon exposure to 25%
trifluoroacetic acid for one hour the contact angl es becane snmaller,
consistent with the behavior expect ed fromthe hydrophilic surface

ted t | t f furth i
1006 armoni oty BB Erecte TR Tas Pl o e R ire
surface, WﬂlA?EIn %)&\agg@a@ flidaYin Ehchééﬁﬁ%diﬂ&ubR% the Bdlatéd @igﬁh&‘cleotlde
measur enent s. FI C HYBRI DI ZA described in the Exa

am ne- nodi f iIé@g@gr f(}il@@sng/\meeatmqﬁbny@w élybncbzﬁﬁ@nr afiths theo pltemate gg@cpamnﬁ on of

|l DNA whi.ch h wi t h
per f or mnczrqﬁ% RGeS e SRORE et il SR fingd Suaiyfgn and
different typRguét BbHARREGH S8t BQE MREQCETPRIhLE %Qm@l%m’éﬂtsum%%tizl%?

i odine-term nated sillicon (001) surface (approxXximately 1 cm x

appr oxi mateIlmaglnmwaladbp‘élrSpsrsoassexpsq:tn@(Flgh%C)rret hod descri bed here| n. A
solution of fluorescently | abel ed oligonucleotide conplenentary to one
of the i mobilized oligonucl eotides was placed on the surface and 18 WO

02/20179 PCT/ USOl¢ @RAFOLIDF @Wﬁ@AQEW]@NSﬂI’Y@F K'IQ‘A@EMENWSSIWE‘S | mage

obt ai ned after hybridization and washing. A single spot appears,
i ndi cating succedsdnitol lofithe dinsity obsurfagetatiechmedng stteis al mgonadﬂaatage@éthe

I foll denat ti d hybrid ' t I t
1 or oScent PTEFGBHIEPBBFFiTES LA PFEERLATEe AR yP orPo RO bRy ey A
final denat Lhrs%hg&{hc?é%@idess Llftﬁree%lﬁﬁlfe WS dotleZeppliQftions by P&fuﬂefdleﬁls@ryep%féﬁéﬂ ly

tagged conpl enents, follo
DNA strands others may requlre greater spacing between bound oligonucleotides.

Control of the surface density of attachment points on the substrate surface was
demonstrated in two different ways; 1) by using mixtures of a protected amino-modified
alkene and dodecene during the attachment step; and 2) by controlling the exposure time
of the t-BOC protected amine surface to TFA, thereby limiting the extent of deprotection
of the amine-modified surface.

Control of the number of surface reactive amine sites was demonstrated using
mixtures of t-BOC-protected 10-aminodec-1-ene and dodecene. Dodecene, because it
lacks an o reactive moiety, is unreactive once attached to the silicon surface. Mixtures
containing increasing fractions of t-BOC-protected 10-aminodec-1-ene were applied to
iodine-modified silicon substrates and allowed to react under 514 nm visible light. The
surfaces were then treated as described herein with TFA (to deprotect), SSMCC (a cross-
linker), and DNA. Hybridization with the fluorescent complement and subsequent
quantification of the fluorescence image was done on the surfaces. The plot shown in Fig.
4 shows a linear relationship between the measured fluorescence signal and the fraction
of 10-aminodec-1-ene. This finding clearly demonstrates that the density of surface amine
groups can be readily controlled, which in turn allows for control of the ultimate surface
density of bound oligonucleotides or other biomolecules available for hybridization or

further study.
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i mgi ng reveal ed both spots, as expected (Fig. 3c). CONTROL OF SURFACE
DENSI TY OF ATTACHMENT SITES: Control of the density of surface attachnent
sites i swoOnmpar9 advant age of the present invention becarRe®Ustl/Aah3tons for
control of the density of bound bi onol ecul es such as oligonucl eotides. For
exanple, while sone applications may require densely packed DNA strands,
others may require greater spacing between bound oligonucl eotides. Control
of the surface density of attachnent points on the substrate surface was

d d i i ff o I: ' f. a.nr: d
am no-modi 11 ed . Acaeaeenba RERobhe Mk BTk e B A0,

control ling dohﬁolﬁﬁ%ﬂfé'ékﬁoshfd’f&ne stihdifiially pos¥ectied Qb-aiddibdsnifae tedepkaeetidro  TFA,
thereby limting the extent of deprotection of the am ne-nodified surface.
Control of toeedidanbelo demenptmiedhisappiopsty Sunedae-tarmingtegadican sefases weed

SN o X LR Lo don B 1RE SRER GATLBBEC G sklE18MhANARSSRE . The

Dodecene, because w reactive noi nreacti ve on

attached to suffecesier&den skiidsaC®. 2M TFAIFBS0, 2¢ O5\laatl B0 AGmite 'R Shifigbet tvaed | ons
of t-BOC-protected 10-ani nodec-|-ene were applied to _iodine-nodified

si |i con subghemteedified vaith SWMCEo and 2% 1thighBNA 5md  hyhridizedpbwith| flegrescerhe

surfaces were then treated as;described herein with TEA ({0 deprotest),
SSNOC. (a or GOuPaTenk o Pt Sn 8 PIGRRE Pl rearates plapithiol reos e SRRicR ke

conpl enent  aishuntl BSMEBIEIREncedH@iBlrell | depbhddbnGhe HR JIfleMPIsBRCONRSIdPIBE@ELHNAS
done on the surfaces. The plot shown in Fig. 4 shows a |inear relationship

bet ween t he agests UPepgotettien ecsoesrepidlyi uprial abantl minvtesaaftexpesuretime,it avhiciodec-

| -ene. This_findi | ear denonstrates tha he. densi ty of surf.ace am ne
gr oups. can O 7e RO eRERTRTR DB AL CARrURE N BrONR (he
ul'timate surhiaGs yReRSlEMIyGhorekes dnds G0MIABIeTHY tedaforor ot her Dbi onol ecul es
avai l abl e for hybridization or further study. 19 WO 02/ 20179

PCT/ US01/ 27431 An alternate nethod of controlling the density of surface

attachnent sites&?ﬁggbﬁ§ﬁ¥pontrolIing t he exposure tine ofthe initially
protected, co-no face to deprotection conditions. To denonstrate

this approach, f oA inhRHaAEpdrAhSAGHBSDNA-hoaFed WlitAERE08Y S their stability to
the conditions employed for biochemical procedures such as nucleic acid hybridization and
enzymatic manipulation. Two experiments were performed to evaluate the stability of the
DNA-modified surfaces. The stability of the bonds linking a DNA oligonucleotide
covalently to the surface was evaluated by means of a fluorescent tag covalently attached
to the oligonucleotide (SEQ. ID. NO:3); the surface was incubated in HB overnight and
the surface fluorescence was measured repeatedly (see Fig. 6). No significant decrease
in the fluorescence intensity was observed, indicating that the DNA-surface linkage was
stable under the conditions examined.
In a second experiment, a surface modified with fluorescein labeled DNA (SEQ.
ID. NO:3) in one area and non-labeled DNA (SEQ. ID. NO:1) in another was hybridized
repeatedly with the fluorescent complement of SEQ. ID. NO:1. The measured
fluorescence intensity of SEQ. ID. NO:3 was typically two thirds that of SEQ. ID. NO:1
hybridized to its fluorescent complement. The normalized data show both signals decay
at essentially identical rates (Fig. 7). The fluorescence intensity after 15 cycles decays to
approximately 85% of the initial value. This corresponds to a loss of approximately 1%

per cycle. This stability is superior to previously published results using a non-covalent
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reacted according to the invention with t-BOC protected 10-am nodec-1 -ene.
The surfaces were then exposed to 25% TFA for 0, 2, 15, and 60 m nutes.
The surf aves2/2are then nodified with SSMCC and 5' -t hi ol - BNWUseId7M31br i di zed
with fluorescent conplenent. Fig. 5is a plot of the fluorescence signals
of each of these surfaces. The anount of fluorescence neasured depends on
the time of exposure to the deprotecting agent. Deprotection occurs
rapidly up to about 15 minutes of exposure tinme, at which point nost of

the t-BOC groups have been renoye nti-nyi ng.the deprotecti.qn for. 60

i nut s yi S ULRG A GHETO RS e hoRe RS Ay AT AT EfER BlidbligRet Shag L 7v.
An i nport antsuﬁadfeaqu@kcéﬁ&g%dm%n&ibﬁdx}ﬁbik Efdéﬂerﬁ@fabﬂi@;eﬁndeﬁtﬂehﬁira e
stability to the conditions enployed for biochem cal procedures such as

nucl ei ¢ aci dndpbridizationiconditions enepioyadat i ¢ mani pul ati on. Two experinents
were perforned to evaluate the stability of the DNA-nodified surfaces. The
stability of the bonds |inking a DNA oligonucleotide covalently to the
surface was eval uated by neans of a flkxxveeesnt tag covalently attached to
the ol igonucleotide (SEQ ID. NO 3); the surface was incubated in BB

overni ght and t Hhesinlioades fHxgmples caraciaclndes welgbutedreedreat mary coppleiF g.
6). No signifi.cant .decr.ease j.n the fluorescence i.ntepnsit S, 0bser ved,

i ndi cating tlﬂlg?rs{]aﬂgmg)ﬂg- dpyedden fhisﬁﬁ%leéiea 1 (fl?:\eﬂ?lg' Eﬁﬁgfé/rpﬂgs oo%%ﬁwgns
exam ned. |rth@sc§>96%%e&>fﬂﬁa‘y bfRtattached WABER 4 Bhshiodd with fl uorescein

| abel ed DNA (SEQ ID. NO3) in one area and non-| abeled DNA (SEQ ID. NO
1) in another was hybridized repeatedly with the fluorescent conpl enent of

SEQ ID. NO,l. The sured uarescence intensit f SEQ 1. NO 3 was
typically tv%xat“H;iF SSK?_%:SF“'SPt %}E%rﬁflﬂo%%‘%ce%y%ﬁl%g}%éﬁﬂf‘g“%eg ﬁlf%‘r’ escent
conpl enent. The naiREtaafik, d3MlidosamurRe Was estedinithdETAM a tonz@R$6RtibALL Y
identical rates (Fig. 7). The fl uorescence intensi ty after 15 cycl es decays

to approxi rediat,ps §89sikdd abhee fonthepadferved ambodimgng, te pieldaspisaasbsisatg whess  of
appr oxi mat el % _ per cycle. .Thi. tahility is superior to previously
publ i shed réﬁ‘ﬂ%?%wg%ﬁeﬁa‘?(‘ateﬁ%&%%sb&ﬁ?& 20" WD 02/ 20179 PCT/ US01/ 27431
surf ag e azj t aPPfTerFerﬂlﬁtﬁ'Hb&Edle)é-l‘léﬁe Waesppliewustd apnarslifleaeeshd airfack tthe
unoxi di zed silicon

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 o-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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surfaces nodified according to the invention exhibit excellent stability
under the storage and hybridization conditions enpl oyed. EXAMPLES The

fol | ow ngv@rzaemies are included solely to provide a nore POWPB@27431

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 clains in any
fashion. Exanple 1: Attachnent of Perfi uorooctadecene to |odine-Term nated
Silicon: In this exanple, a silicon substrate was treated with HF and a
benzylic sol yiq fadi0dl rdapedaghq .

enbodi nent , %gbﬁ%dm%&g?Fiﬂgg%ﬁipﬁg?%&a{gQMOs eﬁgg}{ljdr%? éﬁ:egﬁnmﬁli’q{lﬁarﬁ%?gsd W th
Si - Br bonds. geRty tashedo At thiimintlia the expraineap phd ibamiasted and wpllwhindted poions t he

surface of the, sybstrate, The at.ed surface. t dt i sibl
i aht - at 5104 RitaR roRgteefbeitnebihe i e e BAP RS wy v ' ©
appr oxi mat el .20, fi.Ldd ?Hﬁfoﬁéceﬂ@f%ﬁ%o%ﬂaﬁcsmbﬁcﬁl%{al tg\elvg%tn@_sgrﬂg_g RéasPhielper gy

generated by a laser pointer. e reaction was Vi ray
phot oel ect r dmnsjpeecitin psiasghym bputoxitet(e base) ta hplrdiysathp esteatecgeld fhe dvad Sirml  peak

fromthe starting.spectrum.and the appearance.of a fl uori.ne ak in the

surface conpls FPGHR Soaplal Goteyed ACtORbBabedraiaet DT O fiecBiirath dnd

exposure (3 @ﬂmﬁbi& Q&aﬁof 'i? %@%&Li%ixﬁddg&ﬁeﬁsearﬁgs WBhAEEE VRS tBe
ppear a fl a

conconi t ant ance o uori ne pea the perfluorooctadecene
attached t o urecydeni¢ acié nethyl heesinlfac bondachistthatiefacCoh thecubgrape pndrémther  r un

in the dark showed no, significa ttachment. of the perfluoro ¢ ound to
the substr at?‘ét tﬁ%@?%@Ste%R%‘BPQP t%\_e g@%ﬁﬁﬁ‘i‘?@ﬁ H‘i"h@g‘i%mé’ ei’)ﬁ(&@%ﬁ@%@ﬂ%\ci d
Met hyl- Est ergo libidddies Isgﬁa&rbﬁtgéjgdggﬁ%tgrm nated silicon substrate was
prepared in the same. fashion as in Exanple 1. A thin layer of

w- undecyl enic acid nmethyl ester was coated onto the substrate surface. A
smal | region_of the coated, sybstrate was then exposed to 514 nm | aser

light in thefxampledsSyntiesiyofligopyglsptides: (2 hours), while the reminder of

the 21 WO 02/201 Fa sgm g@sbgn%ge@n%{ iwandr k@idcohdin t he

dark. After the phot §gdrng§@§r{é%%, %\Eeﬁee am:?Fié wa sitg ©
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 oligonuclebtides 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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gently washed. At this point in the experinment, the illum nated and

uni |l um nated portions of the substrate could be readily distinguished by
sight (see0b/gn178d). The sanple was then i nmersed in dodRCEUS01(2T431

hydr ophobi ¢ nol ecul e) and the entire sanple was briefly imrersed in

pot assium t-butoxide (a base) to hydrolyze the ester to yield the acid
form The resulting sanple displayed wetting in the irradi ated portions of
the substrate and hydrophobic behavior in the non-irradi ated portions.

Thi s denonstr ha he decyl eni. i thvl ester | nded to
The surtane. bRhEAN Ofbet G, R RSN Hifled e ERiolos i3k SForblReleSbedt g ™ |
t he bonded npl gtddliass @t GledRese @R ¥etandiputified bydetasdil pitise HRECRutteciihag from

the surface of the substrate. Exanple 3: Synthesis of QO igonucleotides: All
ol i gonucl eot Bidisnhelptony fihgeld nteepriplemenss wiers, purgiadyinghe ygme gipaner. Other

Bi ot echnol og r [ S e i . gonucl eot: | des
were enpl oygegg%lg% %te %eeol@}é?rpﬁ%%%vﬁﬁ%ﬁ@l?egﬁ ?aév-%g% é)lta ?{%m‘g%ué{o%’i\geg&%bn lgnéésg
attached to bierwitd Acte€and @0ds Allo@en udodedend e®- @it @yehiciide yoaluntlazA@d, i on

to the surface, Aigonucleotides to be attached to the surface were
t hi ol - nodi f i EHflugroaspliheacid HAFBY), elirdertrbpiyly diprsbensigeltcras Orpaniss,- Janssansi er

gl ont e, ERHCGReaRa Fe ZR0SREL Beldyn R aldoml bl Bty o

S-S CPG (CBnﬁldiqﬁ%ﬁethB?S@aroﬁs;)a;neaa@ahb@;fylawm\/xw) qPRLR €Rémitsds Reekfrdl nt
in length, conprised of a 15-nmer dT spacer sequence at the 5 end, and a

spef:i fi g 16- Hbnoige cilinene (A1) t wafess (Vingenia Hemiedndueton 1 Frasticksbyig n¥éginia,
5' < HSC6-T15AA T T ' ] .
P e 1 e X Epgpa At S Qe B e S e et b diHinad from 0

TCG AGC TGC éMﬂ@Sf’Bs’yst(e arlbdrod¥®); Bﬂ)assablihs%&@ ID. NO3, "FAM refers to a
fluorescein dye incorporated into the oligonucleotide during synthesis

usi ng the reagent 6- FAM phosphoram dite (Perkin-El mer Biosystens, Foster,

California). Aigonucleotides enployed for hybridization to their

surface-bound conplenments were 16 nt in Il ength and conpl enentary to the 3

16 nt of ei ¥R@mpRE? SynthesNf 10-Rinimbdéc-1-bhe:NO 2. These ol i gonucl eoti des
2

were al so nodified ) » i
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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WO 02/ 20179 PCT/ US01/ 27431 w thFAM onthe 5 end. The thiol-nodified

ol i gonucl eoti des were deprotected according to guidelines fromd en
Resear chwa pzihiand purified by reversed-phase HPLC with aroOT/waey2743r adi ent
elution. The 16 nt conplenents were purified in the sane manner. O her
reagents were obtained fromAldrich Chem cal Conpany, M I|waukee, W sconsin
unl ess otherw se noted and are as follows: 1-dodecene, 10-undecenoyl

chl oride, sodiumazide, trifluoroacetic acid (TFA), di-tert-butyl

di car bonat e S'A% e%&%?a LGS m&%}%&%@%”&gﬁf&%ﬁ'ﬂﬁ%@ {h%a4e%?éh gfgﬁ%éﬁi&u%ﬂ 1

Bel gi um www’a cinrm erm

cycl ohexane- donﬁ@iéﬂdt@)dﬂ@itﬁy £s5BMp&ye dnither ce Chemi cal, Rockford, Illinois),
silicon (001) wafers (Virginia Sem conductor, Fr edri cksburg, Virginia,
www. Vi rgi ni aSem com. Utra pure water used for rinsi ng the wafers was

obt ai ned fr%’n mslhggg gﬁgﬁ@_@%k&g@rﬂgﬂe Massachusetts). Exanple 4:

Synt hesi s of amno | -ene used to nodify the

silicon surfaces tVE@Cer@’éb%fe‘ddl(]-lﬁmiﬁ@d@ 1-¢ad anbrephretiity dadatdimethedst’i an. 47 A
solution of 40.5 of 10- undecenog@ chl oride and tetrabutyl anmoni um

br oni de ( 20POoRtPn vb@e prfed aming £5-30@) fias disselvehinop@ ﬁfaﬂ@ramm thgovesd i n
bat h d |
oo 7o g AR o635 S QLT el Bl 0B7D BAE, |

an ice bat h.addf®alos et 7.18ay oF divesst-biRfDMEMbonuBs BREbIVN ®ea Yévi Millilterd ofOf
wat er, dried over anhydrous magnesium sulfate for 36 hours and filtered.

Tri f | uor oaceshiazofgemd mmaamm)waﬁagﬂ@qeé\fmry90 mifa wtltaﬁteéttmqelvngl Hhanlt ple
mxture was fef l %liég g%{ sectceg%r%a e%t ac\-:,%ge ﬁ{e ?&tme{gnégl%%ﬁ]f%g ?itl Ial arﬂg tlrl

trifluor oaceetﬂ?a ur at ed

aqueous sodldﬂlﬁerbblﬁavéapwfcﬂarytdwpbrdﬁmedTps/aBomgﬂﬂsdthﬁddutaws pm@ﬁe‘dn byt er ed.
The solvent was renoved by rotary evaporation_to yield an oil_ which was

vacuum di st ivMap@m ﬂtﬁtﬂ#ﬂt@ﬁw@ itstdratipias copfimmeddy SBR: dieatiag al\llQéﬂ’Ie%irquﬁﬁgfﬁ etic

resonance c flr tr| r ta d of a
10 nL portio S8° uﬁtw% 11“1?“ ro}?g T}%%ﬁ%“' cf}dac’é@gn%ﬁﬁls e §0m r?l?eum ng for
3 hours in 3@hwetedahe &red %mﬁ@taaasmumtﬁeerdu@nﬁﬁﬁayemm@mar@trmﬂoI (2:5)

solution.48 The free anm ne was extracted twice with 100 nL of ether, which

was again dried over magnesium sulfate and filtered. Renoval of the sol vent
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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23 WO 02/20179 PCT/ US01/ 27431 by rotary evaporati on and vacuum
distillation yielded the desired product. Nuclear confirnmed its identity
as the pweoamine. Exanple 5: Synthesis of t-BOC Protect eBCRuIR0eE7431- BOC
protected 10-am nodec-I|-ene was prepared by standard nethods.49 A portion
of the purified amne (5.11 g) was dissolved in 60 nL of chloroformthat
was added to a solution of 3 g NaHCG3 in 50 nL of water. Sodium chloride
(6.45 g) was added along with 7.18 g of di-tert-butyl dicarbonate

di ssol ved i b Liliters, of L gr.of Thi.s Jn xt.ur s refluxed

for 90 m n glﬁ]g dlféﬁgrtgzcﬁ%) r‘%’%\nm%tgly\?\}i W&Wqﬁ%@?é& %}\]J%‘eﬁp.fwﬁéheclgm&%&a% t}ilfegani C
extracts werBNAmedfial QirfadBowes!i tHen fadel atith dibtillctiarfet Mactérae at 811 ®@forrenoved
by rotary evaporation. The t-BOC-protected product was éurifl ed by vacuum

di still ati ofouind?’ STREOLSA SIS bukkes (2omM Neadd Gy 30RM Neeh2imy BDTH, and

al i quot of | oduet . Wit h m. 25% TFA i n et hyl chloride for 1
hour at roon7’1t @nﬁgélg u&%dec}!le%%%%r ggo?ﬁiﬁ?srl%neateéfmﬂ REE &@%ﬁn@t?@f’gﬁ n8§}' thin

| ayer chr omapedficpiyoukkarmbe 6: Preparation of DNA Modified Surface:
Silicon wafers were prepared for nodification as previously descri bed.
19,41,44 The wafers were briefly exposed to a 2% sol ution of hydrofluoric
acid in wat Xtolh;fgkogcetpo {:ﬁrlrﬁipnlgte the surface atons. The wafers were

t hen i nmedi a éﬁlmfﬁl acea T YhaMPEScti on  chanber, covered with 10-30 ni of

the t-BOC protectm@ dfindei Resetor! theneV medlate@¥Patiol dodsiblelir stvi @yBhdridapht
fromthe UV |lanp for 2 hours. The volune of the t-BOC- protected
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e size of fhe X\@ﬁa%b%r o e, drﬁq‘%?rﬁ%%@&m %%ego. t‘§¥§% gr%ﬁc‘);neﬁﬁl'élggqa§ Elg%e n
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nodi fied sumbassofBisechbMBer. mﬂ@iaﬁ&bﬁﬂbtggﬁgﬁ%ﬁ%dédl toTRUAY fiNBe ebhtRfuhde
followed by a 3 mnute rinse in 10% NH4 to renove the t-BOC protecting

group and f desseghel pirogen gasard deflerelidi hacadn diagneigrand 3Them dalbwith aw 8 smwer e
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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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mal ei m de noiety. The mal ei m de activated surfaces were reacted overni ght
with 0.4-0.8 24 WD 02/20179 PCT/US01/ 27431 nlL droplets of approximtely 1
mM t hi ol wod2/tiled DNA to formthe DNA arrays. The DNA noBCT/Usel/zusif aces
were then rinsed with distilled water and stored at 37°C for 1 hour in

2' SSPE/ 0. 2% SDS buffer (20 mM NaH2PO4, 300 mM NaCl, 2 mM EDTA, and 7 niM
sodi um dodecyl sulfate, pH 7.4, designated herein as "BB") to renpbve non-
specifically bound strands. Exanple 7: Reaction Chanber: The chanber used
for the W rediialied rhikAedd aC\Qﬂﬁf $hgd @he%u%&%%@fecﬁkn rédcifedUmiiRase 11. 5
cmin diameter and 5 cmtall. The interior of the base was mlled to
create a chdftbeddm8ga o iensudé thabtempletiededaturatide bpd béent decomfleshed nSulissquentis

placed in the, .hottomaof this c er. Inlet and outlet ports wer ded to
Bl Fow for ¢ NEUBgREIReErospted saud b reparbyshe Basmsprobrdutin Aleerares Tom i n
di amet er andyngmbdPdeddity etbdrindh cﬁn&t%ﬂatigh@ﬂ?&&'bn@ﬁ%{gggﬁ) p%a%fﬁ@‘ﬂ%#ﬁ@i%& he

m ddl e was manufactured'to fit over the al um num he™8 cm di anet er
hol e was mi | duefdcdsdn sesmall yolntpuaiwatervit 9OMVfor\Viveminates e Mibisettnatared thevduglex t he

lid was secured.and | anp was pl aced over _the chanber.. T | anp was
pur chased fr a@?/‘”@ﬁig?ﬁ%loée COMRISHSEES tebecolertsd éﬁﬂu%ﬁ%}%%ﬁ% a | ow
pressure mercury vapor ozone-producing quartz grid | anp nounted on an

alum num reflector. The intensity of the lanp at 15 cm was 2000
m crowat t s/ diiganaple2: {iontrdbof DN A Modifipd Aingiing Strface:and Denat ur ati on:

Procedures utilized to ridize fluorescent conplemenpts . to th
surface-bound ol éﬁlﬁ?fcqr}é:‘giamgé “ﬁé@@%éﬁ’?%‘é%@%@&eitﬁeg‘gﬁ&of Ogﬁh%\‘i?ﬂ’é‘ile
.11, 4" Bri efél%gﬁnw@otﬂé@am donfif] the ukﬁs@tg%fawﬁ@e%ﬁnage r}@ybﬁg:;ﬂeﬁzr&gﬁgeemtﬁl B

and rinsed w distilled water then exposed to 5-10 m
5' - f | uor escewas testbé by thnrooifitiegrond diffareBBkindsof digoowsebtides (BHQ. I NO:1end 20

werc thon  rRQCHS TDED G U1y ADIcRied W BSCHEe RERAPEMR o GHAGIAG o rod

conpl ement . escBYROIMN AR ONh TR ELY B es Hﬁlfrl@f Gﬁtq\é@ﬁﬁa&r&gf; ‘g@&ﬁﬁﬁﬁeé ? edown

in a droplet of FIB ona Ml ecular nam cs uor | mager tray an
scanned. Thireacidnostiile Wydnogén waminatedasiiton 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
pL 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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guantitation of the fluorescent areas on the silicon surfaces. Denaturation
was acconplished by placing the surfaces in an 8.3 Murea solution at room
t enrper at we of/ar179 25 WO 02/ 20179 PCT/ USO1/ 27431 5 mi nut es POT/USWwXI4dly a
water rinse. The surfaces were then rescanned with the Fluorlmager to
ensure that conplete denaturation had been acconplished. Subsequent
hybri di zations, if required, could be repeated using the sane procedure.
Alternatively, for the nunber density experinment, denaturation was

acconpl i shed ;b | ackn he hybridized ..surfaces jn smal l., v of .wat er
2080 Tor - 14T RARCkOR P SR ielreS” G U Fethdihdnd Wbt jiFiolea

fl uorescent gRELRERAL Sound t66e RPrbeGiabdly b arx M¥ambicb@by/am. ( 28, 44) Exanpl e 9:
Control of DNA-Modified Am ne Surface: A series of Exanples were conducted

to characterize the behavior of the bound oligonucleotides and to control
the density gof th r 1 Nes. bridization specificity was tested by
i nmobi |1 zi ngﬁf‘%pg"’l ﬁ'?ﬁ%ﬁhﬁ%&%@éﬁ% s|‘gonucl eotides (SEQ ID. NO1 and
SEQ ID. NO 2) onkgbiiiteosthlsisaitse dheilsayeehs ¥KmsaitRedd Beth Withrdirdét2addidfing O
either of the fluorescent conpl enments. The density of free am nes on the

surface can beinbehilizad| fhwresgent oligenycaetides asethrgnghagesatadeyibridigatéanssitor con
surface with mxtures .of t.-B r.ot ect ed i;ne_and dodecene. .
Alternat | vel g hinfibade el Iabat P PR FRARERY fags gpa o ol
deprotected ByoupvRasie chdk (BB I N BPHeRcRYAIEntB it Edchddto the\ialivagddbusthcd. | MES.
Exanpl e 10: Surface Density Measurenents: The nunber of nol ecul es

hybri di zed t dfieheovalent aitashmeart wistallpwid tdoagyt, tlap srfaps wed Borst pvernight iR
procedure. (2 )ggﬁ%@onucl eot | de e | bilized onthe surface nd
Pheir 11 uor eBcat” A iR B e B o it iR iy bR e b on 8
surface was FiuohafgeR Bfled Wl cRiRAudice WasFE@SEANE ShdMFferBASI MR at €. JUET ace
was then placed in 800 L of 90C water in a mcrofuge tube for 15 m nutes

to conpl et el gurdhosavay then escannst evd she flTpesseoned asesurers Shlsequdnt seanstwire e
with 200 nL water, which were nti.tativel uted into the original 800
m he sur  Heagmisd Aty dolEliR afeiprahBuid Sutisshe Bogunih Soisd e bR
occurred. The7y@|mRs@e tWAERIwARPAIOY Mthithha tﬁ&;ﬁgh@imﬁlﬁ Sxpiisehfien reduced
to about 10 nL by vacuum centrifugati on and | oaded on one | ane of a
pol yacryl ani de gellhe stability of the surface with respect to hybridization conditions was also
tested. Fluorescein labeled SEQ. ID. NO:3 as well as the non-fluorescent SEQ. ID. NO:1
were covalently attached to two different areas of the surface. The DNA modified surface
was exposed to the fluorescently tagged complement of SEQ. ID. NO:1 for 20 minutes
and hybridization was allowed to occur. The hybridized surface was then scanned on the
FluorImager and the fluorescence signals of both DNA modified areas were quantitatively
measured. The hybridized surface was placed in 8. 3M urea to denature the duplex strands
then rescanned to ensure the fluorescent complements were removed. The surface was

subjected to 15 such cycles of hybridization, scanning, denaturing, rescanning and

rehybridization (see results).

27



whi | e known anounts of fluorescent oligonucleotide standard were | oaded in
the other |anes. After electrophoresis the gel was inaged and the anopunt
of fl uor as@en2017dl i gonucl eotide eluted fromthe surface weeTwadiaarkat ed by
reference to a standard curve 26 WD 02/20179 PCT/ US01/ 27431 devel oped
fromthe known sanples. Using this nethod, the density of hybridized

nol ecul es was found to be approximately 2.3 x 1012 nol ecul es/cnR2. Exanpl e
11: Stability Measurenents: Stability of this surface chem stry was
denonstrated both with direct noni EB%.U’@G i bilized fluorescent

ol i gonucl eoti des and through repeatea nybridizati ons. For direct

noni toring, oligonucleotides |abeled with fluorescein on their 5 ends and
a thiol group ontheir 3 ends (SEQ ID.. NO 3) were coval ent_I)/ attached to
the activated surBag@sssen, Af Relasey M BnondRasmusneie At BV AregEd t o occur, the
surface was st or ddodkomistiv.d8, 138-142.13 at 27 C. The fluorescence intensity
of the surface was then neasured by scanning on the Fluorlnmager, after

whi ch the s f aceYangsMr, MaGioman, NoE.tahé Thanfifser, M. §1997) fraudytica Chiiég, Acta 846,
surface was then 258f2¢anned and the fl uorescence neasured. Subsequent scans
were performed every hour for a total of 10 hours while the surface was
stored in tie bufYap, Mt KoRd R. YEKR&aune M. and Lahg, Knas (100R)t Clieonisery emdrspum

t hroughout this espasgnent. The stability of the surface with respect to
hybri di zati on conditions was also tested. Fluorescein | abeled SEQ 1D.

NO 3 as wel 14 as theioR-F.l(voiRessesns, 28596588 NO 1 were covalently
attached to two different areas of the surface. The DNA nodified surface
was exposed 40 t herehliior RS SRty THAIOSGGRTPIPe M brs Of . FEQIidsDM. M 1 for 20
mnutes and hybrggdizai i Of o¥AIVIRlel ONRA ReQaRHCIN, 2sid@obybri di zed surface was
then scanned on the ’Fluorimager and the fluorescence signals ofboth DNA
nodi fied areas i iveky: S h e ’  \Was
racen s G A G S i SR IR bt lace,
ensure the fluorescént’ conplenments were renoved. The surface was subjected
Lo J5 such oyl esgg,gq.pfg@[?;%@} O8; 4SS, ROm SRNGHE L. (18RRI and
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silicon, and ger i rrfaces characterized by: (a) reacting a straight,
branched, or cyc%@%@%&bﬁavi ng a substitutent thereon wth an

unoxi di zed carbon(a)si | keaofing traldit Hedhichdd, 5Ld38lid dkéshehavivi £bubsttutdiPhefdoad
substrate having bonded directly thereto, in the absence of any )

i nt erveni ng oxygen at oMith agnxidizpdeagrbank yilicem| wt gesmanipm sphsirate o gitldbp

Claim1, wherein in st ~the reaction.s.phatginitiated., 3. T met hod
of Claim2, wherein i n%fépg%a (sglgs,tra{%léaxr}ngabcopld%qg]dlgesc?lgﬁf&rgﬁomnttﬁgg%s&nﬁsﬁ) y

ul traviol et radiation. ilervdiifs 6BiceRdioals, Sdbafititel, alkredcRdtiesi n step (a), the
reaction is patterned by selective

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 (), 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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exposure of the substrate to ultraviolet radiation. 5. The nethod of any
one of the preceding clains, wherein in step (a), the substrate is reacted
with a smavreaared al kene sel ected fromthe group consi st POTUSH/27431

am noal kenes, carboxyal kenes, and thi oal kenes. 6. The nethod of O aimb5,
wherein in step (a), the substituent on the alkene is protected. 7. The
met hod of Cdaimb5, wherein in step (a), the substrate is reacted with a
prot ected am noal kene. 8. The nmethod of Claim?7, wherein in step (a), the

substrate is4reac i,t h t+ BOC- ect 10-,am nodec- 1-en 2 .
051 20156  PCTPUso L 155 TH oY Se e She BE Clrfil Fg‘rﬁ?/“%’n W i b B 8%&6 i
wherein in step (aja-diéi @ldiBOSubsGtue s dispdsell ol apRflcdrbén sStBs bikbwent s

di sposed on an w carbon of the al kene. 10. The nethod of any one of C ains
1 through 4, further conprising, after step (a): (b) attaching nol ecul es

to the substilé_ut_eq glmk I n(}%ia t&?es 0 esq LbRG fs bst r at 3 tQ re :
yielding a nodifie O PAcE avi _n% e ool ect! €3 LR L R ai L C11.
The method of d ajyy 10attMﬁf§ehialdcﬁle§tt6ﬁhé tehbstRuteB| A6y Boishsehémid ftbommet he
group consisting of DNA and RNA is attached to the substituted al kyl

noi eties. 12. The net heebstpteClthgrabyl giclding reinadifind suepeq byving Hee msilesslgses
are attached to the sbbsH'?)ihut e[g al kyl noieties using a bifunctional
cross-linker. 13. The HBEPRBHZEHNSEm 12, wherein in step (b), SSMCC is
used as a cross-linker. 14. The nmethod of any one of Clains 1 through 4,
further conprisi n%, prior to step nga)', contacting the unoxidized carbon,
silicon, or dérmadhemethodstClaim W8 whergin insiepinea motechlsdtlaeted Gamghagioyp
reactant to form an unoxi di i.ne- or .iodi ner rm pat ed car bon,

S ircon. o gor maigast PR dRRE P Biptealfeah el hTAeG 8,

brom ne- or iodine-term nated carbon, silicon, or germanium substrate as
recited in stlgp (z_R1

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

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

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

as recited in step (a).

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

a reagent comprising a solution of bromine or iodine.

16.  The method of Claim 14, wherein prior to step (2), the substrate is contacted with

a reagent comprising a solution of bromine or iodine in benzene.

33



15. The method of C aim 14, wherein prior to step (a), the substrate is
contacted with a reagent conprising a solution of brom ne or iodine. 16.
The met hodo 0220@7ai m 14, wherein prior to step (a), the subeT/USMIR7#H
contacted with a reagent conprising a solution of bromne or iodine in
benzene. 33 WO 02/20179 PCT/US01/ 27431 17. The nmethod of C aim 14, wherein
in step (a), the reaction is photoinitiated using visible |ight having a
wavel ength of 514 nm 18. The method of Caim1l7, wherein in step (a), the

reaction is ot ofni 1 i . - det.erm.ned, |l ocations. the.substrate by
sel ective exlggs u?l;}{%o ét? écgggg%gﬂgt‘%h e? %‘Em\r;gltgjl %‘P’etg? feﬁﬁt?(?n lig.ﬂmﬂmgr%a?‘?lcglbsnlﬁ
creating nodifi edighle ligeamviag auiseicdithed 5¢ankpn, silicon, and ger nmani um
surfaces conprising: (a) reacting an am no-, carboxy, or thiol-nodified and
protected al kene with an unoxidized carbon, silicon, or germanium
Substrate t i el [ . 0 I cie 1.,NQ-, ..carhoxy. .or

Thiol ot g & thehdied 86infl7, %&g}éﬁ?%%‘tsf? @bt isolnlitederen (ne
absence of any i nfetdrin@ietingeationy &€ thelfabsieatt 85 selehigrR dxbdsuile Bf MeabdtRge the
nodi fi ed al kane nol ecul es of step (a), thereby yielding a surface of

unpr ot ect ed nodi fyislle igktane nol ecul es bonded to the substrate; then (c)
reacting the deprotected nodified al kane nol ecul es of step (b) with a
cross-linker, whereby the cross-linker is attached to the nodified al kane
ol ecul es; amd t hemdtHdd F toaing i &L hirEfel Ont MOXEHIRYScArbdiK &fliceh, sieEp
(c), thereby yielding a surface of nolecules immobilized on the substrate.
20. The nethod ofgeCnaiiwmporiadey comprisia®npri sing, prior to step (a),

brom ne- or i odi 8 caRanRERg T Rl PRwRIHR PR IRl 5

i odi ne-term nated car b@ninoxidized carbon, silicon, or germanium substrate to yield a surface

of protected, amino-, carboxy, or thiol-modified alkane molecules
covalently bonded to the substrate in the absence of any intervening
oxygen molecules; then

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

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

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

surface of molecules immobilized on the substrate.

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

iodine-terminated carbon, silicon, or germanium substrate as recited in step (a).
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silicon, or germanium substrate; and then reacting the unoxidized, brom ne-
or iodine-termnated carbon, silicon, or germanium substrate as recited in
step (a) wosziom® 02/ 20179 PCT/ US01/ 27431 21. The net hod oPCDUS0174% ai s 19
or 20, wherein prior to step (a), the substrate is contacted with a
reagent conprising a solution of bromne or iodine. 22. The nethod of O aim
21, wherein prior to step (a), the substrate is contacted with a reagent
conprising a solution of bromine or iodine in benzene. 23. The nethod of

any one of G i ”BTﬁegmg{hoa%ifo\ﬂ?S% ﬁl‘fxf}%é 1Y SR w@x%)eir} ﬁerhhogtt{%gtgﬁ t(zgg e%ﬁ?st?}ﬁ is.l.h e

photoinitiated using visibleTi aving a wave

met hod of any onecaitadtidrivith ak8agefit ciiapristigrasiolution oFbRimib@ds iodfhe. reaction is
photoinitiated at pre-determ ned | ocations on the substrate by selective

exposure of the substrate to visible Iight. 25. The method of any one of

Caims 19 0rp20, SHELEhaLFchiRe (PlecihBRoSWEGE e Sou PR Eaatd i .

co- am no-, cO-'carboxy, or i'ol-no ene.

met hod of any onea edagéhtaofprididg @lsoRBon WhBIoRiife biodie ih ichkenet he substrate is
reacted with an am no-, carboxy, or thiol-nodified and protected a-al kene.

27. The nethod of any one of Clains 19 or 20, wherein in step (a), the

subst rate i s, 1 eaghed WA, s NG 16%; GBI BRKY if e %a Mlea iyl i ed

and protect e%3‘a-a ene. he™ rre any’ one ~of

wherein in step (gﬁotoﬁlhﬁtegar&ﬁfg-diém%ﬁ ht HaSinS@Meiveleadth of 34 fiRt hod of any one
of Cainms 19 or 20, wherein in step (d), nucleic acids are attached. 30. A

nodi fi ed carbon, silicon, or germanium surface produced according to any

one dains 14 or .35 2/ 20179 PCTf USO0L/ 27431, 31. A modified
carbon, s i 24n of Mg eni iy Bk PFLRENS 2R &7 A0vhrigl a ST B s no:
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 @-amino-, w-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-, ®-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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a substrate selected fromthe group consisting of unoxidized, hydrogen-
term nated carbon, silicon, and germanium a |ayer of substituted al kane
nol ecul esvbonea® directly to the substrate, in the abseneer/whoizaTy3l
i nt erveni ng oxygen nol ecul es, the substituted al kane nol ecul es having
attached thereto a substituent selected fromthe group consisting of an
am no-cont ai ni ng substituent, a carboxy-containing substituent, and a
thiol - containing substituent. 32. The nodified substrate of C aim 31,
further conpgisin I r of cress-Iinking . nolecules bonded.t.0 | ayer
of substi tut el al PamedHetbet M3n' GrEbRR T SRS (O PR Caleies
wherein the crosscompiidiy nol ecule is SSMCC. 34. The nodified substrate of
any one of Clains 31-33, wherein the substituent is attached to the
substituted al kane at anustratsaselrsteddrom Hee gipwR AensistBg of weoxidiard; hypdrogen-
substrate of any . i 31- 3 .conprising a | ayer of

PR iRie LSBT vidon g biHHRS ¢

nol ecul es bonded he su e nodi fied al kanes. 36. The
nodi fied carbon substr atgendf sGChaitmtedkandinsledulestboadsddivetly fsthasubstibie] @i ¢
acids. 37. The nodified substrate of any one of Cains 31-33, further
conprising a | ayethegbsenge oy Interxenieg orReEmPlssulpys Hissubstigntedalkangpagloqyles

cross 1 | nki ng. mol DRUReETALEY (BN Db Byt trielBy AU BB S3A5 bRk e
substrate of O ai Binthb-combehift FubdiiRudnay & rcaffoxhRbe@inigs sttt tadt Hehiol-

cross-linking nolecules are nucleic acids. 39. The nodified substrate of
Cl ai m 38, wher ei nceHainmgsybstityeiki ng nol ecul es are SSMCC. 37

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

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

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

37



