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nent to produce a conpl ex that
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measyr enent . Bi oconj ugation has affect.ed many greas in. .
O P QP UIEE O SHRIeBP g e peler GUB: PIALY Agponds of high
I eRfecliARBof tBrget SB8ldctiRs fhd RAVRIn-ERVE BdRBptiMnt ¥ other molecules.
particular activities has enabled 35 the assay of

mi Thetlettepean lint Wity pf biobwsens bysiceémmntideg facdioaf @ signal to be
cedelte%ke%r conmponent s and :

Bioconjugation involves linking molecules to form a complex having the combined
properties of the individual components. Natural and synthetic compounds, and their
activities, can be chemically combined to engineer substances having desired
characteristics. For example, a protein bound to a target molecule in a complex
mixture may be cross-linked with another molecule capable of being detected to form
a traceable conjugate. The detection component provides visibility of the target
component to produce a complex that can be localized, followed through various

processes, or used for measurement.

Bioconjugation has affected many areas in the life sciences. Application of cross-
linking reactions to creation of novel conjugates with particular activities has enabled

the assay of minute quantities of substances for detection of cellular components and
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research, diagnostics, and thepapeutic markets. A
significant portion of biological assays is now
perfornmed using conjugates for interaction with
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assembled monolayers of short chain PEG oligomers (n=2-7) have also been shown to

resist adsorption of proteins. See, for example Mrksich, M. and Whitesides, G.M.,
Annu. Rev. Biophys. Biomol. Struct. 25, 55-78 (1996). However, a protein
attempting to adsorb may compress and desolvate PEG. These effects are both
energetically disadvantageous. See, for example Jeon, S.I. and Andrade, J.D. "Protein
surface interactions in the presence of polyethylene oxide: effect of protein size", J.
Coll. Interface Sci. 142, 159-166 (1991); and, Jeon, S.I., Lee, J.H., Adrade, J.D. and
de Gennes, P.G., "Protein surface interactions in the presence of polyethyleneoxide:
simplified theory", J. Coll. Interface Sci. 142, 149-158 (1991)).
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?ncﬁ}lgh l%ne 1csI v%%y mn (f'ependence on the orientation of chemisorption. This results
in less target molecules 70 such as antigens being bound to the surface 20. Also, there
is higher binding variability between different surfaces. If the detection scheme
employed cannot distinguish between the target molecules 70 and the other molecules
40, the effective specificity of the biosensor is significantly reduced. This is common
in both label free and labelled detection schemes. Stringent washing does not usually

correct this problem because cooperative effects during nonspecific binding are

virtually irreversible.
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The susceptibility of biosensors to nonspecific adsorpﬁon also depends on labeling
and detection schemes employed. For example, sandwich ELISA assays are less
susceptible because the signal measured depends only on the number of target antigen
molecules 10 and the specificity with which labeling antibodies bind to the surface 20.
This approach is inert because it involves a dual selective detection. However, label-
free detection schemes are more susceptible to other molecules 40 adsorbing
nonspecifically to the surface 20. These schemes measure the protein/DNA present on

the surface 20 by mass or refractive index. More control over nonspecific adsorption
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Referring to Figure 2A, in a conventional process for
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25  first functionalized with APTS (3-aminopropyl triethoxysilane) 100. The cross-
linking is then performed by spacers in the form of bifunctional succinimide
crosslinkers (BS3) 110.

Following such chemisorption of capture molecules 10, the remaining crosslinking
30  spacers 50 and amine surface 20 are blocked with a single functionalized succinimide
to cover the amines, and ethanolamine to saturate unreacted succinimide groups. Any

remaining surface areas may be treated with PEG. These post-chemisorption steps
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covalent bond with a homoblfunctional polymer to obtain a self-assembled

monolayer, and thereafter reacting the monolayer with biomolecules.

The term biomolecules, as used herein, refers to molecules having biological
functionality. For example, the biomolecules may be amine-functionalised. Equally,
the biomolecules may comprise a nucleic acid aptamer derivative. Preferably, an
excess of the homobifunctional polymer is involved. The heterobifunctional reagent is
preferably mixed with the homobifunctional polymer prior to exposure to the surface.

The surface may be glass, metal, or the like. The heterobifunctional reagent is
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fd%gﬁF%ﬁgfnﬁﬁgﬁE fornming a coval ent bond with a
honobi functional polynmer to obtain a self-assenbl ed

monol ayer, and thereafter reacting the nonol ayer 20
W| Yiewéngtha peesaslinvantion frox ¥shiangfhetrspeatcbenstis now erevidad a

blose¥1§or a%? 1%{)1’13%& g%tattellhgf (ﬁepolsﬁ o P& c\llﬂeg %91 abubstrate wherein

the patterned deposit is formed by a process for producing a biomolecular monolayer

on a surface comprising the steps of: reacting the surface with a solution of a
heterobifunctional reagent having a first functional group and a second functional
group, the first functional group being capable of forming a covalent bond to surface
groups, the second functional group forming a covalent bond with a homobifunctional
polymer to obtain a self-assembled monolayer, and thereafter reacting the monolayer

with capture molecules.



bi osensor array conprising a patterned deposit of
bi onol ecul es on a substrate wherein the patterned

wdepogistoipbs formed by a process for produci ng &CT/US2003/038752
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bi onol ecul ar nonol ayer 25 on a8surface conprising the
steps of. reacting the surface with a solution of a
het er obi functi onal reagent having a first functiona
group and a second functional group, the first

oniv o BBl o eS8 Rl Bl imatt il Bl Gufta viocti

f Havings ArfacyRlenforedby Woptdtess fbﬂﬁ%ﬁh&iﬁ? & bicnakcular monolayer
pol ymer to obtain a self-assenbl ed nonol ayer, and

t sy eurfase corpiting tetskaps pbeadtips the syofags with @splutiea of a

.@S. .. 9 '
R e SRR, i bR e e Bl B
nogoy, Oivd s tifuactivred Btodp beRigi capgatde sfiokatg d @walenf bunded surface
by a pr&;ess for producing_a bionol ecul ar nonol ayer . )
orStguSutie aeRnd dhptiosr hggorm PrawngRs oylent Bend Wit a bpgobifunctional
S ?Jlﬁﬁ@r t oﬁﬁiﬂaa §éﬂf’-h'§slaﬁﬂ%eﬂfmﬁlol 1(, QL8 B eHRGt FABR e the (rjnonolayer‘
reagent having a first functional’ group and a seton
f umith bonmllechlegr oup, the first functional group being
capable of form ng a coval ent bond to surface groups,
the second functional group formng a coval ent bond
Wi Vit win YRR BRISEMNEdnPiBA fronP @IV AR thbPapREihereéis now provided a
sel f - assenbl ed nonol ayer, and thereafter reacting the _
nmoriothdly etray eanaprisiiapatteenddatepositofiiempleguiehen psehstrate wherein
i nyenti on om.stidl a further ect. .there i s now
o Pesed BTl e i RS TR et pielerMA¥ monolayer
deqipskirfaeé cOhPRBhE tHel sBesps OF rdachinb Fhd trRcyvvehal s8lutioh®f a
patterned deposit is formed by a process for producing

a hstapbifwetipnal repgent heyie a fyst Bnsligmabewup oA piseqong fenpsional

ot _ ' ¢ . ;

nefBi B st RO bR, HAGE bEroRnR iy Albp Pl to surfuce
gr @oppsathd sacaddonetiohahgoinye framidda ¢ovalgnt bédiewith b lbmobifunctional
functi onal . group hei ng pabl e of form ng a coval ent
bRV 18 @P?ﬂ&%selg—ﬁ%ﬁe@é@@@@% aad Fhﬁﬁia%ﬁebFFQFﬁfg%‘gﬁ gronolayer

‘foﬁﬁﬁggmﬁﬂggﬁgjent bond wi th a honobi functi ona
po
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yner to obtain a self-assenbl ed nonol ayer, and
thereafter reacting the nonolayer wth bionol ecul es.

20 | f d [ t of t t o ti
R S R I R
f OdteppéHeRfiéHl PEbceRFoH hteacARIgREPBSmbRc@lePiOSBIdS&sor surface. The
surface. The Er ocess enpl oys a honobi functi onal PEG

criyesdss akployie hamebifendiiontldEEQ exvsg irkar with epccinimide groups at each
end to chemisorb the capture molecules onto the surface with higher density and

reproducibility than hitherto possible. The process improves the sensitivity and
selectivity of bioassays. Also provided are protocols and devices for treating

biosensor surfaces economically with high yield.

In a particularly preferred embodiment of the present invention, there is provided a
method for attaching a spacer molecule to a clean glass surface. The method involves
a non-symmetrical reaction of a heterobifunctional reagent such as 3-aminopropyl
triethoxysilane (APTS) with a homobifunctional polymer such as homobifunctional

succinimide end functionalized PEG polymer. The reaction is carried out in a water
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surface with higher density and reproducibility than
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sensitivity and 25 sel ectivity9of bioassays. Al so
provi ded are protocols and devices for treating

bi osensor surfaces economically with high yield. In a
parti cularly preferred enbodi nent of the present

n t i s _pr.ovi.d t hod f.or at achi a
BTG 2B EolcaRiRtS p s PR bRloi bt Eebehe he
l W@eﬁﬁﬁverﬁﬁn@l%@téﬂﬂﬁﬁéﬁb@ﬁh apﬂ@ﬁ%‘ 44 andount of prereacted
het er obi functi onal reagent such am nopr opy!|
t TP2CAbR\EISE sWdaqeaRTP tetepts of payiRmeNDentve agentpol ymer
such as honobi functional succini m de end

oy R B ¥ BReS U003/ '028325“ :

free, solve A high concentration js enployed t
R FEPRtTIcRr of ducRP LI eion WHlkaehbe (orEbech b wey of

al of
preZ‘?%l gd %Vrlglalxgége\r%&? ct)5 g{eass S%dn?& sfg‘.”ﬁ{g% ’he I n%hfer ests
of savi ng expensi ve reagents 5 BRI EF DESCRI PTI ON OF
T DRA NGS _Pr ef ments of the present
RGeS TS SIBE IBEGE F BRRSH gy Gye ShovigR anpstadsorption
onf¥aptielole@fisy &NE SurtRel he acconpanying draw ngs, in
which: 10 Figure A is a cross sectional view of a
bi osensor surface show ng direct adsorption of
nol ecul es..on ce; ;[Figure.1B i

S SR HE TP B0 SRoeBR 4 PLEE St iy Reetif€ HRhisorption
C e attRefidldcares tofheQkRtsenak SikdHEm Rigulehey;ar r angenent
shown in Figure IA; 15 Figure 1 Cis a cross sectional
view of the surface showi ng chem sorption of capture

I [ IS, S
O L€ ¥l BBl TR P B St R AR B BT capture
c moteadesptia space2loletuled;her nol ecul es to the
arrangenent shown in Figure 1 C Figure 1 Eis a cross
sectional view of the surface showi ng capture
L A i S 2k o Bl R Fsorpton
crodstheg motdcoleato theawangemdng slewif imddgwkdwi; ng
nonspeci fi c chem sorption of other nolecules to the
arrangenent shown in Figure 1E;

Figure 1E is a cross sectional view of the surface showing capture molecules

anchored to a surface via spacer molecules in a sea of biocompatible molecules;

Figure 1F is a cross sectional view of the surface showing nonspecific chemisorption

of other molecules to the arrangement shown in Figure 1E;

Figure 1G is a cross sectional view of a preferred embodiment of the present
invention in which capture molecules are anchored to a surface through combined

anchor/spacers;

Figure 1H is a cross sectional view showing nonspecific chemisorption of other

molecules to the arrangement shown in Figure 1G;



Figure 1 Gis a cross sectional view of a preferred
enbodi nent of the present invention in which capture

woubemsbas are anchored to a surface through cegiusews03s7s2

10

15

20

25

30

30 anchor/spacers; Figure 1H il® a cross sectional view
showi ng nonspeci fic chem sorption of other nolecules
to the arrangenent shown in Figure 1 G W) 2004/050919
PCT/ US2003/ 038752, 10 Figure 2A is a flow diagram
showi ng attachnment of an am ne-functionalized aptaner
to an APTS (3-am nopropyl triethoxysilane)
f unglide QaisiazRAy dia shokviBe ftach@ent offinfatigd-fididBonalized aptamer
succi ni_m de crosslinker (BSS(:?;?‘a; 5 Figure 2B is a flow
ditagn AR TShGrimigoptopEdHsbaKy sienefunstonalized edass swaage yéda
apt . : S . ere the surface is
pm@?ﬁgtgo%ﬁ ?\hc%lal"g%lad% orSUfIas iBY

tre r epr ocesse fution of APTS

~(am npropyl tri nmet hoxysi | ane) and a honobi f uncti onal

PEG N hydroxy succininmde crosslinker (NHS) in DVBO
1FigtgdBeis adlosdiggra shewdng &ircamentoF gn @aying By tipnalized aptamer

e . _ ! .
TGN 08 S50l g MPBROSC R o
Fi (guirgprGpyil sinzethodyslap edd aihorsblitvictona EG Nrhydfoxy succinimide
am nopr.0 i e silane with 15 NHS PEG Fi gure
4&@%@%@#&5 MO )

'a fluid cell for treating
bi osensor surfaces; Figure 4B is a side view of the
fluid cell; 20 Figure 4C is another plan view of the
c dfipyre RCythows BAeaction op AGI S pmptepronyhtriaethdxysilaned & enp end of a

s BEmeons) PEERmaeEy futiini B et B ST RS
Figure 5C is a photographic i mage of another treated

surface; and, 30 Figure 5Dis a_plot of fluorescence i
vdfigwrs 3dsen NMR speciwm shosangireaetiqnofiaenepropy deethpxysilane with

Fi QHE SRS

Figure 4A is a plan view of a fluid cell for treating biosensor surfaces;
Figure 4B is a side view of the fluid cell;
Figure 4C is another plan view of the cell;

. Figure 5A is a photographic image of a treated surface;

Figure 5B is a plot of fluorescence versus data point corresponding to the surface of

Figure 5A;
Figure 5C is a photographic image of another treated surface; and,

Figure 5D is a plot of fluorescence versus data point corresponding to the surface of

Figure 5B;
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DESCRI PTI ON OF THE PREFERRED EMBCDI MENT Wth reference

woaoiiigerie 1 G in a preferred enbodi ment of tReT/US2003/038752

present invention, there is prlovided a biosensor in
whi ch capture nol ecules 10 are anchored to a glass 5
bi osensor surface 20 via conbi ned anchor/spacers
acting as bioconpatibility nolecules 80. Referring

RS RS b

mol ecul es 40 and al so act as crosslinkers. This

f UVith agfereper fodtigwed Goén %Hlteif%'redrﬂijlﬁ@éﬁ@ﬁft jo& th@d%r@ﬁep‘t ingention,

10

15

S 't é:i'é i @9%@8& 49as o}{ n whick ébsrul%' rﬁ&gg{g%t 'aﬁé’hored to a glass

rovi ateral spaci ng
rrmlmmkoeswf&e 20i i ecummhaamdhgr/sﬂaeew Aciedd a8 Hi@comﬂahaﬂﬁy
8@ SO& The concentration of capture nolecules 10

IP erm nes the density of surface activation.
In operation, target nolecules 70 are bound to the
surface 20 via the capture nol ecules 80. 15 Referring
t Refférgug @eo®Bo Highr@ (Hj the bmcbmpamﬁﬂim mdlécudes(38raré registant 46 the
preferr

t
GBS AuDbe Eothrdasleehon 4(md At St esbigkers. This further
S @bdiickPPotihtial ABs eélﬁﬁhﬂ‘ﬁuﬁéﬁtﬁﬁ)}@lteﬁ rAdRhf me ?ﬂ?%]l 5200

and a honobi functi onal G N-hydr oxy ucc:| n

c bieompaiikility NIQIE)WL@S_S)O pmvdierieuem} kpastigpiferptie r@mvsmes 40

T ;0SS . funct |

- R A MR R strhitel B biRdNT S SotaRaR of it

t endlbail AR 0SpPA6d dAérniings tBé Bersitd B surfdde asBeRiod. l'ﬂ'@eratlon target
functlon binds to an am ne-functionalized aptaner

2 peplequlesyr aie bawd to thresustane2yiai the capsure svalecutas 8onds.
Figure 3 shows an NVR spectrumillustrating the
reaction of the APTS 200 with the 25 NHS PEG 210. The
mﬂeﬁ&rﬁhg tes Rigure 2B adaC [reenmhﬁmatfonl; hed pargadidpprefdried@mbodiment

i cul ar] referre ss _enbodyj ng. t he present
@ﬁnrswm bt Pé‘a@ﬁg??ﬁ Wibree PP axitreded ith g rpacased solution of

r W'AEFT a@iﬁ@r@‘pﬁ%ﬁ%ﬁoﬁs‘ilﬁn&?rﬁg%ﬁﬁ%'h?glro%fﬁél?ctmnal PEG N-hydroxy
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het er obi functi‘onal reagent in t
Nsi8-cRE®ide ¢resshiokegrNEE) & 10 indinAfiTS sallpl’ima'de (DMSO) The NHS
haono bll

2000 B! G hvg S e G ofath Coselb o oh bt NS

dEgctios bads 30 heRAETDLI0. At %ééth&%nﬂwﬂh@ QEMAH NS mﬂaaaih blnds to
NHS-PEG in DMSOis mxed with 200 microliters of

i Aps-furciyelizedanismaerd20t by botinpass, tha badling is via covalent bonds.

Figure 3 shows an NMR spectrum illustrating the reaction of the APTS 200 with the
NHS PEG 210. The molecule shown is the result of that reaction.

In a particularly preferred process embodying the present invention, the reaction
referred to in connection with Figure 3 starts with preparation of a heterobifunctional
reagent in the form of NHS-PEG-triethoxysilane from APTS and a homobifunctional
PEG in the form of (a,w)NHS-PEG 2000, Rapp Polymere in a solution of DMSO at
42-48 degrees C. 300 microliters of 80 mM homobifunctional NHS-PEG in DMSO is
mixed with 200 microliters of 120 mM APTS in DMSQ, 6 microliters APTS in 300
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Thi s produces an equi nolar m xture with both

weubsHamaes having a concentration of 48 mM  PO®/US2003/038752
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m xture is heated to between 4R and 50 degrees C and
allowed to react for between 30 and 60 m nutes. The

result is then transferred to a narrow gap between

two pretreated glass surfaces for between 60 and 120

m nut es. ilJary action is enployed tQ promte .

i ﬁ@%@i@%ﬁ@ﬁ@- Jﬁlil ﬁP(Hdé‘C?Srﬁnoeql“H@l@%\lﬁ‘”GWﬁWlﬁ} fth sypsfpnces having
f 14 {opentfatibh b8 kMG, Alurghelated 3b4he sb
des‘%rarreil O herw se, the vilsc%ge?tﬁﬁogﬁ%t%ﬁe %{lxt urﬁggriegsCand
t adlokied o reaticfosbetivaere30 mat €0 mirttese Therksbly issthen tcansf@reaifto a

1 t trated su| furic (FEluk acid d rt.s
R S R R T T T
anGhpiiNe) a¥Rsmhe dmbbyde tPpoa Rk Mgk@i of thB iluxd i;ﬂfdath@ feap until the

sul furic acid 10" and hydrogen peroxi de, sonetines
c gapasfillgl. Faliha thegantar divatedisatpsratere ioddsiralgjepothatwise, the

dur.i ng., m xi ng.. .Renai, ni n ith Figure 3, N rfor.ned

ar e AP RO Hiixreds 1oh high e Sysfack guers higimsaiel Py agalitire of 1
r Wedratddeulii®e Sicidintl P&aRE Gy @ddert fabxiae (FluRLpuri
A?g&cgan bg 1% det gwg?éud; \(I:VIH{]I aq)det g’gti g% ftsegr)élsh((jl gﬁo?unss)

1095 semerebhoyrs Aed then ayaskedda deiopirge mentest Thamisdere od sulfuric acid
N [ AN o Q | | ane P . :
SRRl priBRR S it bl EAAHRlob e R b0 R boin
C hdawing atigingon. This is because NHS- PEG cannot

chem sorb to gl ass. Honobi functional triethoxysilane

PEG nmay only dilute the density of the NHS-PEG and

Wi . G i i 0
it S N b U SO P B B s
t rapaEine grpugs west wgith fhiadddS 2ups vh the FEGhnd thahoe free APTSrcan be

f | at.i vel [ ' /s er . ;
o astslanihg fordsySABRaRalE of L TiaRBPGctiansl sids msadugisof
demesackRd NHEPEES dddYbnddifuh 8RB trith AP 1ABPEG @ rm statistically.
surfaces 20 are 25 separated and sealed by a 100-3 00

miléoveevist. dhese dpinokdipiart ghearistrpiens Kdis i8becauThHSgRER eannot

30 f fr.om Tefl.on. .. Referri to Figure 4
e A b et B R 2% b PE e
midehsityeoftille NeIS-PE@ rayid A6l decdyto $i-00H) Binte WitisBquiny potdie
of 150, mcroliters. Specifically, the mxture is
dr3d§@TPtioR Y¥eB-he gap i nterveni ng between the surfaces
20 and defined by the gasket 300 via capillary action.
The surfaces 20 are 30 thus treated.

Figures 4A to C show a fluid cell for treating glass surfaces 20 with a high

concentration of a relatively expensive linker/spacer biocompatibility molecule such
as that herein before described. Referring to Figures 4A and 4B, the surfaces 20 are
separated and sealed by a 100-300 micrometers thick peripheral gasket 300. The
gasket 300 may be formed from Teflon. Referring to Figure 4C, the fluid cell is then
filled with the reactive mixture by capillary force from one side with a volume of 150
microliters. Specifically, the mixture is drawn into the gap intervening between the
surfaces 20 and defined by the gasket 300 via capillary action. The surfaces 20 are
thus treated.
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prepared in situ. No further purification is needed.
This is especially advantageous because purification
of silanized PEG by conventional techniques such as
chromat ography is very difficult if not inpossible. 5

e IR LB b bR B ot conELiohraeeelipts because
| *hé héteropifemaioatlirefzeat istgepatLad anth. W6 %ﬁlﬁ?ﬁu@ﬁéaﬁ%ﬁ'ﬁb needed.
reactive internedi ate which is not degraded

pdﬂwéreism@eﬁ lar@évma@pm b@p@use PFWé'lChﬁlghofcs@lﬁn@ﬁd PEGI n in
APT
”k% ecu £ﬁec?%}aqgltl on spee daﬁ?ﬁr%p Iln‘g'ﬁ%' cﬁﬁiecﬂgﬂg??téwp%&ble

, t h@oﬂ-ﬁﬁgeﬁﬁ contditioas! brdveﬂﬁfb‘l}&derﬂz@hﬁh@ 6BXPTA ahdl Bhflitate regular

concentration of NHS over APTS helps to drive the

r SEetne obfhe Aprfages 20t -wugrenasiiiss qféh@:@ﬁgﬁnépmymdeswfeesh

t
b AR OSSR BRI o o
t Ndredigh e)m:el‘ﬂfatlanhm thelryixtire ofS@oiM PES dnd APTES frhprovése,
t he 20 i s nmore honogeneous. The

t t S ce

| e s hctioPrspBed 1 Diailgs PRepArABion o fRedRedeREw thot tawanted
s

;b ehighor coCnfTRfich PONMITREAPTS Refhs 1 SA7S ti8a8cRbf of APTS
suyitleHS gzoupisdo f:amp}eadn Thﬁlwpélaryegapanmmm tie speetliefsurface

ot e el R 0 BT B e G heEe b S A TR0
| @radietein thé m?ﬁﬁl% ﬁéﬁﬁﬁﬁf oftthe sirfRed2t{s4h&e homogeneous. The
significantly reduces the background | evel agai nst

wWAATERF 1B Piacy taiielams ratig betygere @urfam 2@ethe nioge polfymetigation

reage sto

ot 1gltlss %?Fr%ﬁ &Eiere?é{ 0 Zo&'?%%%e rys% ﬁg% yf?%epg@ 18 %avored
wadkescmay eﬁleﬂmtchreﬂhﬁﬁhe ¥t oy dfelmvﬁ@u s&heﬁqeﬁé‘aioﬁdis detection of
nmol ecul es together wit

hg’%)?éﬁgg %}i%o‘ﬁﬂ?b%@@ e Stibpdasing A ﬂqyﬁ kgvel of APTS present in
by %ﬁi&ﬁl}@s%rﬁh@alﬁl NERRRS teDaBl GolEiRvd i %Qﬁ&e\% ﬁ?j’\l@ amines

bl ow dri ed nitrogen to renove traces
Capt datectedbl ecul es 10 are then attached to the freshly
NHS- acti vat ed surfaces 20. Alternatively, the surfaces
20 may be stored for a few days in dry argon. Treated

glRRG &t HUTHRC RE g3 basy bR iR s‘ﬁrfﬁ@é‘s@ro% 855ed BEAnfoRR of the solution
anchor oligonucleotides wt

by filter paper followed by three wash cycles with DMSO. Washing removes

unreacted heterobifunctional molecules together with polymerization products and
homobifuctional byproducts. The surfaces 20 are then disassembled and blow dried
with nitrogen to remove traces of DMSO. Capture molecules 10 are then attached to
the freshly NHS-activated surfaces 20. Alternatively, the surfaces 20 may be stored

for a few days in dry argon.

Treated glass surfaces 20 as herein before described can anchor oligonucleotides with
terminal aminogroups (5' or 3' end), proteins, and other NH2-functionalized
molecules. In a particularly preferred embodiment of the present invention,

chemisorption is performed by filling a PDMS microfluidic network applied to the
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ot her NH2-functionalized nolecules. In a particularly
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chem sorption is perforned by f411ing a PDVS

m crofluidic network applied to the WD 2004/ 050919
PCT/ US2003/ 038752 14 NHS-activated surface 20 wth
aqueous sol utions of ami no-functionalized conmpounds.

a L% nucl eoti des are hen1sorb§P to the surface 20 in

tretaied Si5Tase PO PH REPLiPas e DBInOAHBCties bR,
}M&H r

oI I gonuc ?%ot | 82&6%%5% %g‘lfl% P%:t%ﬁzfl? ﬁ% Shorr%egze%léloal?saqueous

c odrtmgeoontaininge 1 Q%GME® &d 15-29)6 BEG;(MWGIIGO(D)L de®ncentration of

d % ng/&gllg%ep%al %?ﬁ?rﬁgj{dggp and s ?}S cl)qqgg%lé(t))légs tmant Ia%%e |9¥the surface 20
| Ny SRdubleomRe askihy cl?e‘ﬁhbﬁ‘f@&'tl@n BSd Ah Y Ju%gt@ntlal r¥ unaffected by
functionalization enbodying the present inventio

Fiduing. 5A shows a fluorescence 10 inmge of patterned
TAMRA | abel | ed 18-nmer DNA ol i goner nol ecul es

chem sorbed to the surface by an NHS- PEG APTS

C OFigbi@ab A 16 @M&mpﬁﬁelnhpr@{?éﬂonﬁgeh&%sa&m%khh@mg surface
chem sorbed ol i gomer nolecules. Figure 5B is a plot of

fl ﬁsmﬁétw@m@n@ fging tlanpreseat inwegfinne Fipare jf fshews a fluorescence

T T —

[ rtbehtsswgacabﬁ rRYEIS-PECFARES sejagat sparee Ihe Liphter stripes show the
in this case is 9748+- 350

tri buted over trgf gFg ]

dsorbedeoliggmen By qep{fm gy 1s pipiet of dluoregpengs gounts from the
ar}q reBA0sREXE SO WiRE %n ﬁ&%&nd CeHatith & % led an interspot
patTerning remalns sta e even during mas
hysbzmddldzdﬂwaupn cyh. &he fRefescenica intémitiFiagemgal @@r éﬁ defaByte areas

20t e R L e T BE 0By A0 SR Thay vy i less

chagm 590 pbsi Gt BEa, 800 pHRIsSvedb %a%e\ieﬂlé S@urdcy, 3¢ b&t@ﬁﬁg remains
by patterned hybridi zation of | ed 16-ner ol i goner

pritahie evenalusing waphiog andbytridizatiah cyelasks. The

fluorescence i mage averaged over 9 areas is 21539+-

1085 counts. The variability is 5% For one area, 784

Pi Re&t3inges Bigavarsayad SH,&hEﬁﬁﬂ@ﬁér%&at%ﬂszdhéTﬁﬁﬁg& affl gk4pB therein.

present invention have been described herejin way of
exHipdighte sayare preagate| creedhypasisrngd ehemiporntiga ot §R’ﬁamle@cﬁl°ng

| & ﬂ'ﬁékstaﬁé‘i)g kgﬁérﬁec?ﬁ}eo 1on %fa?SISéF)%g 515?81*1 Sorfdr primers

the present I nvention possi
Pﬁféﬂ.ﬁ)@&ﬂ/ 1082énal tracks. The ﬂuorescence image averaged over 9 areas is

21539+- 1085 counts. The variability is 5%. For one area, 784 pixels were averaged.

Preferred embodiments of the present invention have been described herein by way of
example only. It will be appreciated by those skilled in the art that there are many

more embodiments of the present invention possible.



15 CLAIMS 1. A process for producing a bionol ecul ar
nmonol ayer on a surface conprising the steps of.

woeaetdsogot he surface with a solution of a PCT/US2003/038752

het er obi functi onal reagent havisng a 5 first
functional group and a second functional group, the
first functional group being capable of forining a
coval ent bond to surface groups, the second functiona
grou form ng a coval ent bond with a honobi functiona
pdt Sto obtain a self-assenbl ed nonolayer, and
thereafter reacting the nnnolayer wi t h bi onol ecul es.
as_ cl wher

 bilomur el BE TR Qo mp el fioBbi oo DS ReDodifisine the

10

15

20

25

30

assteph oF: Fesbting tied RicftdwithaeoRition bhe hBﬂeﬂﬂS@ﬂuﬁ&iﬂn@Breagent having a
conprise a nucleic acid aptaner derivative. 15

privetdynctivgalcgrappree ¢ sﬁcen%chmonai arqmeﬂlecf@ﬁpfrm@mﬁgl aﬁup being
e t

CSEM: Bl TR MR SRR sop A1 RT rou
r fageing aicovatenteddnd 2ath Iﬁdﬂndﬂﬂﬁmhmbpélymt toostadin paklf+aedembled
prior to exposure to the surface. 6. roces as
o By e, g (hgreafier repp@ngihA Manelaygr with élqngo &WfSass
surface. 7. A process as clained in claim1l wherein
the surface is a netal surface. 25 8. A process as
cl2aiAnrdedse ag tlaimedlin cldirarle wheteireth di emabeul et amirad

r Ls.an am noal kyl trial koxysilane. 9. A
pﬁg%gggdﬁﬁdclalned in claim8, wherein the wherein the

het erobi functional 30 reagent is 3-am nopropyl
triethoxysilane. WO 2004/ 050919 PCT/ US2003/ 038752 16

16. AAprchse es slaimedcinaiaimd , whersimthebiomeleerled gompise a nucleic acid
het obhfun tional reagent is an alkylthiol. 11. A

pr8 SLOEVEYS med in claim 1 wherein the second

functional group of the 5 heterobifunctional reagent

reacts with one functlonallﬂ{oup of the

hdrdoprpegss 5 elgined in claim 1, furfher comprising an excess of the

homobifunctional polymer.

5. A process as claimed in claim 1, wherein the heterobifunctional reagent is mixed

with the homobifunctional polymer prior to exposure to the surface.
6. A process as claimed in claim 1, wherein the surface is a glass surface.
7. A process as claimed in claim 1 wherein the surface is a metal surface.

8. A process as claimed in claim 1, wherein the heterobifunctional reagent is an

aminoalkyl trialkoxysilane.

9. A process as claimed in claim 8, wherein the wherein the heterobifunctional

reagent is 3-aminopropyl triethoxysilane.



polymer to formthe coval ent bond therebetween. 12. A
process as clained in claim1l1l wherein the functional

wgnroupsoad the honobi functional polyner are Neoyaiseooy/038752
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succi nimde groups. 10 13. A pbpocess as clained in
claim1, wherein the honobifunctional polynmer is a
honobi functi onal pol yet hyl ene gl ycol. 14. A process as
clainmed in claim1, wherein the bionol ecul es react

wi.th one 15 func roup of t bi f unct i onal
0Py AFOes PHPRLIB AT b BFE e REFEUPRIEHA TyaEenRs an
PLASRESLAS claimed in claim 14, wherein the coval ent

bond forned between the bionol ecul es and the
honobi f uncti onal polyner is an am de bond. 20 16. A

F o7 Bpate g anc it e e Rag et cleLgPrE T

c Q%fdb%ﬁ;ﬁ&ldﬂaﬁre%%@:@ Seadfs wikleatd fufétidnaPgdup baMR howoblfuctional
solution of a heterobifunctional reagent having a

f ipplymefr tEringherovglest porthid@egbetseennd f uncti onal group
the first functional group being capable of formng a
25 coval ent bond to surface groups, the second

f upcAippsurks gy dalphell O olathg 1 B whereid tRtfulkaiddal grbligs of the
honobj f uncti onal polyner to obtain a self-assenbled
nﬁﬁ@phgf@mctloaﬁcpolxrﬁ%rraéeaNr}é/ﬁrWaW?lﬁgnlfiﬁ &¥BRol ayer with
capture nol ecul es. 17. A biosensor array conprising a
patterned deposit of bionolecules on a substrate 30
\Aﬂérﬁipnodebaaamaitr&d ting cll aohe ﬂ)pwhdereinsthé bomebi finyetiangd polyasss is a

ducj n nonol ayer on a surface
cg‘fﬁﬂoL 10{1%@"5(“@&501@@33’90 acting the surface with a
solution of a heterobifunctional reagent having a

first functional group and a second functional WO
209%@5@9&@@@&%@2@ ciaing 3g7baeinttite gromqbecutds @edct with one

e R TR L T

f@ﬁé&ﬂygygﬂpovalent bond with a honobi functi onal
pol yner to obtain a self-assenbl ed nonol ayer, and
thereafter reacting the nonolayer wth capture

nQIS.eﬁlf)lr&%ss 2 claimed in claim 14, wherein the covalent bond formed between the

biomolecules and the homobifunctional polymer is an amide bond.

16. A biosensor having a surface layer formed by a process for producing a
biomolecular monolayer on a surface comprising the steps of: reacting the surface
with a solution of a heterobifunctional reagent having a first functional group and a
second functional group, the first functional group being capable of forming a
covalent bond to surface groups, the second functional group forming a covalent bond
with a homobifunctional polymer to obtain a self-assembled monolayer, and

thereafter reacting the monolayer with capture molecules.

17. A biosensor array comprising a patterned deposit of biomolecules on a substrate
wherein the patterned deposit is formed by a process for producing a biomolecular
monolayer on a surface comprising the steps of: reacting the surface with a solution of

a heterobifunctional reagent having a first functional group and a second functional



18. A biochip having a surface |ayer forned by a
process for producing a bionolecular nonol ayer on a

weundsase1gonpri sing the steps of: reacting thepreuwnSames/ 038752
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with a solution of a heterobifunctional reagent having
a first functional group and a second functiona
group, the first functional group being capable of

formng a 10 coval ent bond to surface groups, the

second fupctional group form ng a covalent bond wth
a How ihe st fanghenal geoup heingicgpale af ferminga qovalenhandde surface

MR Herse@id Bﬁ&%‘h%ﬁ%@ﬁ? forfn %/ &g/gfelﬂ?‘ltjé;ﬁ?lﬁg{tlgx fbm8bihctional

bi® ecul es. p ar npr

paidemered obitapos sdlf-adselbledm@nidyes and tiereaflosicactig thd lonolayer
wherein the at&erned deposit is forned by a process
fo"l‘”ﬂbf’%’(ﬁlﬂf&r‘i‘fﬁe %i onol ecul ar nonol ayer on a surface
conprising the steps of. reacting the surface with a
solution of a heterobifunctional reagent having a

f i 18s A Wiaehup haviag a guidags layed femmsd byracprdeass fargoaducingraoup,

b LS, B R 0 8 e

f uied b S6184io06 PRt ér0bFitdioRal ¢8ARh Ry i N HrsWiinBtidhal group and a
honobi functional 20 polyner to obtain a self-assenbl ed

nseshianctioaabiero e teafirse functieral igraypthismgrendilaytforminig 4
b'c%%’lleﬁt%lnﬁ% surface groups, the second functional group forming a covalent bond
with a homobifunctional polymer to obtain a self-assembled monolayer, and

thereafter reacting the monolayer with biomolecules.

19. A biochip array comprising a patterned deposit of biomolecules on a substrate
wherein the patterned deposit is formed by a process for producing a biomolecular
monolayer on a surface comprising the steps of: reacting the surface with a solution of
a heterobifunctional reagent having a first functional group and a second functional
group, the first functional group being capable of forming a covalent bond to surface
groups, the second functional group forming a covalent bond with a homobifunctional
polymer to obtain a self-assembled monolayer, and thereafter reacting the monolayer

with biomolecules.



