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FUNCTTONAL SURFACE COATING

L ROSS REFERENCE TO HELATEL APFLICATIONS

This application claims the hencfit of priorily of United States Provisional Patent
Application Serial No. 60/301,223, filed on June 26, 2001, emitled FUNCTIONAL
SURFACE COATINGS WITH LOW NON-SPECIFIC BTKTING PROPERTICS, which
is incorporated herein by relerence.

FIELD OF THE INVENTION

This invention reliles gencratly 1o the field of surface coatings that impart
desirable chemical, physical, and biclogical properties to 2 substrate material. In
particular, this invention rclates to surface chemistries designed to inhibit non-spacific
adsorption or binding of molecules, particles, or cellg to a surface while ulse providing a
meuns for immobilizing or entrapping specific molecules, capture agents, drugs, particles,
ar cells 1o ur within that same surface. This invenien further relates to coatings for
application 1o a variety of chemically distinet subsirate malerials.

BACKGROUND OF TIIE INVENTION

Controlling the interactions berween naturally derived er synthetic matenals and
biomelecnle-containing {luids is of increasing importance in u variely of lields. For
exaiple, biomolecule interactions with a varisly ol subsirate materials, i.2., surfaees, are
central to nuniarous analvtical systems, including immunodiagnostics, genc and protein
microarrays, and microfluidic “lab-ou-y-chip”™ Jevives. Analytical techniques such as
capillary electrophoresis {(CL), surface plasmaon vesonanes (SPR), and quartz crystal
microbalance {QCM) also intimately depend on biomelecule-surfuce interactinns.
Terformance of biomedical devicss ineluding cardiovascular replauemems" (e.g., cathetcrs,
valves, stents), conlact and intrevcular lenses, shunts, filters, diaphragms. pumps,
membrancs, drug delivery devices ad surgical components also depend on contrel of
biomalecule-sucface mleractions. Maritime surfaces, including heat exchange vnits, ship-
board components (e.g., huils, superstrucrure), installations (pumnp derrivks), docks, and
environmentally exposed instruments alsa Tequire confral of binmolecule deposition
(algae, fungus, nucrobial exudates) on their surfaces.

Of mujor vemmon concem within these fields is the level of non-specific
biomuolecule {e.p., prolein, organismal, nueleic acid) binding to target and device
subslraies. ITn non-sensing or non-diagnostic applications, this concern general focuses on

swrface-nduced biofouling (deposition of biological material that compremises funetion).
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This is particularly problematic in biomedical devices and maritime applications. In
mediczl, food, und environmental sensing and dizgnostics, speeificity, signal-to-noise
ratios, and detection limits ol a target analyte (c.g., polysaccharides, nucleic acid, drug,
peplide or protein), often at limited concentrations in a milicu of non-target biomolecules
(&g, serum proteins), are limited by surface nou-specific non-iarget {e.g., protein}
binding on the substrate. Reduction or elimination of this non-speeific binding noise will
nmpreve dovice performance, dind enhance signal-to-nefsc ratios, detection sensitivity and
specilicity of many analytical systems.

Beyond analytical systems, the synthctic material-binlogical interface is central to
the proper function of many biomedical devices. For example, non-specific binding of
prateins at medical implani surfaces is believed to be at least partially responsible for
tiggering the [oreign body response, which i furm ¢an lead to device failure or rejection.
‘T'his biofouling is alse hlamcd for device Infection incidence, thrombasis, nd sensor
deteriorativn over time in vive. Alternatively, it has been hypothesized that implant
surfaces (hal intoract with target hiomolecules in a specific mamner can be used to
stimulats natural healing, aveiding many adverse reactions from bicfouling. In addition,
numerous non-analytical and non-medical applications require direet control of surfuce-
biological fluid interactions. Examples melude non-tonling paints and anti-microbisl
coalings or industrial equipment, colloid and mineral handling systems, covling systems,
marine structives, and bioreactors used for production of biological producis in vitro
using biological components.

Improvements in these imporiant ficlds 21l would henefit from development of
improved suriace chemistrics where speeitie target binding, telhering or entwiprnentd can
he controlled versus non-specific depesition of undesired components. A core
requirement of thess surface chermsiries is thel the synthetic surfaces show roduced or
limited non-specilic binding (NSB} le non-targets, hiomolecules, particles, or ceils. NSB
oceurs through a vaviety of basic molecular-level adhesion mechanisms, including all
combinations of electrostatie, hydration, hydrophobic, acid-basc, dispersive and hydrogen
bonding intcractions. Seluble proteins, for example, generally ubjiquileusly and
universally adsorb to & surlace (hrongh combinations of these non-specific interactions,
creating am adberent layer of biological material difficult to remove (a criicad step in
biofouling), Prolein NSB often resnlts in protein denaturation (loss of native structure) on
surfaces that can prompt a cascade of additional NSB cvents {further adsorption ol olher

proteing, cells, micro-organisms, eic., W the exposed interior of the denatured protein).
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This biofouling NSB cascade produces undesired infection, coagulation, inflammatory
responses for biomedical imaplauts, reduced signal-noise raties for diagnostic assays and
sensors, cermusion ind deterivration for maritime and environmentally cxposed siruclures,
turhulenee and reduced propulsion sfficiency for maritime shipping, and undesired
pressure drops and Mlow properties in capillaries. tubes and mucrofluidic chambers.
Tnhihition of protein and biomolecule N5B is thus an important performance Feature in
the desigm of improved synthietic malerials that contact, fanction with, and operate in
biological fluids,

While NSB to surfaces is most often undesirable, speeific capturc of designated
biomalecules, particles, drugs or eclls by binding at a target surface is often desirable.
Fxamples include the specific hinding of bicactive antibodies on a surface for
immunoassuy applications, specttic binding of nucleic acid primers on a surface for
potymerase chain reaction (PCR} or genetic assays (microarrays), and specific binding of
growih factors or antibiotics to surfzccs to promote or kinder cell growth, respeclively.
The goal of such specific binding to a surfacc is to bind only one designaled type of
molecule, pasticle, or cell, to the target suwrface and {o do s¢ Ina manner thal preserves the
recognition activity and native structure and function of (bhe specifically hound malecule,
particle or cell.

Thus, functional swface chemistrics are needed that (1) inhibit non-specific
binding of unwanted molceules, particles, or cells to a freated surface; (2) inhibit non-
specific binding of unwanted molecules, particles, or cells W a treated surface while
promeating speeific biomolceule. particle, or cell binding, to that same surface; or (3) that
inhibit non-specific binding of unwanted molecules, particles, or cclls to 2 treated surface
while promoiing specific and functionally or biologically active biomolecule, particle, or
cell hinding, to that same surface.

Several strategies have been empleyed Lo create surfaces with these desited low
pon-specilic binding propertics. These strategies typically involve sclection of coating
chemistry ot sarface functional groups that éxmbit low M5B and then fixing them to an
underlying substrale. The fixing step may be based on physical adsorption or on direct
covalent linkage (chemical coupling). From @ performance perspective, the Iayer must
exhibit robust bonding to the underlying support while maintaining iow-NEB propertics
to the enviroument.

Surface coating strategics based on svithetic polyiners have been the focus for

development of most non-fouling coating applications. A S. Hoffman, “Non-Fouling
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Surface Technologies,” Journal of Biowaterials Science: Polymer Edition 10, no. 10
{1999): 1011-1014; Pely(ethylene glvcol): Chemistry and Biological Applications, ACS
Symposium Sedes 680, I. Millon Flarris and Samuel Zalipsky, Lds., American Chemical
Socicty, 1997. Hydrophilie, polar, electrically neuwal polymers such as polyelbylane
alycol (PE(r) derivatives have received significant attention because of their long-
acknowledged abilities to reduce prolein NSB [rom solutions in coated formats. The
challenge has been to effectively fix these and other similar water-seluble palymers to
usefinl substrate marerials at densitics sufficient to impart eftective NSB through
contiguous coating. One approach has been to physically adsorh hydrophilic-
hydrophobic block copolymers to hydrophobic supporls, Hydrophobic interactions
between the subsirate and Lydrophobic: pelymer blovk are sufficient to attach coating
potvmer molecules to the substrate while presenting the hydrophilic, low-MSB block to
the aqueous surroundings. U.S. Patents 5,075,400 and 6,003,559, Problems with these
physically adserbed (ilms, however, include reversible polymer desorplicn, particularly in
challenging liquid environments (c.g., high salt, non-neutral pH. elevaled (emperature,
shearing flow conditions, cfc.}, and the ability (o achieve reproducible adsorbed densities
effective (o limit NSB .

Anather approach to creating surfaces with low non-specific binding properties
relaies 1o the covalent coupling of low-NSB coating polymers to the tarpet surface, PEG,
for examiple, can be covalently grafted to substrates through reactive end groups
introduced to the PCG molecule. U8, Patent 5,512,329, Azido chemistry and quinone
chemistry are two photo-reactive ond group examples for such fixation to pelymer
substrates. A disadvantage of this approach is that it is confined Lo coating particular
{ypes of polymer supports whete this coupling chemistry is effective and available,
Altachment lo interesting inorgimic substrates such as glass or metals requires some
intermediate substrate allachment layer, which adds to the cest, time consumption, and
overall elfectivencss of the coating procedire. One particular example of this procednre
relics on PEG-silanes used to create coatings o active metal oxide surfaces {glass, silica,
titania, alwmina and others)., In this systen, a PLG molecule is derivatized with
alkoxysilane or chlorosilane tenminal reactive groups. Hydrolysis and chemical
condensation of the reactive silancs presumably serve to anchor the PEG molecules ic
oxide substrates such as glass or silicon oxide with cxposed surtace silanol groups.
Despite their initial promise, PEG-silane surfaces are difficult to reproduce practically. 1t

is believed {hat the lerminal alkyl silane reactive groups hydrolyze in soluiion and then

JP 2004-531390 A 2004.10.14
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react with each other in the bulk solwion, prior Lo alachment fo The substrate, yields
poarly defined films (reactive groups cross-react with each other rather than 1o anchor the
PRG-silanc to the surface) allowing for 4 purlial physicaly adsorbed polymer coaling
mixed with some fraclion of cherical attachment. Control of this for reliable coating and
low WSB is difficull.

An aliernative to forming e polymer film for blocking non-specilic binding on a
substrate is to inhibit the non-specific binding ta (he subsirate with a hiomelecule-
blocking step (masking). The most common praclice in this respect is o pre-adsorl
substratcs with soluble bovine serum albumin (RSA), casein, or scrum.  These proizins
(or proteins in the serun) adsorb strongly to most surfaces from aqueous solution,
providing an adsurhed protein layer that minimizes subscquent non-specific hinding of
other biomolcoules. While such protein blocking has proven Lo bs functionally cffective,
the blocking step is tinie consuming. labor iniensive, and subject to reproducibility
prablems. In addition, thers is a gensral desire to move awey from the yse of animal zod
serim-derived products in surface ehemistry applications for safety reasons.

Thus & peroeived improvement in the art is a solid-phase surface coating capablc
of consistently strong, direct and effective attachment to a variety of substrate materials.
The surface should reliably exhibit low non-specific binding propertics and should be
easy o use (L.e., should requirs ne blocking sleps). Ideally, the surfare chemisiry should
alsa provids @ meins ot immohilizing chemucally reactive coupler or fumctional groups
on the surface, which in turn exhibit strong specitic attachment properties for desired
turget immobilization onto surfaces. Against this backdrop of technical challenges and
current limitaiions in the field, the present invention has been developed.

SUMMARY OF THE INVENTION

Embadiments of the present mvention arc dirccted at novel surlacs chemistoes
and methods of preparing fimetional sol-phuse coatings and sucfaces with improved
properties both limiting INSB and epabling speeific hinding. The present invention
provides for robust coaiing bonding over varions substrates, including oxile, metal,
coniposite, ceramic. and polymer substrarcs while simyltanconsly iniparting surfacs
properties that substantially inhibit non-specitic binding of solutes from exiernal milieu.

‘Without wishing to be bound 10 # purliculur theory, it is considersd that the
interaction between the various cotmpongnls of he surluce chemistry, described in more
detail below, provide the strengths and benofits of a navel surface coating with robust

attachment to a variely of chemically distinet solid phase substrales. The chemistry of the

5
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coating swbstantially reduces dependence upon a single attachment mechanism (ic.,
silane coupling, physical adsorption, photoreaction, chemical attachment, elc.). Instead.
the iulfifunclional nature of the coating chemistry provides mulliple likely wllachment
miechanisms, inclnding covelent attachment lo oxide, cersmie and polymar subsatrates,
crosslinking within the coating, snd adsorption via hydrophohic interactions, acid-basc
chemistry, hydrogen bonding, etc., which act in combination ot synergistically to slabilize
the coating on tfhe substrate and reliably present the desired surface properties.
Importantly, chemical cross-linking within the applied coating itself is believed (o
augment the coating cohesive character, coating-substrate interactions, and add 1o fhe
robustness of substrate attachment.

The present invention promotes formation of a functional surface caating. The
term “functional” is used herein lo describe the ability te perform 2 speeitic chemical or
malytical task. For example, one class of functional surfeces can provide specific affinity
binding or [igand-receptor binding capabilitics with designated solules. For example, a
surface cun be crealed that presents biotin groups consistently al the surface. Biotin
growps exhibif a highly spocific. high affinity binding inleraction with streptavidin protein
meolecules and their mutants. The fimetional surlzee in this example, therefore, is a
biotinylated, low background NSB coating where function is defined by the ability to
specilically bind streptavidin.

Tn another embodiment of the presem invention, the functional surfaces arc
designed 1o inhibit alt moleculer binding interaclions 10 the coafing, In this casc, the
specifie fimetional task is to be interfacially inert. A manifestation of such “inert™
function could be a surface thal presents offcetive densities of methexy-capped ethylens
oxide oligomers or polymers. Such surface groups genzrally do not form covalent
linkages, generally do nnt show affinity binding properties to proteins, cells, or particles,
and in general resist adsorption of biomolecules and other soluble species. In the context
of the present invention, these inerl groups ave incorporated directly inta the underlying
low-backyround NSB coating invention.

The present fuvention embodies a coating architecture comprising designated
fumeticnal sarface groups (e.g., methoxy-PEG or biokn) integrated with a cross-linked,
low-NSB coatable matrix. The surface [unstional groups are covalently coupled 1o the
coafing matrix through spacer molecules seleeted to provide conformational Mexihility
and o be inert to non-specific adsorption. The low-NSB muirix comprises these spacers

and other so-called matrix-forming molecules that have been cross-linked into the
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coatable film. Lxemplary matrix-forming molecules include polysaccharides (dextran),
ethylene oxide-containing cligomers (linear, block, dendritic or star polymer forms}),
block co-polymers Poloxumer®, Pluronies™), and non-ionic surfactants (1:\vccn®,
Trilen™), The coating archileelnre is helisved to rely on a combination of both physicul
and chemieal cross-linking mechanisms, In addition to physical entunglement of large
molecules in the matrix, heterc- or bi-functional, reactive cross-hinker molecules may also
beincluded and chemically activated in the coatings. Covalent cross-linking s believed
to veeur both within the coating nratrix and to the substrate. An advantage of using
hetero- and bi-functional cross-linkors in this invention 1s Lhat the coating cun be
effectively applied and cross-linked to a vanely of chemically distinet substrate materials
with or without specific surface atlachment. The coating described in this invention
provides robust attachument both within itself and also to various substrates.

The present inveation provides methods of proparing a functional surface coating
using the compenents with the described functions. The methods include providing a
substratc with an cffective amount of an active compenenl, providing wn elfective amounl
of a rross-linking compunent and providing an effeclive smount of & matn¥-ferming
component. The aslive component, Ihe cross-linking component and the oateix-Tarming
compmment are incorporated antn the substrate, and integrated with cach other to create
the stable, robust functional sucface improvement,

The present invention aisa provides a functional surface for performancs of
immune, genetic, microbial, cellular, particnlate and other biochemical ar target analyte
binding assays. Thue, a non-speeific binding matrix is attached to 2 substrate and an
active component is integrated into the non-specific binding matrix to Impart these
coaling selectivities for various assay formats,

In addition, embaodiments ef the present invention provide functionally nert
surface coatings formedical implant deviecs for elfectively limiting host rejeetion of the
medieal iraplant deviee throngh attached ligands, incorporated drugs, and reduced NSB -
reaponsible for biofouling of such devices in- or ex-vivo,

‘I'hese and various other features us well as advantages which churncterize Lhe
invention will be apparent from, a reading of the following detailed degcription and a
review of the appended claims.

. Briey DESCRIPTION OF THE DRAWINGS
FKig. 1 is a diagraimmatic depiction of a (unctional surlace, in accordance with une

embodiment of the present invention. The coatuble embadiment comprising an active

JP 2004-531390 A 2004.10.14
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component, a cross-linking component, and a matrix-forming component ure
schemarically dopicted to represent their fimetion within fhe inlegrated coating on the
substrate, Mote that a schematio tepresentation of the components comprising the prosent
invention is shown at top, a cross-sechonal representation of possible costing architeeture
is shown in the middle, and a three-dimensional representation of possihle eoating
architeciure is shown at bottom.

Fig. 2 illustrates the non-specific binding of protein on biotin funciional swriaces
in accordance with onc cmbodiment of the present inventica vn SiOz/S1 walers, compared
0 BSA- blocked Si{w/81 wafers.

Fig, 3 Ulusirates the non-specific binding of protein on thiol-reactive funetional
surfac;:s in accordance with ane ernbodiment of the prezent invention on 8i0,/Si wafers,
relative w0 BSA-blocked and bare 51012/51 wafers.

Fig. 4 illustrates the non-specitic binding of protein on B3A-blocked subsirates
and funciional surtaces acoonding to vne embodimeni of the present invention on various
plastic substrales,

Fig. § illustrates the non-specific binding of protein on a BSA-blocked substrate
and functional snrfaces in accordance with oie embodiment of the present invention on a
metal substrate, in particular a pold substrate. i

Fig, 6 illustrates the non-specific binding of protein on functional surfaces jn
accordance with one embodiment of the present invention on glass substratc, BSA-
blocked glass, and bare glass substrate.

Fig, 7 illustrates the non-specific binding of fibrinogen on bare plass, BSA-
blocked glass, and functienal surfaces in accordance with ane embodirnent of the present
invention.

Fig. 8 illustrates the specific binding of streptavidin on bictin functional surfaces
in accordance with onc embediment of the present invention.

Fig. ¢ illustrates the specific binding of biotinylated horseradish peroxiduse 1o
streptavidin funclional surfaces in accordance with one embiodiment of the present
invention an glass subsirates.

Fig. 10 illustratcs the specific hinding of thiolated streptavidin to thiol-reactive
functionai surtaces in aceordance with one embaodimenl of the present invention on.
plastic substrates. Each concentration was run in triplicate and error burs represent one

standard deviation in the sel.
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Fig. 11 illustrates the specific binding of slreptavidin to amine-reactive funetional
surfaces i accordance with one conbadiment of the present invention on primed glass
substrates. Each concentration was run in wiplicate and error bars represent one slandard
deviation.

Fig. 12 illustrates the speeifie binding of biotinylated antibody 1o 4 sireplavidin
Functional surfacs in accordance with one smbodiment of the present invention on glass
subsitate.

Figs. 13A and B illustrate the inproved assay sensitivity for staphylocoecal
enterotoxin B for a fugetional surface according to one embodiment of the present
invention. Mote that Tig. 13A shaws optical density ar 450 nm and Fig. 138 shows
membrane (hickuess.

Figs. 14A, B and C {llustrate the use of one embodiment ol the present invention
in an oligonucleotide microarray application, and specifically illustrates thc vsc of
oligonucleotides with amine-reactive functional surfaces in comparison to state-of-the-url
commercial polymmer end silage chemistrios. Fig, 14A shows Huorescence detevtion of
Cy 5 Streplavidin bound to 37 biotin labeled oligonuclevlide. Signal intensities are
reported in relative fluorcscence units. Data were obtained from three representative rung
and error bars represent one standard deviation. Fig. |4R shows flnorescence backgromnd
deteimination where noise levels are reported in relattve fluorescence units. Data
abtained from one slids and ervor bars represent onz standard deviation, Fig. 14C shows
the resulting signal-to-neise ratios (8/N) for the couting chemisiry corupared to the
polymes and silanc slide chemisties. One slide representad per data points.

Fig. 15 illustratcs the use of one embudiment of the preseint invention in a protein
microarray application, specifically illustating the use of streptavidin functional swfaces
for selective caplure vf biolinyiatel antihedics on glass substrate.

Fig, 16 1/lustrates the non-specific binding of various coated surfaces
demonstrating synetgistic effects of the functional surface according to one embodiment
of fhe present invention, .

Figs. L7A and B illusteates the usc of different matrix-forming components in
several embadinents of the prosent invention that show low non-specific protein binding
and bigh specific protein attachment.

Tigs. 18A und B illusirates the inhibition of fibroblast ecll proliferation afier thres
days of culturc on a coated surface embodiment of the present invention {A) relaiive to a

tissue cultwre polystyrene conirol (B).
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The features and other details of the preferred smbodiments of the present
invention will now be mote particularly deseribed. Ti{s (b he andersiood that the
particular embodiments of the mvention are shown by way of illustration and not as
limitations of the invention, The principle foatures of this ivention can be emplayed in
various embodiments without departiog fiom the svope of the invention.

The present invention provides methods and compositions for the preparation of
multi-component, muld-functional thin film coalings 100 applied to and stabilized upon a
variety of substrates 102 (see Fig. 1}. These coatings 100 substantially inhibit non-
specific binding or adsoption of non-target proteins, e.g., fibrinogen, undesired enzymes
and antibodies, undesired nuclcic acids, polysaccharides, particulate solutes, mjerohes,
actls, colloids, and the like (collectively termed non-target analytes), to the coated
substrate. The present invention alse describes such surfaces stabilized upon a varicty of
subsirates 102 that provide for very low non-specific binding and, if desired, high specific
binding and increased assay selectivily and sensitivity.

A tiayrammatic depiction of a multi-component, multi-functienal surface coating
160 according to one embodiment of the present invention is shown in Fig, 1. Fig. 1
illustrates the components of the method and apparatus of the prosent imvention and their
believed inleraclions. As shown i Fig. 1, a substrate 102 is provided with a low non-
specific hinding matrix 104 affixed upon the substratc 102 and an getive compenen! 166
physically etitangled and covalently bound within the applied non-specific binding matrix
104. The methods, coatings, composilions, vuse and kits, according 10 preferred
embodiments of the present invention, arc deserived in more detail below,

Methods of the present iuvention are directed 1o the preparation of funclional
surfaces 100 capable o cither or both specitic binding and reduced non-specific binding
to a target substratc 102. The coating method includes providing efMzctive amounts of an
active component 106, a cross-finking compunent 108, and a matrix-ferming component
104. These three yeneral components are incarporated onte the substrate, thereby
creating and comprising the tinctional surface coating 100 and imparting the properties
described by the invention.

The icrm “functionni surfaoce™ LOU is used herein 1o describe a surface that
cmploys speeific chemical groups to selectively bind desired target molecules, particles,
cells, and the like (collectively called target analytes), from external milieu, and/or to

collectively reject undesired molecules, particles, cells, and the like (collectively called
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non-target analytes), from the surface. By this definilion, vne class of functional surfaces
100 provides specific binding capabilities through Lthe neorperation of specific fimetional
groups 110 at the surface. An example is a bistimylated surface that exhibits high avidin
bindimg activity (Lypically in the cange of 300 to 300 ngfem® of avidind and low NSB of
other biologius, particulates, and solutes (typically in the range of (.01 to 50 nyfem®.
The term “functional surface” is also nsed herein to deseribe chemical groups or surface
compoaitions that cxhibit inhcrently low protein or particulate binding or adsorptivn in
the range specified (Lypically sround 0.01 o 30 ng/em®). Thus, ihe “funetion” in this
cluss of sarfaces [s lo be substantially inext to protein, cell, microbe and particulzte
adsorplion. An cxample of such inert functionality is a surface that presents methexy-
cappedd ethylenc oxide oligomars or polymers. These inert sucface groups 112 generally
da not fonn covalent linkuges, generully de nol show affinity bindug properlies, and in
zenerul lend 1o resis| adsorplion of biomelecules, particulates, celis, microbes, and other
soluble species {non-target analytes).

For the purposes of this application, “ctfective amount” is defined as an amount of
a specified coating component that, when combined with the other coating components,
yields a coating matrix that meets specified performance standards for the desired
application (.g., assay or implant coating). These performance standards ave defined for
both “low non-specific binding or adsomption™ (“low-N8T”) and “Tighly selective specific
binding,” as described below.

For the purposes of thiz application, the terms “low non-specific binding,” “low
non-specific adsorption,” and “low-NSD™ are defined relative 1o the current method of
boving serum albumin (BSA) blocking, i.¢., masking, BSA-blecking is a process in
which the soluble serum protein, bovine serum albumin, is physically adserbzd from
solution to 2 substrate material prior to the use of that substrate in a biological fluid
serting, ‘Lhis pre-adsorbed BSA layer serves io inhibit addiliona! solute or particulae
aulsorpiion on the substrais. The BSA-blockiog melbod represents « practical stare-oi-
the-art process for the inhibition of non-specitic binding or adsomtion to a vartety of
substrates, particularly in the context of biochemical assays. Thus, for the purposes of the
presenl invenlion, a coating formulation that inhibits NSB in u marmer similur to or
supenior to BSA-blocking, without the regnirement of a BSA-prendsorption or any
equivalent blocking step, is hersin considered to be a low-NSB surfuce.

The “highly selective specific binding” performance standard is also defined ina

comparative manner. For the purposes of this application. a surface is considered fo be

11
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highly selective when the specific binding group incorporated in the surface is uble fo
selectively bind target (analyle) species from a complex milieu, when a siniilar sarface
lacking such specitic binding groups shews littls or oo cupacity o specifically bind target
species (analyles). Tor sxample. 1 biotinylated aurfaee is said to be highly sclective
relative {0 s non-biotinylated counterpart when signiticant, measurable quantities of
avidin or streplavidin arc bound (0 the former and nat to the Jatter under the sume binding
cenditions.

A final performance stundard 1s the contbination of “ne selectivity” and low-NSB.
In this casc, no binding or adsorptien is desired, either specific or non-specific. Again,
performance 1s defined relative o a competing ntethod such as BSA-blocking.

The inworporation or allixing step of the surface coat 100 onto 2 substrate 102
preferahly comprises combining effective amounts of active component 106, a cross-
linking component 108 and a matrix-torming compaonent 104 into a coatable mixture,
This coutable mixlure is applied 10 the substrale and cured to yield the stabls, robust
surfuce. Coating mixiures may alse include other non-covalently attached functional
groups, for cxample streptavidin, which becomes entangled within the matrix.

The methods of the present invention preferably include combining the active
component, matrix-forming component, and cross-linking component in a earricr solvent
or selvent mixture. The range of component concentrations used depends on the
particular coating methed chosen. Sclection of solvent also depends on compenent
chemistry, the coating method and choice of subsirate material, with fuctors such as
solvend surfuce tension, solubilily parameler, viscosily, and reactivity with the chosen
substrate influencing solvent selection.

Active Component For Use With The Fresent Invention:

Typically, embodiments of the active component 106 ot the present invention
include u funetional group 110, a spucer group 114 and 4 binding group 116 (see Fig. 1).
MNoie thal whers nio specific binding is required, 2n mert fimetional group 132 can be

inserted in place of the fumctional group 110,

I maore detail, the term "active component" ia intended Lo signify a bifunctional
reactive moleculc that includes &t least one venctive group {for cxample 116) af one end of
the molecule and at least one functivnal gruup (for example 110 or 112} al either end o
the molecule. The dislance between the twe groups can be vared by varying the length
of the spacer group 114 te provide the desived attributes as defined by the final praduct

required by a person skilled in the art. As previously described, the active component

12
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106 prefirably includes specific chemical parts rapresenting the funciional group, spacer,
an binding group. Specitic definitions of these terms are provided below. The active
componen! 106 is preferably o combination of these groups; however, it is to be
unierstood that the active component need not necessurily comprise three distinetly
separate groups. It is possible that one group can acl both as a Fanclional group and a
spacer group, for example. It is also possible, (or exarple, that the functional group (for
example 110 or 112) and the reautive group 116 have the same chemical structure (e.g., a
houeo bifanctional active companent). The active compenent need only perform the
[unstion described with respect fo each group of the active component as discussed
beloty, with minimal parts needad to accomplish these objectives.

The term “functional group,” 110 as used herein, is intended ta include those
groups that can generally inleract with and form an association (both covaulent and non-
covalent) with targel species extomnal o the surface while generally not associating with
non-arget species, The torm “fanctional group” may also refer to those groups that are
essentinlly inert to binding and adsorption of any or all species in extzrmal miliew, referred
to a8 art incrt functional group 112.

For surfaces designed for specific binding applications, fimctional groups 110
include but are not [imiled to chemically active groups, receptor of ligand groups, and
chelitors capable of selectively hinding desized target species. More specific examples ol
functinnal greups 110 include but ure not Limited o, for example, biotin, N-hydroxy
succinintide esters, nitrophenyl esiers, carboxylates, vinyls, vinylsulfone, metal chelates,
slutathione. streptuvidin, nitrenes, acrylate groups, phenylboronic scid, nitrolotriacetic
acid (NTAD, imidodiacetate (IDA), salicylhydroxamic acid, hydrexyl groups (-OH),
amine groups (-NHy), imine groups (-INHR) carboxylic acids (-COOH}, aldehydes (-
CHC, ketones (C=0), esters (-COOR), ethers {-C-0-C), amids groups (-CONIT), imides
(FCONHR), cyunides (-CN), hydrazides (-NHNHg), succinimides {-ONC.05). maleimide,
thinls (-SH), halides -3, silyl (-81H), azido groups (-Nz), phenyl mroups, sulfonates
(507, isothive yanae, isocyanate, cpoxides, nitrobenzyls, oxazoline, acid chloride,
chloroformaie, disulfide pyridyl, azlactone, eyanogen bremide, uoroacenes,
fluorocarbons, disulfides, isocyanides, sulfuamidn, sulfate, heparin, peptides, nuclectides,
polynuclsotides, organic silicon swmpounds and organic plwsphate (phosphoamidite)
compounds.

For surfaces on which little or no specific surface binding is desired, inert

fithetional groups 112 include nor-reactive chemical groups such as, ethylene glyvel
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oligomers, acrylzunidés, pyrollidones, poly- and mono-saccharides and polar synthelic
polymers.

Choice of the functional group is within the skill of the s, based on known
hinding parameters of and derivalives of (he finctional group{s) appropriate for cach nse.
Thus, the active component can be designed to specifically or non-speoifically select and
associate with chosen target analyles from external milicn,

The term "spacer,” 114 as used herein, is intended to include those moieties that
serve Lo separate the functional group 110 or incrt functional group 112 from the binding
group 116 of the active componant 106. Typically, the length of the spucer group 114 is
sufficicnt when the functional group and binding group can perform their respective
functions without physical or chemical futerference from each other. The spacer links the
fimetional group Lo ke binding group and also preforably separates the functional group a
distance awiuy fom the coaled solid substrate 102, Thiz spacer 114 increases the
accessibility of the fimerional group 110 to rarget spectes and reduves Ihe steric hindrance
From or binding interference with the solid substrate 102.

[t is preferable that lhe spacer ¥14 is one consistent length that provides all
functional groups with the same activity; however, this is not required. Example spacers
include, bul are not limited 1o, hetero-, bi-functional or multi-functional small molecules
or pulymers. These molecules can form covalent bends or stable Glins upon solid
suhsirates and, at the same time, provide funeclional groups for specifically binding target
specics from extemal milicu. For example, bi-funclional, linear, star-shape, and comb-
like PEs (oligomers or pulymers), pulyethylenimines, polystyrens, polysiloxanes,
polyurethanes, proteins, poly(amina acids), palyphosphazenes, telechelic block
capolymers (Pluronics™), polyacrylates, polvacrylamides, polymethacrylates,
polysaccharides, dendrimers, hyperbranched polymers, macromonomers, and cross-
linking or heterobifunciional alkyl-linked coupling reagents arc suitable spacers.

The term "hinding group," 116 a5 used herain, is intended to include those
moicties that can hind the active component 106 to the coating mairix 100 and/or to the
underlying support 102, The binding group 116 is preferably sslected to covalently bind .
the active camponent to (he coating matrix of 1o the substrate. The binding group can
also react with itself in the form of cross-linking. Examplcs of the binding group for use
in the present invention include, but arc not limited to, silancs, methacrylates, disulfides,
disilazanes, sulfliydryls, acrylatcs, carboxylates, activaied caters, other active leaving

groups, isonitriles, isocyanaies, phosphoumidites, nitrenes, epoxides, hydrosilyl, esters,

14
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arenes, azido, amine, oitrile, vinyl groups, alkylphosphonates, and koown surface-
coupling reactive species known Lo those skilled in the art of chemicat coupling to
surfaces.

Th a preferred cmhoediment, the active componst 106 s produced by combining
an amount of a Teaclive chemisiry carrying the binding group portion, such as an mnino-
terminated lkyl silane, with a spacer bearing a terminal functional group, such as biotin-
PLG-COy-N-hydroxysucemimidyl (NHS-PEG-biotin). This combination resulls in an
active component having a terminal silane available to act as the reactive or binding
group, a T'EG portion acting 23 a spacer group, and biorin serving as the funuiivnal gmup.
The active component has the general molecular lonnula X-PEG-Y, where X is the
functional group and Y is the binding group. Although a list ol possible functional
sroups 1s provided ahove, exampie preleered functional groups include, but are not
Limited o biotin, N-hydroxysuceinimide, vinylsulfone, metal ion chelates (e.g., Nit™-
NTA), glutathione binding gronp, amino, aldchyde, cpoxy, mercapto, maleimide, hepacin,
methoxy, and sultonate. Example preferred binding groups include, bul are not limited 1o
silane, azide, acrylate, aldeliyde, isocyanate, phosphonate, and epoxy.

The methods of the present invention preferably include forming a (001 mol/liter
to 0. 1maol/liter solution of active component 106 in a solvent, more preferably 0.003-0.02
mol/liter solulivn of aclive compunen! in 4 solvent, and most preferably 0.1 mol/liter
solulion of aclive component in a solvent. As noted ahove, the active compencnt 106 is
preferably a molecule of the form X-PREG-silane, wherein: X is a functional group such as
biolin, vinylsulfone, or an N-hydroxysuecinimidyl cster; PEG is a polyethyleneglycol
polyiner, preferably of molecular weight 2000 to 5000 atomic mass units; and silane is a
hydrolyzablg silang precursor group (e.g,, trialkoxy or trichlorosilanc}.

In. 2 preferred emboiliment, the aclive component 106 is a biolin-PEG-silanc
mpolecule formed by reacting biotin-PEG-COp-N-hydroxysuccinimide (biotin-PEG-INILS,
molecufar weight 3400, e.g., Shearwater Corp., OH2Z0F02) with an amino-leminated
alkoxysilane {(3-trimethoxysilylpropyl)-diethylenerriamine, e.g., Gelest, SITE398.0) ul a
1:1 mole retio in the chosen sclvent. 'The reaclion is preferably carried out at roem
temperature for two hours. The N-hydroxysuccinimide group en tic biotin-PEG-XHS
reacis refiably with e terminal amine on the aminosilanc o yield the biotin-PEG-sikaie
active component. An exumple solvent fiar the active component is M, A-

dimethylacctamide (MMAC, Aldrich 27,055-5).
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In anather prefarred embediment, two active components 106: hiotin-PEG-silune
and methoxy-PEG-silane, are combined in the coating mixture. By diluting the biatin
functional group in “inert” methoxy groups, incrcased biolin binding activity of bound
streptavidin can be achieved. The tirst active component is the biulianEG—RilaJIC,
melecular weight 3400 described in the previous paragraph. The second aetive
component is a methoxy-PEG-silane, formed by reacting methoxy-PEG-0CH; CHp-Cia-
N-hydroxysuccinimide (methoxy-PEG-NHS), preferably of molecular weight less than
3400, mast prefcrably moleoular weight 2000 (c.g., Shearwater Corp., 2MAMODOL}, with
an amino-terminated alkoxysilane ((3-immethoxysilylpropyl)-dicthylencinamine, e.g.,
Gelest, SIT8398.0) ut a 1:1 mole ralio in the chosen solvent.

In another preferved embodiment, the aclive component is a mechoxy-PEG-silane,
prelerably foomed by reacting methox y-PEG-DCH,CHa-C0,-N-hydroxysuccinimide,
ruolecular weight 3000 (2.g., Shearwater Corp., 2MAMOH}1) with an amine-terminated
alkoxysilane {(3-trimethoxysilylpropyl-disthylenchismine, c.g.. Gelest, SIT3398.0) ata
1:1 mole ratio in the choscn solvenl.

In another preferred embodinent, the setive component 1O is o vinylsulfone-
PLG-silzne, preferably formed by rescting vioylsulfone-PEG-CO,-N-
hydroxysuccininmds, malecular weight 3400 (c.g, Shearwater Corp. 2Z5BUF02) with an
amino-torminated alkoxysilane ((3-trimethoxysilylpropyl)-diethylenetriamine, e.g.,
Gelest, SIT8398.0) at a 1:1 mole ratio in the chosen solvent.

. In another preferred embodiment 106, the active component is an NHS-PEC-
silane, preferably formed by teacting & bis-functional N-hydroxysuccinimidyl ester of
PEG {SPA-PEG-SPA, molecular weight 3400, e.g. Shearwater Corp., 4M4MOF02) with
an amine-terminaled alkoxysilane ((3-rimethoxysilvlpropyl)-diethylenstriamine, ¢.g.,
Gelest, SITE328.0) at 2 2:1 mele ratio in the chosen selvent. Tn another preferred
embodiment, 1he active component 106 is a COOH-FEG-silane, preferably formed by
reacting COOH-PEG-K -hydoxysueeinimide, molocular weight 3400 (o.g., Shearwaler
Carp., 0Z2Z0F12) with an amino-terminated alkoxysilane ((3-trimethoxysilylpropsT)-
diethylenetriamineg, e.g, Gelest, SIT398,0) at 2 1:1 muele ratio in the chusen solvent.

Cross-Linking Component and Matrix Forming Component For Use With The

Presgnt Invention:
The “cross-linking component™ 108 of the present invention is defined herein as a

reactive molecule with multiple reactive moietics that when activated by apprupriate
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stimulus, providcs cress-linked stabilizaiion within the Gl 100 as well us covalent ar
adsorptive film attachment to or upon various solid substrates 102,

In me embodiment, the cross-linking, component 108 includes the alkylsilane and
sulfonylazide reactive end groups, which when combined create dual reactive
funcuionalities that upon curing procesd to form spontancous creas-links both within the
coating and to various substrates 102. Excmplary crosslinking groups inchude molecules
that combine groups from the list including: methacrylates, acryiates, spoxides, silanes,
perflucrophenyl azides, aryl azides, bis-nitrenes, acyl azides, azidoformates, sulfony!
azidcs, phosphoryl acides, diazoalksnes, dineoketones, diarnacetates, beta-koto-alpha-
diazoucetales, aliphatic o, Jlavinnes, ketenes, photeactivated leetones, diallkyl
peroxidases, lacyl peroxidases, or quinenes. As an example, 6-
azidosulfonyliexyltriethoxysilane ia provided, which includss silune groups able 1o frm
covalent bonds with reactive hydroxyl groups present on surfaces of substraics such as a
oxidized polymers, inetal oxides, silicon wafers, silicates, titanatss, aluminates, or
glasses. The silane groups can also cross-linked with cach other or with other silane
groups, forming a three-dimensional cross-linked matrix. The azidosulfonyl group can
form covalent bonds with aliphatic and aromatic compounds both oa the substrate 102
and/or within the coatable mullicomponent matrix 104.

The term “matrix-forming compenent," 104 as uzed hercin, is intended te include
those moleeules known in the ari to have physical characteristics of providing low non-
specific hinding properties towards biological {c.g. proteins, polysaccharides, cells, and
bacteria) and non-biolomeal (e.g. particulate, colleidal, ionic, silivevus, wnd
carbonaceous) compounds. Ostuni, Li; Chapman, R- G.; Holmlin, R. E.; Takayama, 5.;
Whitesides, G. M. Lengmuir, 17 3605-5620 (2001). Such matrix-forming molecules
typically inclnde anc or more of the following characteristics: such molecules can be
polar, hydrephilic, und electrically neuiral, are hydrogen bond acceptors, and typically
exhibit conformational fexibilily.

Fxamples of the matriz-forming companent 104 include, but are not limited to,
palyoxyethyleno-based surface-active substances, including polyoxyethylene sorbilan
tetracleate (PS1), polyoxycthylene sorbite] hexaolcate (PSH), polyoxyethylene 6 tridecy)
ether, polyoxyethylene 12 tridecyl ether, polyoxyethylene 12 tridecyl ether, Tween™
surfactanls, Triton™ surlactants, and the palyuxyethivne-pelyox ypropylene copolymers
such as the Pluronic® and Poloxamer® mroduct sertes (from BASF). Other matvix-

forming companents include dexirans, linear PREG molecules (MW 500 1o 5,000,000),
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star-shaped PEG molecules, comb-shaped and dendrimeric, hyperhrached PRG
melecules, as well as the analogous linear, star, sud dendrimer polyamine polymers, and
varfous carbonated, perfluerinated (e.g., DuPort Zonyl® fMucrosurfactanis) and siliconated
(e., dimethylsiloxane-elhylene oxide block copolymers) surfactants. Matrix-fonming
components 104 ol biclogival crigin include casein, serum dilutions, bovine serum
albumin, glyeolipids and lipids, heparin and related glycosaminoglycans, muscio and
polysaccharides (dextrans, hyalurons, sepharose, cellulose, agarose, chondroitins,
chitosans).

A solution of cross-linking component 108 and matrix-forming component 104 is
ulse [ormed [n a camier solvent . As noted above, the matrix-forming component 104 iz
preferibly a linear or branched polyoxyethylene-containing surfactant. Most preferably,
the matrix-forming component 104 is polyoxyetliylene sorbitan tetraoleate (PST, ez,
Aldvich 46,639-5). The matrix-fonuing component is preferably dissolved to provide a
0.01 to 3 % (volival) solution in the final coating mixture. Mare preferably, the matrix-
forming componenl. has 4 concentration of 0.5 © 2% o 1he final coating mixture. Most
preferably, the matrix-forming compenent 104 concentration is 1% (vol'vel) i the final
coating rixtare.

As noted above, the cross-linking component 108 is preferably a bi-functional
chemically reastive compound, and more preferably a hetera bi-functional moleculs with
azido lanctionality on one end of the moleculs and alkyl silanc functionality on ihe ¢lher
end. Most preferably, the cross-linking component 108 is an azidosilame (6-
azidosulfonylhex vi-inethexvsilane, 95%; Gelest, e.g., SL1AO780.0). The ceoss-linking
component is preferably dissolved lo give a 0.001 (o 0.5 mol/liter solution, and more
preferably, 0,005 to 0.1 mol/diter solution in solvent. Most preferably, the eross-linking
component 108 is disselved 1o provide a 0.02 molfliter solution. The proferred solvent for
the cross-linking component/matrix-forming component mixture is dimethylsulfoxide
{DMSQ, &.g., Aldrich 47,230-1), although other solvents are envisioned.

Coatiny, Solutions For Use In The Present Inventipn,

In use, the coating solutions 100 of the present inverntion are prepared by
gcombining an active component solution of the present invention with the cross-linking
componcet 108/matnix-torming componeni 104 mixiwe of the present vention ot a
variety of dilferent volume ratios, The most prefersd ratio is approximately 1:4 volume
ratio uf active component solulion 1o cross-linking/malrix-Torming component solution,

The most preferred final component concentrations in the coating selution are: ¢.002

1%



—m —m ~m @ @ @ @ @ ™@ ™@ ™@ & & s & & & & /s s /s /s /s /s /o

23

(66)

WO 03000433 PET/USO2/20408

molliter active component (c.g., biotin-PEG-silane), 0.009 mol/Titer natix forming
component (polyoxyethylene sorbitun le(ranleate) and (.0183 reactive component
{azidosilane).

Note that the most preferved final concentration depende in part on the coating
method 10 be cmployed and the desired coating thickness. The most preferred
concentrations desciibed above ure assoviuted with a spin-coating fabrication operation.
However, other active component fo crass-linking/matrix-forming ratios and final
concentralions are envisionad ta be within the scope of the present inveation as long as
the combinaiions provide uscful coating solutions that exhibit the desired specific/non-
specific hinding characteristics. Mote also that other target protelns or analyics may be
included in the combination of active component, cross-linking component, and matrix-
forming compoenent. l'or example, streptavidin may be mixed with biotinylated active
coruponents 1o form a strepravidin-biotin surface, tharehy providing a surface coaling
having streptavidin immabilized within the coating matrix (termed a streptavidin-biotin
surface, see Example VIII below).

Substrates For Use In The Present Invenfion;

The term "substrate,” 102 as used herein, 1s art recognized and is intended to
include any surface capable of being coated with the combination of compenenls of the
present invention. Suitable substrates 102 include refractive, transparent, adsorptive and
opaque solid-phase materials. They inelude, but are not limiled (o melals, such as, gaid,
platinum, silver, copper, iron, sluminum; polymers: such as polysiyrene, polysulfonc,
polyetherimide, polyethersulfone, polysiloxane, polyester, polycarhanate, pelyether,
polyacrylate, polymethacrylate, cellulose, nitrocellulose, perfluorinated polymers,
pelnacthanc, polysthylens, polyamide, polyeletin, polypropylens, nylon, hydrogels, and
related blends and copolymers; non-rwetals, such as siliea, sibeon dioxide, titaninm
oxides, aluminum oxides, iran exides, carbon, silicon, various silicates and other glasses,
for example soda-lime giass, ceramics and sol-gels. Advantapeously, the surface
chemistry of the present invention scenres itself over all these classes of subsirates 102
and their derivatives and modifications. Agatn, ii is believed that the cross-linking and
other reactions within the matrix-forming component, reactive component and active
component [acilitate e stability of the non-specific binding mairix vpon and over the
substrate 102 without unnecessary covalent attachment to the substrate.

Note that some substrates 142 for use in the present invention may require

cleaning steps and drying steps, oxidation steps or other procedures knows in the art to
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Bacilitate the effective uniform coating interaction between the couling solution 100 and
the target substrate 102, For example, glass slide subsirates are typically “primed” by
rinzing in high purity water, soaked in un alkaline glass clcaner, sonicatcd for a period of
approximately 15 minutes in the cleaner, soaked in high purity water and finally blow dry
under N gas. Other subsleate preparation procedures are discussed in the Lxumples or
would be known 1o one of skill in the art.

Application of The Coaring Solution to a Subsirate:

The coating mixture, as described above, is applied (o a target substrate 102.
Preferably the application of the coaling solulion Lo the substrate 102 is accomplished by
spin coating, dip coating, spray coating, or any other type of coating or application
method known o those of ardinary skill in the ait. More preferably, the coating mixmre
is 5pin canted onto the substrate. Most preferably, the coating mixture is spin coated ontm
the: substrate by applying 0.5 ml of the coaling mixture to a substrate it & spin coater (c.g.,
Laurell Model WS-200-4NFPRPM/HSP-REAVAC) and spinning at 3500 10 5000 rpm for
90 secands. Nole thal in certain applications a second, and sometimes third, coat or
application of the coating mixlure to the substrate is performed, These additional coating
applications allew the thickness of the coating mixlure layer 1o vary. Coating thickness
on a target substrate is typically from about 5 1o 200 nm, and is preforably about 20 1o 30
mm. However, coalings can be ol other thickness, as long as the coating is sufticient for
perfornning the lunctions of the herein deseribed present invention,

Note that the comblnation of the above described components provide coatings
100 that cxhibit performance superior lo the same coatings comprising subsets of the
components. As shown in Example XV below, embodiments of the present invention
operate optimally when all the above-deseribed components (active component 106,
cross-linking agent 108, and mairix forming agent 104) are present in, (e coating sucface
100. However, it is envisioned that embodiments of (he presen! invention may exclude
one of the above components and siill mainlain some level of function, albeit o function
{spevific und non-specific binding) at a potentially non-optimal manner,

Curig of Surtace Coated Substrate Targets:

Once coated, euring, using known methods, stabilizes (he coating enie the
substrate. Preforably, the curing step is thermal aclivation ina -\'acuum oven. More
preferably, the curimg slep includes & o lemperatare evacuation step in which the

pressure within the vacuum oven is pumped down to a pressure of 150 mm Hg (absolute}

T
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for a period of 30 minules, aller which the oven is heated to 407 to 140°C, most proferahly
to 70°C. The total thermal curing step takes upproximately one hour in this method. The
curing temperature and line depend in part on the physical properlics of the substrate
maleriul. [euce, shorter or longer euring times may be required depandent on the
lernperatare and physical properties of the subsirate 102, The coated surfaces ave then
allowed to cool to room temperature. 1 ids multi-step curing process is bencficial because
it provides solvent removal and sufficient reaction time and temperature to form u robust,
adherent functional coating 104,

The curing step stabilizes the functienal surface invention for use. Note that the
curing step can be by thermal activation (discusscd ahove), photo activation, chemical
activation or any othet type of curing that creates cross-linking within the functional
surfacc as well as bonding fo the substrate. Thenmal activation includes, for cxample,
heating in an oven. phofo activation includes, for examplc, irradiation with ultravialet
light, and chemical aclivation inehiles, for cxample, submersion in waler, chemically
facilitating cross-linking Chemical cross-linking muy also proceed without external
stimulus, for exsmple through aging processes such as condensation. Any other form of
chemical and physical transformation or curing can he used as known by those of
ordinary skiil in the art.

Example Binding Assays For L'se With Ihe Present luvention:

In enc embodiment of the present invention, a limetivnal surface 100 for
performanee of a biochemical or bioanalytical binding assay is provided. The functional
surface compriscs a general base vorupuosition tailorable ta speeific applications by
changing appropriule funclioual group chemistries within the coating base formulation in
a cassetie-slyle formzl readily adaptable to several distinct classes of interfacial
properties. The surface coating is engineered with the following components that permit
facile, customized, tailoring of the platform chemistry across a number of applications: a
nan-specific binding matrix affixed upon and/or to the substrate; and an active component
affixed 1o the non-specific binding matrix. '

The active component 106 is preferably the same us {8 described above with
nespect to the method for producing a funclional surface 100. The non-gpecific binding
matrix facilitates agherence of the active component upon and/or to the subsirute.
Preferably, the non-specific binding matrix has & matrix-forming camponsrit and a cross-

linking component. The marrix-forming component and the reaciive component are
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identical to those described above with respect to the method for forming 4 functional,
selective-binding surface. Coating adhesion upen and/or to the underlying substrate is

belicved o be promoted by multiple non-vovalenl inleractions {z.y., physigal

entanglement, non-covalent bindmg)} belween the insoluble eross-luked (hn matrix and
substzate in addition to any covalent linkages dirsetly to the substrate via chemical
reaction.

The surtace chemistiies of the present invention can be utilized in numerous
anulyiical syslems, including immunodiagnestics, gene and protein microarrays and
microflmdic “lab-on-a-chip™ devices. Application of the surface chemistries to these
apalylical settings are acoomplished using the compuositions and methods of the present
invention in ways known to onc of skill in the art. Example analytic assays for use with
the present invention include, but not limited to, TMB-microwell assay, which is
described in the following Examples, the staphylococeal #nteroloxin B sandwich assay,
also described in the following Examples, oligonucleotide microarray assays, also
described in the following Examples, as well as other like capture assays that quantify the
presence of antigens, pathogens, particles, drugs. toxins, and metabolites.

Naote that different embodiments of the surface coaling 100 of the present
invention may be packaged together with a number vf surface coating compatible, useful,
target assay ingredicnts to provide kits appropriate {or performing analytical assays, For
example, kits may tncludc a solution of preparcd surface coating, target substrate, for
exumple primed or un-primed glass slides. assay ingredients, for example, labeled
atl[body, and other belplul tools (pipeltes, filters, tubes, etc). Nute also that kits may be
packaged with the substrate pre-coated with the target surface coating for use in the
particular assay of interest.

Further, the surface chemistries of the present invention can be utilized within the
medical device implani field to limit or eliminate non-specilic binding lo the implaoted
device, examples mnclude coatings to surfaces of existing devices such as catheters,
shunts, pumps, filtration membranes, stents, valves, membrancs and other deviees. Such
coatings arc commonly used to reduce non-specific adsorption of bielogical componcents,
cells and microbces.

In another potential embaodiment, the surface chemisiries of the present invention
can by ulilized within the medical device freplant field to provide coulings that provide
active fimefions, For example, the surface chemistries of the present invention can he

used to entrap drugs for controlled releass applications. In another example, the surface
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chernistries of the present invention could he used Lo tether drugs, therapentic proteins,
antimicrobial compaunds, ete. 1o the surface af a device.

Having generally described the invention, ihe same will be more readily
understood by relerence (o the foliowing examples, which wre provided by way of
illusiration and are not intended as limiting.

EXAMPLE 1:
Low NON-SPECIFIC BINDING (NSB) BIOTINYLATED SIRFACE COATING CHEMISTRY
ON A SIO/SISTURSTRATE

“The following exumple illusiraies the utility of an embodiment of the present
invention for limiting NSB of a protein to a treated $i00/81 substrate. A couling solution
was prepared and used to form a low NMSB, biotinylated, surface coating on a flat S§i04/8i
substrate, Experimonts tested the level of non-spucific binding to either an untreated
Si0h/Si substrate or Lo The Jow NS1, biotinylated, surface-coated $i04/51 subsirale.

Coating Solution Preporation. An aninosilane solution in orgunic solvent wis
prepared in & polypropylene viat by adding 26.5 pI (3-rimethoxysilylpropyl)-
diethylenctriamine {Gelest) to 10 ml of solvent. Either dimechyl sulfoxide (MSQ) or
n,n-dimethylzcctamide (DMAC) can be used as the solvent (both from Aldrich). 1.0 m1
of tlus solulion was lhen added (o a 40 mg aliquot of biotin-PEG-CC3-N-
hydroxyseceimmidyl (Riolin-PEG-NHS, Shearwater Polymers, Inc.), where PEG is a
3400 molecnlar welght palyethylene glyeal. The NHS group of ihe Biotin-PEG-NITS
reacis with the tenminal aming an the amino silane to form a biolin-FEG-silane molecule.
The biotin-PEG-silane/DMAC solution will be referred (o as solution A.

In & second vial, 70.6 pl of 6-azidosul fonylhexyl-triethox ysilune was udded w 10
ml DMSO. 125 ul of matrix forming agent (polyoxyethylene sorbitan tetraoleate, PST,
Aldrich) was then added {o this solution yielding 2 solution B. Solutions A and B were
combined in a 1:4 volume ratio {1 ml solution A added to 4 ml solution B) 1o give a final
coating solution mixture used for spin coating onto targel subsirates.

Spin-Coating. 5-inch silicon walers (p- or n-type, single-side polished, test grade
waters) were loaded in a spin coater (Laurell T'echnologics Corp.) and spun at 5000 mpm.
‘The coating solulion (6.5 ml} was dispensed onte the spinning wafer, and the wafer was
allowed to gpin for 90 seconds.

Coated ailicon wafers were placed in a vacuum oven pumped down 1o 4 vacuum

of 150 mm Hg (absolute) for 30 minuies. The oven was then tumed on and allewed o
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heat 10 approximately 140°C. The total thenmel treatment {heating ranip and hold) was
for two hours. The wafers were then allowed 10 cool 1o room temperature in ambient air.

Six-millimeter diameter sample spols were defined or the wafer by stamping &
silicone achesive border pattem onto the surfice, The waler was then diced intu square
pleces ax 1s well known in the art and used m varions assays,

Non -Specific Proiein Rinding (NSB Assap. The follewing assay is illustrative of
the non-specitic binding levels of a model seluble globular scrum protein on the coating
solution treated wafer surface. A immunoglobulin G (IgG) antibody (160 kDa) was
used as the maodsl non-specific binding protein. Specifieally, a horseradish peroxidase
conjugate of rabbit anti-sheep IgG (KDL Laboratorics) was dissolved in phosphate
buffered saline (PBS) to provide 2 serics of TeG concenirations, ranging from 0.1 te 18
ug/ml. The sample to be assayed (“test picee™) was tirst riple-rinsed with high purity
water and blown dry witl: a stream of N gas. 20 ul ot varving concenirations of the IzG-
PBS sclution were placed on test spots and incubated at 37°C in a 100% (nontinal}
humidity chamber for 30 minutes. Various 126 tcst concentrations werc used a3
deseribed below.  After incubalion, (he lest spuls were again triple rinsed with high purity
water and blown dry with N, gas. 20 pl droplets of a commercial tetramethylbenzidine
{TMB} peroxidase substrate were then added to each test spot. Each test picce was
incubated at 37°C in a 100% (nominal) homidity chamber for 30 minutes.

HRP catalyzes the formaiion of an insoluble, surface-deposited membrane in this
assay, which can be defected colerimetrically or by ellipsomestry. As such, (be greuler the
level of NSB of horseradish peroxidase coupled [pG Lo the test piece, the greater ihe level
of surface-deposited membrane.

Control Experiments: Reare Substrates and BSA Blocking. In addition to the
coating salutiem treated snbstrates discussed abovs, two NSB control experiments were
also nun in parallel: (1) bare 8i04/Si wafer substrates ; and (2} 8i0y/5i wafers blocked
with bovine serum albumin (BSA). BSA-blocking is cumently the most widely used
technique for mhibiling non-speeific protein binding on bioassay surfaces. Briefly, an
unireated priece of silicon wafer was iriple-rinsed in high purity water and blown dry with
N gas. 40 pl droplets of a 1% BSA solution in PBS were then placed on each 6 mm test
spot. The droplet covered the cntire test spot, which was then ineubated for [ hour al

37°C and 106% {nominal} relative hwudity. The BSA solution was then rinsed off with
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high purity water and blown dry with N; gas, and the NSR assay described above was
performed un the BSA-blocked 810751 substrate.

The data in Fig. 2 illustrates that coated or treated Si0,/Bi substratos of the present
Example showed Litle or no deleclable 186G non-specific binding ut any of the tested
eancentrations (solid hars). Tn contraat, BSA-blocked warlers showed w much greater
ievel of [gls N8B (open bars). Note the Lwge error bars pn the BSA-blocked surfzee data,
indicating the g3 NSB varizbility commonly encountered with this blocking technigue.
NSB way very high on the bare Si02/S1 wafers, and increascd off-scale for the 1 and 14
pg/ml 12C protein loading {data not shown).

This Jata supports a conclusion that biotin functional surfaces of the present
invention are affcotive at limiting or eliminating NS2 of proteins o $i0:/8i substrales. In
contrusl, bare 81051, and w a lesser extent BSA-blocked 310./5( snbstrates, showed a
preater level of non-specific protein binding, ilustrating zgain the effective utility of the
present inveniion,

FXAMPLE II:
Low NoN-SPECIFIC BInpinG (NSB) THIO1L-REACTIVE SURFACE COATING CHEMISTRY
0OX 510,/5S1 SUBSTRATES

The following example iilustrates the uillity of another embodiment of the present
invention for liniting NSE of a protein to & treated Si0./81 substrate. A, coating solution
was prepated and used to form s low N8B, thiol-reactive, surface coating on a Si04/81
substrate. Experiments were performed to test [he level of nop-specilic binding to sither
an untreated 830,751 subsirate or to the low NSR, thiol-reactive, surface coated SiQ#81
subsirale.

Coating Solution Prepuration. The coating solution was prepared-as essentially
described in Example [, with the exception thal (he Blotin-PEG-NHS was replaced with
vinylsulfone-PLEG-NIIS (Shearwater), Spin coating was alse performed as essentially
described in Exampls I

The spin coated walers were placed in a vacuum oven pumped down to 2 vacuum
of 150 mm Hg fabsolutc) for 30 minutes. The oven was then tumad on and allowed 1o
heat to approximately 70°C. The lotal thermal eatment (healing rump and hold) was for

tour heurs. ‘The wafers were then ailowed o ¢uol to room temperature i wnbient i
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Six-millimetor diameter sample spots were defined on the wafer by stamping »
siliconc adhesive border pattern onto the surface. The wafer was then diced and used in
various binding assays.

Non-Specific Protein Rinding (NSB} Assay. Non-specific protein binding was
assessed using 4 saluble TVR-microwell assay.  Briefly, as described in Example 1,
each test piece was rinsed with high purity water, dried, and incubated with 2 solution of
horseradish perexidase conjugate of rabbit anli-sheep IgG. Note that the PBS selution in
thiz Example included 0.1% T'ween20 surfactant. A fter protein incubation and rinsing, 20
1 droplets of @ commercial, wtramethylbenziding (TMEB) solubie pecoxidase substrate
solution ware added (o each test spot. 20 p of stop solution was added to sach TMB
droplet after 30 minutes incubation at 37°C and 100% (nominal) relative humidity. The
stop selution stops the enzymatic reaction and locks in the color change in Ihe duplel.
Niroplets were combined using 2 micropipel and 80 pl samples wers transforred trom the
test piece to a microtiter plate. A plate reader monitoring optical density at 450 nm was
uscd to quantify the extent of the peroxidase reaction, which i dircetly related to the
quantity of nen-specifically bound IgG-HRP (o euch tesi picce.

Clantrol Experiments: Buve Substrates und BSA Blocking. In addition to the
coating snlution Lreaed substrates discussed above, two NSE conrol expsriments were
also run in parallel: (1) bare S§i0w/8i wafer substrates; und (2) Si0y/51 wafers biocked with
hovine scrum albumin (BSA). As discussed in Exemple ), B A-blacking is currently the
maost widely used techmique For mhibiling non-speciic protein binding on bioassay
surfaces. The BSA-blocking prutucal was essentially as described in Example 1. The test
piece was triple-rinsed in high purity water and blown dry with N; gas. 40 pl droplets of
a 1% BSA solution in PBS were thon placed on cach & mm lest spol. The droplet covered
the entire test spot, which was then incubaied for 1 hour ut raom temperature and 100%
(nominal) relative humidity. The BSA solutiun swas then rinsed off with high purity water
and blown dry with N» gas,

NSB Resulis: The data in Fig. 3 iltustrates that coated or treated 510,/8i substrates
of the present Example showed litile or no detectable 1g( binding at any of the tested 1gCi
conccnlrations (solid bars). ln vonlrast, BE A-biocked wafers showed & much preater
level of 1g(; NSR {cross-hatchied bars). Note (he large error bars on the BSA-blocked

surfave duta, indicaling the [5G NSB variability conumonly encountered with lis

b3
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Dblocking technique. NSB was very high on the bure Si0/8i wafers (open bars), and
mereased aff-scale for the 1 and 10 pg/ml TgG protemn Joading (data not shown).

‘Fhis data suppotts a conclusion that thiol-reactive functional surfaces of the
present invention are effective at limiting or eliminating NSB of proteins to 3i0»/Si
substraics. In conirast, bare $iC/Si, and to a lesser oxtent BSA-blocked 8104/8i
substraies, showed o greater level of non-specific protein binding, illustraling again the
effective ulility of the present invention.

EXAMPLE IO:
LOW NON-SPECIKIC BRBING (NS B} BIOTINYLATED SURFACE COATING CHEMISTRY
ON PLASTIC (POLYMERIC) SURSTRATES

The following example illustrates the wtility of an embodiment ol'1he present
jivention for limiting NS of a protein to a plasiic {palymeric) sobstrate. A coating
soluiton was prepared end used o form a low NSB, bivtinylated, surface coaling on the
plastic substrate, e.g., polystyrene, polysulfons, polyetherimide, and polyelhersulfane.
Experiments were performed Lo test the level of non-specific binding to sitber an
unireated plastic substrate or to the low NSB. biotinylated, surface coaled plastic
substrate,

Polystyrene (P8}, 'The polystyrene subsirates consisted of 3-inch hydrophobic
disks approximately 2 men thick, The disks were cut from bacteriological grade
palystyrene Petr diskes (VWE). The coating solution preparation was identical to that
deseribed in Example L Prior to coating the polystyrene Petri dishes with the coating
solution, an oxidation step was performed on the hydrophobic polysiyrene surface.
Oxidation of the surface was accomplished by submerging the disk in concentrated
sulfurie acid (95% Ho50, Mallinkrod) for two minntes. The disks were then rinsed
axtensively with high purily water and blown dry with Nz gas. The disk was mounted in
the spin coater and spun at 5000 rom. The coating solution (0.5 ml) was dispensed onto
the spinning disk and was allowed to spin [or 90 scconds. At that point another 0.5 1ol of
the eoating solution was dispensed and epun for 90 scconds. The PS surface thuy
reecived two coats of coaling selution during the spinning process.

The coated PS disk was then placed in a vacuum oven that was cvacuated to 130
mm Hg (absolute} at room temperature for 30 minutes. After he 30-minute puinp down,
the oven was tumad on and (he samples weors heated to 90°C under vacuum. The total

time {or thermal weatment (beat ramp and hold) wus four hours, Cach sample was then

JP 2004-531390 A 2004.10.14
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allowed to cool to room temperature under ambicnt atmusphers. After cooling, 6 mm test
spots wers defined on the surface by stamping with @ sificone arfhesive border pattern.

Palysulfone (PSU), polyetherimide (PEL, and polyethersulfime (PES). These
subatrates consisted of 2-Inch square coupons eut from 0.02-inch thick commercial film
stock. The coupuns were cleaned by sonicating tor 15 minutes in a non-iopic detergent
{Triton X-100) buth. Afier extensive high purily waler rinsing, the coupons were
sonicated for another 13 minutes in a 50:50 ethanol:water solution, followed by a water
rinse and M; 2as blow dry.

The coating solurion preparation waus essentially identical to that described in
Example 1. The voupons were mounted in the spin coater and spun at 5000 rpm. 0.3 ml
of the coating solulion was dispensed on the coupons and spun for 90 seconds. The
coupons were Then placed in 2 vacuum oven that was pumped down 1o a vacuum of 150
mm He (absolule) for 30 minutes. Thz oven was hen turned vn aod allowed to heat to
approscimately 140°C, The tatal thermal treatment (heating ramp and hold) was for twa
hours. The coupons were then allowed to cool to room temperature in ambienl air. Six-
millimeter diametsr sample spois were defined on the water by stamping a silicone glue
on the surface.

Non-Specific Binding (NSB) Assay. Non-speuilic protein binding was assessed
using a soluble TMB-microwell assay. First, coated B3, PSUS, PET or PES surfaces were
rinsed and incubated with the horseradish peroxidase conjugate of rubbit anti-sheep [3(7
{degcribed in Example L), with the exception that the phosphate buffered saline also
comtained 0.1% Tween20) surfactant. Afler protein incubation and rinsing, 20 pl druplets
of a commercial, tetramethylbenzidine (TMB) seluble peroxidase substrate solulion was
added 1o cach test spot. 20 ul of stop solution was added to cach TMB droplet after 30
minutes incubation at 37°C and 100% (hominal) relative humidity. The stop sululion
stops Ihe enzymatic reaction and locks in the color change in the droplet. Droplets were
combined using a micropipel and 80 i samples were transferred from the test picecto a
microtiter plate. A plate reader monitorimg optical density at 450 nm was used to guantity
the extent of the peroxidase reaction, which is directly related to the quantity of non-
specifically bound 1gG-HRP to sach surface,

N8R Results. Fig. 4 provides representulive pon-specific protein ([gG) binding
results. The data presented compare the performance of our surface coating (selid bars)

relalive to traditional bavine secum albumin (BSA) blocking (open bars). The data
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correspond ta Incehation in 10 e/l IgG for each of the plastic substrate (PS, PSU, PEL
PES), and show that our surface couting is more effective in inhibiting NSB than BSA-
blocking on these widely used plaslic substrates.
FEXAMPLE 1V:
Low NON-SFECIFIC BINDING (NSB} BIOTINYLATED SURFACE COATING CHEMISTRY
ON METAL/METAL OXIDE SURSTRATES

The following example illushates the utility of an embodiment of the present
invention for limiting NSB of 2 protein 1o a metalimeal oxide substrate. A coating
solition was preparod and used to form a low N8B, biotinylated, surface coating on the
metal/metal axide subsirate. Experiments were performed to wst the level of non-specific
binding to either a BSA blocked metal/metal oxide substrate or to the low N5B,
biotinylated, surface coated metalinetal oxide substrale.

The rnetal substrate consisted of 2 30 nm gold film vaper deposited onto a 5 —inch
silicon wafer. A -5 nm chromium adhesion interlayer was used between the gold und
silicon oxide. The coating solution preparation was identical to that deseribed in Example
1. The gokl-coated wafer was mounted in the spin coater and spun at 5008 rpm. .5 ml of
the coating solution was dispensed one the wafer that was spun for 90 seconds. A
second application of 0.5 m] coating solution was dispensed vutw wafer aud spun for
other 90 scconds, As such, the metul/metal oxide substrate surface reecived towo coats
ol coating solution during the spinning process.

The coated water was then placed in a vavuum oven that was pumped down to a
vacuum of 150 mm Hg (absofute) for 30 minutes. The oven wus then tumed on and
allowed to heat to approximately 140°C. The total thermal treatment (heating remp and
hokd) was for two hours. The wafers were then allowed to coal to roem tempémmre in
ambicnt air. Six-millimeter diameter sample spots were defined on the wafer by stamping
silicone adhesive border patteen on the surface. Non-specific binding of protein was
asscssed using the soluble colorimetric TME method as described in Example 11,

NSH Resuls: Flz 8 provides representative non-specific prolein (Tg() binding
results. The data presented compare the performance of our surface eoating velative ta
traditienal bovine setum albumin (BSA) blocking. The daia shows that the coated surface
(solid bars) is superior to the raditional BSA-blocking approach (epen bars) at an IgG
protein snlution load of 10 pg/ml. Al lower protein concentrations, bolh surfaces are

eftective at inhibiting NSB.

iy
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This data supporis a conclusion that bietinylared reactive functional surfaces of
the present invention are effective at limiting or eliminating N8B of protcins o
metal/metal oxide substrates. In gontrast, BSA-blocked metal/motal axide substeates, at
10 pgoal or higher concentration, showed a grealer level of non-specille protein bindmg,
illustrating again the effeciive viility of the present invention.

EXAMPLE ¥V:
LowW NON-SPECIFIC BINDING {NSB) THOL-REACTIVE SURFACE COATING CHEMISTRY
0N GLASS MICROSCOPE SLIDES

The following example illustrates the ulility of an embodiment of the present
inveation for limiting NSB ol a protein to a glass microscope slide. A couting solution
was propared and used to farm a Tow NSB, thiol-reactive, surface coating on the glass
slide substrate. Experiments were performed to test the level of non-specific hinding to
either o bure glass slide, a BSA blocked gluss slide or Lo the iow NSB, thiol-reactive,
surface caated glass alido.

Substrates {glass slides} used in this particular example were palished 25 x 75 mm
microscope slides obtained from & commercial vendor (TeleChem SuperClean'') and
used as received, Note, however, that several glass microscope slide substrates have been
successfully used, including plain seda-lime glass slides.

Prior to coating, the slides were cleaned by the following protacol. Firsi the slides
were rinsed with high purily (18 MQ-cn1) water, Slides were then Inaded in a glass
staining rack, subtoerged in 2 60°C, 1% Alconox solution (alkaline glass cleancr) and
sonicated for 15 minutes. Lhe slides were then rinsed with copious amounis of high
purily waler and sonicated in high purity water for another 15 minutes. Slides were then
allowed tu soak in fresh ultrapure water, Finally they were blown dry with N gus. The
siides were coated within two hours of cleaning.

Pre-mimed glass slides have also boen suceessiully coated. Primer coats include
vapar deposited 8i0; layers and spin-on glass formulations such as Seramic™ (Gelest).

The coating solution was prepared as described in Example 11 Spin coating was
performed as follows: a gluss slide was mounted on the vecuum chuck of the spin oater,
0.5 ml of coating solution was dispensed on the stationucy stide. The spinner was then
turned on and accelerated 1o 3500 tpm, whete it spun for 90 seconds.

The vacuum and (Lermal enre processes were identical to those described in

Example II. The NSB assay and control experiments were performed as described in
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Exaniple [V, with the following changes. After the 5 mimites TMB peroxidass substratc
incubation, 20 pl af TMB-Stap solution was added to the test spots 1o stop the
colertmeiric reaction. Optical density was then read dirgotly with the glass slide mounted
on u 96-well plate hoider (thore wad no fiuid tranefer to a microtitre plate),

Rinding Resuits: Results are presenied in g, 6. These results show that the
coated glass surfuce (solid burs) shows significantly lower non-specific protein binding
than BSA-blocked (cross-batehed hars) and hare glass substrates (open bars).

“This data supporls a conclusion that thiol-reactive functional surfaces of the
present mvention are effective at limiting or eliminating NSB of proteins 1o a glass slide
subsirate. In contrast, bare glass sides and BSA-hlocked glass slides showed a greater
level of non-specific protein binding, ilusirating again the effective utility of the present
inveation.

EXAMPLE VI:
LowW Nox-SPEcLc BINmING (WSB) oF FIRRINOGEN TO COATED SURKACE

The [ollowing example illustrates the utility of an embodiment of the present
invention for Limiting NSB of fibrinogen to coated surfaces of the present invention, A
coating solution was prepared and used to form a low NSB, thiol-rcactive, surfuve coating
on & $10y/Si substrate. Bxperiments were pertormed to test the level of non-spocific
binding ef Fbrinogen to =ither a bare subsirate, u 35.A blocked substrate or 1o the low
NSR, thiol-reactive, surtace coated subsirale.

Coated surfaces were prepared as described m Example 11

Fibrinogen Non-Specific Proweti Binding Assay. Non-specific fibrinogen binding
was assessed using a sofuble TMB-microwcll assay us follows: lesl pieces were rinsed
and test wells werd incubated for 36 minutes with seral dilutions of human fibrinogen
(Sigma} in phosphatc buffered saline (PRS). Afler protein incubation, the substrates were
rinsed three times with PBST (PRS wilk 0.01% Tween20) and one time with clean water
and then blown dry. Each test well was dien incabated for 30 minates with a 20 ul
droplct ofa 1:8000 dilution of perovidase lzbeled anti-human fibrinogen (Abeam) in
PHST, The slides werc rinsed as above and tsen 20 pl droplets of a commercial,
tetrametylbenzidine (TMEB) saluble poroxidase substrats salulion. The TME assay and

optical density measurenients were performed ax deseribud in Fxample TV,

k2l
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Control Experiments: Bare Substrates and 854 Blocking. n addilion io the
coated substrates, two NSE control experiments were run in parallel, as essentially
deseribed in Example 1L

NSB Results: Nen-specific binding results ave presented in Fig. 7. The cealed
surfaces {solid burs) show very low non-specific fibrinogen binding relative to the bare
{open burs} uid BSA-blocked (eross-hatched bars) surfaces.

This data supports a conclusion that thiol-renslive funclionul surfices of the
present venrion are effective at imiting or eliminating NSRE of fibrinogen to 2 1arget
substrate. In contrast, non-lreated subsirale and BSA-blocked substraie showed a greater
level of non-specific fibrinogen binding, illustrating again the effective wility of the
presenl inveption, especially in light of fibrinogens relative abundance as a serum protein.

EXAMPLE VII:
DEMONSTRATION OF SELECTIVE VERSUS NON-SPECIFIC PROTEIN BINDING ON COATER
SURFACES

The fallowing exanple illustrates the wtility of an embodiment of the present
invention for demunsirating selective protein (streptavidin) binding versus non-specific
protein binding en hintinylated coatings. The test pisces in this study were film-coated
silicon wafors, wherein the biotinylated coating was prepared as described in Example 1.
Clonrol test pieces were ulso prepared as previously described cxeept that control surfaces
were prepared with non-reactive methoxy-capped PEG molecules instead of bintin.
Specificully, these coatings were tormed by replacing the biotin-PLG-NFIS molccule in
Exwmple T with a methoxy-PECG-succinimidyl propionats (mPEG-SPA, MW 5000).
Otherwise, all processing sleps were identical to thosc in Example L

Streptavidin binding 1o these surfaces was asscssed using horseradish peroxidase
conjugated streplavidin {SA-HRP, Picrec) and the soluble TMB-Mictowell assay
described in Example I Various concentrations of SA-HRP were prepared in phosphate
Tufferad saline with 0,01% Tween) swfactat. 20 pl drops of SA-HRP solufion were
incubated on test spots fior 30 minutes at 37°C and 100% (nominal} relative bwnidity,
The test spots were then rinsed wilk high purity water. The solublc TMB-microwell
assay deseribed in Bxammple [ was used Lo assess binding.

Binding Resuits: Fig. 8 shows representative results. Theae results show that the
biotinylaicd functional surface (open bars) binds signifieantly more streplavidin than the

methoxy-PEG control surface (“imert™ surtace} (solid bars). Given the previous not-
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specific prolein binding assay resulis (see Fxample T), we conclude that the SA 18
specilically hound to the biotinylated eonting. The small signal observed on the methoxy-
capped PECG sample for a SA load of 10 ug/ml is likely.the result of a small emount of
non-speeific sireptavidin binding.

This data suppurts a conclusion that functional surfaces of the present invention

are efteetive al providing selective binding sites om a coated subslrate, while et
functional surfaces of the pesent invention ave effective at limiting non-specific binding
on a couted surface.
EXAMPLE VIO:
Demnnstration of Biotinylated Molecule Binding to Strepiavidin-Biotin Coated
Surfuces

The following example illustrates the utitity of sn embodiment of the prescnt
invention for demonstrating the fabrication of a streplavidin-biotin surlzee and the
subrequent sclective binding of u biclinylated molecuies ta this surface.

Coating Solution Preparation. A [irst aminosilane solution was prepared in a
polypropylene vial by adding 26.5 pl (3-trimcthoxysilylpropyl)-diethylenetriaming
(Gelest) to 10 ml of N.N-dimethylacctamide (DMAC). 1.0l of this solution was then
adiled 1o @ 40 mg aliquot of biotin-PEG-CO-N-hydroxysuccinimidyl ester (Biotin PEG-
NHS, Shearwater Corp.), where PEG is a 3400 molecular weight polyethylene glycol.
The NHS group reacis with the terminal amine on the &mino gilane to form a biotin-PLG-
silane molecule. The biotin-PEG-silane/DMAL solution is called solution A. In a second
vidl. 70.6 1 of 6-azidosul fonvihcxyl-iricthoxysilane was added 1o 10 ml DIMS0. 125 pl
of matnx ferming agent (polyoxyethylene sarbitan tetraolcate, PST, Aldrich) was then
added to this solution, which is called solution B, Solution A and B were then combined
ina 1:4 volume ratio (1 ml solution A added 1o 4 ml solution B) te give 2 final inixture
called the biotin-PEG solution.

A second amionsilane solution was prepared in a polyprapylene vial by adding
48.4 ul (3-wimethoxysilylpropyl)-diethyleneiriunine (Gelest) to 10 ml of N,N-
dimethylacctamide (DMAC). 1.0 ml of this solution was then added to a 40 mg aliquot of
methoxy-PEG-succinimidyl propiomate (mPEG-SPA, Shearwater Corp.), where PEG is a
2000 molecular weight polyethylene glveol. The NHS group reacts with the teaninal
amine on the aminoe silane to form a methoxy-PEG-silane melecule. The methoxy-PRG-
silane/DMAC solution is ealled solution C. Solution C and B {described above) were
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then combined in a 1:4 volume ratio {1 ml solution A added to 4 ml solution B) to give n
final mixturc called the methoxy-PEG solution.

The biotin-PEG solution was then combined with the methoxy-PEG solution ina
i:4 volume ratio. This final mixture is used lo ¢oat a silicon substrate.

Spin-Coating. Spin-coating und the thermal oure were performed as described in
Example I Six-millimeler dismeler sanple spots were defined oo the water by stamping
a silicone adhesive border patiem onio the surface. The wafer was then diced and used n
various As8ays.

Farmarion of the Streptavidin Layer. Sireplavidin (Prozyme, Tne.) was diluied to
190 pg/mil in phosphate buffered saline (PBS). 40 ul droplets were then incubated in
sample spots for one hour at room temperate. Several spots on the wafer were incubaled
with PBS enly. These are lhe “no streplavidin® control spots. After incubation, the
wafcrs were rinse three Limes wilh PRS-Tween2d (PBST) and one time with ultmapure
waler and were then blown dry. This process results in a sizreptavidin immaobihized witlhin
the coating marrix.

Specific and Non-Specific linding Assays. Biotinylated horscradish peroxidase
(biotin-HRP, Pierce) was diluted to 10 pg/mi in PBST, 20 pl droplets were then
incubated on test spols for 30 minules «l room temporature. Peroxidase labeled rabbit
anti-sheep [pCG (IgG-HRP) was used as a non-biotinylated control moleculs. The [gG-
HRP was diluted to 10 wg/ml in PBY (no Tween2d), and 20 ul droplets were incubated on
test spots tor 30 minutes al Toom lemperalure.

Results ure presented in Fig. #. The streptavidin-biotin surface shows
significantly higher signal for biotin-FIRP (solid bars) than for the non-bietinylated IgG-
IIRP {open bars), Relative to the streptavidin surface, oeither biotin-HRP nor [gG-HRP
show significant binding 10 the no-streptavidin control. The slightly higher signal for the
TgG-HRP on the no-streptavidin surfuce can be attributed to the dilferent incubation
buffers. In the absence of Tween20 in the buffor, the IsG-HRP shows slightly higher
non-specific binding,

This data supports a conclusion thal bintinylaled melecules specifically bind to
strsptavidin-biotin swfaccs of the present mvenlion, and conversely, that non-specific
binding proteins show limited binding 1o these same coaled surfaces. This Example again

highlights the utility ol the present inverition.
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EXAMPLE IX:
DEMONSTRATION OF THIOLATED PROTEIN ATTACIIMENT T0 TIHOL-REACTIVE
COATINGS ON POLYMER SUBSTRATES

The following example illustrates the ulility o an embodiment of the present
ipvention for selectively ataching a thiolated protein on a thiol-rcactive eouting chemistry
on aplagtic substrate. Resulls are compared to binding of the thialated protein to an inett
control surface chemistry on a plastic substrate.

Couting Preparation. The coating selulion was prepared as described in Example
1, with the exceprion that the Biotm-PEG-NHS was replaced with vinylsulfone-PLG-NIS
(Shearwater). Spin coating on tissue cullure polystyrene (TCPS) was performed as
desoribed in Example UL

The coated wafer was then placed in a vacuum uven and was subgequently
pumped Jown to a vacuum of 130 man Lig {absolute) for 30 minutes. The oven was then
turned on end allowed 10 heat to upproximately 70°C. The total thermal, treatment
(heating ramp and hold) was fowr hours. The substrales were then allewed Lo coul fv
roomn emperature in ambient air. Six-millimeter diameter sample spots were dafined on
the surfaces by stamping a silicone adhesive border pattemn onto the surfsce.

Inert Coating Preparaiion. The inert control surfaces were prepared exactly as
described in Example VI

The specific binding assays were perfurmed at room temperatre as follows:
surfaces werc first riple-rinsed with wltrapurs (18 3€-cm) YO and then blown dry with
W gas. Each test spot wis then ineubated with a 20 pl droplel of thiolated streptavidin in
horate buffer (50 mM borate, 1 mM EDTA, pH 5.0, 0.01% Tween20). Incubation was at
room temperature for 30 minutes. Note that na blocking step was used. After incubation,
surlaces wers triple-rinsed with PBST (0.1 M sodium phosphate, 0.15 M sodium chloride,
PH 7.2, 0.01% Tween2()) and blown dry. Test spots were incubated with a 1:100 dilution
of biotin horseradish peroxidase (Pieros) far 30 minutes, rinsed with PBST, and then
blown dry. Test spots were than incubated with a 20 pl droplet of TME substrate. the
cnzyme catalyzed colorimetric TVB reaction was allowed lo proveed for 5 minutes at
which point it was stopped by applying a 20 il droplet of siop solution. Optical density
at 450 nm was read using a standard plate reader.

Binding Resulie: Spevific binding resulls for the coatad tissus culture polystyrene

substrate arg presented in Fig. 10 {note that each concentration was un in triplicats and
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ervor bars represent one standard deviation in the set). Binding of thivkuted streptavidia fo
thiol-reactive coatings has been demonstrated {opon bars). The dose response on the
thiol-reactive coutings scales with-concentration of thiolated stveptavidin, Peroxidase
activily on (he inert surfage is minimal (solid bars). Lhe lack of non-specific binding on
the inerl surfaces provides solid evidenco of covaleni attachment of streptavidin to the
thicl-resciive coatings.
EXAMPLE X:
DEMONSTRATION OF PROTEIN ATTACUMENT TQ AMINE-REACTIVE COATINGS ON
GLASS MICROSCOYE SLIDES

The tollowing example illustrates the utility of an emboediment of the present
invention for selectively attaching an amine-centaining profein to the amine-reactive
couling chewistry, comparcd to a deactivated conirol surfuce, on glass microscape slides.

Cuating Preparation. The voaling solution was prepared as deacribed in Txample
1, with the oxception Uat the Biotin-PRG-NHS was replaced with 2 80 mig aligunt of
SPA-PEG-SPA (Shearwater) where SPA ig a succinimidyl derivative of propionic acid
that exhibits reactivity towards amine groups. Glass substratzs in 2 25 x 75 mm
microscope slide format were primed with an approximaic 400 angstrom R¥ sputtered
silicon oxide layer and then cleaned by the following protocal. The slides were first
rinsed with high purity (18 MW-cm) water 10 remove gross impurities. They were then
loadad in a glass staining rack, submerged in an outgassed solution of 1% Alconox
solution haated to 60°C (alkaline gluss cleaner) and sonicated for 15 mines, The shides
were fhen rinscd with copious ameunts of high purity water and then sonicated in high
purily water heated to 50°C for another 15 minutes, The slides were then rinsed with
copions ameunts of high puity water and then placed in frash hish purity water il the
drying step. Slides were exhaustively blown dry with comprosacd Mo gas ind were stored
dry until use. The cleancd and primed slides were mounted in the spin coater and spun at
3500 rpoa. 0.5 ml of the coaling solulivn was dispensed onto the primed glass slide and
spun for 90 seconds.

The coaled 25 x 75 mm glass slide was then placed i 2 vacuum oven and was
subsequently pumped down to a vacuum of 150 mm Hg (absolute} [or 30 minutes. The
vven was (hen turned on and allowed Lo heat to approximately 70°C. The lal thermal

(reatment (heatimg ramp and hold) was 1 hour. The substrates were then zllowed to cool
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to room temperature in ambient air. Six-millimeter diameier sample spols were defined
on the surfaces by stamping a silicone adhesive border patlern onto the surface.

Specific Bindiig Assay: The specific binding assays were performed at room
temperature as follows. Surfaccs were first triple-rinsed will ulirapure (18 MQ-em) Fo0
anl then blown dry with N; gas.  An inert eontrol surface was gencrated by chemically
denctivating an aminc-reactive coating using a 50 mM ethauolamine in a 50 M beorate
buffer, pi 9.0 for 1 hour. Each tesl spol was then ineubated with a 20 ul droplet of
streptavidin in 30 mM phosphate buffer at pH 7.0, Incubation was al room temperature
for 60 minutes. No blocking step was used. Alter incubation, surfaces were triple-rinsed
with PBST (0.1 M sodiurn phosphate, 1,15 M sodium chloride, pH 7.2, 0.01% Tween20)
und blown dry. Test spols were incubated with a 1:100 dilution of biotin horseradish
peruxidase (Pierec) for 30 minutcs, rinsed with PBS (0.1 M sedium phesphate, 0.15 M
sodium chlaride, pH 7.2), and then blown dry. Tesl spuls wers then incubated with a 20
11 droplet of TMDB substrale. The enzyme catalyzed colorimetric TME reaction was
allowed to procesd foc 5 minates il which point it was stopped by applying a 20 pl
droplet of stop solulion. Oplival densily al 450 nm was read using a standard plate reader.

Kinding Results: Specific binding results for the amine-reactive coating are presented
in Fig, 11, Streptavidin immmobilization to the amine-reactive coatings has been
demenstrated (open bars). The dose response on the amine-reactlive coatings scalcs with
goncentraiion of streptavidin, Peroxidase activity on the deacrivated surface is minimal
{sulid bars). The lack of non-specific binding on the deactivated coatings provides sulid
cvidence for the covalent attachment of streptavidin 1o the aming-reactive coalings.

EXAMPLE XI:
DEMONSTRATION OF SELECTIVE BINMING OF BIOTINYLATED ANTIBODY TO
STREFTAVIDIN COATED SURFACES

The following ¢xample illustrates the utility of an embodiment of the present
invention for domonstrating the sclective binding of & biotinylated anlibody to a coated
surface of the present invention.

Surface Fabrication. Glass microscope slides with amine reactive surface
chemistries were prepared as described in Example X, Six-millimeter diameter sumple
spots were defined on the wafer by stamping a silicone adhesive border pattern anto the
surface. Streplavidin was covalenily atlached Uirough its surface amine using the

following procedure. Streptavidin (Prozyme, Inc.) was diluted to 100 pug/ml in phosphate
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bulfer (50 oM sedium phosphate, pH 7.0, 40 pl droplets of this soluiion were then
incubuled in sample spots for anc hour at room temperate. The slides were then rinsed
and the submerged in a deactivation solution vonsisting of 50 mM ethanolamine in 50
mM phosphate buffer, pi 7. The deactivation was allowed 1o proceed for 1 hour, at
which point the slides were removed From Lhe solution, rinsed with water and dried.

Assav. A bivliuylated goat antibody {goat anti-inouse TaG, biotin-labeled, Pierce)
wus used as Lhe positive sample. The control was a nen-biotinylated goat antibody (goat
anti-human myoglobin, LCN). Bath antiboidies were diluted & 100 pg/ml in phosphate
buffered saline containing 0.005% Tween20 (PBST). 20 pl droplets of each antibody
solutiom were incubated in sample spots for 30 minutes al room (emperate. Scveral
cuntro! spots werc incubated with PBST only (no antibody). Slides were then rinse three
times with PBST, one lime with ulirapure water, and then dricd. Goat amtibody
immobilized on the surface was assessed using immunochemistry. Specifically, 20 pl
droplets of a peroxidase labeled anti-goat antibody (rabbit ami-geat lgG-HRP, KTT. Inc.,
1:100 dilution in PBST} were incubated on all test spols [or 30 minutes at wom
te:ﬁpcraturc. The slides were then tinsed as above and incubated with 20 ul droplets of
peroxidase substrate (TMB, KPL Iuc.) for 5 minutes, at which point ths colorimetric
reaction was stopped with a TMB stop salution, Dreplets were transfared to & 96-well
microtitre plate and optical density at 430 nm was measured using a plate reader (Opsys
MR, Therma Labsystems).

Hinding Resudts: Results are presented in 19g, 12, The data Dlustrates that in the
ahsence of the first layer caprure antibody (cupture antibedy concentration = 0}, the non-
specific binding of the detection antibody (anti-goat, HRP) is very low (open bars). On
surfaces incubated with the goat antibodics, results show that enly the biotinylated
antibody gives significant signal {solid bars}. These results demonsirate 1bat the surface
embodiments of the present invention are selective for biotinylated antibody.

EXAMPLE XIT:
DEMONSTRATION OF IMPROVED IMMUNOASSAY PERFORMANCE ON COATED SURFACES

‘Lhe following example illustrates the utility of an embodiment of the prasent
invention by comparing the assay performance and delsction limits of the eoating
chemistrics of the present invention relative to a standard diagnostic assay. The
comparisan is based on sandwich enzyme-linked armimosorhent assay (ELISA) for

staphylococeal enterotoxin B (SEB).
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SER Sandwich Assqy Protocol for Coated Substrates. The subsirates for thus
assay consisted of Si(/Si wafers coated with biotinylated, low-NSB surface coating as
described in Example I Streptavidin was bouml to the surface by incubating 25 mg/ml
(streplavidin in PBST) droplets (20 ply at cach 6 mm test spot. Incubation was for 30
minates at 37°C. Each test picoe was then triple-rinsed with bigh purity (18 ME-cn)
water and blown dry with IN; gas. Caplure antibody was bound to each test spot by
incubating with 20 1] droplets of biotin anti-SEB (Texin Technologies). Incubation was
performed for 30 minutes m 37°C followed by a triple rinse in high purity water and the
N3 gus drying step. Tesl spots were then incubated with 20 pl droplets of the SEB
antigen solution in concentrations runging from 0.01 ng/ml to 1.0 ngfmi. Incubation was
again performed for 30 minutes at 37°C. Tesl picves were then triplé rinsed with high
purity water and hlown dry. Detcetion antibody (anti SEB-LIRP in PRST, 20 ul droplets,
Toxin Technologies) was then incubated for 30 minutes at 37°C, [ollowed by a tripic
rinsing with high purily wuter and blow dry. The final incubzalivn was with a commercial,
precipitate TMB assay. TMB-Membrane substrate {EPL, [nc.) was added in 20 ui
droplets to each of the test spols and incubated for 30 manutes ai 37°C. As described
previously, HRP catalyzes the formation of an insoluble deposit on the surface. Afier
blowing the test piece dry with Np, the thickness of the deposited layer was quantified
using a custom-built allipsometer, providing an indirect, quaniitative measyrement of
anligen ot the surluce,

SKB Sandwich ELISA Protacoel. A standard GLISA formuat assay was performed
for comparisen to the SEB sandwich assay for couatedd surfaces discussed above, Brictly,
100 pl of capture antibody (hiolin anti-SER, Toxin Technology) in PBS-Tween (0.01%)
was added (o fhe wells ol u 96-well micratiter plate (Dynex Technologies, Irmnulpn 2HB)
and was incubated for 120 minuics at 37°C. Yhe wells were (hen triple rinsed with PBS
solution, tapping flvid from the plate after cach rinsc. The wells wers then bluvked with
bavine serum albumin (RSA) by adding 200 ul of 1% BSA, in PBST and then incubating
at 370 for 1 hour, SEB antigen solutions (Toxin Techuology, 100 pl volumes witls
concentrations ranging fiom 0.01 ng/ml to 1.0 ng/ml in PRST) were added to the
mirawells and incubated a1 37° for 60 minutes. The wells were then rinsed with PBST
and fluid was tapped ftom fhe inverted plale. The deiection antibody was a horseradish
peruxidase conjugaied anti-SEB (l'oxin Technology). 100 ml volumes were incubated in

cach of the wells for 60 minutes at 37°C. Again, the wells wers washed with PBST.
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Color was developed in the well by adding 2 commercial TMB peroxidase subsirule
(TMRE-Microwell, KPL, Tnc.). 100 pl volumes of the developer were added to the wells
and were incubated for 60 minutes at 37°C. After 60 mimutes, 100 ml of the TMB stop
solution was added to each well, and rthe optical density at 450 nm was read usiug @
iroplale reader.

Binding Results. Representative assay resulls wre prosented in Fig, 13 A, resuits of
the standavd microtiter plate LLISA assay, and Fig. 13B, results foc the ELISA assuy
performed on the functional coated surface of this invention. The important ohservation
is that the coated surface, which presents specifically bound septavidin for (he sandwich
assay, enables an order of magniiude improvement in assay sensitiviry relative to a
traditional sandwich ELISA. Specilisally, the lower detection limit in the microtiter platc
ELISA was approximately 1.0 ng/ml SEB. On the coated surface nl‘tﬂc present
invention, the lower deteclion Lmil was §.1 ng/m] SEB.

EXAMPLE XTIT:

SURFACE CHEMISTRY COMPARISON LN OLIGONUCLEOTIDE MICROARRAY FORMAT

The foliowing example illustrates the utility of an embodiment of (he present

invention a8 voaling chemistries [or use in oligonucleotide microassay fornats. The

experimenis deseribed in this example evaluate one coating chemistry embodiment of the

present invention In parallel with curreni “state-of-the-art” commercial polymer and
silane chemistries. In particular, (he signal, noise and signal-lo-noise levels are compared
for the chemisiries in a microaray format using amine labeled oligonueleotides.

Coating Prapovation: The coating chemistry was prepared exactly as described in
Example X. The current statc of the art commercial polymer chemisiry is advertised as a
three dimensional poiymer coating on a glass slids substrate with a high loading capacity
for amine labeled aligenucleotids, The commercial silane chemisiry is advertised as a
low background silane coating on a glass slide substrate. The commereial chemistries
wire processed according to the manufacturer suggested protecols, which are known and
nniform for these types of substrates (two such manufacturers include:

Microarray Prindng: 57 amine-linked and 3” biotin-labeled oligonuclentide
(Operon) was suspended in 300mM sodium phosphate buffor, pH 8.5 at a concentration
of 20 ¥, The coating chemistry was first triple-rinsed with ultrapure (18 M{-cm) H,0
and then blown dry with N gus prior to arraying. Commercial chemistries were used eut

of the box. An array of spots was printed on the chemistries using a SpotBot
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microarrayer (Telechern) fitted with SMP3B pins (Telechem). Commercial polyner and
coating chernisiries were incubated at 73% relative humidity for 5 hows. The polymer,
silane and coating chemisiries were stored desiceated at room temperature for 72 howrs
prior 10 use. The coalig chepistry was deactivated with 50mb ethanolamine in
phosphate buifer pH 7.0 for 1 hour.

Specific Rinding Assay: The commercial polyraer chemistry was deactivated with
a 50mM cthanolamine in 0.1 Tris, pH 9.0, 1%X135 solution at 50°C for 20 minutes.
The commereial silanc chemistry was baked at 80°C for 2 hours then blocked with bovine
serupg, alpumin for 1 hour. “Lhe specific binding assays were performed at room
temperature as follows: chemistries were incubated with 140 gl of 10 pg/ml of Cy5
labeled streptavidin {Amersham) in PBST (0.1 M sodium phosphate, 0.15 M sedium
chloride, pH 7.2, 0.01% Tween20). 40 mm Lifter Slips (Eri¢} were utilized to spread
liquid evenly over surface of slide chemistries. Chemistries were placed in hybridization
chamber for 36 minules. T.ifter Slips were removed frorn slide chemistries and slides
were triple-rinsed with PEST then ultrapure (18 Mo} HaO and dried. Slide
chemistrics were placed in GenePix 40003 scanner (Axon) and settings were optimized
for the commereial polymer slide chemisiry. Final scammer seftings were 100% laser
power and 500 volt sciting on the photo mulliplier tube.

Binding Results: Specific binding resilts for the coating chemistry and
‘commercial chemustries are presented in Fig. 14A. Signal intensitics are reported in
relative fluorescence units, Fig, 14A shows that the coating chemisiry {vpen bar) has
Ligher signal intensity than both the pelyvmer (cross-hatehed bur) und silane {selid bar)
chemistdes i this experdment.

The background was monitored in the Cy5 channel. Noise levels are reported i
relative fluorescence units. Representative non-spotted areas of the scanned Image were
used o calculate global background values. The Cy3 channel signal provides a
measurement ot the non-specific binding centribution to background signal. Fig. 14B
shows the coating chemisiry (open bar) has significantly lower CyS5 background
comparwl Lo polymer {cross-haiched bar) and silane (selid bar} chemistries. The couting
chemistry has lower hackground signal due to low surface non-specific binding of the
Cy5 strepiavidin,

Resulting signal-to-noise ratios in the Cy5 channel were valculaled for the slide

chemistries and are showm in Tig. 14C. The coating chemistry (open bar) shows
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approximately 3x higher signal-to-noise ratic than the commereial polymer chemistry
(cross-hatched bar) and a 6% improvemen in signal-io-noisc ever the commercial silane
chemisiry {salid bar).

EXAMPLE X1V:
DEMONSTRATION OF ANTIRODY-ANTIBODY INTERACTION IN A PROTEIN MICRCGARRAY

The following example illustrales the utility of an cmbediment of the present
invention for demonstrating the fabrication of an array of biotinylated antibodies o a
coated surface of the present invention, and their subsequent delection usiug antibody-
aitibody recognition.

Surface Fabricatfon. (Glass microscope slides wilh amine reactive sarface
chemistries were propared as deseribed in Lxample X. Streptavidin was covalently
attached to the surfuce using the [bllowing procedure. First, an adhesive hybridization
chamber (Schieicher and Schuell) was placed on the glass substrate. Strepravidin
{Prozyme, Tnc.) was diluzed to 100 pp/ml in phesphate buffer {50 mM sodium phosphate,
pH 7.0), and approximately 700 il was added 1o lhe hybridization chamber, where the
reaction was allowed to proceed for 1 j1our. The chamber was then removed, and slides
were rinzed and then submerged in o deactivalion solution consisting of 50 mM
cthanolamine in SU mM phesphale buller, pH 7, The deactivation was allowed to
procecd for 1 hour, at which point the slides were removed from the selutivn, rinsed with
waler and dried,

Micraarray Printtig: Lyophilized biotinylaied goal antibndy {(goat anti-mouse
12G, bictin-labeled, Pierce) was reconstituted o I'mg/ml in phosphate buffered saline
with 15 mg/ml bovine serwm albumin (reconstitution butter as supplied by Pierce). This
stock: was then dituted to 100 pg/ml antibody in phosphate buttered saline with varying
amaunts of Twezn20® surfactant. A 384-well source plate was prepared with 20 pl
droplets of the antibody solntion, with wells dedicated to 0, 0.0001, 0.0005, 0.001, and
0.005, 0.01, 0.05 vol% Tween20®, The coating chemislry was first triple-rinscd with
ylirapure (18 M2-cm) H20 and then ‘thwn diy with N, gas priot (o wmaying. An array of
epots was printed on the chemisiies using a SpolBot microarrayer (Telechew) fitted with
SMP3T pins (Telechem). Spotted slides were incubated at 75% relative humidity for 1.3
hours.

Specific Binding Assay: The specific binding assays were performed at room

temperalure as follows: chemisiries wers incubated with 700 gl of 10 pg/ml of Cyv3
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labeled rabbit anti-goat 1gG (Sigma) in PBS (0.1 M sodium phosphate, (.15 M sodium
chloride, piI 7.2), using an adbesive hybridization chamber {described above). Slides
were incubated for 30 minutes. The hybridization chamber was then removed snd slides
were triple-rinsed with PEST (0.1 M sodium phosphate, 0.15 M sodivm chloride, pH 7.2,
0.05% L'ween20®) then ulirapure (18 MQ-¢m) HyO and dried. Slide chemistries were
placed in 2 GenePix 4000B scanner {Axon) and setlings were optimized for the hest
signal to noise perfvrmance. Fiual scanner settings were 100% laser power and 460 volt
setting on the phele rmuliiplier uhe.

Rimdbing Resulix: A reprosentative armay image is presented in Fig, 15, All spots
in the image are printed with {he same anttbody concentration, 100 pg/ml. Cach row has
a difforent TweenZ0® concentration in the buller, with Tween2{(# concentration
increasing from U in the top row lo £.05% m the hottom row, Five duplicate spots ars
printsd in each row. 'Lhe first observation s that the arrayed antibodics arc recognized
by the tluorescenily labeled detection antibody, demonstrating the surfaca immobilization
of lhe printed aniibody. The addition of Tween2(E to the print buffer increusss both the
size and intensity of the printed spots. Spots in the bottom row have spectfic binding
signal of approximalely 9000 relalive Huorescencs units (RYUs), while the lacal
background is roughly 1000 RFUs.

EXAMPILE XV
DEMONSTRATION OF SYRERGISTIC EFFECT OF COATING COMPONENTS FOR
TnfeROVENG NON-SPECTFIC BINDING PROPERTIES OF COATED SURSTRATES

“The following example wus designed to show that the combination of components
etnbedied in the present invention provide performance superior to coatings comprised of
subsets of these components.

The components in the “standard formula” coating sokution can be abbreviated as
follows:

Bictin-PLG  Biotin-PEG-CO3-N-hydroxysuceinimidyl ester (Shearwater Corp.)
Aminosilane  (3-trimethoxysilylpropyl)-diethylenetrismine (Gelest)
Azidusilane  G-avidosulfonyThexyi-tricthoxysilane (Gelest)
PBST polyoxyethylene sorbitan tetraoleate (Aldrich)
Tor this experiment, coating solutions were prepared in the standard Kormula (as

described in Example T, as well as in various subtractions and cembinations of these
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compunents. In all cases, the volume ond ratio of carrier solvents (1:4 DMAC:DMS0)
was held constant.

Clags microscope slides were coated as desoribed in Example V.

The surfaces were then assayed for non-specitic binding using the procedure
described in Example TI.

Binding Resunlts; Results are presented in Fig, 16. Resulls show that the standard
formulntion provides the best NSR perfonnance relative o all other component
combinations, with the exception of the “no azidosilane™ fornwilation, which shows
equivalent MSE in this assay. Subsequent experiments have shown that the “ne
azidosilanc” fonmulatior has inferior shelf life relative to the standard formulation.
Specifically, once the surface is exposed to water rinse, the low NSB proparties of the “no
azidosilane” degrade much more rapidly than the standard formulation (days versus
weeks or months). This is cousistent with the concept that the azidosilane provides some
cross-linking/stabilizing role in the surface coating.

The data from this example shows that embodiments of the present invention
operale at optimal performance when all the components of the surface coating arc
present.

EXAMPLE XVI:
DEMONSTRATION OF ADDITIONAL MATRIX FORMING COMPONENTS LN THE COATING
FORMULATION

The fallowing example itustrates the wiility of an embodiment of the present
Inventlon utilizing alternative matrix-forming molecules, as compared to polyoxyathylene
sorbitan tetraolcate (PST). The expariments deseribed here demenstraic other
embodiments of the invention, in which altemative matrix-forming molecules provide
good non-specific binding and specific binding performunss.

Cnating solutions were prepared as described in Example 11 In addition, coating
solutions were also prepared in which the PST was replaced with commercial surfactants,
namely Triton X-100 and Tween20, As a control. the matrix-forming component was
repleced will glycerol 1o the formulation. Nute (hat glycerol 1s not expected to show
eguivalsnl matrix-forming sbility.

Coating solutions were cast on silicon wafers and cured sz described in Exaniple
11. The nen-gpeeific binding assay was performed as deseribed in Example 11 The

specific biruling assay was performed as described in Cxample TX.
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Binding Resuizs: Results are presented in Fig. 17. Fig. 17A shows that all three
matrix-forniing components ouiperiorm BSA-blocking in the NSB experiment. Of the
three testud, the PST gives the best performance, followed by Tween2( and Triton X-100.
As expected, coatings mads with the glycerol substitule had very high NSB.

Lig. 178 shows thal specific binding perfonmance is similar for all three matrix-
forming compoueuls. Althongh the glycerol also gives high sigmal, this is most likely the
result vf non-specific, rather than specific binding, as suggested by the N8B experiment.

FEXAMPLE XYILI:
INRIBITION OF CEIY. PROLIFERATION ON COATED SURFACES

The following example illustrates the inhibition of mammalian cell proliferation
from culture on one embodiment of the present invention. Coatings were pre;;ared on
tisgue culture polystyrene subsirates in the manner described in Example LL

Cell Culture: Routine cell aulture methads using sterile tectmique and commereial
cell cutture media and cell lines were employed, Two cell lines were employed (1929
fibroblasts, ATCC, and buman umbilical venous enduthelial cells, HUVECS,
BioWhittaler), Cell cultuge media for 1929 culture, changed cvery three days,
comprised commercial 10% fetal bovine serum in DMEM saline with antibiotic
supplements. The conirol surface was a sterile uncoated tissue cul'run: polystyrene potri
dish (BD-Falcon) with cells subject ta identical conditions. Cultwed stock cells
trypsinized from commercial culture ware after reaching conflucnt phase were plated at a
densily of 10° per dish and incubated in 2 commercial ecl] incubator under 5% CQy at
Arc.

Results: Fig. 18 pravides microscope images of the L929 fibreblast cell culture
surfaccs after three days of growth, The coated surface Fig. 184 shows few eclls relative
to the TCPS comtrol Tig. 1813, which shows adherent cell monolayer coverage typical of
culture for these cells. The cells that arc present on the coated surface appedr rounderd, in
loosely bound clusters, clearly avoiding surface coniact and unable (o generate confluent
cclt monolayers or consistent cell attlachment.  Their rounded shape indieates a stressed
condition for these attachment-dependert cells. The control surface shows spread,
adherent cells typically obscrved for these cultures of viable eells, It is believed (hat tbe
inhibition of extraccllular matrix pretein adhesion to ihe coated surface inhibits fibrohlast
proliferation. Bacterizl adhesion and proliferation was alac investigated in preliminary

experiments. Prewdomonas cerugmosa straim PAGL {ATCC, Manassas, VA) cultured in
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tryplic soy broth {I'SB) per routine microbinlagical methods to a culture density of ~10°
CFUml und inoculated onto couled polystyrene petrl dishes in various dilutions from this
stawk using TSR, Baclerivlogical grade polystyrene (BD) wae used 2 conlrel surface.
After 24-hour incubation in 2 culivre Incubator (37°C) and rinsing with TSE, few
adherent microbes were abscrved on the coated surface using phase contrast micrescopy
{40x magnification). By contrast, the centrol surface was colonized with adherent viable
organisms to high density, not removable by media rinsing (data not shown),

It will be clear that the invention is well adapted to attain the cnds and advantages
mentioned as well as thosc inherent therein, While a presently preferred embodiment hus
been deseribad for purposcs of this disclesure, vatous changes and medifications may bs
made which arc well within the scope of the inventivn, Numerous other changes may be
made which will readily suggest themselves fo (hose skilled in the art and which are
encemtpassed in the spint of the invention diselosed hercin and as defined in the appended
clarms.

All publications cited herein re hereby incorporaied by reference.
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CLAIMS

VWhat is claimed is:

1. A method of prepuring a funclional surface, said method comprising:

providing a subsirate;

providing an effective amommt ot active eomponent;

providing an cffeclive amount of eross-linking component;

providing an cffeetive amonnt of matnx-forming vomponent;

affixing saidl aclive compoenent, said cross-linking component and said mateix
forming eomporent onlo said substrate, therchy forming a functional surface.

2. "T'he method af ¢laim 1, wherein said affixing finther comprises coating said
wclive compenent, said cross-linking component und said matrix forming component onio
said substrate creating a coated subsirale and curing said coated substrate.

3. The method of claim 2, wherein said curing is selected from the group
cuensisting of thermal activation, photo aclivation or chemical activation.

4. 'The method of claim 1, wherein said active component includes a functional
group, a spacer group and a binding group.

5. The method of cluim 4, wherein said functional group is selected from the
group consisting of hiatin, methoxy-polyettiylene glycel, N-hydroxy succinimide esters,
nitropheny] esters, carboxylates, vinyls, nitrencs, aldelivde groups, phenylboronic acid,
salicylhydrexamic acid, hydroxy] groups, amine groups, nine groups carboxylic acids,
aldehydes, ketonas, caters, cthers, amide groups, imides, cyanides, hydrazides,
stuecinimides, maleimide. thiols, halides, azido groups, phenyl groups, sulfonates,
isothiocyante, isocyanate, oxazolines, epoxides, nitrohenzyls, oxazoling, acid chloride,
chloroformate, disulfide pyridyl, aziactonc, cyanogens bromide, Duvroarencs,
flusrocarbons, disulfides, isocyanides, sultales, hepann, pepiides, nucleotides,
polynuclzotides, organic silicon compounds and organie phosphate compounds, sthylens

glycol aligomers, acrylamides, pyrallidoncs, polysacebarides and polar synihetic

polymers.

6. The methed of claim 4, wherein said fumctional group is bintin, mcthoxy-
polycthylene glycol, vinyl-sulfone, succinumidyl propianate, or siveptavidin,

7. The method of claim 4, wherein suid fanetional group s biotin.

8. The method of claim 4, wherein (he functional group is a succinimidyl

derivative,
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9. The method of ¢laim 4, whersin said spacer group is selected from the group
consisting of bifimetional, linear, star-shape, and comb-like pelyethylenc glycols,
polyelhylenimings, polystyrene, polysiloxanes, polyurcthanes, proteins, poly(amino
weids), polyphosphazenes, telechelic block eopolymers. polyacrylates, polyacrylamides,
polymethaerylates, polysaccharides, dendrimers, hyperbranched polymers.

10. The method of claim 4, wherein said spacer group 1s a linear PEG molccule, a
star-shape PEG molecule, or a comb-like PEG melecule.

11. The method of claim 4, whercin said spacer gronp is a lincar PEG molecule.

12. The method of claim 4, wherein said hinding group is sclected from the group
consisting of silanes, methacrylates, disuliides, disilazanes, sulfhydryls, acrylates,
carbaxylates, isonitriles, isccyanates. and phosphoamidites, nitrenes, epoxides, hydrosilyl,
eslers, arenes, uzidos, nilriles, guinones, and vinyl groups,

13. The meihod ol elaim 4, sherein said binding group is alkoxysilanc or
chlorosilanc.

14. The method of claim 4, whorein said binding group is an alkoxysilane.

15. The method of claim 4, wherem swid binding group Is a suscinimidyl

derivative.

—_

6. The method of ¢laim 1, wherein said eroas-linking component is a molecule
comprising at least two reactive groups selected from the list consisting of methacrylates,
acrylates, epoxides, silanes, perfluorophenyl azides, aryl azides, acyl azides,
wzidoformales, sullonyl azides, phosphoryl arides, diazoalkanes, diazeketones,
diazoacelales, bela-kelo-alpha-diazoacelates, aliphatic azo, diazirines, ketenes,
photoactivated ketones, dialkyl peruxidases, diacyl peroxidases, and quinones.

17. The mcthed of claim [, whercin said crose-linking component is azido silane,

18. The methed of claim 1, wherein said matrix-forming component is compriged
of one or more of the molecuies selected from the group censisting of polyoxyethylenc-
based suface-active substances, including, polyoxyethylene sarbitan tetraoleate,
polyoxyethiylene sorbitol hexaoleate, pelvoxyethylenc 0 trideey] ether., pofyoxyethylsne
12 tridecyl ather, polyoxyethylens 18 widecyl ether, Tween™ surfaciants, riton®
surtaclants, polyoxyethlene-polyexypropylene copolymers, linear PRG malecules, star-
shaped PEG moleeules, comb-shaped and dendrimerie, hyperbrached PEG molecules,
carbonated, pertluorinated and siliconated surfactants, casein, serumn diluliens, bovine
serurn ulburmnin, glysolipids, lipids, hepurin or other glycosaminogl ycavs, musein,

proleoglysans, and polysacchwides.

it
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19, The method of claim 1, wierein said matrix-forming compouent is

"™ surfactant, or Ploronic™ block cu-

palyoxyethylene sorbitan tetraoleate, Tween
polymers, or synthetic copolymers of similar polar non-ionic chemistry compusition.

20. The method of claim 1, wherein said matrix-forming cormponent is
polyoxyethylene sorbilan teiracleate.

21. A funetional surface having low non-speeiils binding characteristics for pon-
target analytes comprising

a subsfrate having an cffcctive amount of active copenent;

an cifective amount of cross-linking component;

and an effective amount of matris-forming component;
whereby said active component, said cress-linking component and said matrix-forming
companent form an nitegrally enmeshed matrix that provides a funclionalized surface
having low non-specific binding characteristics for nor-targst molecules in external
miliew.

22, The funeiional surfuce of claim 21, wherein sak) active component includes 4
fimedonal groug, & spacer group axd a binding group.

23. The funciional surfzee of elaim 22, wherein said finictional group facilitates
selective binding to rarget analytes and is selected from the group cousisting of biotin,
methoxy-polyethylene glycol, W-hydroxy succinimide esters, nirephenyl esters,
carboxylates, vinyls, nitrenes, aldehyde groups, phenylborenic acid, salicylhydroxamic
aeid, hydroxyl groups, amine groups, imine groups carboxylic acids, acid chlorides,
haloaldehydes, ketones, asters, ethers, amide groups, imides, cyanides, hydrazides,
succinimides, maleimide, thiols, halides, uzide groups, phenyl groups, sulfonates,
isothiocyante, isocyanate, epoxides, nitrobenzyls, oxazoline, acid chloride,
chlorafermate. disulfide pyridy!, azlactone, cyanogens bromide, fluordarenss,
fluorocarbons, disulfides, isocyanides, sulfates, heparin, peptides, nucleolides,
polynucleotides, organic silicon componnds and organiz phosphate compounds, ethylene
glvcol oligomers, acrylamides, pyrollidones, proteo- and glycosamino-glycuns,
pelysaccharides and polar synuhelic polymers.

24. The finctional surface of elaim 22, wherein safd functional proup facilitates
selective binding to target analytes and is biotin, methoxy-polysthylene glycal,
succinimidyl proprionate, streptavidin, or aldehyde.

25, The functional surface of ¢luim 22, wherein said funclional gronp facilitares

seleclive binding to target analvtes and is hiotin.

Rty
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26. The fimetional surface of claim 22, wherein said spuser group is selected from
1he group consisling of bifunciional, lincar, star-shups, aod comb-like polyethylens
glycals, palyethyleniines, polystyrenc, palysiloxunes, polyurcthancs, prateins,
poly(amin acids), polyphosphazenes, telechelic bluck copolymers, palyacrylates,
polyacrylamides, pol ymethserylates, polysaccharides, dendsimers, and hyperbranched
polymers.

27. The finetional surface of claim 22, wherein said spacer group is a linar
polyethylene glycol, slar-shapc PEG molecule, or a ceimb-like PEG malecule.

28, The functional sartace of cluim 22, wherein said spacer group is a linear PLG
molecule.

29, The fimctional surface of claun 22, wherein said binding group is selevied
fram the group consisling ol silanes, methacrylares, disnlfides, disilazanes, sullylryls,
acrylates, carboxylules, isonitrilcs, Isosyanates. and phosphowmidiles, nitrenes, gpoxides,
hydrosilyl, esters, arcncs, azidos, nitiles, guinones, and vinyl groups.

30. The functional surface ol claim 22, wherein said binding group is
alkoxysilane or chlorosilanc.

31. The tunctional surface of claim 22, wherein said binding group is an
alkoxysilane.

32. The functional surface of claim 21, wherein said cross-linking compeonent is a
inalecule comprised of at least two reactive groups sciocted from the List consisting of
methacrylaics, acrylates, epusides, silanes, perfluorophenyl azides, aryl azides, acyl
azides, azidoformates, sulfurryl azides, phosphoryl azides, diszoalkancs, diazokctones,
diazoacatates, bata-ketn-ulpha-diaroacetates, aliphatlc azo, diazirines, kotoncs,
photoactivated ketones, dialkyl peroxidases, diacyl peroxidases, and quinones.

33, The functional surface of claim 21, wherein said cross-linking compopent is
azido silane.

34. The [unctional surfaes of claim 21, wherein said matix-forming component
is selecled [rom the group consisting of polyoxyelhylene-hased surfice-active substances,
including, polyoxyetivylene sorbitan tetranleale, polyoxyethylens surbitol hexaoleate,
polvaxyethylenc 6 tridecyl ether, polyoxyethylene 12 trideeyl ether, poiyoxyethylene 18
tridacyl ether, Tween? surfactants, Triton® surfactants, polyoxyethlene-palyoxypropylene
copolymers, linear PEG molecules, star-shaped PEG melecules, comb-shaped and
dendrimeric, hyperbranched PEG molecules, linear, siar, and dendrimer polyamine

polymars, carbonated, perfluorinated and siliconated surfactants, and casein, scrum
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dilutions, bovine serum albumin, glycolipids and lipids, heparin or other
glvcosaminoglycans, muscin and polysaccharides.

35, The fanctional surface of elaim 21, wherein sald matrix forming commponent is
polyoxyethylens sorbitan tetraoleule, Tween® surfactant, or Phuronic® black co-
polwviners, or synthelic non-ionic polar hydrophilic copolymers of similar chemical
composition.

36, The functional surface of claim 21, wherein said matix forming snmponent is
polyoxyethylene sorbitan tetraoleaie.

37. The tunctional surface of claim 21, sherein suid active component is hiotin-
PEG-silane.

38. The lunutional surlace of claim 37, whersin said substrate is composed of
510/51.

39, The functional surface of ¢laim 37, wherein said substrate is composed of
thermoplastic or tharmoset polymers.

40, The tunctional surface of cluim 37, wherein said subsinate is caomposed of
metal/meral oxide,

41. The fanctional surface of claim 21, wherein said active component is
methoxy-PEG-silane.

42. The limctional surluce of claim 21, wherein said active component is 2
eombination of methox y-PEG-silane and biotin-PEG-silane.

43, The functional surface of claim 42 further comprising stweptavidin
immobilized within the enmeshed matrix.

44, The fanctional surface of claim 21, wherein said active component is
vinylsulfone-PLG-silane.

45, The functional surface of claim 44, wherein said substrate iz composed of -
glass.

46, The fimetional surface of elaim 21, wherein said active component 1s NHS-
PEG-gilanc.

47. The [mctional surlace of claim 21, wherein said active componcnt is COOH-
FEG-silane.

48. The funciional surface of claim 21, whercin said aciive companent is SPA-
PEG-5PA.

49, A functional surface for perfonmance of a bioghemical binding assay

COIMPIISing:
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a substrate,

a nem-gpeeifie binding matrix affixed to snid substrate; and

an aetive component affixed to said non-specific binding matix, thereby forming

u funclional surface for o biochenical binding assay.

50. The funcidonal surface of elaim 49, whercin said non-spesitic binding matrix
furlher conpyises a cross-linking component and a matrix-formiug component providing
cross-linked stabilization of said func(ional surface and bonding to sard substrate.

51. The funcfional surfice ol claim 49, wherein aciive component further
comprises a fimctional group, a spacer group and a hinding group, said binding group
being alfixed to said non-specific hinding matrix.

52. The functional surface of claim 31, wherein said functional group facilitates
specitic binding of a target protein to said active compensnr,

33, The functional surlace of claim 52, whereln gaid active enmponcnt is bintin.

54, The functional swace ofclaim 52, wherein said active component is
vinylsulfone.

35. The lunctional surface of claim 52, wherein said active component is NIIS.

36. The tunctional surface of claim 52, wherein said active component is SPA.

57, The functional surface of claim 49wherain said non-specific binding matrix is
comprised of elfective amounts of azido-silane and palyoxyethylene sothitan tefracleate.

58 The fimetional smface of claim 49, wherein sail substrale is selected from the
group consisting of: a silica-based sabstrate, a Tastal subsirate, a metal oxide subsirate, a
hydrogel subslrate, a glass substrate and a polymer substrare

39, The functienal surface of claim 49, wherein said cross-linking component is
arido-silane.

40, The functional surface of claim 49, wherein said matrix-forming eomponent
is polyoxyethylene sorbitan letracleute.

61, A packaged formulation for preparing functionalized surfaces having low
non-spewilic binding characteristics suitahle for application to a substrate comprising an
effective amount of active component, an effective amounnt of & cross-linking compuonent
and an cttective amount of matriy tforming component, whereby saiid active component,
said cross-linking vompunent and sud matrix fopning component form an integrally
enmeshed matrix that provides a functionalized surface having low non-gpecific binding

characteristics; and instructions to apply the components onte a substrate swrface.
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62, The packaged formulation of claim 61, wherein said active component
includes a fumctionz! group, a spacer group and a binding group.

63. The packaged tormalation of claim 62, wherein said functional group
facilitates specific analyte binding and is selected from the group consisting of biatin,
methoxy-pelyethylene glycol, N-hydroxy succinimide esters, nitropheny! esters,
carboxylales, vinyls, nitrenes, aldehyde groups, phenylboronic acid, salicy/hydroxamic
acid, hydroxyl groups, amine groups, imine groups carhexylic acids, aldebydes, kelones,
csters, ethers, amide groups, imidcs, cyanides, hydrazides, succinimides, maleimide,
thiols, halides, azido groups, phenyl groups, sulfonates, isothiocyante, isocyanate,
epoxides, nitrobenzyls, oxazoline, acid chloride, chloroformate, disulfide pyridyl,
azlactone, cyancgens bromids, fluorearenes, fiuorocarbons, disulfides, isccyamdes,
sulfates, heparn, peptides, nucleondss, polynucleotides, organic sihicon compounds and
organie phosphatc compounds, cihylenc glycol oligomors, acrylamides, pyrollidencs,
poalysaccharides, proteoglycans, glycosaminoeglveans, and pelar water-solublc synthetic
palymers.

64, The packaged formulation of claim 62, wherein suid functional proup
facilitates specific analyte binding and ia biotin, methoxy-polyethylene glycol,
snecinimid, suceinimidy] propionate, streptavidia, or aldehyde.

5. The packaged fornulation of elaim 62, wherein said functional group
facilitares specific analyte binding and is biotin.

66, The packaged formulation of claim 62, wheren said spucer group 1s selecied
ftom the group cansisting of bifunctional, lingar, star-shape, and eomb-like polycihvlone
glycols (PEG oligomers or polymers), pelyethylenimines, polystyraue, polysiloxanes,
polywrethanes, proteins, pely(amine acids), polypyrollidones, polyphosphazenes,
telechelic surface-active block copolymers (2.g., Plironics™), polyacrylates,
polyacrylamides, polymethacrylales, polvsaccharides, saccharide monomers,
proctoglyeans, glycosaminoalycans, dendtimers, or hyperbranched polymers.

67, The packaged formulation of claim 62, wherein said spacer group is a linear
polyethylene glyool (PEG oligomer or polymer), slar-shape PLG moleculs, or & comb-
like PEG molecule,

68. The packaged fermulation of elaim 62, wherein sald spacer group is a linear
FEG molecule,

64, The packaged forenulation of claim 62, wherein said binding group is selected

from the group consisting of silancs, methacrylates, SPA, disulfides, disilazanes,
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sulflydryls, aerylates, carboxylates, isonitriles, isocyanates. and phosphoamidites,
nitrenes, epoxides, hydrosilyl, esters, aranes, azidos, nitrilcs, quinencs, and vinyl groups.

70. The packuged lormulation of clain 62, whercin said binding group is
alkoxysilane or chlorosilane.

71, The packaged fornulation of claim 62, wherewm said bindrog group is an
alkaxysilane.

72. The puckaged formulation of claim 62, wherein said binding group is SPA,

73. The packaged formulation of claim 62, wherein said cross-linking component
is & meleculs comprised of at least two reactive groups selected from the list consisting of
methacrylates, acrylates, epoxides, silanes, perflucrophenyl azides. aryl azides, acyl
azides, azidoformates, sulfony] azides, phosphoryl azides, dinzoulkenes, diasoketones,
dizzoacetates, belu-keto-alpha-diusoacetates, aliphatic azo, diazinnes, ketencs,
photouclivated ketones, dialkyl peroxidases, diacyl peroxidascs, and quinonss.

74. The packaged formulation of claim 62, whersin sald cross-linking compaonent
is azido silane.

75. The packaged fommulation of claim 62, whersin said matrix-forming
component is selected from the proup consisling of palvnxyethylene-based surface-active
subsianess, including, polyoxyethylene sarbitan tetracleate, polyoxyethylene sorbitol
hexaoleate, pelyoxyethylene 6 tridecyl ether, polyoxyethylene 12 tridecy] ether,
polyoxyethylene 18 ridecyl ether, Tween™ surfactants, Triton® surfactantz,
polvoxyethlene-polyoxvpropylene copolymers, linsar PEG molecules, star-shaped PLEG
molecules, comb-shaped and dendrimeric, hyperbrached PEG molecules, linear, stor, and
dendrimer polyamine polymers, carbonated, perfluorinated and siliconated surfactants,
andl caseln, serum dilutions, bovine serum albumin, glycelipids and lipids, heparin,
musein and polysaccharides.

76. The packaged [ormulation of claim 62, wherain said matrix-forming
componetit is polyoxyethylene sorbitan tetrasleate, Tween®, surfactant, oz Pluronic™
block co-polvincts.

77. The packaged formulation of claim &2, wherein said malrx-forming
component Is palyoxyetliylene sorbitan tetracleate.

78, A functional surface for usc in derceting a target analyze in a bio-analytical
RSsAY comprising:

i substirale for perfonning the bioanalylical assay;
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ameans coated over said substrale for Hmiting non-specific binding during the
detcetion of said target analyte.

79. The functional surface of claim 78 wherein the bicunalyiival assay is a
miCToATay.

&0, The fimetional surface of claim 79 where the microarray is a

oligonucleotide microarray.
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