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Interaction of Colloid-Immobilized Spevies with
Species on Non-Collvidal Structures

Ficld of the Tnvention

This invention relutes generally to elremical and biochernijcal detoction methods,
and more particularty to techniques in which colleids bind to non-colloida] stractures
such as electrodes, beads, or colls, and to techniques in which multiple signals indicate a
single binding event, Technigues including drug screening are facilitated by the
invention.

Background of fhe Tuventjorn

Drug discovery is facilitated by screening large mimbers of candidate contpounds
for interaction with target recepior or proteins under physiological conditions. OF
particular importance are cell surface receptors or proteins. Many of the biomolecular
interactions that promate tumorigenesis involve cell surface proteins that mediaie both
intra- and intercellular signaling. "Tumor markers" are molecules on the surface of a cell
that are cither cxclusively exprossed, or over-cxpressed, as a result of transformation to a
neoplastic stafe. Soime of these markers have been correlated with the ability of the fumor
to invade tissues and display an aggressive course of growth characterized by metastases
(these tumors generally are associated with 2 poor outcome for the patient). For exaruple,
the interaction between the ccll sorface receptor &V B3 and the cell adhesion molecule
vitronectin has been implicated in angiogenesis. See J. Yarner et af., "Integrins and
cancer," Curr Opin Cell Biol, 8:724 (1996);, B, Vaithe e al, "fr vitro angiogenesis ls
medhalated by the mechunical properties of fibrin gels and is related (o 2 0VE33 integrin
localization,” fn Fitra Celf Dev Biol dnim., 33:763 (1997); M. Horton, "The oiV83
integrin ‘vitronectin receptor,” nz J Blochem Cefl Biol, 29721 (1997), Indeed, the
increased concentration of this receptor on 2 melanoma cell tias been correlated with &
pout prognosis. Another example of a cell surface receptor that prometes tunorigenesis
and/or angiogencsis (8 the MUC-] antigen; this anhgen 1s overexprosscd on breast,
prostate, lng angd ovarian cancefs.

The search for drugs to bind to and black cell surfice receptors implicated in
tumerigenesis bas been technically challenging because there are fow assays that work
with intact cells. The ability to detect interactions betweer lgands and target zeceptors
on the surface of live, intact cells, would enable the serecning of candidate compounds to

Jisrupt these interactions. Screening compound libraries for drugs that inbibit the action
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of eell surface receptors depends eritically on the reseptors being in their native
conformation and multimerization siate throughout e drug screening process.
According to curreni technologies, it is difficult or impossible to detsct he interaction of
cell surface receptors with their natural ligands,

Cuwrrent teehnologies arc limited in their ability to assay ligasd interactions on
cells. Fluorescence activated cell sorting (FACS) is one of the fow technigues that
enables the detection of cell surface recepiors. One complication in using this technique
tao sereen for drugs to block cell surfiice receptors is that: 1) the technique is sequential
and capnot be readily multiplexed to facilitate massive drug sorecning; and 2} the
technique is only feasible for detecting enribodies bound to the receptors; antibedy
antizen interactions ate typically high effinity interactions that cannot be disrupted by
drugs, According to eurrent technologics, it is difficult or impoessible to detect the
interaction of cell surlace receptors with thelr natural igands. Screening compound
libraries foz drugs that inhibif the action ef coll surface receptors depends crifically on the
receptors being in their native conformation and multimerization state, on the cell
swface, througheut the drug screening progess.

Another technique that can be used to query ocll surface receptors is mt ELISA
assay. In this techmiqus, cells are adhered to a 96-well plastic plate. A cograte antibody
is allowed to bind to the cell surface receptor of interest and unbound eniibody is washed
away. The availability of the receptor is infesred by detecting the preseocs of the
cogmate antibody. The presence of bound antibody i detected by introducing 2 second
antibody, conjugated to a detectable label, which is active againgt the species of the
cognate antibody. There are sevoral inherent problems which limit the usefulness of this
technique for assessing the availability of cell surface proteins or for screening for drugs
to block them: 1) the technigue is plagued by false positives that result from the non-
specific adsorption of antibodics to the plastic; 2) ligmd-receptor interactions are often
disrupted by the many washing steps; and most inmportanily, 3) antibodies rather than
nafural ligands must be used i this assay; because these are typically high affinity
interactions, they cannot be readily disnyted by drugs that bind the ceceptor;
udditionally, unlikes the natural ligand, the antibody may bind the targel receptor al a site
that does not distupt the receptor’s normal function.
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Whet is needed js an approach for monitoring or conirolling binding events
betwesn chiemical or biological species that increases versatility aud can increase
sensilivity in a wide varjety of specific interactions. For example, an approach for
screening drugs agaipst specific interactions of cell receptors and their ligands (ncluding
but not limited to the interaction of the (V33 recepior) wewld be advantageous. In the
latier example, the assay should be flexible se as to permit screening against a wide
variely of tamor types, and particilarly invasive tumors. Tmportantly, the screening
approach shonld permit the rapid screening of large mumbers of candidate drugs.
Summary of the Invention

The present invention provides a variety of nevel methods, compositions and
species, and articles for monitoring (detecting) interaciions between chenvicat or
binlogical species inchwding technigues useful for drug screening. Major aspocts of the
present invention include the following, Tools for proteomic studies including protein
chips and partieles for signaling inieractions, and muli-particls systems such as two-
particle systems. In multi-particle syetems one parlicle cat be a recruilable particle and
the other particle can carry a binding pariner of an agent presented by the recruitable
particle and can afso be a signaling entity or carcy an anxiliary signaling enfity. Another
major arca invalves cglf studies, especially techniques involving interactions between
ligands and cell surface proteins and receptors. Discovery snd therapeutics wnvolving
drugs that can effect thesc interactions aiso is described, with an emphasis on drug
therapy involving angicgenesis. Specifically, cell recaptor/ligand interactions that can
inhibit or promote angiogenssis are described. Another arce involves detecting proteins,
cithor in solution or on the surfaces of intact cells, for diagmostio purposes.

Tn one aspeet, the invention provides a methed in which a colloid particle is given
the ability to fasten to a non-colloidal structure, and then whether the colloid particle has
fastened to the non-colloidal strueture is determined. This aspeet covers a wide range of
interactions invelving colloid particles or, preferably. many colloid particles with a
wvaricty of structures. Non-colloidal structures including beads, such us magnetic beads,
can inferact with colloid particles a5 an aid in detexmining interaction of species
immaobilized with tespect to the bead with species immohilized with respect to the
colloid parficles. The colloid particles can “decorate® the beads, rendering them visibly

identifiable as an indieation of a particular species/species interaction. Alternatively,
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maguoetic beads can be used io recruit colloid parficles to a surface where identification
of the parcticles can be made through clectronic or electrechemical or other means, and
the like. Non-colloidal siructurcs such as electrodes can act with colloid particles or
species imnobilized cn the colloid particles to indicate a particular assay result. Non-
colloidal structures such as ceils can interact with colloid struciures to indicate binding af
the cell to a species carried by the colloid particle. Advantages of these and other
techniques mvolving colloid particles and a non-colleid structure will become even more
apparcnt from the deseription that follows.

In another aspect the intvention provides a tecbnique for Yinking a chemical or
biological agent to an article, such as a bead, colloid particie or the like, via a metal
binding tag/metul chelate linkage. Articies linked in this way ic chemical or biochemical
species arc included in the invention.

Anather aspeet of the invention involves a technigue for the detection of
ligand/profcin interaction invelving providing a ligand in fixed proximat relationship
with an electroactive entity and determining interaction of the ligand with the protein by
mouitoring an eleciroactive signal given by 1be clectouctive entity where the signal is
dependent upon proximity of electroactive entity 1o the protein. This fechnique can be
facilitated by an article of the invention which defines a first protein immobilized at a
first surface, and a ligand suspected of interacling with the profcin immebilized at a
seceni sinface, which may be a particle, along with an electroactive entity which also is
immebilized at the second surface. This aspect of the invention facilitates one further
feature of the invention that s a method for determinng protein/ligand interaction in the
absence of surface plasmon resonance witheut 1abeling either the protain or the ligand.

The invention also provides techniques and compenents that allew for a method
of signaling 2 single binding of a first biolegical or chemical agent to a second biological
or chenmical agent with a plurality of signaling enfities. Ax article provided by the
invention facilitates this technique and it defines a first biological or chemical agent
capable of biological or chemical binding o a sccond agent, linked te 2 plurality of
sknaling sotities, The plurality of signaling entitics can be linked 1o the agent by way of
a polymer or dendrimer that catries a plurality of signaling cntities end is adapted for
linkage to an agent, The technique also can be facifitated by immobilizing the agent at a
colleid particle, e.g. at the surface of a calloid particle at which a phuraity of signaling
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entitics are also imrnobilized. In preferred embodiments, move than three signaling
entities signal a single chemical or biological binding event simultencously. More
preferably, at least 10, more prefierably at least 50, and mors preferably at least 1000 or
10,000 signuling entities signal a gingle chemical or biological binding evenl
simultaneously according to this aspect of the inventiowm.

Anoiher aspect of the invention is defined by a colloid particle that has botl: 2
signaling entity and a protein imomobilized thereupon. Technigues for use of this
component also are included in the invention.

The invention also provides techniques for controlling the electronic permeahility
ac10ss a self-assernbled monolayer at a surlace. In the technique, a seli-assembled
monolayer is formed upon a surface and js defined by a mixiure of at least a first
molecular species and a sccond melecular species. The first molecular specics has a
structurc that promotos the self-assembly at the surface in a tightly-packed manner that
prevents fiuid to which the surface is exposed from communication elecirically with the
surface, That is, the first species forms a relatively tightly-packed self-assembled
monolayer (SAM) that ssuls the swrface against fluids for the SAM is made up of only
the first species. The SAM according fo this aspect of the invention is made up of the
first species and a second spesies that has & different molecular structure where the
molecular structure causes distuplion of the Lghtly-packed sell-assembled struciure
thereby delimng detects in the ighily-pecked situchure that allow fluid fo which the
surface 1s exposed to communicate electrically with the surface, In this context, the fluid
carmunicates electrically with the surface by contacting the swrface or coming in close
enough proximiity to the surface that electronie cammunication, via tuaneling or the like,
can occur. As will be seen from the description that follows, this aspect of the invention
can be very useful in conjunction. with ether techniques of the invention,

As mentioned, ons feature of the invention is that 1t provides a series of
components zud techniques for drug sercening. The approach provides ) a modular
system for the attachment of patural ligands te universal signaling clements; 2) enianced
sensitivity of detection through the attachment of a plurality of signaling elements to
each ligand; 3) 2 simpler format (without the need for washing steps, enzymatic cleavage
and foxic substrates), 4) a convenient clectronic output; end 5) the capability for
niltiplexing.
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In one embodiment of the assay, the present invention contemplates immobilizing,
live, intact growing cells or ecll-derived molecules, on conducting schid supports. Such
cells or cell-derived molecules, having both surface molecules (e.g. receptors) and
intracellular signaling proteins, are attached to solid supports that can either be surfaces
or particle-like in natmre. Ligands (or "binding parters') to these cclis or eell-derived
mnlecules, which caninclude both known and unknowm ligands ag well as putative drug
candidates ihat are efther unattached to other solid supports or attached tn gurfaces or
particle-like structures, ars allowed to Interact with other cell-derived molecules in a
manner such that binding betwecn the two hinding partners acours and ean be deteeted,
QOne of the binding partners or its attached suppori can additionally be derivatized with a
substance that can be recognized and quantitated by a detection spparatas. This complex
(through interaction) is then hrought into the presence of the detection apparatus using
characteristics of the associated complex that differentiate it [rom the unassociated
binding partncrs.

In one embodiment, the cells are grown on a metal support fe.g. gold) that has
been freated (g, couted with molecules compatible with cell growth) in a manner that
preserves the conducting nature of the metal support. In one embodiment, 2
honogencous conducting layer of molcenles is attached 1o a meial surface that allows the
cenduction of electrons ai e rate that is higher than a metal uniformly coated with
insulafing species of molecules (such as saturated allcy] thiolates). In another
cembodiment, a heterogenzous layer of molecnles including & mixture of first a second
species that allow [luid exposed to the surface te cotmmumicate elecirically with the
surface as described shove, In another embodiment, 4 beterogeneous conduciing layer of
molecules is attached to a metal surface; the heterogenous layer can be viewed as a lawn
of [ow er nen-conducting species (2.g. one such species or a plurality of such speeics)
interrapted by conducting or high-conducting molecules (or "defects” in the lawn).

In a ptefetred ambodiment of a beterogeneous conduciing layer or heierogencous
layer allowing defects promating fluid/surface clectrocommunication, twa types of
molecules are attached to a metal surface: 1) alkyl fhiol spacer moleeules {iorminated
with either ethylens glyeol units or methyl groups to inhibit non specific adsarption) are
used to form the 1awn and 2} a conducting specics or defect-formping species. A

conducling species can be readily identified by the experiments described below. In one
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embhodiment, the condneting specics contains at least one ring siTucture (2.g. 2 benzene
ring, a pyrimidine ring, etc.). In another embediment, the conducting species contains na
ring structure, but contains 2 group selected fom, -0Q-, -OH-, -NH;- and SH.

In one embodiment of a homogeneous conducting layer, anly one type of
molecule is attached to a metal swrface, i.e. a conducting specics. Other ambediments
<uploying a plurality of conducting species are also conteniplated. Further description
of defecl-fonning molecules and other aspects of this amrangement are described below,

As noted above, the present ipvention conlemplates both methods and
compositions, Tn eng emboditsent, the present invention contemplates a composition,
comprising a first moleeule and one or mote signaling clements fi.e. molacules or
clusters of molecules which provids a signal that can be detected by any means,
including but not limired to, detection by change in light transmission, change in solution
color, change in charge, oic.) aftached to a solid support, wherein said first moleculs is &
ligend and is eapable of interscting wilh & protsin or eell-surface recoptor, In another
embadiment, the prosent invention contemplates 2 composition, comprising a fiest
molecule, a second molecule and a third molecule attached to a solid support, wherein
said first molcenle comprises a ligand capable of interacting with a protein or ecll-
surfave recepior, wherein ssid second molecule forms a monolayer on said solid support,
and wherein said third molecule is eleciroactive.

1t is not intended that the prosent invention be limited by the natues of the solid
support. In one embodimend, the solid support is a colloid {e.g. gold colloid). It is also
not intended that the present invention be limited by the nature of attachment of the
ligand 1o the solid support. Tu one embodirment, said ligand is covalently attached
{directly or through another ligand or binding moiety) to the solid suppost, In another
embodiment, the ligand is attached non-covalently or by clectrostatic or jonic inferaction.

The present invention contcmplates a variety of sipnaling clements, meluding but
not limited to fluorescent molecules and enzymes capable of aciing on color-prodneing
substrates. In a preferred embodiment, the present invention contemplates electroactive
molccules that is, molecuics baving an oxidation/reduction potential that can be
deternrined electronisally or electrochemically proximate a working clectiede of an
appropriate, conventional electrcal arrangement, as signaling elements. A preferred

elestroactive molecuie 1s 1 metallocene. Metallocenes that can operate as eleciroaciive
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signaling elements in aceordance with the invention are known, One example of a
particularly prefeired slectroactive moelecule is one containing & ferrocene o & ferrocens
derivative group or derivittive, such as ferrocenyl thiol (CysHaaFeS); however, other
organic complexes of transitions metals are also contemplated as signaling elements,

It is not intended that the present invention be linited by the natare of the
chennical or biochemical agent. A wide variety of agents and binding partners of those
agents such as pretein/protein, protein/peptide, antibody/antigen, antibody/hapten,
enzyme/substrate, enzyme/ichibitor, enzyme/cofuclor, binding protein/substrate, camier
protein/subsirale, lectin/carboliydzate, receptor/hommoene, recopior/e(fector,
complementary strands of nucleic acid, protemn/nueléic acid repressor/inducer, ligand/cell
surface receptor, virng/ligand, ete., can be vsed for binding interactions of the mventions.
In one embodiment, the agent ig a ligand, specifically & peptide. In a preferred
embodiment, the peptide is derivatized with 2 molety (such as a bistidine tag) that can
bind to a metal chelate, In this embodiment, it is convendsnt that the solid support
comprise a metal chelatc and said peptide is attached 10 said selid support via binding of
said moiety 1o said metal chelate,

In some embodiments, cell-derived molecules, including bath celi-mrface
receptors and intracelniar signaling proteins, exist on or are attached ¢o seiid supports
that can either he surfaces ar particle-like in nature. Binding partners of these cell-
derived proteins, which can includs both known and unknown ligands as well as putative
drug candidates, are attached to surfaoes aad/or particle-like structures, and are allowed
to interact with the cell-derived proteins in 2 manmer such that binding between the two
binding partners occurs. One of the binding partuers or its aitached support can
additionally be derivatized with a detectable substance. Interacting complexgs are
identified using characteristics of the associated complex that differentiate it from the
unassociated binding partners. The presence of, or a change in, a detectable moloty, that
is either co-immobilized with one of the binding partners on a coramon solid support or
directly attached to one of the binding pattners, is detected, Molecules that disrupl a
relevant interaction can be identified by detecting a loss of this signal. Inferanting
partners are bronght to a sensing epparatus by confining one of the hinding partners to
the sensing area and allowing it to recruit the other binding partner, or by manipulzating

charactenistics of the assocated complex that differeniiate it from the unasseciared
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binding partners, or by aftaching a recruitable slement to one of the binding partners or
its assooiated solid support.

Kot example, a chemical or biological binding pariner can be attached to the
sutlace of 4 solid suppert, which can be an elecltode, a substantially plaar article such
as a common biotechnology chip, or the like. A binding pariner of the chemical or
biological agent can be attached to acolleid, and exposure of the colloid to the surface of
the article results in binding of the binding partners thus immobilization of a colloid at
the surface. This can he dotcrmined by determination of the colloid at the suvface,
specifically at a particular location of e surface. The colloid particle alternatively can
include an auxiliary signaling entity that facilitates this detenmination (such as an
electroachive signaling entity or 2 visual signaling entity such as a {luorcscent tag).

Specifically, celi-derived molecules, such as proteins are attached to surfaces and
ligands, as well as putative drug candidates are attached to particles, and avc allowed {o
interact with the cell-derived proteins in a manner such that binding between the two
binding purtners accurs.  One of the binding partners or its attacked support canbe
denvatized with a detectable substance. Interacting pactners are brought (o a sensing
apparatus by confinmg cne of the binding partiters to a sensing area and allowing it to
recruit the other binding partner, Alicmatively, onc of the bnding partuers can be
atluched to a recruitable particle that may or may nol display signaling entities.

One aspect of the ipventien involves recruiling an clecionic signaling entity fo an
electrode using a magneﬁc materigl. This aspect can Aind use lo. many sssays and viher
techniques of the invention. Tn the method, typically, a signaling entity is provided with
the ability ta become immabilized relative to the magnetic material (which can be &
magnetic bead). The magnetic material and sigraling entity can become immobilized
relative to ench other vin a varjety of chemical and/or physical linkages described herein.
For example a first speeies may be ammobilized relative to or fastened to a magnetic
material and a second spacies may be immobilized relative to or fastened to the signaling
eality or the first and second species can bind lo each other. The first and sccond specics
cap, be esseobially any species described bexein or kmown. in the art for binding, and in
ope embedimant are proteins. Th a preferred embodiment, the profeins are not anfibodics
but are, for cxanple, 2 ligand and = copnate recepior, etc. The signaling enfity can be
fastened 1o an intermediate entily, such as a collnid particle, to which one of the proteins

JP 2004-512497 A 2004.4.22



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

25

3

(69)

WO 0I12I8 PUTIUSOTZ016R

-1 -

that acts as 2 binding partner also is fastened. A signaling eutity siso can e recruited to
an ¢lectrode without use of & magnetic marerial. In ths arrangement the signaling entity
can be immobilized with respect fo a binding partner of a species with respeet fo the
electrade, and the binding partners can be allowed to bind fo each other. Essentially any
binding partner interzction as described herein or known in the ari can facilitate this
technigue.

Anothe aspeci of the invention pravides biotin-containing self-assembled
monalayers on surfaces. In onc cmhodiment the surfaces arc surfaces of colloid
particles.

Other advantages, novel features, and abjeets of the invention will become
apparent from the folfowing detailed description of the invention when cousidered jn
conjunction with the accompanying drawings, which are schematic and which are not
intended to be drawn to scale. In the figurcs, each identical or nearly identical
compenent that is illustrated in various figures 1s represented by a single numeral. Yor
purposss of clarity, not every component is labeled in every figure, nor is every
component of exch embodiment of the invention shown where Ulustration is not
necessary to allow those of crdinary skill in the art to onderstand the 1ovention.

Brief Deseription of the Dirawings

Figare 1 depicts ligands attached (o a mustel-conteining compeund, such as
ferrocene, via dendrimers or polymers nteracting with their copnate cell-swluce
receptors on intact cells.

Figure 2 dopicis ligands and metal-containing compounds such as fetrocone
attached to particles intcracting with their cognate ccll surface receptors on intact cells,

Figure 3 shows proteins attached to seli-nssembled monoclayers on colloids that
also present redox-active metals for electronic or electrochemmical signaling. Cells
bearmg target receptors are mncubaied with collowds bearing a cognate ligand for the
receptot of interest thet electrophoretically or magnetically ativacted to the sensing
electrode. Moie that the figure is not drawn to scale and the colleids can be made in a
viticty ol sizes, ranging from 20 gold afems to bundreds of nanemeters n dlametcr.

Figure 4 shows celfls bearing a tumor marker MUC-1 thal are incubated with

electronic signaling colloids that present the MUCHT specifie antibody, DF-3, The
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antibody is attached to fhe eolloid via a His-tagged protein G that is bound to NTA/MNI(I)
groups that wers incorporated into a self-assembled monalayer on the colloid,

Figure 5 shows one embodimeni of an assay that can be used to scrgen drug
libraries for the ability of their individual membess to disrupt intsractions with cell-
swrface proteins.

Figure G shows that a drug screening assay caﬁ b readily muliiplexed by
interficing microwells {car be disposable) with & microelectzede array and robotics.
Analysis of arays of ¢lectrodes can be performed vsing a modified electtechemical
analyzer capable of concurrent aalysis of 4 pluraliiy ol electrodes. The eleclrodes can be
configured so as fo be ingerted (see arow) into the microwells.

Figure 7 shows that drug candidates can be synthesized on, or covalently attached
10, particles that also bear electro-active signaling moietizs. Drug candidates attached to
signuling pariicles can be incubated with cells presenting the receptor of interest and
control eells that did not express the receplor of interest. A drug-target interaction in this
aszay will result in a gain of signal.

Figure 8 shows a tissuc specimen that iz attached to a flexible, semi-permesble
suppott via inieraction with poptides containing RGO motifs. The spacimen is then
incubated with clectro-active signaling colloids that bear  ligand for a celt-surface
reccptor of interest. The specimen 1s rinsed, then interfaced with a microslectrode array,
The electrode airay can be made such that the electrode dimensions are comparable 10
cell dimensions. The specimen is then characterized by ACV, which can then be
correlated fo histopathology.

Figure 9 shows a proiein-protein interaction assay thut is based on universal
recruitmocnt and signaling particles that cap be easily muliiplexed, Self-assemnblod
monelayers bearing NTA/NiI(ID) ligands that selectively capture His-lagged proteins are
formed on signating colloids and pold-coated magpetic beads. Bach particle fype is then
briefly incubated with a different His-tagged protein, A mzgnetic field then attracts the
magnetic bead to the sensing clectrade. A signal [s only transduged when fhe electro-
active 1abels (which can be redox-active moisties) on the colloid are brought i the
clectrode through an interaction betwaen a first protein and a second protein. Note that
nen-His-tagged proteins can also be attached {o universal particles that bear self-
assembled monolayers presemting carboxy-termimated thiols.
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Fignre 10 shows elsctro-active sighating collotds derivatized with thicls bearing
enzyme cleavage sites (ECS) and terminated wish biotin. Magnetic beads are derivatized
with sireptavidin, then the magnetic beads and sipmaling colleids are incubated with the
enzynie of interest zud drug candidates, 1f a drug candidate inhibited the action of the
enzyme of interest then the siie will not be cleaved and the signaling colloid will romain
atiached to the maguetic bead via the biotinstreptavidin interaction, When the resuling
complexes arc magnetically attracted to a scnsing elecirode, a current poak will result,
making the assay a gain of signal detection assay.

Tigura 11 shows a strategy fox screening for drugs that modulate engyme activity.
In this scheme, a protein that is a target of enzyms modification is atteched to a colloid
that also bears an cleetro-active meicty. The chemical group that the enzyme adds to the
target protein has heen labeled with biotin. When the enzyme functions properly, the
bictin-laheled compound is added to the protem on the signaling colloid. This resulting
complex 1s then connected to a sireptavidin-coated magnetic bead. The complex is then
electromagnetically atiraeted fo 4 sensing electrode. Drug candidates can be added to the
assay. A loss of signal compared to controls would mdicate that the drug candidate
mhibited the enzyme's activity while a gain of signal would indicate that a drug enhanced
the enzyme's activiry.

Figwre 12 shows ihe chemical structures of the famesyl group, famesy!
pyrophosphate, and geranyl-gerany] pyrophosphate,

Figure 13 shows the modification of fatnesyl- or geranyl-like moieties with a
recognition group such g bictin.

Figure 14 shows famesyl pyrophosphate derfvatives bearing a hiotin moicty. The
Jarmesy! prolein transferase (FPT) enzyme catalyzes the addition of the famesyt
derivative to RAS profein varients. The activity of the snzyms, or the ability of the drug
candidate 1o nedify enzyme activity can be quaniiteted by measuring current output
when magnetic beads with streptavidin are used to recruit the complexes 1 the sensing
electrode.

Figore 13 shows that drug candidates can be assessed for their ability to modu.‘laté
enzyme activity. Each spatially addressable microwsl] containg a RAS protein (wild type
or varjant), the FPT enzyime, the biotin-modified addition pgroup (farnesyl derivatives),
magnetic beads hearing streptavidin, and plus or minus drug candidates. Electrodes can
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thes be analyzed by a variety of electronic and electrochemical techniques, inelnding
alternating current voltammetry (ACV).

Fignre 16 shows a plot of an ACV analysis of the interaction of an RGD-
containing ligand with cells growm on collagen-coated electrodes.

Figure 17 shows a plot of an ACV analysis of the interaction of an (negative)
control ligand with cells grown on collagen-coated elecitodes.

Figure 18 shows a plot of an ACY analysis of cells grown on a metal support
comprising only a single type of conductive melecale.

Figure 19 shows a plof of an ACV analysis of the interaction of an RGD-
containing ligand with cells grown on a metal support comprising a heferageneous
monolayer of nsulating aod conducting melecules.

Figure 20 is a photocepy of & photograph of colloid-decoraicd beads, specifically,
<olloids linked to boads via profein/proicin inicraction.

Figurs 21 is a photecopy of a photograph of the negalive conirol of the
experitnent showa in Figure 20,

Figure 22 shows a plot demonstrating the increase in conductivity of the
monolayer a3 the pereent of conducting molecules (in a laws of insulafing spacies) s
increased,

Figure 23 shows a plot of an ACV airalysis of te conductivity of a monoluyer of
conductive self-assembled monolayer containing a two-unit molecular wire poly
(ethynylpheny!l) thiol, MFI shown against a negative control of a non-conductive seli-
assemibled monolayer, 28 meesurved with a solution of ferrocene.

Figure 24 shows & plot of an ACV analysis of the conductivity of 2 menolayer of
the two self-assembled monolayers of Figure 23, as measured againsi more highly-
conductive menolayers, as measured with a solution of ferrocene.

Figure 25 shows ACV malysis of pofein/protein interaction as measured by
binding of 2 colloid to a magnetic bead.

Figure 26 shows ACV demonsirafion of enkanced electronic communication
actoss a self-assembled moonelayer, and redox signaling of protein iommobilizatien 1o a

cell surfece, against & control.
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Figure 27 15 a schematic illusiration of the assay, the plot of which is shown in
Figura 25, of protein/protein interaction as measured by linkage of colloid to magnetic
bead.

Figure 28 shows a plot of an ACV enalysis an electrode containing surface-bound
proteins and their affect on ferrocene oxidation potentizl (solid ling), 2nd negative
control (dotted line).

Figures 29A and 298 are photocopies of photomicrographs (40X magnification)
of cells decorated by colloids selectively at locations where receptor was expressed
{29B) and contrel (29A).

Figures 30A and 30B are photocopies of computer-digitized microscope images of
beads carrying non-specifically aliached proteio decorated by colloid particles carrying,
on a sclf-assembled monalayer, the prolein’s binding partner (304A) and control (308,

Figare 31 is a bar graph showing six order of magnitude irmproved signaling
resulfing from signaling a single binding event with a plurality of signaling entities.

Figures 324 and 32B show ACV plots of an experiment demonsirating the use of
gravity to recruit a signaling entity indicating a binding interaction to a surface, and a
conirel.

Detailed Description of the Invention
International paient application serial number PCT/US00/01997, filed 01/25/00 by
Bamdad ¢t al., entitled “Rapid and Sensilive Detection of Aberrent Protein Aggrogation
in Neuredegenerative Discases” (published as WO 00/43791 on 07/27/00), International
patent application serial namber PCT/US00/01504, filed 01/21/00 by Bamdad, <t al,
entitled “Interaction of Collpid-immobilized Species with Spesies on Non-Colloidal
Structures” {published as WO 00/34783 on D7/27/00), commonly-ovwned, copending
1J.8. patent application serial no. 09/602,778, filed 06/23/00 by Bamdad et al,, entitled
“Inferaction of Collowd-Immoblized Species with Species on Non-Colloidal Siructures”;
and commenly-owned, copending U.S. pateat application serial no. 09/631,818, filed
(8/03/00 by Bamdad et al., entitled “Rapid and Sensitive Deteclion of Protein
Aggregation” all are incorporated lrerein by reterence.
Definitions:

“Bmall molecule”, a3 used herein, means 3 molecnls less than 5 kiloDzlton, more

typically Jess than 1 kiloDalton. As used herein, "small molecule” cxehides proteins.
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The term “candidate drug" as used herein, refers to any medicinal substance used
it humans, animals, or piants. Encompassed within thie definition are conzpovnd
analogs, naturally occnering, synthetie and recombinant pharntaceuticals, hormones,
antbmicrobials, neurotransmitters, efc. This includes any substance or precursor (whether
naturally occurring, synthetic or recombinant) which is to be svaluated for use as a drug
for treatment of neurodegenerative disease, or other disease characterized by aberrant
aggregation, or prevention thercof. Bvaluation typically takes place through activity in
an assay, such as the screcning assays of the present invention.

A variety of iypes of particles can be used in the invention. For example, “fluid
suspendable particle” means a particle that can be made to stay in suspeusion in 2 Quid in
which it 15 used for purposcs of the invention (typically an aqueous solubon) by iiself, or
¢an be maintained in solution by application of a magnetic ficld, an electromagnetic
field, agitation such as stirring, shaking, vibrating, sonicating, centrifuging, voricxing, or
the like. A “magnetically suspendable” particle is one that can be maintained in
sugpension m 2 flud viz application of a magnetic fisld. An electronzagnetically-
suspendable patticle is one thal can be maintaimed I suspension iz # fluid by application
of an electromagnetic field (¢.5., a particle canrying a charge, or a particle medified to
carry 2 charge). A “self-suspendable particle” is a particle that is of low enough size
and/or mass that it will zemain iu suspeosicn in a fluld in which it is used (typically an
agueous solution), without assistance of for sxample a magnetic ficld, for at least 1 hour.
Gther self-suspendable particles will xemain in suspension, witheut assistance, for 5
hours, 1 day, 1 week, or even 1 month, in accordance with the invention.

“Proteins” and “peptides™ are well-known tcyms in the avt, and are not preciscly
defined in the art in tenms of the pumber of amiro acids that each includes. As used
herein, these tenms are given their ordinary meaning in the art, Generaliy, peptides ate
amino acid sequences of less then about 100 amine acids in length, but can include
sequsnces of up to 300 amino acids. Proteing generally are considered to bo molecules
of at least 104 amine acids.

As used herein, o "metal bioding tag” xefers to a group of moleculcs that can
become fastencd to 2 motal that is coordinated by a chelate. Suitable groups of such

molecules inclnde arnino scid sequences including, but not limited to, histidines and
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cysteines (“polyamine acid tags™). Metal binding tags include histidine tags, defined
below.

Az uged hercin, “chelate coordinating a metal” or metzl coordinated by a chelate,
1efers to 3 metal coordinated by a chelating agent that docs not fill all zvaileble
coordination sites on the metal, [saving some coordingtion sites available for binding via
a mmetal binding iag,

As used herein, “metal binding tag/metal/chelate linkage” defines 2 linkage
betwesn first and second species in which a first species is inumobilized relative to a
wnetal binding tag and a second species is immobilized relaiive to & chelate, where tho
chelate coerdinates a metal to which the metal binding tag is also coordinated. U.S.
Patent No. 5,620,850 of Bamdad, et al., incorporated herein by reference, describes
exemplary linkages.

“Signaling entity” mcans an entity that is capable of indicating its existence i
particnlar sample or at a particular location. Signaling cntitics of the invention can be
those that are dentifiable by the unnided human eye, thoss that may be invisible in
isolation but may be detectable by the unaided human eye if in sufficient quantity (.g..
collold pavticles), entifies that absorb or et electromagnetic radiation at a level or
within a wavelength range such that they can be readily detected visibly funaided o with
# microscope including an electron micrescope or the Jike), or spectroscopically, atities
that can be detevted eleciranically or elevlrochemically, sach as redox-active molecules
axhibiting a characteristic oxidation/reduciion pattern vpon exposure to eppropriate
activation ¢oerey (“electronic signaling entities™), or the like. Examples include dyes,
pigments, electroactive molacales such as redox-agctive molesules, fuorescent moisties
{including, by definition, phospboregcent moieties), up-regulating phosphors,
chemiliminescent entities, slectrochemiluminescent entities, of enzyme-Linked signaling
moicties meluding horse radish peroxidase and alkuline phosphatase. "Precursors of
signaling entities” arc entitiea that by themselves may not bave signaling capability but,
upon chemieal, electrochemical, eleetrical, magnetic, or physical inforaction with another
specigs, become signaling entities. An example includes a chremephore having the
ability to emjt radiation within & particular, delectuble wavelength only upon chemical
interaction with anether molecule. Precursors of signaling ¢ntitics are distinguishable

frarm, but are included within the definition of, "signaling entities” as used herein.
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As wsed herein, “fastened to or adapted to be fastenad”, in the contest of a spocics
relative to anothér species or 10 & surface of an article, means that the species is
chenrically or biocherienily linked via covilent attachmen, attachiment via specific
biological binding (.., biotin/streptavidin}, coordinative bonding such as chelale/metal
binding, or the like. For cxample, “fastened” in this context inclades muliiple chemical
linkages, multiple chernical/biological linkages, etc., inchiding, but not limited to, a
binding species such as & peptide synthesized on 2 polystyrenc bead, a binding species
specifically bielogically coupled to an antibody which is bound io a protein such as
protein A, which is covalently allached {o a bead, a binding species that forms a part (via
genetic engineering) of 2 molecule such as G5T or Phage, whach in turn is speciGieally
biologicaily bound fo 2 binding partner covalentiy festened to a surface {c.g.. glutathione
in the case of GST), ete. As another cxample, @ moicty covalently linkad to a thiol is
adupted to be fustened 1o 2 gold surface since thiols bind gold covalently, Similarly, a
species carrying 4 metal binding lag is adapted to be fastencd te a sucface that carries a
molecule covalently attached to the surface (sueh 28 thiol/gold binding) which melecule
2lso presents a chelate contdinating a metal. A species also Is adapted 1o be fastened to a
surface if a surface carries a particular nucleotide sequence, and the species includes a
complementary nucleotide sequence.

“"Covalently fastened” means lastened via nothing other than one or more
covalent bonds. B.g. a species that. is covalantly coupled, vin EDC/NHS chemistry, to a
oarboxylate-presenting elkyl thiol which is in tam fastened to a gold surface, is
covalenily fagtened to that surface.

As used herein, a componeni that is “immobilized relative to” another component
either is fastened ta the other component or is ndirectly fastened (o the other compenent,
.., by being fastened to a third comporent ta which the otber comporent also is
fastened, or otherwise is translationally associated with the other component. For
example, 4 signaling entity is immobilized with respect to a binding species if the
signaling entity is fastened to the binding species, is fastened to 2 colleid particle to
which the binding species is fastened, is fastensd 1o a dendrimer o polynger to which ibe
binding species is fastenad, ete. A colloid particle is immobilized r¢lative to anather
colload particle if a spectes fastened to the surfuce of the first colloid particle attaches to

an entity, and a species on the surface of the second colloid particle attaches to the same
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entity, where the enfity can be a single entity, a complex eotity of multiple speecies, a cell,
another particle, erc. Al entities that can be fastened or adapted o be fastened o other
entities of the invention also ezn be immobilized or adapted io be imrmobilized to the
ofber entities, and vice versa.

“Specifically fastened” or “adapfed to be speciftcally fastened” means a species is
chemically or biochemically linked to another specimen or to a surface as described
above with respeet to the definition of “fastencd to or adapted to be fastened”, but
excluding all non-specific binding.

“Non-specific binding”, as used herein, is given its ordinary meaning in the Seld of
baochemstry.

“Colloids”, as used hercin, means nanoparticie, t.c. very small, sclf-suspendable
particles ineluding inorganic, polymeric, and metal particles. Typically, colloid particles
arc of legs than 250 nm cross scction in any dimension, more typically less than 100 mn
cross seclion in any dimersion, and preferably 10-30nm, and caz be metal, non-metal,
erystalline or amorphous, As used herein this tems includes the definition commonly
used in the fighd of Bochemistey, and it typically means gold celloid particles.

A moicty that can coordinate a metal”, a used herein, means any maolecule thar
can occupy at least two coordination sites on 2 meral atom, such as a metal binding tag or
a chelate.

“Biverse biclogical species” means dilferent animals, such #s mouse and
hamster, mouse and goat, cte.

The tenm “sample” refors to sy cell, tissue, or fluid from 2 hiological source (a
“bislogical sample™), or any other medium, biological or non-biolopical, that can
advantageously be evaluated in accordance wiih the invention including, but not limited
ta, a biological sample drawn from a human patient, a sample drawn from an animeal, a
sample drawn from food designed for human consumption, & saaple inchuding food
designed for animal consumption such as livestock feed, milk, an organ donation szmpls,
a sample of blosd destined for a blood supply, & sample from a water supply, or the like.
One example of 2 sample is 2 sample drawn from & human or animal to whom 2
candidato drug hias been given to determine the efficacy of the drmug.

A “sample suspected of containing™ a particular compaonent mesns a sample witly

respect to whick: the content of the cornponent is unknown. For example, a fluid sample

JP 2004-512497 A 2004.4.22



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

20

(78)

WO 0I12I8 PUTIUSOTZ016R

-19 -

from a human suspected of having a disease, such as a nevrodegenerative discase ot &
non-neurodegenerative disease, but not kirowa to have the disease, deflnes 4 sample
suspeeted of containing neurodegenerative disease aggregate-forming species, “Sample”
in this context includes naturally-cccuming samples, such as physiclogical samples from
humans or other animals, samples from food, livestock fzed, etc., as well as “structurally
predetermined samples”, which are defmed herein to mean samples, the ehemical or
hiological sequence or structure of which is 2 predetermined structure nsed in an assay
designed to test wheiher the straciure is associeled with a particular precess such as a
newrodegenerative disease. Tor example, a “structurally predetestnined sample” includes
a peptide sequence, random peptide sequence in a phage display hibrary, and the like.
Typical samples taken from humans or other animals inchude cells, bloed, orine, ccular
fluid, saliva, cerebro-spinal fluid, fluid or cther samples from iensils, lymph nodes,
ncedle biopsics, ete.

As used hersin, a "mefal binding tag" refers o a group of molecules that can
becorne fastened to a melal that is coordmated by a chelate. Suituble groups of suck
mwolecules inglude amino acid sequences, typically fom about 2 to about 10 amine acid
tesidues. These iuclude, but are not linited to, lustidines and cysteines {"polyamino
acid tags"). Such binding rags, when they include histidine, can be referred to as & "poly-
histidine tract” or "histidine tag" or "HIS-lag", and can be present &l either {be amine- or
cachoxy-terminus, or at any exposed reglon, of & peptide or protein or nuclae acid. A
poly-histidine tract of six to ten residues is preferred for use in the invention, The poly-
histidine tract is alsa defined functionally as being a number of consecutive histidine
residues added to a protein of interest which allows the affinity purification of the
resulting profein on a metal chelate column, or the identification of a protein terminus
through the interaction with anether molecule {e.g. an. antibady rzactive with the HIS-
fag).

"Affinity tag" 1= given its ordinary meaning in the a1, Afitnity tags include, for
example, metal binding tags, GST (in 35T/glutathions binding <lip), and streptavidin (in
biotin/streptavidin binding). At various locations hexein specific alfinily tags are
described in comection with binding interactions, Tt is to be undersioed that the
invention involves, in any embodiment employing an affinity iag, 2 series of individnal

embodiments each involving selcchion of any of the affinity tags described herein.
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“Molecular wires” a5 used herein, means wires that enhance the ability for a fluid
encountering a SAM-coated electrode to communicate electrically with the electrode.
This includes conduciive molecules pr, as mentioned above and exemplified more fully
below, molecules that can cause defects in the SAM allowing communication with the
electrade. A non-limiting list of additional melecular wires includes 2-
mercaptopyridine, 2-mercaptobenzothiazole, dithiothreitol, 1, 2-benzeneditliol, 1, 2-
benzenedimethanethiol, benzene-sthansthiol, and 2-mercapteethylether. Conductivity of
amonolayer can alse be enhavced by the addifion of molscules that promete
condugtivity in the plane of the electrode, Conducting SAMs can be composed of, but
are not limited to: 1) poly {ethynyiphenyl) chaing temiinated with a sulfor; 2) ar alkcyl
thiol terminated with a benzene ring; 3) an alicyl thiol terminated with a DNA base; 43
any sulfor terrinated species that packs poorly into 2 monalayer; 5) all of the above piug
or minus alkyl thiol spacer molecules terminated with either ethylene glycel units or
methyl groups te inhibit nen specific adsorption. Tidols are duscribed becavse of their
effinity for geld in ready formation of 2 SAM. Othor molcenles can be substituted for
thiols us known in the art from U.8. Patent No. 5,620,820, and other references,
Molecular wires typically, because of their bulk or other conformation, creaies defects fn
an otherwise relatively (ightly-packed SAM to prevent the SAM from tightly sealing the
surface against fluids to which it is exposed. The molecular wire causes disruption of the
tightly-packed sclf-asscmbled structure, thercby defining defects that allow fluid o
which the surface is exposed 1o communicate electrically with the srface. In this
context, the fluid communicates electrically with the surface by contacting the surface or
coming in close cnough proximity to the surface that electronic communication via
tunneling or the like, can occur.

The term "bjological binding" 1efers to the interaction between a corresponding
pair of molecules that exhibit mutval affinity or binding capacity, typically specific or
nou-specific binding or interaction, including biochemical, physiological, and/or
pharmacentical interactions, Bialogical binding defines a type of interaction that occurs
behween pairs of moleculas including proteins, nucleic acids, glycoproteins,
carbohydrates, hermones and the like. Speoific examples include antibody/antigen,
antibodyhapten, enzyme/substrate, enzyme/inhibitor, enzyme/cofactor, binding

protein/substrate, carrior protein/substrate, lectin/carbohydrate, receptorrhermone,
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receptatfetfontor, complementary sirands of nucleic asid, protein/nucicic acid
repressorfinducer, Bpand/eell surface receptor,.virusfligaud, €le,

The team. "binding puactec® refers 1o 2 moleculs that cax undergo binding with
particular molecule, Biological binding partners are examples. Tor example, Protein A
is 2 binding parmer of the biological molceule [gG, and vice versa. .

The term "determiniug” refors to quantitative or qualitative analysis of a species
vig, for example, speciroscepy, ellipsometry, piezocleciric measurement, immunoassay,
glectrochernical :measurement, and the like, “Determining” also means detesting or
quantifying interaction between species, <.8. delection of binding between two species.

The term "self-assembled monolaver® (SAM) refers to a relatively ordered
asgembly of molecuies spontaticously chemisorbed on a surface, in which the molecuies
are oriented approximately parallel 1o each other and roughly perpendicular to the
surface. Each of the molecules includes « functional greup that adheres to the surface,
and a portion. that interacts with neighboring melccules in the mionolayer fo fomm the
relatively ardered amray. Sce Laibindg, P. B.; Bickman, 1.; Wrighten, M. §.; Whitesides,
G. M, Science 245, $45 {1989), Bain, C.; Bvall, I.; Whitesides, G, M. I Am. Chem. Soc.
111, 7155-7164 {1584), Bain, ; Whitesides, (3. M. I Am, Chem. Soc 111, 7164-7175

(1989), each of which is incorporated herein by reference.

The term *'self-assembied mixed monolayer® refers to a heferogeneous seli-
assembled menolayer, that is, one made up of a relatively ordered assembly of at least
two different molscules.

In one aspect, the present invention contemplates interaclion between chemical or
biological agents far analysis, drug screening, or the like. The invention includes but i3
net limited to analyzing and/or inhibiting ligand inferactions, including but zot limited to
ligands on intact cells (growing on an elecirode, or in solution or in suspension). The
present invention contemplates & vatiety of embodiments, mehding the vse of dmg
candidates, known or putative ligands, and small melecule drug kibraries.

In one embodiment, cells are grown on elecirodes that may or may not be
derivatized with self-assembled monclayers (SAMs). Putative ligands fe.g. fora
particwlar cell-surface receptor) are immebilized on a solid suppert (2.g. gold calloids)
along with signaling elements (z.g. eleciroactive complexes). These denivatized solid
suppotts are incubated with the cells imumebilized on a sensing electrode [2.g. metal
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support). The interaction between the target receptor and the ligand on the solid support
(¢.&2. calloid-bound ligand) tethers the co-imunobilized sisnaling elements near the
sensing electrode. While not limited to any particular mechanisims, it is believed that, as
a potential 1s applied to the electrode, the nearby redox-active metal complexes go
through their characteristic oxidation polential and gject electrons. When an oscillating
compaonent is added on top of the voltage ramp, many electrons are gjccied by sach metal
complex and can he detected as current ontput. A form of this sort of clectrochernical
analysis is called altemnating current voltammetry (ACV). As would be known by those
of oxdinary skill in the art, as used herein, “cell-surface receptor™ is a generic term
encompassing also cell surface protens.

Certain cmbodiments of the invention make usc of sclf-assembled monclayers
(SAMSs) on surfaces, such as surfaces of colloid particles, and ariicles such as colloid
particles having surfaccs coated with SAMs. In one set of preforred embodiments,
SAMs formed completely of synthetic melecules completely cover a surface or a region
of a surface, eg. completely cover the surface of a colloid particle. “Synthetic
molecnle”, in this context, means 2 moleculs that is not naturally occutring, rather, ope
synthesized under the dircetion of human or hutan-created or human-directed contrel.
“Completely cover” in this context, maeans ihat there is no poriion of the surface or
region that dizectly contacts a prolein, antibody, or other species that prevents coinplete,
direct coverage with the SAM. Le. in prefirred embedinents (be sudfece or region
includes, acyoss jts entiety, 2 SAM consisting completely of nen-naturally-occurring
molecules {i.c. aynthetic molecules). The SAM can he made up completely of SAM-
forming species that form close-packed SAMSs at sorfuces, or these specics in
combination with molecular wires or other species uble to promote electronic
commumication through the SAM (including defect-promoting species able to participaie
in a SAM), or other species able fo participate in a SAM, and any combination of these.
Preferably, all of the species that participate in the SAM include a functionality that
binds, optionally covalently, to the surface, such as g thiol which will bind to 2 gold
swface covalently. A self-assembled monolayer on & surface, in accordance with the
invention, can be comprised of a mixture of species (e.g. thiol specics when gold is the
sucface) that can present {expose) essentially any chemical or biological functionality.

For example, they can include tri-ethylene glycol-terminated species (a.g. tri-cthylene
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glycol-terminated tliols) to resist non-specific adsorption, and other species (e.g. thiels)
terminating in a binding partner of an affinity tag, e.p. terninating in a chelate thar can
coordinate a metal such as gitezlotiacetic acid which, when in complex with nickel
atoms, caphmes a wmelal binding tagged-species such as 2 histidine-tagged binding
species. The present invention provides a method for rigoronsly controlling the
concentration of essentially any chemical or biclogical species presented on a colloid
surface or any other surface. In many embodiments of the invention the self~assembled
monolayer is formed on gold eolloid particles. The present invention provides a mothod
for rigorously contzolling the conceniration of the histidine-tegged peplides presenied on
the collmd swface. Without this rigorous control over peplide density on each colloid
particle, ca-immobilized peptides would readily aggregate with cach other fo form
micro-hydrophobic-domains that would cafalyze colioid-colloid aggregation in the
absence of aggregate-forming species present in a sample. This is an advantage of the
present invention, over existing colloid agelutination assays.

The methods described in the present invention preduce self assembled
monelzyers en collodds that resist non-specific adsorption without pretein blocking steps,
such as blocking with BSA, The methods deseribed berein also produce derivatized
colloids that are siable in biolopically relevant fluids and do not require detergents (for
stability, maintaining colloids iz suspensiony, which interfere witk binding reactions.
This allaws sensitive binding assays to be performed in solution. This abrogalss the
need for having binding partners adhered to adsorhent surfaces, a5 is common. for
existing colloid agglutination assays. As is discussed below, detergent can
advantageously be used for SAM formation on colloids. In this cuse, detergent can b
and preferably is removed afler SAM, formalion and is no longer present on the colleid,
in the SAM, or clsewhere during binding interactions or other nse of the colloids.

It i5 not intended that the present invention be limited to erbodiments wherein
the cells are bound directly to a the metal support (2.g., electrodes). Bmbodiments are
contemplated wherein the cells are indivectly bound through the interaction of ligands
attached to the metal support. That is to say, cells can also be recruiied 1o a surface by
coating that surface with molecules thet divectly ar indivectly bind to eclls, by specific or
nonspecific mieractions, Lor example, methyl-tenminated self-assembled monolaycrs

(SAMSs} bind collagen non-speeifically, which in tum binds cells non-specifically.
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Aliernatively, peptides thal conlain an atgenine, glycine, aspartate (RGD) motifs, mimic
vitronectin and bind specific cell types, like endothelial cells. Similatly, polylysine,
positive charge, Kringle demains, integring, and peptide, or molesniar mimies of the
same, can be bound to surfaces for the attachment( of cells. These ligands can be
displayed on 2 surface by incorporatior into SAMs. The ligends themselves need not be
directly incorporated into the SAM. SAMs that display 2 binding parmer {or an affinity
tag attached to the ligand may be used. For example, peptides modified with a histidine
tag can be casily attached to SAMSs that contain a nitrilo tri-acetic acid (INTA) - nickel
thiol. Alternatively, glutathione S-transferase fusion proteins can be attached to s SAM
that mncorporates glutathione or a derivative thereof. One advantage of using a metal
electrode is that many known functionul groups can be provided at the terminus of
molecules that will form a SAM on the surface.

Cells in solution, for cxample, can be atiracted o a detecting electrode by
electrophoresis. Specifically, cell<ierived molecules can be bound o 2 ligand(s) that are
witached to a colloid that also displays electro-active compounds such as ferrocene
derivanives to aid in the detection of the bound complex. However, (be detection element
used can be any charged, electro-active species or fluorescent tag that can be easily
detected or the collodd itself.

Siznaling enfities are used n a varely of zssays and arrangements of the
invention, Tt s te be understond that any of'a vanety of signaling entities can be selected
in each case, inclading a dye, pigment, clectroactive molecule, fluorescent moiety, up-
reguluting phosphor, enzyme-linked signaling modety including horse radish perogidase
andd alkaline phosphatase, chemifuminescent moicty, elactrochemilumincseent meicty,
et See for example, Knight, “Trends in Analytical Chemistry”, vol. 18, 1999, pg. 47;
Knight, et al,, Analyss, vol, 119, 1994, page 879; Swlts, et al., “Use of Recombinant
Biotinylated Aequorin in Microtiter and Membrane-Based Assays: Purification of
Recorabinant Apoasquorin from escherdit coli”, Rinchemisiry, 1992, 31, 1433,
Mengeling, et al,, “A Microplate Assay for Analysis for Solution-Phasc
Glycesyliransferase Reactions: Determination of Kinelic Constants”, Analwical
Biochemistry, 119, 286, (1991). A variety of signaling entities can be immobilized
relative to surfuces of arlicles such as boads or colloid particles, if desired. Signaling

entitics presented on any of these can be fluoreseent molecules. Fluorescent-conjugated
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antibodies and other fuorescent fusion proteins, including green fluotescent proteins, are
widely used in biomedical research and 1esting. These flucrescent proteins and
melecules can easily be attached to pold colloids that alse present putative binding
partners either throngh affinity tags, EDC/NHS chemistry or by binding to a His-tagged
protein A or G presenied on NTA-SAM-coated colloids according to the inveniion.
Signaling cntities such as fluorcscent moieties also can be co-immebilized on a collaid
via a biotin terminated ligand, or may he fzstened via a chelate/metal/metal binding tag
linkage. A fluorescent moicty may also be fastencd by attaching ft fo an antibody and
using a chelatermetalAnetal binding tag with His-protein G to bind the antibody. The
nicietles can then be directly detected.

The ligand denvatized colloids can be tethered near an electrode that may or may
not be medificd with a self~assembled monolayer (SAM) and can detest the bound cclls
by perturbations in the electrode current induced by the binding, Cell-derived proteins
cun also be bound to a ligamd(s) that is aitached to a magnetic bead. Alternatively, cell-
derived protems can alse be bound to a ligand(s) on an clectreactive dendrimer.
Additionally, cell-derived proteins can ba bound with a ligand(s) that is #itached to a
palymer that also displays electro-active or redox-active complexes. Cell-derived
proteins can alse be bound with a ligand(s) that is anached 1 a conduciing polymer that
also displays electro-aciive of redox-aclive complexes.

I an alternative scheme, the described system can make use of two different
ligands. One ligand, which biods a ta & consiitutively expressed cell surface receptor, can
be immobilized on a magnetic bead and wsed to recruit the ecll to a sensing elecitode. A,
second ligand which recognizes the cell surface roceptor of interest is attached to a
signaling celloid.

To another aliernative sclieme, the described sysiem can make use of two
distinguishable eleciic-active complexes, such as two ferrocens derivaiives that oxidize
ut different potantials. The first ferrocene detivative can be dircetly of indirectly attached
to a ligand for the CGI].-SL;IfRCE receplor ‘Uf interest. A second ferrocene derivative is
dirsctly or indixectly attached 0 a second ligand that binds fe a constitulively expressed
cell surface receptor. Tn this t.vay, the ratio of the two mgnsls can be used to calibrate the
level of induction of 2 cell-derived molecule {c.g. profein) that is mdeced by a

physiclogical, environmental, or disease-associated change in expression. This
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comparison of expression ratios can alse be done by having both ligands carry the seme
metal complex but incubsating separate aliquots of the sample on separate electrode pads.

The present invention contemplates the attachment of ligands (ineluding but nat
limited to putative drug candidates) wo a surface that can be particle-like and interact
them with cell-derived proteins, e.g. cell surface proteins, thaican be attached o
supports or left intact on cells in an effort to identify binding pariners, determine their
presence of abscnee, and quantify their lovels. Specifically, jntact cells that present cel]
surface receptors can be nsed as the first binding partner. Known or putative ligands
attached directly or indirectly to sipnaling entitics act as the second binding partner.
Alternatively, cell-derived prateins can be bound to a surface, and their hgand or binding
partner sftached to a particlc that has signaling capability, such as a colloid or dervatized
colloid. Drug candidates can be added to facilitate drug screening through disruption of
the interaction. This method is also very uscful in diagnostics. A protein or antibody
can be immohilized on 2 surface, and 2 sample suspected of containing & binding partner
to this protein can be incubated with the sample to facilitate binding, und the rest of the
sample can be washed away. A& particle bearivg a ligand to the binding partner and 2
simnaling capability can be added.  [Fthe sample containg the hinding partner, the
particle will be indirectly bound to the sorface to give a signal. The surfaces can be
recyviiable particles. Attachments can be divect or indizect, i.c., altachments can mvelve
two sntities hecoming immobilized with respect to sach other. Particles can display
immobilized antibodies, o.g., histidine-tagged Protein G 1o which antibodies bind, and
the antibodies can recognize a conumon ligand, or can contain proteing that recognize
ench other.

One general technique of the inveniion involves using magnetic beads to recruit
an clectronic or elecirochemical signaling entity to the surface of an electrode indicating
caphute of a hinding moiety (a biological or chemical agent) by a binding partner.
Beferring to Pigure 27, a first species 3¢ is attached 1 a colloidal particle 32 that alse
has a stgnaling capability such as the metallocene forrecens, 34, A second speciss 3G,
which is suspected of being a binding partner of 30 is attached to a magnenc parlicle 38
that cannot signal, but can be magnctically attragted to an eleetrode 40. In one
particularly useful techmique species 30 und a second species 36 are proteins, thus the

invention finds particular usc in the field of proteomics. The techmique is a example of
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an aspect of the mvention involving allowing a colloid parficle 32 the ability te fasten to
non-¢olloidal struetare, magnetic bead, 38. Determining fastening of the eolleid particle
to the non-calloidal structure is carried out by drawing the magmetic bead to the electrode
and determining whether the colloid particls is also proxitate the electrode, or
unattached. Specificaily, the iwe components are incubated together in solution and
resultant complexes arc magnetically attracted to the glectrode. Eloctrodes are then
analyzed by Altemating Current Veltarumairy (ACY). (Laviron B: J Bleciro Anul Chem.,
1979, 105: 35). Current is plotted, in roal time, as a function of voltage. If the clectronic
or elecirochemscu] signaling meiely on the first comporeni is brought very close to the
electrode, a distmctive cwrent peak will occur at a characteristic potential. I the two
proteins interact with each other, then when the fnagnetic particle is atlracted to the
sensing clectrode, it will also carry the colloidal particle, with the signaling capability,
with it. Because the first compencnt is a small gold colloid, it will remain in suspension
unless i is specificelly recruited to the sensing elecireds via an interaction with the first
gpecies on the colloidal particle and the second species attached to the magpetic particle.
A electronic or electrochemical signal will only be generated if the signaling particle
has been connected o the magnetic particle through an interaction betwesn the first
species and the second species. In this embodimenr, the colloid particle comprises an
auxiliary sighaling entity, exemplified by ferrocene. In other embodiments described
below, the colleid particks s itself a sipoaling entity and no awaliary entity is requied.
This strategy can be used to rapidly sereen for protein-protein infeructions in
array format. When searching for potential therspeutic targets, researchers eften need fo
identify a binding partner for a parlicular protein. The known protein can be attached to
a magpeiic bead, This can be accomplished by direct chemical coupling of the known
protein to commercially available magnetic beads that present chemical functional
groups, by attaching to a protein A-coated magnetic bead v1a a cognate anhibody, or by
attuching 2 histidine-tagged version of the lmown protein to a pold-coated magnetic bead
that has been dertvatized with am NTA-SAM {see, for example, U S, Petent Na.
5,620,850, mcorporated herein by reference). Poiential binding partners can be
expressed as histidine-tagged proteins then separately attached to NTA-SAM-coated
colloids that also present a ferrocene moiety. Each well of o mlti-well array, intorfaced

with an electrode array, will contain the known protsin on 2 magnetic bead. Distinet
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putalive binding partners attached to signaling colleids can be separately added o each
well. Resultant cemplexes can then be magnetically attracted to the slectrodes to
determined which of the candidate proteins, hound the known protein. The known
specics need not necessaily be 2 protein. When binding pariners have been jdentified,
drup cardidates can he added to the assay to disupt the mteraction,

Alternatively, biological or chemical agent 3¢ is a drug condidats and its binding
partner {potential binding partner) 34 is a target of a drog candidate or vice versa,
Speeifically, drug candidates can be attached to the magnetic particles and the knowa
target speaies attached to signaling colloids, to identify drug candideies ihat bind to a
wmedically relevant target species. Or, species 30 and 36 can be a target and ligand to the
target, respectively, and the technique can involve bringing the colloid 32 and magpetic
bead 38 into proxiwmily to allow fastening of 30 to 36 in the presence of # candidate dug
for interruption of binding of the ligand to the iargsl, As will be seen below, this
technique can be applicd to inferaction of a colloid with a variety of non-colloidal
structures.

Advantages of this lechuology over existing methods such as BLISA, flucrescent
Jzbeling and SPR mclude: In ihis system, there is no need for protein laheling; the
protein is attached to a labeled component. Gaold colloids can be pre-labeled with boih:
) & signaling meiety; and b) 2 functional group for protein attachment. Sclfasscmbled
monolayers that present both NTA/NI®, to capture histidine-tagged proteins, and 2
fetrocene dertvative, for slectronic or electrochemical signaling, can be formed on the
colloids. § AMs that incorporate earboxylic acid groups, for the chemical coupling
(standard EDC/NHS chemistry} of usmedified proteins, can atso be used. The
technologry is modular, Virtrally any biclogical speeics can be ¢o-immobilized on
celloids with a sigoaling entity. The technology enables cost-effective multiplexing as it
ean readily be multiplexed on nueroelectrode ammays.

Liposomes can also incorporaic the first binding partner 30. As above, the
signaling itsell can be lnserpotated into the liposome or lipids can be incorporated inte
the liposomes in order to caphure His-tagged soluble recepiors afler lposeme formation.
The lipesomes can eentain photoactivatable groups that allow for UV-activated cross

linking after lipesome formation in order 1o give incressed stability.
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Mentification. of drug candidates cau also be acconplished by using a competitive
inhibition assay. Specifically, o drug candidate free in solution can be separaiely
ineubated with the eemposition. Comperitive inhibition to the target cell-derived pratein
oceuming by drug binding to receptor or ligand can be observed as a time o dosage
dependent loss of defection signal.

Doing this requires a method of directly or indirectly attaching a signaling moiety
to 2 kpown ligand and then provided a method of attaching or recriiting the complox
hinding parincrs to & scnsing surface. The former is described above while the latter is
described below.

The sensmg swrface used can take vanous fonns. However, for ilustration
purposes, msthods for recrnting the binding partner complex are descrbed thaf usc an
electrode that is modified with a cobducting SAM. A condueting SAM is a layer of
molccules attached to a2 metal swrface that allowa the conduction of elcetrons at araic
that is higher thun a metal uniformly coated with an insulating species such as sauraied
alkyl thiolates, A preferved pathway for elesiron conduction can be provided by a
mmonolayer into which molecular wires (polymers of aromatic xing compounds) bave
been incorporated. A varjety of raolecules can be used far this purpose, including but not
limited to poly (ethynylpheny] thiol) (.e. CisH1oS), referrad to herein as MF1.:

O=C'B-

“Malecular wires” as used herein, means wires that enbzance the ability for a fluid
encovntering a SAM-ceded electrode to commutticate clectrically with the slecirods.
This inchudes conductive molesules or, as mentioned above and exemplified more fully
below, molecules that can cause defoets in the SAM allowing fluid contact with the
electrode. A non-limiting list of additional molecular wires includes 2-
mercaptopyridine, 2-mercaplobenzothiazole, dithiothreital, 1, 2-benzenedithiol, 1, 3-
benzenedmnethanethicl, benzene~ethanethiol, and 2-mercaptoethylether. Conduciivity of
2 monolayer can alse be enhanced by the addition of molecules that promote
conductivity in the planc of the elecirode. Conducting SAMs can he composed of, but
are not limited tou 1) pely (ethyoylphenyl) chains terminated with a sulfur; 2) an alkyl
thiel terminated with e henzene ring; 3) an alkyl thiol terminated with a DNA base; 4)

any sullur terminated species that packs peorly into a menolayer: 5) all of the above plus
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or minus alkyl thiol spaser molecules terminated with either ethylene glycol units or
metiryl groups te inhibit non specific adzorption. Thiols are described hecause of their
affinity for gold in ready formation of 2 SAM. Cthetr molecules can be substituted for
thiols &5 kinown in the arl fion) U.S. Patent No. 5,620,820, and ather relerences.

‘When known ligands on signaling colloids interact with thelr cognate cell derived
proteins, drug candidates can be added in solution and differential effests monitored,
Celis can be recruited to an clectrode coated with a conducting SAM thai also presents
molecules that are terminated with head groups that directly or indivectly bind fo cells
(e.g. methyt groups, poly K., positive chargs, RGD sequences, Kringle motifs, integyins,
and peptide sumucs of the same). Alternatively differential inleractions can be quantified
by having cgll surface reeeptors that are interacting with their cognate ligands presented
on a condueting SAM that arc linked to the SAM. In this situation, the electranic or
electrochemical signal is gencrated aficr 2 ligand binds to a constitutively expressed
receptor. Under flow foroe the electronic or clectrochemical signat should be
propottionz] to the number of cell surface recepfors inferacting with SAM-immobilized
ligands. The rate of cell mobility as a function of flow rate indicates the density of
reeeptors to e2l] adhasion molecules an the surface. Downstream of the interactive SAM
is a charge reader {c.g. ammeater, charge counter) or an optical veader ( ¢.g. surface
plasmon resonance detector, or Auorescence reader}. In addition, these methrods can also
be used to screen for drugs that nhibit a cell phenotype known to be charectaristic to
invasiveness or metestasis without a prior knowledsge of the specilic receptor-adhesion
molecule interactions involved. Screening for drags that ruirie & physiologically
relevant interaction can also be sccomplished using this system whether by adding a drug
candidate fres in solution and looking for a [oss of detection signal, ot by adding a
known ligand fres in solution with the drug candidate on the selid support and looking
for the occurrence of 2 deteetion signal.

Cells are attracted to the sensing electrode due to the faci that they are negatively
charzed when 2 slight positive bias to the AC voltage rémp is applicd. Adding additional
negatively chareed groups to the dendrimers or pelyrers to witch the ligands are
attached fnther facilitates recruitment to the serwsing surface. Those of ordinary skill in
the ast can readily fasten a plurality of signaling entities (o a dendrimer or polymer.
Alternatively, attaching the recognition ligands via mefal binding tags facilitates their
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binding (and consequently the binding of the associated eell) to alkyl thio] NTA. SAMs
having metal containtng conpounds, such as ferrocene, on 2 geld coated wagnetic bead
allow the uge of an electronzagnetic field ot a stationary magnet 1o recriit the complex o
the sensing surfuce electrode. Also sensing electrodes that incorporate ligands, either
directly or threugh z histindine fag. can be used to atiract cells via specific interactions,
such as with cell adhesion molecules or non specific interactions.

Hoewevcer, reeruitment 1o the detection system can be porformed zlso sitply by
using gravity if the complex sediments by gravity as 2 result of one of the binding
partners being denser than the analysis solution. Mechanical mixing can be performed
dunng the mcubation stage to avold premature sedimentation. Figs. 32A and 32B show
ACV plois of an experiment demonstrating the use of gravity to recruit 2 signalimg entity
indicating a binding interaction to a surface, and & control. GST was bound fo colloids
via a metal binding tag/metal/chelate linkege (NTA-5AM). The colloids aleo prescirted
ferrocens derivatives for electronic or slectrochemical signaling, As a negative control,
the colloids were presented in solution lo 2 measuring elecirode and the plot of Fig. 32A
was derived. One sel of colloids was exposed to polymeric beads {agarose) coated with
glutathione. The colloids became fastened to fae boads viz plutathione/GST binding, and
the beads settled onto the electrode by gravity. The ACV plot of Fig. 32B resvlted,
showing electroactive detection of ferrocens approximate the electrode.

In a variation: that uses the electrods as a cell derived protein generator, 4 point on
the electrode pad ean be used to produce a voltage spike that Tyses the call, The contents
of the cell are then incubated with sfgnaling ligands and imteractions arc detected.

Additionally, cell binding molecules can be patterned in a given topology along
the botiom of a flow channel using $AMs in order to line the channel with conducting
molecules znd enhance the defestion abilitivs of ihe system. Thus, the SAM oan present
the binding muoiefy in a pattern that alternates cell inding capability with sensing
capability {optical or elentronic or electrochernical), As an example, stripes of methyl
terminated alkyl thiols are alternated with conducting pely pytrole groups in the SAM.
The topalogy of the SAM can also be manipulated such that the cell lies in a furrow so
that receptors along the sides of the cell can be assessed. Forming stripos of alternaiing
functionality SAMS such as these can be carried out as described in 1.5, Patent No,
5.512,131 amd Infernational Patent Publication No. WO 56/29629, both incorporated

JP 2004-512497 A 2004.4.22



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

29

25

30

(91

WO 0I12I8 PUTIUSOTZ016R

-32-

herein by reference. Thess complexes can be electrenically or electrochemically
detected. One detection method is an electrochemical technigue called alternaiing
current voltammetry (ACV). This detection mmethod can be supplemented by the use of
additional analysis techniques such as fgher order harmonic analysis, These complexes
ray also be able to be detecied by optical means such as SPR. Tn using the latter
technique, large shifts in optical properiies arc caused by recruiiment of the complexes to
the sensing smrface.

In ane embodiment, one can detect and quantitate cell surface profeins as follows:
Histidine tagged ligands that recognize cell surface receploxs are attuched to colloids that
bear SAMs presenting both NTA (to capture His-fagged proteins) and ferrocene moieties
(for electromc or electrechemical signaling}. These biospeeific, electronic or
clestrachemical signaling colloids are then incubated with eclls presenting target
recepiors. Cells are then allowed to sediment, adhere, or be atoracted onto to a SAM-
conted electrode and analyzed by ACY {Figure 3). A cumenl peak, ai the ferrocens
moiety's characteristic oxidation potential, will resull if ligands immobilized on signaling
colloids bound i their cognate receptors on the cell surface. Antibodies that recognize
he cell surface receptor can be attached to NTA-ferrocene bearing colloids fhat have
first been bound with His-tagmed protein A or G. Altematively, an antibody can be
attached directly 1o & colloid via & melal binding tag/metal/chelate Lnkage, where the
metal binding tag is inked to the aniibody. Techmques for linking a nstiding tag to an
antibody can be found in "Construction of the single~chain Fv from 196-14 antihody
toward cvaiian cancer-assaciated entigen CA 125" Hashimote, Y., Tanigawa, K.,
Makashima, M., Sonoda, K., Ueda, T., Watanabe, T., and fmoto, T.: 1999, Biological and
FPharmaceutical Bullstin, Vol 22; (10) 1062-1072,; "Humun anlibedies with sub-
nanomolar affinitics isolated from a large non-immenized phage display library",
Vaughan, T.J., Willlams, A.)., Pritchard, K. Osbowrn, T K., Pops, A R, Bamshaw, 1.C.
et al, 1996, Nuture Bictechnology Vol 14 (3) p. 267.; "Expression and purification of
single chain anti-HBx antibody in E. coli” Zhou G, lui KD, Sun H.C., Chen Y H., Tang
Z2.Y., and Schroder €11, 1997, vol. 123{11-12) pgs 609-13.

As one example of & technique of the invention, with refevence to Figure 4, an
example of a vseful technique involving fustening of a colloid particle to a cell is

deseribed. The tumor marker, MUC-1, is aberrantly expressed on neoplastic cells. The
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human tissne culture breast carcinoma cell ling, MCE-7, available from the ATCC, over-
expresses MUC-1. Antibody 50, DF3 or and DE3-p, available from the Dana-Farber
Cuncer Institute, is atached 1o electronic or glectrochemical signaling colloids 52
(bearing NTA-SAMs 54) via a bistidine-tagped protein G 56. Target cells 58 ave
incubated with the antitody-bearing signaling colloids 52, then electrophoresed to an
electrode 40 coated with 2 SAM centaining molecular wires 58 and analyzed by ACY.
The SAM an electvade 40 includes molecular wircs 58 admixed within morc
cenventicnal, tight-packing SAM-forming species. For simplicity of illustration in all
Sigures, only melecular wires 58 are shown scherpatically. A current peak results if the
anfibody-bearing signahng colloids are incubated with cells bearng MUC-1.
Alternatively, the putative cognate ligand for MUC-1, I-CAM can be His-tagged and
attached to signaling colloids that also bear NTA groups.

Another assay is shown m Figure 5. Drog librades can be screened for their
akility te disrupt specific intersctions with cell surfroe proteins, such as the MUC-1/1-
CAM interaction, 1-CAM 64 iz bound to signaling colloids 62 as described above, then
incubated with cells 70 presenting MUGC-1 (66) and coniro] cells. Drug candidates 68 are
added to the solufion within which the cells and colloids are suspended, then fhe cclls
adiere to the electrode and analyzed by ACY. A loss of signal indicates an inferaction
with a drug candidate. Figure 6 illusirates bow this scheme can readily be muoltiplexed (o
simultanecusly scrocn thousands of drug candidates vsing arrays of disposable
nricrowells 72 with inierfacable arrays of micrcelectrodes 74. Each well contains an
ussay as shown in Figure 5 or another assay.

Referring now to Figure 7, an arrangerent s shown in which for a gain of signsl
assay, or 1o sereen for druys ta bind cell surface receptors 30 for which the cognate
ligand is not known, small molecule drug libraries can be synthesized oo, or covalently
attached to, colloids or particles 78 that alse beat electronie or electrochemical signaling
moietics 34, Drug candidates 76 aitached to signaling particles can be meubated with
cells 82 presenting the receptor 80 of interest, or conirol cells 84, A dvug-target
interaction in this assay will result in a gain of signal (Figure 7).

The cell surface receptor, ofV(3, has been implicated in promaoting angiogencsis
through an interaction with a cell adhesion molecule vitrenectin, Hwmnan nmbilical
veinous endothelial cells (HUVEC) that present ¢V 33 cell surface receptors are
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commercially available from Clonetics. To screen for drugs that inhibit the actior of
Vi3, His-tagged peptides that present RGD-containing scquences, derived from
vitroneetin, are attached te colloids that bear SAMSs presenting bath NTA groups and
fermocene moicties. The biospecific signaling colloids are then incubated with HUVEC
cells and dmg candidates. The HITVEC cells cun be grown on the electrode. However, if
the cells ure in soluiion or suspension they can be electrophoresed or magnetically
aitracied 10 a sensing elecirode and analyzed by ACV. A current peak ocours when,
biospecific colloids are incubated with HITVEC cells, rather than contrel cells. If a drug
candidate interferes with the ofVj33-RGD sequence interaction, a loss of signal results.
Viability of this assay as a sereen for angiogenesiz intubitors was shown by disrupting
the wVB3-RGD interaction with the Imown angiognesis inhibitor endosiatin. T'he assay
can be conducted electronically, as discussed, or visuzally by growing the cells in a
standard plastic dish, conducting the assay, and viewing the cells under 40-fold
magnification.

Alternatively, drug candidates can be synthesized on, or attached o, beads,
celloids or supperis that also present elecironic or elestrochemical signaling roeisties.
These “particles” or surfaces are mcubated with target cells, altracted {0 a seosmg
clectrode and anatyzed by ACV. The atiractive ficld is then reversed and peptides
centaining RGD sequences are titrated into the selutions. The cells arc again
clectrophoresed to the sensing elecirode and re-analyzed. A loss of signal indicates that
the drng-cell interaction is specific for the VA3 receptor and the ICs; of the RGD
peptide can be correlated to a binding affimity for the drug.

Alternativeiy, a 49 aming acid peptide, schistatin, that also binds to &V A3, can be
His-tagged to replace the RGD-containing peptide in the above-described assay.

Metallocenes are particularly usefiil as signaling entiiies for the following
reasons, Various ferrocene derivabives and be selected fo euch oxidize af unique voltage
betwoen 100 mV o 800 mV. Each oxidation potontial represents a unique label so that
nuuitiplc cell surface targets can be simultancously queried. If 2 biologically relevant
interaction between a cell swface receplor and a colloid immaobilized ligand occurs, the
cell is decorated with electronic or electrocheamical signaling particles and a current peak
results, The magnitude of the qurrent peak should be proportional ie the number of cell
surface receptars that wers recognized by the signaling colloids.
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Cell-surface molecutes can be detected on cells in suspension or embedded ina
tissug sample, as shown in Figure 8. Frozen tumor specimens 36 are aryo-sectioned and
placed direcily onto 1 flexible, semi-permegblie membrane support 38 that has been
detivatized with cell-binding groups 90 such as RGD-containing peptides or methyl-
torminated groups. The specimen js then incubated with clectronic or electrochemical
signaling colloids 32 that also present ligands 94 for a cell surface receptor of infcrest.
Unbound colloids are washed away after ar incubation period. The support membrane is
then placed in physical contact with & microelectrode wray 96, having electrode
dimensions comparable to cell size, and analysed by ACY. Bach sector of the tissue
spacinen is analyzed for protein content and expression level, then cocrelated with
histopathology. This sapability cnsures the relevance of single cell analysis because it
enables the researcher to ideatify proiein patterns that are asseciated specifically with
cancer cells aud discard random aberrant protein expression. Cells in suspension can be
similarly attached to the support membrane.

This technigque can be nsed to identify cell-derived moleenles, such as receplors
or proteins, that are expressed differentially in healthy vorsos diseased tissne or cells.
This differential expression can involve difforent levals of an expression in healihy
versus disensed tissue or cells, and/or different paterns of expression on tissues ot cells
which can ba rcadity identified, This techmique facilitates diagrostic assays {or
determination of diseascd states, For example, in connection with a patient suspecied of
having a particular diseass, cells can be taken from the paticnt, specifically, cells that are
assuciated with an indicator of the discase such as ccils fron: a biepay, blood sample,
efe., and these cells can be analyzed versus healthy cells {o determine expression levels
or patterns indicutive of disease. One can also use this systern to screen for drugs that
inhibit the upregulation of cell-derived proteins that are involved in various pathological
conditions. Examples of two techniques for dmg screening include: (1) admimstenng 2
candidate diug to a patient suspecied of or exhibiting symptoms of disease and
monitering 2 biological sample including cells of the patient az described above to
determine efficacy of the drug in treatment of the discase; (2) taking a biological sample
including cells from a patient suspected of having or having a disease and exposing the
bological sample or components of the cells to candidate drugs, and monitering

expression level and/or pattcrn using the techniques described above. Onee & binding
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partner (which ean include & drug, antibody, or proteinipeptide lgand for the ecll derived

protein) has beer identified, the binding parmer can be attached to a detection moiety to

quantitate the expression level of the cell-derived protein in response to a disease gtate or )

a therapy. This can be any assay that tests for the indicect affects of drmg condidates on
the expression and transfocation of cell-derived proteins both to the eell-surface and
intracellular compartments.

The invention alse provides the ability to visually investigate patierns of cell
sirface receptor expression on i..ndividuai cell surfaces and/or on cells embedded in a
tissue specimen. This cau be indicative of {he pattern of cell surface receptor expression
which can be correlated to a disease state, These can also be used in diagnosiics or drg
screcning inethods. In a parficular assay, colloid particles carrying ligands thai bind to
cell surface receprors are exposed to individual cells or emmbedded eclls and the location
of their binding with respect Lo individual cells can be determined visnally, indicating the
pattern of cel] surface receptor expression. For example, MUC-1 1is a cell surface
reeeptor implicated i breast cancer. MUC-1 natmally is expressed uniformly on
surfaces of a variety of cell types. In transformed cells involved in a vaviety of cancers,
the receptor is avererpressad and is concentrated at apizal locations of the ¢ell. This ean
be determined using the descriibed technique. In drug soreenming, a culture of transformed
cells can be provided and treated with drug candidates. The Joss of the apical pattern
expression is investigated. Visuval identification, in this embodiment, can involve auy
technique described herein such as observation with the unaided human eye, microzeopy,
spectrophotometry, electron microscopy. fluarescence detection, cte.

Tn the lechnique involving electromic or elecirochemical detection deseribed

_ghave, the lovels of expressed species can be compared between samoples, including
samples ezch invelving an individual cell or other very small quantily, and patiems can
be determined on larger semples including tissue samples. In connestion with the visual
detection embaodiment described above, levels of expressed species can be determined as
will as patterns of expressed species on both large samples and small samples meluding
singlo-cell samples. Signaling entities useful in electronic or electrochemical detection
include signaling entities described herein for elecironic or eletrochemisal detection,
including redox-active malecules such as ferrocenes. In comnection with visual

detection, any visual signaling entities described herein can be used including calleids,
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zlone or carrving auxiliary signaling entities such as fluorescent or other vistbly-
identifiablc cntities. Muliiple signaling entities can be uscd (i.e., multiple sigualing per
Pinding event). In connection with both electronic or elecirochemical or visual
signaling, different signaling entitics can he used in cenncction with different assays.

For example, a fivst [igand selected to target = first receptor o protein may be
immobilized with respect to a first signaling entity while a second ligand, selected fo
target u second profein or receptor can be immobilized with respeet to a second signaling
entity. In electronic or ekecfrochemical signaling the different signaling entities can
include different redox potentials, the difference botween which is distinguishable
eleotronically, and in comnmection with visual identification different signaling eniitics can
be different calars of emissive or absorptive entities. In such a case not only can

expression level and pattern of prateins or receptors be determined but paliems can be

diffcrentiated in terms of location of expression of one receptor or protein versus another,

The biospecific colloids, described above, can also be used to facilitate ix wyo
imaging. The celloids used are gold, which is relatively inert. Gold colloids that have
been derivatized to present an antibody or other ligand for a fumer marker can be talen
internzlly or nyected. A tumor rzass presenting the cognate tumor marker will become
covered with colloids, acting as 2 concentration device, The tumer can then be detected
by imaging 1cc.bniqu.es, such as X-Ray and X-Ray computer tomography (CT), since the
cflective result cen be a tumor mass enstrouded in metal. Individeal celtoids in solution
weould be invisible lo defection. Twnors that have been so labeled with biospecific
colloids can also be detected by MRI (maguetic resopanse imaging). Imaging may be
cnhanced by incoporating paramagnetic metals and other contrast agents, such as Fe,
Gd, or Cr. Contrast agents can be attached to the colloids by incorporating metal
chelating thiols into the SAMs that are formed on the colloids. Alternatively, SAMs that
only present a coguate hgand for the target protein expressed on the tumor, can be
forined on particles conmposed of the contrast agen! material. Collaids baving an iron or
magnetite core can be gold-coaicd then derfvatized with binspucific $AMs.
Altermatively, liposome-lile particles can be formed from lipid chains terminated in
chelating groups such that the suetal contrast zgents form the "core" and the biospecific
ligands are exposed te solvent, Alternatively, the colloids can bear, in addition to the

hivspecific ligand, moieties that have a specific spectroscopic signature, which can be
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detected by energy absorpiion or scaltering techniques, including Raman Spectroscopy.
The imaging apparalus can be conizined oulside of the body or introduced inta the body
on scopes or optical fibers. Altemnatively, colloids bearing moieties that transmil radio
frequencies can generate a deiectable signal if concentrated onto 2 tumor mass. The
signal from individual colloids should be negligible or undetectable sompared with the
sipnal generated ffem 2 conceniratica of colloids bound to a tumor mass.

Witk reference to ligure Y, to determine whether two proieins interact with sach
other, one will bind the first protein 104 to a colloid 106 presenting both NTA 54 and
ferrocene ligands 34 and bind the second proteis 100 to a SaM-coated magnatic bead
102 that presents only the NTA ligand 54, The two particle types are mixed together then
magetically recriited to a sensing electrede 40 under which is 2 magnet 108, An
electronic or electrochemical signal will only be generated if the magnetic bead wers
commected to the signaling colloid through the interaction of the two protein species.
Non-histidine-tagged prateing can also be attached to signaling or mugnetic {recruitable)
particles by forming SAMs on them that incorporste catboxy-termtinated thiols along
with thiels terminated with an exposed group thai is charged and that is not invelved
with the coupling chentistry (such as NTA thiols). Standard EDC/NHS coupling
chemistry can theo be used to attach any molecule that presenis a primary amine.
Becausc the electronic or electrochemical labeling stop has been separated from the
protein preparation siop, the system can be efficiently muitiplaxed using universal
electronic or electrochemical sigraling colloids and maguetic particles. This facilitates
the constmction of profein interaction databases fo help researchers decipher the
molecular profiles of cancers.

Interacting protein partners can be incubated with small molecule drug libraries
and drug leads identified by detecting a loss of signal. Altcrnatively, small moleculs ding
libraties can be purchased on magnetic beads to directly sereen for diug candidates that
bind to 2 know, larget protein.

The hasic technology desaribed herein can also be nsed to screen for drugs to
modulate enzyme activity. Certain enzymes have been identified as being critical fo the
progression diseases. Tn some cases a molecule must be cleaved at a specific site for jt to

become active and one would like to screen for drugs that inhibit the activity of the
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enzyme that dogs this. The technology deseribed herein can be used as deseribed below
for this pupose:

Useful in carrying out this technique js the following: Edelstein and Distefana
bave teported that farnesyl pyrophosphate groups rmedified with photoactivatable cross-
linking moieties can be added i peptide motifs derived (rom RAS by yeast FPT
(Edclstein R. and Distefano M. (1997). Photoaffinity labcling of yeast farnesyl protein
transferase and enzymaiic synthesis of 2 RAS protein incerporating a photoactive
isoprenoid. Biochem. and Biophys. Res. Comm. 235, 377-382). Their objective was to
use 1his assay o shew that farnesy] derivatives wers recognized by FPT, by cress-linking
the two. Thus finding 1s consistent with the 1dea that faresyl or garenyl moieties can be
medified with biotin at the end distal from the pyrophosphates without interfering wath
enzyme activity or specificity.

With reference te Figure 10, an cnzyme cleavage site (BCS) 110 can be attached
at one end 112 to a molecule 122 (or which there is 2 knewn binding partner (BP1). At
the other cad 114, it ean be attached (o a roolecule 116 that can ncorporate mto a SAM
(HS-R-X), where 8 is sulfir, R is an molecalar species that can incorporate into a SAM,
and X is a linker. The resultant malecule can be incorporated into 3AMs on colloids 116
along with gronps 113 that can deliver an electronic signal (HS-R-XM), where M is 2
redox-ative metal or transition metal (or other group capable of fransducing an
electronic or glectrechemical signal when brought close to an slectrode). Magnetic
beads or partieles 120 can be derivatized to present & molecule 124 {e.g., streptavidin)
(BP2) thai binds to BP1 122 either dircetly or indircetly through a simultaneous hinding
to a mutual target melecule (BP3).

For example, elecironic or electrochemical signaling colloids 116 can be
derivatized with thiols bearing enzyme cleavage sites {ECS) and terminated with biotin.
Mapmetic beads ean be derivatized with streptavidin. Magnetic beads and signaling
colloids can be incubated with the enzyme of fmterest and drug candidaies. If a drug
candidate that can moderate, or inbibit the action of the enzyine, then the site (of ez, 2
protein ar peptide) would not be cleaved, and the signaling colloid wenld be aitached o
the magnetio bead through the biotin/streptavidin interaction. When the complexcs are
magnetically attracted to a sensing electrode, a cirrent peak wontd result, making the
assay a gamn of signal detection assay. That s, a protein can be adapied for linkage bath
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to colloid 116 and bead 120 via 2 SAM-forming species at one end and a binding parmer
122 linkable to an imemaobilized binding pariner 124 on bead 120, and cleavage, ar
moderation thereof, monitered. “The protein can be linked 10 the colloid and bead in a
variety of ways including thai deseribed or, in addition, the colloid can present 2 chelaie
coordinating a meial, the protein can be provided with a metal binding tag. The invention
is even more generalized, in that any eniity adapted for linkage both o the colloid
particle 116 and any non-colleidal strueturc, such as bead 120, ean be preseated to the
colloid and the non-colloidal structure and allowed to link thereto, in the presence both
of an ewzyme having the ability to cleave ths entity aud a candidate drug for moderation
of activity of the enzyme. The nou-collowdal structure can be 2 bead as illusfrated, or au
clectrode itself.

BEPI can be the same as BP2 and/or BP3. Fer cxample, the thiol that bears the
EC3 and BP1 (biotin) can bind to frec sireptevidin (BP3) then to biotin (BP2) on the
magnatic beads, Altematively, one mey seek lo inhibit or accelerate an enzyme that
adds a molecular group 1o 4 target molecule, Le., one can expose a colloid particle and a
nan-collofdal structure to a substrate for an eozyme adapied for Nokage o the non-
calleidal structure, a motecular specias linkable to the substrate via enzyme activity
adapted for linkage to the particle and an enzyme for the substrate. This can be carried
out further in the presence of & candidate drug for moderaiion of the enzyme, and the
pon-calloidal structure cai be & magnetic bead with the collold particle cirying an
immobilized electroaative entity. Alictnatively, the non-colloidal structure can be an
electrode surface.

Specifically, with reforence to Figure [1, in such a casc, clectronic or
electrochemical signaling colloids 126 wre derivatized with ihe molecule 128 via
chelatemetal/metal binding tag linkage, to which the group is to be added., The pisce to
be added, the addition nelecnle 130, is terminated with a first binding pavtner (BP1) 132
{ran be bictin), The magnetic bead 12 presents 2 binding pactnet of BP1, (BP2) 134 (can
be streptavidin). Colloids, magnetic beads, addition molecules, the encyme of mterest
and drug candidates are incubated theq aifracted fo an electrode for analysis, A loss of
signal, compared to controls, indicates that the drug eandidate inhibited the enzyme's

activity wlile a gain of signel indicates a drug enthanced the cnryme's activity.
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A wide vatiety of SAMs can be used Lo accordance with the invention, on a wide
varigty of surfaces, to present desired species such as binding partners, signaling entities,
and the like at a surface of an article such 28 an electrode, colloid particle, or the like,
Those of ordinary skl in the art can select from amoeng a wide variety of surfaces,
functional groups, spacer moieties, ete. An exemplary description can be foumd in ULS.
Patent No. 5,620,850, This U.5. Patent also describes a variety of metal binding tags that
can be used, including nitrilotriaceiic acid, 2,2"-bis(sulicylideneamino)-6,6'-
demethyldiphenyl, and 1,8-bis(a-pyridyl)-3,6-dithiacctane, or the like.

A variety of non-colloidal structures comprising beads are described above. The
beads can conuprise polymeric material, agarose, tentagel, and/or magnetic material.
Polystyrene beads are quite nsefiil. The functicn and advantage of these and other
emhodiments of the present invention will be more fully understood from the examples
below. The following examples arc intended to illustrate the benefits of the present
invention, but do nof exemplify the fll scope of the invention.

The following exumples and experiments illustrate particutar embodimenis of the
present invention and are ot to be construed as limiting the izvention (o any particular
smbodiment.

In some of the embodimenis desctibed below, the examples invelve SAM
formation, collagen coating, cell growth, colloid fonmation, and Aliernating Current
Yoltammetry (ACY), For SAM formation, glass microscope shides were sputtered with &
layer of Ti followed by a layer of Au. Bach clectrode was incubated at RT for 0.5 hours
with 300 uL. of 2 DMF solution that contained 10% methyl-terminated thiol (HS-
(CH2)1S CH3), 40% tri-ethylene glycol-terminated thial, HS(CH;) (CH,CH;);0H,
(formula) and 50% MF-1. 2 ml of 400 uM tri-ethylene glycol-terminated thiol were then
added to u scintillation vial containiog the chip and the vial was heat cycled in a water
bath as follows: 2 minuies @ 55°C; 2 minvies @ 37°C; 1 mionte (& 55°C; 2 minutes @
37 then BT for 10 min. Electrodes were then dipped in EtOH, then sterile PBS 10
sinse. They were then placed under the LTV genmicidel lights in a biosafety cabinet for T
houg te ersure sterility.

For collagen coating, a 200 uL droplot of 0.005 mg/mzl collagen in PBS was
added ta each electrode and incobated at 4°C for 2 hours,

JP 2004-512497 A 2004.4.22



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

30

(101)

WO 0I12I8 PUTIUSOTZ016R

_A7 -

For cell growtl, the electrodes were placed in a ecll growih flask and a solution of
growih media and human endotheiial cells (HUVECS), presenting a particular cell
surface receptor, 633, was added. The electrodes and cell containing solution were
incubated at 27 °C in a Cf, incubator for 24 hours. Visual inspection with 100X
magnification showed that the cells had adhered to the electrodes and showed web-like
spreading which is a growth phenetype.

For colloid preparation, 1.5 ml of comumercially available gold colloid (Auro
Dye) were pelleted by centrifugation in a microfuge on high for 10 minutes, The pellet
was resuspended in 100 uL of the storage buffer (sodium citrate and pveen-20), 100 oL
of a dimethyl formaride (DMF} selution containing 90 uM nitik tn-acetic asid (NTA)-
thiel, 0 uM ferrocene-thiol, and 500 WM carboxy-terminated thiel. Following & 3-howr
inewbation in the thiol solution, the colloids were pelleted and the supernatant discarded.
They were lhen insubated in 100 uL of 400 uM trn-ethiylene glvcol-terminated thiel in
DME for 2 minutes at 35 °C, 2 minufes at 37 °C, 1 minute at 55 °C, 2 minutes at 37 °C,
then roem temperature for 10 minutes. The colloids were then pelleted and 100 ul of
phosphete buffered saline {(PBS) werc added. The colloids were then diluted 1:1 with 180
uM Ni804 in the colioid storage buffer. 190 uL. of a His-tagged peptide at 100uM in PBS
were added to 100ul. of NTA-Ni{II} presenting colloids and incubated for 0.5 howrs, To
got rid of jree, unattached peptide, the colloids were then pelleted and the supernatant
discarded. The colloid pellet was thon resuspended in 180ul. PBS. Colleids were bound
with either: a} a peptide designed to bind to the &VE3 receptor,
HEHHHH(S:G);GRGDSGRGDS; or b) an irelevant peptide, HHHHHH-Glutathione
S-Translerase (GST). Peptides containing an RGD motif have been shown o bind to the
VA3 receptor on codothelial cclls. It is thought that RGD metifs ip vitronectin (the
natural ligand for oVf33) are responsible for the tnteraetion.

ACV Analysis was performed using a CH Instmments clectrochemical analyror.
A three-elecirode system was used. A silver vs, silver chloride reference elecirode was
used with a platinum auxiliary electrode. The derivatized gold-coated chip was used as
the working clectrode. A 25 mVolt overpotential was applied to the electrode at a
frequency of 10 Hz.
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Brample 1

This example describes an assay 1o soreen for inlubitors of farnesy! protein
ransferase (VPT) aud geranylgeranyl protem iransfernss (GGPT).

We have designed an assay that can be readily muoltiplexed that: 1) incorporates
the wild-type target protein and mutants into the initial screcuing pracess; 2) dircetly
deteets and quantitates the addition of famesyl/geranyl groups and analogs thereof to the
terget protein by the enzyme of interest; and 3) can deicct differential efizcts of drug
candidales on enzyme activity.

Our stratesy s to! 1) attach bistidine-tagged RAS proteins (or peptide motils or
fragments derived from the various muianis) to colloids bearing SAMSs that present both
NTA/NIL) groups (to capture lnstidine-tagged proteins) end transition mefals such as
ferrocene for electrenic o electrochemical signaling; 2) medify farmesyl pyrophosphate
denvatives with biotin (Figure 13); 3) edd enzyme; 4) add candidate inhibilor; 5 add
magnetic beads braring streptaviding 6) magnetically attract (o a sensing <lectrode and
electronically analyze. The cozyme FPT should add the biotinylated farnesyl (or peranyl}
motetics to the RAS immebilized on the signaling colioid. Magnetic beads bearing
streptavidin will bind to the biotin and the complex will be hoth recruitzhle and
detectable. Assays will be perfonmed in purallel in microwells imterfaced with a
microelectrode array, varying the RAS variant inumobilized on the signaling celloid, and
the drug candidate {Figures 14 and 15). The entirs microelectrode array will be
electronically analyzed to determine the differential effects of drug candidates on
enzyme aclivity for particular farget proteins. 1f a drug candidate interferes with the
cnzyme adding a farnesyl group to the farget muiam protein, a diminution of the
clectronic or electrochemical signal will resuli.

This stratcgy can be used to monitor an enzyme's activity or screen for drugs that
modulats its activity. Nop-histidine-tagged proteins can also be attached 1o signaling
colloids by standard coupling chemistty, Famnesyl derivatives con altematively be
medified with a recognition group other than biotin, that is  binding pariaer of a group
immobilized on the magpetic beads.

Edelstein and Distefano have reported that famesyl pyrophosphsate groups
modified with photoactrvatable cross-linking moieties can be added to peptide motifs
derived from RAS by yeast FPT (Edelstein R. and Distefano M. (1597). Photoaffinity
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Izbeling of yeast farnesyl protein iransferase and enzymatic syrthesis of a RAS protein
incotporating 2 phofaactive isaprenoid. Biochem. and Biophys. Res. Comm. 235, 377-
382). Their objective was to use this assay to show that farnesyl derivatives were
recognized by FPT, by cross-linking the two. This finding is consistent with the idea that
famesyl or garenyl meieties can be modified with biotin at the end distal from the
pyrophosphates withouf inlerfering with enzyme ectivity or specificity.
Example 2

In this examyple, cells werc attached to gold-coated clectrodes derivatized with
SAMs. The cells, which were still attached to the lectrode, were then incubated with a
sclution containing gold colloids which had been derivatized to present boih a ligand
specific for a receplox on the cell surface and a redox-active mefal capable of delivering
an electronic or electrochemical s1gnal to the electrode. After seine incubation peried, the
<lectrodes were scanned by alternating current voltammetry (ACV). A positive
iniersction between the colloid-bound ligand and the cell smiface receptor will bring the
redox-active metal, 2lso on the colleid, close enough to the electvede to fransduce an
electronic or electrochemical signal.

More specifically, electrodes were derivatized with SAMs (o present 10% methy]
Tiead groups in a background of 50% Bis{ethsmyhphenyl thiol) (0.6, CigH,08) to facilitate
electron flow 1o the electrode. 40% triethylene glycol-terminated thiols
(HE(CH)) 1 (CHaCHL)sCOH) were included 1o help mounolayer packing. It bad previously
been shown that cofl growth can be supported on HISC15-methyl-tenivated SAMSs that
were eoated with collagen, Bath the HSCHZCh5CH; and the oollagen are insulating
molecules and can inhibit electron flow to the electrode. For this veason, in this example,
the s;cmu‘a,tr.d carhon chain-collagen coverage was reduced to produce islinds of growing
cells adjacent to the more conducting molecular wires. Human endothelial cells
(HUVECs), that present 2 cell surface tecepior oV 33, which is irportant for
angiagenssis, were grown on the elechodes. SAM-coated gold colleids hearing a ligand
for the receptors and farrocens moieties for electronic or electrochemical signaling were
briefly incubated with the cell-presenting eleciredes, then analyzed by ACV.

For ACV analysis, & 1rl capaciiy silicone gasket was clamped onio the sell-
presenting electrode. 100ul of NTA-Ni colloids that had been pre-hound with a His-
tagged RGD motif pepiide and 100ul PBS were added to the pasket for incubstion with
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the cell-presenting electrode. After 15 minufes, the first ACV scan was taken. Twao
SUCCESSive scans worc taken at 15 minute intervals. Current antput was plotted against
voltage. The first scan preduced a broad current bulge characteristic of PBS buffer. The
sccond and third scans generated a distinctive current peaks ¢.5uAmps and 1.6uAmps
respoctively, at a charucteristic ferrocene potential (at 780 mVolts), see Figure 16, The
negative contmol, in which an identical electrode presenting the same cells was incubated
with 100ul of NTA-Ni{TI) colloids that were pre-bound with His-tagged GST, produced
a first scan ihai was similar to fhe electrode incubated with RGD-presenting colloids.
However, the broad bulge had deeayed by the second and third scens which were
identical {Figure 17). In sharp contrast ic the 1.6 uAmp peak for the positive, no well-
defined peak resulted for the negative control.

Example 3: Cell growth on conducting surfaces

This example describes the elcetronic detection of cclis grown on "conducting”
surfacss that were not coated with collagen. Cells were grown on gold clectrodes that
were modified with sulfur-containing molecules, in some cases assembled inte
monolayers, bul not coated with collagen, Blectrode modilication was pexformed a8
described m the electrode preparation section of Example 2, with the exception that
clectrodes ineubated with 100% candidate moleculs were not heat eycled fu tri-ethylene
glycol-teminated thiol. Several electrades were assembled in the same cell growih flask
and media containing HUVEC cells was added. The electrodes and cells were incubated
m a Cd; incubater fox 24 hours. Suzfaces were visually analyzed vsing 100X
magnification. Table 1 lists surface modification aod subsequent cell adbesion/growth
characteristics, Surfaces showed low nown-specitic binding. Once celle boond, however,
cell growth was good. Cells can easily be immobilized ou 2 SAM by presenting a netal
chelate coordinafing a metal via the SAM, linking s protein to the SAM via a meiz)
binding tag on the protemn, the protein attracting the cell. Photographs were taken to
doeument vesults {not shown). Colls were tneubated with colloids (as deseribed above)
that displayed ferrocene moieties and & peplide, HHHHBH(S:(G+):GRGDSGRGDS, that
was specific for the oV 3 receplor oo the cell surfacs; or as @ negative conlrol, an
irrelevant peplide, HHHITHH-Glrtathione S-Traﬁsfemsz (GST). Figure 18 shows that
cells grown on a 100% cthynylphenyl thiol (MF1) SAM-coated electrode produced
current peaks only if incubated with colloids bearing the ligand specific forthe VA3
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receptor (Figure 18, solid line) and not whea incubated with colloids derivatized with an
irrelevant peptide GST (Figure 18, dotted line).

Figure 19 shows electrochemical scans of electrodes derivatizod with 25% 2-
mercaptocthylether in a background of insulating tri-ethylene glyce] terminated thiels,
Cells deyivatized with colloids presenting the RGI2 sequence peptide produced a small
peak (Uigure 19, solid line), while the cells moubated with colloids presenting the GST
peptide did not {Figure 19, dotted line).
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TABLE L
SURFACE MODIFICATION CELL CELL
ADHESION GROWTH
within 172 hour | within 24 hours
100% methyl-terminated SAM NO NO
100% methyl-terminated SAM, incubated NO NO
with irrelevant proteins
100% metlyl-terminaied SAM, incubated NO YES
with collagen
1G% methyl terminated thiol ina NO YES
baclkeround of molecular wire thiols, with
or withoul i-ethylens glycol-texminated
thicls then coated with collagen
100% tri-ethylene glycol-terminated SAM NQ YES
150% HR-2-0nit mojecular wire NG YES
100% 2-mercaptobenzothiazole NG YES
100% }.2-benvenedimethanethiol NO YES
100% Denzene sthaps thiol NO YES
100% 2-mercaptoethy} ether NO YES
NTA-NU(IT) in a background of tri-ethylene NO YES
glycol-tesminated thiol with or without
ferrocenc thiols mixed in- unbound by a
His-tagged peptide
NTA-NI(L) in a background of tri-ethylene NO NO
glycal-terminated thiol with or withont
ferrocene thiols mixed i - bound by an
irelevant His-tagged peptide
NTA-Ni{I]) in a background of iri-cthylene YES YES

glycel-terminafed thiol, with or without
ferrocens thiols mixed in - bound by a cell
specific His-tagped peptide

SUBSTITUTE SHEET (RULE 26)
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Example 4: Decoration of polymeric bead with colloid particles via Glutathione-S-

Transferags / Glutathione binding
See Figures 20 and 21. The example below demonsirates how colloids

presenting & target protein agglomerate onte a non-colloidal particle that presents a snrall
molecule, drug candidate, peptide, protein, nucleic scid, or combinations thereof that is
ot arc a binding partner of the target protein. Many combinutorial drug libraries are
synthesized on non-colloidal particles or beads and can be muixed with colloidul particies
that display a medically rclevant target speciss. One can readily identify the bead that
displays the drug that is 2 binding pariner for the target species, as the colioidal particles
agglomerate

onto that bead and color it red.

A target protein, Glutathionc-S-Transferase (GST) was histidine-tugged and
nnobilized on SAM-coated colloids that presented WTA-Ni (histamine tags bind NTA-
Ni). 30ul of colloids presenting 40uM NTA-Ni on the surface wore added to 65ul of
21.5uM GST, 1o mve a final concentration of 14uM GST in solution. Glutathione, &

- small moleculs that binds GST, is commercially available bound to agarose beads
throvgh Sigma-Aldrich. Glutathione-coated beads were incubated with the solulion of
GST-beund colloids, Within minutes, the GST bound to the glutathione heads, bringing
the colored colluids vul of solufion, and decorating the beads red (Figure 20). Beads
displaying a small molecule thai doss not bind to GST remmained colorless when
incabated with the GST-bowrd colloids {Figure 21). A seccend negative control, in which
glutathione-coated beads were incubated with 30ul NTA-N: colloids in the 2bsence of
GST showed that NTA-Ni-colloids do not bind nonspecifically 1o the bead surfaces or to
the glutaihione.

Example 5: Demonstraiiop of Caniro! of SAM permeability to electrons

This example demonstrates the ability {o form a SAM including enhanced
electronic communication. The SAM is formed on a surface that includes & mixture of a
first, tight-packing species and a second species of different molccular structure that
enhances the permeability of the 8AM io electronic communication. A defect, or
opening, is formed in the 8AM allowing fluid to which the surface 1s exposed to
communicaie electrically with the surface. Specifically, certain small sulfur containing
compounds baving disruptive structures relative to the SAM as a wholo were stably
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incorporated info o SAM, and greater pormesbility to electrons was demonstrated. This
example demanstrates that 2 surface can be made electrically relatively conduciive, and
then support cell growth.

A water-soluble ferracene derivative was dissolved in the glectrolyte solution:
100mM sclution of ferrocenedicarboxylic acid in 500uM NaClO,, The working
clectrode was a gold-coated electrode derivatized with 2 SAM comprised of varying
amowits of 2-unit molecular wire (MFI). The Leght of the peak at a characteristic
ferrecene patential was plotted as a function of molecular wire density. As a negative
control, a gold-coated cleewode was derivatized with an fnsulaiing 8AM comprised of
100% fi-cthylenc glyeo! terminated thiol.  Fipgure 22 shows that the “conductivity” of
tha SAM or the ability of electrons in soluticn to penetrate the BAM is & function of the
density of 2-umt melecular wire inteprated into the SA™M, This system was used to test
the conductivity of elscirodes modified with 2 panel of sulfur-containing cempounds.
The compounds were dissolved in DMTE at 5% candidate compound and 589 -
cthylene glycol terminated thiol. Electrodes were derivatized as deseribed in Exaple 1.
Table 2 Usts the cundidate compounds and the height of the curvent peak produced when
annlyzed by ACV. Figure 22 shows two experimenial resulés of tests of conductivity of
2 monelayer as 2 function of monelayer distuption by poly {sthymyIphemyl thiol).

SAMs were formed on gold chips from 500 micromolar fristhylens glycol-
terminaled thiol and 500 micromolar of either mercaptobenzothiazals or 2-mercaptoethyt
ether in DME. The chips were clamped between a flat substrats and a 1 ml capacity
silicon gasicet. A solution of ferrocene dicarboxyllic acid was dissolved in 303 micro
molar NaClO4 and placed in the silicon gaskct with a AgfAgCl reference elecitode and a
Pt auxiliary electrode. The gold chip was connected as the working electrode. The
system Was analyzed by ACV. The magnitude of the current peaks, resulting from the
forracene in solution communicating with the clectrode, was an indfcator of the ability of
the trial cornpounds Lo make the SAM more permeable to elsctron flow by creating
defects within the SAM. Figure 23 is an overlay of a SAM comptised solely of fhe
imsulating species iri-ethylenc glycel-terminated (CH2)11-SH (+++ line) and the
reportediy more conducting poly-ethynylphenyl thiol species (MF1) (salid line). The
conducting poly-cthynylpheny) thiol species is expecied io by more conductive, as an
identical molecule but with two additional repeat uniis is reported {o be conduciive

JP 2004-512497 A 2004.4.22
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{Science 1997 Bumm et al). As predicted, the allcyl thiol SAM does not produce a
enrrent peald in a forrocene dicaroxyllic acid solution, but 8 SAM comprised of 50%
poly-cthynylphenyl thiol docs. Figure 24 shows the plots of Figure 23 {dots are TEG-
termninated thiol, state are poly-ethiynyiphenyl thiel), against (he more conducting SAMs
including 2-mercaptoethyl ether (schid ling) and mercaptobenzothiazole (+++ line),
showing that the current peak from the poly-ethynylphenyl SAM is orders of magnitude
smaller than those generated by SAMSs comprised of 50% 2-mercaptoethyl ether or a
SAM comprised of 50% mercaptobenzothiazole, which is consistent with the idea that
SAMSs can be made permeable to electron flow by either incorporating conductive
species mto the SAM or by inserting “defect” or “opener” molecules into the SAM.

TABLE 2. Elccirodes werce derivatized with the following compounds in a background
of tri-cthylene glycol-terminated thiol. Electrode preparation was performed as
described in Example 1. The “conductivity” or permeability of the surfaces wes assayed
by mezsuring the magnitude of the cwrrent peak produced by the oxidation/reduction of
ferroeene dicarboxyllic acid in the elzctrolyte solution {0.5 M NzCl104). The ability of
each compound to resist non-specific binding was assayed by dipping sach surface in
BSA. (bovine senwm albumin) prior to messurenient. Mon-specifically adsorbed proteins
would oeclude the conduction of electrons through, the monolayer to the electrode.

I

COMPOUND | 50% coverage | 25% coverage | 25% coverage | Supports cell
Peak height in | Peak height in | Peak heightin | growth on
:Amps | :Amps :Amps afier 100%
blocking with | coverage or
BSA fractions
thereof
HS{CH)i Tri- 0 his] ND YES
ethylsne glyeol
} 100% coverage —

negative eontrol

HS-2-unit 415 ND 0.18 at 30% YES

molecular wire coverage

Positive contral

2- 14.70 ND ND NI

mercaptopyridine

2. 44.00 N.28 0.29 YES

mereaptobenzothia

zole

Dithiothreitol 41.00 ND ND ND

1,2-benzencdithial 40.00 | ND ND ND

1,2 3490 28.00 4,02 YES

henzenedimethanet

hiol . |

Benreneethanethio 31.50 0.5] G.08 YE§
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] .
2-mercaptoetiryl 30.30 5770 ! 19.0 YES
ether R I

Exampile 6: Detection of Protein-protein inferactions

This exumpls demonstrates the utility of 2 colloid particle having an immobilized
stgnabing entity and an 1mmobilized protun. (See Figure 27.)

Histidinc-tagged Ghutathione-S-Transferase {GST-His) was attached 1o NTA-
SAM-coated colloids, displaying 40uM NTA-Ni and 100uM forrocene-thiol.
Commercially available magnetic beads presenting protein A were coated at 1/10
binding capasity with anti-GST anfibody, added ai a [:5 raiio to the G8T-colloids, and
measured on 2 50% MF-1 SAM-coated elzclrode, which was placed on top of 2 magnet.
The magnet pulled the magpetic beads onto the slectrode surface (o fonm a thick, visible
precipitate. The GST-colloids were brought down to the electrode surface by the
inieraction with the GST-antibedy on the magustic beads to give a curreat peek at
approximately 280mV, Two negative controls were run, one where GST was not
attached to the celloid surface, and asotber whers the GST antibedy was not attached to
the magnetic beads. Neither nepative control pave a current peak.  Figure 25 plots the
results of this demonstration. Solid line represcnts interaction betwoen GST-His-
preseating colleids and anti-GST/Ab on mugmetic beads. Open circles represent
magnelic beads presenting the antibody incubated wirh colloids that did not present GST.
Closed circles represent beads not presenting the antibedy, incubated with collolds that
presented GST.

Example 7: Cell Detection

This example demonstrates both the advanizge of forming 2 3AM an a surface
that includes a mixture including a molecular species that enhances electronic
communicaiion across the SAM by forming # defect in the SAM allowing fluid to whick
the surface is exposad to communicate clectrically with the surface, and the ntility of
attachment of a colloid carrying immobilized signaling cntity to a protein. The protein is
in tum Immobilized at 4 cell attached to the surface of an electrode presenting the SAM.
The defect in this case is sansed by bulk of the a SAM-igcotporated molecule including
phenyl rings.
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HUVEC cells were suspended in media and placed in a flask over 2 SAM coated
on & gold surface. The SAM included 50% straight chain thiols, and 50% of the 2-unit
poly (ethvnylphenyl) thiol (MFL), 5ulof an 8.4raM RGD-His peptide selution was
added to the media, and cells were incubated at 37C overnight to adhere to the elecirode
surfaces. Afier approximately 16 hours, 100ul of SAM-coated colloids, displaying NTA
for capturing the RGD-His peptide and ferrocene for signaling, were added {o the cells
and fncubated for 20 min at room temperature. The electrodes were then rinsed in buffer
1 wash off any unbound colloids and measured. Current peaks were recorded at 220-
250mV. Megative contrels wore cells incubated wilb His-GST, an ixrelevant protein that
should not bind to eells. Colloids wete added to negative conftois, electrodes were
rinsed in buffer, and measerements were taken. No peaks were observed for negative
controls. Figure 26 shows a peak {solid line) gencrated when colleid presenting
ferrocene signaling entity and his-tagged ligand to a cell surface roccptor is brought to an
electrede surfuce by cellfsurface interaction. Diamond represent negative control where
colloids displayad an brrclevant protein selected not to bind to the <ell surface receptor.
snmodified Iioands

This example demonstrates the ability to determine protein/ligand interaction in

Example 8: Detecting Ligand-Receptor Interactions for

the absence of SPR without labeling either the protein or the ligand. Specificaily.
exposing a ligand to a protein suspected of interaoting with the ligand where the ligand is
in fixed proximal relationship with an electroactive entity, namely ferrocene, whoss
electroactive signal {s dependant upen proximity to the protein, by forming a SAM
including the ligand znd ferracene on the surface of an clectrode.

We have found thal the characteristic oxidation potential of a ferrocene derivative
can be shifted based on the chemical nature of the ferrocene derivative's local
environment. As proteins are brought fnto closc proxinity to the fercocene derivative, a
second cutrent peak at an altered potential appears, The magnifude of this allered peak is
proportional to the density of protein in the system,

A panel of gold-coated electrodes were derivatized with heterologous SAMs that
comprised 2 constant density of conductive molecular wire thiol and variable density of
methyl-torminated thiol in a backeround of tri-othylene glyeol-terminated thicl, It had
previously been shown that: 1) tri-ethylene glycol-terminaied SAMs resist the non-
speeibie adzorption of proteins; and 2) methyl-terminated SAMs bind proteins,
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specifically collagen. We thercfore assumed that if the electrodes are incubated with
collagen in solution, the density of collagen, that non-specifically adsorbs, will incrcasc
as the density of methyl-terminated thiol increased. SAMs thet contained 2%, 4%, 10%
and 15% methyl-texminated thiol were formed on gold-coated electrodes. Half the
electrodes were incubated for 2 hours at 4°C with 0.005 rog/ml collagen in PBS while
the other half was incubated with PBS alone. The clectrodes were analyzed by
aftenating current voltamumetry (ACV) with a water seluble formocene derivative,
ferracenedicarbexylic acid, disselved in the slectrelyte solution (0.5 M NaC104). The
alternating oxidation/reduetion of the ferrocene at a characterislic potential produces a
cuwrent peak.  The magnitude of this current peak and potential ai which it occurred were
recorded. At low density methyl-terminated thiol, a curent peak was produced &t about
450 mVolts; its magniivde and position appeared to be unaffected by the presence of the
protein, collagen, At higher denzity methyl-terminated thiol, 10% and aver, a second
current peak is produced at about 300 mVolts, but onty in the presence of the protein
collagen. Rigure 28 shows high-density methyl terminated thiol electrodes in the
presence of ferrocene dicarboxylic acid. Solid lisie represents ¢lecirodes with collagen
bound w the methyl thiols. The hydrophobic chvironment caused by the collagen on the
surface of the electode causes the oxidation potential of the fertocene to shift, and twe
peaks are seen. Selid circles represents high-density methyl termirated thio) electrodes
thai are not bound to coflagon and thus do not affect the oxidation of the ferrocene.

This strategy can be used to detect the presence of uimodified proteins, peptides,
cells as follows: o mixed SAM is formed from ferrecene dicarboxyllic acid aitached to
a alkyi thiol, a thuol designed fo muke the SAM parmeable to electran flow and a thiol
terminated in a binding partner for a farget species (the binding partner can alse he
histidine-tagged and attached to the electrode by bindinge to an NTA-Ni moicty in the
SAM). IF the turget species is present in the sample sofution, then it binds to ifs binding
pariter that js prescnted on the SAM. The prosence of the protein near the SAM surface
changes the chemicel environmont around the ferrocene dicarboxyllic acid and causes its
oxidation potential fo shift to 2 lower potential. A shift in the characteristic oxidation
potential of the immobilized redex-active metal indicates the prosence of the target

species,

JP 2004-512497 A 2004.4.22



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

23

30

(113)

WO 0I12I8 PUTIUSOTZ016R

S5

When these experiments were performed with fermocene derivatives that did not
bave polar substituents on the ring, o effect was ohserved. Therefore, for this strategy
to work, it is essential that the immobilized redox-active metnl is in a pelar environnent
and that the immohbilized binding partner {conmected o the SAM via a thtol) is as small
as possible.

Example 9: ELISA

A technigue familiar fo those skilled in nalecular or cellular biology is Bozyme-
Tinked Immunosorleot Assays (ELISA) (Crrent Protacols in Molecular Bialogy,
Volume 2, Immunology /1.2, 1996, copyright from John Wiley and Sons Inc. 1994~
1998) A major problom with ELISAS is sensitivity. Enzyme signaling ocons ata 1:1
ratio; one antibody-coupled enzyme signals the presence of one antigen. Therefore,
micTogram quantities ot antigen are necessary for an effective ELISA, which is pot
pleusible in all cases. This renders ELISAs ineffective for detection of antigens on a ceil
surface that are expressed or presented at low levsls, Another problem with ELISAs is
that at low antigen concentrations, the assay is very tine-consuming, The amount of
enzyme hydrolysis is directly proportional to the time of hydrolysis, Nommally when
one performs an ELISA, a target specica is directly or indizectly attached to a plastic
substrate. The presonce of the immobilized species is then detected by binding o ita
“secondary” antibody that also has a signaling capability; the secondary mtibody is
usually conjugated to an enzyme, typically horseradish peroxidase (HRFO), alkaline
phosphatase (AP), or a fluorescent tag which is capable of performing a reaction on an
added subsizate that results in a color change (detected by a spectrophotoreter), or a.
fluorcscence labeling fag that can be detecled by a fluorimeter (see, fore.gz.,
"Localization of a passivcly ransferred buman recombinant monoclopal antibody to
herpes simplex virus glycoprotein I to infected nerve fibers and sensory neurens in
vive", Sanna PP, Deerinck 17, and Ellisman MH. 1999, Journal of Virology Oci. Vol 73
{10 8817-23)). Most ofter, for convenience, o that every antibody does not need to be
conjugated 1o an enzyme, a monse amtibody is used as the specific recognition antibody,
then an enzyme-conjugated rabbit-anti-mouse antibody is added.

Using the technelogy described herein, one can greatly incrcase the sensitivity of
ELiSAs and defect the presence ol the inunobilized turget species uging 2 natural ligand

(protein or peptide) or a drug candidate as the probe molecule. The presepce of the
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immobilized species is detecled by tinding to it a figund attached to a colloid that also
presents & plurality of horseradish peroxidase (HRPQ) or zlkaline phosphatase (AP).

The enzyme can be conveniently Linked to the colloid by & variety of meaus, including &
histidine-tag altached direcily to the enzyme, or by binding 2 mouse-anti-goat eneyme-
conjugated sntibody to a gaat aniibody that is attached to the colloid viu 2 histidine-
tagged protein G (Akerstom, B., Niclson, E., Bjorck, L. Joumal of Binlogical Chemistry,
1987 Qet. 5 Vol, 262 (28); pgs. 13388-91 and Fehnestock, S.R., Alexander, F., Nagle, I.
and Filpula, ©. {1936) Joumal of Bacteriology Vol. 167, 870-880). By binding a ligand
co-immobilized on 2 colloid with a plurality of enzymes, to the target apecies in place of
2 secondary antibody, the ratic of signaling melecules to binding events 1s increased by
orders of magnilude. The binding of one zoubody or ligand on the colloid to a presented
aniigen on an ELISA platc indirecily resuits in the binding of thousands or millions of
enzymes. Alternatively, aknown species can purposely be aitached to wells of a 96-well
plate so that one can probe with colloids that cach present a separate dmg candidate
along with the signaling enzymes. Currently, it is not possible to do this with existing
ELISA technology each drug candidaie can not be conjugated (o an enzyme.
Alterpatively, the natural ligand for the immabilized target can be prsseunied on the
colloid along with the signaling enzymes and drug candidates added to eacl: well of the
plate lo distupt the interaction. Unbound colleids and thus their signal arc lest in a wash
step. The target for the antibedy- or ligand-presenting colloids can be a cell ot a protein
beund directly or indizcet]y (via encther antibody or Lgand) lo an ELISA plate. The
advantape to this modification of an ELISA is not only sensitivity, but also eff3ciency.
Becausc several hundred signaling cnzymes remain bound via the collaids to one
antigen, substrute hydrolysis will oceur more quickly, and less time will be needed for an
adequate reading,

Example 10: Visual Detection of colloid-immobibzed ligand interaction with cell
surface receptors and disruption thereof

This example was canied out in a manner as described in Example 3 with the

following exceptions. Cells were grown on a roulti-well plaie. Following interaction,
visual inspection showed decotation of the cells with collekls selectively at locutions on
the cel! where the receptor was expressed. Referving to Big. 294, a confrol is shown in

which no binding occurred. A random sequence peptide was used. Fig. 29B shows
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desoration of cells with colloids selectively at locations o the cells where protein was
expressed.
Example 11: Detection of binding interaction between binding partogrs, ona bound nen-

specilically o a solid support, the other to a colloid

A proficin, spesifically streptavidin {Promega) was mon-specifically attached to
solid support, specifically {-sepharose beads. Tis binding parincr, biotin, was covaiently
attached to & thiel incorporated into a sclf-assembled monolayer on colloid pariicles.
Esposure of the colloid particles to the beads resulted in immobilization via binding
between the biofin. and the strepfavidin, coloring the beads red. Fig. 304 is 4 phatocopy
of a compuier-digitized mrcroscope 1mage of beads decorated (red, originzlly) by the
binding interaction. Fig. 305 (control), shows a sirailar image of beads that wore not
decorated: similar beads (streptavidin-bourd) exposed to colloids prosented an irrelevant
protein.

This example also, imporiantly, describes a self-assembled monolayer comprising
biotin en a colloid partick:. Biotin SAMs wers formed on <olloids as follows. A
solution in DMF wag made including 580 micromolar COOH terminated thiol and 20
micromalar biotin-terminated thiol. Thicls were C)1. Colloid preparation was cartied
out s described above, i which the described DMF solution of 20 micromolar biotin
and 580 micromolar COOH thiols were inoubated with the colloids. Other steps were as
ahove.

Example 12: ELISA with multiple signaling of a sinale binding event

"This example was run similarly to typical ELISA assays with the following
cxceptions/details: detergenls and surfactants were omitted from wash steps. GST was
immobilized onto & mulli-well plate. Mouse anit-GST antibody was added to the wells
and bound to GST. Alfer a typical wash stop, in one set of wells (experimental) colloids
presenting histidine-tageed Protein G were added and bound to 2nhi-GST. A second set
of wells (control) was not exposed to the Protein G-immobilized colioids. Foliowing
another typical wash step, all wells wers exposed to horse radish peroxidase-limked goat
anti-mause antthody. All were then exposed to typical horse radish peroxidase substrate
and sufphuric acid. The reaction was allowed to develop in the nopmal manper. Plates

were analyzed in s multi-well spechrophotometer reader.
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The result of this exampls shows six orders of magnitude preater signaling in the
gxperimenta] wells compured Lo the conirol wells, as horse radish peroxidese linked to
multiple G locations on colloid particles, Fig, 31 is a bar graph showing this six order of
magnitude incrzase. This example shows signaling of a single binding of a first
biological or chemical agent to a sccond biological or chemical agent with a plurality of
signaling entitics. The signeling of the plurality of eniitics occurs simultanceusly as they
bind to the colloid particle.

Example 131 Aftachraent of Unmodified Chemical or Biological Molecules to Self-
Asscmbled Menolayers Presented v Surfaces of Colloids iffeally. Attachment of

‘This exarople provides a technigue for the attachment of essentially any amine-
cODMAIMIng entity ta a suzface ahle to present a carboxyvlic acid or salt thereof. The
technique can be used 1o atiach the entity to a colloid, via atfaclunent to a self-assembled
maonglayer formed on a sucfeoe of g colleid. The molecule that is attached to the solf-
assembled monolayer need not include any particelar chemical functionality, such ag an
affinity tag or the like, prior to attachment. The enly requircment is thet the molecule
include at least one primary amine, such as are found in many amino acida.
Accordingly, the technigue is particularly well-suited for the covalent attachment of
proteins or peptides that carry primary amino groups to colloids that present carboxylic
acids at their surfaces.

Techniques for formation of self-assembled monclayers on colloids are described
above. These techniques were followed, with the following specific details and
provisions.

A profein was attached by forming an amide bond hetween a carboxylate on a
colloid swface {aiteched vie a SAM) and an amine residuc of the peptide. The amide
bend was formed by the application of a modified EDC/NHS coupling protocol. The
success of the coupling was tested by mixing colloids presenting streptavidin with,
colloids presenting biotin groups {viz a biotin SAM, described previously). [fthe
streptavidin was suceessfully attached then the two fypes of colloids would aggregate
and the suspension would change color and, ultimately, the celloids would precipitate

out leaving a clear solution.
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The colloids used for the coupling procedure were prepared as deseribed
¢lsewhere and were formed by incubation in a thiol solution containing 540uM,
(micromolar) COOH-terminated thisl, 60uM NTA-ierminated thiol, and then heat
cycling in 400ub ethylene ghycel-ierminated thio], 50ul of colloids in B3 were treated
with 50ul of 10mM EDC, 40mM NHS i water. After 7 min the colloids were spun
dowa, the liguid was removed, and the colleids were resuspended in 500ul (microliter) of
(. ling/ml streptavidin in phosphate buffer, pH 6.4. After 1.5 b, unreacted sites on the
colloids were blocked by adding ethanolamine and the colloids were spun down, then
resuspended in 100 microL of pH 6,4 phospliaze buffer to wash away excess, uncoupled
strepiavidin. Colloids were then spun down again and resuspended in 50ul PBS.

To amixture of 20 micreL of phosphate buffer and 15ul of biotin-presenting colloids
was added 15ut of streptavidin-presenting colloids prepared zbove. This sugpension was
compired to a mixtere of 35ul of phosphete buffer and 15ul of bictin-preseating colloids.
The addition of streptavidin-preseniiog colloids caused an immediate change in color
from ved to bilue. Afer ~10 min the mixture of biotin colloids and streptavidin eolloids
appeared clear with precipitate on the bottom. The mixture that did not contain the
biotin colloids remained red with no visible change.

The above-described proteco) is applicable to attachment of essentially any
chesuical or biological muolecule including an aming to a self-assembled monolayer on a
colloid. To ensure hinding of a molecule to only one celloid, rather than binding to
multiple colicids which could result in aggregation, the following adjustments can be
made 1f appropziate. The conceniration of ¢olloid in selution can be decreased, while
maintaining concentration of molecule desirably atizched and maintaining congeniration
of EDC/IVHS reactant, Qiher slight modifications can be made by those of ordinary skill
i the art for varicus molecules. Aminc-cantaining molecules can be selocted by those of
ordinary skill in the art and include, without limitation, proteins, synfhetic molecules,
peplides, dervatized nuclic acids, and other dervatized or naturally-ocoumning biological
molecules that contain amines. As would be appreciated by those of ordinary skill in the
art, a wide variety of specica can be synthezised with or attached to amines or amine-
containing species to render them attachable to a colloid according to this embodiment of
the invention.
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Those skilled in the art would readily appreciate that all parameters listed herein
ate meant to be exemplary and that actual parameters will depend upon the specific
application for which the methods and apparatus of the prosent invention are used. Tiis,
therefore, to be understood that the foregoing embodiments are presented by way of
example only and that, within the scope of the appended claims and equivalents thereto,

the inveniion may be practiced otherwise than as specifically described.

What Is claimed is:
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1. A method comprising:

allowing a colloid paricle the ability to become immobilized with xespect (o a
non-colloidal structure; and

determining immobilization of the colloid particle relaiive to the non-colloidal
structire.

2, A method as-ir claim 1, wherein the colleid particle compriscs an auxiliary
signaling cntity.
3 A methed as claim 2, wherein the augiliary signaling entity comprises a dys,

pigment, electroactive nwolecule, chemiluminescent mwoiety, electrochemiluminescent
moicly, flsorescent moicly, up-regulaling phesphor, or encyme-linked signaling moiety

itcluding horse radish peroxidase and zlkaling phosphatase,

4, A method as in claim 3, wherein the signaling entity comprises a metallocene.

3. A method as in claim 4, wherein the signaling entify comprises ferrocene or a
ferrocene derivalive.

6. A method as claima 1, comprising allowing o plurality of eolloid particles to fasten

to the non-colleidal structure, and determining fastening of the plurality of particles to

the non-collnidal structure.

7. A method as in claim 6, wherein the plurality of collvid particles comprises

auxiliary signaling cntilics.

8. A method as in claim 7, whergin the auxiliary signaling entities comprise a dyve,
pigment, slectroactive moleculs, chemiluminescent moiety, electrochemilnminescent
miety, fluorescent moiety, up-regulating phesphor, or enzyme-linked signaling moiety
ncluding horse radish peroxidase and alkaline phosphatsse.
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S. A method as in claim 1, further comprising providing a bielegical or chemical
agent livked to or adapted for linkage 1o the nou-colloidal strugture, and 2 binding
partner of the biclogical or chernical agent linked to or adapted for linkage to the particle,
the allowing step comprising allowing the particks to become linked to the non-colloidal

structure via the agent and the binding partner.
10. A methed as in elaim 1, wherein the non-colloidal structure 1s a bead.

11. A method as I cleim 10, wherein the bead comprises polymeric material,

agaross, tentagel, andfor magnetic matetial.

12. A method as in ¢laim 11, whersin the bead is 2 polystyrene bead.

13. A methed as in clam 9, comprising allowing the agent (o be linked 1o the non-
colloidal struetare, the binding partoer ta be linked to the particle, and the agent and the

binding partner to bind to cach other.

14. A method as in claim 13, comprising allowing the agent and the binding parimer
to biclogically bind to each other.

15. A method as in claim 3, wherein the biolegical or chemical agent is a dmg

candidate, and the binding partner is a target of the drug candidute.
16. A methed as in clzim 15, whergin the non-colloidal structure is 2 bead.

17, A method as in claim 15, whevein the non-colloidal structure is a surface of an

essentially planar substraie or chip.

18. A mcthod as in claim 9, wherein the biological or chemical agent is a mcleic acid

sequerce.
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19 A methed as in claim 9, wherein the biclogical of cheniical agent is a peptide,
and the binding pastner is a binding partner of the peptide,

20 A method as in claim 9, wherein the bislogical or cheimical agent is a protein, and

the binding partner is a binding pariner of the protein.

21 A mgthod as in claim 1, whercin the colloid partticle carrics an immobi
ligend, und the non-collidal structurce carrics a binding parmer to the ligand, the method
comprising allowing the colloidal parlicls the ability Lo fasten to the non-colloidal
struciure in the presence of & candidate drug for interruption of binding of the ligand to
the farget.

22 A methed as in claim 1, wherein the non-colloidal structure is 2 bead, furiher
comprising providing a plurality of beads, a plurality of biclogical or chemical agents
adapted for linkage to the beads, a plurality of patticles, and a plurality of binding
partners of the biological or chemical agents adapted for linkage to the particles, wherein
i lcast some of the agents and the binding partners are suspected of having the ability to
bind 1w gach other, the method comprising exposing at least some of the beads to af least

some of the particlss, and defsrmining iommobilization ol the parlicles on the beads.

23, A wethod as in olaim 22, wheraln the biologicel or chemieal agents are drag
caudidutes and the binding partners ure Largets of the diug candidateg, the method
comprising providing af least a first and u second bead in two separate locations, each
carrying a different immobilized drug candidute, sxposing the plurality of particles to the
at Jeast two beads, and differentiating linkage of the particles to the first bead versus the
second bead.

24, A method as in ¢laun 23, wherein ihe af Ieast two beads are seporately Jocated in

at least twn different wells of a paulti-well plate.

23 A method as i claim 22, wherein the biclagical or chemical agents are dmg

canchdates and the binding pariners arc fargets of the drug cundidates, the method
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comprising providing at least fwo beads carrying 2z drug candidate in two separale
locations, exposing (he first bead to a first set of colloid particles carrying a first target of
the drug candidate, and exposing the second bead o a second set of colloid particles
carrying a second target of the drug candidate, and differentiating linkage of the first set
of particles to the firsi bead vorsus the second set of particles to the second bead.

20. A method as in claim 9, comprising determining immobilization of the particle on
the non-colloidal structure by determining a change in spectnm of absotbed or

transmitted efectromagpelic radiation interacting with the particle.

27 A method as in claim 9, comprising dotermining immobilization of the particles

ovn the non-colloidal structure by visual inspection.

28. A method 25 in claim 22, comprising providing a plurality of the beads and
agents linked ta the beads, a phieality of the parlicles and binding partners linked to the
particles, and exposing the particles to the beads and determining immobilization of the
particles on the beads.

29. A method as in claim S, wherein a1 least one of the agent or binding pariner is
adapted for linkage to the non-colloidal stmcture or particle, respectively, via an affinity
tag/binding partner linkage.

30, A method as in claim 9, wherein at least one of the agent or binding pattaer Is
adapted for Hnkage io the non-colleidal struclure or particle, respectively, via a metal
binding tag/metal/chelate linkage.

31 A meihod 25 in claim 30, wherein at least one of the agent or hinding partner
carries immobilized thersto a ohelate coordinafing a metal, and =t leasi one of the ugent

or binding partner is derivatized with 2 polyaminn acid tag.
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32, A method as in claim 9, whercin at least one of the apent or binding partacr is
adapted for linkage {0 the non-colloidal structure or paticle, respectively, via s self-

assembled monolayer.

33, A method as in claim 9, whereln at least one of the agent or binding partner is
adupted for linkags to the bead or particle, respoctively, via complementary mucleic acid

SEQUENGS A,

34, A method 2s in ¢laim 9, wherein the binding parmer is adapted for linkage to (he
particle via gltathione/glutathione-s-transferase ligand interaction.

35, Awmethod as in olaim 9, comprising:

providing at Jeast a first and a second nopm-colleidul struchwe comprising
polymeric beads and at least a first and 2 second agent linked to the first and sccond
beads, respeciively;

providing a phurality of colleid particles each carrying immobilized thereto a
suspeeted binding pariner of the first and/or second agent;

exposing the beads to the particles; and

differentiating linkage of the particles to the first bead vs. the sscond bead.

36. A method as in claim 35, wherein the frst and second agents Tinked to the first
and second polymenc beads are suspected of biological or chemical inferaction with the
binding partner, and the differentiating stop comprises differentiating biological
interaction between the first agent and the binding partner vs. the second agent and the
tinding partoer.

37. A methed a3 in ¢laim 9, comprising:

providing a phurality of non-colloidal structures comprising beads sach carrying
the agent immoebilized thereto,

providing a first set and 2 second set of colloid particies, fhe first set cach
carying immobilized thereto a first suspected binding pactner of the ageni and the
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scoond get cach camying fmnobilized thereto a second suspected binding partner of the
agent;

exposing at least a first of the beads to the first set of particles and at least a
second of the beads to the second set of particles;

differentiating linkage of the first sct of particles to the first bead vs. the sccond
set of particles to the bead.

38, Amethod as in clatm 37, wherein the first and second suspected binding partners
are suspected of biolegical or chemical interaction wiih the agent, and the differcntiating
step comprises differentiating hiological interaction between fthe ageut and the first

suspected binding partner vs. the agent and the second suspected binding partner.

39, Amethod a5 in clmm 1, wherein the non-celloidal structure is a ccll.

40. A method ae in elafn 39, farther comprising providing  ligand for a tecepter or
profein at u surface of the cell, adapted for linkage to the particle, the allowing step
compiising allawing the particle to be linked to the cell via the ligand interacting with

the recepior or protein.

41, Amethod as in claim 39, wherein the ligand is adapted for linkage to (he particle

via a self-assenibled monalayer.

42. A method as in claim 40, wherein the ligand is a peptide, protein, antibody,

enzyme, ot small molecule,

43, Amethod as in claim 40, wherein the ligand is adapted for linkage to the particle
via an afinity tag/binding partoer linkuge.

44. A mecihod as i claim 40, wherein the ligand is adapted for Linkege to the particle
viu 2 metal binding tag/imetalfchelate linkage.
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45, Amethad as in ¢laim 42, whercin the ligand canvies a polyamine acid tag and the

pariicle carries an iminobilized chelate coordinating a metal.
46 A method as in claim 45, wherein the chielate is nitrilofriacetic acid.

47, A methed as ia claim 45, wherein ihe particle carries a self-assembled monolayer

including ik nitrilotriacetc acid,

48, A method as in claim 45, wherein the particle carries a seif-assembled monolayer

inchiding the immopbilized chelate .

49, A method as in claim 49, coroprising exposing the ligand und the particle to the
cell, allowing the Ligand to link to the particle, and determining fastening of the ligand to
the receptor o protein.

50. A method as in claim 39, comprising determining inmmobilization of the particle
on the cell by determining a change in spectrum of absorbed or transmitted

electremagnetic radiation interacting with the particle.

51. A method as in claim 3%, comprising detcrmining immobilization of the particle

on the cell electronically.

52, A method as in claim 51, comprising determining immaobilization of the particlc

on the cell via alferating ¢urrent voltammetry.

53. A method as ju claim 50, comprising determiming immobilization of the particle

on the cell by visual inspection.

54, Amethed as in claim 39, comprising:
providing a cell presenting a receptor or protein at a surface thereafs
providing a colloid particle; and
allowing the colloid particle to fasten to the receptor or protein.

JP 2004-512497 A 2004.4.22



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

30

(126)

WO 0I12I8 PUTIUSOTZ016R

L67-

35, A method as in claim 54, wherein the colleid particle includes an auxiliary

signaling entity.

36. A method as in claim 1, wherein the non-colloidal strocture is a cell exposing a
yeceptor or protein at a surface thorcof, further comprising providing a ligand for the
recepior or protein adapted for linkage to the particle and exposing the Hgand apd the
pariicle to the cell in fhe prescnce of 2 candidate drug for disruption of interaction
between the igand and the receptor or protein; and

determinimg fastening of the particle to the cell.

37. A method a3 in claim 36, wherein {he determining stop involves determining
inhibition of fasieping of the pariicle to the cel) indicative of effcctivencss of the

candidite drug In distupting receptor or profein/target protein interaction.

58 A methed ag in claim 56, comprising providing at least a first and a second cell in
separate locations, exposing the fisst ecll to a lpand for a cell receptor or protein of the
first celf and a colloid particle, the ligand adapted for linkage to the particle, and a first
candidate drug for dismption of interaction between the ligand and the receptor or
protoin, and adding to the second 2l the ligand and the colloid apd a second candidate
drug for disruption of interaction hetween the ligand and the receptor or protein, and

dilferentiating linkage of the particle to the first cell versus the second cell.

59, A method as in clzim 1, whersin the non-colloidal structure is a cell exposing a
recepior of protein at a surface thereo!, further comprising;

providing at least two of the cells in separate locations;

exposing each of the cells to a differemt targer protein to a cell receptor or protoin
and a colloid particle adapied for linkage to the respective larget protein, and

determining fastening of the particles to the cells indicalive of binding of the

different target proteins to the cell roceptor or proteins.
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60. A method as in claim 9, wherein the nop-colloidal structure is & magnetic bead

and the colleid pariicle comprises an awxiliary signaling entity,

61. A method as in claim 60, wherein the signaling entity is a metallocene.

62, A method as in clain 60, wherein {he signaling cntity iz ferrocene or a ferrocenc

derjvative,

63. A method as in claim 60, comprising expomng the perticle 1o the bead in the
presence of the agent and the binding partoer further tn the presence of an enzyme

having the ability o cleave the azent or binding partner.

64, A method as in claim 63, comprising first exposing the agent sud the binding
pariner to the enzyme, then oxposing the particle and the bead to the agent and the
binding partner.

65, A method as in claim 63, comprising exposing the particle o the bead in the
presence of the agent, the binding pariver, and the enzyme further in the presence of a

candidate drug for mederation of activity of the enzyme.

G66. A method as In claim 65, wherein the binding partner comprises a protein or

peptide that can be ¢leaved by the snzyime.

67. A method as in claim 66, wherein the protein is adapted for linkage o the collnid
and to the bead.

63. A mcthod as in claim 67, wherein the protein includes a metal binding tag and
biotin, one of the celloid or the boad includes a chelate coordineting 2 metal, and {the
ather of the colloid or bead mcludes streptavadin.
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69, A method as in claim 67, wherein the protein includes & metal binding tag and
biotin, the colleid includes a chelate coordinating a metal, and the bead includes
strepiavadin.

70, A method a3 in claim 60, wherein the signaling entity is 3 metallocene and the
Yinding pariner comprises a profein thai ¢an be cleaved by zn cozyme, compnsing
exposing the particle to the bead 1n the presence of the agent, the binding parmer, and the
enzyme further in the presence of a candidate dug for moderation of activity of the
enzyme, magnciicaily drawing the bead into prowimity with an electrode, and
deiermining proximity of the metallocene to the clectrode by activating the clecirode
thereby determining effectiveness of the drug candidate in inhshiting cleavage activity of
the enzyme.

71 A method as in elaim 1, comprising exposing the colloid particle and the non-
collpidal structure to an entity adapted for linkage both to the colloid particle and to the
non-colloidal structure in the presence both of an enzyme having the abilily to cleave the

entity and a candidate diug for mederation of activity of the enzyme.

72, Ametbod as in claim 71, wherein the non-colloidal structure is @ magnetic boad
aid the colloxd psrticle camies an iromobilized eloctroactive species, the method
comprising magaetically drawing the bead info proximity with an elactrode, and
determining proxitoity of fhe electroaciive spectes to the electrode by activafing the
¢lectrode thereby determining effectiveness of the drug candidate in mbibiting clcavage
activity of the enzyme.

73. A method as in claim 71, wherein the pon-colloidal structure is a surface of an
clectrode and the colloid particle carrics an immobilized cleciroactive specigs, the
method comprising exposing the electrode to the colloid pariicle, the entity adapted for
linkage both fo the colloid perticle and o the electrode, the enzyme, and the candidate
drug snd determining proximity of the ¢lectreactive specie to the electrode by activating
the elecirode thercby determining effectivencss of rthe drug candidate n inhibiting

cleavage aclivity of the enzyme.
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74. A methad as in claim 1, conaprising exposing the colloid particle and the non-
collaidal struciure to a substrate for an enzyme adapted for linkage to the non-colieidal
structure, a molecular species linkable fo the substrate via enzyme activity adapted for
linkage to the particle, and an enzyme for the substrate.

75, Amethod as in claim 74, further comprising exposing the colloid particle and the

non-colloidal siructure to a candidate drng, for moderation of activity of the cnzyme.

76 Amcthod as in claim 74, wherein the non-colloidal strocture is @ magnetic bead
and the collold particle carries an immobilized electroactive cntity, the method
comprising mapgnetically drawing the bead into proximity with an cleetrode, and
determuning proxunity of the electroactive entity fo the electrode by activaiing the
electrode therehy determining effectivensss of the drug candidate in moderating activity
of the cnzyme.

77. A method as in claim 74, wherein the non-colloidsl sfruchure is a surface of an
clectrode and the colloid particle carries an immobilized electroactive entity, the method
eomprising exposing the electrode surfase to the colloid particle, the substrate, the
enzyme, and the candidate drg and determining proximity of the electroactive entity to
the electiede by activating the electrode thereby determining effectiveness of the drug
candidate in moderaling activity of the enzyme.

78. A method as in claim 74, wherein the non—colloidal stracture is a magnetic baad,

79, A method as in claim 78, wherein the colloid particle comprises an awxiliary
signaling entity.

R, A mothod as in claim 78, wherein the signaling entity is a metallocene.

81 A method as i1 claim 80, wheeein the signaling entity is ferrccene or a ferracene
derivative.
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82, A method as in clafm 78, comprising exposing the particle to the bead in the
presence of the substrate and the binding partner further in fhe presence of a candidate

druyg for moderztion of activity of the cnzyme.

83. A method asin claim 82, wherein the binding pariner is adapted for linkage to the
particle via a metal binding tag/metal/chclate Imkage and the subsirate is adapted for
linkage to the bead via biotin/streptavadin linkage.

84. A method s in claim 82, whercin the signaling entity is 2 metallocone, further
comprising magnetically drawing the bead inte proximify with an elestrode, and
determining proximity of the metailocene to the electrode by activating the electrode
therchy determining cffectivensss of the drug candidate in modeﬁtiou of uclivity of the
enzyme.

85, A method comprising:
signating a single hinding of a first bioJogical or chemical agent to a second

biological ar chemical ageni with a plurality of signaling entitics.

86. A method a5 in cleim 85, comprising signaling the single binding with the
phucality of signaling entities simultancously.

87 A methed as in claim 85, comprising providing the first agent carrying the
plurality of signaling entities, allowing the first agent 10 bind to the second agent, and
determining the binding via the signaling entities.

88 Amcthod as in claim 87, wherein the first agent is linked to a particle to which

the signaling entitics are immobilized.

89, A method as in claim 87, whereln the first agent is linked to the signaling entitics
via a polymer.
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S0, A method a5 in claim 87, wherein the first zgent is linked to the sigmaling entities

via a dendrimor,

91. A method as in claim 87, whercin the first agent is a biological or chemical
ligand, and the second agent is a cell presenting a receptar or protein at a surface thereofl

tive miethod consprising aflowing the ligand to fusten to the receptor or protein

82, A method as in claim 87, whergin the phrality of sigoaling entities comprises 2

plurality of signaling entities linked to a polymer that is Tinked to the first agent.

93 A method as in claim 87, wherein the plurality of signaling ertities comprises a
plurality of signaling entities linked to a dendrimer that is Jinked to the first azent.

G4. A method os in claim 87, wherain the first agent is fastened to a colloid particle

that includes a pluralily of fmmobilized signaling entities.

93, A mcthod as in claim 85, wherein fhe plutality of signaling enfitles comprises a

plurality of eleciroactive molecules.

96, A method es in claim 95, wherein the plurality of elociroactive molecules

comprises 4 plurality of metailocenes.

97, A method as in elaim 95, wherein the plutality of electroactive molecules

comprises a plurality of ferrocene or a ferrocene derivatives.

98. A method as in claim 92, wherein the polymer is linked to the first agent via an
affinity tag/binding parmer linkage.

99 A metbod as in claim 92, wherein (he polymer is linked to the first agent via a
binding tapimetal/chelate linkage,
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100, Amethod as in claim 99, wherein the first agenf carries a pelyanine acid fag and

the polymer eatties a chelate coordinating a metal.

101, A method as in claim 93, wheren the dendrimer is Luked to the first agent via &
binding tag/metal/chelate linkage.

102, A method as in claim 101, whercin the first agent carries a polyamino acid tag

and the dendrimer carrics a chelate coordinating a mata].

103, A method as jn clamn 85, wherein at least one of the signeling eatities comprises
a dye, pigmemt, clectroactive molecule, fluorcscent moicty, up-regulating phosphor, or
enzyme-linked signaling mofety including horse radish peroxidase and alkaline
phosphatase.

104, A method comprising:
determining pratein/ligand interaction in the absence of SPR without labeling

sither the protein or the ligand.

165 A metbod as in claim 104, camprising exposing a lipand to a proteln suspected of
interacting with the ligand, the ligand in fixed proximal relationship with an electrouctive
entify having an electroactive gignal dependant upon proximity to the protein.

06, A method as in claim 104, the eleciroactive entity having an electroactive siynal
that is alterable dependent upon altered proximity between the slectroactive entity and

the proteir.

107 A method as in ¢laim 104, comprising exposing 4 protein to a susface at which
both the ligand and the electroactive entity are immobilized.

108, A method as in claim 107, wherein the surface is a surface of an glectrode.
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109, A methed as i claim 107, wherein the ligand and cicetroactive entity each form

part of a self-assembled monolayer at the surface.

110, Ametbod as in claim 169, the self-assembled monelayer including 2 species that

enhances permeahility of the self-assecmhled monolayer to clectrons.

111. A method as in claim 110, wherein the gpecies fat enhances permsability to

clecirons cemprises a conductive self-asserbled monolayer-forming species.

112, A method as in ¢laim 110, wherein the species that enhances permeability to

clectrons comprises a species that canses defect sites in the selt-assemblied monolayer

113. A method s in clam 104, whersio the ¢leciroactive cotity comprises a

etallocene,

114, A method as in claim 104, wherein the electroective entity comprises a [errocene

or a ferrocene derivative.

115. A method as in claim 104, wherein the clectroactive entity comprises ferrocenc

dicarboxylic acid.

116. A method as in claim 109, wherein the ligand is linked to a self-assembled

monolayer-ferming species via an affmity tagfinding partner linkage.

117. A method as i claim 109, wherein the ligand s imlked to a self-assembled

monoluyer-forming species via 2 metal binding lag/metal/chelate linkage.

118. A method, somprising:

a) providing i) a solution comprising colloids, said colloids comprising a
ligsnd capable of interacting with a cell surface melecule and i) a composition
comprising an electrode comprising growing cells, said cells compnising at least one cell

surface molecule capable of inteTacting with said ligand,
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B) adding at least a portion of said colloids to said composition.

139, The method of claim 118, further comprising:
c) detecting the aggregation of said colloids as a measure of the interaction of

said ligand with said cell surface molecule.
120, The method of claim 118, wherem said colleid is a gold colloid,

121.  The method of claim 120, wherein said gold colloid, prier io step (2), is treated
50 &3 (o incorporate thiol groups.

123, The method of glaim 118, wherein, prior 1o step (a), said ligand is derivatized

with a moicty that has a binding parteer,

123, The method of claim 122, wherein, prior to step {2}, said ligand ig derivatized

with a moiety that can bind to a metal chelate.
124.  The method of claim 123, wherein said mofety comprises 4 hisiidine tag.

125, Ameihod, comprising:

a) providing 1) a solution comprising colloids, said colloids comprising a
ligand capable of interacting with a cell surface molscule, ii) a candidate drug, and i) a
compesition comprising an eleetrode comprising growing cells, said cells comprising at
least one cell surface molecule capable of interacting with said ligand,

) mixing at least & pertion of said colloids with said drug and said

composition.

127. A method comprising:

recruiting an eleclronic signaling eulity (o an electrode using a magnsiic material.
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127. A method as in claim 126, comprising recruifing the signaling entity to the
electrode in part via proteln/protein linkage invelved jo mmobilization betwesn the

sipnaling entity and the magnetic material.

128, A methed as clain: [27, wherein the proiein/protein linkage involves proteins that

are not antibodics.

129, An article defining a surface, and a ligand suspected of interacting with 2 protein

and an electroactive entity sach immobilized relative to the sueface.

130, Anarticle as in claim 129, further compriging a specics that cohances

permeability of the surface to electrons immeobilized relative to the surface.

131, Ag aclicle comprising:
2 fivst biclegical or chemieal agent, capable of biclogieal or cheurieal binding to a

second agent, immeohilized relative to 2 plurality of signaling entitics,

132, Anarticle as in claim 131, wherein the first agent is linked to 2 particle to which

the signaling enfitics are immohilized.

133, An article as in clafm 131, wherein the first agent is immobilized relative to the

signaling entities via a polymer.

134, An article as in claim 131, wherein the first agent is immehilized relative to the

signaling entities via a dendrimer.

135, Axn atticle defining a surfuce, and a self-assernbled monclayer formed on the
surface of the articls, the monalayer comprising a mixture of 2 first molecwlar species
having a meolecular structure promoting self-assembly at the surface with other first
species i a tightly-packed manner preventing fluid to which the surface is exposed from
communieating clesttically with the surface, and 4 second melecular species baving 2

moleculyr structure different from the first species in such a way to cause disruption of
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the tightly-packed self-assembled struchwe thereby defining defocts in the tightly-packed
structure allowing fluid to which the surfece fs exposed to communicate electieally with,

the surface.

136, An article as in claitm 135, wherein the first epecies fs essentially Unear and the

second species meludes at leust one non-linear portion,

137, A composition, comprising 2 first molcenle and one or more signaling emities
attached 10 a selid support, whetcin said first molecule fs 2 Jgand capable ef interacting
with a cell-surface receptor or protein.

138.  The composifion of claim 137, wherein said solid support is a colloid,

139.  The composition of claim 138, whersin said coiloid is a gold colloid.

140, The composition of claim 138, wherein said ligand is covalently attached direetly

to said colloid.

141,  The composition of claim 138, wherein said sigpaling entifice are electroactive

moleoutes,

142, The composition of claim 141, wherein sad electroactive molecules comprise

ferrocene or g farrocene derivative.
143, The composition of claim 137, whersin said ligand is a peptide.

144.  The composition of claim 143, whercin said peptide s derivatized with a mojety
that can bind to a metal chelate.

145, The composition of claim 144, wherein said motety comprises a histidine fag.
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146.  The composition of claim 144, wherein said solid support comprises a metal
chelate and said peptide is attached to sai< solid support via binding of said moiety to

said metal chelate.

147, The composition of claim 137, wherein solid support comprises 4 monolayer of a

second moleculs,

148 The composition of claim 147, wherein said monolayer is a self-assembling

manolayer.

149.  The composition of claim 147, wherein said second molecule 1s a thiol.

150. A composition, comprising a first moleculc, a second molecule and a third
molecule atinched 1o & solid support, wherein said first molecule coraprises a ligand
capable of interacting with a cell-surface receptor or protein, wherein said second
molecule forrns a monclayer on suid solid support, and wherein said (hird molecule is
electroactive.

151, The composition of claim 130, whereir swid solid support is a colloid,

1532, The composition ol claim. 151, wherein said colleid is & gold colloid.

153, ‘The composition of claim 1351, wherein said ligand is covalently attached directly

to said colloid.

154, The compogition of claim 153, wherein said electroactive moleonle comprises

ferrocene or a farrocene derivative.
155, The composition of claim 153, wherein said ligaud is a peptide.

15¢.  ‘The composition of claim 155, wherein said peptide is derivatized with a moiety

that can bind to 2 metal chelate.
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157 The composition of claim 136, wherein said meiely comprises a histidine tag.

158, The composition of clainy 156, wherein said solid support comprises a metal
chelate and said peptide is attached to said solid suppart via binding of szid molety to

sald metal chelate.
159, The composition of clairn 137, wherein sad solid support is & liposome.

160, The compnsition of claita 147, wherein said Bposome comprises at 12ast one Tipid

confaining a reactive group.

161, Anarticle comgrising 2 metal suppert constructed and amanged to support the
growth of cells on a surface thereof, said metal support eomprising a menalayer of at
least one type of molecule, said monalayer configured such that metal support can be

used as a electrode.
162, Anarticle as in claim 161, farther comprising cells growing on the metal support.

163, A composition comprising:
a colloid particle
a signaling entity immobilized relative o the colloid particle; and
a protein fmmobilized relative to the colleid particle.

164. A species comprising;
a poiymer or dendrimer carrying a plurality of sipnaling snfitics adapied for

linkage to a biclogical or chemical agent.

165, A species as in clum [64, wherein the polymer or dendrimer is adapted for

linkage to the chemical o biological agent via a metal binding fag/metal/chelate linkage.
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166. A species as in claim 164, wherein the polymer or dendrimer carries a chelate

that can coordinate a metal.

167. A speeicsas in claim 164, wherein the polymer or dendrimer carvies a plurality of

slectroactive species.

168, A species as in claim 164, wheiein ths polymer or dendrimer carries a plurality of

metallocenes.

169. A species as in claim 164, wherein the polymer or dendrimer carrics a plurality of

ferrocene or 4 ferrocens derivatives.

170.  An article comprising a colloid particle immobilized relative to a ghitathione

derivative and at least one signaling entity.

171.  An article comprising a colloid parficle carrying oo u surfuce thereof a self-

asscmbled menolayer comprising a glutathione derivative.

173, A method as in claim 1, wherein the non-celloidal structure is a biclogical

specimen,

173. A method ae in claim 172, wherein the biological specitmen is taken from a

human or animal.

174. A method as in claim 173, wherein the biclogical specimen comprises cells or a

tissue section.

175. A method as in claim 172, comprising providing at least a first and a second
biologieal sprcimen;

exposing the first and sceond specimens to celloid particles carrying imunobilized
species suspected of or having the ubility to bind to binding partners presented by the

speeimens.
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176. A method as in claim 175, wherein the first ind second biological specimen of

are different siates of infection or disegse,

177, A method ae in ¢laim 175, comprising determining a differcnce in binding of the

eolloid particlss to the first specimen es oppesed to the different specimen.

178, A mgcthed as in ¢laim 177, wherein the difference comprises a difference m level

of binding,

179, A method as in claim 177, wherein the differsnce is a difference in pattern of

colleid immobilization.

180. A method a5 in elaim 175, frther comprising:
determining immobilization of the colloid pariicles to cither or both of the

specimens

181. A method as in claim 175, whercin the biological specimer or its source has beey
pre-treated with a candidate drug for modification of a diseasc state that can be
determined by expression level and/or pattern of binding pariners cxpressed by the

speciimen.

182. A method as in claim 1, whercin the non-colloidal strucfure comprises an article
defining 2 surface, aad a self-assembled monelayer fonned on the surface of the article,
the monolayer corprising 1 mixtwre of a first molecular species having a meleenlar
structure promating self-assembly at the surface with other first species in a lightly-
packed manner preventing fluid to which the surface is exposed from commurdcating
clectrically with the surface, and a sccond molecular species that comprises 2 molecular

wire,

183, A methnd as i claim, 1, whereln the non-collotdal structure is a solid support.
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124 A method as in claim 183, wherein the surface is a surface of an electrode,

185, A method a3 in claim 183, further comprising a figand and an electroactive entity

each formmg part of a selftassembled monclayer at a surface of the colloid particle.

186. A mcthod as in claim 183, the scli-assembled monelayer including a specics that

enhances permeability of the self-assembled monolayer to elcotrons.

187, Arpsthod a5 in claim 186, wherein the species that enhances permeability to

electrons comptises a conductive self-assembled monolayer-forming species.

188, A method as in claim 186, whaerein the species that enhances permeability to

electrons ¢ompriscs a species that causes defect sites iu the self-assembled monclayer

189, A method as in claim 104, wherein the electrosetive entity coraprises ferrocens

dicarboxylic acid.

190, A method as in claim 183, wherein the ligend is linked io 2 self-assembled

monolayer-torming specics via a metal binding tag/metal/clielaie linkage,

191, A method as in claim 183, wherein the solid support comprises a substantially

planar substrate.

182, A mecthod as in claim 183, whergin the surface of the article carmies a self-

sssembled monolayer.

193, A methnd as in claim 192, wherein the sglf-assembled monolayer is a condustive

sclf-assembled monolayer.

184, A meihod as in claim 192, wherein the self-assembled monolayer includes a

binding partner for an atfinity tag,
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195 A method as in claim 194, wherein the binding pariner iz a chelafe able to

caordinate a mefal.

196. A method us in claim 194, whercin tbe binding parmer for the affinily tag

comprises glutathione or biotin.

197. A method as in claim 195, further comprising a chemical or biological agent
fastened to the self-assembled monoiayer via EDCAVHS coupling chemistry.

198, A method as in cldm 193, comprising a plurality of chemical or hiclogical
binding partners fastened to the self-assembled monolayer and distributed randomly

acrogs the self-assembled monalayer,

199, A method as in claim 193, wherein the selfassombled monolayer inchades
iselated regions each further comprising a unique chemical or biological binding partner
fastened thereto.

200, A method as in claim 182, wherein the colloidal structure ineludes 2 chemical or
biological agent fasteped therelo that is a binding partner or is suspecied of being a

binding partner of a chemical or bicksgicel azent fastened io the surface of the article,

201. A method as in claim 200, wherein the colloidal particle ncludes and auxiliary
signaling entity.

202. A metbod as in claim 200, further comprising a self-assembled monolayer on the

surface of the coltoidal particls.

203 A methed as in clabn 201, whercin the =uxiliary signeling entity s an
clectroactive signaling entity.

204, A method s in clairn 201, wherein the auxiliary signaling enlity is a visible
signaling entity.
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Examinatich of the claims and description has failed 1e tlearly identify
a single problem sé1ved by a single selution to which the agp! tatiop is
sddressed. Indeed, the claims. appeer to encompass, using only generalised
tanguege, diverse ard apparently unrelated subiect-matter ufiiTst the
description itself (page 3% appears to refer to wide and nom-specitically
discloged fialds to which the subjsct-matter of the application may be
relevant.Therafare, the description and ¢iaims fail to camply with
Artictes § and 6 PCT, Furthermore, givep the Jack of clarity with regard
to the exact subject-matter of the application, it has_not Desn possible
to identify any subject-matter with regard to Article 33(3)(b) PCT.

In view of the 'lanée number and 2180 the wording of tha cl&ims presently
o file, which render it difficdlt, if not impossible, to determine the
matter for which protection Ys sought (the present claims relate to an
axtremz 1arge numﬁer of mﬁihﬂiﬂes% the presept application fails to
comply wi th the ¢1ar1:_¥ and / or cancisenass reguirsments of Articles 5
and & PCT {5ee algo Rule 5.1 [&) PCT} to such wn extent that a meaningful
search 15 impessible. Consequently, no search repert cdn be established
for the present application (Articie 17 (2) PCT).

The spplicant's atiention i3 drawn ta the fact that ciaims relating te
inventions %n respect of whi ch no international search repert has been
establishad need ot be tha subject of &n internationzl preliminary
examination (Rule 66.1(e) BLT). The a?ph':ane iz advized’ that the EPD
pn]ic%l when acting as an Imternationd
normaily ot to carry out s praliminary axamspetion on matter whizh has
not been searched, This id the casa jrrespective of whether or not.the
claims are amended fallowing recelpt of the search repore or during any
Cheptar II pracedure, If the application procesds ints the regicnal phase
befgra tha 2P0, <he applicsnt 15 reminded thaz a search may be carried
aut dyring examination before the EPD (see EPO Guidelipe C-VI, B.5],
shou1d the problems which led to the Article L7{2] declaration be
overcine.

Preliminary Examining Autharity is

JP 2004-512497 A 2004.4.22
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