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1998, each of which disclosure is incorporated by reference herein.

5 Background Of The Invention

This invention relates, e.g., to compositions, apparatus and methods useful for
concurrently performing multiple biological or chemical assays, using repeated arrays of
probes. A plurality of regions each contains an array of generic anchor molecules. The
anchors are associated with bifunctional linker molecules, each containing a portion which

10 is specific for at least one of the anchors and a portion which is a probe specific for a target
of interest. The resulting array of probes is used to analyze the presence of one or more
target molecules which interact specifically with the probes. The invention relates to diverse
fields distinguished by the nature of the molecular interaction, including but not limited to
phannaceutical drug discovery, molecular biology, biochemistry, pharmacology and medical

15 diagnostic technology.

Pluralities of molecular probes arranged on surfaces or “chips™ have been used in a
variety of biological and chemical assays. Assays are performed to determine if target
molecules of interest interact with any of the probes. After exposing the probes to target
molecules under selected test conditions, detection devices determine whether a target

20 molecule has interacted with a given probe.

These systems are useful in a variety of screening procedures for obtaining
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assay, or multiple potential drugs or therapeutic agents to be tested in a method of drug
discovery. A combination is provided which is useful for the detection of one or more
targets in a sample. This combination comprises a surface comprising a plurality of spatially
discrete regions, which can be termed test regions and which can be wells, at least two of
15 which are substantially identical. Each surface comprises at least two, preferably at least
twenty or more, e.g., at least about 25, 50, 96, 864, or 1536, etc., of such substantially
identical regions. Each test region defines a space for the introduction of a sample
containing (or potentially containing) one or more targets and contains a biological or
chemical array. (Phrases such as “sample containing a target” or “detecting a target in a
20 sample” are not meant to exclude samples or determinations (detection attempts) where no
target is contained or detected. In a general sense, this invention involves arrays to
determine whet}ter a target is contained in a sample irrespective of whether it is or is not
detected.) This array comprises generic “anchors,” each in association with a bifunctional
linker molecule which has a first portion that is specific for the anchor and a second portion
25 that comprises a probe which is specific for at least one of the target(s). The combination
of this invention is placed in contact with a sample containing one or more targets, which
optionally react with a detector molecule(s), and is then interrogated by a detection device

which detects reactions between target molecules and probes in the test regions, thereby
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biological assays and to do very many assays at once (i.e., in very high throughput) are two
important advantages of the invention.
In one embodiment, for example, using 96-well DNA Bind plates (Corning Costar)
made of polystyrene with a derivatized surface for the attachment of primary amines, such
20 as amino acids or modified oligonucleotides, a collection of 36 different oligonucleotides
can be spotted onto the surface of every well of every plate to serve as anchors. The anchors
can be covalently attached to the derivatized polystyrene, and the same 36 anchors can be
used for all screening assays. For any particular assay, a given set of linkers can be used to
program the surface of each well to be specific for as many as 36 different targets or assay
25 types of interest, and different test samples can be applied to each of the 96 wells in each
plate. The same set of anchors can be used multiple times to re-program the surface of the
wells for other targets and assays of interest, or it can be re-used multiple times with the

same set of linkers. This flexibility and reusability represent further advantages of the

invention.
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advant ages of Anogher embodiment is a imtieydt fop determining an RNA expression pattern, which
20 comprises incubating a sample which comprises as target(s) at least two RNA molecules

with a combination as described above, wherein at least one probe of the combination is a

nucleic acid (e.g., oligonucleotide) which is specific (i.e. selective) for at least one of the

RNA targets, under conditions which are effective for specific hybridization of the RNA

target(s) to the probe(s). Another embodiment is a method for identifying an agent (or

25 condition(s)) that modulates an RNA expression pattern, which is the method described

above for determining an RNA expression pattern, further comprising comparing the RNA

expression pattern produced in the presence of said agent (or condition(s)) to the RNA

expression pattern produced under a different set of conditions.

By way of example, Figures 1 and 2 illustrate a combination of the invention and a
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to determine if mRINA 1 is present in a sample, a detection device which can recognize

20 patterns, and/or can interrogate specific locations within each region for the presence of a
. signal, is employed. If'the cell lines are incubated under conditions in which their mRNAs

are labeled in vivo with a tag, and if mRNA 1 is present in a sample, the detector will detect

a signal emanating from the tagged mRNA at the location defined by anchor/probe complex

1. Alternatively, the mRNA can be directly labeled in vitro, before or after being added to

25 the regions (wells). Alternatively, as is illustrated in Fig. 1, mRNA can be tagged indirectly,
before or after it has hybridized to the probe, e.g., by incubating the RNA with a tagged

“detector” oligonucleotide (target-specific reporter oligonucleotide) w.hich is complementary

to a sequence other than that recognized by the probe. In the illustrated example, 15 samples

can be analyzed simultaneously. Because at least 20 or more, e.g., as many as 1536 or more,
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By way of exanple, Figures 1 and 2 illustrate a conbination of the
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5 WO MWERédd of using it to det ect an mRNA tar get. PGHUSHE BAce of
t he i nvention, shown in Fig. contains 15 identical test
regions; in an especially preferred enbodlqrent of the invention,

each of these test regions is a well in a mcrotiter plate. Each of the

test regions cont al ns ,si rent a chors ed as
nunber 51 6. FREPIELOR R atabret sy tamersslt i BEE ARG Se o VB fus iR
anchors, anchassagsysedm.ch, in a nost preferred enbodi ment of the i nventi on,
is an | i cLetlde, Jo anc i.s attached, a

nol ecul e, |inker 8‘ \ﬂ?ﬁ% g?ﬁﬁ‘" defers fg, su B 8tnce widsd PSP %S’H?ty aﬂa/é’rf‘i“?‘é”(t
portion, whicls deﬁlréilS@b Heemiifdd dnb evheoh¢tBodn affisity for & Biven probe) Thargeds cATbeaan-
ollgonucleotlde whi ch

n h rldlzes Ifically to t Qr. The_ second
portion, whicpadeor namral?y— s sé‘é*@ t?\pyécqnche ef"rﬁ’g’yf"g% qir pelicred Hatest -
here, target R adgregales with omr §pdcieL uqs E&& EbeditadiRd, covalentlyddrindfdbialefid), i de
whi ch can hybridjze to that target. ough, not illustrated in this

figure, to a binding gmemben, either, rffcem ‘ﬁ? h@PeFliﬁ&él@ﬁ&fB‘P%a“%rﬁ’?%}eﬁ af targets o

its own |inkerynipcddbe aRpRYET ﬁpﬂi?s' M@mmn include, but are 9;9{ iﬂnﬂ@d 162 dptolY6R"
can contain a probe portion specif for, e.g. different from

(or the sane &sjickrNmpids, cvﬂursembrmétqraa é@%ﬁbﬁﬁlm |TGI-WP@E§) ligands; cagonigts prsay
as many as 15 tagom?ts which bmq'té %%Eﬁi@%fcéﬁt'g)f%bﬁoﬁ_yégmﬂ Qﬁnb%ﬁ{’é? x%liﬁg\lo?ﬁranﬁ&%les

presence of nR si mul t @aneous ets which
are specified a(lémjtjpraﬁmdye Wigh melﬁgtﬂhtmemt deternpnm@whmtonenrasqsege)ls orfagher

poL o7, e 3 hasP Al oL o8 g R SR e
snmal | vol une tdigomsleofideshBNAgvirad RNA arDNA) ESTs, cDNA, PCR—arnphﬁed produats dkeined d
under Condi L i SNE6 b5, LtmBAtA B Bl Ml R PSR
det ectlson devieneymés, sivhcanhase caspoenisibde for cleaving neurotransmitters, proteases, kinases and
the like); substrates for enzymes; peptides; cofactors; lectins; sugars; polysaccharides; cells;
cellular membranes; organelles; etc., as well as other such molecules or other substances
which can exist in complexed, covalently bonded crosslinked, etc. form. As used herein, the
terms nucleic acid, polynucleotide, polynucleic acid and oligonucleotide are interchangeable.
20 Targets can also be referred to as anti-probes.
| As used herein, a “probe” is a substance, e.g., a molecule, that can be specifically
recognized by a particular target. The types of potential probe/target or target/probe binding
partners include receptor/ligand; ligand/antiligand; nucleic acid (polynucleotide)
interactions, including DNA/DNA, DNA/RNA, PNA (peptide nucleic acid)/nucleic acid;
25 ' enzymes, other catalysts, or other substances, with substrates, small molecules or effector
molecules; etc. Examples of probes that are contemplated by this invention include, but are
not limited to, organic and inorganic materials or polymers, including metals, chelating
agents or other compounds which interact specifically with metals, plastics, agonists and

antagonists for cell membrane receptors, toxins and venoms, viral epitopes, hormones (e.g.,
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cellulose; nitrocellulose filters; nylon membrane; or polyacrylamide gel pad. Substrates that

are transparent to light are useful when the method of performing an assay involves optical
detection. In a preferred embodiment, the surface is the plastic surface of a multiwell, e.g.,
tissue culture dish, for example a 24-, 96-, 256-,. 384-, 864- or 1536-well plate (e.g., a
20 modified plate such as a Corning Costar DNA Bind plate). Anchors can be associated, e.g.,
bound, directly with a surface, or can be associated with one type of surface, é.g., glass,
which in turn is placed in contact with a second surface, e.g., within a plastic “well” ina
microtiter dish. The shape of the surface is not critical. It can, for example, be a flat surface
such as a square, rectangle, or circle; a curved surface; or a three dimensional surface such
25 as a bead, particle, strand, precipitéte, tube, sphere; etc.
The surface comprises regions which are spatially discrete and addressable or
identifiable. Each region comprises a set of anchors. How the regions are separated, their
physical characteristics, and their relative orientation to one another are not critical. In one

embodiment, the regions can be separaied from one another by any physical barrier which



material s); drugs; nucleic acids or polynucleotides (including nRNA tRNA,
r RNA, ol i gonucl eoti des, DNA, viral RNA or DNA, ESTs, CDNA,
PCR-anplified products derived from RNA or DNA, and nutations,
variants or nQ9%3&Bi ons thereof); proteins (including 1 5 PCT/US9827191
enzynmes, such as those responsible for cleaving neurotransmtters,

pr ot eases, ki nases and the liKe); substrates for enzynes;
pepti des; cofactors; Iectins sugars; polysaccharideS' cells;
cel lul ar nenbranes anel | es: . etc

as other such: nol | r
ot her subst andggsistant o epassag?/\ﬁllgﬁldéaﬁ(’ mé‘f’ief R G ,°%%?P§’ﬁ§§fe%§9ng
bonded crossl bﬂh%ivelﬁbﬁa miBiwell (é\g mwbummrepmm, fdrlegample a 24-, 96-, 256t e:m;sm_

nucl eic acid, polyn oti nucleic gcid and o onucl eot.i d
i nt er changeabPB! ;%O p?at e 138 13&% a@gasf ﬂ’l"%?"?‘?agﬁm}é?" Etohave,
ant | - probes. for example, 864 or 1536 dxsoPae tsﬁﬁ;b“hﬁélw MNAltednativeRPE surfaBe aanswmiraace,
a nol ecul e, that can be speC|f| ally recogn ﬁ 'd%
P ghs oS

part i Ul ar t aFeEAens MIRDOSFRREYIGEE OpHEH g 5#%1658%83#@% e.gp Piesg

binding  orpaper, mcpf?iﬁfvm%ﬁﬁ'e@&?slcﬁﬁjﬁxrﬂh&%l&ﬂ{eﬁlbygeﬁﬁmbhgﬁﬂﬂr@(ktg ldaed;
nucl ei c acid R&IN ol ynucl eot i de) i nteractions, including

DNA/ DNA, DNA/ astrngs glase prtichaichinrates the seraralg 7o81985 e Pptiopally;a sprface can already
enzynes, ot herg Pg@fn@é ¥2¢ Sr mife HHELS Ms{saepsﬁhowagéaca%%&aﬁaém BERL the
nol ecul es or e ecules; etc. Exanples of pr obes t hat
are cont enpl ane@iviﬁyaltrhzlsnﬂ ménhﬂeewm limdalne@er erhodimens, amrays of anchors within each
limt to, r | s,
chol a:flﬁ'ng 0T, AR San%'é‘lgi %cgﬁ&ﬂs 3 SnJT%toﬁlell npoun Q&EX %urﬁént e%‘ilé g\{i‘\kéﬁ%&?&%
specifically wiot dnch@’s,adrésy chbemical indaxigs,rsueht &5 waxdor sﬂxcones to prevenfi spireaglingi oft s
(o oot oM 8l 5 GhUhiined Glllin b RRAFcantle ol RS allR/ URRS®
opi oi dpept i deshamtels; o déesigned foy flowethrngleassgysegstdiscised, lfquedanﬁlbnolﬁtdﬂtmgt al
phOSphO|IpIdS) p h_as {e

ki nases), enz U%ig? ?%f’ﬁé 780 ?aCt%elgéo,nsHYmBQrg % ?ﬁgfa 3‘85? §%% defined by
nucl eil6 aci ds rqodifitatidh ofthe hirfjeeitselfeBér ed@aple, i stidiAfacddald\ canprive gbiftioptinade
substituted

of modified or derivatized plastic, which can serve, e.g., as sites for the addition of specific
types of polymers (e.g., PEG can be attached to a polystyrene surface and then derivatized
with carboxyl or amino groups, double bonds, aldehydes, and the like). Alternatively, a
plastic surface can comprise molded structures such as protrusions or bumps, which can
20 serve as platforms for the addition of anchors. The relative orientation of the test regions can
take any of a variety of forms including, but not limited to, parallel or perpendicular arrays
within a square or rectangular or other surface, radially extending arrays within a circular or
other surface, or linear arrays, etc. .
The spatially discrete regions of the invehtibn are present in multiple copies. That
25 is, there are at least two, preferably at least twenty, or at least about 24, 50, 96, 256, 384,
864, 1536, 2025, or more, etc., substantially identical, spatially discrete (separated) regions.
Increasing numbers of repeated regions can allow for assays of increasingly higher
throughput. Substantially identical regions, as used herein, refers to regions which contain

identical or substantially identical arrays of anchors and/or anchor/linker complexes.
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20 In a preferred embodiment, the regions are spaced approximately 5 mm apart. For example,

each region could comprise a rectangular grid, with, for example, 8 rows and 6 columns, of
roughly circular spots of anchors which are about 100 micrometers in diameter and 500
micrometers apart; such a region would cover about a 20 millimeter square area. Larger and
smaller region areas and spacings are included.

25 The regions can also be further subdivided such that some or all anchors within a
region are physically separated from neighboring anchors by means, e. g., of an indentation
or dimple. For example, the number of subdivisions (subregions) in a region can range from
about 10 to about 100 or more or less. In one embodiment, a region which is a well of a

1536-well dish can be further subdivided into smaller wells, e.g., about 4 to about 900,
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specifically to the portion of a linker that is an antigen or an anti-antibody molecule; in the
obverse, the anchor can be a peptide, and the portion of the linker which binds to it can be
25 an antibody or the like. In another embodiment, the anchor can be a lectin (such as
concanavalin A or agglutinins from organisms such as Limulus, peanut, mung bean,

i’haseolus, wheat germ, etc.) which is specific for a particular carbohydrate. In another
embodiment, - the anchor can be an organic molecule, such as a modified or derivatized

plastic polymer which can serve, e.g., as the stage for speéiﬁc solid phase chemical synthesis



I dentical or substantially identical arrays of anchors and/or anchor/linker
conpl exes.
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300, and most preferably between about 30 and about 100 (e.g., about 64). In some
preferred embodiments, theré are about 16, 36, 45 or 100 anchors/test region for a surface
with 96 test regions (e.g., wells), or about 9, 16 or 25 anchors/test region for a surface with
384 test regions (e.g., wells). In a most preferred embodiment, each anchor in a test region
20 has a different specificity from ei/ery other anchor in the array. However, two or more of
the anchors can share the same specificity and all of the anchors can be identical. In one
embodiment, in which a combination of the invention i;omprises a very large number of test
Tegions (e.g., about 864, 1536, or more), so that .a large number of test samples can be
processed at one time, it might of interest to test those samples for only a limited number
25 (e.g., about 2, 4, 6 or 9) of parameters, In other words, for combinations comprising a very
large number of regions, it might be advantageous to have only about 2 to 9 anchors per
region.
The physical spacing and relative orientation of the anchors in or on a test region are

not limiting. Typically, the distance between the anchors is about 0.003 to about 5 mm or
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separated assay wells (test regions) or separate assay droplets. The term “assay positions”
will be used to refer to the positions of the assay surface where assay samples are applied.
(These can be defined by the position of separate droplets of assay sample or by the position
of walls or separators defining individual assay wells on a2 multi-well plate for example.)

20 The anchor pattern itself (e.g., a “bar code”-like pattern of oligonucleotide anchors) is used
to define where exactly each separate anchor is pdsitioned by pattern recognition - just as
each line of a barcode is recognized by its position relative to the remaining lines. Hence
the first anchor need not be at one edge or one comer of each assay position. The first
anchor will be found by pattern recognition, rather than position relative to the assay

25 . position. As long as the area used by each assay position (the area of the droplet or the area
of the well for example) is large enough to be certain to contain at least one whole unit of
the repeating pattern of anchors, then each assay point Wil_l test the sample for that assay
position for all of the targets specified by the (bar-coded) pattern wherever the pattern lies
within the area of the assay position.
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15 fluorescence microscope or Fluorescence Activated Cell Sorter (FACS).

An anchor can interact or become associated specifically with one portion - the
anchor-specific portion - of a linker molecule. By the terms “interact” or “associate”, it is
meant herein that two substances or compounds (e.g., anchor and anchor-specific portion
of a linker, a probe and its target, or a target and a target-specific reporter) are bound (e.g.,

20 attached, bound, hybridized, joined, annealed, covalently linked, or otherwise associated)
to one another sufficiently that the intended assay can be conducted. By the terms “specific”
or “specifically”, it is meant herein that two components (e.g., anchor and anchor-specific
regidn of a linker, a probe and its target, or a target and a target-specific reporter) bind
selectively to each other and, in the absence of any protection technique, not generally to

25 other components unintended for binding to the subject components. The parameters
required to achieve specific interactions can be determined routinely, e.g., using
conventional methods in the art.

For nucleic acids, for example, one of skill in the art can determine experimentally

the features (such as length, base composition, and degree of complementarity) that will
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attached via a nickel chel ating agent to a target-specific
probe. Alternatively, the chelating agent can be the anchor and
t he pol yhi st i WoRe/32462 probe-rel ated portion. Alternatively, FER&SEFENYr can
be an I norgani ¢ substance. For, exanple, it can be a netal such
as cal cium or magnesium and the 10 14 anchor-specific portion of the

| i nker can be a preferential chel ating agent, such as EDTA or
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shar e, 4 he Samé @3{? s hl%hﬁsyr%n?'agncﬂﬁdnsgr{wﬁﬁgﬁh nvenhén GAloddr WHENLEN at léa?ta‘r-"gg

errbodl ment a co nat | on tron conprises a ver
nunber of t esBS%, preferably aboutr oo o9 %4, eug¢qndabomple8&ntarx!uz5@®ntlb® bmeél) thQso

that a large nu

tinme, it m ghf1 Y% o?lc fuﬁ er egfe%frsél%gé(ﬁ&gt%os%&ggﬁdﬂu&os? h'ybn fﬁogg(ﬁﬁﬁﬁ’t g nunb

25rrb' y (e. gelectabwhith 2quits e cmpl%mﬁht}narge,lmbbm 98%, $5%,(715ﬂfe50%m¢:|smn6m

conbi nati ons c¢o i.Sing a ver e 4" ar nunher_ o e

T aht be advaFRTEAtDs Trakten harampters vhich cams Vet A it GonsBpatic lBen pit,

regi obs temperature tlme of inthieatiohysmouat akipgps ofidenatiranesuhiay dormatnide] atci on

of the anchor i n o es ar,e n it

ot oo PO Dot 4 R B MM Comiee: et B el B R T VB or
1 3, Cold Spnng Harbor Press, New York; Hames et al (1985). Nucleic Acid
Hybridization, IL Press; Davis et al. (1986), Basic Methods in Molecular Biology, Elsevir

Sciences Publishing, Inc., New York). For example, nucleic acid (e.g., linker
20 - oligonucleotides) can be added to a test region (e.g., a well of a multiwell plate - in a
preferred embodiment, 2 96 or 384 or greater well plate), in a volume ranging from about
0.1 to about 100 or more pl (in a preferred embodiment, about 1 to about 50 ul, most
preferably about 40 pl), at a cbncentration ranging from about 0.01 to about 5 uM (in a
preferred embodiment, about 0.1 uM), in a buffer such as, for example, 6X SSPE-T (0.9 M
25 NaCl, 60 mM NaH,PO,, 6 mM EDTA and 0.05% Triton X-100), and hybridized to a binding
partner (e.g., an oligonucleotide anchor on the surface) for between aboﬁt 10 minutes and
about at least 3 hours (in a preferred embodiment, at least about 15 minutes) at a temperature
ranging from about 4° C. to about 37° C. (in a preferred embodiment, at about room
temperature). Conditions can be chosen to allow high throughput. In one embodiment of



12 | ess, preferably between about 0.03 and about I. Larger
and smal | er anchor spacings (and areas) are included. The
anchors can be arranged in any orientation relative to one anot her

and to the bowarRe&s of the region. For exanple, they can bRCHVSHAFEH in a
t wo- di nensi onal orientation, such as a square, rectangular
hexagonal or other array, or a circular attay with 5 anchors
emanating fromthe center in radial |lines or concentric rings. The anchors

can al so be arranged in a one-dimensional, |inear array. For

exanpl e, ol i gtheiryestion desreaciign genditions can approximats physiolegical gondiiense i ¢

positions along a PN“‘dé&E Fél\ﬂ%ufe?%e@s@subgaﬁcemﬁo@b\nesat@g egawe'pudes lectins,

array. Alternatively, the anchor's can be laid dow in ar
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first and thir S hge n§stp nes
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to Nod &iid3 844 Amenpdld incelgition paaim!btdmercblaxffec,cna& qoatdnmmmamﬁ be
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bartorn of " andFBREeydoEt B inquhatiop grosencel T SRR mefe seeys g ppdifops g reask?
posi ti ons of tnbﬁ-spemﬁc mteract10ns,$&:p@bﬁé:@d1ph$mayest\&gioa («{ge&\trelhﬁglmtﬂﬁWeld)plate-

separafe assa dr The ter

usgd ?@ refer¥T6 Pre™ ﬁﬁ%@? R 6t%§§§éggﬁ7at§w’?@8@t%§}°g cqutains, asséﬂ'fﬂ%i’ are
gppl : efl f antibodies, B8 Qdd“earhnti%nd&fdxése(@ gb)/an'h@&lsmlsdnhb&if’y spfsmﬁersacroaaay

ropl ets of ass

ople o the positio
separators defaPHg‘?ij@esl) AR P{S‘H‘élm%% °%é°‘|bP%‘ Gl toy2kayt 190 WPred-}la(Pba P@fe“ed

exanpl e.) 20 embodiment, dbyat RRGBEEE DAL, Tnﬁfsfbrbfeﬁsiyfabélﬁ4g ul), ﬁac&%nt?&i@ﬂ rankinge
pattern of oligonucl eotide anchors) .is defi ne ere

exactly each aboubl CpM tgboptl O nd4 (in Pemeéymbmwbpefcb@ﬂ in phutferpuply 55

each hsne of gsbf easfpd, $xT m'mmyhél%giﬁﬂ%'aﬁﬁ@ﬂmf Iﬁlztﬁ;ate\l%n&ﬂhé Bfhors
remaini ng |ines. Hence first anchor need not be at one

edge or one camnide SBﬂ‘faCéaféhb%té’s%fyaqﬁ%iQ Fltbfnltesﬁné gtjlgast about 3 hours (in a peafRrredr
will be found dyoRidne messﬁmmst mmes)r ﬁtah ,?éraa& m% ab&tlt @ EVE hJutt he

assay 25 d&gm tion. ng a ea used each assay position
(the area of 1458 Ceimp prsferigd emb@uagxé,@boum C) For peptidsf anchass, adéngth of abektahisl e)

is large enou%oﬁﬁo%xﬁf%é’é; legee@ntain at | east one whole unit of

t he repeating pattern of anc rs then each assay point will test the
sanpl @0f or that asdagyome embodiments of thedsventiom edobranetior inpn amiaw candiptyeact with the

\?lef‘ﬁ: L' ?ﬁebgr teaa())c%tg?{fl cg%gtg%l oggé&fi'f %)o%ﬁ%%ﬁfér td Ql%stgtﬂfa 1?&{3 sln'hgaegree as do the

other anchors in the array, under selected reaction conditions. This can insure that the

anchors specify a substantially uniform array of linkers and, therefore, probes.
The anchors within a test region can be a “generic” set, each anchor of which can
25 interact with one or more of a variety of different linkers, each having a portion specific to
such anchor but with differing “probe” portions; thus, a single array of generic anchors can
be used to program or define a varied set of probes. The flexible nature of such a generic
assay of anchors can be illustrated with reference to Figures 1 and 2. Fig. 2 illustrates a

surface which comprises 15 test regions, each of which contains an array of 6 different



13 The anchors do not need to be arranged in a strict
or even fixed pattern within each test region. For exanple,
each anchor can be attached to a particle, bead, or the I|ike,

whi ch assunmes WOP%E6AM position within a test region. The | oB&TVEMHGI%each
anchor can be determ ned by the use, e.g., of a detectable tag.
For exanple, the linker nolecule specific for each type of
anchor can be |abeled with a different fluorescent, |um nescent etc. tag,

o e oo 28,5, BRI i B, S R SRR o

the linker, e.gf thebd @lRsfidedtid& andhors,NdnSEdroN which is in contactSWile linken 1, Gvtich
skilled in the art_can prepare a set of linkers with a varleﬁ‘% of s

attached tags, CeBRIFCHPIGPORIQN thatiisspsrifin f5128chopd @pd @ scond pgf VéFE’FcuflCQf@r

anchors can be 0t mRNA 1. | ARShEJe1d] SREHUM suféﬂiut@w IEhkeRGHhiéhY BiRe Ghiketnghor
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spect r un f r om eorEPriseys PRrHOBALS Sregife Sorgnchan Liky which comprises 2 second portion that

Alternatively. id BRcifRirb ftRPmRRPS bR biiGrdet HRNGAT., BRudahdhf £oln bd AiRIANE

another in siz ape. Any o bel'ing and detection

met hods descri bmnfhmr@rqgrmwr Mﬂemb defgranine) IPtﬂbCS f°1’ Cl'fhﬁr of two orReygdifEerent target

fl uorescence c [ [
HRIOKs. o33 Yr&ids DY ol el B0 ed IR e YrbRiTbn Riudin V4R 0N

15 fl uorescence ‘m cr osc orescénce ctlvate

( FACS) . oligonucleotides or peptides nvhhﬁ expensivientime-gonsuningradonphystaby déﬁedt
specifigal Iy wigth rtilon
oP°S | 380er” BP0 AR5 B8 oty proB DR bR 158

meant herein thaOnetadmaxsagnsifdﬂs:'msemioncorrpounds (e g , anchor and
anchor-specific port an

or Catarbet and bt AVEBveemsprc anshort plralddls la 3 B dBRANCe Sl GG
attached, boungrobiey,hilid idértieal an¢hot mexy,cosldaabesed mstagmntah yarhy aflodtttr probes, for
ot herwi se associ at er sufficient

t h t he
i ntended assay Z¥HP Bﬁe"%?foﬁf‘&?‘@ﬁl(”%ﬁ ZoFiE %eracﬂﬁaﬂhslﬂétty Refrgutations et posiie, ISP
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anchor - speci fi Sesandwiched” or “piggybacked” probes such as protein/antibody combinations. Thus, the
surface of anchors per this invention, itself, offers novel advantages.

In one embodiment of the invention, anchors can interact reversibly with linkers;

thus, a generic set of anchors can be re-used to program a varied set of probes. For example,

20 an oligonucleotide anchor can be separated from the oligonucleotide portion of a linker by,

for example, a heating step that causes the two oligonucleotides to dissociate, ahd can then

be re;bound to a second linker. The ability to re-use anchor arrays, which can be expensive,

time-consuming .and/or physically difficult to make, is another advantage of the invention.

An anchor does not necessarily have to interact with a linker. For example, an

25 anchor can be coupled (directly or indirectly) to a detectable molecule, such as a

fluorochrome, and can thereby serve to localize a spot within a grid, e.g., for purpose of

registration between the test surface and the detector. Alternatively, an anchor can be

labeled with a known amount of a detectable molecule so as to serve as internal quantitation

marker, e.g., for purposes of calibration.



region of a linker, a probe and its target, or a target and a |
target-specific reporter) bind sel ectively to each other and,

in the absenc protection technique, not generally top2%ysesniion
ot her corrpone(rl}f(ggﬁ%@r%tended for binding to the subject conponents. The

par anet er s required to achi eve specific interactions can be
determ ned routinely, e.g., using conventional nethods in the
art. For nucleic acids, for exanple, one of skill in

the art can deter mTHR t@xPginkéreas @kd Nerein refers to a bifuncfidi@l fubsthite@ehidlbdoadpriags
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or a detector oligobhethemicaaaturg of the wechoutiecificaportianovfthe tinkerds,i afycourse, a
its binding pa i Wbl 4 di r d: |
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20[ err] C. abovkgenucieptidsyher portioneof{ the ¢inker adueht ingrfcts with @)can|be, for example, a
general, an ol igonucleotide anch can range fr.om about. 8.t0o, about, 50..
much cot | des | PR PRER bitdSsr 3ROy oo daR O Rt il OnBR Bl nyBlaie
nucl eot0 des. Asfficsacly nad aperifically ghitsinderngizoted ByHngesti ydtidiaatichOconditions. The

condi ti ons" nean .agé( conditions.in i C ridiz '05; i | 1. occur.when
there is at |eRufeicacidcanbe eg. qu"rﬂﬁcmg%‘reaﬂ%‘ ggjcﬁa?}qléﬁ Fglpi?fb% O WRIHEEE] de
g onpl S_rre ntari : )ﬁr ﬁmgdiﬁ_ed micyeic fed (&e ra%migﬁ_i%g_ non naturally-occgu_ﬂfﬂxgerhﬁleaﬁddi%ucli'hy\@g'.er ,
ependl ng on ne e.S|,re pur pose, I dlzall on onal ons, can e .

e oot b it ch MesE e B Y ious BioaiRkages fiph LRy/Enat, syl FhomBoroanstc
50% etc. AnmDNgnethylphosphonate, dafandaye) bf 4l behmibyrBittic @RTécult subiR B BN -Srepliividin can

be varied are salt concentratjon, buffer, pH, - . . L
15e conjugate, etc.). Single strand mmet?es arg preferred. The portion of a linker which is

specific for an oligonucleotide anchor can range from about 8 to about 50 nucleotides in
length, preferably about 15, 20, 25 or 30 nucleotides. If the anchor is an antibody, the
portion of the linker which interacts with it can be, e.g., an anti-antibody, an antigen, or a
smaller fragment of one of those molecules, which can interact specifically with the anchor.
20 Substances or molecules which interact specifically with the other types of anchors described
above, and which can serve as the anchor-specific portion of a linker, are well-known in the
art and can be designed using conventional procedures (e.g., see above).
The chemical nature of the target-specific portion of the linker is, of course, a
function of the target for which it is a probe and with which it interacts. For example, if the
25 target is a particular mRNA, the target-specific portion of the linker can be, e.g., an
oligonucleotide which binds specifically to the target but not to interfering RNAs or DNAs,
under selected hybridization conditions. One of skill in the art can, using art-recognized
methods, determine experimentally the features of an oligonucleotide that will hybridize
optimally to the target, with minimal hybridization to non-specific, interfering DNA or



15 tenperature, tine of incubation, amount and type of denaturant

such as formam de, etc. (see, e.g., Sanbrook et al. (1989).
Mol ecul ar Cl onin A Laboratory Manual (2d ed.) Vols. 1-3, Cold
Spring Har bor ngrggé’é 3New York: Hames et al. (1985). Nucl ei c PASTUF982719Y

Hybridi zation, IL Press; Davis et al. (1985), Basic Methods in Ml ecul ar
Bi ol ogy, Elsevir Sci ences Publi1shing, Inc., New York). For
exanple, nucleic acid (e.g., linker 20 ol i gonucl eoti des) can be

added] 10 2. SEH G800 453, o Bl e el EM LB o st

rangi ng from &lmgﬁt mRNA present in a b@ck’grd\md alba ldrgd &tessr ofmntaecgefed R As ¢anrraage
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in a buffer exa 6X SSPE-T
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surface) for between abou at least, 3

m nut t
hours (in a pfetdey 6 TR Spsltied aad & s ShSpilatfin patsmfﬁllm*@rgaﬂnaﬁe%enws n

tenperature  ynown genetics dataBdReN. r’lﬁhefsél&iﬁbﬁ‘@ﬁ&%ndlz&ontc@ntﬁﬁ&ﬁttha?'\z/{lpmblw sgec:lﬁd na
preferred enbodi nent, at about room tenperature). Conditions

can be chosen hybridizatiomelimghsemniclsotidepbe tg g RINA canbeditermined grutinely, using art-

15 ? recogxngS‘d braVERtdsqR 2., SELaBSRC LER xGAPME! ok QD WP APBLPRNBDLE
physi ol ogi cal conditions. The desi ot her types of
subst ances or mINA caxtragted &rom tisspes grpeedle igtwan (and optiprally treated with an agept of

whi ch. can, & shiereS@inyAReR GO S (B0 waP oPRRLIALS BlerdhdlBlicte 22108 o384 or
reaction condit Ired to achieve spe i'nteractions
With their bi mefiragvefen cerebsaddad éo a tnst iegion gptaiing a oligonuclentide probe emay (seh t he

S530- £590! Fodarah P gyt SEY EPiBk of et cbonarl fuytsii fPaceiti séoteg
(1992)5 U.S. Rapeptcific binding (e.g., about 0.5 mg/m] degraded herring or salmon sperm DNA, or

yeast RNA), and incubated at an empirically determined temperature for a period ranging

from between about 10 minutes and at least 18 hours (in a preferred embodiment, about 3

hours). The stringency of the hybridization can be the same as, or less than, the stringency

employed to associate the anchors with the anchor-specific portion of the linkers. The

20 design and use of other types of probes are also routine in the art, e.g., as discussed above.
The ';mchor—speciﬁc and the target-specific portions of a linker can be joined

- (attached, linked) by any of a variety of covalent or non-covalent linkages, the nature of

which is not essential to the invention. The two portions can be joined directly or through

~ an intermediate molecule. In one embodiment, in which both portions of the linker are

25 oligonucleotides, they can be joined by covalent linkages such as ;ihosphodiester bonds to
form a single, colinear nucleic acid. In another embodiment, in which the anchor-specific

portion is an oligonucleotide and the target-specific portion is a receptor, for example a

receptor protein, the two portions can be joined via the interaction of biotin and streptavidin

molecules, an example of which is illustrated in Fig. 3. Many variations of such linkages



No. 5,/143,854). Anmong the incubation paranmeters are buffer, salt
conceptration, pH, tenperature, tinme of incubation, presence of
carrifer and/ or agents or conditions to reduce non-sTpecifi

i ntefactions, BSBES? exanple, to a test region (e.g., a welfCIGYSE27191
mul thiwell plate - 10 in a preferrg@ enbodi nent, a 96 or 384 or
greater well plate) which contains, as anchors, ant i bodi es,
can be added anti-antibodies (e.g., antigens or antibody-specific secondary
anti bodies) in r 10 ed I 1 . ]!
(in a prot err oyt WBwHTEg! SANERGOMRRDY, Buf 23353008 on MPfagPBf Tk Bt
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bet ween_about 10 m putes an t lLeast about .3 hours (in a.preferreq ... .
obodt ment -t oPRef StiReattaonit R topPan bt spd 8 ket P B skl B out
4[err] C. to algmurt. 45[err] C. (in a preferred enbodi nent,

about 4[err] C.). Fqr, peptide anchors, a length of about 5 to B |

about 20 ami no aci dg“ﬁegw%r%‘ggﬁcéﬁ?refﬁmmateﬁe'g’.p’_y ncu a“°“|°ﬁw§‘bﬁ’€=l%?rﬁ‘ﬂéﬁ’ REAL S
of the inventi grotei s cdprafeah Blus iaMmualRicAdcid or Giters) 16 T6rath cinbllx {(QRh as, e.g., an
anchor-specific portion of jts corresponding |inker to _substantially the

sane degree as 2Bgwf/Hgker complex), the resufing complix|tap be pPRtianally Heated (e gurivashed) to
sel ect ggl react irQRoveONAbduh® bstddted (&E..ngifnﬁi%’,éﬁ Eusif¥atordions whi?h are det {e;,gguor S

specify a substantially uniformarray I'nkers and, therefore, pro

The anchors wi empirically dedeave gpesificcuierastions infgshdnit do reeave noactecifiediyrbasnd
whi ch can 25 material, For'éXkRpieCleactioh thifiles 4n VAN &ned b@wé’c‘?lrab%%ngg Bieh LiffeE Nt
| i nkers, each having a portion specific to . such anchor but

wi t h di fferi ng or pospindersbe sann g sompyibat meresstriggent eandifipngthan thess used tmashiave
can the & ,Phléﬁ@ 4TI fine a varied set of probes. The
fl exible nature Bof?nuc g’%‘éﬁ_{g??c 8ﬁplg;f’). assay of anchors can be

il lustd&ted with refloeeemubimations gfrés invantibn? carri by, ninufattustir sutisely, using
surface which %Qﬁ%%§€a§te%ﬁnotl§g§(t regi ons, each of which contains an array of
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16 Some of the surfaces which can be used in the invention are readily available from

commercial suppliers. In a preferred embodiment, the surface is a 96- , 384- or 1536-well
microtiter plate such as modified plates sold by Corning Costar. Alternatively, a surface
20 comprising wells which, in turn, comprise indentations or “dimples” can be formed by
micromachining a substance such as aluminum or steel to prepare a mold, then
microinjecting plastic or a similar material into the mold to form a structure such as that
illustrated in Fig. 4. Alteniatively, a structure such as thaf shown in Fig. 4, comprised of
glass , plastic, ceramic, or the like, can be assembled, e.g., from three pieces such as those
25 illustrated in Fig. S: a first section, called a well separator (Fig. 5a), which will form the
separations between the sample wells; a second section, called a subdivider (Fig. 5b), which
will form the subdivisions, or dimples, within each test well; and a third section, called a
base (Fig. 5¢), which will form the base of the plate and the lower surface of the test wells.

The separator can be, for example, a piece of material, e.g., silicone, with holes spaced



anchors, which in this exanple can be oligonucleotides. Fig. 1
schematically illustrates one of these (oligonucleotide)
anchors, anchor 1, whichis in contact with |inker 1, “hiChPCTnJ9&aﬂ91
conpri ses one" ﬁﬁ?@?ﬁ% that is specific for anchor 1 and a second portion

that is specific for target MggNA 1. Alternatively, one could
substitute, e.qg., a linker 2, which, like linker 1, 5 conprises a
portion that is specific for anchor 1, but which conprises a second portion
t hat throughéutsaﬁﬁmf éa@h hee winraat me R 81 4 R&wwarwRdn thetteed pisdaNarel.
Thus, anchor 1 can be used specify gor program. or defi.ne,
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MRNAs. The prQGeSs orf ofgae&%eﬁto& Bgle Sachvidrk 2GHE BieRahbOR ﬂaeﬁeéetafln%mt tern

(array) of onucl eoti des or peptides can be expensive,
t i me- consum nglassnit), der qxhw ec thie| shapt gffthe iweer partion of a typical THeroplatel useélfqr@ use
a pre- .f or med - h r S
N dvantg\ E% 9{1 ﬁ?s% ﬁ{i/eétr?%‘ggxﬁz_(c‘é?gm@‘bésevﬁa%e A as‘%hé{st% eﬁﬁ%ﬁ%ﬁsf}hg &b
generic anc hobs foxtriedsmﬂaimidntamorﬁi that Rillddignneitla thpasubdividen fhapk itg gmensdee il de
probes, the i n ul I ay
o ot b probﬁe’@'& les‘% s, NS wifhlid é‘a‘éh Ear%lpqléjwé}l Sﬁe,?%lee %&%Eé&nés% %’9&2{5@ g&gc&{d’ B
3). Cearly, pmngduparfmbmmﬂﬂle@rc&eqhnmsbd m,thgassembljkﬁf silicon waftrse range of
types of anchor/I| g act i.ons 0. .. e co

2Bt ched- o » pDlB0sslERBEF SR inkerdipoice e BiRicRt P8R P RYEIRAY ons.
Thus, 1d he convennonal teshidl G8E e.@f, v&thcmadzﬁmaeiral bﬁg@uﬂa&rﬂatsymhesxzet amd/br, by -
of fers novel @dvant a

d t..of t
i nventi on, REHS t8ger'|heir Setfragments dhat bayaheen §¢ thIT%?‘% r?é)‘%“% emmbodiment c’r}eihet hus,

a generic set uﬁtentmqhefosme@mm dcft ansifss, bEehRE Oﬁlgoﬁﬁé]éotidarah@drs$&tn wfsithatabes.
For exanpl e, an ol qonucl eof i de afnchor cakn be s ajed from

t he ol i gonucl QBPFd"étthfhﬁsB’ffa"(‘if° FYt Fredon By any of a variety o °°n‘|'et5‘f"° iguesy

heating step Mdlﬁgaymsmhbgaﬁme 0P IsilKkRref | cB@hicaie fttabPmékitS 8i9pdsifod, by it fefn
t hen be rebound to a second linker. The ability to re-use

anchot ar r ays 'echpRlesy. CARIBE, SK15eM OF fRud channel Chlp’ electyochqmuicd] rRAYATVRE USRS or
physical |y di fefebgddetarhy, B8R ting wﬁa%h&rquﬂﬂ\sa&na&eatm fo1ieAvel lay 8aLihBr UV-

An anchor does not necessarily have to interact with a |inker. For. exanple

an 25 imadigting optocliFriiece: egpRave ¢ (1896) IS Patenidie- SexdbyH 11 Eodar ef al

det ect abl e ol egygh SSPQthtaﬁoassmzm Zanzucchl £l b90(19§ rG@Pa@@thG.aﬂsﬂ]ﬁs?by
servetolocallzeasotvvl |nagr|d ose of

regi stration Beeqnas{199%. U@s {Patent Nad;“%ﬁﬂ?% ﬁ@TdWQe 92,APEE Mt IWEI0YD). an
anchoggcan be apchors can be ﬁgf e Sirie KPOYMR: IQQBH Bt e bedfol! @iﬁxﬁil@m the

nol ecul e so as to serve s |nter uantitation e.g.,
for purposes &hseoi p pplyagrylamide gel pad, imbedded within the surface in such a manner that some

of the anchor protrudes from the surface and s available for intéractio_ns with the linker. In

a preferred embodiment, preformed oligonucleotide anchors are derivatized at the 5> end '

with a free amino group; dissolved at a concentration routinely determined empirically (e.g.,
25 about 1 uM) in a buffer such as 50 mM phosphate buffer, pH 8.5 and 1 mM EDTA; and

distributed with a Pixus nanojet dispenser (Cartesian Technologies) in droplets of about 10.4

nanoliters onto specific locations within a test well whose upper surface is that of a fresh,

dry DNA Bind plate (Corning Costar). Depending'on the relative rate of oligonucleotide

attachment and evaporation, it may be required to control the humidity in the wells during



17 ' The term"linker" as used herein refers to a

bi functi onal substance which conpri ses a first portion (or

moi et'y or part s specific for a chosen (designated) anghqy bset
of the anchor SQNP gﬁisﬁ%r specific") and a second portion that is asggl?ggp
whi ¢h I's specific for a targetopf interest ("target-specific").
The two portions of the |linker can be attached via 5 coval ent or
noncoval ent |inkages, and can be attached directly or through an

i nternedi ate. preparation. In another embodihi¥t, %h@dﬁu@ﬁbudb?dddh&s e4n BdWnthesized d1rect1y
anchor-specific portion of the linker is, of cqursg, gatc&' on

of the anchor 6h thenRuREEesol# oAt RAPEAISIE GoRYSRfignal aethods lé";?’a??p?é light-goff
anchor is an deprotestion of g%wﬁg@ygdn%e&mﬁ,chm@(e@rlhlceﬁ]xmxoh Rl thénRrorwhite h

interacts with It be,” for exanp pepti de whi ch bi nds
speci fical | y t du@qheg omasgcﬂmﬁ@w @@ﬁemé dlsmmswg rieaneliter @rep'ets\%d@ﬁm@aps sapmRomed ze

10 5 fuhﬁ%sﬂ&lo ta,egen &esksrb@aidmefmgfmgk@g&ené&'t&@s;%% fe&éwwﬁﬁgle

hybri dization conditio nucl erc acid can be, eqg.

ol i gonucl eot i depci@itide canze dariNor PERpE:; eatl tbe nudeotida eniaddadeagross the Surface or
modi fi ed nucl ei ¢ achghsee froeiRORRIL Shileidl Y eBRLUER HASRHbRENGAUPARALE dos
such as, e.g., I nosi ne;’ ] ol ned via various Known ages such
as sul famate, sulifienmdetieqdansajshbe umtiimbylganex;ated and anchors cammtshyatmtpmﬂan e,
car bamate; or a em synt het i S DNAg

conj ugate, et c® é a@‘fmémgo?r\gaﬁe ll teeghng?oﬁ 3?"& &F §‘§ ‘Eel?}pl)%drg %%5% em

| i nker 10hi ch i SNo 5, 510 270; Pirmngepadl 992k U.S Paant Nd. 5 dB,884; éﬂaﬁmdﬂnetrm‘.(‘l@ﬂ?)cﬁrs

oroferabl'y abodretats SgASEs pRt HiTIRs T dbient oo MO TEAIFRF gyl (1599

antibody, the N4R22,5530-5539p0rtion of the linker which interacts with it
can be, e.g., an anti-antibod . .. Snmaller.
fragment of one of 5’?16%3 WB?%%’HF’&%C’P\%F\ F@ﬁ“‘t"é‘nﬁ’f"?ﬂ‘ﬁc‘éﬁq °‘§B‘§E"?"f°?‘§5’lel‘§§“£\]“tﬁ
the anchor. 20 variety of screerdh ffodetuess Mil/of ) EHtaih Sforration dbbitethé dvel, acuvxty or
speC|f|caI ly with the tohpher types of _anchqrs descri bed

and whileh can sEPEregfthe peobsseriaeet mpalicpies- §uﬁbwaysﬁredfm5dw%ém%§m ’
vel | -known in tdYeAPS) methods or assayaraxnd@{%uﬁ@dasb&nﬁ%#ﬁﬁs s UBirdBors B RAbT plia!
ch

procedures (e.g., see_ abov em cal_ nature of

t he -t ar get - spedirehes “@éﬁhtaif%\‘F“'é forithroaspays pisrtermed MAPS gipysor MAPS plates.
fF gpcte ;gnnpffe t Ih]ge E ﬁreq% doRpontie Bf lal rebcRtioR RIXARE RS, Wr IsBre¥hlhe Prdcedurd (c@h Akt S.
assembled in any order. For example, the anchors, linkers and targets can be assembled
20 sequentially; or targets and linkers, in the presence or absence of reporters, can be assembled
in solution and then contacted with the anchors.

One embodiment of the invention relates to a method of detecting at least one target,

comprising
a) contacting a sample which may comprise said target(s) with a bifunctional
25 linker which has a first portion that is specific for an oligonucleotide anchor and a second

portion that comprises a probe which is specific for said target(s), under conditions effective
to obtain a first hybridization product between said target(s) and said linker,
b) contacting said first hybridization product with a combination under

conditions effective to obtain a second hybridization product between said first hybridization



25 target is a particular nRNA, the target-specific portion of
the linker can be, e.g., an ol i gonucl eoti de whi ch bi nds
specifically to the target but not to interfering RNAs or Dplé§

under sel ect e‘HoﬁWﬁﬁ?sdi zation conditions. One of skill in the &r 98(/:221}19,1 usi ng
art-recogni zed met hods, detepm ne experinentally the features
of an oligonucleotide that wll hybridize optimally to the
target, with mninmal hybridization to non-specific, interfering DNA or

18 _producEAV bR Bmbina@h, WM saidl ddmBRARSREompriRes, bePethe dditadh of

ol i gonucl eoti'de géqlg,e used to distinguish a target nRNA present
in a backgr oussif et hybridizglionagredss of untargeted RNAs can range

from about 8 to about 5§ nuglsg®ick d&RprishalrRGHIP spBERY SEREE YechdBUdt 16bSk twd0, 22
or 25 nucl eoti des. . An oligonucleotide probe for use in a

bi ochemi cal asfoulich are aphstantialiycidentical, eash regianpogwrnsing backgr ound of
conpetd ng targets can sh R bled o= | procedures (e.g.,

t he s comput ?5 pr 8%?%%%88@#,&%%&%%3%%%35& ol i gonucl eoti de
probes can be sel edt ed cootatting said first hybridifeaion tpednct o saiditseeenfl yhybridisttione d

and are dissi ?032{1%&%?3@&%&(}%2’#é%bg’%grferi ng sequences in

known genetic ases. ctron of hybridization conditions that
will allow specifid) detecting said depdstionlprobe.i on of . an ol i gonucl eoti de probe
to an RNA can be determned routinely, using art- 10 recogni zed

procedures (e.g., see above). For exanple, target RNA [e.g., total RNA or
MRNA extract ed froBadhi afStheaissays Oe plosedyrssvidesdribad belptv candlel yerformeed ada \kighh an
agent

AT (RN SRETC LT WA T NG R
be added to alb®gR0ZEEH MéreCdRPeRiinY dithén@hbeg 0nteglondin tHe cqtibingtion) i vissapel
above) in a buffer ?l%chr as aéSX SSPE-T or ot Q S ti onalll cosr‘}t ai rsli ng_an
agent to redul® e3e plate or surface yapic E’rfé‘gic?’?c(‘,mf)‘i gfdl i %er_nax_:y,p 5%%?& Efa ﬁﬁ%ﬁ
degraded herr pRigested SRbROHMS P Eoreiaiple, & methods of drug discevesy, e, nuaiddr of
|neubated At A oD i omplisig o drig adidats (B, 4 member of a Cortbihaotal CEansey
15 library, such as variants of small molecules, peptides, oligonucleotides, or other substances),
can be added to separate regions of a combination as described or can be added to biological
or biochemical samples that are then added to separate regions of a combination, and
incubated with probe arrays located in the regions; and assays can be performed on each of
the samples. With the recent advent and continuing development of high-density:
20 microplates, DNA spotting tools and of methods such as laser technology to generate and
collect data from even denser microplates, robotics, improved dispensers, sophisﬁcated
detection systems and data-managcmenf soﬁware,. the methods of this invention can be used |
to screen or analyze thousands or tens of thousands or more of compounds per day.
For exaﬁxple, in embodiments in which the probes are oiigonucleotides, the assay can
25 be a diagnostic nucleic acid or polynucleotide screen (e.g., a binding or other assay) of a
large number of samples for the presence of genetic variations or defects (e.g.,
polymorphisms or specific mutations associated with diseases such as cystic fibrosis. See,

e.g., litia et al (1992). Molecular and Cellular Probes £, 505-512) ); pathogenic organisms



from bet ween -about 10 m nutes and at |east 18 hours (in a preferred

enbodi nent, about 3 " hours). The stringency of the hybridization
can be the sage, «3' less than, the stringency PEFOSRNe@d1t O
associ ate the ‘anchors with the anchor-specific portion of the linkers. The
20 design and use of other types2af probes are also routine in the
art e.g., as discussed above. The anchor-specific and
the target-specific portions of a |inker can be joined

(attached, | i nied)astbactany, vifuse, aal prefoyoa) fwhoss/irdsesndre aninats) inctwditgenimans, or

| i nkages, the natyre o e which. js nat essential to the .

i nventi on. The!4k: %rdF%Néngmﬁg?PtWB Iﬁ%‘?’ﬂ%ﬁn‘&b PECTAEPO8YC ¢ I‘Ha&f’é‘ﬁf“ physmbg’cal

an i nter medi at@aeedreigsehRs. Nutleihaei® plobe ka8 comphisingpsrioRAIFESTP (int1ading Gill-t he
|l i nker are 25 . .oligonucl eot.i des, the}/ can elj inﬁg by coval n%

| i nkages such leregtherpisshendibedsed tojsyplale frapscription patterns proglugeg by oelfsfgpra whic

col i negr nucl eh& E8t tereldriddiqoP StherS)TRARIIRad proBesdah GRo H&tEct pBSIIRE, pRdteiak,f | C
portion is an oligonucleotide and the target-specific portionis a _ .
receptor, for @pxetpinglomains which bind specifigallyie partipplat mickeic acikseavimesrdand Wip% can
be joined via Jhgyinteraction of biotin and streptavidin

mol ecul es, an exanple of which is illustrated in Fig. 3. Many variations of
such |inkages In another embodiment, the combinations of the invention can be used to monitor

19 . e i ._al .
Z0-ss0). ViAo, 5B AT oL 18980, Ry
di rect10y, e. g.orthaliké i fpo xaipothe ¢ictenny brspacificiit efintaradtiorisdatweem kutigens and
directly (e.g., .- | ' ' ' am or
oot ¥ (o O wiBABBS el e 8 0 1 R 5,80 PR R0

attachnment . Meérdabksr ligands) agonsstsadn abtagonists; or of eneyratss(stchas proveasesvox kmatespamid s

o convent | ongls adedof b o Bt BB ol ori oy,
i ncubation of #aswelhischamly otheed. Buch bisthemical assays can bpnstidad isaracterize popeitiepbis a
Rl A A TR I M T M T
(e.g., washed) theGresence of particular proteases (e.g., proteases involved in blood clotting such as
proteases Xa and VIIa), the samples can be assayed on combinations in which the probes are
fluorogenic substrates specific for each protease of interest. If a target protease binds to and
cleaves a substrate, the substrate will fluoresce, usually as a result, e.g., of cleavage and
20 separation between two energy transfer pairs, and the signal can be detected. In another
example, to screen samples for the presence of a particular kinase(s) (e.g., Src, tyrosine
kinase, or ZAP70), samples containing one or more kinases of interest can be assayed on
combinations in which the probes are peptides which can be selectively phosphorylated by
one of the kinases of interest. Using art-recognized, routinely determinable conditions,
25 samples can be incubated with the array of substrates, in an appropriate buffer and with the
necessary cofactors, for an empirically determined period of time. (In some assays, e.g., for
biochemical studies of factors that regulate the activity of kinases of interest, the
concentration of each kinase can be adjusted so that each substrate is phosphorylated at a

similar rate.) After treating (e.g., washing) each reaction under empirically determined



10 renove unbound substances (e.g., linkers), using conditions which
are determ ned enpirically to | eave specific interactions
intact, but to rempve non-specifically bound mat h?

exanpl e, reactY®M™A%%t ures can be washed between about one aPE’rJJ 69%/245?%8

or nore under the sane or sonmewhat nore sjgingent conditions than those
used to achi eve the conplex (e.g., anchor/linker conplex). 15
The conbi nations of this invention can be manufactured routinely, using

conventional tgelAGAOY remove kinases and undesired re@éfnOforhftResy ! bpsaRINIRO can
be used in the invention are readily available from comer ci al

suppl i ers. | n Phosphetylaradsubsipissernbe detecteday, o example, ingubating thermggith degectable
1536- wel | el OL 1 [ A J;Bgd ' X

Cor ni ng Cost arr P8R o7 %%qaﬁv%%'y?ﬁgrcggﬁ lgl(’:egéhg%ﬂpﬁh %gg%%lrr ?déﬁ%gﬁgﬁeg e

whi ch, in tur mptibaigs(e.ge af axdanerareiiones abeut'18indvp lor gioreerniessh afidthmsigniycan be

m cronmgchi nin t ) t

Chen 50 ™ Mool 18 aRBGE cRitfyle Minalla el BE petifba. iy RN 813 BBl
to forma struothiee GRBh SER 0thZAP70 SH2 can be asshyedsom ptobe drmys-iofj apgropriate

Al ternatively, ;a str [ ch t.h hown in Fig. 4., C ri sed_of

gl ass, plasti Cp,hos Z’ro llr:%q%:d,J p%rﬁ%?%eorlan??(oe, %Eéaaaang%e 5%%%1%%%&?0%? %Tn;g’s 9 c%rtfcﬁ}'aée
pi eces such asetdpasefa?3he presence bf immirneadeficiendiesti Also,Senzpme-linisdd seayt icam be

|l ed |1 t. Fig. 5 ich wll mth
oy at fone bR buch b ey it dCoribhuations of BTl canatop by usrALR R der

(Fig. 18b), whirilkant enzymes, which el dithdrafisre bhiessddtioh thius theit wildaypehoiitefarts,Wrt hi n

each test well; and third section,, called. a .. base (Fig. 5c¢),
whi oh wi |1 orseRe a8 3ensy ohageps e pbiroes gnmssticiey ace of the test
wells. OftRufseMARS @bsafsdan BE usdd@b qenftee @neasurd)qR&RIFPf theBhBdtal |
e.g. silicone, wth hol es spzﬁed ) ) ] )
20 of Y IRFETHR & PR Proied Bataroleds Botfii oqcupird. b isypatimore thag
test well whenablieobAsER bR REbsites are bound (or reactéor M BridiZEHy witdsteM! Ofdercan
be, for. exanple, a thin piece of material, e.qg.,. silicone, shaped, .

15 these conditions, target can be quantitated because having more target will result in having

more probe bound. On the other hand, under conditions where more than about 90% of
available probe sites are bound, having more target present would not sﬁbstantially increase
the amount of target bound to probe. Any of the heretofore-mentioned types of targets can
be quantitated in this manner. For example, Example 6 describes the quantitation of

20 ofi gonucleotide targets. Furthermore, it demonstrates that even if é target is present in large
excess (e.g., if it is present in such large amounts that it saturates the amount of available
probe in a MAPS probe aﬁay), by adding known amounts of unlabeled target to the binding
mixture, one can “shift the sensitivity” of the reaction in order to allow even such large
amounts of target to be quantitated.

25 In another embodiment, combinations of the invention can be used to screen for
agents which modulate the interaction of a target and a given probe. An agent can modulate
the target/probe interaction by interacting directly or indirectly with either the probe, the
target, or a complex formed by the target plus the probe. The modulation can take a variety
of forms, including, but not limited to, an increase or decrease in the binding affinity of the



in the formof a screen or fine nmeshwork. The base can be a flat piece of
mater/ al, e.g., glass, in, for exanple, the shape of the | ower
portifon of a typical mcroplate used for a 5 bi ochem f- The
top gurface of‘x‘gﬁﬁzﬂgse can be flat, as illustrated in Fig. ”Eg)u(s)fs?zéan

be fformed with indentations that will aligg with the subdivider shape to
proyide full subdi vi sions, or wells, within each sanple well.
The three pieces can be joined by standard o procedures, for
exanpl e the prQGROMF @8 pkbE dnkifdrdalifor A8PQ YaeThte 2l WhiCRthe (@$eR biid the probe bind,

d i gonucl eotide "anchors, linker noieties, or detectors can be synthesized
by 10 corarenetitivher nopesompetitiygjuhiktion of the binding b thewrebede the target, or an

ol i gonucl eot i dg 2yl PEGIAS inMMHcAYi the targht WAL OO, rnQBFERELes, lead
subfragnent s tﬁgrt%%%ave Eeenmso_g Hgytt?gg}e gﬁ)..eolrne_ozrllrg e‘%god{;&r}ént of the

i nvention, prefoanieteaseerdstreasq it @e probeltarsst intaradtions Suth agonts cirels gterade lor s,
can be sSituate _ : ¥hn 4 N - 1 g

any of 5:1 vari e%/ o?y eshve ﬁts‘llonal%s’t \gﬂclz%?h%d%}ﬁeé&té%fbg%&pﬁg'e&}nr}g%gl{aﬁg}eﬁQta&y
phot ol i t hogr apbi as aggregstds ke thratlesn speeies; apd thegcarbdatanhed, chvajpody of mmcomaldntli, | et
15 t echpol . capill ar, en_or. Il uid,channe hip

el ect rocheni caf® apglﬁgﬁgg (r%ﬂeﬁ’é) eﬁgft%”a dﬁggﬂ?’ orviaa SPC%Fgg%nlraglges u{z)isrt?cnzg)e/'s Forc%{r%{n g%:ef |t°ng
with a pin or ifighfify, padentideftddad thinners,” fop lagenredthicl iltedactngitlo bne HF the cascade of

irradiating onto filter se .O,.. Ravag e L, (1996). U.S. Pat.ent .
5. 545, 531 - FodBIPteATes JyRich °g‘“se%1°°§°‘g“‘(1§’9"r§§$‘%“{s&? @P&’E’z‘faé%?t“ fgieresy ‘I????%Ewnh
Zanzucohi et ah phir@Bty)of dandidatPapaind adotherbteswed  faBictivity as described abveNNOther

(1995). U. S. Paten . 5,474, 796; PCT, WO 92/1Q092:, PCT WD 90/ 15070) . 0
Anchors can be® eé%msaﬂ“@?capﬁ?s employeily this myeption arreagmﬁﬁveﬁ% araddz’ﬂa?e for

exanpl e in thepesticides and herbicide8.S BxBiplés 16QhY 37 A3cAB Kigh ﬂﬁbughﬁﬁtaséazbﬁﬁdgéhts
wthin the surface in such_a nner_ t hat sone of the anchor

protrudes from™hiRd selpchyrly inhibjt srecifigkinasen or fox, selsqtivg inhibitors ofpthe Hnteppstion

linker. In between SH?2 d&n&h@ixﬂfg&%ﬁbh@@%@éﬁﬁéﬁﬂ&es; pref ormed ol i gonucl eoti de
anchors_are derivatized at the 5 end with a free am no group;

di ssol ¥2d at a concBraneter apbodinant. theicpmbivationsphtbg invention ¢ag be yseddo gereemior
about 1 [err] Magins Wap%l&ﬁﬂatt_?yﬁﬂte%%fé&ﬁ ei-abRarARhLG &uiigcgﬁcleme&aﬁ wahgdl ™

EDTA; and i stributed wth a Pixus nanojet di spenser .
(Cartesi an TecHersxagpiestp identifiy gBN species vhinsepattern af expression from 2 setpfrgghgstier s

onto specific | | PR aYz ; I+ - f a
fresh, o R I P o Sl R IO AR il B

rel ative rate epndifiangoenmelative’iggnes, RNAs, or expressiogpetiernsie Ry the¢rmas, Znouelate’ on,
't mays@e requisggikifeSORE Fheahl thal WY Yhatnlsit Pakllf WE!RNAMN dstiated with the
physiological condition of a cell, but not necessarily that the expression of a given RNA is
responsible for or is causative of a particular physiological state. For example, a small
subset of mMRNAs can be identified which are expressed, up-regulated and/or down-regulated
in cells which serve as a mode} for a particular disease state; this altered pattem of
25 expression as compared to that in a normal cell, which does not exhibit a pathological
phenotype, can serve as a indicator of the disease state (“indicator” genes, RNAs, or
expression patterns). The terms “cormrelative” and “indicator” can be used interchangeably.
For example, cells treated with a tumor promoter such as phorbol myristate might exhibit

a pattern of gene expression which mimics that seen in the early stages of tumor growth. In



21 preparation. In another enbodi nent, oligonucleotide
anchors can be synthesized directly on the surface of a test
region, using conventional nmethods such as, e.g., light-acti

deprotection dYoﬁy ng ol i gonucl eoti de chalns (e.g., in conﬁgﬁggmg%wﬁnth
the use of a site directing "ngsk") or by patterned dispensing
of nanoliter droplets of deactivating conpound 5 usi ng a nanoj et

di spenser. Deprotection of all growi ng sequences that are to receive a
single e gggﬂ I de
t hen added ac ragg%aqrﬁ%&lﬁé?{:&n@& £iBike BRu i Celfls%g ¢ E%Gé,a Wwpér]@?feéyt%é%fl

| ectins, chel atdenovimsbodibiteat Hcrepseaint the sxprastiont dfee. gt,y:pba off MiPchovkile the

or linker noieties.can _.al . I ne n , rs

situated on or“RITHMN Ofah"%?ek%gplﬁé) létse{ﬁérlf Méh ga% ﬁé?ir?%yaa%%?‘ gg?{éa g‘sasi}lggﬁ‘tgﬁg

t echnol ogy (sesaffected., Fodor et al (1996) U S. Patent 10

No. 5, 510, 270 Pirru t al (19 Pat No. 5,.143, 854;

A (2008 20 Rkl whtch, p5 coppcling' el R8B! 2 chiggvecodet E5 AT botf o
Pat ent No. 4 5&%&&5@. and iRy & vz@tb oﬁln (nﬂrg Qék m tissue culture), ElaﬂeZthc mc’ncator
5530- 5539). ts.af the,invent the
o oo vond combTREHOR BT Righiget 1 thrapeutc asents o s fas CLEGITa L6 BT

procedures andé@ér ifimaldpatienis, drfplmtsuﬁauago@m tﬁ&lmséa@yemgembwalwmaum‘é
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those agents which are associated with a change in the indicator expression pattern can be
identified. Example 15 describes a high throughput assay to screen for compounds which
may alter the expression of genes that are correlative with a disease state.
Similarly, agents can be identified which modulate expression patterns associated
25 with particular physiological states or developmental stages. Such agents can be mm~rﬁade
or naturally-occurring substances, includin g environmental factors such as substances
involved in embryonic development or in regulating physiological reactions, or substances
important in agribusiness such as pesticides or herbicides. Also, such agents can be .

employed in their unaltered state or as aggregates with other species; and they can be
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portion specific for at least one of said anchor(s) and a second portion that comprises a probe

which is specific for at least one target. The instructions can include, for example (but are

15 not limited to), a description of each of the anchors on the surface, an indication of how
many anchors there are and where on the surface they are located, and a protocol for

specifically attaching (associating, binding, etc.) the linkers to the anchors. For example, if

the anchors are oligonucleotides, the instructions can include the sequence of each anchor,

from which a practitioner can design complementary anchor-specific moieties of linkers to

20 interact specifically with (e.g., hybridize to) the anchors; if the anchors are peptides, the
instructions can convey information about, e.g., antibodies which will interact specifically

with the peptides. The instructions can also include a protocol for associating the anchors

and linkers, e.g., conditions and reagents for hybridization (or other type of association) such

as temperature and time of incubation, conditions and reagents for removing unassociated

25 molecules (e.g., washes), and the like, Furthermore, the instructions can include information
on the construction and use of any of the types of control linkers discussed herein, and of

methods, e.g., to quantitate, normalize, “fine-tune” or calibrate assays to be performed with

“the combinations. The instructions can encompass any of the parameters, conditions or

embodiments disclosed in this application, all of which can be performed routinely, with
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to a product; cormesponds toit. A number of arrays equal to (or greater than) the number of ESTs to be
mapped are distributed in separate regions (e.g., wells) of a surface; in the illustrated
example, the surface of the combination comprises 16 wells, each of which contains an array
of 16 different EST-specific oligonucleotides, numbered 1-16. An oligonucleotide which

20 “corresponds to” an EST (is “EST-specific”) is one that is sufficiently complementary to an
EST such that, under selected stringent hybridization conditions, the oligonucleotide will
hybridize specifically to that EST, but not to other, unrelated ESTs. An EST-corresponding
oligonucleotide of this type can bind specifically (under optimal conditions) to the coding
or non-coding strand of a cDNA synthesized from the gene from which the EST was
25 originally generated or to an mRNA synthesized from the gene from which the EST was

originally generated. Factors to be considered in designing oligonucleotides, and
hybridization parameters to be optimized in order to achieve specific hybridization, are
discussed elsewhere in this application. In order to assemble the arrays, linker molecules are

prepared, each of which comprises a moiety specific for one of the anchors of 2 generic array



as well as many others. Such biochem cal assays can be used to characterize
properties of 15 the probe or target, or as the basis of a
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necessary cof act or S, f npiri ca eter erio | n sone
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ki nase can be a SO ’t at each substrate 1s phospho

si m | al0 r at e. ) ofthossprabeeidstlpeated( e. 9., washi ng) each reacti on under
enpirically determ dsfl : . a1 o

24 ol et Sen 8 e deeston henmuel e (it et
conponent s ( optétentark #ypo, 168) tsetdded to each region (wWell} ke Fig. d9)ed\ éanmdrroagmmcbamddae

detectod by, SacSiallibnt AEHSBHIO RSN BSBPaN S ot
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oD e Sk e LSRR oS 2 s e SRS
such as GRB2 Shiothsr. CéTder, Sbiexarfiple/tbe BSFsEdéﬁidteQ th Pigole@1 ankisty orebpoap s BPTS at e
1, 2 and 6 of Figures 18-20. Figure 21 indicates that ESTs #1 and #2 were both obtained
from gene X (they are “linked’), whereas EST #6 was obtained from a different, unrelated
gene. If aliquots of a sample containing a mixture of mRNAs, including one generated from
20 gene X, are incubated with the probe arrays shown in Figures 18-20, the gene X mRNA will,
under optimal conditions, hybridize at the loci with probes 1 and 2, but not at those with
probe 6. (Of course, each mRNA must be added in molar excess over the sum of the probes
to which it can hybridize.) If detector oligonucleotide 1 is added to region (well) 1, it will
hybridize to the gene X mRNA which is bound at loci 1 and 2 of the probe array, but not at
25 locus 6. Similarly, if detector oligonucleotide 2 is added to another well -- say, well #2 --
it will also bind at loci 1 and 2, but not 6. In this fashion, one can determine in a high
throughput manner which of the ESTs are linked, i.e. code for portions of the same gene, and
which ESTs are unique. For the hypothetical example shown in Fig. 20, the first 3 ESTs
encode portions of the same gene, the last S ESTs encode portions of another gene, and the
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amounts of t ar§ESTE elsemplemantanyde @ giveppucleic acid, comprising, | n anot her
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agents which nodul'ate the intéraction of a target and a & ven. probe. An
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(2)r5 decrease in t fh € b?i nd iixn:qbﬁ{ng 'sml L%n(arzaﬁ&eproduct with a detector oligonucleotide, which

corresponds to an EST to which one of said oligonucleotide probes corresponds, but which
is specific for a different portion of the EST than is said oligonucleotide probe, and
c) detecting which oligonucleotide probes of said array are labeled by said
20 detector oligonucleotide,
wherein said array of oligonucleotide probes is immobilized on a region of a
combination, wherein said combination comprises |
| 1) a surface comprising a number of spatially discrete, subsfa.ntially identical,
regions equal to the number of ESTs to be studied, each region comprising
25 . 2) a number of different anchors equal to the number of ESTs to be studied, each
anchor in assoéiation with
3) abifunctional linker which has a first portion that is specific for the anchor, and

a second portion that comprises an oligonucleotide probe which corresponds to at least one
of said ESTs. '
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said combination comprises
1D a surface ‘comprising. a number of spatially discrete, substantially
25 identical regions equal to the number of ESTs to be studied, each region comprising
2) a number of different anchors equal to the number of ESTs to be
studied, each anchor in association with
3) a bifunctional linker which has a first portion that is specific for the

anchor, and a second portion that comprises an oligonucleotide probe which
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expressi on of GeMescéhipisingseidGacHes, aztlﬂ \zsﬂ dﬁuélbotﬁic@raﬁami sald@hRleic acid, and
S mlarly, agents cgn be,[den L\ g0 WY g, TPOU SL, PARLRESal PALLATAT
associ at ed incubating a sad s Y P
detector oligonucleotide, which corresponds to an EST to which one of said oligonucleotide
probes corresponds, but which is specific for a different portion of the EST than is said
20 oligonucleotide probe, and
d) detecting which oligonucleotide probes of said array are labeled by said
detector oligonucleotide, ' |
wherein said array of anchor oligonucleotides is immobilized on a region of a
combination, wherein said combination comprises
25 1) a surface comprising a number of spatially discrete, substantially identical,
regions equal to the number of ESTs to be studied, each region comprising
2) a number of different anchors equal to the number of ESTs to be studied.
Of course, the above methods for mapping ESTs can be used to map test sequences

(e.g., polynucleotides) onto any nucleic acid of interest. For example, one can determine if



25 & wi th particul ar physiol ogical states or devel opnental stages.
Such; agent s can be man- nade or naturally-occurring substances,

i ncly udi ng enV| 9{3 factors such as substances PCT)U%‘%Yﬁd in
enbryoni c dev opne i n regul ati ng physi ol ogi cal reactions,

suljst ances i nportant in agribugy ness such as pesti Ci des or
her bi ci des. Al so, such agents can be enployed in their

unal tered state or as aggregates with other species; and they can be

27 two 8t thaet@ched DNA@BhEMs &rcnmszﬂl\éak&melsxme tg@no'ihl@m NQuch a
menber, either directly or, via a specifi bi ndi ng subst ance.
Anot her enbodi reseduss caufbaid forewamy i@h%stmctmﬂwmatx%pf long cowplkesigenss- & at
| east one a similar mhel&nel din AcRAMRE & ofM'beHl FO RS BTt seduences or codin
a) a surface conprising nultiple spatial 8I screte regions, ?ea t
two of sequencewmaphmathe Sy SERpMi QN@ iStelm taj deigrminatiomn cp\dgubsrnsed for
conpri skng at ofoly!tH e,
or one %f t he o r t% y%geisgl%gés{:trg{tgdgas rel nﬁiween id" ormal and a dfsPist ?An‘iﬁ?}%&;ﬁ

a cont ai ner cowrcharacterizad by diffsrential eplisirfamatierne nlany dthkeapplivdtionsidfthe miappihg has
a first portlon [ . east. sai d anchor(s) and a second
portion that cor?pﬁ{r%?g‘élﬁ b%BLl%m% OAC @%?@@“e%ﬁm ch is specific for at |east
one of said target (B another aspect, the invention relaten to aemethixd df deterimining evldch of a
provi ded a sur set o nstruc{el ons

fac
for attaching tpg r§{t fe?atg¥n%]t$8 e °° Eﬁ‘c?ﬂ%?ysma? BYFmelra™® | i nker
nol ecull®, whi ch haswaerkinrost or more of sald polynupl@diﬁde@fha? pecorhplemémtiryad sdi@¢asdleione

of said anchor SeCco d at..co ises a obe . .
which is speci 1(‘19‘)61 i“?ﬂ('j S i =7 []°“d|€ﬁ &W.fﬁff&fe%‘aﬂ@wali?&ée
for exanpl e (butqeheslfhe first of wlucﬂQieﬁhésnint emgdnaéleotadedﬁ@w b@ﬁrésp&zcmig eA6did of

t he anchors on t urface, an in ation of anchors
there are and \BHB’PBa?mldF*?é’dé}Eﬁ &‘B’g #W@Vhélfe@m?sédjﬁe@@r °5$Ri‘“&1°ﬂt|“%?t"8€5’fp°f‘@ﬁg

specifically ati a6dpslgnichdEaS; cahpidng, i nding, etc.) the linkers to the
anchorsl5 For exanpl e | f

contacting a sample which comprises molecules of said nucleic acid with at
least one region of a combination, wherein said region comprises an array of oligonucleotide
probes, at least one of which corresponds to each of said polynucleotides,

b) incubating said sample with said region, thereby permitting molecules of said
nucleic acid to bind to said polynucleotide-corresponding oligonucleotide probes which are

20 complementary to portions of said nucleic acid,

c) incubating said region comprising molecules of said nucleic acid bound to
one or more of said polynucleotide-corresponding oligonucleotide probes with a detector
oligonucleotide which corresponds to a polynucleotide to which a given one of the
oligonucleotide probes of said array corresponds, thereby binding detector oligonucleotides

25 to nucleic acid molecules which have bound to said given oligonucleotide probe or to other
oligonucleotide probes which are complementary to said nucleic acid, |

d) detecting the presence of said detector oligonucleotides, thereby identifying

. which polynucleotide—correspoﬁding oligonucleotide probes of said array are complementary

to portions of a nucleic acid which binds to said given oligonucleotide polynucleotide-



t he anchors are oligonucl eotides, the instructions can include the sequence
of each anchor, fromwhich a practitioner can design

conpl ement ary -specific noieties of linkers to 20 ract
specifically Jﬁ?ﬁﬂ§égg., hybri di ze to) the anchors; if the Jﬁgﬂﬁ?ghg?g
pepti des, the I nstructions capgconvey information about. e.g.
anti bodies which wll interact specifically with the peptides.
The instructions can also include a protocol for associating the anchors
and |inkers, e.c@mresp6ridil protfentherabyideiFgas viich polyhydotidészad camiplémentary iesaid ype
of aSSOC|at|on) such as tenperature and tine of incubation,
condi ti ons and SY¥AFESEE 2y renovi ng unassoci ated 25 mol ecul es

(e.g., washes), andwhbRid ki€ arrhy bf BREGHRERtideFrobddSiks libeiobBi2sd @AM tegfdnustea
i nformation on_the construction, and use of any of the types of

control I|nker§°@P§’éﬂ%‘bé’é‘°‘fﬁ”§"ﬁé}dﬁ°m§ﬁﬁn‘éﬁ°°mPnses met hods, e.g., to

quantitate, normalizg, ,'skirRe-chipRbingh rHbbPbAIRIARS MY k0SS RAILEOBERGaMI t h
t he conbi nations. The instructions can enconpass any of the, paraneters,

condi ti ons or regions equal to theaymber ohpayBudsalidete b S‘i“ﬁlefi*ﬁash KBIoNICORPIGRE al |

of which can be perhgr %HePUP Hx@ﬁl‘éﬁt al¥hbR equal to the pumber of polynucleotxdes to be
28 conventional procedures, qy one of skill 'in the art

As di scussed elwﬂe%hmwhins%@pphmmthon a practitioner can attach to a
surface of a btli}ﬂﬁctfoPM Bt %m?QHPE 55k Péhibn G1ai’ & @%&ﬁﬁcaﬁﬁnh aBé’HoF WF)

of anchors, a w de Vgll’l et
progr ari®i ng anya ssfond paitide thaacqmescm opgwivelcotidepyshe Wibeheeorresponds @ at least one

practitioner en set of linkers froma surface of the
i nventi on and g%églggg&gugegdgs anot her set of linkers (elther t he sane

or different fromtHe ahoﬂhsxt aspedt)af thd: limwentign, dhgabver methédsce map ESTs or othero

be reused many tol u§1e0t1 es lerec)éxln nser % \%rlld reusda onlgnngtggrs]asx'}lllt ﬁt Gl urt her

advant ages of yn g PRV TN e vt P Ply REtR Rt

enbodi ment, conmomafitesepaf the invention can be used to map ESTs 10

(Expresiged Sequence Tagple oTBRlimbikor MR S85248 GARR TolR ot ILRLITAS
mRNA, or other types of RNA) are converted into cDNAs by reverse transcriptase, and these
cDNAs are then hybridized to a probe array. This type of assay is illustrated schematically

in Figure 8. RNA extracts (or purified mRNA) are prepared from cells or tissues as

described herein. Reverse transcriptase and oligonucleotide primers which are specific for

20 the RNAs of interest are then added to the RNA sample, and, using art-recognized conditions
and procedureé, which can be routinely determined and optimized, the first strands of

cDNAs are generated. The term “specific” primer refers to one that is sufficiently
complementary to an mRNA of interest to bind to it under selected stringent hybﬁdizaﬁon

conditions and be recognized by reverse transcriptase, but which does not bind to undesired

25 nucleic acid (see above for a discussion of appropriate reaction conditions to achieve specific
' hybridization). Residual RNA -- mRNAs which were not recognized by the specific
primers, and/or other types of contaminating RNAs in an RNA extract, such as tRNA or

rRNA -- can be removed by any of a variety of ribonucleases or by chemical procedures,

such as treatment with alkali, leaving behind the single strand cDNA, which is subsequently



of a group of ESTs were generated fromdifferent (or partially overl appi ng)

portions of the sane gene(s), and which, if any, are unique.
Fi gures 18, 19 21 illustrate such an assoraiddskop
exanpl e an assg’fzg%%ggt erm ne which, if any, of 16 ESTs are "linked" to a

conpron gene. A first step of the assay (see3figure 18) is to assenble
arrays in which each 15 of the ESTs to be mapped is represented by
at | east one oligonucl eotide probe that corresponds to it. A
nunber of array glaéguatoritat ¢ih a JLAPS probé &reay) Théraserofi rdverse ﬂﬁnsﬁﬁilfssenmt}b:Emcthod

mapped are distributed in separate.r n ), of a.surf

the ill ustrat eqminimizes the ncc:éa g)i 5 p%veel-gﬁgl %ﬂ(f%;\g% vgpmﬁ}% b(?&F&?ftﬁ'gtt? Segradanon
conpri ses 16 webl suciemed apd twslcﬁfﬁcﬁmn& aWdIR vah. amemnore, the addition@f spkBificity
di fferent EST-specific, oli gonugl eoti des, npunbered 16. An oI on cl ep 1 de

whi ch 20 engendaged By EEP"eféﬁmeSeF‘PEﬁS%P“’EgT“%R?é‘éF‘FP@e ARFCE

is suffigientlycaepigpentary to an "EST such that, under

sel ected stringent hybridization conditions, the ol qonucl eot i de wil |

hybri di ze speci fi cal Pptienglly.iag cligAs deserbed gbove sampensplifigh pefprechybridization toghe

EST- correspondi %Qobe array 10 mcrease thO4il @B#bﬁkﬁoﬁ'hgtﬁlggﬁuctlé&ﬁe fevse %&rﬁ)‘tﬂ!g pnmers
specifically (under optimal conditions) to the coding

non- codi ng st rardasc@bechabmmawnmesq,zéﬂwfrri)mndhese@@neesr (dnshaeanche %‘W@t BH27
was 25 F}l‘e&%“\;\%&&%‘é@?fﬁtﬁﬁoﬁ Qteg?or %&é #sé 6 [T PRl ’p2

gene from whi ch A erated.”"Fadtors to
be consilfler ed i poljwmraga, thhti)ﬂlkegohu&lbemldeshovmnd Figure 8, 2 T7 promdhﬁsrbpqnunmaﬁon

paranmeters to bg Qofisuh fqhetﬂe Iré%ex% c %*Hn o Th ﬁ@g&%&sé‘%g& Ecﬁxastlée%@con?ers

di scussed el sewhere 1'n I'S app Ica asse
| i nker nol ecul esn@r;@rated into the cDNA apd eq:ﬂhadserweasla redognition laxtezfmpmltg:ésroands of

noi ety specific for he ancho Fﬁ\&‘ eneric,.ar o
29 i iy, ey AR Rl eRER ISR ol Y massripsige e YD
corresponds to Cmgmoﬂillyt tie nkRVAs s®generated can be amjiléfiedefintied, usigPRheand applopriate
are attached to anchors a ed el se S ,a Ilcalon
In a suageque » octhe g@ﬁguigﬁe o SR g{eg tri? ‘glf‘ﬁ&’tp WWE?%%PCR”G
nucl ei ¢ aci ds (e-o@tmeand well-known in the art.
The above-described method, in which mRNA targets are converted to cDNA with

reverse transcriptase before assaying on MAPS plates, can be used instead of the standard
MAPS assay procedure for any of the RNA-based assays described above.

20 In another embodiment of the invention, one or more nucleic acid targets of interest
are hybridized to specific polynucleotide protection fragments and subjected to a nuclease
protection procedure, and those protection fragments which have hybridized to the target(s)
of interest are assayed on MAPS plates. If the target of interest is an RNA and the protection
fragment is DNA, a Nuclease Pr_otection/ MAPS Assay (NPA-MAPS) can reduce the need

25 for extensive handling of RNA, which can be sensitive to degradation by contaminating
nucleases and thus difficult to work with. In such an NPA-MAPS assay, the probes in the
probe array are oligonucleotides of the same strandedness as the nucleic acid targets of
interest, rather than being complementary to them, as in a standard MAPS assay. One
example of an NPA-MAPS assay is schematically represented in Figure 9.



MRNA or single stranded or denatured cDNA), which may contain sequences

that are 5 conplenentary to one or nore of the oligonucleotide
probes, is ad‘q,%(; Lpegach of the regions (wel | s) pphbeSoHpri ses
a probe array, “R&“% xture is then incubated under routi nel y

determ ned optimal conditions, thereby per3tting nucleic acid to bind to
conpl enentary probes. |If several of the EST-specific probes are
conplenmentary to different portions of a singl e nucl eic acid,
that nucleic aci d winlan NAAMARS asseaythofargehef ihterest cambd dny nacleizacids e guhgenbmizne

10 f ot ' . . | n. t
step, a di 11 er DR arl BIASERER B Ao mERNA, phspopsiticde SRR LR
detectors #1 t @rag@pnts, madifietinidkieacits, spghaie fuskid Jcidss @e tid Uke. 19) a pheferred

mmpped. | Ench’ ESTOUGREIE e PNy e pigF BT IS 1 57 for oie or or GRAA Feplint

(1 gt | eaﬁlt _part kx?htdmay Erefifh tiﬁﬁab?@m\zmqgmeﬂa@t hA Eﬁnﬁ&hich adil'ftﬂﬁﬁﬁe ta}ﬂgbt@ gbe
ol 1 gonuc eot | e, SO that .t he ope an t he _etetor0|gonceot| es
do not interf ePé“\Pﬁ"ish‘Sc'S"FFéhyb“%‘zed under &E“&Wﬂﬁqﬁ'@s‘?‘“ EqLIogS fsee mveé%%f@,w%e

ESTs depi ct ed ioPagpréprib® reabtionddh&itionse6 beRne Bkeifie hiisridzation) to one or mork,spekifid1d 6
of Figures 18-20. Figure 21 indicates that ESTs #1 and #2 were both

1 . : ( .
obt ai ned protection FagRanKein & Brotestion Jragient is 3 nokyayelyotidguhighcanbe e g:6RNAs

obtai ned from @A i(ineheik a POR Préthied, PNA or modified SCRBstithied Aub18id0dcR, har &
sanpl e containing _a m xture of nMRNAS, including one generated from 20

gene XlQare i néepasificder apartirnaie npleip acid targsy of intesrsh Byn specifin” esotedion fragmprt,
gene X mMRNA wi I, HOOehic Rt Ju B bty ﬁbar:ht)é FreF s &
loci with pr obéds‘s1““"'ai‘“r‘fol’_1 BNt " at p?n%‘@e\ﬂg? ﬁ%ﬁieeﬁ _ a{sﬁﬁgggedg‘%md(‘%e
course, each niRRAneniebinddéo Baada stlactpibstrngenkenndiions; dut whish sithnot bindéo gthesbes
to which it ca L&l o | I [ |

region (well) %n n?‘%yd\%\ndjrﬁclé acids. %bl%%ﬁél%?%%l zg%o&t g&%e%ed‘@eggﬁ%v\kﬁgﬁ’ S
bound at | oci preferdbly 3 tof shoupi Oheor @beutyas loug apetfulltlem®h cDNA. In @cprsfesed

Simlanky, if ; .1 ' | ) | bz 5 ,
wel | 350 | LB B AR Figeh a eI RAKIGLAR MGy PigiechiB
this fashion, dragmenis spedific fomas many ahilh targets or more cahlheoingluded immnsiegle
which of the E : i VY=Y for rtion f,the. s . nd
whi oh ESTs  ar o o drdion R, AnS nyERatced n S befliq iR 4 ARaiP G50 of
first 3 ESTs. more nucleases enentbedgsoy substantidllyt dilenwiie acjé recept fier thaptot&tiSTs
encode porti Onsfra%fme%{zgt&ﬁ{:h A %ybr%}gedttg She nucleic acid(s) of interest and (optionally) the

20 portion(s) of nucleic acid target which have hybridized and been protected from nuclease

digestion during the nuclease protection procedure (are in a duplexed hybrid). For example,
if the sample comprises a cellular extract; unwanted nucleic acids, such as genomic DNA,
{RNA, rRNA and mRNA’s other than those of interest, can be substantially destroyed in this
step. Any of a variety of nucleases can be used, including, e.g., pancreatic RNAse, mung
25 bean nuclease, S1 nuclease, RI;IAse A, Ribonuclease T1, Exonuclease III, or the like,
depending on the nature of the hybridized complexes and of the undesirable nucleic acids
present in the sample. RNAse H can be particularly useful for digesting residual RNA
bound to a DNA protection fragment. Reaction conditions for fhese enzymes are well-

known in the art and can be optimized empirically. Also, chemical procedures can be used,



30 remai ni ng ESTs appear not to be linked. Conditions of
hybri di zati on, optional wash steps, nmet hods of detection, and
the like are discussed el sewhere in this application with rggard to

other MAPS as¥@9¥32643n order to confirmthe |inkage data obt BFREE ¥ ¥he
MAPS assay, one coul d perforn},.}DCR reactions using pairs of
EST-specific oligonucl eotide probes as sefhse 5 and anti-sense

priners. Every pair of linked ESTs should yield a PCR product. Note that
this palrvmse PCR er |, i ' y
W thout usi ng *Enaen TyaRBLr bR CASIEIRAY B EEMALS Do ARG BN
woul d be requkﬂ@xzh praditdufbaﬂthST topemm;nmhybndxzed materialand/od tolipacgivate otxemove
synt hesi zed as_bpt h sens SLE nds. .For -the il]uys t
exarp! o 180" LU ARRRSRE SROM P ER SR B e AT gtluih Aol e G REess
aspect, the i RYRytridtatiss |fatcﬁ\&dtb9 nacleme Bcgdstmﬁ adlé (optiohailyh chenticat Hegrﬁdaaon 1s
plural ity onpl ene |ven nu elc

of
conpri 3in g, called a nuclease protecnon prgc)egure,l %‘@Bﬁtﬁf’? %éleaf? RrotRgion P}'Ofg \é 38?

ol i gonucl eot i @escﬂbat(e@ gt L&eeeaal(wm Méth. Enzymol. 152, 6330848C IZitr0dr 2 Q1983 Sl 0
each of said ESTs ' j

est s | e which ma ntajnh saj d.giyen
nucl ei ¢ aci d, 5084§Eﬁ731 S%F‘Hfﬁcﬁqa 3529?%?%%‘6@&%» %’219‘0@‘{9‘?\"’ %“aePEfm%aﬁ procedure
ol i gonucl eot i %1&51%&%1\1@1&5&& akdlpldded in contact Wit h RIAPSErobe array and the usual steps
b) I ncubat i ng sai d hybri di zat. on roduct with a detector

ol i gonucl eot i ®,a Wik assay are carried oplpr Bouph Repieqtion frpgmsnts; anyif detedere byt
sai d qpi gonuc|l'§rﬁﬁﬂxgﬁloﬂrt9@§)§leﬁ%gﬁ§9&Wpc pétitks, W hERribed herein for staniSdMPEBS T 1 C

for a differe portion of ST than s said oligonucleotide probe, and

c) det ect i rigsayhirtthe profegienfeagasaisdeenirelypi candte lahgled, caralenlyar aor-egvalewtly. by
said 20 wﬂﬁf@&éc prllnblgﬁﬂé’c' eot i de, wherein said
e

array of oligonucleotide probes is immbilized on a region of a
conbi nation, wher elhm apréferrasiomhiodiment Mecmnqm:uogé@gment is directly labeled, e.g., rathera

surface corrprl cal,
regi ons equal o nu%gj&hgﬁnﬁg#%h %{ﬁ* fp%éﬁég Zt&%ﬁﬁo?%& r%L%:ﬁcl)érr% {’%rng
25 15 is bound 29 the mmmionofragmeht ehreugh arimgmd-antd(gaadl mt@ramlmn, regiber of

ESTs to be st a
3) a bifuncti (L)‘L’g'laesgrﬁdﬁkg&% coﬁm}]gs‘s 3d r st mu lﬁéds r%{ a{"lim le% nggFoncdeT or the
anchor, and another example, the pextenticn fragrmém is mdsrhﬁectdwpnc:aﬂy,s(e.gn by ldirgcicoaglingt | de

pr obe Wm ch C Ol oAl dhsperomé‘ase kﬁﬁﬁ)tor OFF fluorescent dye) and this chemical modification is
detected, either with the nucleic acid portion of the protection fragment or without it, (e.g.,

ﬂ(

20 afier cleavage of the modification by, for example, an enzymatic or chemical freatment). In
any of the above methods, a protection fragment can be labeled before or after it has
hybridized to a corresponding linker molecule.

In order to control that the nuclease protection procedure has worked properly, ie.
that non-hybridized nucleic acids have been digested as desired, one can design one or more

25 protection fragments to contain overhanging (non-hybridizing) segments that should be
cleaved by the nucleases if the procedure works properly. The presence or absence of the
overhanging fragments can be determined by hybridization with a complementary, labeled,
detection probe, or the overhanging portion of the protection fragment, itself, can be labeled,

covalently or non-covalently, with a detectable molecule. This control can be performed



of said ESTs.

31 I n anot her aspect, the invention relates to a nethod
as above, wherein one or nore of said ESTs may be_conpl enentary
to said nucl eWO %868 and wherein each of said ESTs PCTVUS YRS s es

two different oligonucleotide sequences, {he first of which defines an
ol i gonucl eoti de probe corresponding to sard EST, and the second of which
defines a detector 5 ol i gonucl eoti de corresponding to said EST,
conpri si ng, is placed i t NthERbbOghA, SR Brid i MAPTREhy €S
nmol ecul es of gg?ﬁﬂ#\eusc 8%655%(&:%8 n{/a\n‘?otnﬁcat . . 2@ Ieagt%none regi on of a
combi nation, Wl inrexempld of sigh & pontrohgssayse desaribedrin Exarmple dbi 6 panssesbeciauks

probes, at le [ ch.cot 0 Bf 54 .
b)  incubati ﬁ%*%%?ﬁ‘@%ﬁ#“é %’ﬁﬁ&%ﬁ%@%"ﬁ%ér%n ,ﬂﬁ%&rle ‘%}ﬁ%?%rﬁ FQ"}?‘%% R es
of said 10 several diffetenily laheledioligontlevdidesocan &i thckEEd ooa singlp assaly. ritprther, the

i | eotid bes whi I tary t ' f
0L i ool €0t | g B PRETeall blboRbiussy osspalyaed vy SR HBRLERY RS b ©

conpri si ng nohsayldeslopimesictd cerifythat the pasteddioh dragleritoare processed as expeotel. or nor e

of said EST-correspgndi.ng.ol i gonucl eoti de probes w.th et ect or .

ol i gonucl eoti de m%ﬁ%ﬁ??&? 4% ?'bseé\f‘i’ c@é&"f‘%%ﬁ”& nhgfgﬁ%@ﬁt 1B agagple; [

ol i gonucl eot i geotddbion fragmenti$ 8diR8 aD4 125 shodgH Mila€ @xdesSHRN dfe, taighetoitiye fendi Ng
detector oli g%nuc .eqtides, to nucleic acid ) nol ecul es V\%ch have
bound to sai dBYPrAARNEN TeRRIR & coBtPitan. ShaAsreugt ofpEPterting fragineny BrmAlNES it dhe

probesggwhi ch ah8le4se PRILESHBA sp Yvill Gefidtt How UGlcRi thrgBCivEs present in the sample. One  d)
detecting the presence of sald detector oligonucleotides, thereby

i denti fying example of such gqpangitationreafionds desrabeddn Bramplpttd @tlede probes of

said array are CONRIPATRIAPS a¥salPcatbe used to imPRMEAARS oPfhe netital éseriidislovdhi Ch
bi nds to said given oligonucl eotide EST-correspondi ng pr obe,

t hereby i dent itfafpsrptaprreMeRYassavse conpl enentary to said given nucleic acid
wher ei n In a preferred embodiment, the polynucleotide protection fragments are measured by

15 the mass spectrometer rather than on MAPS plates. In a most preferred embodiment, none
of the polynucleotides are bound (attached) to a solid surface during the hybridization or
nuclease digestion steps. After hybridization, the hybridized target can be degraded, e.g.,
by nucleases or by chemical treatments, leaving the protection fragment in direct proportion
to how much fragment had been hybridized to target. Alternatively, the sample can be treated
20 so as to leave the (single strand) hybridized portion of the target, or the duplex formed by
the hybridized target and the protection fragment, to be further analyzed. The samples to be
analyzed are separated from the rest of the hybridization and nuclease mixture (for example
by ethanol precipitation or by adsorption or affinity chromatography, etc.), eluted. or
solubilized, and injected into the mass spectrometer by loop injection for high throughput.
25 In a preferred embodiment, the samples to be analyzed (e.g., protection fragments) are
adsorbed to a surface and analyzed by laser desorption, using well-known methods in the art.
For highest sensitivity Fourier Transform Mass Spectrometry (FTMS) (or other similar

advanced technique) may be used, so that femtomoles or less of each protection fragment
can be detected.



said array of oligonucleotide probes is immobilized on a region of a

conbi nati on, "wherein sai d conbi nati on conpri ses

1) a surface conprising a nunber of spatially discrete, substantially 25
i dentical regivme/aéiial to the nunber of ESTs to be studi ed, PERERS22Hon
conpri sing 2) a nunber of different anchors
equal to the nunber of ESTs to be 39 st udi ed, each anchor
in association with 3) a bifunctional Iinker

which has a first pgrtion that is specific.fqr, the ...

anchor, and a secon%B%BrPquB‘Pf‘ C"E,S&ﬁzﬂrafest8?egﬁ”ﬁ?‘?&b‘”ﬂ&“@é‘frirﬂ%re)p?agl?ées\ﬁﬁ? ch
32 be designed to gi¥ 4 125q% BgHal tfer thd mhs 8sdctromereised aAindnEEhbodiment, the
The conponents of an ES nappih(r;}%aassa_y can be meg 'En any order. For
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linkers and ES[Ratment, and their moleBulh'®eiRht8 SR8 CRarBéte iR EBRICatR APPignRInfatiof 2N
be assenbled in solution and then added to the 5 . anchors.,

In another asp@gitem tHEDS St Greasia theis conseriraten-NouBaT MR SERTH HIVIRY 1Rt h
of a ~ in thd BRANsid ¥f Bdmptex iRtifRs, CABTIABRIh A denteftsAeal B holifiel e g,
acid, conprising, . ' - a) incubating a collection of

bi functi onal oldexatiged) stthichemical medgtiendrsigned togivestaghunique signals. For exgmpip pash
conprises a fir td ' - t ha t, .sone
of oaid g0 Proretth feeldiibe BB Wiyl D rfel FABRER el anifh 3hic
anchor ol i gonuattached thequghian kmide bewt to the oligonucleotidesstnapd & ondrphonewysitionstaiing
sai d gi,yen nucl.gi [ t o .0bt ai Lkt hybri di ' .

pet weartoni d- ol b Sridas p&uBE 0Ll fahd "W ik b Bonib, B SMGhrice encrey,
b) i ncubat i ngregaiedtafiorr cturb yiithé atnideboras, refeasihget characteristic propaytierl ofzbelarampay

of anchaqr. ol.i ucl eqt.i des erej n each anchor oligonuel goti de
corresponds to atcxpiig ghg%g}dgo%pproac%mw ich chemical moiéties oﬁno%erate size ougﬂ?y §OO o

200 molecular weight) are used as mass spectrometric tags is desirable, because molecules

of this size are generally easier to detect. In another example, the chemical modification is
15 an organic molecule with a defined mass spectrometric signal, such as a tetraalkylammonium
group which can, for example, derivatize another molecule such as, e.g., an amino acid. In '
another example, positive or negative ion signals are enhanced by reaction with any of a
number of agents. For example, to enhance positive ion detection, one can react a pyrylium
salt (such as, e.g., 2-4-dithenyl, 6-ethyl pyrylium tefrafluoroborate, or many others) with an
20 amine to form a pyridinium salt; any of a number of other enhancing agents can be used to
' form other positively charged functional 'groups (see, e.g., Quirke et al (1994). Analytical
Chemistry 66, 1302-1315). Similarly, one can react any of a2 number of art-recognized
agents to form negative jon enhancing species. The chemical modification can be detected,
of course, either after Having been cleaved from the nucleic acid, or while in association with
25 the nucleic acid. By allowing each protection fragment to be identified in a distinguishable
manner, it is possible to assay (e.g., to screen) for a large number of different targets (e.g.,
for 2, 6, 10, 16 or more different targets) in a single assay. Many such assays can be
performed rapidly and easily. Such an assay or set of assays can be conducted, therefore,
with high throughput as defined herein.



15 specific portion of at |east one of said |inker nolecules, to
forma second hybridi zation product conprising said anchors,
sai d oligonucl eoti de probes and said nucleic acid, and

c) i ncubat i(WR%%¥268er said first or said second hybridi zatiIHUBPoHAt
with a det ect or ol i gonucl eotld% whi ch corresponds to an EST to
whi ch one of said oligonucleotide probes corresponds, but which
is specific for a different portion of the EST than is said 20

ol i gonucl eoti de prohg,
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conpri sing a nusex@antiffed gipedsural| guantitsted)eicayratslybBdrany mlelcylemlmdtmdd by mass
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genom ¢ DNA. Such a cedure could aid, for_exanple, in the -

structural el uct3mis spdiye qhafﬁgen%ﬁ% étensity aad prpfile of the sigoal 15 verygeRrpdugible.

nmanner,jgone canyegleefoliedéh plob® ke O ﬂoéﬁ WEE&&QE&EB VERUMEE GRRhdds CRA 1
sequences nmap to the sane genom c a determ nation could be used

for 5 exapprimental fignalgiinternested; %‘at“éét!"eb’ow@l aCMEEi sh bet ween a nor nal
and a disease condi tjhQge %!?E& Nhe mventlon relates t%ra%@tﬂ&f l%QifeﬁEt' AR Gr Rbridcles R0s| aI

splicing patterns. Many applications of ]g
nmethod wi |l be ef/intrsest, compasiag sibjecking p smvkcr?emammg the muclic acid(s) of interest to

nuclease protection with one or more protection fragments, and detecting the hybridized

15 duplex molecules, or the protected nucleic acid, or the protection fragment, with mass
spectrometry.
Methods of analyzing nucleic acids by mass spectrometry are well-known in the art.
See, e.g., Alper et al (1998). Science 279, 2044-2045 and Koster, U.S. Pat. No. 5,605,798.
In addition to the variety of high throughput assays described above, many others
20 will be evident to one of skill in the art. |
An advantage of using multiprobe. assays is the ability to include a number of
“control” probes in each probe array which are subject to the same reaction conditions as the
actual experimental probes. For example, each region in the array can comprise pdsitive
and/or negative controls. The term, a “positive control probe,” is used herein to mean a
25 control probe that is known, e.g., to interact substantially with the target, or to interact with
it in a quantitatively or qualitatively known manner, thereby acting as a(n internal) standard
for the probe/target interaction. Such a probe can control for hybridization efficiency, for
example. The term, a “negative control probe,” is used herein to mean a control probe

which is known not to interact substantially with the target. Such a probe can control for



I n anot her aspect, the invention relates to a nethod of determ ning which

of a plurality of polynucleotides are conplenentary to a given
nucl eic acid, 10 wherein one or nore of said

pol ynucl eot i A& #8¥Be conpl ementary to said nucleic PCTUSKETH! and
wherein each of said pol ynucl eotides conprjses two different

ol i gonucl eoti de sequences, the tirst of which defines an

ol i gonucl eoti de probe corresponding to said pol ynucl eoti de, and
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34 15 assay. For example, consider an assay for an agent which modulates the production of

mRNAs associated with a particular disease state. If previous analyses have indicated that
one of the correlative mRNAs (say, mRNA-A) in this set is pfoduced in such high amounts
compared to the others that its signal swamps out the other mRNAs, the linkers can be
adjusted to “fine tune” the assay so as to equalize the strengths of the signals. “Blocked |

20 linkers,” which comprise the anchor-specific oligonucleotide sequence designated for the
mRNA-A target, but which lack the probe-specific sequence, can be added to dilute the pool
of target-specific linkers and thus to reduce the sensitivity of the assay to that mRNA. The
appropriate ratios of blocked and unblocked linkers can be determined with routine,
conventional methods by one of skill in the art.

25 Samples to be tested in -an assay of the invention can comprise any of the targets
described above, or others. Liquid samples to be assayed can be of any volume appropriate
to the size of the test region, ranging from about 100 nanoliters to about 100 microliters. In
a preferred embodiment, iquid drops of about 1 microliter are applied to each well of a 1536

well microtiter dish. Samples can be placed in contact with the probe arrays by any of a



correspondi ng probe, thereby identifying which polynucl eotides are

conpl enentary to said gi ven nucl ei ¢ aci d,

wherein said array of oligonucleotide probes is immobilized on a region of
a WOMRERL i on, wherein said conbination conpri sdCTEUS827191

1) a surface conprising a nunber of spatially discrete, substantially

I denti cal , regions equal to t hé%nunber of pol ynucl eoti des to be
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20 using routine, art-recognized methods (e.g., commercially available kits).

Optionally, nucleic acid which might compete with an RNA of interest for
hybridization to a specific probe (i.e. genomic DNA, rRNA, tRNA or mRNA which shares
at least partial sequence homology with the RNA of interest) can be at least partially
removed from an liNA sample by pretreating the sample with a nuclease protection (NP)

25 procedure before subjecting it to hybridization. A nucleic acid (a “protection fragment,”
' which can be, e.g., RNA, DNA or PNA), which is complementary to at least a portion of the
RNA of interest and whose sequence partially or completely overlaps that of the probe which

is specific for the RNA of interest, is introduced in excess into the sample and iﬁcubated with

it under selected stringent hybridization conditions in which the protection fragment



35 pl aced in contact with a MAPS probe array. The use of
reverse transcriptase in this nethod mnimzes the need for
extensive handling of RNA which can be sensitive to degradation

by nucl eases aywlowhaérs difficult to work with. Furthernore, tRETVHSW{1%nal
specificity engendered by the specific reverse transcriptase
primers inparts an added | ayer of specifici“@y 5 to the assay.
Optionally, the cDNAs descri bed above can be arrpl i fied before hybridization

to the probe arra Lnhcrease th naI ength. The
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S ybridi zed, t
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probes in the
(e.g.. phenol extraction, precipitation, column filtration, efc.) . The treated samples are then

placed in contact with the probe array. In order to control that specific hybridization and
20 ~ subsequent nuclease protection has occurred properly, one can include labeled protection
fragments in the reaction mixture. In order to control that the nuclease protection procedure
has worked properly, i.e. that non-hybridized nucleic acids has been digeéted as desired, one
- caﬁ design one or more protection fragments to contain overhanging (non-hybridizing)
segments that should be cleaved by the nucleases if the assay works properly. The presence
25 or absence of the overhanging fragments can be determined by hybridization with a
complementary, labeled probe, or the overhanging portion of the protection fragment, itself,
can be labeled with a detectable molecule.
For any of the methods of this invention, targets can be labeled (tagged) by any of

a variety of procedures which are well-known in the art and/or which are described



probe array are oligonucl eotides of the sane strandedness as the nucleic

acid targets of I nterest, rather than being conplenentary to
them as in a standard MAPS assay. One exanpl e of an NPA- MAPS
assay i s schewsxsnwbly represented in Figure 9. PCT/US98/27191

36 I n an NPA- MAPS asigy the target of interest can be
any nucleic acid, e.g., genomc DNA, cDNA, viral DNA or RNA,
rRNA, t RNA, nRNA, oligonucl eotides, nucleic acid fragnent S,
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(optionally) th conditions effective for achieving binding or other stable interaction are routinely

determinable (see above). For example, fluorescent oligonucleotide reporters (at a

concentration of about 10 nM to about 1 pM or more, preferably about 30 nM, in a buffer

such as 6X SSPE-T or others) can be incubated with the bound targets for between about 15

20 minutes to 2 hours or more (preferably about 30 to 60 minutes), at a temperature between

about 15° C. and about 45° C. (preferably about room temperature). After incubation, the

samples can optionally be treated (e.g., washed) to remove unbound target-specific feponers,

using conditions which are determined empirically to leave specific interactions intact, but

to remove non-specifically bound material. For example, samples can be washed between

25 about one and ten times or more under the same or somewhat more stringent conditions than
those used to achieve the target/reporter binding. '

Tagging with a target-specific reporter(s) can provide an additional layer of

specificity to the initial hybridization reaction, e.g., in the case in which a target-specific

oligonucleotide reporter is targeted to a different portion of the sequence of a target nucleic



20 portion(s) of nucleic acid target which have hybridi zed and been
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proced bes havefo§§ﬁ'ﬂté uéar 2gch or locus (ﬂg 1-1 @?g é%agﬁ?mcﬂfﬂocl, éa%ﬁccﬂﬁpr?shlg(ainqﬁ'@lty

Met h. nzym)l
865-879.) . Sarrmfesbstmnétyedenbyal mnbb@ééeB ot G ot haye 2 lebel (egwedluby) atteched to one

(optional) pro%&gﬂ* ‘?ex le, arhodamm'eg dgﬁﬁﬁdr\é beeaﬂ%i-leﬁ’gﬁﬁés e%%f&'eﬂﬁl‘?eg. M’IBS

contact with a array an usu
assay are carri mddlﬁut llnk&smuiermedf‘wtrpﬂmkénsaghﬁermm dfdinters exd exahtrbl/lirlkers

hybr | di zat i on tl(l)ﬂs lbgeb gogla e/gwt‘gtan%% ok Ia%amfﬂg EILS“,E aﬁ?r&gﬁ?a% 'i)een ?ﬁﬂ) IWchf or

standard MAPS he ptrotecti o

can. be lI5abel ed, the cegualtizgpriobe. mymmget-npachﬁmtebwer bearing a different\ﬂnbﬂ{eg ﬂem\esmmbl e
nol ecul e.

or another detection label such as a chemiluminescent one) can be used (or the target can be

directly labeled with a fluor or other detection label); and the ratio of the two signals can be

determined. The presence of control linkers permits calibration of the number of functional

(e.g., able to interact with linkers) anchors within and between test regions (i.e. tests the

20 capacity of each locus of the array to bind target, for purposes of normalizing signals), serves

as a basis for quantitation of the amount of bound target, aids in localization of the anchor

loci and/or provides a positive control, e.g., in cases in which there is no signal as a result

of absence of target in a sample. In one embodiment of the invention, two different labels

(e.g.. fluorophores) can also be used to detect two different populations of target molecules;

25 however, the ability to recognize the éresence of targets by spatial resolution of signals
allows the use of a single type of label for different target molecules.

In another embodiment of the invention, “anchors” which are specific for a target(s)

of interest are not associated with linkers, but rather are associated directly with the target(s);

the target(s), in turn, can interact optionally with a target-specific reporter(s).



In a preferred enbodi ment, the protection fragnent is directly | abeled,

e.g., rather t han being | abel ed by hybri di zation to a

target specific reporter. For exanple, the reporter dto
the protecti ofO P?’%\"‘g flent t hr ough a |igand-antiligand | nt er act"F?hg”Z’q@q
streptavidin enzynme conplex is added to g,diotinylated protection

ol i gonucl eotide. In anot her exanple, the protection fragnent is
nodi fied chemcally, (e.g., by direct coupling of horseradi sh

peroxi dase (HRP) o, ,%Etsawﬁéﬁ&n@&%n&r %M?&eléﬁ,”ga& Bé echedTog Ay W $iredf bPN 1S

detected, either with the nucleic aci ortion of the protection fra rrent
or without it proceduges, which are routine anda;bn‘emtl@taéwb@@ Edee tetge Foden o pA99%

for exanpl e, z ) of
t he above net %gtdgg éI'E)Tﬁ)lt’jgtﬁegrmﬁ ) gﬁée)tnt cagpgﬁl ?ljbﬂf I%os cr 1e99(7))r Ua??%tr it
has - No. 51695;7981| Heﬂhstemleﬁlﬂﬂﬂ Ve Fata tiong 653, Qﬂeequﬂat @Qaé)eU S.Pat. No.

property, 1. eomesiaz " Bhadd B A USRTIUR Par o SR7R07 el e ' (159
di gested as déﬁ&Teehhzqu&mw m4dE§ogmemr(e9%D. Trerde i’Genetics 12, 110-pEHt @ntecom

cl caved by ¢ ndv duduE PR Be) BRdent 2%&%%%%%%?&?&%‘%%@“ Wor:

absence of thenass spectromeu'y, elemrxhan@ismtécﬁagmmbme oblami@etsearnm: ciﬁaudmg

hybri di zati on a, co tar | abel r obe,
0 Pt he. oer harFRIIBREPES O el apiaeadero nd delsriigh Of [iERHERE Ry B,

| abel qd, microscopic ;ﬁﬂiéféls @s!%ﬂ Lté’t %B’ A‘lﬁlﬂﬁ&&@kﬁmﬁ caﬂ‘bel&te@ted%tﬁﬁyﬁﬂagng
nol ecul e. ThIS control can be per

38 ith gchargecoynied d&aﬁf)(@l?@rﬁtua@wqermewoax{e&m&cﬁmmsérﬁ?refa@l

array, or as anRadsterRl rhiBRsdPYS oilslﬁya}éouphng a scanmn sdvkted! with A CexnaRhe opf
such a control ass :é is described in Exa %] cour se, because

di fferent | abethsto p&g%?qhyuanswwéﬁwn@egsgfor detection & gniShHacq PPERt Ak Nt
absor ption spegiehd)10-micron part of atest?@éi’&ﬂtr @h b8 itk R Sn¥ack fl&h&ifresonance can be

ollgonucleotldes can be_included in S|ngle assay. Further, the 5
st andad®d nuc| eisd ifsesnlutionican baglsés,/hlah CRONE Qzéttermnvgm anpaTERYt 4eB SARAIa lebed an

be used duringe e one ofapair of energy transfer probes, such as fluorescein and rhodamine) which can
be detected by energy transfer to (or modulation by) the label on a linker, target or reporter.
Among the host of fluorescence-based detection systems are fluorescence intensity,
fluorescence polarization (FP), time-resolved fluorescence, fluorescence resonance energy
20 transfer and homogeneous time-released fluorescence (HTRF). Analysis of repeating bar-
code-like patterns can be accomplished by pattern recognition (finding the appropriate spot
or line for each specific labeled target by its position relative to the other spots or lines)
followed by quantification of the intensity of the labels. Bar-code recognition devices and
computer software for the analysis of one or two dimensional arrays are routinely generated

25 and/or commercially available (e.g., see Rava ef a? (1996). U.S. Patent No. 5,545,531). -
| Methods of making and using the arrays of this invention, including preparing
surfaces or regions such as those described herein, synthesizing or purifying and attaching
or assembling substances such as those of the anchors, linkers, probes and detector probes

described herein, and detecting and analyzing labeled or tagged substances as described



assay devel opnent to verify that the protection fragnents are processed as
expect ed. NPA- MAPS assays can be used to quantitate the
anount of a target in a sanple. If protection fra nt is added
at a large endﬁé ar excess over the target to drive the 98%538/27191
hybridization reaction to conpletion, the gpount of protection fragnent
remai ni ng after the 10 nucl ease protection step will reflect how
mich target was present in the sanple. One exanpl e of such a
quantitation regehinOfte wRllkBSEA téhnbEhtioXA TGS ogy? BHaikidn to methods disclosed in
NPA- MAPS assays can be used to inplement any of the nmethods described above
that use standatht rnaregcessiied above, see, e.g., patents assigned to| Affymay; éffymetrik, Nanogen,

enbodi nent, the ' : t
the mass spectr gﬁgé%ﬁgféﬁ Eﬁe'_drgq l?‘hglﬁlm ﬁgl\j&g? %o: a% est&gﬁn@gwa%{rti %ﬁlegfrﬁhe
enbodi nent, nonévention are availablg); stindandakxthenkls edtraleslartéologyiand pedt¢inchiedde, t o
a solid surface. dur.i |.d] ' r ase..di Lon
tops. A ter nyBi e fiediblebfbbRl 8oy a0, U, s BREAAE SRR
3y nucl eases or Ceyreet@miioain Biozahmobogyd, ss-e?;\amg ehm{?\md tl;%tember)]mt_;h‘, pgg&egtand n

I rect proportian t o ragment had been hybridized to
target. Alter na?f’g/(gleilfd(tl%gea)'s]\gzr%rleggg’\z;gr?%gt reated 20 so as to | eave
the (single strand) hybridized portion of the target, or the duplex forned

by the hybridi zed target._and the protecti.on fragnment, to be
further analyzed. The sanples to%m“mﬂﬁm"aﬁ'ﬁ% are separated from -

the rest of the hybrFigi ralubtfiesaridsiphl Sdhems or®lixbiilcRofid ] in@WA&HPA Bnker 1 contains
by et hanol precipitation or bfy adsorption or. affinity chrqonatogra hé,
etc.), &Puted o portion thatis specificpranchqr] gnd angther P?ﬁl@%ﬁwobeh%tﬁﬁée%& I target

spectrometer by phidQR 1, Bh@ &t whidh aQibeidHetdchbPp@bP lis speific for a sec{u@n& of target
preferred enbodi nent, the sapples _to be anal yzg%égzggeg., protection
-sa

fragnents) are mWRNA1 whichis diftescnt frap the,seguencs p grafiqpastionof the Hler.

desorption, using wekly & RNl OAES WhichiddRipftds 15 test regions, each of GAIchiRbABARSE
sensitivity Fourier Transform Mass Spectronetry (FTM5) (or other simlar

advanced t echni gaéyrayefsibecheraigonusieotides. f ent onol es or |ess of each
protectign fragment pgig 3 illustrates the’@Bigh of dHhL&G 62 receptor binding assay, in which the

anchor-specific portion of the linker is associated with the probe portion (the receptor

protein) via biotin and streptavidin molecules, and in which a ligand specific for the receptor
is labeled with a fluorescent labeling molecule. B: Biotin. SA: Streptavidin. Rec: Receptor
protein. Ligand: a natural or synthetic ligand for the receptor. *: a fluorescent labeling
20 molecule attached to the Ligand. _ .
Fig. 4 illustrates a surface which comprises 21 test regions, each of which is further
subdivided into 16 subregions (indentations, dimples). .
Figs. 5a, 5b and 5S¢ illu;trate three pieces from which a surface such as that shown
in Fig. 4 can be assembled. Fig. 5a represents a well separator; Fig. Sb represents a
25 subdivider; and Fig. 5c represents a base.
Fig. 6 represents two test regions, each of which comprises a linear array of probes
(or anchors) which are in a “bar-code’- like formation.

Fig. 7 schematically represents a test region comprising 3 anchors (A, B and C), each



39 The protection fragnents that are to be detected
within one (or nore) sanples can be designed to give a unique
signal for the mass spectroneter used. I n one enbodi nent,

protection frX§hERt%  each have a uni que nol ecul ar wei ght aft r}%'r/usgs/zﬂm

hybri di zati on and nucl ease treggtment, and their rml ecul ar
wei ghts and characteristic ionization and ragrrent ation 5 pattern
will be sufficient to neasure their concentration. To gain nore sensitivity

or to help %f which dls Prés%:tzmuﬁlg?el c\éﬁi‘e§ (a fgmq‘Bﬂjplﬁfé lwaﬁ&’%féa\?&l] %‘%ﬁggf %cﬁ&rs' on

fragments can derivatize cal
noi eti es desi giaesimeda loows.”cl ear uni que signals. For exanple each
protection fragment..cag he rLivat | e a

unnatural am no aci%g' : musu‘%?es & L‘ égc%\é%’{%r oug {) e%g}at B}Zoﬁjcsf ﬁé The*
ol i gonucl eot i dgarstripaed aretassayed mrMMSeplmxm tions al ong 10 t he

hybri di zi ng portio tran ectroneter of r Late
ehergy g, AR o B o B AP RS e e ate RRRUAESS
characteri sti Cagfy)POirhplORNAf is pReparadifrom cells or from tissue & i¥ seprebmtsd ks tlhii1 wdvy

approach in whjch che noi et i.es ,of, noder at e i ze

200 nol ecul ar Wé?sgﬁ‘f’)&]%\ﬁﬁ\lf‘%éé’aplﬁés r‘?ﬂ‘g%d &SP %S, W“Eleg’ta%sgf%%ﬂg’é |ﬁfa§{5‘|3réts
because nol ecupsrayed as thick, dark @hd liBhtSlirfes.ZFheddek §60tishabf theqRstetiont Ragh@dnfCt .
I n anot her exanple, th e chenical nodification ani c

7ol ecul e wi th EPEST FEmeR dut THEEPPIGRESRIATY I geeg}{%m?%aaagetagndahy%nmze? those
tetraajdgyl anMDRirsbl. The l1ght sections &pRbdht Bhdrkdh el grponfdag SR RIBEsonGifiohy Fith AR

anot her nol ecul e such as, e.g., an am nQ aci anot her

exanpl e, posit pweplemem@asewecq T3 nat epmplementagy iniaeast ddrepyotetiontdiagmenis @rf any
of a addel T BREss qfoll@@ﬁ@%?bndfﬂﬁox’?m'vﬁlabfe%r?&h@'ﬁféepr&Q&iJn'ﬂ’a%'rd

det ection, one can react a pyrylium such

2-4-dithenyl, Eweetamplespare Jeatednveith am ppRTepristroresktail off wéqwesomewst? ohemisalan
20 a@cﬂ&eﬁtg’gxfap&egﬂ-% LBWaht@d Ribaiakid l%ﬁménﬁ? Bﬁ@h?éﬁﬁ?é’eh o) g’f’%p‘% de.

enhanci ng agents can be use or m ot p05|t|v y charged
functi dhal gr ofpsexamwde, . rgldeaﬁﬂan destroy any singlpasppnded RANAinresgnt. Hence, excess

Chem stry 66, 13Qasibn h%bnexﬁ'ls“i‘a)d?&@éd a9 &@J&ﬂaﬁ?ﬁ% n8i%h %dx%edﬂo%l [ of¥bund

art-recogni zed or m negafli Ve | o ng speci es.
The chemical npditédtiontiragmenta®Noe cawbe dtydrplyzed by addition of nonuolgasse incdidinger

:fsgg E:i 2? :“028“ P Eﬁgg\fclle%gé/ ﬁdanp [?ggkhgzﬁlgg §fe§3 m%sg éﬁ%{ réliseaa%:cﬂlect%o& of cleaved

fragment to be pratestibn firaguients that rhfle¢ti hogrumsdhadf] aach target RNA had bmrpwaent mtthﬂ S

(o g, 28 10 2 Sk T penyhfy b REN cfinefle bR iEs PR VAR SR S50 2

assay Many such as¥iy$0 illastrddes hybridization specificitgid a MARS asaay dly and easily.
Such an assay or se ond cte ore,
wi th high throughpu lgai g@fu%es&"a&é]?@flﬂ ot dhorttoal er.

Fig. 12 illustrates 2 MAPS assay of two oligonucleotide targets.
Fig. 13 illustrates the quantification of a sensitivity shift.

25 Fig. 14 illustrates melting temperature- determinations for four oligonucleotide
linker/anchor combinations. .
Fig. 15 illustrates an mRNA assay by NPA-MAPS.
Fig. 16 illustrates a dilution curve with NPA-MAPS.
Fig. 17 illustrates an assay to detect peptides containing phosphotyrosine residues.



40 Regar dl ess of whether oligonucleotides are
detected di rectly by their mass or if uni que nol ecul ar tags are
used, the signals for each nolecule to be detected can be ful

charact eri zedWh99§68 preparations of known concentration. Tﬁ?i’"ﬁﬂsW"’al | ow
for the signal to be quantlflg‘g (measured, quantitated)
accurately. For any nolecule to be detected by mass 5

spectronetry, the intensity and profile cannot be predicted with accuracy
The tendency of |l e.to be L.qni i zed it

all chem cal bonds F\W'tln% Hluf‘tﬁaé nB\ggflbfﬁﬁ elf 8’ 4n assay 1o map Plsg n%g?nén\lfh%nhmcte e
degree to whi w@nemhdihg&gaelmbfuhs ESI[IJ;tduclmap@bdiblgada}@rofgertbgtbyndhwgeﬂMAmSe

aner gy and - pie o the Rl S ari VRIS vharedimpl e R UMY Bt

profile of t hedlﬁkr@ﬁt@h% rcé@[d¢ pades, @ﬁl-mgb@ina 4x4 Ghatrix. The first t&aﬂeasfongo gadtich

probe the signal can be characteri ure st andar ds

experi Rent al sP§ARPEMERERIH raé’f’gﬂmcﬂ? %ﬂqk}e%et e @Brf?fc‘ge 16 %(ETS to be
I n one aspect,teétbe |nvent|on rel ates to a met hod to detect one or nore
nucl ei ¢ aci ds I nterest, conprising subjecting a sanple

conprising the nucI‘&M%ﬂSFWSWGFPtHQE’F@QC&eBCS from which the EST fereqhisined are

protection wt
o di zoq 15 a0 A1 160E BaUEatd PhbHASTES spASpidg Rl ke g

the protecti oncBNAGnmRNA thptoantaing enc of the 16 EST Sequslpf@e wilbheassgmbled at the locus

Met hodg, of an%x&bngcg}éﬁgﬁé&rg$}&i Pﬁg@saspect rometry are well-known in

the art. (1998). Science 279, 2044 2045
and Koster, U.S. Pdiig. Millusirgena wscqucnt step in an assay to map ESTsaddding detector t he

var lety of , hi 9{;‘11%&%89&13%%% %Iﬁg ﬁ\)ilﬁ.lﬁg,?ﬂg{el b?gclﬁ%\{le of W%la% r}gé’eﬁreg A detector

w Il be eviden 0 one o
advant age of usligmpuciedtideprlotie carsspyislsits onhefdld ESTy to beimappedie Bacindateetor of

nggf { i()lo'r'lsp;gb taonliclEstide 8’8 Ob %{ngc tide Icgl?plgc{ % Sauxlx%l%cule usec{ !P FReL mrrx ee""g,t on

15 fluorescein if fluorescence imaging is to be the method of detection. Each detector
oligonucleotide is complementary to one of the ESTs, but different from the EST-specific
probe, so that a probe and a detector oligonucleotide which are complementary to a single
EST can both bind at the same time.

After washing, a single detector oligonucleotide is added to each well, as numbered

20 in the figure. That is, the detector oligonucleotide with sequences complementary to the first
EST is added to the first well, and so on. . )

Fig. 20a and b illustrate the results of the assay to map ESTs shown in Figs. 18 and
19. After hybridization of detector oligonucleotides and washing with appropriate
conditions of stringency, the 16 wells of the microplate are imaged with a CCD-based

25 fluorescence imager, for example. Fig. 20a shows stylized results. It is expected that each
EST-specific detector oligonucleotide should labe] the mRNA or cDNA held down by the
corresponding EST-specific probe. For example, probe 5 assembles the cDNA or mRNA
containing the fifth EST sequence at that locus, so the fifth detector oligonucleotide should
also hybridize to the cDNA or mRNA at the same locus. This is the case for these stylized



actual experinental probes. For exanple, each region in the array can

corrpri se positive and/ or negative controls. The term a
"positive contral be," is used herein to nean a 25 peT/UsEEY 410!
probe that is Qr?wiﬁ&?e.g., to interact substantially with the target, or to
interact with it in a quantiggtively or qualitatively known
manner, thereby acting as a(n internal) standard for the

probe/target interaction. Such a probe can control for hybridization

ef ficiency, f fata, witheach detection Gﬁfﬁ'ﬁﬁél&udﬂﬁeﬁr@tﬁ& m@tcfuﬂﬁgx@bé VR 28@ifibh,ahe ffspbe,
is used herein to nean a contr rob s kno not to

i
i nteract substteise idgieptor N%Or’i‘“?lﬁéldﬁsa?aﬁ’éllabewa’r FRENA held dopmhyy e fipsg three

41 probeld %ﬁ&wﬁg ant ih% s&Biced ichibng thé %eegeamxﬁumﬁs gexaTpvessoé the
types of controls which can npl oyed, consi'der an assay in

whi ch an ar r ay2ppsar i bed@mbl%tlm@ée pysigpeds from ﬂweéat% arcgegsaged sraphically in Fig. f or
agent sswhi ch rgpgul ate the expression of a set of correlative genes for a
di sease. As an internal normalization control for variables
such as the nunber Fig 2¢ éNS@aWWdlaﬁ%hlea@ﬂth@robes detector gligepualcotidencand Sy er y
of nNRNA, or t f ency, a probe array can conprise

pr obes whi ch rﬁé%%%ﬁ?’# %ugér?elbo%ro nore basal |evel or constitutive
house- keepi ng genediig. 22 llluStratesahlghﬂubumulsassaucturaI genes (e.g., actin,

tubulin, or others) or DNA binding proteins (e.qg. transcription
regul ation factors, or others), whose expression is not expected to be
nodul at ed by the agents beEXngHsESzd Furthernore, to determ ne

whet helr the a nts bf’i ?g!t@stg Sesﬁ. ), ar n undesi red side effects,

such as cel |l i) ﬁretlg% 558 conpri se probes

which are s peC| fic A genetieMPSfiat was igoduced\by ksingm mkjehd(spehsas the@itusefst¢rhe

apopt osi s d.cell Rra ‘g e i nguced

under condi ti OWBTI%E%CQ’”&E E{WT&F Sedrvpe, C C%?O o}m "ﬁgﬂt ‘%ﬁ r“ﬁ{héﬂ

cell bt oXi c : t )é well of a migdditer gRREA) ?hgonucleotld&s w?]re purchased fréh B&fsoﬁt@éllnt@xkanbﬁﬂbes

can be includeg.in an ar tQ "fine tune” the sensitivit an 15

assay. For ex a&iﬂ"@,"ﬂe’oﬁéﬁ' %F this,plates sgyen gﬁf t SB@WCW}%WH%&W% sPERsgd

products on of within each well in the pattern shown as the Key (left side of the figure). Bach
oligonucleotide was dispensed as a 10 nanoliter droplet to two spois, from a 2 uM solution
containing 500 mM sodium phosphate pH 8.5 and 1 mM EDTA to the wells of a DNA Bind
plate (Corning Costar), and allowed to dry. After attachment, wells were blocked with 50
mM Tris pH 8, and then oligonucleotide that had not covalently attached to the surface was

20 washed away with 0.1% SDS in 5x SSP buffer.
To the washed plate fluorescently labeled linker oligonucleotides were added and

allowed to hybridize in 6x SSPE with 0.1% Triton X-100 at room temperature for thirty
minutes. This is a preferred protocol for attachment of linkers. The linker oligonucleotides

were cyS-derivatized during synthesis, and were complementary in 25 base-pair segments
25 to specific anchoring oligonucleotides. The sequences of the seven anchors and linkers were
as follows (all shown 3’ to 5°):

#1Anchor: SEQ ID:1
TCCACGTGAGGACCGGACGGCGTCC



MRNAs associated with a particul ar disease state. |f previous anal yses have

i ndi cat ed t hat one of the correlative nRNAs (say, nRNA-A) in
this set is produced in such high amunts conpar

others that i 99§?ﬁﬁﬁl swanps out the other nRNAs, the Iinké%gw%gﬁ&ﬂgl
adjusted to "fine tune" the assay so as tg equalize the strengths of the
signals. "Bl ocked 20 |l i nkers, " which conprise the anchor-specific
ol i gonucl eoti de sequence designated for the MRNA- A target, but

whi ch l'ack the ppabe-specific sequence, can be added to dilute tkeqe
of target-specifi cgtdgetsTriTédnerchoasesduaachbessaostddrectgTodTdAdmeTessay

to that nRNA. The Ga appropriate ratios of bl ocked and unbl ocked

| i nkers can be Ri¥Aenimic(mdusei Cfun)out i ne, convent i onal SE& L3S by
one ofd skill in thheTARGACTGEAAAGATGGAAACGACGATACEARITTESACCT AN ATECEATL TCATERA
assay of the irRdeatordpligoawcieatideri se any of the targets SEQID:4
descri bed above, OFSAATRACATCE. {WHA§§E%‘F’€S to be assayed can be of any

vol une appropriate to the size of the test region, ranging
from about 100 nanoliters to about 100 microliters. In a
preferred enbodi ment, liquid drops of about 1 mcroliter are applied to
each wel | of #&21&8Hor: well microtiter dish. Sanples caFQ:s

pl acetljoi n cont acﬁ,@ﬁ%%@?%@aﬁﬁccﬁrpf:gﬁc%ﬁl an]%/ of a ] . SEQIR6
42 gk ' @‘E’;‘ﬁ? 3i's,
e.g., by pipetti cr;::gﬁt- p 3 éj)r%G or Gm%c&%éﬁgt ' t %gggﬁg’fégﬁﬁ; ’
repl i cat i ng pi n TORE, R RRRRE AT Repbated RdeErcond RS A 5o

salt concentrationg,pH ~tenperature, tine of 1ncu etc. - se%racgve)
effecjive for  petector Oligon@BdcBYEMg binding or other stable interggiipg of
t he probe and the gargeitactRefi-8ofsHdagns 5 arc routinely
determ nable. After incubation, the sanples can optionally be treated
(e.qg., washed) to renove unbound target, using conditions which
are det er ni ned‘%ﬁ%hﬁ‘gal LY. L9 G " |l eave specific interactyRaEP:9
intact, but to rfi.’rlggﬁ AOACEFE TS EF T 45ound material . For SEQ ID:10
20 ACCATGTAGTTGAGGTCAATGAAGGGCGCTCCCACAACGCTCGACCGGCG
RNA mimic (mouse GAPDH): SEQID:11
CCTTCATTGACCTCAACTACATGGTGATACTGAGTGGAGAAACCTGCCAAGTATGATG
AC
Detector Oligonucloeotide™’ SEQ ID:12
25 GTCATCATACTTGGCAGGTTTCTCC
#4 Anchor': SEQID:13
GAACCGCTCGCGTGTTCTACAGCCA
Linker™ '~ SEQID:14
CTACCGAGCAAACTGGAAATGAAATTGGCTGTAGAACACGCGAGCGGTTC
30 RNA mimic (mouse L32 protein): SEQID:15
ATTTCATTTCCAGTTTGCTCGGTAGGATACTGAGTGAGTCACCAATCCCAACGCCAGG
CT
Detector Oligonucloeotide™ SEQID:16
AGCCTGGCGTTGGGATTGGTGACTC
35 #5 Anchor: SEQID:17
CTCGTTCCGCGTCCGTGGCTGCCAG.
Linker SEQID:18

CTGGCAGCCACGGACGCGGAACGAG



exanpl e, sanples can be washed between about one and ten tines or nore
under the sane or sonewhat nore stringent conditions than those

used to achieve the probe/target binding. 10
contai ning taPMEP?RH®A, e.g., mRNA, rRNA, tRNA, viral RNA or %Cgﬁgg?’%ﬁl;i
can be prepared by any of a variety of prggedures. For exanple, in vitro

cell cultures from which nRNA'Ts to be extracted can be plated
on the regions of a surface, such as in i ndi vidual wells of a

mcrotiter plale, Guiionally, these cells, after attaining a desqgeggs! |
density, can be ?P%E;égcgﬂﬁgaﬂcwq-c@éci nterest, such as a stinulating

agent or a potengj@h15 therapeutic agent, which can be gkigtbfo the
cells by any of a \GeRbycricTACeARGCOBAGCG Wi th a replicating
pin tool (such as the 96 or 384 pin tools avail able from Becknman), by

pi petting . Or by ink-jet dispensing, and incubated w ¢
cells for any %Ypﬁl"‘%’i’ate éélg_e §§%*Cﬁg‘r[fgﬁ g., bet weenég%hgglw
m nut es and aboug. . 88?@, 85 1 on the assay. Tot al RNA’SE D22
MRNA, etc. extra tg‘?&%ﬂ\&é@#ﬁ%&&a&@&&fmm an in vitro or in v?vo'

d usi ng

source can be prepare routine, art.-recogni zed nethods
(e.g., comercially available kits). Optional ly,

nucl ei ¢ aci d whi ch ni ght Auchopserere syinthesiaed WiACH2 span¢rovisamifloat the S° end

hybri ditzati on to a speci LinkeprveesyhihesizedgeittoGy T atbidied at S’ ehdNA or nRNA

whi ch shares “*Rtedterigomaieptidds weenmyathesizéomtt bigiin aftached dehadNA of
I nterest) can be atendeast partially renoved from an RNA sanpl e
by pretreating the sanple with a nucl ease protection (NP) 25

procedure before subjecting it . .to hyhrjdizatjon, A puclei id.(a
"protection fr %ﬁa@HtVJeﬁ éither Une linker or & %“E °Z[ii8iﬁer5§’,s "é&jlﬁa?cde’ﬁcl@fagm(woaf ageR) |
whi ch is conpl anik.qTy theowell mhkasd t'all pardddaha afixttuecof all seven linkers.) FlAwiafg
interesy and whose .sequence.past] or coppl.etely overlaps that ofth
pr obe ﬁéﬂ ch  Incubation gn‘?wlagmgﬁ)'é‘éxfaé“{ly? dme H‘gg BRpre n‘ferﬂlﬁ'?‘éeg“ts“?wf’s°ni tﬁ? P&tfuced
in excess LHLOp%rH@n &_&H&)ﬁ@r@ig_ﬁk thmmtaeﬂxn&ﬁaﬁha%er (IRT, St. Cat_heriﬂe?, Ouitared). Aetact ed
stri ngent rydizatio onditions in Ich the protectjon fragnen
43 g y bq seen, meqiniers self-assembled to the surface, blj3 spe‘.c:&a ically associatctlng w}th their
coﬁxplementary anchors.
This process is repeated except that eight different anchors are dispersed in each well
20 and linkers subsequently preferentially associated therewith. The entire process is repeated

with 36, 64 etc. different anchors in each well of a 24, 96, 384, 864 or 1536 well plate.

Example 2 Binding Kinetics (see Figure 11)
The rate of hybridization of Cy5-derivatized linker number 1 to its complementary
attached anchor is shown, for different concentrations of linker. The generic MAPS plate
25 was prepared as for figure 1, except anchor 1 was attached at four spots per well. Incubations
were done at room temperature in 5x SSP with 0.1% tween-20, wells were washed 3 times
with 5x SSP, and bound fluorescence was measured. A fluorescence picture of the plate was
taken with the Tundra, and background was subtracted and the integrated intensity of each
spot within each well was calculated with Tundra software. Plotted is the average and
30 standard deviation for the integrated intensity for the four spots within each of two duplicate



hybri di zes specifically to the RNA of interest (see above for a discussion
of appropriate reaction conditions). At this step, protection
fragnents specific for any or all of the RNAs of interest in the
sanpl e can be WAA¥¥6%. 9., as many as 100, or nore). After h¥GFUWPH&Eon,
the sanple is treated mnth a cocktail of e or nore nucleases so as to
destroy substantially 5 all nucl er"c acid except for the portions
of each RNA of interest which are conpl enmentary to the
protection frng?nts(s) or except for the duplexes forned between the
protection fragnent(s) and the protected RNA. In a subsequent
step, the protection fragnent(s) can be elimnated from such

dupl exes by daﬁat Uéli g t,he duplexes and digesting with an appropriate
enzynme whi ch w™ 85ra@¥‘°‘ﬁf‘ﬁ%&@%ﬁ fragment (s), |eaving the protected RNA
substantially 10 A generlcrNIAPS plafiniy pRdducedweith eeyandhoritigcdligameseotida sjatted sed

for the above-di scussed di gestion steps i ncl udi , e.g.,
pancreat i o RNAEES hiReEPEata (RROYRTIE). ARpls g ellpex oMERed or R gapts Per well

di gestispn condu@wm&o Youbsh, aewrdn@g tohhe&hetﬁéds'd@éﬁs%@d dhowe. %al &en E@xbﬂemsﬁta@se
T1, Exonucl ease Exonucl ease RNAse CL

y M
Rnase U2, and fReresceRtdy labelesh ﬂfakeﬁgs gitached by the preferreé REOLoERt i!FrSéﬂ@ri ip ﬁéample L
hybr i di zed CoONphIERsg Machind tﬂehmmwastﬁée bRAIE oP W Sl 1§@de§ vAeEE MtuniA. The 15

sanpl e. Reaction condl tions for these enzynes are well-known in the art and

can be amount@étﬂweﬁ@acee#mavh ERett FepoTtRdioWeTuhy @acnqnnbh@\m sailably the

treated by vel} - CfH4laRunt of signal detected 5t rbfbatedshot GTP ¥broducible.
unhybri di zed ¥er|al or to P%gc?lig{l/at%e%? rn%%e goE en §/°m‘31§l °

(e.g.. phenol extracti on, precipitation, colum filtration, etc ). The
treat epq sampl egy %sleweé}nfjwﬂi pl aced i n contact W|th t he probe
array. In order to contro speci fic hybridization and 20

subsequent nucl easeTptiwirdge proparkdss deswibed suExammpies) iy addpd diffaent icomdentigions

| abel e T Ot eCht rger cligonucleotide THEMIRD R hid pEOPEAGL BihuiThed . fhor Ly BEH T

to control that on proce
properly, i.e. cbmplbmanatyrwbpoxﬂomddhq’mgbeﬂ‘be argetlis athded it eSS gl @&ds 8BS in

o A e oo handttHyobms ot R I8 ﬁé}ggf%ﬁ%s’%&e%{aélgﬁéﬁe?é‘d{“ﬁéﬁnﬁﬁtsiﬁtﬁbe
cl ea\é edls by t ]tle Oﬂhu\!ﬂrmgbtﬁﬁ"o]ldwmgd!ymwmm kise tgﬁ’gﬁgeﬁ lthe atﬁabed)ﬁﬁ??{)m_e éf_ﬁget is
or apsence o t he ,over.han a nts.can e, eterm ne V. I zall on
with a VS T Bl HOUREL o R amney: ot A, DHALIRIH fsteltor

portion of the oﬁgo)melebﬁdbncofnta&gﬂgms-mﬁ seqliénce complementary to aQ&ﬂu‘ahep&mbﬂbﬁ@le
V\nthadetectale f hods of

an th
this invention™ {Ig%‘t‘g ﬂt‘a?ﬁ‘“ﬁ@%ﬁﬁ&?‘@@%‘@@'éa)hﬂgv asng}%lgff bt 30 rﬁ\/[nﬁmtmy ate
variety of pr Ofdeﬁttbxe&n\b'e added fora0 withltedafai®ashingladQy 8xdessuitdftadhellir£d, i ittcan

descri Bg d be added along with target for the length of the overnight hybridization. Following
attachment of detector, the surface is washed twice with 5x SSC, once with 1x SSP
containing 0.1% Tween-20 and 1% PEG (SSPTP), and a 1:50,000 dilution of 250 ug/ml
Horse Radish Peroxidase conjugated to Streptavidin (HRP:SA, from Pierce, Rockford, Ii1.)
is added for 5 hours in SSPTP at room temperature. Wells are washed four times with
25 SSPTP, and washed once and then incubated with Super Signal Ultra reagent (Pierce). After
a few minutes, pictures of luminescence are collected with the Tundra imager, e.g., the

picture can accumulate within the CCD array for five minutes. Low levels of target can be



44 el sewhere herein (e.g., for the detection of nuclease
protection fragnents). For exanple, the target nol ecul es can be
coupl ed di recr“lcy 985665 ndirectly with chem cal groups that preWHReg7101
signal for detection, such as chem | um nescent nol ecul es, or enzymes which
catal yze the production of chegi|lum nsecent nol ecul es, or
fluorescent nolecules like fluorescein or cy5, 5 or atine

resol ved fluorescent nolecule |ike one of the chelated | anthani de netals,

or a visnalig&l iR d6hk WeNER Wﬁ?&]@one’éﬁ&ﬁfoﬁ%ﬂay Biti as LHE ot BVIgBe SmeaM dFe

| abel ed after they have reacted with the probe by one or nore

t ar get - speci f | dgmabpoetatly de¢omey satamteidboal taget condegtationlofotl Pifed. dde amount of
shown in Fig. 1, or any of the general._ types.of nolecules discussed above
in conjuncti on-“‘g“a?d"'te‘:tg/d at ‘eﬂﬁﬁ‘tf‘?ﬁ‘ﬁ?sdf)@@lé(ﬁgm?%&g?‘s) . Avariety of nore

conpl ex sandwi ch-type detection procedures 10 can al so be

enpl oyed. For exanple, a target can be hybridized tqg_a bifunctional
mol ecul e Example Seéﬁ@&m@—%gﬁ"% éte§ FARTEA2) s specific for the

target sand a seconda mRiddigycutdt ddhoRafhtile a MAPS hybridizatioBCRY ARG Y pRfGRENDN
(i.e., the same) reporter reagent ., a | abel ed -pol ynuc| eoti de

) , €. § A .

anti body or t hefofgcRledischsted beYsmior tom difermt davestealisencleotidesds ishovar A gerguist
any desired NURDASS plate w d vifh (6 ERRedt BRAUCHRAE S1iEHCIBGideS B2k sPotfa Four
assay. 15 . p?té“asmepl\ﬁ hods by \Aﬁ?t{cth té)r g%t slg(%a% be incuggct' ed with a
t ar get - speci f i Bmeepdthinereed) weHddpr the second and foyghdanchem sompiementage linker
achi evi ng bi ndy ers bt s Son | |

det erm nabl e (g%%ng%%o@g ) elfié)% ex%rr#gfgg?’hgﬁ&%%fsagée%t&o |gd32%|tg§?t? g&° added
reportt¥s (at attheconcentrations shayarin éhmicaoliters taofackn el es deScribidl,tand iiguhatedat p&r r | M

or nore, prefe . | Lot PE-T
or others) can tgogje%rl@ﬁ'g%}[ee% \?Mﬁ'r,'[\ﬂr{ e‘{xc{%ketﬁggt‘gmt]%a{egruéagt%su?l or d Bgta %&gﬁgﬁ%@la 20
m nutes to 2 hdetestionr oligomcleptidef eppedifiy fivowsch3atget 6bllowerit s ) HRESAa and
tenperature between . .. . 15:C, and a 4. . e .
(bref o avl abéﬁ%ﬂ?ﬂwgﬁﬁﬁ%ﬁfg%@ fﬁgzﬁji?ﬁﬁﬁhﬁ Reitof e imuge s
sanpl es can optuauifitd. Fo o undesd apEWEAS canrthe intensity

t arget s specific.f,eporter . usi ng,condi t.i ons whi c r

ot or mihed enpoF IHEARRES Aenedings bepeet fhe NP SbaRR b s WhRphetnel e towes

t o renove non- s@eenttdtiof lof YargeqUnidpMpthe ktanhed inigeestdwpvall-ddmed bassiampeae at

washed between each spot, while there are no discernable background peaks seen in the left-most sample, at

0 concentration of target.

Example 6 Sensitivity Shifting (see Figure 13)

20 A MAPS hybridization assay can be used for measuring the concentration of a set
of oligonucleotides, by binding them to a surface and labeling them. This works well for
those oligonucleotides which are at modest or low concentration. Two samples can be
distinguished in such a case because if one sample contains more oligonucleotide, more will
bind. On the other hand, if the concentration of targeted oligonucleotide is saturating for the

25 surface (i.e. if it is high enough to occupy all binding sites), then if the concentration goes
up no more can bind, so the amount cannot be measured. However, the binding curve of a

target can be shifted by adding unlabeled competing ligand.



25 .about one and ten times or nore under the sane or sonewhat

nore stringent conditions t han t hose used to achi eve the
target/ reportgy Tagging with a patgedsspacific
reporter(s) c prOV|de an addi tional |ayer of specificity to
the initial hybridization reaction, e.g., ssn the case in which a
target-specific oIigonucIeotide reporter is targeted to a
different portion of the sequence of a target nucleic

45 agdifdihg aktalafe SUIENGH RPEWR Idifg@&wl g@ﬁucqt«aud@ farkdls, Wil dfh;vtﬁélpbe
and reporter antibodies recognize erent epitopes of

target antigeratuie tth?émn%ﬁwe(z e Tead markimet wnélas};@ttrosgjﬂx B M. Béﬁ%ﬂ&ﬁglabﬂ?ﬁ

allow for "tu | a1 et h | £ b kha1
ot gt nhsu WREOMSASRG ANAR O NGB on COBBIEL b bt

i s expressed ahmdﬁ@tghell%wrr:@wem@twm,ned theJevel a whighgaturationcgurs is moved up. Gpe
(eghgnC%gb( S1 013 AFB PO bREbhulor B IdrMag! Bl aggler{o@ggg% 4L Fri BHAL 2
ol i gonucl eot i dibe sensisivity of theasasall ooly fvmargstsﬁydmdﬂdihz‘ém way oligonucleotide targets of
specifically t rget

The ability t ‘9‘6‘%@%:‘?"”5& %}{Ccr&glé&osg L}T %bm%a%c‘} Se'%gr? ¢ yyw?ﬂ ffthe e t1ve Zpount
addi ti onal typefoligonucleotide expeﬂéd sé&néwml in MAPS assays. Sone (eg , about 10
to about 100% of the lLinkers desi ted N Qr, .a,. cu

anchor |ocus (Fig. ‘f\%%?*‘%%f tgﬁngaaﬁcel"l‘B%q“gcﬁb?V%&?h 80%?5 %é’nﬁ f'the

ﬁl ur al ]’(T yb I (oligonucleot}dlef tag)etss tRigltre al3l yhowke pluntthitiveic gt Sin(:]a&gmﬁ &Fm}i&mvei’in
ave a | abe e. a yor) attac 0 .0one end. For ex e
R bodam me. of Sl TEik a5y SHE e binel Sums wed imapsariof I ek BTGl

nodi fi ed |i nkeggncadtaatibgy, ned "control linkers." After a mxture of linkers
and control |inkers has been associated with anchors and a
sanpl e containing a target has been incubated with 15 t he

resul ting probgxahpRY: Meltids T D6 AbEE (seb FRfurb g4y di ffer ent fl uor
(e.g., fluorescein or another detection | abel such

chemi | uni nescent onBye %‘Pn‘k%' f‘E}g@Hf"(“o‘F flygyescend labgled digkergligonucleotides Specifically

fllhreetc\tNg ysl SES: gfbcﬁéarxlieh etaaﬁdhupahgahuaédﬁaés slethe R AP ads APR plotte@RE tetEmpahiuft iof
raised. The four oligonucleotides were first allowed to hybridize at 50° C for 1 hour at 300
nM. Then the wells were washed with SSC without probes, and the amount bound was
measured as above by fluorescence (50° C point). Then the surface was incubated at 55° C
for 30 minutes and the fluorescence bound measured, and so on for all temperatures

20 presented.

Example 8 Detection Methods
Two detection methods can be compared dlrectly To a2 MAPS plate with four
oligonucleotide anchors attached, each at four spots per well, are added two oligonucleotides
to each well, with both including a covalently attached cy5 moiety or both contaiﬁing a
25 biotin group. The epi-fluorescence measurement is performed as described for viewing and
measurement of the fluorescent linker. The chemiluminescence measurements are performed
as described for the MAPS assay using subsequent addition of HRP:SA and a



determ ned. The presence of control linkers permts calibration of the
nunber of functi onal (e.g., able to interact with linkers)
anchors within and between test regi ons (i.e. tests the 20

capacity of HERPH6¥us of the array to bind target, for purp%gggmalgl
normal i zi ng signals), serves 56as a basis for quantitation of

t he anobunt of bound target, aids in localization of the anchor

| oci and/or provides a positive control e.g., in cases in which there is no

signal as a rggwiiliminescence substrate. The 8i38A8 génepifted 2E 8Righlyofahs sl Ragritidane
enbodi nent of the invention, two different | abels

f I uor ophor es)Hewsven a5 thageonesepitsy rale{oe@fes{%%ﬁoma&wls S%WP&F?"% Néeﬂoﬁ"d

target nol eculRssondBoubbles of liquid ob 2 MENRLs of i, ?ckﬂel:tié(n! irf tRe éﬁ%%h&ﬁcéiﬂﬁ%es
presence of targets by spatial resolution of signals alTo

the use of a ﬂsamrﬁg\ﬂsellntyrﬁgemm%m%ﬁamﬁferent target nol ecul es.

I n anot her enbodi nent of the invention, "anchors" which are specific for a
target(s) of interest are not associated with |inkers, but
rather are associated directly with the target(s); the

targetys), i nEk%&echW y with a target-specific

perorterts). Two prodify ayeilable asklettilmihestrat esibsirates fraiorse eaflishparoxisiase

ond convent i of B4 ceRipki e ikeion procedures for e RERFS AT 3 APS il lirlgild 1
Pat. No. 5, 516 &¢@xamipler 8jramd eﬂmbat(sd.%ﬁ)blotidyﬁtedﬂatker bbgonﬁcl&dtﬁie&%enmﬂmer
No- ) 553, 030 Akiinepbpsepaasspueg @ g (AubRos S ) Gl dba foltgmed L
a! ( 19(97_) u. Syﬁaihm d a8diot(bf 3iflkr CDPI-SI&’({IITtopnn@to thé w@]]é)@ﬁi) AlkPhos:SA or ECL-

o oTechn e i1, ol LA ne SR oSERE bA)

et hods, SPA, s@igeqedbl Be highficturers for use in 1abe1m&ﬁm&peﬁtmamwe tve) (@ctvell el
net hods, detection aﬁf absorb ncehégél um nesceni@gﬁl ncl

cheni | uni nesc@& ablg supstratss red §o assesso ‘é‘é@?‘g%hy&%dﬁzla‘b‘ﬁ‘tm MARS er

from e.g., plates.

15 Example 10

The resolution of the current system for MAPS assay is tested by preparing a MAPS
'plate with four different oligonucleotide anchors per well each spotted four times per well,
with a pitch (center-to-center spacing) of 0.6 mm. Then either cyS-derivatized linkers or
biotinylated  linkers are hybridized and detected and scanned as above. For the epi-
20 fluorescence measurement the resolution is higher (and pitch could likely be reduced). For
the chemiluminescence detection procedure neighboring spots are not completely separated,
yet at this spacing individual peaks may be resolved unambiguously by computer
" deconvolution.

Example 11 Test Nuclease Protection Protoeol,
25 In an assay to test for the optimal conditions for hybridization and nuclease treatment



10 m croscopic particles used as tags. Al so, fluorescent |abels can

be detected, e.g., by | magi ng with a charge-coupl ed device
(CCD) or fl uor escence m croscopy (e.g., scanning or confocal

f1uorescence Ma¥62%py), or by coupl ing a scanning system WEHYEEH ar r ay
or : photomul tiplier tube, or by-using array-based technology for
detection (e.g., surface potenti al of each 10-micron part of a

test region can be detected or surface plasnon resonance can be 15

used 11 1esol bt B ﬁmapeepmg&mhb%ceﬂ%tg&uuheﬂetﬂogeﬁams&y B0 o0 AYnbicH

contain a |l ab g., one a palr of ener transfer probes,
such as fl uor ddwetim Tenab) i vekdrie Pegvidshéanditioas, buffers and enzympse Eiahtesetn@tfsw;e

energy transfer taped(lg[,%\gwgﬁdff%k |?f 15386 nﬁzz%féésﬁé% erl( %%n%%yb

reporter. hoS uoresc nce- et'ec
systens are fl Euff Escﬂé&(cﬁybnmzanm Bnyffer and 25% Hybridiz4tionddibgios BadfepGimbionh andn

(FP), tinme-re ugr e fl scence reso
transfér and ?glﬁéé ﬁ?fﬁeo-r}?ee*%aségﬂf b nm?cop%l—i%%ﬁecgg{&&l gd)regdu? s
repeating bar -complementary to a tesomBNA is eyrpladsized (’Eloscxafte hecraatiomaly Cmbmitb W) and

attern recognjfi.o n 8
gach speci f i gn]:ag ajé’&i‘t%"iﬂ% fﬁﬂ?r‘?sfggpgg&lf'f: B %[hf’?)é If%enfhg}%%lé?mgﬁ(f{% or
P e i e i e e T
the anal ysi s offagsprat tfr P 1dﬁ31 il QT buffer(10gph4 3
and/ origcomer challeld oR YR kdiidésC arldraidly &R€dRAee Rhted [Folirl @RGX 136/uimifabamn- No.
5,545, 531). t hods of making and using the arrays of

this inventi onflugrpsepindn PY B isaddad; mgithe sample is illumingted for4dsmigutes aifd sté*ueh

as those descrjh@chefabid @aveﬁaﬁﬁkﬁ RABikHRIFRE PE&‘&]bﬁ !lh&%sc%ﬁﬁs %rﬁ&féﬁ bP@xrraction
or assenbling substances such as those of the anchors, |inkers, probes and

det ect or probeith saturated butanol.dEkecmRIAdusedris iGAPRI ntiweesetmRYAa Peepared| §om ng
| abel ed or tagﬂﬁgeﬁyg 2 a B mfx?ﬁﬁ%b&@% sense Control TemPlate from Amblon) usmg

47 , € known and conventi ona techno@hw?l
addi ti bh to nefRomattrsed tedrxiSeript kit (Ambion). Theishort protqctipt &egment aé@v@r

see, €.0., Pal ghiSedatidpetion SutlbiviPelpar Al VAN Siitarly NYRRAE Fhe sequences of the

protection fragments are as follows:

t‘lL

Full length protection fragment: SEQID: 23

CGAGAAATATGACAACTCACTCAAGATTGTCAGCAATGCATCCTGCACCACCAACTGCTTGCT
20 TGTCTAA

Short protection fragment: SEQID: 24

CGAGAAATATGACAACTCACTCAAGATTGTCAGCAATGCATCCTGCACCACCAACTGCTIT

Hybridizations are done by mixing protection fragments at 20 nM and GAPDH mRNA at
60 nM in 10 pls final volume for two hours at 22 ° C or 37 ° C . Following hybridization,
25 200 pls of a mixture of nucleases is added according to instructions from the manufacturer
(Ambion Nuclease Protection Kit, 1:200 dilution of nuclease mixture) and incubated again
at the same temperatures for 30 minutes. Hydrolysis is stopped with Hybridization Inhibition
Buffer (Ambion), and oligonucleotides are pelleted and washed with Ethanol. 10 pls of 1x
Gel Loading Buffer (Ambion) is added and oligonucleotides are separated on a 15% TBE-



Pr ot ogene, Spectragen, M IIlipore and Beckman (from whom products useful for
t he I nvention are avail able); standard textbooks of nol ecul ar

bi ol ogy and protein science, 5 i ncludi ng those cited above; and
Cozette et al YR u s Pat. 5 063,081; Southern (1996), PCT/US98717191
Current Opinion in Biotechnology 1, 85-88; 8Chee et al (1996). Science 274,
610-614; and Fodor et aI (1995 Nat ure 364, 555-556.

Brief Description of the Draw ngs Fig. 1 illustrates a
desi gn schene I C [

a porti on t hat s 50 ARP RS BEIRE pub e R 1@ S0jeiles bl BREHNe Bk and

i s specific foimaged g\eﬂh the Tundra using fhiaacein fidtens fon scvlbntmb tammlbalasd edg$sémt i on
probe 1 is spe r : C i s
different from &% %l&ég‘gu’gﬁ%@qg{ﬁ? Flcglmt%garlégdat{ %gg |Df ﬁayggrr% mbnn%égf B%'ﬁt cof’&ﬁ%sr .
Fig. 2 illust ra‘cdwsafossarﬂrdcsénmataﬁnd{ybmuiffsba 318 Ctoz &t HyleBuffidat 223Ch hofhesehi ch

i h | d
Fro 81 ust s e@b iy Rha o BRE Rapen R GR iR Brant smawts of |

whi ch the a portion of ﬁmdhlbﬂengmqnéréétmnﬁ‘mgmemm@.fsdehppd.rbrﬂly&he bfneOGIRE bivred
wi th the probe (t')ecﬁ ag(ﬂté garfeegeptor protein) via biotin and
streptavidin rTB a2 EA%B/hi ch a | gand specific for the receptor

is labeled with a fluorescent |abeling nolecule. B: Biotin. SA:

Streptavidin. eptqQr. rotein._Ligand: a natural or
synthetic |i gaﬁﬁ ?‘Bgel? @ﬁ@&éﬁwmﬂ%ﬂpﬁ% rEeedlighre el i ng 20

nol ecul e attached tThd fifl NPAVIAPS protocol was used, with conditiofls fét ﬁ)’bhﬁﬁﬁﬁﬁ{ b @
surfaqujV\hlch conprises 21 test regions, each of which is fu

subdi vi%ed i nt Bicl#seEmamast mdlar tp thess deseritsd dn EHW’@}F é5)Ten Samples Wefe un for the
Figs. 5a, 5b apgap@llicbhthinibd @k @arﬁé”ﬁhﬁ)ﬁnwfﬁfé% xﬁér%n%&fﬁbﬁ&uﬁ FHEHiBE BagthiG oS

t hat shown can be assenbl a represents a

vel | separ at or diffefegt any;ynqseﬁﬁgg PRmaRNA Hybridization samlmm 1A Hlwin 5 0%y ridigatiae
represents a bgaffer and 50% Dilution Buffer contami'ﬁ?@ os(%%é/ﬂ.? YR2R Rinfs fﬁﬁﬁbl&?ﬁ‘rlerg f é)cf's

each of which co rlses a linear array o anchor s)
which are in ato g%éé“m“‘le$slb§eﬂb¢qmﬂ1m eated to 70° C for 5 minutes, arﬁlagiowEd to

Z g Eﬁmiﬁ cally e&n 'i@ $ENE San@ k@B ted £Y18Roriz38b 'pﬂ R AIHRLAFe hy thh M4 Q) -
each sample for 30 minutes at 19° C. 60 pls was aliquoted from each sample for the MAPS
assay. 2 pl of 10 N NaOH and 2 pl of 0.5 M EDTA was added, and the sample heated to 90°
C for 15 minutes, 37 ° C for 15 minutes, and allowed to sit at room temperature for 20
minutes. Then samples were neutralized with 2 ul of 10 M HCI, and 12 pls of 20x SSC

20 containing 2 M HEPES pH 7.5 and 200 nM biotinylated detector oligonucleotide specific
for the protection fragment was added along with 1 i of 10% SDS. Sainples were mixed,
heated to 80° C for 5 minutes, and two 35 pl aliquots of each sample were pipetted to two
wells of a MAPS plate (each sample was split in two and run in duplicate on the MAPS
plate). The plate had been prepared as for standard MAPS protocol, with self-assembled

25 CY5-derivatized linker specific for the protection fragment already attached. The MAPS
plate was covered and incubated at 50° C overnight, and detection and luminescence
performed as described. In the last sample, no nucleases were added during the assay as a

control to visualize how the protection fragment alone would be detected by MAPS. In the



48 . of which is present in nultiple copies (a "group”"). The

| ocati on of each group of anchors is termed a "locus."
Fig. 8 illustrates an assay in which cDNA(s) generated by specific reverse
transcript ase ¥P&2&ayed on MAPS plates. 5 RCJ/Usg8/27191

illustrates an assay which uses a nucl easesr ot ection procedure ( NPA- MAPS
assay). Sanple RNA is prepared fromcells or fromtissue and is represented
as thin wavy lines. To the RNA sanple is added a group of

pol ynucl eot i de >t REUTRY : i k
and light li nelgwe%dzﬁ%{a%é;%ct r ontslﬁgr%sw fsf:ean;g?soatmélg%ﬁlB g’%%@égﬁ%ﬁ?@tﬁé &b TOVQ%F
represent segnwellsss pigsentedy Breconpitof GAPRH MR Aspresent in cheRhtpledthgtis, shaarmount
hybridi ze to t . ; | L[ @NS, .Lepresent

over hangi ng poir?ltoelag}é&hgaeta uweelrllgggragg‘tr@{néiggg’s? ]\\//I\nﬂ?% pfageétd fisedt in Bhe e

conpl enentary sequence but not conplementary to target. The protection
fragnents are added in excess. Follow ng hybridization of all
avai l abl e target to the protection fragnents, the sanples are
treated with an appropriate cocktail of nucleases and with chem cal

pol ynucl eot | don4 g esnoelooi R e MRS it s st toUGe oot 1 oy any < ngl e
stranded DNA presfehor':Hence, excess protection fragngptbsas
d

hydrol yzed as is t heGEOGETOGAGCSIYGTOOSAFOGCE di zed portion of boun
protection fragmditkerRNA can be hydrol yzed by addition of ri bonusEeapess

i ncl udi ng CTTGAGHGAGTICT R4 EATT TENEGOATAGIGA 6RGC LN CCEAPARSGCTCANTDEG
Remainjng is a col 198tion of cleaved protection fragnents that
refl ecft0 how nuch faptegtionragmentdeommementary s Bqussraatizsase MRNA for GAPDH)

sanpl e. The renai ni ng, or ot ection fra%_rrrent s are neasured béga MAPSEQ ID: 27
hybri di zati on assay® Ad%%ﬁACAACTCA CAAGHTTCTBAFEAMEICATCETCPARTACHAAETEO N
specificity in a .y owe , Fig. .11 illustra i pdi ng
ki netips of an a#gﬁé&é&ﬁg " log tdeCAG—G]:l;ggi;tS end wﬂh%mthi g. 12 il %gétlgaggs a
MAPS assay of two ol igonucleotide targets. - Fig. 13

illustrates the quantification of a sensitivity shift. 25

Fig. 14 illustrat | t=i . ' ' for. f :
o Poonue oo * T o e R S o
€ dclett 'S

X X €
Fig. 15 illustrates an &5 G goticl &p&% ynthesized with biotin attached at the 5'
end
20 Example 13 Dilution - (see Figure 16)

The data discussed in Example 12 and shown in Figure 15 were quantified and
plotted as a dilution curve. The average and standard deviations for all eight spots of the two
duplicate wells are plotted for each concentration of mRNA. A binding curve is
superimposed, of the form: |

25 .. Fraction Bound = Max Bound * 1/ ( 1 +IC,,/L)
where Max Bound is the maximum bound at saturation, Fraction Bound is the amount bound
at ligand concentration, L, and the IC,, is the concentration of ligand at which the Fraction
Bound is half of Max Bound. The curve is shown as red dots on the figure, drawn with a best
fit value of IC,, = 4.2 femtomoles as labeled in the figure.



Fig. 16 illustrates a dilution curve wi th NPA-MAPS.

Fig. 17 illustrates an assay to detect peptides containing phosphotyrosine
resi dues. 9073266 PCT/US98727191 49
Fig. 18 i 11 usPPX8E% he first step in an assay to map ESTs: assen%'?i ng

| i nkers correspondi ng to eachggf the ESTs to be mapped on
arrays of generic anchors on a MAPS plate. To the surface of

each of 16 wells of a mcroplate are attached |inkers conprising 16
different oli geansisat NER-MAPRGSsa APUEH RN A irf X 4 b6 IivaPRINA &xifack OCUS
has oligo 1, whi c? 5 i s conplenentary to a portionc_)f the first EST
sequence, and so od oty moyse RyArextractiipagsayed for GAPDH mRNA with an NPA-MAPS
CDNAs or nmRNAg ifttlod LR it HRdQ el RN Ol fiPisErparetRtifg @ fidened
are sgggl?éﬁ&t o_oal I ;16 wel |'s and allowed to h?gbr ;%Iieze 1u%nglgiru?ge
appropri ate c&itdRNAGR precipigafedin 7y EtOH with 0.5 M Megpiqatatsy andRrsuspenged ol ils ns

one of sthe 16 E&Ic&equf 898 ggﬁa%iggﬁs aRSesRLRd ﬁqgnéﬂeﬁrﬂeggfe;c_ﬁ&gga?ﬁm agdier e

its conpl ementary probe was ‘ ustrates
a subsequent 3% ep oligonncleatiéan§0 basesdpne€§F dasescefi wigichl @teceeqmplementary to mouse

ol i gonucl eot i G f T e .
det actor - CRPOR. Elfer Meinl Brprehich o B AT BRI N BEE bR edhon
to be mapped. fiagoendi) bethecomplement of the sequehtaic meml as @meghtivie somtrpl
ol i gonucl eotidg _coupled to .4 nol ecul e used for detection, eg., 15
fl uorescein igﬁlﬁ%’gﬁgﬁﬂ%‘éi maging is to be the nethod of detection. Each
det ectior RN sargpiesiwitle ptotebtion Sragmstt arechdated to 90° Cnfer 6fminties,Ends,

t he EST- . S0, that a.prope and

ECICA LA M Y 1 P XA
EST can both hkood t@hperdtere o&efhight.81. nuclease (Promega) at 1:10 diluidd Bradd&iSHR0O Qs of
single detectof @ | nee bR Famenn or st mindtes ar 15 (€ had stShped By 1% 1ie of 10 N
NaOH and 2.7 pls of 0.5 M.EDTA. Samples are heated to 90° C for 15 minutes and then 37°

15 C for 15 minutes to denature and destroy RNA, neutralized with 1.6 pls of 10 M HCJ, and
incubated on MAPS plates ovemnight in 5x SSC with 0.05% SDS supplemented with 200

mM HEPES pH 7.5 to which 30 nM biotinylated detection oligonucleotide is added.

Washing and visualization with SA-HRP is done as described. The amount of signal

decreases in parallel with decreasing amounts of mouse RNA (samples include 500, 170, 50,
20 5,0r 0.5 pug of total mouse RNA. Two control samples are included to which no S1 nuclease

is added. Signal is seen only for the complementary protection fragment.

Oligonucleotides used:
For Antisense Control (same oligonucleotides as for exa.mple 12): .
Anchor’: SEQID: 25
25 CGSCGGTCGAGCGTI‘GTGGGAGCGC
Linker SEQ ID: 26
CTTGAGTGAGTTGTCATATTTCTCGGATACTGAGTGCGCTCCCACAACGCTCGACCGG
CG
Protection fragment (complementary to mouse antisense mRNA for GAPDH)
30 SEQ ID: 27

CGAGAAATATGACAACTCACTCAAGATTGTCAGCAATGCATCCTGCACCACCAACTGC
TTGCTTGTCTAA



20 in the figure. That is, the detector oligonucleotide wth

sequences conplenentary to the first EST is added to the first
wel |, and so on. Fig. 20a and b illustrat Its
of the assay WO9EHOSESTs shown in Figs. 18 and 18&'&?%8;@?&?

hybridi zati on of detector oligonucleotideg and washing with appropriate
conditions of stringency, the 16 wells of the mcroplate are inaged with a

CCD- based 25 fluorescence imager, for exanple. Fig. 20a shows
stylized result biosiPREedtRd "t hat each EST- speciskirip: 28
det ector ol i'gon%giegsé(tb BodnthdaeahrcERe . MRNA or cDNA hel d down by the

correspondi ng EST-specific probe. For exanple, probe 5 assenbles the cDNA

or nRNA containing the fifth EST sequence at that |ocus, so the
fifth detect okyPsdnd@BUPDEPHMRYR shpwsd al so hybridize to the
cDNA or nRNA at ghsosane locus. This is the case for these styliSEedD: 25

50 5 dateccadtdsasechraieceaticao ol i gonucl eoti de | abeling the

mat chi ng probe. iigkatdition, the first t hree det ect orSEQ ID: 29

ol i gonucl eoti des eatTGCATOEGCAIINACAACTIRNAGARA U GAGRACHYTACK8 CAACGEITAGAHCE@GCG
probes, show ng Rrtzttidrfespmestgomplemsntaryco alowsgmiRMNA SauGARRIAE.  SISHQ H:I3p,
the | ast five ESTsAAGCAGTTGGTGGIPEAGEATACATTGCTAAGHATCITEACTBAGTROTRASATTIET
from itese data ar ECBFELERTAY graphically in Fig. 5 20b.

Fig. 21ill ustra?@%‘“?‘l“%hg"é‘}‘%%?‘?‘%ﬁshiﬁps of the probes, detector SEQID: 31

ol i gonucl eoti des affFABSHATATCACAACTC

,G2 and 6 shown in Figures 18-20.

Fig. 22 illustrates a high throughput .assay. . .
hrwﬁ;ﬁ&ﬁﬁe%“&ﬁ: Repes yith aruide adpg i opd
EXAVPLES 10 Exa Lmkg'rs were syn eZzedwi g% Zttac é ttgzé ggeniic;‘%,argx 10)

15 **Probes were synthesized with biotin attached at the 5* end

Example 15

mRNA is extracted from mouse liver and nuclease protection is performed essentially

as described in Example 14, except that the GADPH specific protection fragment comprises

60 nucleotides which are complementary to mouse GAPDH, followed by 15 “overhanging”

20 nucleotides at the 3’ end of the fragment which are not complementary to the target. After
hybridization and nuclease digestion the remaining protection fragment is hybridized to a

MAPS plate as indicated in Example 14, except that two different oligonucleotide detection

fragments are used to detect the immobilized protection fragment. One detection fragment

- is complementary to the GAPDH-specific portion of the protection fragment, and the other,

25 a control, is complementary to the 15 base overhang portion of the protection fragment.
Each detection fragment is used on different replicate samples (i.e., in different wells), so

that both detection fragments can be labeled with the same detection molecule. In the

present example both fragments are labeled with HRP. Without the addition of nuclease,

signals from both of the detection fragments are seen; whereas, when nuclease digestion is

30 performed only the signal corresponding to the GAPDH sequences can be detected . The
amount of GAPDH-specific signal is reduced relative 1o that observed in the absence of

nuclease digestion, because the protection fragment is added at excess relative to the amount



A generic MAPS plate was produced by using an inkjet dispenser, the Pixus

system (Cartesian Technologies, Inc., Irvine, CA) to forman
i denti cal grivg wi t hin each well of a mc Lk&hRhat e
Al'l oligonucl %?{B&ggAv\ere pur chased from Bi osource I nternat If’g{a/g%fsmﬁl

(Camarillo, CA). For this plate, seven dighf erent oligonucl eotide anchors
wer e di spensed 15 within each well in the pattern shown as the Key
(left side of the figure). Each ol i gonucl eoti de was di spensed
as a 10 nanol dfeAPTsH RNA pieent. VIhissallows the inotntaf ZAPMIE@RMA t0e limiting to the

cont ai ni ng 500 mM sodi um phosphat H 8.5 and 1 n\V Atot |1's of a
DNA Bind protectve hyppcpadop Bm ey af}(@}lgaﬁaﬂzﬁeg lf?ralegﬁv\ﬁeﬂmf@w
attachment, wal bkSoWRbE pRhREKEFagihdnbthalis protected from thefbitiseFreRbttSthe amduithen
ol i gonucl eotide that had not coval ent Idééattached to the surface was 20

washed away v@ftHRNA.1Whenmg mRNAis inghuded fin e reaction mixture, neither signahganibee
washed pl ate §ddiQuSaesRhdivasisaheldad [ThakhesveItdadn deheiradema MR g bAGRnand
allowed to hybridize in 6x SSPE with 0.1% Triton X-100 at room'tenperature
for thirty  anddigestion stepsipfithsqssayppanrmed aqdesired-erred protocol for attachment
of linkers. The Ii hd HedrSatd ; iety\6f Breltd A L& inZed
during synthesis, \2’&?5 &Igrégggtgrrp ngér%gnc{tag‘??oln%m%%o %gg%e_ pair ggﬁégrfﬂﬁ%lg %llnza

to specific agivemassayy eath gbthe eratestipal fragmaiie carcepmprise shepfantehld lsase emerhanghor s

Z?_g\ nlc ihglr<.er S Wsdrflon. This allows for &% Je%t:t!x&xv\ﬁag‘r?eh{ toHE U 63 tesh ?or?éx}xiining overhang

SEQ I 1 for all samples. TCCACGT GAGGACCGGACGECGICC
51 Li nker" SEQ
I D2

Example 16 A _transcriptiop assay screening for compounds that may alter the
jon of that lati ith a di fat
A cell line derived from a human tumor is used. It is found to express 30 genes at
higher levels than do normal cells. (That is, these 30 genes are being used more than in
15 normal cells, to make mRNA "and then to make the protein for which the genes are the
instructions. A transcription assay measures how much the geneé are being used by
. measuring how much mRNA for each gene is present.) Using a nuclease protection assay
on MAPS plates (NPA-MAPS), 8800 chemical compounds are tested to see if growing the
cells in the presence of the compounds can reduce the expression of some of the 30
20 comelative genes without affecting the expression of six normal (constitutive,
“hpusekeeping") génes. Any compounds having that effect might be useful in the future
development of drugs for treating this kind of tumor.
About 10,000 to 100,000 cells are added to each well of 100 96-well polystyrene
plates and the cells are grown fo;- 2 days until they cover the surface of each well. For 8
25 wells of each plate, the cells are left to grow without additions. To the remaining 88 wells
of each plate, a different chemical compound is added so that the effect of it alone can be
tested. For the 100 plates used at one time, 8800 compounds can be tested or screened. The

cells are grown for 24 hours in the presence of the compounds, and then the cells are



GICGTTTCCATCTTTGCAGT CATAGGATACT GAGT GGACGCCGTCCGGTCCTCACGT G GA
RNA mi m c(nouse C-jun): SEQID:3 5

CTATGACT GCAAAGATGCGAAACGACGATACTGAGT TGGACCTAACATTCGATCTCATTCA

Det ector O i gBRPEPEE I de” . SEQ PPIYSesr7IN
TGAATGAGATCGAATGTTAGGTCCA #2 chor:

SEQ ID: 5 CACTACGECTGAGCACGT GC 10 Li nker"

SEQ ID:. 6 CTAGGCT GAAGT GTGECTGGAGT CTGCAGCGCACGTGCTCAGCCGTAGT G

RNA mimc (m)CX
AGACT CCAGCCA

Jassay. The cells in each plate are treated accordintfe thPirfstructions for
e I TR R IR Rty imtions for o,

15 Depeapanng RINAyim senipdesofrord f6ewel] plates (for example according to the @@gen D: 8

SEQ Do - Rekdy 5T KR s RNA- i R M srpount of caoh of 36 iffrpat RN

SEQ I D: 10 20 species is quanti A€IIATIEF NBAHEABSTAORCAAB:1Bling the 30 correlative genes and
éﬁgrggﬁm%m ousekeeping” genes. 36 %Anglfgoﬁu&%fﬁ% eprgiégﬂ%'ﬁ') t"ragments, each
CCTTCATTGACCT Coheshaadin £t Griel ACTHS $shECANAAEIET BEGAAET A &XTGvell and allowed to
ge%tci'cl'tcz'rl' A%%%%%ﬂlgtg stringent %‘diii?élﬁ & ;hpir target mﬁﬁg sle%)ﬁéancesz. 5Then S1
SEQ I D: 13 nuclease is addéACEESROLEES by AAEIIOBNA, and the samples are treated
chemically to destroy the RNA as well. Left is the oligonucleotide protection fragment for
10 each of the 36 genes in proportion to how much mRNA had been present in the treated cells

for each sample.
One hundred 96-well plates, each of which comprises an array of a plurality of 36
different anchor oligonucleotides in each well, are prepared by adding to each well 36
different linker oligonucleotides. The linkers self-assemble on the surface of each well,
15 converting the generic plates to MAPS plates comprising specific probes for each of the 36
oligonucleotide protection fragments. Each linker has a portion specific for one of the 36
anchors and a portion specific for a segment of one of the 36 protection oligonucleotides.
The oligonucleotide sample from each well of the 100 sample plates is added to a
corresponding well of the 100 MAPS plates. After hybridization under selected stringent
20 conditions, a detection oligonucleotide for each target with a chemiluminescent enzyme
attached is added, so that each specific spot of each well lights up in proportion to how much
mRNA had been present in the sample. Any wells that show reduced amounts of correlative
genes with no effect on the 6 house keeping genes are interesting. The compounds added to

the cells for those samples are possible starting points to develop anti-tumor agents.

25 Example 17 Induced and constitutive gene expression.
RNA was prepared essentially as described in Example 14, from the livers of mice
either not infected (“Control”) or one hour after infection (*Infected” ) by adenovirus. 60

ngs of liver RNA was used for each sample, and samples were prepared in duplicate. Each

AC



Li nker" SEQ I D: 14

CTACCGAGCAAACT GGAAATGAAATTGGCTGTAGAACACGCGAGCGGTTC 30 RNA mimic
(rmouse L32 pr L.0); SEQID'1 5 PCT/US08/27191 2
TTCATTTCCAGT AGGATACT GAGT GAGT CACCAATCCCAACGCCAGG Ccr
Det ector A i gonucl oeoti de"’ 64 SEQ I D: 16
AGCCTGGCGTTGGGATTGGTGACTC 35 #5 Anchor:

SEQ I D: 17 CTCGT TCCGCGT CCGTGGCTGCCAG Li nker

SEQ I D: 18 assay well containefftrée a0 Mplaeae Iael Xatt¥shaNding to the three genes described

52 #6 _Anchor *:
SEQ I D: 19 above. Each locus conwmmm@mpnsmg a probe which was

Li nker" complementary to a protection fragment corresponding to one of the three genes. A nuclease SEQ
| D: 20 Dy O S CGACT T BT ACCAT CLOGA B

SEQ I D: 21 protection MAPS assay wm’ml @:@tﬁd@@F igure IZ#an tgg Er?arg;s
Li nkerg were collected and scanned as described. Shown are the raw image data collected and the SEQ
| D 22 CGAAGAGATGCATAACGCGECECCG
intensity scans for duplicate wells for each of the three mRNA targets. The numbers over the
scan lines are the integrated intensity values and standard deviations for each condition (n
= 4). The house-keeping gene, GAPDH, not expected to change, showed a modest increase
of 1.3-fold in the infected sample that was not statistically significant. The transcription of
10 MIP-2 and c-jun was increased 4 and 6-fold, respectively. These findings demonstrate that
two genes, MIP-2 and c-jun, exhibit enhanced expression in response to adenovirus

infection, compared to a control, constitutively expressed gene - GAPDH.

Example 18 An enzyme assay screening for compounds that selectively inhibit

15 - Kinases are enzymes that attach a phosphate to proteins. Many have been shown to
stimulate normal and neoplastic cell growth. Hence, compounds that inhibit specific kinases
(but not all kinases) can be used to test whether the kinases are involved in pathology and,
if so, to serve as starting points for pharmaceutical development. For example, five tyrosine

- kinases that are involved in stimulating cell growth or in regulating the inflammatory

20 response are src, Ick, fyn, Zap70, and yes. Each kinase has substrates that are partially
identified, as short peptides that contain a tyrosine. Some of the kinase specificities overlap
so that different kinases may phosphorylate some peptides equally but others preferentially.
For the five kinases, 36 peptide substrates are selected that show a spectrum of specific and
overlapping specificities. '

25 One hundred 96-well plates are used; each well comprises 36 generic oligonucleotide
anchors. 36 linkers are prepared to convert the generic oligonucleotide array (with anchors
only) to arrays comprising peptide substrates. The 36 peptide substrates are synthesized and
each is attached covalently through an amide bond, for example; to an oligonucleotide



[err] Anchors were synthesized with C 2 spacer with amde at the 5 end 10
"Li nkers were synthesized with Cy5 attached at the 5 end
[err]Detector Ai %onucl eotides were synthesized with biotin attached at the

5' WO 99132663 on To each well either ofEMUSAHE®or a
m xture of linkers (as indicated in the fi6gure) was added I n
bulk. (To the well marked "all" was added & m xture of all seven linkers.)
Fol | owi ng 15 i ncubation and washing in 5x SSP 3 tines, the

fl uorescence pj 1 Q. ; r+4 . . rid E e
nas oo 1 BoRbiihg 2 50 MiAY pfolf, TR Uligonucleotides con dchBbhell il fybridisd
be seen, the kpekitnally setbe-anchoriihepentide/ohigo Hukerniare selbgssembled pn thel sugface by

associ ating w ' ntary anchors.

Thi s process iagsl&fléE%&ér{t&?n&eélgﬁfthteﬁ\gfgpgmgaﬁeg"sdiffer ent anchors are di spersed
in each well 20 For screeming, ithekfeveskisasks&tcpperuprigteoatsntretidrisabd thabths gstesmded
therewth. The,entire . .progcess.i s repeated Wth 3 4 etc,
it erint anciRbrnph aaBh FGE RypsSpEREaIEksd sympch ayppsgble) Ssafaed il eftyen
Exanpl e 2 Bi nailohg withioat b£3800 different epmipdurds)to be tested. The compounds are Téseedifardtheinf
hybri di zati on of. Cy5-der.i vatjzed |inker nunber | to.its conpl enentary

Y thehed: anonaPns ey TR e pURER rrayBiree Ter AoURLothorRRAT o i pach
generic NMAPS plhay&l pthtide is detecté@by RddpipilabdlePintibodies ihgthifd daly exXpiiderfiaios 1
was attached at faqur sgcgg;t%ggi wel I-. I ncubations were done at

room t enper at (RI@sRherd pe- Ao avelieat syw agpdustion iesamss pthe phosabgs

W th 3% SSP, apghshrupsts blhthit @R ee Hes %%éﬁ%&iﬁﬁ-c&nf&ﬁ@iﬁ%ﬂ%erpﬁﬁeﬂ ke of
the plate was t aken Wltﬁ the Tundra, and background was

subtract ed andhessevellpcandessstsd fyrfherasgopsipleselestiypinhibitors of some of Shsdnagpsteftad
each wel |l was cal cupatserbnd 5%J&9W@s%%@tog%aﬂélto?ﬁi ure 1719 AYBRERIEnRPd

30 standard deviation for the integrated’intensity for the four
spots within aaelrcwe isprgparedin Whigha 25 base pair oligonucleotide complementary to one of the

anchors is crosslinked to a peptide substrate of a tyrosine phosphokinase enzyme. The

15 chimeric oligo-peptide substrate self-assembles onto an array of oligonucleotide anchors, the
kinase enzyme is used to phosphorylate the peptide portion of the chimera, and after the
enzyme reaction is allowed to proceed, the amount of phosphorylation of the peptide is
determined by anti-phoshotyrosine or anti-phosphoserine antibodies with an attached
detection fluorophore or enzyme.

20 The results of the assay are shown in the lower panel. The homobifunctional
crosslinker, DSS (Pierce), was used to attach the 5’ amino group of an oligonucleotide linker
to the N terminus of a peptide synthesized with a phosphorylated tyrosine. The sequence of
the peptide in single-letter code was: TSEPQpYQPGENL (SEQ ID: 32), where pY
represents phosphotyrosine. The chimera was either used directly or first brought to pH 14

25 for 60 minutes in order to partiaily hydrolyze the phosphate group from the tyrosine. The
phosphorylated or partially dephosphorylated chimeric molecules were self-assembled onto
complementary anchor molecules within a MAPS plate at the concentrations shown for one
hour. After washing and blocking the wells with 0.3% BSA in SSPTP antiphosphotyrosine
antibody crosslinked to HRP (antibody 4G10 from Upstate Biotechnology, Lake Placid, NY)



53 wel |'s. Exanmpl e 3 Fluorescent |inker.

A generic MAPS plate is produced with one an6horing ol igonucl eotide spotted
to either | spot per well (top two rows), 4 spots (next
four rows) or M®PBHPs per well 5 (1 ower two rows), E‘?ﬁ’%&ﬁ‘zlto t he
met hods di scussed above. To each well co enentary,

fluorescently | abeled, linker is attached by the preferred priotocol
described in Exanple 1. _ Fol | owi ng washi ng the fl uorescence
picture of the &l a%&ﬁi #3 1%65@&1&%&&11 %e%our,&?dme amount of antib8@PAHch&f

fl uorescence each spot reports how mnmuc unctional linker is dvailable
to ddngclwd wlitlz ehenuiluminggednce TubstratanSuper Signel Blazs. Mtlm@geeéhoam was
repeated spots_is_h I

Cur ves. acc"meagQO%tﬂg?:E %-gdygﬁlogtlemﬁﬁtgpérs &&F edéxd%g?r &d |ngé€§qnt %

i s added di f f esratint cfphosphtteattacherdto the oligo-peptide. Ghlsahﬁ‘mrgeus thé bm@namwasde

The |inker that has een ssocj.at e conta s
Compl eront ar v s A8 P SR SaPRH R ohin Rees R ABRIMCRES e inbibiters
with 0.05% SDS in a total voI une of either 30 or 100
mcroliters, dt ' )
overni ght. Fol FS®PR1
the target i S betwee drrebeds usi ng
chem | um nescence. A b| oti n I at ed ol i gonucl eoti d
contai ning a 25-merS %ﬁ&g d@ﬁlﬁm ﬁﬁ‘&‘@%"%@?&ﬂ?‘ﬁ?‘é" RNy PROtEHS ¢ ﬁ@e
target (not tOd&xﬁﬂthoRﬁbéph@@ro@ﬁ%r@ﬂﬁﬁﬁ ﬁiFoYmﬁsfbr lpb;ﬂiﬁ% with Bnpre@dpedificiy. "M

Bi oti nyl at ed detector can bhe added for 30 m nutes_after washing
away exfess un&'f‘%téﬁ;F@%FRhaﬂtj’@EYf°sE‘FP?R“dESa‘Hm§QP°°1ﬁ°a“Y to gRe x dpyfsly Scﬂchﬁ@‘ 1R Pl

target for theo{heﬂm\ﬁaelzm@“@y}egm BRkeikty bri di zation. Fol |l ow ng

attachnent of detector e surface is washed twice with 5x SSC, once with

1x SSP o Eefnthéﬁ pssay the limkersuaesnphasphoiylated, peptidessomaiently aigehgd to
1:50, 000 dil utiyg g‘ﬁﬂk‘gtlde mojeties. arg sHQEt@c?fo?%gusﬁﬂR? 'Ecp?lhé?osg group of
pt aV| din :

conj ugated to St A, rom Pierce, Rockford
i s added for 5stleriedsSHA PS&WIP ‘Bhe Yinkers qogmrégmeuﬁ MARS platesdp @lﬁms%@uhs@dli

times yeth 25 o ocifc fo?éiggpoug?)@ gH?’??&&ﬂs Ot MUDS hiBetDakRY 1 fAnRLRE"

Signal Utra re%gent
generated. The proteins are isolated and labeled with, for example a cyS fluorescent

d pr ot ocoI

molecule.
In order to screen for inhibitors of the SH2 domain/ phosphopeptide interaction, the
group of labeled SH2 proteins is added to each well of the 100 96-well MAPS plates, and
20 in each well a different test compound is added. Hence the effect of each compound
individually on the interaction of the SH2 proteins with their phosphopeptide ligands is
tested. The assay is to measure the fluorescence of bound SH2 protéin associated with each
surface-bound peptide linker. For any well showing reduced fluorescence at some spots but

~ not all spots, the compound added can be further tested as a putative selective inhibitor of
25 SH2 docking.

Example 20 High Throughput Screening (see Figure 22)
Shown is a high throughput MAPS plate demonstrating the detection of signal from



a few mnutes, pictures of |um nescence are collected with the Tundra

| mger, e.g., the pi cture can accunulate within the CCD array
for five mnutes. Low |l evels of target can be
54 WOIYEES i zed in sone wells at a target concent rEtYORB%4hs

little as ~5x10[err]M the amount of 7 signal generally becones
saturated at a target concentration of ~10?err] M The anount of
signal detected at repeated spots is highly reproducible.

Exanpl e 5 Assa RE 'gg@ : ti : haur 2 . A
bi ndi ng curve %%%lrl\%l\tﬁ?asﬂ%g Hﬁ&%@ ﬁggé?lgégogltt?g%%gé < ééé%ngjflﬁan%%ﬁasprpeeafsgfged
prot ocol di scuwitbd 6abplicatet ar 8Q wellsli Af ehwrt, thearegrtducibiligpoofithe d@80 Helsridigation
shown. A gener| . : ate wasg pbrepared with four different
anchoring ol i g%)s%%sl eot i‘ﬁ%’smé}é‘(% pi(% tec tfa(r)’érrpgh Fhndst Colinns tstg‘i a5 PR dch
wel | . For the stendaniizesthe signal forrdiffereit@oncentainne o thic atiyorucltistide.

ol i gonugl eot i des e sel.f-.asse ed onta the surface as describe T

t ar get l;é: wer e adde\é\e% strrilar fas prgnéé&?gﬂc?gﬁ?qnﬁlte?tb%é c%eﬁkff“?dﬂnwhrng ﬂmr s
to each wel |l asstepeatédiadhe ?&fﬁefmubdlsedfl thdé plgﬁ. of course,han evelegEb‘d&E ﬂ{inﬁbér'aof-rhe
amount of each  target.attached was. visualize at t.achin I otinylated

det ection ol i ggﬁﬁég‘gf}]ﬂ‘?‘lf@%ﬁ@gﬁ T %t.h‘f'rcﬂm S 'gt’&BééPCIFQSHdF(BW%Gs)W“HRP?SS)AEddﬁd
chemi | uni nescesnh dea@imaﬂﬁplﬂ%@hlbb@&te&sﬂn&ltﬁeélﬁlfﬁ@.ggQGQ?IaTtJ%?schta?@é-%M of
the image is tified. Software_that 1s part of the Tundra

L a
| mager packag e%%mﬁs?éﬂest)'%ggﬁf ppaber gt assays phichan be performed qrypach spmples(est,ong
lines petween idfe RftErQase, BAMO0 BIEER adBPS bnd@B Mree Mimbeh 61 éaﬂiﬁ‘fe_ég-éqi?hn%ag be

concentration of target, 1. 1 pM  the scanned mages show wel'
gaussi an peaks 2sigyed simultaneously (e g¢ jp thp ttter ¢a8¢ labout|98 el 08y e 9680 diffwent saxtyples)

background peakgviRefbriverHigh thRfupnsest sanple, at

From the foregoing description, one skilled in the art can easily ascertain the essential
characteristics of this invention, and without departing from the spirit and scope thereof, can
15 make changes and modifications of the invention to adapt it to various usage and conditions.
Without further elaboration, it is believed that one skilled in the art can, using the
preceding description, utilize the present invention to its fullest extent. Tﬁe preceding
preferred specific embodiments are, therefore, to be construed as merely illustrative, and not
limitative of the remainder of the disclosure in any way whatsoever.
20 The entire disclosure of all applications, patents and publications, cited above and

in the figures are hereby incorporated by reference.



0 concentration of target. Exanmple 6 Sensitivity Shifting
(see Figure 13) 20 A MAPS hybri di zati on assay can be used
for measuringyhhgsfsencentration of a set of ol i gepugbeatdaides,
by binding themto a surface and | abeling them This works well for

t hose ol i gonucl eoti des which are at nodesdg or | ow concentration. Two
sanpl es can be di stingui shed in such a case because if one
sanpl e contains nore oligonucleotide, nore wll bind. On the
ot her hand, if the concentration of targeted oligonucleotide is saturating
for the 25 surface (i.e. if it is high enough to occupy all binding
sites), then if the concentration goes up no nore can bind, so
t he amount cannot be neasured. However, the binding curve of a

target can be shifted by addi ng unl abel ed conpeting |
55 Bi ndi ng data are obtained forlﬂiiﬂ”ﬂilﬂﬁ”ﬂtﬁun
ol i gonucl eotide targets, all of which satur a (i.e
reach maxi mal binding) at roughly 3 nM By addi ng unl abel ed

conpetitive targets to all wells, the binding of |abeled oligonucleotide is
shifted, so that |ess bi nds at the | ower concentration, and the

| evel at which saturation occurs is noved up. One 5 can add
competitive oWHAAJSITAIMED By  say, targets | and 3 but not 2 and 4.
This shifts 1. Arc&ﬁbﬁﬁﬁﬁ'ukéﬁ‘ﬂ'f&ﬁ/thé’ﬁctééﬁﬁn%§§@é/or%r¥tafrﬁépt(s} AG8slel and
3. In this way ollgonucleotlde targets Jdifferent
concentrat i onsvwom@nmmreﬁlewﬂtiwmow mésy wel |, i f the rel ative

anmount f o &}‘Qng}fs | Ssckt t least fwhi
The data can be qugﬁtlfée as e p'bgnedﬁm%% §%°tﬂ9¥%?ﬁh?ﬁﬁso °85¥ o the
10 ol i grernubstentiallylidentigal each reﬁogenmprmlgshows quantitatively that
i ncl udi ng conpeti tbye

at least eight different oligonucleotide anchors, each in association with

<) a bifunctional linker which has a first portion that is specific for the
oligonucleotide anchor, and a second portion that comprises a probe which is specific for
said target(s). '

2, The combination of claim 1, wherein each region comprises at least about 64
different oligonucleotide anchors.

3. The combination of claim 1, having at least about 96 to about 1536
substantially identical regions.

4, The combination of claim 1, wherein each of said regions compnses about
30 to about 100 probes, each specific for a different target. _

5. The combination of claim 1, having about 96 substantially identical regions,'
wherein each region comprises about 16, 36, 46 or 100 different oligonucleotide anchors.

6. The combination of claim 1, having about 384 substantially identical regions,
wherein each region comprises about 9, 16, or 25 different oligonucleotide anchors.

7. The combination of claim 1, having about 1536 substantially identical

regions, wherein each region comprises about 4 or 9 different oligonucleotide anchors.



ol i gonucl eotide in the assay shifts the binding curve used to assay for

this target to higher con | ull Exanple 7
Mel ti ng Terrperg‘;ciysg9 ,&5 Four Probes (ngmmluﬂllj ”H“‘ ng'fungm;l;he
amount of four ‘difrérent fluorescent |abefed |i'nkér &ligonucl ectides
specifically 15 hybridi zed to anchorggol i gonucl eoti des by the MAPS
assay is plotted as the tenperature is o rai sed. The four

ol i gonucleotides were first allowed to hybridize at 50[err] C for 1 hour at
300 . NM gThen Thb orifihdtizn WEEIBmE WheRinVald YeSohs #é Mkt suBAiRRIRS iménd
t he amount bound was ] measured as above by fluorescence (50[err]
C point). Then Sllec§ibregioadswas i ncubated at 55[err] C for 30

m nutes and the flg@t esC%SSorﬁﬁH&Qng@faﬂfmqggh%?etgﬁegfnbn‘m%gémbﬂ@%Bﬁ}&£ es
20 resented. = . ampl e _

Two det ect Pon niof hduidization efficiepsypaseadififityect | y. To a MAPS plate with four
ol i gonucl eot i de anchgys akasEHaridiatbialh 1| AN BRAL Al L lcorBlits A0AES:
two ol i gonucl eoti des ] to each well, w oth I'ncluding a

coval ent |y att afonthg capssityref @logusip binditérgetont ai ni ng a 25 bi otin group.

The epi-fluor escenceu[reas[tﬂggg@ﬁ%ﬁt}@r&g%ﬁqgﬁgﬁgﬁ% sgﬁrsP%geblggngagic\éLﬁyvi ng and

nmeasur enment ofthe fluorescent C um riescence fneasurement s
are perforned 12. Thagoubiwtiomheficlhin 11 WhetehPSidpsabe isiai pegtidelbs prptdmt
addi ti on of HRPr'na%c‘ﬁgd a _

56 chém’l um nescence substrate. The signals generated are

roughly of the sane I3agniThadembination of claim 12, wherein said peptide or protein molecule is
coupled to the first portion of said linker molecule with a coupling molecule.

14.  The combination of claim 13, wherein said coupling molecule is biotin or
streptavidin.

15.  The combination of claim 1, wherein said probe is a substrate for an enzyme
or a ligand for a receptor.

16. A combination useful for the detection of one or more target(s) in a sample,
which comprises, before the addition of said sample,

a) a surface, comprising multiple spatially discrete regions, at least two of which
are substantially identical, each region comprising

b) at least eight different anchors, each in association with

c) a bifunctional linker which has a first portion that is specific for the anchor,
and a second portion that comprises a probe which is specific for said target(s).

17. A method of detecting at least one target, comprising contacting a sample
which may comprise said target(s) with the combination of claim 1, under conditions
effective for said target to bind to said combination.

18. A method of detecting at least one target, comprising

a) contacting a sample which may comprise said target(s) with the
combination of claim 1, under conditions effective for said target to bind to said
combination,



However, for the georretry whi ch contain walls
separating each well, and “ T"I“][I“ ﬂ ﬁanal bubbles of liquid or a
m ni scus of ngﬁgganef | ecti ONSei Nt uorescence | Magesr/US9s/27191

can cause interference in data inter pret atlon Exanpl e 9

Chem | um.nescence Products Two product s avail able as
chem | um nescence substrates for horse radl sh peroxi dase can be
conpared as detection procedures for the MAPS assay. A MAPS plate is

pr epar ed b) asofiectingsaidsPmbdaticnrtdiany bounddergols withigilehcledy | at ed

| i nker ol igon hen eit her al kal i ne phosphat ase
coupled to stérllegepcftagék"gl%g kPhos: SA) or HRP: SA is added, followed 10

by washi ng and addit i ordembtmg'aatdaieteﬁlmlsobﬁ (Tropix) to the wells with

Al kPhos: SA or ECL g with
SA derivati zed enzyrres dn qgiq[fcﬁrntl? \éh@geéﬁ\@mé ?abg\fe& Qettﬁpngi%be#ﬁ%%#s

manuf acturerscﬁennluumnbscsnthgﬁm I ng of western bI ots. These two (as well as
ot her avail abl e su, tr S e ,used .t assess ol i.gonucl eoti de
hybri di zation to e ’)’etﬁ’adn"fbp ?’Véhmm Targerism %l e 10 Retol ution

at 0.6 mMm 21 The method oTIaﬁuﬁ @3,qlithdr eBmpFisihubjddtinesiia syrsletanal or
MAPS assayis%ﬁsted by .. ErlngaMAPS plate with four

di fferent ol i GHNTAEE RGIF e8%s per wel | each spotted four times per
well, - 2.t h Phethétbdd dfeRith Y, Wmclﬁﬂeﬁtﬁies%ﬁmim@)présﬁmﬂﬁﬁttdﬁn Then
ei t her cy5-derivatized |inkers or biotjinylated |inkers are

hybri di zed an¥hgemseiddarssi %Fﬁ@@%%@@cul%?ndt“ﬂ?reéﬁb?“h?ésm probes of
fluorescence pRASHHBIARYN it ﬁ?ol[%ﬁ@dlé&ﬁ@@rhicﬁ ipBREE fdralfafliohe B AaR|Al | kel y

be reduced). For e chem | um nescence detection procedure

nei ghbori ng s psgas, sthereipihe inghRatien af spideppieavighysaid combination is p ¢ undef s
spaci ng i ndi vicghiftionR Sakch d?@éfffééﬁvé 1%?%&%9 hiBYTRIGIH O Sy R, (aRBRYS Sid

deconvol uti on. Exanpl e 11 Test Nucl ease Protection Protocol.
25 probes. | n an assay to test for the optinmal conditions for

hybridi zation and gyicl epqemith&RF Bt 22, which identifies an agent that modulates an RNA

expression pattern, further comprising comparing the RNA expression pattern produced
in the presence of said agent to the RNA expression pattern produced under a different
set of conditions.

24.  The method of claim 17, wherein said target(s) is a protection fragment.

25.  The method of claim 17, furtf;cr comprising,

a) incubating an RNA extract with one or more protection fragments under
conditions which are effective for hybridization of said protection fragment(s) to RNA(s)
of interest in said extract,

b) subjecting said extract to treatment with one or more nucleases effective
for digesting substantially all nucleic acid other than the protection fragment(s) which
have hybridized to the RNA(s) of interest and, optionally, the portion(s) of said RNA(s)
which have been hybridized, and

c) removing substantially all nucleic acid material other than said protection
fragments which have hybridized to said RNA(s) of interest, to provide a sample



57 : for the nucl ease protection protocol, the Nucl ease
Prot ecti on Assay kit from Anmbi on (Austin, Texas) is used to

provi de condi uffers and enzynes. Eight sarrpl es are T/US98/2719
prepared in o‘&é(;%?%ﬁzr ee buffers. Hyb Buff 1 is 100% Hybri dlpzcat"ijon Bu}fer

(Anbi on); Hyb Buff 2 is 75% Hybyi di zation

Hybridi zation Dilution Buffer (Ambion); and 5 ﬁmaﬁ Hl ”m)% of
each. A 70-mer oligonucl eotide that contains 60 resid

conpl enent ary .4, an essta tEEBRHs ’Itﬁe f&f]@ﬁfﬂ%ﬁer{t@) osource | nt er nat [ onal
Camarill o, CA)c aifink ) I ed with Psaoral en-fluorescein (Schl ei cher

and Schuel | , Keene26 NI—DAF’Eﬂthoé\MfﬁBmﬂ A& wherein said °°mb’f“6?‘6b‘iﬂm%§e%‘hkj‘§%9$t ed for

| abel ing of Py Do ArHR R the Rididd 1¥ it GihR method.

fragnent is di u.%rgj}tsaag%‘l(gl&/m In 20 E:err s1 gf E bu I5e?irl(nloorr1\/l Tris, 1 nM
EDTA, pH 8) 10 27.  Bandthad df sapidlp wmgeéarganmbqpif eAmyplesH BOTBPFISIRE | ce

wat er. Four / £ %ﬁs& S
added, and t h aci ﬁ%’fie [ sﬁ%lpg%ggrﬁfiﬁrg@gfd?zgo%b}lnﬁ%%Of'ftl I}Arflgp W ﬁrﬁéﬂlﬁgw
hand- hel d | ongrmIOésﬁgdnrgﬂU source. Free Psoralen-fluorescein is renoved
by extraction used i s GAPDH
anti-sense nRNA, pr epar ed}i\%t111421 &%E&Eﬁggl&woaﬁ%%rén% p‘f;ﬁw%

(pTRI - GAPDH Mouse apt i sma:uﬁpmtample %chlma}a:cinpmm ﬁmdbtargt)(s),mn]mg biftnctional

T7 pronoter adth Anbi a rote fra nt
e Phe G0 rrer Hkr Vibfids A5y ey e APt ror A fiBileoRag S and
simlarly | abglogibn tﬂh@oﬁpﬂwmﬁmeaﬂu&ﬁespemﬁc for said target(6)} eder edsncﬁﬂic&grrent S

grEg ?E f (2)|3| W% effective to obtain a first hygndlzatlon%rod {gét\?vgérf s%pd t];rrgct?sq%na said linker,

%mTATGACAACT CAYT CAbdctitg SAOCEAMRHANT LGS PpAEEAGHA  ddkbirdtich uAQer

conditions effective to obtain a second hybridization product between said first
hybridization product and said combination, wherein said combination comprises, before
the addition of said first hybridization product,

1) a surface comprising multiple spatially discrete regions, at least
two of which are substantially identical, each region comprising

2) at least 8 different oligonucleotide anchors,

c) contacting said first hybridization product or said second hybn'd.ization
product with a labeled detector probe, and

d) detecting said detection probe. _

29. . AKkit useful for the detection of at least one targetin a sémple, which
comprises:

a) a surface, comprising multiple spatially discrete regions, at least two of
which are substantially identical, each region comprising at least eight different
oligonucleotide anchors, and

b) a set of instructions for attaching to at least one of said oligonucleotide
anchors a bifunctional linker molecule, which has a first portion specific fbr at least one

of said oligonucleotide anchor(s) and a second portion that comprises a probe which is



Short protection fragnent: SEQ
ID: 24

CGAGAAATAT GACHAS Ioi96e3 CAAGAT TGT CAGCAAT GCAT CCTGCACCACCAACT GCT Tpetusssrz 1191

Hybri di zati ons are done by m xing protection fragnents at 20 nM and GAPDH
mMRNA at . 60 nMin 10 [err]I®2final volune for two hours at 22 C

ﬁLc?Zasgsspezxﬂalfg&?cgﬂ%E crilf g;izg;gie&:)st rzﬁct i ons f r(2)(r)not L 1m,|lljum]|w ”m}ﬂ[lm ¢ o

( Anbi on Nucl e Pr 1: 200 dilution of nucledse’ni Xtute)” and
I ncubat ed agaﬁ& Rl ¥°I ’Wrgoﬂpé'{ghperatures for 30 m nutes.
Hydrol ysis is &t opmdnmiehcdnlximsmg htdedst @e bifafdtiohdliliker molecule, which hﬁu;fﬁretr
(Ambi on), and oli tldes  eted. and hed,w t h Et hanol

Lerr) o b pagion Spech hoF o e 058 o8 i Blteerip Bpu gty Hnd Sscehed] Rapeps et
ol i gonucl eahpiikesa probe srﬁaarxsaipedﬁe Iﬂor&t EadodBEE said target(s).

58 el Is swirled_.in running buffer for_ 30
m nutes, put om-a p?‘d‘%&’@‘ﬁﬁ aﬁafmm nucleic acids of igfgres, GRTRRTISINgSY

using fl uarsaﬁgr@camﬁhémgegasd hdleis abiaG) t tdmlc@sgd ;Sr@feb@cfh WitH ofEbS bR protection
wavel engt hs e.is_accunul ated on the CCD array for 2 mnutes. Best

condi t i ondragments, and defecting the hyhsigized dypl @%Iﬁ?)lp‘é%“t ‘Pfém)ﬁt@@l strapd pyatectdiucizicgt 3 7

[err] C Oracﬁi(l? W&c%ﬁt@ctﬁnﬁgﬁgn’c&?r\ﬁh\ thass Ls%'kcﬁ'bﬁ sanpl es no
detectable fu protection fragment renal ns and significant anmounts
of 3% po?ﬂ‘? misthe of glaing %:I,Mm@ngbhnwﬁ@ﬂeu high therp imethed. g sj ze
apparently thesga r e
Bxaml 6 12 nRsN%\ An'gls‘lgislm%{}gd %?Q}'\?.tlAm 83.2 zvggrgmlzthe nBElgﬁg%ﬁd(anlfxlEﬁ%aEct& &2

full NPA- prsstion Segueit(shas used, with conditions for hybridization and 10
\?\;?Leﬁﬁ ﬁ ]E (r)?at E? Nt ShdThiRsd Jf%lagrn 9% QNI%?&I? Etj lgﬁgtv&ondxﬁéx%ﬂpﬂrgtegﬁbn ﬁ"a%%leﬁéqpe es
detected.
35.  The method of claim 33, wherein at least 16 different protection fragments are
detected.
36. The method of claim 32, wherein the nucleic acid(s) which is detected is a
hybridized duplex molecule.
37.  The method of claim 32, wherein the nucleic acid(s) which is detected is the
protected nucleic acid.
38.  The method of claim 32, wherein said nucleic acid(s) of interest is measured.
39. - The method of claim 38, wherein the nucleic acid(s) which is measured is a
protection fragment(s).
40. The method of claim 32, wherein said protection fragment is quiﬂed chemically,
and said chemical modification, with -or without the nucleic acid portion of the protection
fragment, is detected.



assay. All contained the sane anmobunt of the 70-ner oligonucleotide
protection fragnment and different anounts of GAPDH nRNA

Hybridi zati on ssomlsesssin 10 [err]ls in 50% Hybri di zati on PCTIU Buf f er
and 50% Di | uti on Buffer containing 0.08 /ngfgrl Yeast RNA (Anbioﬁf'ﬁgQQWI
heat ed to 90 [err] Cfor 6 mnutes, briefly centrifuged, heated
to 70 Cfor 5 mnutes, and allowed to 15 cool to 19[err] C and

i ncubated for 19 hours. 200 [err]ls of nuclease nixture was then added to
each sanple for 30 mnutes at 19[err] C. 60 [err]ls was aliquoted from each
sanple for the MAPS assay. 2 [err]l of 10 N NaOH and 2 [err]]I

of 0.5 M EDTA was added, and the sanple heated to 90 C for 15
mnutes, 37 C for 15 mnutes, and allowed to sit at roomtenperature for

20 m nutes. Then sanples were neutralized with 2 [err]l of 10 M
HC1l, an 2 aen0f 20x SSC 20 containing 2 M HEPES pH 7.5 and
200 nM Rt i el et or ol i gonucl eotide specific for the
protecti f Yo dded along withg [err]l of 10% SDS. Sanpl es were
m xed, to 80 Cfor 5 piwytes, and two 35 [err]l aliquots
of each npl A ted to two N\, Wells of a MAPS pl ate (each
sanpl e spl} nd run in dupli ¢ag)0R

pl ate). ep - n prepared as forN@y&ed¥ d MAPS protocol, wth

sel f-ass | eg Ol cys- deri vati zed WO so¥ific for the protection
fragment &fff r eQg " . The MAPS AN B sty was covered and

i ncubat efdjat ¥ @overnight, and detecti pny® ¥ heSe

per f or as 0SYibed. In the last sanpl QRN S eSHwere added during
t he assay ‘as control to vi sUNNBR QMR NQt ection fragnent

al one woul d beydetected by MAPS. In the

59 gower portion of the fig 2 (as
anal yzed by t pager) for the top row 4 pr esent ed.
The amount of nMRNA present in the ghount

i n each dupligs
figure.

el | after aliquoting s§ isted in the
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The ol i gonucl eoti des used for the MAPS plates were as follows: 5

Anchor : _ SEQ I D
25 WO 99/326635°CCCGGT CGAGCGT TGT GGGAGCGC priUdEi7101

SEQ I D 26 2 7/ 19
CTTGAGTGAGTTGTCATATTCT CGGATACT GAGT GCGCTCCCACAACGCT CGACCGG

CG 10 Protection fragnent (conplenentary to nouse antisense
MRNA f or GAPDH)

SEQ I D: 27

CGAGAAATATGACAACT CACTCAAGATTGT CAGCAATGCATCCTGCACCACCAACTGC

TTGCTTGICTAA
end with biotin

Detector Aig
SEQ ID: 28 15

Anchors were synthesized with Cl2 spacer

"Li nkers were
[err] Detector
5"
(see Figure 16)
shown in Figure
curve.

is
Max Bound *
at saturatign,

duplicate wells

gynt hesi zed with Cy5 attad
~ o ;‘xcleotides wer e synt
\end 20 B

The d3
g e quantified and
id st andard devi ati @

plotted for each con
R of the form
wh

gnucl oeotide[err] - labeled at 5
AAGCAGT TGGTGGTGCAGGATGCAT
W \{ am de at the 5 end

Ry, At he 5 end

3 ith biotin attached at the
Di | uti on Curve, NPA- MAPS

té§§§{§%§ X n Exanple 12 and
*§§§§ NS ed as a dilution
g\§§> NI R 0N spots of the two
BN EORRRRRNA. A bi nding curve
BONNEN, © AR :

gy§§§ %§\ racti on Bound =
;wﬁéwz ; S qexi mum bound
t-’\\b\,\‘ : N
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at ligand concentration, L, and the 1C50 is the concentration of |igand at
whi ch the Fraction Bound is half of Max Bound. The curve is shown
as red dots onwoef2sggure, drawn with a best fit value of 1C50 =
4.2 fentonoles as |abeled in the figure, 4 PCT/US98/27191

60 Exanpl e 14 NPA- MAPS assay o0f GAPDH nRNA in a total nouse

| iver RNA extract A total nouse RNA extract is assayed
for GAPDH nRNA wi t h an NPA- MAPS assay and a dilution curve is
made. Total RNA from nouse liver is prepared using a Q agen Kit.
RNA is precipitated in 70 EtOH wth 0.5 M M- Acetate, and resuspended in
10 [err]s 5 of 5x SSC with 0.05% SDS with 1.8 nM protection
fragnent. The protection fragnment added is an oligonucl eotide 70
bases | ong, 60 bases of which are conplenentary to nouse GAPDH.
Either a fragnent conplenentary to nouse GAPDH nRNA is used ("protection
fragnment"), or the conplenent of the sequence i used as a negative contro
("antlsense fragnent"). 10 RNA sdmpd es with protection
fragmeh®g are heated to 90 C for 5 mnutes, and hybri di zati ons
are dopi *@ bringi ng sanmples . to 70 C and allomﬁrg th to cool slowy to
room t R ure over night. nucl ease (Pronega) at 10 dilution is

A

added | g 1x S1 Nucl ease Buffer ronega) for 30

m nut e by 1.6 [err]lg of 10 N NaCOH
and 2. V¥ es are heatgd to 90 C f 15 m nutes
and t hEENQ N s to denafjure and destr RNA

neut r aj § \ , and i ncubaled on MAPS
pl at es| Neer|aN N S suppl émented with 200

MV HEPH# \S3g! [ *ﬁ ted detgction oligonuclgptide is
added. | ¥ NS ion mﬁtT SA-HRP i s done [ps

descri decrg¢ases in paralleljwth

i ncl ud¢ 500, 170, 50,

decr eaplil N9¥{

L1l
Lol el el el

PV TSNS NI TITTITONTS TS
calalodedodd £ L L LLeLLLLLLeL AR I T




20 5, or 0.5 [err]g of total nouse RNA. Two control sanples are

i ncluded to which no S1 nucl ease is added. Signal is seen only
for the conpl protection fragment. dig [ ges
used: %%E’%Anti sense Cont r‘pl /( sgyre ol i gonucl eot | deg@g@gsﬁgzﬁlgﬁl
exanple 12): Anchor: '
SEQ ID: 25 25 CGCCGGTCGAGCGT TGTGGGAGCGEC
Li nker[err] SEQ | D
26
CTTGAGTGAGTTGTCATATTTCTCGGATACT GAGT GCGCT CCCACAACGCT CGACCEG
CG Protection fragnent (conplenentary to nouse antisense
MRNA for GAPDH) 30
SEQ I D: 27 :
CGAGAAATATGACAACT CACTCAAGATTGTCAGCAATGCATCCTGCACCACCAACTGC
TTGCTTGICTAA - 61
Det ector A i gonucl oeoti de[err] SEQ
ID: 28 AAGCAGT TGGT GGT GCAGGATGCAT For Sense
GAPDH nRNA sanpl es: Anchor[err]:
SEQID: 255 CGCCGGTCGAGCGT TGTGGGAGCGEC
I
_ @
|
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Li nker[err] - SEQ
ID: 29 _

ATGCAT CCTGCACGHHE6AEeECCT TGATACT GAGT GCGCT CCCACAACGCT CGACCGECG

Protection fragnent (conplenentary to npuge nRNA for GAPDH): PCTUSRERTIR 30
AAGCAGT TGGTGGTGCAGGATGCATTGCTGACAATCTTGAGTGAGT TGTCATATTTCT 10
CGCCTTGICTAA Det ector A i gonucl eoti de

SEQ ID: 31 CGAGAAATATGACAACTCACTCAAG

[err] Anchors were sy theS|z d with C12 spacer with amde at the 5 end
"Linkers were synt hedj=sie A'th Cy5 attached at the 5 end 15

Probes were synthe3|z;. biotin attached e 5 end
e=xo0n MAPS Asgay with trols.
A\_Ilver and nuel ease prot on is perforned

Exanpl e 15 A Nucl ease Pr
MRNA i s extracted fron1-n

essentially xerebed |n:Ez npl e 14, except that the GADPH
specific protection fr% ORI i ses dvf"Tﬂ}nnugLeotides whi ch are
conpl ementary to nouse GAPDH, ¥ ol | owed by>{l5 "#verhangi ng" 20

nucl eotides at the 3' end of the fragnent which are not cong@yrentary to
the target. After O hybridi zati on and nucl ease di J&g&N t he
remai ni ng protectlcw1¢0agnent I's hybridized to a pl ate as

indicated in Exanpleé%?, except that twofﬂﬁ f nt oIigonucIeot|o-
detection ragngents are used {9 d ct the immbilized
protection fragnmentt~On ctiped frag I's conplenentary to
t he GAPDH—speC|f|cEp0r | on gf tugdprotecgtp Eﬁ gneg , %gg the other, 25
a control, is conplenentary®to the 15 bas %gé an rg;*n of the

[

fra nt rs used on

wells), so t hat
sanme detection nol ecul e.

| e both fragnents are | abeled with HRP.
signals fromboth of the
ereas, when nuclease digestion is 30
ondlng to the equences can be

of GAPDH—speC|f|c i s reduced

sence of ase digestion,
s added at ?f:;§;25§EEELXP to the anount

protection fragnent. . Each det
different replicate sapples (h.
both detection fra
In the

W thout the additi
detection fragnent
performed only the $&pnal
detected . The
relative to that observed ingZh
because the protection frag

ey




62 of GAPDH nRNA present. This allows the amount of GAPDH nmRNA

to be limting to the protective hybridization, so that the
anount of doubl e-stranded hybrid fornmed (and therefore t he
anount of protet¥¥BeP3f ragnent that is prgrected fromthe nuchemsshaief! ects
t he amount of nMRNA. When no nRNA is included in the reaction

m xture, neither signal can be 5 det ect ed when Nggmeases are added.
The above findi ngs denonstr atgeat h the hybridization =5 and

di gestion steps of the assay ocgurided as desired. %%i When

protection fragnments correspong#fngjto are included in
a gi ven assay, ea off t héd gent s can conpri se

t he sane 15 base over hang aon. § ows for one
detection fragnent to be used to test f. T pver hang 10 for
al | sanpl es. Exapmte ™6 A transc ¢

conpounds that may alter the expressi Q€f genes that are
correlative with a di sease state.
froma human tumor is used..Jt is found to express @ genes at

hi gher levels than do norma® cells. (That is, theseg8Q genes are being used
nore than in 15 nor cglls, to nake nRNA apgdl »hen to nake the
protein for which the genestar he i ns e
transcription assay measur&§ h ch the genes are
measuri ng how nmuch formeac® gene is present.) ¥
protection assay <= on MAPS pl at es ( NPA- VAR
conmpounds are test to see If growing the

presence of the copfjounds can reduce the expression o

variety of
af ect jgan f

correl ative genes af fectingyhhe essi on of 4 f
(constitutive, AN enes. AnyR griiimes t hat
ef fect m ght be us devel op pof drugs for
treating this kin About 10, OSggR o 100, 000
cells are added to . ‘ pol ystyrene pl at es
and the cells are rayewN i | they cover the surface of. each

well. For 8

ek



25 wells of each plate, the cells are left to grow w thout

additions. To the remaining 88 wells of each plate a different
chem cal conpound i s added so that the effect of it al one can

tested. For thBOPYYSH ates used at ope fipg, 8800 conpounds c%%T/B%”F@ﬂ ed
or screened. The cells afe groiwm for 24 hours in the presence
of the conpounds, and then the cells are

63 harvested for assay. The cells in each plate are treated
according to the instructions fo cparing BNA Lo sanples from
96-wel | plates (for exanple accoE : RNeasy 96
kit). After the RNA is prepared, B erent nMRNA
species is quantified by the NP 30

correl ati ve genes and 5 6 T 36 DNA

ol i gonucl eoti de protection frag nding to one
of the genes of interest, are adg
hybri di ze under sel ected stringe MRNA
sequences. Then S1 ' :
unhybri di zed DNA, args
destroy the RNA as V@i
for 10 each oOf
present in the treatg
One hundred 96-wel | E
of 36 di &

cally to
n fragnent
RNA had been

a plurality

dr'g |, are
prepared by adding tE
ol i gonucl eoti des. Thg each well, 15

converting the generg
each of the 36 :
| i nker has a portiong$
portion specific for g
ol i gonucl eot i des. £
the 100 sanpl e pl ates

§ C probes for
Each
yhors and a

ach wel | of

e
o o Ry
g B
o-‘:‘ga 2
S :
<ﬂ<m —




correspondi ng wel |

of the 100 MAPS pl ates.

sel ected stringent 20

each target mnthgﬁygg

so that each §%%
MRNA had been present
correl ative

sanpl es are possible starting points to devel op anti-tunor agents.
I nduced and constitutive gene expression.
RNA was prepared essentlally as descri be

ern FEIted (" Co
ir

| es epared i

y WE?I contai ned thr

Exanpl e 17

mce eith
("I nfected") by adenov
each sanpl e, and sanp
64 assa

After
condi ti ons,

L1, 14 hts_upi
Any wel | s 't hat

hybri di zati on under

a detection oligonucl eotide for
em | um nescent enzyne
spot of each
in the sanple.

n prggg?ngﬁU%%nﬁﬁglnuch

show reduced anmounts of

genes with no effect on the 6 house keepi ng genes
are interesting. The conpounds added to

corresponding to the three genes describe

cont ai ned an anchor,
conpl enentary to a pr
genes. A nucl ease
essentially as descri
col | ected and scanne
and the i
three nRNA targets.
integrated intensity
= 4). The house-keep
nodest increase

statistically significant.
was i ncreased 4 and 6-

in Figure 12,
as described. Shown are the %
tensity scans for duplicate W

g geng,

fgld, resaect'vely. These

ndi n
PS assay
and the i

agnent
protection

he
and stagdard devi at iyons

GAPDH,\ not expectdd t
of 1.3-f4§ld in the iphfe
The transcyiption of QO

in

n Exanple 14,

the cells for those
25

fromthe livers of

") or one hour after infection
err]gs of
uplicate.

sets of

i ver RNA was used for

h
du@i cate | oci,

ove. Each | ocus
prohe whi ch was
tg-pne of the three
was perfornmed
5 wer e

aw | mage data col | ected

o| |.s=f Or each of the

- S lines are the

for each condition (n

b change, showed a

cted sanple that was not
M P= and c-jun
li nggy deno&Strat e that
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two genes, MP-2 and c-jun, exhibit enhanced expression in response to

adenovi rus I nfection, conpared to a control, constitutively
expressed gene - GAPDH. Exanpl e 18 An enzynme assay Screening
f or conpoundsWPH&B266®| ecti vel y i nhi b| t, t yr osi ne BET/HH82AE1

ki nases (see Figure 17). 15 19 Kinases are enzynmes that attach
a phosphate to proteins. Many have been shown to stinul ate
normal and neoplastic cell growh. Hence, conpounds that inhibit specific
ki nases (but not all kinases) can be used to test whether the
ki nases are invol ved in pathol ogy and, If so, to serve as

starting points for pharmaceutical devel opnent. For exanple, five tyrosine
ki nases that are involved in-stimulating cell growmh or in regulating the

i nfl ammat ory 20 response are src, |lck, fyn, Zap70, and yes. Each

ki nase has substrates that are partially I dentified, as short

peptides that contain :Egyrosine. Sonme of the kinase specificities overlap

so that different kina ate sonme peptides equa Iy but
others preferentially. 8 he=fe—kintases. 36 pqptlde
substrates are selecte trum Lfed
over |l appi ng specificitiggs. One e d=R6- Weld  pl ates
are used; each well coﬁgsi ol 4=garxmtEOlde
anchors. 36 |inkers ar ert the generic—gkgonuclteot i de
array (wth anchors s+ I de
substrates. The 36 pepti deji - each
is attached covalently thr exanpie, to an
ol i gonucl eot i de
65 cont ai ni ng | i gonucl eocided contain
sequences that hybri di h s. (The
peptide/oligo |inkers are urfac
| - N
e e o 2 S v
O =
o1)]
S = wn L;
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ﬁC/J
o



adding themto al

wel | s of the MAPS pl ates. For

screening, the five kinases at appropriate concentrations (so that the

rates of 5
possi bl e) ar e WRRIEt

phosphoryl ati on of the substrates are bal anced as nuch as
663 0 each wel | al ong with one FETAESHE191

di fferent conpounds to be tested. THe %oh%ounds are tested for their
ability to directly inhibit the isolated enzynes. The anount of

phosphoryl ati on of each arrayed peptide

is detected by adding

| abel ed anti bodies that bind only to pepiidés tha
phosphoryl ated on tyrosine. Any wells thé%gsh

phospho- 10 tyrosi ne spots but not-=al |l —=&f t
Compounds that had been added to telose
further as possible selective inhibitorsg S

The schene of the assay is shown in the|t p oI
i nker - nolecule is prepared]i Whlgh PP

ol i gonucl eoti de conplenentary to one of {t¢g® ™ )

crosslinked to a peptide substrate of a|tyyosipe pho

15 chimeric oligo-peptide substrate} seld-asge

ol i gonucl eoti de anchors, {The Ki nasg en

phosphoryl ate the peptid¢ portion of tha

enzyne reaction is allowd to pr?fee t he amount of
h

y

peptide is det erm ne nti - phoshotyro
anti - phosphoseri ne anti bddi es w a attached

fl uorophore or enzyne. 2 The result
shown in the | ower panel | The ho L ctional
(Pierce), was used to atffach thel5’ UQQ

i nker to the N ter mus of pepti de sy
phosphoryl at ed tyrosine. |The seque eloflla\\T
single-letter code was: TSEPQyYQPGE (SEQ E? 32),
represents phosphotyrosine. The chi er u
brought to pH 14 25 for 60 m/nute |n or

t he phosphate group fromjthe tyrosg ne. They
partially dephosphoryl at¢d chineric jnol ecules mere
conpl enmentary anchor nol gcul es withi'n a MAPS pl ate

shown for one hour. Af®er washify _and b
0. 3% BSA in SSPTP antiphcsphotyrosiné. a
HRP (anti body 4Gl 0 fromjUpstate BigtecQQ:Lfgy, ke
e ®

]

e

duction in sone of the
spots are interesting.
| | s can be tested

he ki nases tested.
Figure 17. A chineric
b base pair

anchors is
sphokinase enzyne. The
bl e nto an array of
T i scysed to

i {af te+ the

ghosphoryl ation of the
silne or

- Odetection

s tof Che assay are
<=crosslinker, DSS

o group of anjoligonucleotide

ntthesi zed with a

tthe peptide in

wHer eQpY

sed dfrectly or first
ojpartially hydrolyze
phosphoryl at ed or
el{f -assenbl ed onto

t |the concentrations
dking the wells with

10000
5000 +

ilbody crosslinked to
Rl aci d, NY)
Y.
o
A
<
S on)
o Y
o p—(



66 . was added at a 1:3000 dilution in SSPTP for one hour, and
t he anDunt of antlbody attached detected with chenllunlnescence
substrate, Super nal Bl aze. The i mage shown was accumnul at ed
on the CCD arra‘S}'OT9 2683 minute. As ex gcted @ difference was semrismseher
amount of phosphate attached to the g 'gF H@ptide. This difference is the
basis for an assay 5 measuring how active a series of kinases is
when treated with different possible inhibitors. Exanple 19 A
bi ndi ng assay for the detection of selective inhibitors of the interaction
bet ween SH2 domai ns and phosphoryl at ed pepti des. SH2
domai ns serve as docking subunits of sonme growh regulatory proteins. The
dormai ns bind to phosphotyrosine containing proteins or peptides with

i nperfect specificity. 10 That is, sonme phosphotyrosi ne peptides

bi nd specifically to one or to few SH2 proteins while ot hers
bind widely to many SH2 pr ot-eins Fogp this @say, the

| i nkers are phosphoryl ated jpepti des coval ently attachegr o 1%

ol i gonucl eoti des. The peptijde noieties are selected fgr fheir ability to
bind to a group of sel ected SH2 proteins/ THe li nkers convert
generic MAPS plates to platles wwth |igands 15 sgecific for the group

of SH2 proteins. 100 96-welfl MAPS pl ates bearinggihe Lifgangs are

generated. The proteins arg isolated and | abel ed/with// for|exanple, a cy5.
fl uorescent noljecul e. /!n orgler to sekgen for
i nhibitors of the SH2 domai[n/ "phosphopepti de i pfit er acgs on, the

group of | abeled SH2 proteijns is added to eaclf well f/of the|100 96-Wel | MAPS
pl ates, and 20 in egch vell a differegf tesjfgconpoupd i@ ad@ed.

Hence the effect of each cdnmpound ' i ndgyi dual | y| on tthe
interaction of the SH2 protieins with their ohos- 6pepti de |igands B
tested. The assay is to negsure the fluorescen of bound BH2 prot &

associ ated with each surface--ounf peptlde |'i nker. For y wel |
showi ng reduced fluorescende at sone spgis | not al | ggpot s,
t he conpound added can be fijurther tested as//a putative sel pctive i &ibitor
of 25 SH2 docki ng. /4 O
4 Q.
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Exanpl e 20 Hi gh Throughput Screening (see Figure 22)
Shown is a high throughput MAPS pl ate denonstrating the detection of signal
from WD 99/ 32663

PCT/ US98/ 2719Y© 9%/32663 | 12 7/ 19 PCT/US9827191 g7
96 wells in a single experinent. Hybridization to the sane ol igonucl eoti.de
was neasured with 16 replicates in 80 wells. As shown, the
reproduci bility of the 1280 hybri di zati on assays was very high
The | eft-nost and right- t | uims served as controls to

standardi ze the signal for diffler gy ons of the o Lgonucleotlde

bl eoti des can
he 80
Br - ofgq

5 In a som | ad| f
be tested in each well,

different wells of the pRater i
di fferent oligonucleotid or her

de obes)
can be assayed in ach wel | _and nany pl ates can be tested
si mul taneously (e.g., 100 pl s, such as 96-wel | mcridtiter
pl ates). The | arge nunber of assa e_perfornmed on|eaciSsanpl e
(e.g., 10 inthe latter {§§ Adi fferent agpays)Qand the
| ar ge nunber of sanples which cani gossayed si tanéﬁusly
(e.g., inthe latter case] abesi B 40 di f f er ent }sanpbes)

Fro
jcertain the
gparting fro

t heQor egoi ng
pssefti al
rthe ppirit

provi des for very high thfoughput
description, one skilled |n the a
characteristics of thi venﬂ?bn

and scope thereof, can gg nd ggdifica onsygf the
invention to adapt it teo=t ar|Q£§ on I (@
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W thout further elaboration, it is believed that one skilled in the art
can, using the precedi ng description, utilize the present
invention to its fullest extent. The precedlng ed
speci fi ¢ enbodPIeAASE3 ar e, therefore ?; construed as rrere’f‘E/T’US”’z"wl
Il lustrative, and not ntta ve of the remai nder of the
di scl osure in any way what soever. 20 The entire disclosure
of all applications, patents and publications, cited above and
in the figures are hereby |ncorporated by reference.

VHA

68 1. A conbi nation useful for
the detection of t(s) i n a sanple, which conprises, before
the addition of s a) a surface, @ongPising nmultiple

spatially discret
identical, each r

st two of which argsubstantially
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b) at | east eight different oligonucleotide anchors, each in association

wth C) a bifunctional linker which has a first portion that is
specific for the oligonucleotide anchor, and a second portion that
conprises a pr%Bé"\’ﬁﬁ ch is speC|f|c for s?d target(s). PCTAIS98/2719khe
conbi nation of claim1l1, wherein each regi on conprises at | east about 64
di fferent oligonucleotide anchors. The conbi nation of claim
1, having at |east about 96 to about 1536 substantially i dentical regions.
4. The conbi nation of claim1l, wherein each of said regions conprises
about 30 to about 100 probes, each specific for a different target.
5. The conbi nation of claim1, having about 96 substantially identical
regi ons, wherein each region conprises about 16, 36, 46 or 100 different
ol i gonucl eoti de anchors. 6. The conbi nation of claim1, having
about 384 substantially identical regions, wherein each region conprises
about 9, 16, or 25 different oligonucleotide anchors. 7. The
conbi nation of claim 1, having about 1536 substantially identical regions,
wherein each region conprises about 4 or 9 dif fi de
anchors. 8.
The conbination of claim1l, wherein said regio | vi ded
into smal | er subregions. 9. TOe cgnbi wher ei n
the region further conprises controls fE& bri or
specificity. 10. The conblnatqgn cl regi on
further co | s for the capagi tenlof IR (ot .
n
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11. The conbination of claim1, wherein said probe is a nucleic acid.

12. The conbi nation of claim1, wherein said probe is a peptide or

prot ei n nol ecul e. 13. The conbi nation of claim 12, wherein said
pepti de or pretaedos2e®l ecul e is coupled to the first portion etTaase7idinker
nol ecule with a coupling nol ecul e. 15 Pg. The conbi nation of claim.
13, wherein said coupling nolecule is biotin or streptavidin. 15.
The conbination of claim1l, wherein said probe is a substrate for an enzyne
or aligand for a receptor. 16. A-conbi nation useful for the

detection of one or nore target(s)

addi tion of said sanple, .
spatially discrete regions, at |
i dentical, each region conprising
anchors, each in association wtB
has a first portion that is specg

that conprises a probe which is

met hod of detecting at |east one
whi ch may conprise said target(s
conditions effective for said tal
18. A net hod of detgcting at | @
contacting a sanple Neh may co
of claim 1, under condit

in a sanple mhlch conpri ses, before the
SR e ™ sing multiple
bubstantially
] eight different
ctional |inker which
thd a second portion
pt (S) . 17. A
pt acti ng a sanpl e
of claim 1, under
pnbi nati on.
f si ng a)
- ith the conbination

QS ef f QelubMBet Sl geEy t 0 bind to said

conbi nati on, 70
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b) contacting said conmbi nati on and any bound targets with a | abel ed

det ecti on probe, and c) detecting said detection probe.

19. The met hod of claim 17, wherein said |abel ed detectionfgrobe Eroduces
a chemni | uni newo@#B2663 gnal . | 218 , Jhe method of clai mPEF/USHiE: Bin the
target is neasured. 21. The net hod of claim 17, further conprising
subj ecting said sanple to a nucl ease protection procedure. 22. The
met hod of claim 17, which identifies an RNA expression pattern, wherein
said target(s) are at | east two RNA nol ecul es and wherein each of said
probes of said conmbination is an oligonucleotide which is specific for at

| east one of said RNA targets, wherein the incubation of said sanple with
said conbination is performed under conditions which are effective for
specific hybridization of said RNA targets to said probes. 23.

The nethod of claim 22, which identifies an agent that nodul ates an RNA
expression pattern, further conprising conparing the RNA expression pattern
produced in the presence of said agent to the RNA expression pattern

produced under a different set of conditions. 24. The net hod of
claim17, wherein said target(s) is a protection fragment. 25.
The nmethod of claim 17, further conprising, a) I ncubating an RNA

extract with one or nore protection fragnments under conditions which are
effective for hyprrot &S e T . mere— .

l'é-..'
all nucleic aci df @il

substantial ly al N
fragnents which
sanpl e




71 containing, as a target(s), the protection fragnment(s). 26. A
met hod  of claim 17, wherein said conbination conprises a |arge nunber of
said regions, and wherein the nethod is a high throughput nethod.

27. A et ho¥O 8¥326&pi dl y assayi ng B | argg number of sanpl e PCTAHRIPRTIS ng

pl aci ng each sanple in a separate region of a conbination of claiml and
determ ning the presence of said target. 28. A net hod of detecting
at | east one target, conprising a) contacting a sanple which may
conprise said target(s) with a bifunctional fThker which hds a first
portion that is specific for an_gligonucl eotfjde anchor andja second portion
that conprises a probe which gs‘ﬁﬁecjfi under

conditions effective to obtain.,a fi, it between said
target(s) and sai d lkgker, ‘SR figrst -
hybri di zati on producgiwi t& h | _ df fective to
obtain a second hybr izdﬁﬁ)n:produc d ' 1 hybr i gf~gat i on
product and said co atSop, § [ ' )| nat Js )'Ti5%55 bef ore
the addition of said r hybridi ' \ 1) a-
surface conprising noti spatip I‘ ,Ieég?ltmo of

whi ch are substantiaF@y sgi1tﬁcall el 2)

at least 8 differen i cheot ! fiell co cting said
first hybridization product]of saidl ¥ ] odJEyjwi th a

| abel ed detector probe, and [ [ X ection probe.
29. A kit useful for the degectionjofyay I§ ZONONE in a sanple,

whi ch conpri ses: a) ip)e spatially

di screte regions, at least two O are substantrally identical, each
regi on conprising I ht different

o) 8@% Ee
000, 0080 |

Fig 20a



ol i gonucl eoti de anchors, and b) a set of instructions for
attaching to at | east one of said oligonucleotide anchors a bifunctional

l'i nker nol ecul &, w@i has a first portion specific for at |east one of
sai d ol igonucl eotiide anchor(s) and agsecofy portion that conwcrﬁsmua1mrobe
which is - 72

30. A kit of claim?29, further conprising, c) a cont ai ner
conprising at |east one bifunctional |inker nolecule, which has a first
portion specific for at | east one of said oligonucleotide anchor(s) and a .
second portion that conprises a probe which is specific for at |east one of
said target(s). Sl A nethod to detect one or nore nucleic acids
of interest, conprising subjecting a sanple conprising said nucleic acid(s)
to nucl ease protectionjamth one or nore protection fragnents, and detecting
the hybridized dupl ex @l ecul es, or the single strand protected nucleic
acid(s), or the prote@t fragnment (s), wth mass spectronetry. 32.
The net hod of claim 2Awhlerdin the method is a high throughput nethod.

33. The net hod of Eiﬁl‘%, wherein the nucleic acid(s) which is detected
is a protection fragnent(s . 34. The net hod of claim 33, wherein
at least two dlfferento ro ion fragnents are detected. 35. The
met hod of cl ai m 33, mhg ei | east 16 different protection fragnments are
det ect ed. 36. h hod of claim 32, wherein the nucleic acid(s)
which is detected is a hybridized dupl ex nol ecul e. 37. The net hod
of claim32, wherein the nucleic acid(s) which is detected is the

1

detector
probed  pligowudeotide 2
F1

EsT_2

Geve X (wlhwA)

oAtqovucletise |

devector

probe
gst |




prot ect ed nucl-ei ¢ aci d. 38. The method of claim 32, wherein said

nucl eic acid(s) of interest is neasured. 39. The nmet hod of claim
38, wherein the nucleic acid(s) which is neasured is a protection
fragment (s). wo99/3243- The net hod of claim 32, wherein said ?rotection
fragment is nodified chemically, and sal¥'8heni cal nodificati &fURPYIHIYr

w thout the nucleic acid portion of the protection fragnent, is detected.
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The present invention relates to compositions, apparatus and methods useful for concurrently performing multiple, high throughput,
biological or chemical assays, using repeated arrays of probes. A combination of the invention comprises a surface, which comprises a
plurality of test regions, at least two of which, and in a preferred embodiment, at least twenty of which, are substantially identical, wherein
each of the test regions comprises an array of generic anchor molecules. The anchors are associated with bifunctional linker molecules,
cach containing a portion which is specific for at least one of the anchors and a portion which is a probe specific for a target of interest,
The resulting array of probes is used to analyze the presence or test the activity of one or more target molecules which specifically interact
with the probes. ITn one embodiment of the invention, the test regions (which can be wells) are further subdivided into smaller subregions
(indentations, or dimples). In one embodiment of the invention, ESTs are mapped. Tn another embodiment, the presence of a target
nucleic acid is detected by protecting the target against nuclease digestion with a polynucleotide fragment, and analyzing the protected

polynucleotide by mass spectrometry.




