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PROTEIN CHIPS FOR BIGH THROUGHPUT
SCREENING OTF PROTEIN ACTIVITY

This applieation claims the benefit under 35 U.S.C. § 112 {e) of U.S. provisional
patent application Sexial No. 60/201,921, filed on May 4, 2000, and U.S. provisional patent
application Serial No. 60/221,034, filed on July 27, 2000, each of which is incorporated.
herein, by reference, in ifs entivety.

This invention was made with government support under grant mumnbers
DARPA/ONR R13164-41600099 and NIH (National Institwics of Health) ROICA77808,
‘The government has certain rights in the invention.

1. Field of the Invention

The present invention relates to protein chips uscful for the large-scale study of
protein fimetion where the chip contains densely packed reaction wells. The invention
relates to methods of using pretein chips to assay simulteneously the presence, amount,
and/or function of proteing present in a profein sample or on one protein chip, or to assay
the prosence, relative specificity, and binding affinity of each probe in a mixture of probes
for each of the proteins on the chip. The invention also relates to methods of using the
protein chips for high density and small volune chemical reactions, Also, the inpvention
relates to polymers useful as protein chip substiates and methods of making protein chips.
The invention firther relatcs to compounds uscful for the derivatization of protsin chip
substrates.

I Ba pod o ventio

The sequencing of enfire genomes has resulted in the identification of large numbers
of open reading frawes (ORFs). Cuarrently, significant effort is devoted to understanding
gene funciion by mRNA cxpression patterns and by gene disruption phenotypes. Important
advances in this effort have been possible, in part, by the ability to analyze thousands of
gene sequences in a single experiment using gene chip techuology. However, much
irformation about gene function comes from fhe analysis of the biocheimical activities of the
encoded prolein.

Currently, these types of analyses are performed by individual investigators studying
a single protein at a time, This is a very ime-consuming process since it can take years to
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purify and identify a protein based on its biochemical activity, The availability of an entire
genome sequence makes it possible to perform biochemical assays on every protein
enceded by the genome.

Te this end, it would be useful to analyze hundreds or thousands of protein samples
using a single protein chip. Such approaches lend themselves well to high threnghput
experiments in which large amounts of data can be generated and analyzed. Microtiter
plates containing 96 or 384 wells have been known in the field for many vears. However,
the size (at least 12.8 om x 8.6 em) of these plates makes them unsuitable for the large-scale
analysis of proteins because the density of wells is not high enough.

As noted above, other types of arrays heve been devised for use in DNA synthesis
and hybridization reactions, e.g., as described in WO 89/10977. However, these arrays are
unsuitable for protein analysis in discrete volumes because the arrays ave constructed on flat
surfiaces which tend to become cross-contaminated between features.

Photolithographic techniques have been applied to making a vatiety of arrays, from
oligonucleotide arrays on flat surfaces {Pease ef al., 1994, “Light-generated oligomicleotide
arrays for rapid DINA sequence analysis,” PMNAS 91:5022-5026) to arrays of channsls (11.8.
Patent No. 5,843,767) to arrays of wells connected by chunnels (Cohen ez of., 1999, “A
microchip-based enzyme assay for protein kinase A,” Anal Biochem. 273:89-97).
Furthermore, microfabrication and microlithography techniques ars well known in the
semicondoctor fabrication area. See, e.z., Moreau, Semiconductor Lithography: Principals,
Practices and Materials, Plenum Press, 1988,

Recently devised methods for expressing Targe numbers of protoins with. potential
utility for biochemical genomios in the budding yeast Succharomyces cerevisiae have becn
developed. ORFs have been cloned into an expression vector that uses the G4 promoter
and fuses the protein to 2 polyhistiding (e.g., HISX6) label. This msthed has thus far been
used to prepate and confinm expression of about 2000 yeast protein fusions (Heyman et af.,
1999, “Genome-seale cloning and expression of individual open reading fames nsing
topoisomerase T-mediated ligation,” Genome Res. 9:383-392). Using a recombination
strategy, ubout §5% of the yeast ORFs have been cloned in frame with 2 GST coding region
in a vector that contains the CUP? promoter (inducible by copper), thus preduciag GST
fusion proteins (Martzen of of., 1999, “A biochemical genomics approach for identifying
genes by the activity of their products,” Science 286:1153-1155), Martzen ef al. used a
pooling sirategy to screen the collection of fosion proteins for several biochemical activities
(e.g., phosphodiesterase and Appr-1-P-processing activities) and idenfified the rolevant
genes encoding these activities. However, siraiegies to analyze large numbers of individnal
protein samples have not been described.

.2
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Thus, the need exists for a protein chip in which the wells are densely packed on the
chip 80 a8 to gain cost and time advantage over the prior art chips and methods.

Citation or identification of any reference in Section II o1 any other section of this
application shall not be considered as admission that such roference is available as prior art
to the present mvention.

0L Summacy of the [nvention

The invention is directed to protein chips, i.e., positionally addrossable arrays of
proteins on a solid suppert, usefol for the large-scale study of pratein function wherein the
profein chip contains densely packed reaction wells. The invention is also directed o
methods of using protein chips to assay the presence, amount, andfor functionality of
profeins present in at least one sample. The invention alse is directed to methods of nsing
the protein chips for high density and small volume chemical reactions. Also, the invention
is dirceied to polymers useful as protein chip substrates and methods of making protein
chips. The invention is directed to compounds useful for the derivatization of protein chips.

In one embodiment, the present invention provides a protein chip comprising a flat
surface, such as, but not limited to, glass slides, Dense protein arrays can be produced on,
for example, glass slides, such that chemical reactions and assays can be conducted, thus
allowing large-scale parallel analysis of the presence, amount, and/or functionality of
proteins. In a specific embodiment, the flat surface array has proteins bound to its surface
via a 3-glycidooxypropyltrimethoxysilane (GPTS) tinker.

Furthermore, in another specific embodiment, the present invention overcomes the
disadvantages and limitations of the methods and apparatus known in the art by providing
protein chips with densely packed wells in which chernical reactions and assays can be
eonducted, thus allowing large-scale parallel analysis of the presence, amount, and/or
functionatity of protsing.

The general advantages of assaving arays rather than one-by-oue assays includs the
ability to simuitaneously identify many protein-probe interactions, and to determine the
relative affinity of these interactions. The advantages of applying complex mixtures of
probes to & chip include the abilify to deicet interactions in 2 milien more representative of
that in a cell, and the ability to simultaneonsly evaluaie many potential ligands.

In one embodiment, the mnvention is a positionally addiessable array comprising a
plurality of different substances, seleeted from fhe group consisting of proleins, melecules
comprising fonetional domains of said proteins, whole cells, and protein-contzining cellular
material, on a solid support, with each different substance being at a different position on
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the solid suppori, wherein the plurality of substances consisis of af least 100 different
substances per cm?,

In another embodiment, the invention is a positionally addressable array comprising
a plurality of different proteins, or molecules comprising funetionat domains of said
proteins, on a solid support, with each different protein or molecule betog at a different
position oo the solid support, wherein the phuality of diffzrent proteins or rolecules
consists of at least 50% of all expressed proteins with the same type of biological activity in
the genome of an organism.

In yet snother embodiment, the invention is & posifionally addresseble array

10 comprising a plurality of different substances, selected from the group cousisting of

profeins, molecnlss comprising functional domains of said proteins, whole cefls, and
protein-containing cellular material, on a solid support, with cach different substance being
at a different position on the solid support, wherein the solid support is selected fom the
group consisting of ceramics, amorphous silicon carbide, castable oxides, polyinides,

A

polymethylnethacrylates, polystyrencs and silicone clastomers.

I still ancther embodiment, the invention is a positionally addressable array
commprising a plurality of different substances, selecied from (he group conststing of
proteins, molecules comprising functional domains of said proteins, whole cells, and

protein-containing cellular maisrial, on a solid support, with each differant substance being

20 ai a different position on the solid support, wherein the plurality of different substances are

attached to the solid support via a 3-glycidooxypropylirimethoxysilane linker.
In another embodiment, the invention is an array comprising a plurality of wells on
the suxface of & solid support whercin the density of the wells is at leasi 100 wells/em?,
The present invention also relates io a method of making a positionally addressahle

25 array conmprising a plurality of wells on the surface of 2 solid support comprising the step of

casting an array from a microfabricated mold designed to produce a density of greater than
100 wells/cm?® on a solid surface. In another embodiment, the invention is a method of
making a positionally addressable array comprising a plurality of wells on the surface ofa
solid support comprising the steps of casting a secondary mold from 2 micrafabricated mold

30 designed to produce a density of wells on 2 solid surface of greater than 100 wells/em® and

casting at leasi one wray from the secondary mold,

In yet another embodiment, the invention is 2 method of using a positionatly
addressable atray comprising a plwality of different substances, selected from the group
consisting of proteins, molecules comprising funetionzl domains of said pretcins, whole

35 cells, and protein-containing cellular material, on a solid support, with each different

subistance being at a different position on the salid support, wherein the plurality of different
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substances consists of af least 100 different subsiances per cm’, comprising the steps of
contacting a probe with the array, and detecting protein/probe interaction,

In still another embodiment, the invention is a method of using a positionally
addressahle amay comprising a plurality of different proteins, or molecules conprising
functional demains of said protcins, on a solid support, with cach different protein or
molecule being at a different position on the solid suppert, whereln the plurality of protetns
and molecules consists of at least 50% of all expressed proteins with the same type of
biclogical activity in the genome of an organism, comprising the steps of contacting 2 probe
with the array, and detecting protein/probe interaction.

In another embodiment, the invention is a method of using a positionafly
addressable atray comprising a plurality of different substances, selected from the group
consisting of proteins, molecules conprising fanctional domaing of sald proteins, whole
cells, and protein-containing cellular material, on 2 solid suppott, with each ditferent
substance being at a different position. on the solid support, wherein the solid support is
selected ffom the group consisting of ceramics, amorphous siliean carbide, castable oxides,
polyimides, polymetirylmethacrylates, polystyrenes and silicone elastomers, comprising the
steps of contacting a probe with the areay, and detecting protein/probs inleraction.

In yet another embodiment, the invention is a method of using a positionally
addressable array comprising a plurality of different substances, selected from the group
consisting of proteins, molecules comprising functional doruains of said profeins, whole
cclls, and protein-containing cellutar material, on a solid support, with sach different
substance being at a different position on fhe solid support, wherein the plurality ef different
substances are attached to the salid support via a 3-giycidooxypropylttimethoxysilane
linker, comprising the steps of contacting a probe with the array, and detecting
protein/probe interaction.

In still anofher embodiment, the invention is a method of using a positionally
zddressable arvay comprising the steps of depositing a plurality of differsnt substances,
selecied from the group cousisting of proteins, molecules comprising functional domains of
said proteins, whole cells, and protein-containing cellular material, on a solid support, with
each different substance being at a different position on the solid support, wherein the
pluality of different substances consists of at leasi 100 different substances per onm’,
contacting & probe with the array, and detecting protein/probe interaction.

In a specific embodiment, the invention is 2 method of nsing a positionally
addressable array comprising the steps of depositing a plurality of different substances,
selected from the group consisiing of proteins, molecules comprising funetional domains of
said proteins, whole cells, and protein-containing cellular material, on a solid support, with
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cach different substance being at a different position on the solid support, wherein the
phuratity of different substances consists of at Jeast 100 different substauces per cm?, and
wherein the solid support is a glass slide, contacting a probe with the array, and detecting
protein/probe interaction.

In another embodiment, the invention is a method of using a positionally
addressable array comprising the steps of depositing a plurality of different proteins, or
melecules comprising functional domains of said proteins, on a solid support, with each
different protein or molecule being at a different position en the solid support, wherein the
Plurality of different proteins or molecules consists of at least 50% of all expressed proteins
with the same typc of biological activity in the genome of an organism, contacting a probe
with the amray, and detecting protein/probs interaction.

In another embodinent, the invention is 4 method of using a posiiionally
addressable array comprising the steps of depositing a plurality of differsnt proteins, or
melecules comprising functional domains of sald proteins, on a solid suppoit, with each
different protein or molecule being at a different position en the solid support, wherein the
plurality of different proteins or molecules consists of at least 50% of all expressed profeins
with the swre type of bivlogical activity In the genome of an organism, and whercin the
solid support is a glass slide, contasting a probe with the array, and detecting protein/probe
interaction.

Tn another embodinent, the invention is a method of making a positionally
addressable array comprising the steps of casting an array from a microtabricated mold
designed to produce a density of wells on a solid surface of greater than 100 wells/cm?® and
depositing in the wells 5 plurality of different substances, selected from the group consisting
of preteins, moleeules comprising functional domains of said proteins, whole cells, and
protein-coptaining eellular material, on a solid support, with each different substances being
in a different well on the solid support.

Tn another embodiment, the invention is 2 method of making a positionally
addressable atray comprising the steps of casting a secondary mold from a microfabricated
mold designed to produce 2 density of wells on a solid surface of greater than 100
wells/om?, casting at Jeast one array from the secondary mold, and depositing in the wells a
plurality of different substances, selected from the group consisting of proleins, molecules
comprising functional domains of said proteins, whole cells, and protein-containing cellular
material, not attached to a solid swpport, with ¢ach different substances belug  a difforent
well

In yet another embodiment, the invention is 2 method of making a positionally
addressable array comprising the steps of casting a secondary mold from a microfabricated
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mold designed to produce z density of wells on a solid surface of greater than 100
wells/icm?, casting at least one array from. the secondary mold, and depositing in the wells a
plurality of different substances, sclacted from the group consisting of proteins, molecules
comprising functional domains of said proteins, whole cells, and protein-containing cellular
material, with each different substance being in a different well.

A, Definitions

As used in this application, “protein” refers to a full-length protein, portion of 2
protein, or peptide. Profeins can be prepared from recombinant everexpression in an
organist, preferably bacterla, yeast, mseet cells or mammalian cells, or produced via
fragmentation of larger proteins, or chemically synthesized.

As used in this application, “functional domain™ is a domain of a protein which is
necessary and sufficient to give a desired functional activity. Examples of functional
domaing include, infer akia, domains which exhibit kinase, protease, phosphatass,
glycosidase, acetylase, ransferase, or other enzymalic activity, Other exsmples of
fimctional domains include those domains which exhibit binding activity towards DNA,
RNA, protein, hormone, ligand or antigen,

As used in this application, “probe” refers to any chemicel reagent which binds to a
nucleic acid (e.g., DNA or RNA) or protein. Exanyples of probes include, fnter alia, other
proteins, peptides, oligenucleotides, polynucleotides, DINA, RNA, small molecule
substrates and inhibitors, drug candidates, reecptors, antigens, hotmones, steroids,
phospholipids, antihodies, cofactors, cytokines, glutathione, immunoglobulin domatns,
cartbohydrates, maltose, nickel, dihydrotrypsin, and biciin.

Each protein or probe on a chip is preferably located at a known, predetermined
position on the solid support such that the identity of cach protein or probe can be
determiined firom its position on. the solid support. Fusther, the proteins and probes form a
positionally addressable array on a solid support.

LV,  Brief Description of the Drawings

Figure 1a. Using the depicted recombination strategy, 119 yeast protein kinases
were cloned in a high copy URA3 expression vector (pEGKG) that produces GST fusion
proteins under the control of the galactose-inducible GALI ¥ promoter. GST:kinase
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construcis were rescued inio E. coli, and sequonces at the 5'-end of each consiract were
determined. The whole procedure was repeated when toutations were discovered.

Figure 1b. Immuuooklots of GST:kinase fusion proteins purified as described.
From three attempts, 106 kinase proteins were purified. In spite of repeated attempts, the
last 14 of 119 GST fusions were wadetectable by imununeblotting analysis, (e.g., Mpsl in
the lane labeled with star).

Figure 2a. The protein chips used in the kinase study were producced according to
the following process, schematieally depicted. The polydimethylsiloxane (PDMS) was
pottred over an acrylic master mold. After curing, the chip containing the wells was peeled
away and mouuted on a glass slide. Next, the sucfuce of the chip was derivatized and
proteins were then attached to the wells. Wells were first blocked with 1% BSA, after
which kinase, **P-y-ATP, and buffer were added. After incubation for 30 minutes at 30°C,
the protein chips werc washed exicnsively, and exposed to both X-ray film and a Molecular
Dynamics PhosphorImager, which has a resolution of 50 jum and is quantitative. For twelve
substrates, ench kinase assay was repeatod af least (wice; for the remaining five substrates,
the assays were performed once.

Figure 2b. An enlarged picture of a protein chip.

Tigure 3. Protein chip and kinase assay results. Position I9 on every chip indicates
the signal of negative control. Mps! at position B4 showed strong kinase activities in all 12
kinase reactions, although no visible signal conld be detscted on a western blat (Figure 1b).

Figure 4a. Quantitative analysis of protein kinase reactions. Kinase activities were
determimed using 2 Molecular Dynamics Phosphorlmager, and the data were exported into
an Bxcel spreadshest. The kinase signals were then transformed into fold increascs by
nonmalizing the data against negative control. Signals of 119 kinases in four reactions are
showm in log scale. The fold increases ranges from 1 to 1006 fold.

Figure 4b. To detenmine substrate specificity, specificity index (SI) was calculated
using the following formula: 8T, =F, /[(F,, + Fy++ «» v + F, ) { #], where { 1epresents the
identity of the kinase used, # represents the identity of the substrate, and F,, represenis the
fold increase of a kinase ¢ on substrate » compared with GST alone. Several examples of
kinase specificity are shown when S is greater than three.
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Figurc 5a. Phylogenetic frec derived fom the kinase core domain muttiple
sequentce alignment, illustrating the correlation betwesn fimctional specificity and amine
sequancss of the poly(Tyr-Glu) kinases. Kinases that can use poly(Thr-Glu) as & subsirate
often map to specific regions on a sequence comparison dendrogram. The kinases that
cificiently phosphorylate poly(Tyr-Glu) are indicated by shading; two kinases that weakly
use this substrate are indicated in boxes. Rad53 and Ste7, which could net phosphorylate
poly(Tyr-Glu), arc indicated by asterisks. As shown, 70% of these kinases lie in four
sequence groups (circled).

Figure 5h. Structure of the rabbit muscle phosphorylase kinase (PHK)28. The
positions of three basic residues and a methionine (Met) residue, which are preferentially
found in kinases that can use poly(Tyr-Glu) as a substrate, arc indicated. The asparagine
{Asp) residuc is usually found in kinases that do not use poly(Tyr-Glu).

Figure 6. Cross seciional vicws of lithographic steps in a process of making protsin
chips.

a A silicon wafer with twe layers of silicon on either sidc of an oxidc layer.

b. The silicon wafor with a resistant mask layer on top.

c. The etching process removes silicon whete the suface is unprotected by the
resistant mask. The depth of the etching is controlled by the position of the oxide layer, té.,
the etching process does not remove the oxide layer.

d.  The mask layer is temoved, leaving the efched silicon wafer.

g The protein chip material is applied to the mold.

f. After curing, the protein chip is removed from the mold. The protein chip has an
image that is the negative of the mold.

Fignre 7. Kinase/mhibitor assays on & protein chip. A human protein kinase A
(PEA), a hmman map dnase (MAPK), three veast PKA homologs (TPK!, TPK2 and
TPK3), and two other yeast protein kinases (HSL1 and RCK1) were tested agaivst twa
substrates (£.e, a protein subsirats for PKA and a coramonly used kinase substrate, MBP)
using different concentrations of a specifis hwman PXA. inhibitor, PEIo., or a MAPK
inhibitor, SB202190. As shown in the figure, PKIo: can specifically inhibit PKA. activities
using both peptide and MBP as subsivates. However, SB202190 did not show any
inhibitory effect on PKA activify. It is also interesting to note that PElo. did not inhibit the
three yeast PKA homaologs (TPK.1, TPK2, TPK3) or the other two yeast protein kinases
fested, HSL1 and RCK1.
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Y. Detailed Description pf the Invention

The invention is divectad to protein chips, i.e., positionally addressable arrays of
proteins on a solid support, useful for the large-scale study of protein function, wherein the
protein chip contains densely packed reaction wells. A positionally addressable array
provides a configuration such that each. probe or protein of inferest is located at a known,
predeteomined position on the solid support such ihat the identity of each probe or protein
ean he determined from its position on the array. The invention is also directed to methods
of using profein chips to assay the presence, amount, and/or functionalily of proteins present
in af least one savnple. The invention also is directed to mothods of using the protein chips
fot high density and small volume chemical reactions. Also, the invention is dirscted 1o
polymers usefil as protein chip substrates and methods of waldng protem chips. The
invention forther relates to compounds usefnl for the derivatization of protein chip
substyate.

In one embodiment, the invention is a positionatly addressable array corprising a
phurality of different substances, selected from the group consisting of proteins, molecules
comprising fanctional demains of said proteins, whole cells, and protein-contuining cellular
material, on a solid support, with each different substance being at a different position on
the solid support, wherein the plurality of different substances consists of at least 100
different substances per oo’ In one embodiment, said plurality of different substances
cansists of between 100 and 1000 different substances per ani’. In another embodiment,
said plurality of differsnt substances consists of hetween 1000 and 10,000 different
substances per cm’. In anofher embodiment, said plurelity of different substunces consists
of between 10,000 and 100,000 different substances per cm®. In yet another embodiment,
said plurality of different substances consists of between 100,000 and 1,000,000 different
substances per o’ In vet another embodirment, said plurality of different substences
consists of between 1,000,000 and 10,000,000 different substances per coa’. In yet another
embodiment, said plurality of different substances consists of betwean 10,000,009 and
25,000,000 differcnt substances per co’. In yet another cmbodiment, said plurality of
different substances consists of at least 25,000,000 different substances per om®. Tn yet
another embodiment, said pluratity of different substances consists of al least
10,000,000,000 diffcrent substznces per cm’. In yet another embediment, said plurality of
different substances consists of at 1east 10,000,000,000,000 different substances per ont’,

In another embediment, the imvention is a positionally addressable array comprising
a plurality of different substances, selcoted from the group consisting of proteins, molecules
comprising fimctional domains of said proteins, whole cells, and. protein-containing cellular
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aterial, on a solid support, with each different substance being af a different position on
the solid support, wherein the plurality of differcnt substances consists of at least 100
different substances per cm?, and wherein the solid support is a glass slide.

In anhother emboediment, the invention is a positionally addressable array comprising
o plucality of differcnt substances, selected from the group consisiing of proieius, malecules
comprising fimctional domains of sajd profeins, whole cells, and protein-containing ceflular
material, on a solid snpport, with each different substance being at a different position on
the solid support, wherein the plurality of different substances consists of about 30 to 100
different substances per om?. In a specific embadiment, said pluality of diffsrent
substances consists of 30 different substances per cm”. Tn a partienlar embodiment, ssid
plurality of different substances consists of between 30 and 50 different substances per om?.
In another particvlar embodiment, said plarality of different substanoes consists of between
50 and 100 different substances per cm®.

In various specific embodiments, the invention is a positionally addressable array
comprising a plurality of different proieins, or molecules comprising functional domains of
said proteing, on a solid support, with each different protein or molecnle being at a different
position on the solid suppost, wherein the phurality of different proteins or molecules
consists of at least 509, 75%, 9%, or 5% of all expressed proteins with the same {ype of
biclogical activity In the genome of an organism, For example, such organism can be
eukaryatic or prokaryotic, and is preferably a mammal, a human or non-luman animal,
primate, monse, raf, cat, dog, horse, cow, chicken, fungus such as yeast, Drosophila, C.
glegans, eic. Such type of bialogical activity of interest can be, but is not limited to,
enzymatic activity {2 g., kinase activity, protease activity, phosphatase activity, glycosidase,
acetylase activity, and other chemical group iransferring enzymatic activity), nucleic acid
binding, hormene binding, eic.

A, Production of Protein Chips

The protein chips with densities of wells in an array of the present invention are
preferably cast from master molds which have been stamped, milled, or etched using
conrventional microfabrication ot microlithographic teclmiques. Preferably conventional
mjerelithographic techniques aud materials are utilized in the production of the master
molds. Once a master mold has been produced, the master mold may then be used divectly
to mold the protein chips per se. Alternatively, secendary or tertiary molds can be cast from
the master mold and the protein chips cast fram these secondary ar tertiary molds.
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The master mold can be nade fom. any material that is suitable for microfabrication
or microlithography, with silicon, glass, quartz, palyimides, and polymethylmethaciylate
(Lucite) being preferred. For microlithography, the preferred material is silivon wafors.

Onee the appropriate master, secondary, or tertiary mold has been produced, the
protein chip is cast. The protein chip can be cast in any solid support that is suitable for
easting, including either porous or mon-porous solid supporis. Ceramics, amorphous silicon
carbide, castable oxides that produce casts of 510, when cured, polyimides,
polymethylmethacrylates, and polystyrenes are proferred solid supports, with silicone
elastomeric materials being most preferred. Of the siliconc clasiomeric materials,
pelydimethylsiloxane (PDMS) is the most preferred solid support. An advantage of silicons
elestomeric materials is the ease with which they are removed from the mold due o their
flexible nature.

Figure 6 illusirates an example of one method useful. for realizing high-density
arrays of wells on pretein chips accordiog to this invention. A silicon wafer with an oxide
layer sandwiched between layers of silicon is provided (Figure 6a). Known as silicon-on-
imsulator or SOI walers, these wafers are commmonly available from wafer supply compaiies
(e.g., Bolle Mead Ressarch, Belle Mead, NJ, and Virginia Semiconductor, Fredericksburg,
VA).

The silicon wafer is then patterned and etched via an etch process (Figures 6b-d).
The buried oxide layer acts as a very effective elch stop and results in highly uniform ctch
depth across the wafer. Bich depth is independent of the etch process and merely is
determined by the thickness of the top silicon layer.

A wet chemical eich process (e.g, using KOH or fetta-methyl hydtazine (TMAIL))
can he niilized. However, this techniqus is slightly more dependent on. the crystal
orientation of the silicon wafer. Thus, a technique using a raveficd gas (typically SF,) in a
reactive jon eich {RIE) is preferred. RIE ctehing techniques are capable of realizing highly
anisotropie wells in silicon that ave independent of the crystal erientation cof the silicon
wafer, The references G. Kovacs, Micromachined Transducers Sourcebook, Academic
Press (1998) and M. Madou, Fundamentals of Mierofabrication, CRC Fress (1997) provide
background on etching techniques.

Bath types of micrelithography can be uiilized on a single chip to obtain the desired
combination of well shapes. Wet-chemical eiching is an isotropic process which gives U-
shaped wells, while RTE is an anisotropic process which gives square bottomed wedls.

After stohing the wafer to realize a master mold, it can be used to cast protein chips
(Figures ¢-f). These structures can be the protein chips or themselves be secondary ot
tertiary molds from which additional casting of protein chips occurs.

-12-
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Thus, . one embodiment, 2 method of making a positionally addressable array,
comprising 2 phurality of wells on the surface of a solid support, comprises casting an away
from a microfsbricated mald designed to produce a density of wells on a solid surface of
greater than 100 wells/em”. In another embodiment, 2 method of making a positionally
addressable array, comprising a plurality of wells on the surface of a solid support,
comprises casiing a secondary mold from seid microfabricated mold designed to produce a
density of wells on a solid surface of greater than 100 wells/em? and casting at least one
array from the secandary mold. In yet anofher embodiment, a method of making
positionally addressablc array comprises covering the mold with a liquid cast material, and
curing the cast material wntil the cast is solid. The Hquid cast material is preferably silicone
elastomer, most preferably polydimethylsiloxane. Into any of these positionally addressable
arrays, a plurality of different substances, sclected frem the group consisting of proteins,
molecules comprising fanctional demains of said proteins, whole cells, and profein-
containing cellular material, can be deposited such that each different substance is found in
a different well on the solid support.

B. Features fein Chi

The protein chips of the present invention are not limited jo thelr physical
dimenstons and may have any dimensions that are convenient. For the sake of
compatibility with current laboratory apparatus, protein chips the size of a standard
microscope slide or smafler are preferred. Most preferred are protein chips sized such that
two chips fit on a microscope shide. Also preferred are protein chips sized to fit into the
sample chamber of 2 mass spectrometer.

The wells in the protein chips of the present invention may have any shape such as
rectangular, square, or oval, witk circular being preferred. The wells in the protein chips
may bave sgoare oy round bottoms, V-shaped bottoms, or U-shaped boitons. Square
botfoms are slightly preferred because the prefened reactive ion eteh (RIE) process, which
is anisotropic, provides square-bottomed wells. The shape of the well bottoms need not be
uniform on a particular chip, but may vary as required by the particular assay being carried
out on the chip.

The wells in the protein chips of the present invention may have any width-to-depth
ratio, with ratios of width-to-depth between about 10:1 aud about 1:10 being preferred, The
wells in the protein chips of the present invention may have any volume, with wells having
volumes of between 1 pl and 5 pl preferred and wells having volumes ofbetween 1 nl and [
1l being more preferred. The most prefered volume for a well is between 100 ol and 300

S13-

JP 2004-511753 A 2004.4.15



(65) JP 2004-511753 A 2004.4.15

WO 01/83827 PCT/USOL/ 14520

30

35

i, Forprotein chips with very high deusities of wells, the preforred volume of a well is
beiween 10 pl and 100 nl.

The pratein chips of the invention can have a wide variety of density of wells/em®.
The preferred density of wells is between about 25 wells/om? and about 10,000,000,000,000
wells/er®, Densities of wells on protein chips cast from master molds of laser milled Lucite
are generally between 1 well/em?® and 2,500 wellsiom?®. Appropriate milling tools produce
wells as small as 100 pm in diameter and 100 pm apart. Protein chips cast from master
mald efched by wet-chemical microlithographic technignes have densities of wells
generally between 50 wellsiom® and 10,000,000,000 wells/em?. Wet-chemical etching can
produce wells that are 10 px deep and 10 wm apart, which in tum produces wells that are
less than 10 pm in diameter. Protein chips cast from master mold etehed by RTE
microlithographic technigues have densities of wells generally between 100 wells/em? and
25,000,000 wells/ern’. RIE in combination with optical Hthography can produce wells that
are 500 nm in diameter and 500 nm apart. Use of electron beam Jithography in combination
with RIE can prodnce wells 50 oy in diameter and 50 mm apart. Wells of this size and with
cquivalent spacing produccs protein chips with densities of wells 10,000,000,000,000
wells/or®. Preferably, RIE is nsed to produce wells of 20 nu. in diametsr and 20 pm apart,
Wells of this size that are equivalently spaced will result in. densities of 25,000,000
wells/om’,

The microfabrication and micralithographic techniques described above have been
vsed sucoossiully to wet-chemically etch silicon wafers with well sizos of 560 pm or 280
pm with spacing of about 1 mm. This combination of wells and spacing produces arrays of
about 410,000 wells/om® and about 610,000 wells/cm®, respectively. When well sice and
spucing are equivalent, protein chips with about 3,19 million wells/cm® and 12.75 million
wells/cm” are produced.

I one eoabodiment, the airay comprises a plurality of wells on the surface of a solid
support whercin the density of wells is at least 100 wells/cm®. In another embodiment, said
density of wells is between 100 and 1000 wells/om®. In another embodiment, said density
of wells is between. 1000 and 10,000 wells/em®. In another embodiment, said density of
wells iz between 10,000 and 100,000 wells/em®. In yet another embodiment, said density of
wells is betwesn 100,000 and 1,000,000 wells/om® In yet another smbodiment, said
density of wells is between 1,000,000 and 10,000,000 wells/om®. In yet anotber
embodiment, said density of wells is between 10,000,000 and 25,000,000 wells/cm?®. Ta yet
another embodiment, said density of wells is at least 25,000,000 wells/co®. In yet another
embodiment, said density of wells is at Least 10,000,000,000 wellsfem®. In yet unother
embodiment, said density of wells is at feast 10,000,000,000,000 wells/em?,
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C. Utilization of Protein Chips

In one embodiment, the present invention provides a protein chip comprising a flat
surface, such as, but not limited to, glass slides, Dense protein arays can be produced on,
for example, glass shdes, such thai chomical reactions and assays can be conducted, thus
allowing large-scale parallel analysis of the presence, amount, and/or functionality of
proteins (e.g., protein kinases). Proteins or proboes are bound covalently or non-covalenthy
to the flat surface of the solid snppert. The proteins or probes can be hound directly to the
flat surface of the solid suppert, ar can be attached to the solid support through a linker
molecule or compound. The Bnlker can be any molecule or compound that derivatizes the
surface of the solid support ta facilitate the attachment of protems or probes to the surface
of the solid support. The linker may covalently or non-covalently bind the proteing or
probes to the surface of the solid support. [n addition, the linker can be an fnorganic or
organic molecule. Preferred lokers are compounds with free amines. Most preferred
among linkers is 3-glycidooxypropyirimsthoxysilane (GPTS).

In another cmbodiment, the protein chips of the present invention have several
advantages over flat surface artays. Namely, the use of wells eliminates or reduces the
likelihood of cross-contamination with respect to the contenis of the wells. Another
advantage over flat surfaces 1s increased signal-to-noise ratios. Wells allow the nuse of
larger volumes of reaction solution in a denser configuration, and therefore greater signal is
possible. Furthermore, wells decreasc the rate of cvaporation of the reaction solution from
the ehip as compared to flat surface arrays, thus allowing longer reaction timss.

Another advantage of wells over flat surfoces is thal the use of wells permit
association studies using a fixed, limited amount of probe for each well on the chip,
whereas the use of flat surfaces usually invelves indiscriminate probe application across the
whole substtate. When a probe in a mixiure of probes has a high affinity, but low
specificity, the indiscriminate application of the probe mixture across the swbstrate will
saturate many of the proteins with the high affinity probe. This saturation effectively limits
the detection of other probes in the mixiure. By using wells, 2 limited amount of 2 probe
can be applied to individual wells on the chip. Thus, the ameunt of the probe applied to
mdividual proteins can be controlled, and the probe can be different for different proteins
(sitwated in different wells).

Once a protein chip is produced as described ahove, it can be nsed fo condnet assays
and other chemical reactions. For assays, proteins or probes will generally be placed in the
wells. The presence or absenec of proteins or probes will be deteeted by the application of
probes or proteins, respectively, to the protein chip. The protein-probe interaction can he
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visualized using a variety of techniques larown in the art, some of which are discussed
below.

Proteins useful in this invention can be fusion proteins, in which a defined domain 1s
aftached {0 ong of a variety of natural proteins, or can be intact non-fusion proteins.

In another embodiment, proteip-containing ccllular material, such as bui not limited
1o vesicles, endosomes, subcellular organelles, and nembrane fragments, can be placed on
the protein chip (e.g., in wells). In another embodiment, a whole cell is placed on the
protein chip (2.2, in wells), In a further embodiment, the protein, protein-containing
cellular material, or whole cell is attached to the solid suppert of the protein chip.

The protein can be purified prior (o placement on the protein chip or can be purificd
during placement on the chip via the use of reagents that hind te particular proteins, which
have been previously placed en the protefn chip, Partially purified protein-containing
cellular material or cells can be obtained by standard techniques (e.g., affinity or column
chromategraphy) or by isolating centrifugation samples (e.g., P1 or P2 fractions).

Furthemmore, proteins, protein-containing cellular material, or cells can be cmbedded
in artificial ox natural membrancs prior to or at the time of placement on the protein chip. In
another embodiment, proteins, profein-containing cellular material, or cells can be
embedded in extracellular matrix component(s) (e.g., collagen or basal Jamina) prior i or ai
the time of placement on the protein chip. The proteins of the invention can he in solution,
or boimgd to the surface of the solid support (a.g., ina well, or on a flat surface), or bound to
a subsitaie (e.g., bead) placed in a well of the solid support.

The placement of proteins or probes in the wells can be accomplished by using any
dispensing means, such as bubble jet or ink jet printer heads. A micropipette dispenser is
prefewred. The placement of proteins or probes ean either be conducted manuaily or the
process can be automated through the use of a computer connected to 2 machine.

Since the wells are self-contained, the proteins or probes need noi be attached or
bound to the surface of the solid support, but rather ihe proteing or probes can simply be
placed in the wells, or hound to a substrate (2.g., bead) fhat is placed in the wells. Other
substrates include, but are not limited to, niirocellulosc particles, glass beads, plastic beads,
magnetic particles, and latox particles, Alternatively, the proteins or probes are bound
covalently or non-covalently fo the swuface of the solid support in the wells. The proteins or
probes can be bound directly to the surface of the solid support (in the well), or can be
aftached 1o the solid support through a linker molecule or compound. The linker can be any
molecule or campound fhat derivatizes the surface of the solid support to facilitate the
attachment of proteins or probes to the surface of the solid suppert. The linker may
covalently bind the profcins or probes to the sucface of the solid support or the linker may
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bind via non-covalent intevactions. In addition, the liwker ¢an be an inorganic or organic
molecule. Preferred linkers arc compounds with free amines. Most preferted among hinkers
is 3-glycidooxypropylirimethoxysilane (GPTS).

Proteins or probes which are non-covalently bound to the well surfece may utilize 2
vatiety of molecular inleractions fo accomplish attachment to the well surface such as, for
example, hydrogen bonding, van der Waals bonding, electrostatic, or metalchelate
coordinate bonding, Fuorther, DNA-DNA, DNA-RNA and receplor-ligand interactions ate
types of interactions that utilize non-covalent binding. Examples of receptor-ligand
interactions include inferactions between antibodies and antigens, DNA-binding proteins
and DNA, enzyme and subsiraie, avidin (or streptavidin) and biotim (or hiotinylated
melecules), and interactions between lipid-binding proteing and phosphalipid membranss or
vesicles. For example, proteins can be expressed with fusion protein dorzains that have
affinities for a substrate that is atiached Lo the surface of fhe woll. Suifable substrates for
fusion protein hinding include trypsin/anhydrotrypsin, glutathione, immunoglobulin
domains, maliose, nickel, or biotin and iis derivatives, which bind to bovine pancreatic
trypsin inhibitor, gintathionc-S-transferase, antigen, maltose binding protein, poly-histidine
(e.g., HisXG tag), and avidin/streptavidin, respectively.

D. Assays on Protein Chips

In one embodiment, the protein chips are used in assays by using standard
cnzymatic assays that produce chemiluminescence or finorescence. Detection of various
proteins and molecular modifications can be ascomplished using, for example,
photolumminescence, fluorescence using non-protein subsirates, cnzymatic color
development, mass spectroscopic signature markers, and amplification {g.g., by PCR) of
oligonnclsotide tags. Thus, protein/probe interaction can be detected by, infer alia,
chemiluminescence, fluorescence, radiclabeling, or atomic force microscopy. Probes
hinding to specific elements in the array can also be identified by direct mass spectrometry.
For example, probes released into solution by non-degradative meibods, which dissociate
the probes from the array elements, can be identified by mass spectrometry (see, e.5., WO
98/59361). In another example, peptides or other compounds released into solution by
enzymatic digests of the arvay ¢lements can be identificd by mass spectrometry.

The types of assays fall into several general catepories. As a first example, cach
well on the array is exposed to a single probe whose binding is detected and quantified. The
resulis of these assays are visnalized by methods including, but not limited to: 1) using
radioactively labeled ligand followed by auteradiography and/ar phosphoimager analysis;
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2) binding of hapten, which is then detected by a fluorescently labeled or enzymaltically
tabeled antibody or high affinity hapton ligand such 2s biotin or streptaviding 3) mass
spectrometry; 4) atomic force mictoscopy; 5) fluorescent polarization methods; 6) rolling
circle amplification-dstection methods (Hatch. ei al,, 1999, “Rolling cirele amplification of
DNA immebilized on solid surfaces and its application to mmltiplex mutation detection™,
Genet. Anal. 15(2):35-40); 7) competitive PCR. (Finl et al., 1999, “Development of &
chemiluminescence competitive PCR. for the defection and quantification of parvovirs B19
DNA using a microplate lnminometer”, Clin Cher. 45(9):1391-6; K1use et al., 1999,
“Detection and quantitative measurement of transforming growth factor-betal (TGE-betal)
gene expression using a semi-nested competitive PCR assay”, Cytokine 11(2):179-85;
Guenthner and Hart, 1998, “Quantitative, competitive PCR assay for HIV-1 using a
microplate-based detection system’”’, Biotechniques 24(5):810-6); 8) colorimefric
procedures; and 9) biclogical assays, e.g., for virus titers.

As asecond example, each well on the aray is exposed to multiple probes
concurrently, including pooling of probes from several sources, whose hinding is detected
and quantified. The results of these assays are visualized by methods inchuding, hut not
limited to: 1) mass spectrometry; 2) atomic force microscopy, 3} infraved red or
fivorescently labeled compounds or proteins; 4) amplifiable oligonucleatides, peptides ar
molecular mass Iabels; and 5) by siimulation or inkibition of the protein’s enzymatic
activity. Information is gleaned from mixtures of probes because of the positionally
addressable nature of the arrays of the present invention, i.2., through the placement of
defined proteins at known positions on the protein chip, information about to what the
bound probe binds is known. Ifso desired, positions on the array that demonsirate binding
can then be probed with individual probes to identify the specific interastion of intersst.

Usetul information also can be obtained, for example, by incubating a protein chip
with cell extracts, wherein each well on the chip contuins a reaction mix to assay an
enzymatic activity of interest, and wherein a plurality of different enzymatic andfor
ahstrate activities are assayed, and thereby idontifying and measuring the celtular
reperioire of particular enzymatic activities. Similarly, the protein chip can be incubated
with whole cells or preparations of plasma membranes fo assay, for example, for expression
of inembrang-associated proteins or melecules, or binding properties of cell surface proteins
or molecules, Cells, markers on a cell, or substances sccrefed by a cell that bind to
particular locations on the protein chip can be detected vsing tecmiques known in the art.
For example, protein chips containing arrays of antigens can be screcned with B-cells or T-
cells, wherein the antigens arc selected from the group consisting of synthetic antigens,
tissue-specific antigens, disease-specific antigens, antigens of pathogens, and antigens of
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autologous tissues. The aniigen or antigenic determinant recognized by the lymphocytes
can. he determined by establishing at what posttion on the array activation of the cells by
antigen ocours. Lymphocyte activation can be assayed by various mieans including, but not
limited to, detecting antibody synthesis, detecting or measuring incorporation. of *H-
thymidine, probing of cell surface molecules with labeled antihodies to identify molecules
induced or suppressed by antigen recognition aud activation (e.g., IgD, C3b recepior, IL-2
Teeeptor, transferdn receptor, membrane class ILMHC molecules, CD23, CD38, PCA-1
malscules, HLA-DR), and identify expressed and/or sscrated cvtokines.

In another example, mitogens for a specific cell-iype can be determined by
ineubating the eells with protein chips containing arrays of putative mitogens, comprising
the steps of contacting a positionally addressable array with a population of eells; said array
comprising a plurality of different substances, selected from the group consisting of
proteins, molecnles comprising funciional domains of said proteins, whole cells, and
protein-containing celtular materiel, on a solid support, with sach different substance being
at a different posifion on the solid support, wherein the density of different substances is at
least 100 different subsiances per cm®; and defecting positions on the solid support where
mitogemic activity is induced in a cell. Cell division can be assayed by, for example,
defecting or measuring incorporation of *H-thymidine by a cell. Cells can be of the same
cell type {i.e., a homogeneous population) or can be of different cell typos.

20 In yet another example, cellular uptake and/or processing of proteins on the protein

2

o

chips can be assayed by, for exampie, using radioactively labeled protein substrates and
measuring either a decreasc in radioactive substrate concerration or uptake of radicactive
substrate by the cells, These assays can be used for cither diagnostic ot therapeutic
purposes. One of ordinary skill in the art ean appreciate many appropriate assays for
deteoting varions types of vellular interactions.

Thus, use of several classes of probes (e.g., known mixturcs of probes, cellular
extracts, subcellular organellss, cell membrane preparations, whole cells, etc.) can provide
for large-scale or exhavstive asalysis of cellular activities. In particular, one or several
screems can form fhe basis of identifying 2 “footprint” of the cell type or physiological state

30 of a cdll, tissne, organ or system. For example, different cell types {sither morphological ar

3

<n

functional) can be differentiated by the patiem of cellular activities or expression
determined by the protein chip. This approach also can be used to determine, for example,
different stages of the cell cycle, disease states, altered physiologic states (e g., hypoxia),
physiological state before or after treatment (e.g., drug treatment), metabolic state, stage of
differentiation or development, response to environmental stivuli {e.g., Hght, heat), cell-cell
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interactions, cell-specific gene and/or prolein cxpression, and disease-specific gene and/or
protein expression.

Enzymatic reactions can be performed and enzymatic activity measured using the
protein chips of the present invention. In a specific embodiment, componnds that modulate
the enzymatic activity of a protein or proteins on a chip can be identified. For example,
changes in the level of enzymatic activity are detected and quaniified by incubation of &
compoung or mixiure of compornds with an enzymatic reaction mixtine in wells of the
protein chip, wherein a signal is produced (e g., from swbstrate that becomes fluorescent -
upon. enzymatic activity). Differences belween the presence und absence of the compound
are nofed. Furthermore, the differences in effects of compounds on. enzymatic activities of
different proteins are readily detected by comparing their relative effect on semples within
the protein chips and between chips.

The variety of strategies of using the high density protein chips of fhe present
invention, detailed above, can be used to determine various physical and fenctional
characieristics of proteins. For cxample, the protein chips can be used {o assess the
presence and amount of protein present by probing with an antibody. In one embodiment, a
polydimethylsiloxane (PDMS) chip of GST fusion proteins can be probed to determine the
presence of a protein and/or its Jevel of activity. The protein can be detected using standard
detection assays such as luminescones, chemituminescence, fluorescence or
chemifluorescence. For example, a primary antibody to the protein of interest is recognized
by a fluorescently Iabeled secondary antibody, which is then measored with an instrument
(e.g., a Molecular Dynamics scarmer) that excites the finorescent product with a light source
and detects the subsequent fluorescence. For greater sensitivity, a primary antihody to the
protein of interest is recognized by a sscondary antibody that is conjugated to an snzyme
such as alfaline phosphatase or horseradish peroxidase. In the presence of # luminescent
substrate (for chemiluminescence) or a fluorogenic substrate (for chemiflnerescence),
enzymatic cleavage vields a highly luminescont or fluorescent product which can be
detected and quantified by vsing, for example, a Molecular Dynamics scanngct.
Alternatively, the signal of a fluorescently labeled secondary antibody can be amplified
using an afkaline phosphatase-conjugated or horseradish peroxidass-conjugated tertinry
antibody.

ldentifying substrates of protein kinases, phosphatases, proteases, glycasidases,
acetylases, or other group transfering enzymes can also be conducted on the protein chips
of the present invention. For example, a wide variety of different probes arc aftached to the
protein chip and assayed for their ability to act as a substrate for particular enzyme(s), e.g.,
assayed for their ahility to be phosphorylaied by protein kinases. Detection methods for
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kinase activity, include, but are not limited to, the use of radioactive labels, such as ¥*P-ATP
and *Swy-ATP, or fluorescent antibody probes that bind to phosphoamine acids. For
example, whereas incorporation into & profein of radioactively labeled phospharus mdicaies
kinase activity in one assay, another assay can measure the release of radioactively labeled
phosphorus into the media, which indicates phosphatase activity. In another example,
protease aclivily can be detected by identifying, using standard assays (e.g., mass
spectrometry, fluorescently labeled antibodies to peptide fragments, ot loss of fluorescence
signal from a flucrescenily tagged substrate), peptide fragments fhat are produced by
profeasc activity and released into the media. Thus, aetivity of group-transferving enzymes
can be assayed readily using several approaches and many independent msans of detection,
which would be appreciated by one of ordinary skill in the arl.

Protein chips can be used to identify proteins on the chip that have specific activities
such as speci fic kinases, proteases, wucleic acid binding properties, nucleotide hydrolysis,
hormone binding and DNA binding. Thus, the c¢hip cam be probed with a probe that will
imndicate the presence of the desired activity. For example, if DNA hinding is the activity of
interest, the chip containing candidats DNA-binding proteins is probed with DNA.

The search for probes (natural or synthetic) that are protein or nucleic acid ligands
for an artay of proteins can be carried out in paralle! on a protein chip. A probecanbea
coll, protein-contatning cellular material, protein, oligonucleotide, polynucleotide, DNA,
RNA, small molecule substrate, drug candidate, roccptor, antigen, steroid, phospholipid,
antibody, immuroglobulin domain, glutathione, maltose, nickel, dihydrotrypsin, or biotin.
Alternatively, the probe can be an enzyme substrate or inkibitor. For example, the probe
can be a subsirate or inhibitor ef an enzyme chosen from the group consisting of kinases,
phosphatases, prateases, glycosidases, acetylases, and other group transferring enzymes.
After incubalion of proteins on a chip with combinations of nucleic cid or protein probes,
the bound nucleic acid or protein probes can be identified by mass spectrometry (Lakey et
al.,, 1998, “Measuting protein-protein xteractions”, Curr Opin Struct Biol, 8:119-23),

The identity of target proteins from pathogens (e.g., an infoctious discasc agent such
as a virus, bacterium, fumgus, or parasite) or tarpat proteins from abnormal cells {e.g..
neoplastic cells, discased cells, or damaged cells) that serve as antigens in the immune
response of recovering or nen-recovering patients can be determined by using a protein chip
of the invention. For example, lymphocytes isolated from a patient can be nsed to screen
protein chips comprising arrays of a pathogen’s proteins on a protein chip, In general, these
SCIecns conIprise contacting a positionally addressable array with a plurality of
Tymphoeytes, said array comptising a phurality of potential antigens on a solid support, with
each different antigen being at a different position on the solid support, wherein the density
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of differont antigens is at loast 100 different antigens per em®, and detecting positions on the
solid support where lymphooyte activation occurs. In a specific embodiment, lymphocytes
are contacied with a pathogen’s preicins on an array, afier which activation of B-cells or T-
cells by an antigen or a mixture of antigens is assayed, thersby identilying targel antigens
derived from 2 pathogen,

Alternatively, the protein chips are used to characterize an immune response by, for
examyple, screening arvays of potential antigens to identify the targets of a patient’s B-cells
and/or T-cells. For example, B-cells can be mcubated with an array of potential antigens
{L.e., molecules having antigenic determinants) te identify antigenic targets for bumoral-
baged immunity, The source of antigens can be, for exantple, from antologous tissues,
colleetions of known or unknewn antigens (¢.g., of pathogenic mictoorganisms), tissne-
specific or disease-specific antigen collactions, o1 synthetic antigens.

In another embodiment, lymphocytes isolzied from a patient can be used to screen
protein chips comprising arrays of proteins derived from a patient’s own tissues. Such
scieens can identify substrates of autoimmmunity or allergy-causing proleins, and thereby
diagnose autoimmunity or allergic reactions, and/or identify potential tareet drug
candidates.

In another embodiment, the protein chips of the invention are used to identify
substances thal are able o aciivale B-celis or T-cells. For example, lymphooytes are
contacted with arrays of test molecules or proteins on a chip, and lymphocyie activation is
assayed, thersby identifying substances ihat have a general ability to activate B-cells or T-
eells or subpopulations of krmphocytes (e 2., cytotoxic T-cells).

Tnduction of B-cell activation by antigen recognition can be assayed by various
means including, but not limited fo, detecting or measuring antibedy synthests,
incorporation of 3H-t.hyrm'cline, binding of labeled antibodies to newly expressed or
suppressed cell surface molecules, and secretion of factors indicative of B-cell activation
(e.g. eytokines). Similarly, T-cell activation in a screen using a protein chip of the
invention can be determined by various assays. For exgmple, a chrominm (SICTJ release
assay can detect recognition of antigen and subsequent aclivation of cytotoxic T-cells (see,
e.g., Palladino <t al,, 1987, Cancer Res. 47:5074-9; Blachere et al,, 1993, J. mmunotherapy
14:352-6).

The specificity of an antibody preparation cac. be determined through the usc of a
protein chip of the invention, comprising contacting a positionally addvessable array with an
antibody preparation, said array comprising a plurality of potential antigens on a solid
support, with. each different antigen being at a different position on the solid support,
wherein the density of different entigens is at least 100 diffcrent antigens per em?, and
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detecting positions on the solid support whers binding by an autibedy in the antibody
preparation cocurs. The antibody preparation can be, but is not limited to, Fab fragments,
antiserum, and polyclonal, moneclonal, chimeric, single chain, humanized, or synthetic
antibadies. For example, an aniiserum can be characterized by sereening disease-specific,
fssue-specilic, or other identified collections of antizens, and determining which anfigens
are recognized. In a specific embodiment, protein chip arrays having similar or related
antigens are screened with monoclonal antibodies to evaluate the degree of specificity by
determining to which antigens on the array a monoclonal antibody binds.

The identity of targsts of specific celtular activitiss can be assayed by treating a

10 protein chip with complex protein mixtures, such as cell exéracts, and detenmining protein

2

2

3

3

I

activity. For examyple, a protein chip containing an atray of different kinases can be
contacted with & cell extract from cells treated with a compound (e.g., o drug), and assayed
for kinase activity. In another example, a protein chup coniaming an array of different
kinases can be contacted with a cell extract from cells at a particular stage of cell
differentiation (e.g:, pluipotent) or fiom cells in a particular metabolic state (e.g., mitotic),
and assayed for kinase activity. The results obtained from such assays, comparing for
exaruple, cells in the presence or absence of a drug, or cells at several differentiation stages,
or cells in different metabolie states, can provide information regarding the physiclogic
chaxges in the cells between the different conditions.

0 Alternatively, the identify of fargets of specific celtular activities can be assayed by

W

G
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treating a protein chip of the invention, confaining many different proteins (e.g., a peptide
library), with a complex protein mixture {e.g., such as a cell extract), and assaying for
modifications to the protsins on the chip. For exampls, a protein chip containing an array
of different proteins can be contacted with a cell exiract from cells treated with a compound
(2., a drug), and assayed for kinase, protease, glycosidase, actetylase, phosphatase, or
ofher transferase activity, for exatople. In another example, a protein chip coniaining an
array of different proteins can be contacted with a cell extract from cells at a particular stage
of cell differentiation (2 g., pluripotent) or from cells in a particular metabolic stete (2.g.,
mitoic). The results obtained from such assays, comparing for example, cells in the
presence or absence of 2 drug, or cells at scveral stages of differentiation, or cells in
different metabolic states, can provide information regavding the physiologic effect on the
cells wader these conditions.

The protein chips are useful to identify probes that bind to specific molecules of
bialogic interest including, but not limited to, receptors for potential igand molecules, virus
receptars, and ligands for orphan receptors,
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The protein chips are also useful fo detecting DNA binding or RMA binding
proteins on the protein chips, and 1o detexrmine the binding specificity. In addition,
particular classes of RINA-binding or DNA-binding proteins {e.g., zinc-finger proteins) can
be studied with the protein chips by sereening arrays of these proteins with nucleic acid
sequences, and determining binding specificity and binding strength.

The ideniity of proteins exhibiting differences in fanction, Higand binding, or
enzymatic activity of similar biological entities can be anakyzed with the protein chips of
the present invention. For example, differences in protein isoforms derived from different
alleles are assayed for their activitics relative to one another.

The high density protein chips can be used for drug discovery, analysis of the mode
of action. of a. dg, drug specificity, and prediction of drug toxicity. For example, the
identity of proteins that bind to a drug, and their relative affinities, can be assayed by
incubating the proteius on the chip with a dmg or drug candidate under different assuy
eonditions, detexmining drag specifeity by determyiming where on the array the drug bound,
end measuring the antount of drug bound by each different protein. Bioassays in which a
biolagical activity is assayed, rather than binding assays, ean alternatively be caricd out on
the same chip, or on an identical second chip. Thus, these types of assays using the protein
chips of the invention are uscful for studying drg specificity, predicting potential side
effects of drugs, and classifying drugs. Further, protein chips of ihe invention are suitable
for screening complex libraries of drug candidates. Specifically, the proteins on the chip
can be incubated with the library of drug candidates, and then the bound components can be
identified, e.g., by mass spectrometry, which allows for the simuliancous identification of
all library coraponents that bind preferentially fo specific subsets of proteins, or bind to
several, or all, of the proteing on the chip. Further, the relative affinity of the diug
candidates for the different proteins in the array can be determined.

Maoreover, the protein chips of the present invention can be probed in the presence
of potential inhibitors, catalysts, modulators, or enbancers of a previously observed
interaction, enzymuatic activity, or biological responsc, In this manner, for example,
blocking of the binding of a drug, or disruption of virus or physiclogical effectors to
specific categories of proteins, can be analyzed by vsing a protein chip of the present
invention.

The protein chips of the invention can be used to determine the effects of a dmg on
the modification of multiple targets by complex protein mixtures, such as for example,
whole cells, cell extracts, or tissue homogenates. The net offect of 2 diig can be analtyzed
by screening one or more protein chips with drug-treated cells, tissues, or extracts, which
then can provide a “signature” for the drug-treated state, and when compared with the
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“signature’” of the unircated state, can be of predictive value with respect to, for example,
potency, toxicity, and sfde effects. Furthermore, time-dependent effects of a diig can be
assayed by, for example, adding the drug 1o the cell, call extract, tissue homogenate, or
whole organism, and applying the drug-treated eells or exiracis to a protein chip at various
timepoints of the treatment.

Screeving of phage display librarles can be performed by incubating 2 lbrary with
the protein chips of fhe present invention. Binding of positive clones can be determined by
various methods known in the art (e.g., mass spectrometry), thereby identifying clones of
itterest, after which the DNA encoding the clones of interest can be identificd by standard

10 methods (see, e.g., Ames et 2l,, 1995, J. Immunol. Methods 184:177-86; Keitlehorough et

al., 1994, Euwr. J. Tmmnunol. 24:252-8; Persic et al., 1997, Gene 187:9-18). In this manner,
the chips are useful to select for cells having sufice components that bind 1o specific
proteins on the chip. Alternatively, a phage display library can be attached io the chip, such
ibat a positionally addressable array of the library is ereated, after which the array can be

1% screened repeatedly with different mixtores of probes.

The ittvention also provides kits for carrying out fhe assay regimens of the
invention, Tn a specific embodiment, kits of the invention cormprise one or mote amrays of
the invention. Such kits may further comprise, in one or morc containers, reagents nsefil

for assaying hiological activity of a protein or molecule, reagents usefu] for assaying

20 interaction of a probe and a protein or molecule, reagents useful for agsaying the biological

activity of a profein or molecule having a biological activity of interest, and/or one or more
probes, proteins or other molecules. The reagents nseful for assaying bielogical activity of
1 protein or molecule, or assaying interactions between 4 probe and a proicin or molecule,

can be contained in cach well or sclected wells on the protein chip. Such reagents can be in

25 solution or in solid form. The reagents may include sither or both the proteins or molecules

and the probes reguired io perform the assay of interest.

T one embodiment, a kit comprises one of more protein chips (i.e., positlonally
addressable atrays comprising a plurality of different substances, selected from the group
consisting of proteins, molecules comprising functional demains of said proteins, whole

30 cells, and protein-containing celhular material, on a solid suppost, with each different

substanee being at a different position on the solid support), wherein the plurality of
differcnt substances consists of at least 100 different substances per cm?, and in one or more
containgrs, ane or more probes, reagents, of other molécules, The substatices of the array
can be attached to the surface of wells on the solid support. In another srabodiment, fhe

35 protein chip in the kit can have the protein or probe already attached to the wells of the solid

support, Tn yet another embodiment, the protein chip in the kit can bave the reageni(s) or

.25.

JP 2004-511753 A 2004.4.15



a7

WO 01/83827 PCT/USOL/ 14520

25

30

3

By

reaction mixrure nseful for assaying biological activity of a protein ot molecule, or assaying
intersction of 2 probe and a protein or moleoule, already aitached to the wells of the solid
support. In yet another embodiment, the reagent(s) is not attashed to the wells of'the solid
support, but is contained in the wells. In yet another embodiment, the reagent(s) is vot
attached to the wells of the solid support, but is confeined in onc or more containers, and
can be added to the wells of the solid support. T yet another embodiment, the kit further
eomprises one or mexe containers holding a solution reaction mixture for assaying
biological activity of a protein or molecule. In yet another embodiment, the kit provides 2
substrate (e.g., beads) to which probes, proteins or molscules of mterest, and/er other
reagents useful for carrying out one or more vssays, can be attached, after which the
substrate with attached probes, proteins, or other teagents can be placed into the wells of the
chip.

In another embodiment, one or more protein chips in the kit have, attached to the
wells of the solid support, proteins with 2 hiological activity of interest. In another
embodiment, one or more profein chips in the kit have, attached to the wells of the solid
Support, at least 50%, 75%, 20% or 95% of all expressed proteins with the same type of
biological activity in the genome of an organism. Tn a specific ambodinzent, ong or more
protein chips in the kit have, attached to the wells of the solid support, at least 50%, 75%,
90% or 95% of all expressed kinases, phosphatases, glycosidase, proteases, acetylases, other
group transferring enzyraes, mucleic acid binding proteins, hormone-binding proteins or
DNA-binding proteins, within the genome of an organism (e.g., of & particular specics).

E. Proteins Useful with the Protein Chips

FPull-length proteius, portions of full-lenpth proteins, and peptides whether prepared
from recombinaut overexpression in an organism, produced via fragmentation of larger
proteins, or chemically synthesized, arc wiilized in this invention to form the protcin chip.
QOrganisms whose proteins are overexpressed include, but are not limited to, hacteria, yeast,
insects, humans, and non-human manimals such as mice, rats, cats, dogs, pigs, cows and
horses, Further, fusion proteins in which a defined domain is atiached io one of a variety of
natugal ox synthetic proteins can be utilzed. Proteins used in this invention can be purified
prior to being attached to, or deposited inio, the wells of the profein. chip, or puvified during
aitachment via the usc of reagents which have been previously attached to, or deposited
into, the wells of the protein chip. These reagents include those that specifically bind
prateins in geaeral, or bind to a particular group of proteins. Proteins can be embedded in
artificial or natueral membrapes (e.g., liposomes, membrane vesicles) prior to, or at the time
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of aitachment to the protein chip. Altematively, the proteins can be delivered inte the wells
of the protein chip.

Proteins used in the protein chips of the present invention are preferably exprossed
by methods kmown in the art. The InseciSelect system from Invitrogen (Carlsbad, CA,
catalog no. K800-01), a non-lytic, single-vector insect expression system that simplifies
expression of high~quality proteins and sliminates the need to generate and amplify virus
slocks, is a preforred oxpression system. The preforred vector in this system s plB/vV3-Iis
TOPO TA vector {catalog no. K&90-20). Polymerase chain reaction (PCR) products can be
claned directly into this vector, using the protocols described by the manufecturer, and the
proteins are then expressed with N-terminal histidine (His) labels which can be used to
putify the expressed protein.

The BAC-TO-BAC™ gysten, another eukaryotic expression system in nsect cells,
available from: Lifetech (Rockville, MD), is also a preferred expression svstem. Rather than
using homalogous recambination, the BAC-TQ-BACT™ system. geverates recombinant
baculovirus by relying on site-specific fransposition in E. eoli. Gene expression is driven
by the highly active polyhedtin promoter, and therefore can reprosent up to 25% of the
eellular protein in infected insect cells,

VL. Examplel: Analysis of Yeasi Protein Kinases Using Protein Chips
A. Intreduction

The following example exemplifies the various agpects of profein clip production
and a method of using the profcin chips of the prosent invention. The profein chip
technology of the present invention is suitable for rapidly analyzing large mimbers of
samples, and therefore this approach was applied. o the analysis of nearly all yeast protein
kinases. Protein kinases catalyze protein phosphorylation and play 2 pivotal role in
regulating basic cellular functions, such as cell cyols control, signal transduetion, DINA
replication, gene iranscription, protein translation, and cnergy metabolism’. The availzbility
of a complete genome sequence makes it possible to analyze all of the protein kinases
encoded by an organism and determine their ir vitro substrates.

The yeast genome has been sequenced and coniains approximately 6200 open
reading frames preater than 100 codons in Jength; 122 of these are predicted to encode
protein kinases. Twenty-four of these protein kinase genes have not been studied
previously®. Bxccpt for two histidine protein kinases, afl of the yeast protein kinascs are
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members of the Sex/Thr family; fyrosine kinasc family members do not exist alibough scven
protein kinases that phosphorylate serine/ihreonine and tyrosine have heen reporfed®,

With the development of the protein chip technelogy of the present invention, the
high throughput analysis of the bicchemical activities of nearly all of the proteie kinases
from Saccharomyces cerevisiae has been conducted as described herein. Protein chips
utilized were disposable atays of 300 pl wells in silicone elastomer sheets placed on top of
microscepe slides. The high density and small size of the wells zllows for high throughput
batch processing and simnltaneous analysis of many individual samples, requiring only
small amounts of proicin.  Using protein chips of the present invention, Seccharomyces
cerevisize kinase proteins (119 different kinases in total) were fused to glutathione-S-
transferase (GST), overexpressed in yeast, then purified and assayed for their ability to
phosphorylate 17 differcnt substrates. Nearly all of the kinases tested (22%) exhibited
activities that were ai least five-fold higher than controls, on ohe or more substrates,
including 18 of 24 previcusly uncharacterized kinases. Thirty-two kinases exhibiled
preferemiial phosphorylation of one or iwo substrates. Twenty-seven kinases readily
phosphorylated pely(Tyr-Ghi). Since only five of these kinases were previously classified
a8 dual funstion kineses (.e., they phosphoryiaie both Sew/Thr and Tyr), these findings
greatly cxpand our knowledge as to which kinases are able to phosphorvlate tyrosine
residues. Interestingly, those dual specificity kinases oftert shate cornmon amino acid
resides that lie near the catalytic region. These results indicate that the protein chip
technology of the present invention is useful for high throughput screening of protein
biochemical activity, and for the analysis of entite proteomes.

B. Methods
1. Cell Culture, Constructs and Protein Purification.

Using the recombination strategy of Hudson e o/, 119 of 122 yeast protein kinase
genes were cloned into a high copy URA3 cxpression vector (PEG(KG)), which produecs
GST fusion prateins under the contral of the galactose-inducible AL IO pramoter'™.
Briefly, primers complementary to the end of each ORF were purchased from Reseurch
Genetics; the ends of these primers contain a commen 20 bp scquence. In a sceond round
of PCR, the ends of these products were modified by adding sequences fhat are homelogons
to the vector. The PCR producis containing the vector sequences at their ends were
transformed along with the vector inte a pep4 yeast strain (which lacks scveral yeast
proteases)'”, and Ura® colonics were selected. Plasmids were rescued in E. coli, verified by
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restriction enzyme digestion and the DNA sequonce spanming the veclor-insert junction was
determined using a primer complemontary to the vector. For the GST::Clad construct, a
frame-shift mutation was found in a poly(A) stretch in the amino texminal coding region.
Three independent clones were required to find the comect one that maimtained reading
frame. For Hve of these gones, two overlapping PCR products were obtained and
imtroduced inta yeast cells, Confirmed plasoids were relafroduced into the pepd yeasi
strain for kinase protein purification.

For preparing samples using the 96 wel) format, 0.75 ml of cells were grown in
medium containing raffinese to 0.02.{600) about 0.5 in boxes containing 2 m! wells; two
wells were used for each strain. Galactose was added to a final concentration of 4% to
induce protein expression, and the cells were incubated for 4 hrs. The cultures of the same
strain were combined, washed once with 500 pl of lysis buffer, resuspended in 200 pl of
lysis bulfer, and transferred into o 96 X 0.5 ml plaic (Dot Scientific, [7SA) containing 100
pi chilled glass beads. Cells wers kysed in the box by repeated vortexing at 4 °C and the
GST fusion proteins were puritied from these strains using glutations beads and standard
protocols™ in a 96 well format, The purity of five parified GST::kinase proteins (Swel,
PikZ, Pkhl, Hogl, Pbs2) was determined by comparing the Coamasie staining patierns of
the purified proteins with the patterns obtained by immunoblot analysis using antj-GST
antibodies. The results indicated that the purified proteins were more than 90% pure, To
purify the activated form of Hogl, the cells were challenged with 0.4 M NaCl in the last
five minutes of the induction. Protein kinase activity was stable for at Jeast two months at
—70°C with liftle or 0o loss of kinase activity.

2 Chip Fabrication and Protein Atiachment

Chips were made from the silicone elastomer, polydimethylsiloxans (PDMS) (Dow
Chemical, USA), which was cast over mictofabricated molds. Liguid PDMS was poured
over the molds and, afier curing (at least 4 hours at 65 °C), flexible silicone clastomer array
sheets were then peeled from the rensable molds. Although PDMS can be readily cast over
microlithographically fabricated stuctures, for the pusposes of the kinase assey described
berein, molds made from sheets of acrylic patierned with a computer-controlled laser
willing tool {Universal Lascx Systems, USA) sufficed.

Over 30 diffarent atrays were tested. The variables tested were width and depth of
the wells (widths ranging from 100 pm to 2.5 mm, depths from 100 pum 1o * mm), spacing
between wells (L0 pu to 1 ram), configaration {(either rectavgnlar arrays or closest

packed), and well shape (square versus round). The use of laser milled acrylic molds
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offered a fast and inexpensive method to realize a large number prototype molds of varying
paramefers.

To determing the conditions that maximize protein attachment to the wels, PDMS
was reated with either 5 M H,80,, 10 M NaOH, hydrogen peroxids ora 3-
glycidooxypropylirimethoxysilaae linker (GPTS)Aldrick, USA) "% GPBTS freatment
resulted in the greatest adsorption of protein to the wells relative to untreated PDMS or
PDMSB treated other ways. Briefly, after washing with 100% EtOH three times af room
temperaturs, the chips were immersed in 1% GPTS selution (95% BtOH, 16 mM HOAc)
with shaking for 1 It at room tetmperature, After three washes with 95% FEtOH, the chips
were cured at 135°C for 2 brs under vacuum. Cured chips o be stored in dry Argon for
mouths™, Ta attach proteins to the chips, protein solutions were added to the wells and
incubated on ice for 1 to 2 howrs. After rinsing with cold HEPES buffer (10 miM HEPES,
100 mM NaCl, pH 7.0) three times, the wells were blocked wilh 1% BSA in PBS (Sigma,
USA) onice for > 1 hr. Becanse of the use of GPTS, any reagent containing primary anzine
groups was avoided.

To determine the congeniration of proteins that can be linked to the treated PDMS,
horseradish peroxidase (FIRP) anti-mouse Ig, (Amersham, USA} was attached to the ohip
using serfal dilutions of the enzyme. After extensive washing with PBS, the bound
antibodics were detected vsing an enhanced chemiiuminescent (ECL) detection method
{Amersham, USA). Up to 8x10” pg/um® of protein can be aitached to the surface; a
minimum $x107° pgfum? is required for detection by our immumostaining methods.

3 Immunobloiting, Kizase Assay and Data Acquisition

Inumunoblot analysis was performed as desciibed®, GST::protein kinases were
tested for in vitro kinase activity'® usiug *P—y-ATP. In the avtophosphorylation assay, the
GST::kdnases were directly adhered to GPTS-treated PDMS and the ir vitre reactions
carried out with *P-y-ATP in approprisie buffer. In the subsirate rcactions, the substrate
was adhered to the wells via GPTS, and the wells were washed with HEPES buffer and
blocked with 1% BS A, before kinase, ®P-y-ATT and buffer were added. The tatal reaction
volume was kept below 0.5 ul per reaction, After incubation for 30 minutes at 30°C, the
chips were washed cxtensively, and exposed to both X-ray film and a Molecular Dynamics
Phosphotlmager, which has & resolution of 50 pm and s quantitative. For twelve subsirates
each kinase assay was repeated at least twice; for the remaining five, the assays were
perfarmed once.
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To determine substrate specificity, specificity index (SI) was caleulated using the
following formula: 8T, =F, / [(F,;+F,+ <=« «+F, )/ ], where i represents the ID of
kinase used, r represents the 1D of = substrate, and F, represents the fold increase of a
kinase 7 on substrate r compared with GST alone,

4. Kinase 8 ce Alig and Phyl tic Trees

1

Multiple sequence alignments based on the core kinasc catalytic domain
subsequences of the 107 protein kinases were genctated with the CLUSTAT, W algorithm™,
using the Gomnet 250 seoring mateix™. Kinase catalytic domain sequences were abtained
from the SWISS-PROTY, PIRY, and GenBunk™ databases, For those kinases whoss
catalytic domains are not yet annotated (DBF4/YDROS2C and SLN1/YIL147C), probable
linase subsequences were inferred frone atignments with othor kinase subsequences in the
data sct with the FASTA algorithm*™* psing the BLOSUM 50 scoring matrix™, Protein
subsequences corresponding te the eleven core catalytic subdomains™ were extracted from
the alignmenys, and the phylogenetic wees were computed with the PROTPARS® program
(Figare 5a).

5, Functional Grouping of Proiein Chip Daia

To visualize the approximate functional relationships between protein kinoses
relative to the experimental data, kinases were hicrarchically ordercd based on their ability
to phosphorylate the 12 different substrates (data available on weh site
hitp://bioinfo.umbb. yale.edu/genomesveast/chip as of August 17, 2000). A profile
corrcsponding to the ~+ activity of the 107 protein kinascs io each of the substrates was
recorded, with diseretized values in [0,1]. Matrices were derived from the pajrwise
Hammiing distances between experimental profiles, and unrooted phylogenics were
computed using the Fitch-Margoliash least-squares estimation method® as implemented in
the FITCH program34 of the PHYLIP software package™. In each case, the fnput order of
tuxa was randommzed fo negate any inherent bias in the organization of the data set, and
optimal bierarchies were abtained through global rearrangernents of the tree structures.

C. Resulis

1. Yeast Kinase Cloning and Protein Purification
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Using a recombination-dirested cloning strategy’, we attempled to clone the entire
coding regions of 122 yeast protein kinasc genss in 2 high copy expression vector
(PEG(K()) that produces GST fasion proteins under the control of the galactese-inducible
GALI0 promoter™ (Figure 12). GST::kinase constructs were rescued into E. coli, and
sequences at the 5'-end of each construct were detesmined. Using this strategy, 119 of the
122 yeast protein kinase genes weie cloned in-frame. The three kinase genes that wete not
cloned are very Jarge (4.5-8.3 kb). '

The GST:kinase fusion proteins were overproduced in yeast and purified from 50 mt
culfures wsing glutathione beads and standard protocols'!. For the case of Hogl the yeast
cells were treated with high salt to activate the enzyme in the last five minutes of induction;
for the rest of the kinases, synthetic media (UR A Aaffinose) was used. Inununcblot
analysis of all 119 fusions using anti-GST ntibodies revealed that 105 of the yeast strains
produced detectable GST::fusion proteins; in most cases the fusions were full length. Up to
1 ug of fusion proiein per nal of starting culturc was obtained (Figure 1b). However, 14 of
119 GST:kkinase samples were not detected by immunoblotting snatysis. Presmmnably,
these proteins are not stably overproduced in the pep4 protease-deficient strain nsed, or
these proteins may fornn insoluble aggregates that do not purify using our procedures.
Although this procedure was suceessful, puification of GST fusion profeing using 50 ml
cultures is 2 time-consuming process and not applicable for preparing theusands of samples.
Therefore, a procedure for growing cells in a 96 well format was developed (see Methods).
Using this procedure, 119 GST fusions were prepared and purificd. in six hours with about
two-fold higher yields per ml of starting culture refative to the 50 ml methed.

2. Protein Chip Design

Protein chips were developad to conduct high thronghput biochemical assays of 115
yeast protein kinases (Figure 2). Thesc chips consist of an array of wells in a dispesable
silicone elastomer polydimethylsiloxane (PDMS)'". Arrays of wells allow small volumes of
different probes to be densely packed on a single chip yel remuin physicelly segregaied
duxing subscquent batch processing. Proteins werce covalently attached to the wells using a
linker 3-glycidooxypropylirimethoxysilane (GPTS)™. Up to 8 X 10” pg/um® of protein can
be attached to the swiface (see Methods).

For ke purposes of the protein kinase assays, the protein clip technology was
configured to be compatibie with standard sample handling and recording equipment.
Using radinisotope labeling (P}, the kinase assays described below, and manual loading, a
varlety of array configurations were tested. The following chips produced ihe best resulls:
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round wells with 1.4 mm diameter and 300 pm deep (approxirately 300 nl), in a 10x14
rectangular array configuation with a 1.8 nun pitch, A master mold of twelve of these
arrays were produced, and & large nwatber of arrays were repeatedly cast for the proiein
kinase analysis. Chips were placed atop microscope slides for handling purposes (Figore
2a); the arrays covered slightly more than one thitd of a standard microscope slide and two
arrays per slide were typically used (Figure 2b). Although a manual pipette method to place
proteins in each well was employed, anteinated {echniques may also be nsed. In addition,
this protein ¢hdp configuration may also be vsed with other labeling methods, such a5 by
using fluorescently lzbeled antibodies to phosphoproteins, and subsequent detection of

immunofluorescence.
3. Large-scale Kinase Assays Using Protein Chips

All 119 GST::protein kinases were tested for in ¥itre kinase activity™ in 17 different
ansays using *P—y-ATP und 17 different chips. Bach chip was assayed using a different
substrate, as follows: 1) Autophosphorylation, 2) Bovine Histone 11 (a comman kinase
substrate), 3) Bovine Casein (u comrnon substrate), 4) Myelin basic protein (s common
substrate), 5) Ax[2 C terminus-GST (Ax12 is a transmembrane phosphoprotein involved in
buddingy, 6) Rad® (a phosphoprotein invelved in the DNA damage checlipaint)®, 7) Gic2
(a phosphoprotein invelved in budding)™, 8) Red1 (a meiotic phosphoprotein important for
chromosotme synapsis)'”, 9) Mek1 (a meiotic pretein kinase intportant for chromosome
synapsis)'®, 10) Poly(tyrosine-gltamate 1:4) (poly(Tyr-Glu)); # tyrosine kinase substrate)'”,
11) P2 { & small molecule transport protein)™, 12) Hsll (a protein kinase involved in ecil
cycle regulation)™, 13) Swi6 (a phosphotranseription factor involved in G1/S controly®, 14)
Tub4 (a protein involved in mictotubule nucleation), 15) Hogl (a protein kinase involyed
in osmoregulation)™, 16) Hogl (an inactive form of the kinase), and 17) GST (a contrel).
For the autophosphorylation assay, the kinases were directly adhered 1o the treated PDIMS
wells and ®P-y-ATP was added; for substrate reactions, the substrates were bound to the
wells, and then kinases and P-y-ATP were added. After the reactions were campleted, the
slides were washed and ihe phosphorylation signals were acquired and quentified using a
high resolution phosphoimager. Examples are shown in Figure 3. To identify kinase
activities, the quantified signals were converted into fold lncreases relative to GST controls
and plotted for further analysis (Figure 4a).

As shown 10 Figure 4a, most (93.3%) kinases exhibsted activity five-fold or greater
aver background for at least ane substrate. As expected, Hir25, Pbs2 and Meki
phosphorylated their known substtates™ ), Swi6 (400-fold higher than the GST control),
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Hog] {10-fold higher) and Redl {10-fold higher), respectively, The results of this assay
demonstrated that 18 of the 24 predicted protein kinases have not been studied previously
pbosphorylaie onc or more substrates, as do several unconventional kinases®, including the
histidine kinases (Slnl, Y{1042c) and phosphalipid kinases (e.g Mec1).

To determing substrate specificity, the activity of & particular kanase was further
nonnalized against the average of its activity against all substrates. Several examples are
shown ir Figure 4b; all the data are available at
hitp://bioinfo.mbb.yale.edu/genome/yeast/chip. Thirty-two kinases exhibited substrate
specificity on a particular substrate with specificity index (ST; see Methods) equal or higher
than 2, and reciprocally, most substrates are prefereniially phosphorylated by a particular
protein kinase or set of kinases. For example, the C terminus of AxI2, a protein involved in
yeast cell budding, is preferentially phosphorylated by Dbf20, Kin2, Yak! and Ste20
relative to other protein. Iiderestingly, previous studics found that S1c20 was localized ut
the tip of emerging buds similar to AxT2, and a sfeZ6A/ela4”® nuant is vnable to bud or
form fully polarized actin patches or cables™. Another example is the phosphopratein Gic?,
which is also involved in budding'®. Ste20 and Sknl strongly phosphorylate Gie2 (Figure
4b). Previous studies suggested that Cdc42 interacts with Gic2, Clad™, Site20 and Skml.
Our results raise the possibility that Cded? may funetion to promote the phosphorylation of
Gic2 by recriting Ste20 and/or Skml,

4 Yeast Contain Many Dual Specific Kinases

Of particular interest arc the dual specificity kinases, i.e., those enzyracs that
phosphorylate both Ser/Thr and tyrosine, Based on sequence analysis, all but two yeast
protein kinuses belong o the Ser/Thr family of protein kinases; howcver, at the time of the
study, seven protein kinases (Mps!, Rad53, Swel, Ime2, Ste7, Hr25, and Mck1) were
reported to be dual specificity kinases™. We confirmed that Swel, Mps1, Tme2, and Hri25
readily phosphorylate poly(Tyr-Glu), but we did not detect any tyrosine kinasc activity for
Ste7, Rad53 or Mckl. Mckl did not show strong activity in any of onr assays; however,
Ste7 and Rad53 are very active in other assays. Thus, their inability to phosphorylate
poly(Tyr-Glu) indicatcs that they are cither very weak tyrosine kinases in general or at least
arc weak with the poly(Tyr-Glu) substrate. Consistent with the latier possibility, others
have found that poly{Tyr-Glu) is a very poor subsirate for RadS3 (Rel19; D. Stern, pers.
comm.). Interestingly, we found that 23 other kinascs also officiontly use poly(Tyr-Glu) as
a substrate, indicating that there are at least 27 kinases in yeast that ave capable of acting in
vitra as dual specificity kinases. One of these, Riml, was recently shown ta phosphorylate
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a Tyr residue o its In vivo substrate, Ime2, indicating that it is a bona fide dval specificity
kinase®. In summary, this experiment roughly tripled the number of kinascs capsblc of
acting as dual specificity kinases, and has raised questions about some of those classified as
such kinases.

5. Correlation Between Functional Specificity and Amino
Sequences of the Poly(Tyr-Glu) Kinases

The large-scale analysts of yeast protein kinases allows us to compare the functional
relationship of the profein kinases (o one unother. We found that many of the kinases that
phosphorylate poly(Tyr-Gln) are related to one another in their amitio acid sequences: 70%
of the poly(Tyx-Glu) kinases cluster info distinet four groups on & dendrogram in whicl. the
kimascs are organized relative o one another based on sequence similarity of their
canserved protein kinase domains (Fignre 5a). Further examination of the amino acid
sequence reveals fowr types of amino acids that are preferentially found in the paly(Tyr-
Glu) class of kinases relative to the kinases that do not use poly(Tyr-Glu) as a substrate
(three are lysines and one is a methionine); one residue (an asparagine) was preferentially
located in the kinases that do not readily use poly{Tyr-Glu) us a subsirate (Figure 5b). Most
of the residues lie near the catalytic porfion of the molecule (Figure Sby", suggesting that
they may play a role in subsirate recognition.

D. Diseussion
1. Large-seale Analysis of Protein Kinases

This study employed a novel protein chip technology to clratacterize the activities of
119 protein kinases for 17 different substratcs. We found that particular proteins arc
proferred substrates for particular profein kinases, and vice versa, many protein kinases
prefer particular substrates. One concern with these studies is that it is possible that kinases
other than the desired enzyme are contaminating our preparations. Although this cannot be
rigorously ruled out, analysis of five of our samples by Coomasie staining and imtaunoblot
slaining with anti-GST docs not reveal any detectable bands in our prepacation that arce not
GST fusions (see methods).

Tt is important to note that &z viero assays do not ensure that a subsirate for a
pariicular kinase ix vilro is phosphorylaied by the same kinase in vivo. Instead, these
experiments indicate that certain proteins are capable of serving as substrates for specific
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kinases, thereby allowing forther anakysis. Tin this respect, these assays are analogous to
two-hybrid studies in which candidate interactions ave detected. Further experimentation is
neeessary to determine if the processes normally oceur iz vivo,

Consistent with the idea that many of the substrates are likely to be bonafide
substrates #x vivo is the observation that ihree kinases, Hu25, Pbs2 and Mek1,
phosphorylate their known subsirates in onr assays. Purthenmore, many of the kinases
(e.g.,Ste20) co-localize with their i vifro substrates (e.g., Ax12). Thus, we cxpeot many of
the kinascs that phosphorylate substrates in our ir vitro assays are likely also to do so in
VivO.

Although most of the kinases were active in our assuys, several were not.
Presumably, cur preparations of these latter kinases either lack sufficient quantities of an
activator or were not purified under activating conditions. For example, Cde28 which was
not aclive in our assays, might be lacking iis activating cyelins, For the case of Hogl, cells
were treated with high salt to activate the enzyme. Since nearly all of our kinase
preparations did exhibit activity, we presume that ai Ieast some of tlie enzyme in the
preparation has been properly activated and/or contains the nccessary cofactors. It is likely
that the overexpression of thess enzymes it their native organism contributes significantly
to the high suceess of obtaining active enzymes.

Using the assays on the protein chip, many kinases that utilize poly{Tyr-Glu) were
identified. The large-scale analysis of many kinases allowed the novel approach of
correlating functional specificity of poly(Tyr-Glu) kinascs with specific smino acid
sequences. Many of the residues of the kinases that phosphorylate poly(Tyr-Glu) contain
bhasic residues. This niight be sxpected if there were electrostatic interactions between the
Jinases residues and the Glu residaes. However, the roles of some of the other residues are
not pbvieus such as the Met residues on the kinases that phosphorylate paly(Tyr-Gla) and
the Asu on thoese that do not. These kinase residues may conder substeate specificity by
othor mechanisms. Regardless, analysis of zdditiona] substrates should allpw further
correlation of functional specificity with protein kinase sequence for all protein kinases.

2. Preteio chip technology

In addition to the rapid analysis of lacge number of samples, the protein chip
tectmology described here has significant advantages over conventional methods. 1) The
chip-based assays have high signal-to-noise ratios. We found that the signal-to-noise ratia
exhibited using the proiein chips is muuch better (>10 fold) ihan ihat observed for traditional
microtiter dish assays (data not shown). Presumably this is due to the fact that ¥P-y-ATP
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does not hind the PDMS as much as microtiter dishes. 2) The amount of material needed is
very small. Reaotions volumes are 1/20-1/40 the amount used in the 384-well microtiter
dishes; less than 20 ng of protein kinasc was used in each reaction. 3) The enzymatic assays
using protein chips are extremely sensitive. Even though only 105 fusions were detectable
by immunoblot analysis, 112 exhibited enzymatic activity greater than five-fold over
‘background for at least one substrate. For example, Mps! consistently exhibits the
strongest activity in many of the kinase assays even though we have not been able to detect
bas fusion protein by immunoblot analysis (see Figures b and 3a). 4) Finally, the chips arc
ihexpensive; the material costs less than eight conts for each array. The microfabricated
meolds are also easy to make and inexpensive.

In addition to the analysis of protein kinases, fhis protein chip technology is also
apphicable to a wide variety of additional assays, such as ATP and GTP hinding assays,
muclease assays, helicase nssays and profein-protein interaviion assays. Recently, in an
independent study, Phizicky and coworkers expressed yeast profeins as GST fusions under
the much weaker CUPI promotor®, Although the quality of their clones has not been
ostablished, they were able to identify biochemical activities vsing pools of yeast straing
containing the fusion proteins. The advantage of cur protein chip approach is that all
samples can be analyzed in a single experiment. Furthermore, although this study used
wells which have the advantage of segregaling samples, [lai PDMS chips and glass slides
can also be used for different assays; these have the advantage that they can be used with
standard pinning tool micmoarrayers. This techiology cau alze be applied to facilitats high-
throughput drug screening in which one can screen for compounds that inhibit or activate
enzymatic activities of any gene products of interest. Since these assays will be carried ont
at the protein level, the results will be more direct and mearingful to the molecular fanction
of the protein.

We configured the protein chip technology for a specific profein kinase assay using
cormmonly available sample handling and recording equipment. For this purpose, array
dimensions remained relaiively large compared to dimensions readily available with
microfabricated silicons elastomer structures™. We liave cast PDMS strnctures with feature
sizes two orders of magnitude smaller than those reported here using microhthographically
fabricated molds, whiie others have reported submicron featuve gizes in microfabricared
structures®. These results indicate that well densities of microfabricated protein chips san
be readily incressed by several orders of magnitude. The protein chip technology reporied
here is readily scalable.

Tn conclugion, an inexpensive, disposable protein chip teclmology was developed for
high throughput scresning of protein biochemical activiy. Ulility was demonstrated
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twough the analysis of 119 protein kinases from Szecharemyces cerevisice assayed for
phosphorylation of 17 different substratcs. These protein chips permit the simultancous
measurement of hundreds of protein samples. The use of microfabricated arrays of wells as
the basis of the chip technology allows array densities to be readily increased by several
orders of magnitude. With the development of appropriate sample handling and
measurement techniques, these protein chips can be adapied for the simultansous assay of
several thousand to millions of samples.
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VIE. Examplell: Analysis of Yeast Protein Kinase Activity Using Protein Chips
A. Introduction
The following example presents three pratocols that, for illustration purposes only,
pravide differeni methods of esing the protein chips of the present invention to assay for

protein kinase activity.

1. Assay Methods for Protein Kinase Activity

i Autophosphorylation Activity

{1y  Protein chips were washed three times with 100% EtOH at room
tempetature. The chips wers then coated with the linker GPTS (1% in 95% EtQH) at room
temperature for one howr with. shaking. Afor washing with 106% E10H thres timacs, the
chips were dried at 130°C for 1.5 hours under vacunm.

2) GST::yeast protein kinases, one kinase species per well, were bound
to the wells of the protein chip by incubation for at least one hour. The chip was fucther
blocked by 1% BSA.
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3 Kinase buffer and a ¥*P-y-ATP probe was added 1o each well, and
incubated at 30°C for 30 minutes. The chip was washed extensively afler the
phosphorylation reaction was completed.

(4)  Thespecific ¥P-y-ATP signal, representing autophosphorylation, was
detected and quantified by a phosphoimager.

ii. Kinase Activity - Protocol 1

(1)  Protein ohips were washed three fimes with 100% EtOH at room
temperature. The chips were then coated with the linker GPTS (1% in 95% BtOMH) at room
temperature for one hour with shaking, After washing with 100% BtOH three times, the
chips were dried ai 130°C for 1.5 hours under vacuum,

(2) A substratc (for exaraple, GST::yeast protein) was bound to the chips
by incubation for one or more hours. The chip was further blocked by 1% BSA, and the
chip was washed.

(3 A different protein kinase was added to sach woll of the protein cldip,
along with kinase buffer and “P-y-ATP, and incubated at 30°C for 30 minutes. The protein
chip was washed extensively after the phosphorylation reaciion was completed.

(4)  The specific *P-y-ATP signal, representing phosphorylation of the
substrate protein by the protein kinase probe, was detected and quantified by a

phosphoimager.

{il. Kinase activify - Pratocol 11

(1) Protein chips wore washed thres times with 100% EtOH st room
temperature. The chips were then coated with the linker GPTS {1% in 95% BtOH) at room
temaperature for one hour with shaking, After washing with 100% BtOH three times, the
chips wete dried at 130°C for 1.5 hows under vacuum,

(2) A substrate (for example, GET::yeast protein} was bound to the chips
by incubation for one or more houts. The chip was furthet blocked by 1% BSA and the
olip was washed,

(3) A different protein kinase was added to cach well of the protein chip,
along with kinase buffer and P-y-ATP, and incubated at 30°C for 30 minmies. The protein
chip was washed extensively after the phosphorylation reaction was completed. The chip
was incubated with iodoacetyl-LC-biotin in the dark at room temperature ovemighi.

(4)  After washing, the chip was probed with fluorescent-labeled avidin to
detect the phosphorylation signals.

.42

JP

2004-511753 A 2004.4.15



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

(94) JP 2004-511753 A 2004.4.15

WO 01/83827 PCT/USOL/ 14520

20

25

30

35

(5)  The chip was then scmmed using an Axon Genepix 4000A scanncr,
which was modified with a lens having an increased depth of focus of about 300-400
microns. The modifications allow scanning of surfaces mounted on a slide (e.g., the PDMS
imicroatrays of the present inventicn), which would ofherwise be out of the plane of focus.
Using the modified Axon Genepix 4000A scanmer, ihe arrays weore scammed 1o acquire and
quantify fluorescent signals.

VIIl. Exzample ITI: Analysis of Protein-Protein Interactions Using Protein Chips

A protein of interest (“probe protein™ is recombinantly expressed in and purifisd
from E. colf as a labeled fusion protein using standard protocols. The target proteins are
attacked to the wells of the chip, with a difforen! target protein in cach well. The purified
probe protein is introduced inte each welt of the chip, and incubated for several hours or
mere. The chip is washed and probed with either: a) antibodies to the probe protein, or b)
antibodies to the label on the fsion protein. The antibodies are labeted with a fluorescent
tabel, such as Cy3 or Cy5, or are detected using a fluorescently labeled secondary amtibody
that detects the first antibody.

The follewing examples provide, for illustration purposes only, methods of using
the protein chips of the present jnvention io assay for proteases, muclsases, or G-protein
receptors, Proteli-protein interactions genotally can be assayed using the following ora
sirmilar method.

Al Analysis leas ivit

Protease activity is assayed in the following way. Fizst, profein probes are preparsd
consisting of various comhbinations of amino acids, with a C-terminal or N-terminal mass
spectroscopic label attached, with the only praviso being that the molacular weight of the
label should be sufficiently large so thai all labeled cleavage produets of the protein can be
delected, The protein probe is contacted with proteases aitached to a protein chip at 37°C.
After incnbation at 37°C for an appropriate period of time, and washing wiill: aceloniirile
and trifluoroacetic acid, protease activity is measured by detecting the proteolytic products
using mass spcetrometry. This assay provides information regarding both the protealytic
activity and specificity of the proteases attached to the protein chip.

Another rapid assay for proiease activity analysis is (o attach proteins of known
sequence (o the chip. The substrate proicins are fluorescently labeled at the end not

~d3 -
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aftached to the chip. Upon incubation with the protease(s) of interest, the finorescent label
is Jost upon proteolysis, such that decreases in fluorescence indicate the presence and extent
of pretease activity. This same type of assay can be carried out wherein the protein
substrates are attached to beads placed in the wells of the chips.

B. Analysis of Nuclease Aetivity

Nuglease activity is assessed in the same manner as described for protease activity,
above, except that nuclejc acid probes/substrates are substituted for protein
probes/substrates. As such, Muerescently tagged nucleic acid Gagments that are released by
nuclease activity can be detected by fluorescence, or the nucleic acid fragments can be
detected directly by mass spectrometry.

C. Analysis of G-Protein Coupled Receptors

In another type of nssay, compounds that bind G-protein. coupled receptors are
identified. Initially, the G-protein receptor is clonted as a GET fusion protein, with the GST
portion attached to the C tetminus of the G-protein because the C-terminus is generally noi
involved with defermiring probe specificity, The G-protein::GST fusion proteins are
atfached to the wells, preferably by association with glutathione, The G-protein receptors
are then incubated with a mixture of compounds, such as a conbinatorial chemical library
or a pepiide library. After washing, bound probes are eluted, for example by the addition of
25% acetonitrile/0.05% trichloroacetio acid. The eluted material is than be loaded into a
MALDI mass specirometer and the neture of the bound probes identified.

IX. ExampleIV: Anpalysis of Protein Kinases Inhibition by Specific Inhibitors
Using Protein Chips

The following deseription provides, for exemplary purposes onfy, methods of using
the protein chips of the present nvention to examine proteln kinases for sensitivity to
protein kinase inhibitors. Protein-protein interactions generally can be assayed using the
following or sitnilar methiod.

Substrates were bound o the surface of the GPTS-treated microwells on the protein
chip at room temperature for one hour, then blocked with 1% BSA und 100 mM Tris pH
7.5, and washed three times with TBS buffer. Kinases and different concentvations of
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kinase inhibitors were added to the microwells in the presence of *Py-ATP. The
phosphorylation reaction was carried out ai 30"C for thirty rainufes. Afler completion of the
reaction, the protein chip was wasbed extensively with TBS buffer at room temperature, and
then allowed to dry. Phosphorylation signals were cbfained by exposing the protein chip to
either X-ray film or a phosphoimager.

A human protein kinase A (PKA), a human map kinase (MAPK), three yeast PKA
homologs (TPK!, TPK2 and TPKS3), and two other yeast protein kinases (HSLI and RCK1)
were tosted against two subsirales (.e., a protein substrate for PKA and a commonly nsed
kinase subsirate, MBP) using different concenirations of PXIu: (a specific human PKA
ichibitor) or SB202190 (2 MAPK inhibitor). As shown in Figurc 7, PKIo specifically
inhibited PK.A activities on both peptide and MBP substrales, However, PKlu did not
inhibit the three yeast PKA homologs (TPK1, TPK2, TPK3) or the ofher two yeast protein
kinascs tested, HSL1 and RCK1). In addition, 8B202190 did not inhibit PKA activity.

X. Example V: Kinase Assavs on a Glass Surface

1. Glass slides (Fisher, USA) were soaked in 28-30% ammonivm hydroxide
overnight at room temperature ("RT") with shaking,

2. The slides were rinsed with ulira-pure water four Gines for 5 minutes (“min’)
each, then rinsed with a large volume of 100% ethanol (“EtOH”) to compleiely remove the
water. Slides were then rinsed with 95% ethanal three times.

3. The slides were immersed in 1% 3-glycidoxypropyliimethexysilane {GPST)
solution in 95% BEtOH, 16 mM acctic acid (“HOA¢™) with shaking for 1 hr at room
temperaturs. The slides were rinsed with 95% ethanol thres times a1 RT.

4. The slides were cured at 135°C for 2 hes under vacvum. Afler conling, the
slides can be stored in Argon for months before use.

3, Approgimately 10 ul of each protein substrate (in 40% glycerol) were
arrayed onto a 96-well PCR plate on jce. A.ipanual spoiting device (V&P Scieniific, USA)
was nsed to spot approximately 3 nl of each of the samples onto the GPTS-lreated glass
slide 2t RT. In one embodiment, 768 samiples are spotted on a single slide. The slides were
mevbated in a covered and clean chamber at RT for one hour.

6. A slide was blocked with 10 ml blocking buffer (100 mM glycine, 100 mb
Tris, pH 8.0, 50 mM NaCl) at RT for one hour. The slides were washed with TBS buffer
(50 M Tris, pH 8.0, 150 mM NaCl}) three times and spun to dryness at 1500 rpm for 5
fnin,
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7. The substrate surfaces on the slides were covered with the HybriWell
Sealing System (Schleicher & Schuell, Getmany) and 40 i of kinase mixture, containing a
protein kinase and “P-y-ATP as a labefing reagent, was added to the substrates on ice.

8. The reaction was incubated at 30°C for 30 min in a humidity chamber. The
seuls were peeled from the slides, and the slides jrumersed into large volume of PBS buffer
containing 50 mM EDTA. The slides were further washed with the same buffer 3 x 15 min
gt RT. The washed slidcs wore then dried with Kimwipes.

9. To acquire the signals, the slides were exposed to a Phosphoimager sereen
and the data analyzed using ImageQuani software.

XTI References Cited

All references cited herein are incorporated herein by reference in their enfircly and
for all purposes 1o the same extent as if each individual puhlication or patent or patent
application was specifically and individually indicated to be incorporated by reference in its
entirety for all purposes.

Many medifications and variations of this invention can be made without departing
from its spirit and scope, as will be apparent to those ekilled in the arl. The specific
embodiments described herein are offered by way of example only, and {he invention is to
be limited only by the terms of the appended claims, along with the foll scope of
equivalenis ta which such claims are enfitled,
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We claim:
1. A positionally addressable array comprising a plurality of different substanses,
setected from the group consisting of proteins, molecules comprising functional
5 domains of said proteins, whole cells, and protein-containing celtular material, on a
solid support, with each different substance being af a different position on the solid
sﬁpport, whersin the plurality of different substances consists of #t least 160
differsnt substances per car’,
2. The array of claim 1 wherein the plurality of different substances consists of
10 between 100 and 1,000 different substances per cm®,
3. The array of claim 1 wherein the plorakity of different substances consists of
between 1,000 and 10,000 different substaness pex o’
4. The axray of claim 1 wherein ihe plurality of different substances consists of
between 10,000 and 100,000 different substances per com’.
15 5. The array of clatm. 1 wherein the plurality of different substances consisis of
between 100,000 and 1,400,000 differcnt substatces pet em®.
6. The avray of claim 1 wherein the plurality of different substances consisis of
Dbetween. 1,000,000 and 10,000,000 different substances per cm’.
7. The array of claim 1 wherein the plurality of different substances consists of
20 between 19,000,000 and 25,000,000 different substances per cm®.
8. The arcay of claim 1 wherein the plurality of different substances cansisis of at least
25,000,000 different substances per em?,
9. The array of claim 1 wherein the plurality of different substances congists of at lcast
10,000,000,000 different substances per cmt,
25 10, The array of claim 1 wherein the plurality of different substances consists of ai least
16,000,000,000,000 different substances per ern’.
11.  The array of claim 1 wherein the solid support is 2 glass slide.
12. The array of claim 1 whersin sach different substance is present in a different well
on the surface of the sofid support.
30 13, The amay of claim 12 wherein cach different substance in a different well is bound
to the surface of the solid support.
14 The array of cleim 12 wheretn cach different substance in a different well is not
bound to the surface of the solid support.
15, The array of claim 12 wherein each different substance in a different well is in
35 selution.
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16.

17.

is.

13,

20.

21.

22.

23.

24.
25,

The array of claim 12 whersin each well contains reagents for assaying biological
activity of a protein or molecule,

A positionally addressable array comprising a plurality of different proteins, or
molecules comprising fanctional demains of said proteins, on a solid support, with
each different protein or molecule being at a different position on the solid suppoxt,
wherein the plurality of proteins or molecules consists of at least 50% of all
expressed proteins with the same type of biological activity in the genome of an
OIgAIISIL.

‘The array of claim. 17 wherein the plurality of proteins or molecules consists of af
least 75% of all expressed proteins with the same type of biclogical activity in the
genonie of an organism.

The array of claim 17 wherein the plurality of proteins or molceules consisis of at
least 90% of all expressed proteins with the same type of biclogical activity in the
genome of an organism.

The array of claim 17 wherein the orgamsm is selected from the group consisting of
bacieria, ycast, insects, and mammals.

The array of claim 17 whetein the expressed profeins with a biclogical activity of
interest are gelected from the group consisting of kinases, phosphatases, protenses,
glycosidases, acetylases, other group transferring enzymes, nueleic acid binding
proteins, hormons binding proteins, and DNA binding proteins.

A positionally addressable array comprising a plurality of different substances
sclected from the group consisting of proieins, molecules comprising functional
damains of said proteins, whole cells, and protein-containing cellnlat material, on a
solid support, with each different substance being at a different position on the solid
support, wherein the solid support is selected from the group consisting of ceramics,
amorphous silicon carbide, castable oxides, polyimides, polymethylmethacrylates,
palystyrenes and silicone elastomers.

The array of clamm 22 wherein the solid suppert is silicone clastomer.

The array of claimn 23 wherein the solid support is polydimethylsiloxane.

A posifionally addressable array comprising a plovality of different substances,
selected from the grovp sonsisting of proteins, molecules comprising functional
domains of said proteins, whole cells, and protein-containing cellular material, on a
solid support, with each different substance being at a different position on the solid
support, wherein the plurality of different ssbstanves are atiached to tre solid
support via & 3-glycidooxypropyltrimethoxysilanc linker.
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26.  Anamray comprising a phuality of wells on the surface of & solid support whercin
the density of the wells is at least 100 wellsfom™.

27, The array of claim 26 wherein the density of the wells is between 100 and 1,000
wells/era?,

5 28, The array of claim 26 wherein the density of the wells is between 1,000 and 10,000
wells/om’.

29, The array of claim 26 wherein the density of the wells is between 10,000 and
100,000 wells/cm?,

30,  The array of clrim 26 wherein the density of the wells is between 100,000 and

10 1,000,000 wells/cr™.

31.  The array of claim 26 wherein the density of the wells is between 1,000,000 and
10,000,000 wells/em®,

32, Thearray of claim 26 whetein the density of the wells is between 10,000,000 and
25,000,000 wells/onm?

15 33.  The wray of claios 26 wherein the densiiy of the wells is at lcast 25,000,000
wells/orn’.

34.  The array of claim 26 wherein the density of the wells is at least 10,000,000,000
wells/om®.

35.  The array of claim 26 wiercin the density of the wells is af Teast 10,000,000,000,000

20 wells/om®.

36.  The acray of claim 26 wherein a plurality of different substznces, scleeted from the
group consisting of proteins, molecules comprising functional domains of said
proteins, whole cells, and protein-containing collnlar material, is present in the
wells, with each dilfsrent substance being present in a different well,

25 37,  The array of claima 36 wherein exch different substance in a different weli is hound
o the surface of the solid support.

38, The array of claim 37 wherein each different substance in a different well is
covalently bouud to the surface of the sohid support.

39, The array of claim 38 whersin each different substance in a different well is

30 covalently bound to the surface of the solid suppert through a linker,

40, The array of claim 39 wherein the linker is 3~glycidooxypropylirimethoxysiline.

41.  The array of claimn 36 wherein each different substance in a different well is non-
covalenily bound te the surface of the salid suppert.

42, The array of claim 36 wherein each different substunce in a different well is free of

35 binding to the surfacc of the solid suppori.
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43, The azay of claim 36 wherein each different substance i a differemt well is in
solution,
44, The array of elaim 26 whessin each well containg reagents for asseying biological
activity of a protein or molccule.
5 45 Thearray of elaim 26 wherein volumes of the wells are betwoen 1 pl and 5 pl.
46, The amway of claim 26 wherein volumes of the wells are between 1 nl and 1 pl.
47, The array of claim 26 wherein volumes of the wells arc between 100 nl and 300 l.
48, The array of elaim 26 wherein the bottoms of the wells are square, round, V-shaped
or U-shaped.
10 49. A method of making s positionally addressahle array comprising a plurality of wells
on the surface of a solid support comprising the step off
casting an aray from a microfebricated mold designed to produce 2 density
of wells on a solid surface of greafer than 100 wells/om?®,
50. A method of making a positionally addressable array comprising a plurality of wells
15 on the surface of a solid support comprising the steps of:
@ casting a secondary mold from a micrefabricaied mold designed to
producs a density of wells on a solid surface of greater than 100 wells/em®; and
(b)  casting at least one array from the secondary mokd,
51.  The method of claims 49 or 50 wherein the casting of an array further comprises the
20 steps of:
{2) covering the mold with a liquid cast material; and
(®)  curing the cast material until the cast is solid.
52, Themethed of any of claims 49-51 wherein the density of the wells is between 100
and 1,000 wells/em®.
25 53, The method of any of claims 49-51 wherein the density of the wells is between
1,000 and 10,000 wells/cm®.
54.  The method of any of claitus 49-51 whetein the density of the wells is between
10,000 and. 100,000 wells/om’.
55.  The method of any of claims 49-51 wherein the density of the wells is betweaen,
30 100,000 and 1,000,000 wells/cm®.
56,  Themsthed of any of claims 49-51 wherein the density of the wells is between
1,000,000 and 10,000,000 wells/cm®.
57.  The methed of any of claims 49-5( wherein the density of the wells is between
10,000,000 and 25,000,800 wellsfom™.
35 38.  The method of any of claims 49-51 wherein the density of the wells is greater than

25,000,000 wells/cm®.
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62.
63,
64.

65.
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66.

20

25 67,

30

35 68,

The method of any of claims 49-51 wherein the density of the wells is greaicr than
10,060,000,000 wells/om’.
The method of any of claims 49-51 wherein the density of the wells is greater than
10,000,000,000,000 wells/cm?.
The method of claim 42 or 50 wherein the array is cast from siliconc clastomer.
The mothod of claim 49 or 50 wherein the array is cast from polydimethylsilozane,
The method of claim 51 wherein the liquid cast material is a silicone elastomer.
Th miethod of claim 51 wherein the liquid cast material is polydimethyisiloxane.
A mathod of using a positionally addressablc array comprising a plorality of
different substances, selected from the group consisting of proteins, molecules
comprising functional domains of said proteins, whialc cells, and protein-containing
cellular material, on a solid support, with sach different substance heing at a
different position on the salid support, wherein the plurality of different substances
consists of at least 100 different substances per cin®, comprising the steps of;

(a) contacling a probe with the arvay; and

(b)  detecting protein/prabe interaction.
A method of using a positionally addressable arvay comprising a plurality of
different proteins, or molecules comprising funetional domains of said prateins, on a
solid support, with each differsut protein or molecule being at a different position on
the salid support, wherein the plavality of proteins or moleoules consists of at least
50% of all expressed proteins with ihe same [ype of biological activity in the
genotue of an organisim, comprising the steps of:

{a) contacting a probe with the array; and

(b)  detecting protein/probe iniernction.
A method of using a positionally addressable array comprising a plutality of
different substances, selected fom the group consisting of protsins, molecules
comprising finctional domains of said proteins, whole cells, and protein-contuining
cellular malerial, on a solid support, with each different substance being at a
difforent position on the solid support, wherein the solid support is selected from the
group consisting of ceramics, amorphous silicon carbide, castable oxides,
polyimides, polymethylmethacrylates, polystyrenes and silicone elastomers,
comprising the steps of®

(a) contaeting a probe with the arcray; and

(b))  delecling protein/probe interaction.
A method of using a positionally addrcssable array eomptising a plurality of
ditferent substances, selected from the group consisting of proteins, melecules

-51-
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69.

70.

7L

73

74

5.
70,

comprising functional domains of said proteins, whols cetls, and protein-containing
cellular material, on 2 solid support, with each different substance being at a
dilferent position on the solid suppert, wherein the plurality of different substances
are attached to the solid support via a 3-glycidooxypropylttimethoxysilane linker,
comprising the steps af!
(a) contacting a prabe with the array; and
[()] detecting proiein/probe interaction.
The method of any of claims 65-68 whexein the probe is an enzyme substrale or
inhibitor.
The method of claim €9 wherein the probe is a snbstrate or inhibitor of an enzyme
chosen from the group consisting of kinases, phosphatases, proteases, glycosidases,
acetylases, and other group iransferring enzymes.
The method of any of claims 65-68 wherein the probe is chosen from the group
consisting of proteins, oligonucleotidss, polynucleotides, DNA, RNA, small
molecnls substrates, drug candidatss, receptors, anligens, sieroids, phospholipids,
autibodies, glutathione, immunoglobulin domains, maltose, nickel, dihydrotrypsin,
and hiotin.
The method of any of claims 63-68 wherein deteciion of protein/probe intcraction is
via mass specironietry.
The method of any of claims 65-68 wherein detection of profein/probe interaction is
via a method chosen from the group consisting of chemiluminescence, fuorescence,
radiolabeling, and aforaic foree mictoscopy.
A method of using a positionally addressable array cemprising the steps of
(a) depositing a plurality of different substances, selected from the group
consisting of proteius, molecules comprising functional domains of
said proteins, whole cells, and profein-containing collular material, on
a solid support, with each different substance being at a different
position on: the solid suppert, wharein the plurality of different
substanees consists of at least 100 different substances per om?;
(by  contacting a probe with the array; and
(e} detecting protein/probe inferaction.
The method of claim 74 wherein the solid support is a glass slide.
A methed of using a positionally addressable array comprising the steps of:
(a)  depositing a pluality of different proteius, or molecules comprising
functional domains of said proteing, on & solid support, with cach
different protein or molecule being at a different position on the solid
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support, wherein the plurality of proteins or moleculss consists of at
least 30% of all expressed profeins with the same type of biclogical
aciivily in fhe genome of an orgamism;

coptacting a probe with the array; and

detecting protein/probe interaction.

77. The method of claim 76 wherein the solid suppori is 2 glass slide.

78. A method of making a positionally addressable array comprising the steps of:

(@)

19 (b)

casting an array from a mderofabricated moid desighed to produce a
density of wells on a solid surface of greater than 100 welis/em’; and
depositing in wells a pluralify of differeut substances, selected from
the group consisting of proteins, molecules comprising farctional
domains of said proleins, whole cells, and protcin-eentaining cellular
vuaterial, on 2 solid support, with cach different substance being in 2
different well on the solid support.

15 78, Amethod of making a positionally addressable atray comprising the steps ol

@

()
20 ©

casting a secendary mold from a microfabricated mold designed te
produce a density of wells ou a solid surface of greater than 100
wells/om®;

casting at least one sxray from the secondary mold, and

depositing in wells a plurality of different substances, selected from
the group consisting of proteins, molecules comprising functional
domains of said proteins, whole vells, and protein-comiaining cellular
maicrial, on a solid support, with each different substance being ina
different well on the solid support.

25 80. A method of identifying an antigen that aclivates a lymphoeyte comprising the steps

of:
(@

30

®)

contacting a positionally addressabls array with a phuality of
Iymphocytes, said axay comprising a plurality of potential antigons
on & solid support, with cach different antigen being at a different
position on the salid support, whereiu the density of different
antigens ig ot least (00 different antigens per om®; and

defecting positions on the solid support where lymphocyte activation

Qccurs.

81.  The meihod of Claim 80 wherein the lymphooytes are detived fom a patient.

35
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82.

83,

84

83,

86.

87.

83.

89,

91.

The methed of Clain 80 wherein the antigens are selected from the group consisting
of antigens of pathogens, antigens of autologous tissucs, tissue-specific antigans,
diseasc-specific antigens, and synthetic antigens.

The methed of Claim 80 wherein lymphocyte activation is detected by measuring
antibody synthesis.

The method of Claim 80 wherein lymphocyte activation is detecied by measuring
the incorporation of *H-fiymidine by a Iymphecyte.

The method of Claim 80 wherein lymphocyte activation is detected by determining
the expression of cell surface melecules induced or suppressed by lymphocyte
activation.

The method of Claim 80 wherein lymphooyte activation is detcoted by determining
the expression of seereted molecules induced by lymphocyte activation.

The method of Claint 80 wherein lymphecyts activation is detected by measuring
the releass of Fehrominm,

A method of determining the specificity of an antibody preparation comprising the
steps oft

{a} contacting a positionally addressable array with an antibody
preparation, said array comprising a plurality of potential antigens on
a solid support, with each different antigen being at a different
position on the solid support, wherein the density of different
antigens is at least 100 differcit antigens por om’; and

(b) detecting positions on the solid support where binding by ar antibody
in said antibody preparation occurs.

The method of Claim 88 wherein ihe antibody prepuaiion comprises antiserum, a
monoclonal antibody, or a polyclonal antibody.

The method of Claim 88 wherein the autibody preparation comprises Fab fragments,
chimeric, single chain, humanized, ox synibetic antibodies,

The method of Claim 88 wherein antibody binding is detected by contacting the
array with a fhiorescently labeled secondary antibody that binds to antibody in said
antibody preparation; removing unbound secondary antibedy; and detecting bound
label on the array.

A method of ideniifying a mitogen comprising the steps of:

[EY] contacting a positionally addressable array with 8 population of cells;
said array comprising 4 plurality of differcnt substances, selected
firom the group consisting of proteins, molecules comprising
fanctional domains of said proteins, whole cells, and protein-
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S

98,

99,

100.

101

102,

contaiming cellular malcrial, on a solid supporl, with each different
substance being at a different position on the solid support, wherein
the density of different substances is at least 100 different substances
per om?; aud

M) detecting positions on the solid support where mitogenic activity is
induced in a cell.

A kit comprising:

(a) one O MOre arrays comprising a plorality of wells on the surface of 2
solid support wherein the density of the wells is at least 100
wellsiem?; and

(b) in one or more comtainers, one or more probes, reugents, or other
molecules.

The kit accarding to Claim 93 wherein said one or more confainers comprise a
reagent useful for assaying biological activily of a protein.

The kit according to Claim 93 wherein said one or more containess comprise a
reagent usefuil for assaying interactions between a probe and a proiein.

The kit according to Claim 94 or 95 wherein the reagent is in solution.

The kit according to Claim 94 ot 95 whereitt the reagent is in selid fornt.

The kit according to Claim 94 or 95 whevein the reagent is contained in each well of
the artay.

The kit according to Claim 94 or 95 wherein the reagent is contained in selscted
weils of the awray.

The kit according to Claim 93 wherein said one or more containers contain a
solution reaction mixture for assaying biological activity of a protein or molecule.
The kit according to Claim 100 wherein said one or more containers contain ons or
more snbstrafes to assay said biological activity.

A kit comprising:

(a)  one ormore positionally addressable arrays comptising a plucality of
different substances, sclooted from the group consisting of proteins,
molecules comprising functional domains of said proteins, whole
cells, and protein-containing cellular material, on a solid suppaort,
with each different sebstance being at & different position on the solid
support, wherein the plurality of different substances consists of af
least 100 different substances per cm®; and

(b) in otie of mare containers, one or more probes, reagents, or other
moleciles,
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103, The kit according to Claim 102 wherein the substances are attached to the surfuce of
wellls on the solid support.

104, The kit aecording to Claim 103 wherein the substances are proteins, and the proteins
are at least 50% of all expressed proteins with the same type of biological activity in

5 20 organism,

105 The kit according to {laim 104 wherein the substances are proteins or molecules
comprising functional domains of said proteins, and the proteins or molecules are
selected from the group consisting of kinases, phosphatases, proteascs, giyeosidases,
acetylases, nucleic acid binding proteins, and hormone binding proteins.
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