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(57) ABSTRACT 

The present invention relates to methods of conducting 
assays for enzymatic activity on microarrays useful for the 
large-scale study of protein function, screening assays, and 
high-throughput analysis of enzymatic reactions. The inven 
tion relates to methods of using protein chips to assay the 
presence, amount, activity and/or function of enzymes 
present in a protein sample on a protein chip. In particular, 
the methods of the invention relate to conducting enzymatic 
assays using a microarray Wherein a protein and a substance 
are immobilized on the surface of a solid support and 
Wherein the protein and the substance are in proximity to 
each other sufficient for the occurrence of an enzymatic 
reaction betWeen the substance and the protein. The inven 
tion also relates to microarrays that have an enzyme and a 
substrate immobilized on their surface Wherein the enzyme 
and the substrate are in proximity to each other sufficient for 
the occurrence of an enzymatic reaction betWeen the enzyme 
and the substrate. 
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METHODS FOR CONDUCTING ASSAYS FOR 
ENZYME ACTIVITY ON PROTEIN 

MICROARRAYS 

1. FIELD OF THE INVENTION 

[0001] The present invention relates to methods of con 
ducting assays for enzymatic activity on microarrays useful 
for the large-scale study of protein function, screening 
assays, and high-throughput analysis of enZymatic reactions. 
The invention relates to methods of using protein chips to 
assay the presence, amount, activity and/or function of 
enZymes present in a protein sample on a protein chip. In 
particular, the methods of the invention relate to conducting 
enZymatic assays using a microarray Wherein a protein and 
a substance are immobilized on the surface of a solid support 
and Wherein the protein and the substance are in proximity 
to each other suf?cient for the occurrence of an enZymatic 
reaction betWeen the substance and the protein. The inven 
tion also relates to microarrays that have an enZyme and a 
substrate immobiliZed on their surface Wherein the enZyme 
and the substrate are in proximity to each other suf?cient for 
the occurrence of an enZymatic reaction betWeen the enZyme 
and the substrate. 

2. BACKGROUND OF THE INVENTION 

[0002] Adaunting task in the post-genome sequencing era 
is to understand the functions, modi?cations, and regulation 
of every protein encoded by a genome (Fields et al., 1999, 
Proc Natl Acad. Sci. 9618825; Goffeau et al., 1996, Science 
2741563). Currently, much effort is devoted toWard studying 
gene, and hence protein, function by analyZing mRNA 
expression pro?les, gene disruption phenotypes, tWo-hybrid 
interactions, and protein subcellular localiZation (Ross-Mac 
donald et al., 1999, Nature 4021413; DeRisi et al., 1997, 
Science 2781680; WinZeler et al., 1999, Science 2851901; 
UetZ et al., 2000, Nature 4031623; Ito et al., 2000, Proc. Natl. 
Acad. Sci. USA. 9711143). 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 technology. Although these studies are useful, 
transcriptional pro?les do not necessarily correlate Well With 
cellular protein levels or protein activities. Thus, the analysis 
of biochemical activities can provide information about 
protein function that complements genomic analyses to 
provide a more complete picture of the Workings of a cell 
(Zhu et al., 2001, Curr. Opin. Chem. Biol. 5140; MartZen, et 
al., 1999, Science 28611153; Zhu et al., 2000, Nat. Genet. 
261283; MacBeath, 2000, Science 28911760; Caveman, 
2000, J. Cell Sci. 11313543). 

[0003] Currently, biochemical analyses of protein function 
are performed by individual investigators studying a single 
protein at a time. This is a very time-consuming process 
since it can take years to 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 encoded by the genome. Based on 
sequence comparison, genes encoding for proteins With a 
particular enZymatic activity can be identi?ed. HoWever, a 
detailed analysis of an individual proteins’ biochemical 
properties, such as, substrate speci?city, kinetic pro?le and 
sensitivities to inhibitors, is a time-consuming process. 
Thus, high-throughput Ways of analyZing the biochemical 
activities of proteins are required. 
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[0004] It Would be useful to analyZe hundreds or thou 
sands of protein samples using a single protein chip. Such 
approaches lend themselves Well to high throughput experi 
ments in Which large amounts of data can be generated and 
analyZed. Microtiter plates containing 96 or 384 Wells have 
been knoWn in the ?eld for many years. HoWever, the siZe 
(at least 12.8 cm><8.6 cm) of these plates makes them 
unsuitable for the large-scale analysis of proteins. 

[0005] Recently devised methods for expressing large 
numbers of proteins With potential utility for biochemical 
genomics in the budding yeast Saccharomyces cerevisiae 
have been developed. ORFs have been cloned into an 
expression vector that uses the GAL promoter and fuses the 
protein to a polyhistidine (e.g., HISX6) label. This method 
has thus far been used to prepare and con?rm expression of 
about 2000 yeast protein fusions (Heyman et al., 1999, 
“Genome-scale cloning and expression of individual open 
reading frames using topoisomerase I-mediated ligation,” 
Genome Res. 91383-392). Using a recombination strategy, 
about 85% of the yeast ORFs have been cloned in frame 
With a GST coding region in a vector that contains the CUP 
I promoter (inducible by copper), thus producing GST 
fusion proteins (MartZen et al., 1999, “A biochemical 
genomics approach for identifying genes by the activity of 
their products,” Science 28611153-1155). MartZen et al. used 
a pooling strategy to screen the collection of fusion proteins 
for several biochemical activities (e.g., phosphodiesterase 
and Appr-1-P-processing activities) and identi?ed the rel 
evant genes encoding these activities. 

[0006] Several groups have recently described microarray 
formats for the screening of protein activities (Zhu et al., 
2000, Nat. Genet. 261283; MacBeath et al., 2000, Science 
28911763; Arenkov et al, 2000, Anal. Biochem 2781123). In 
addition, a collection of overexpression clones of yeast 
proteins have been prepared and screened for biochemical 
activities (MartZen et al., 1999, Science 2861 1153). 

[0007] Photolithographic techniques have been applied to 
making a variety of arrays, from oligonucleotide arrays on 
?at surfaces (Pease et al., 1994, “Light-generated oligo 
nucleotide arrays for rapid DNA sequence analysis,” PNAS 
9115022-5026) to arrays of channels (US. Pat. No. 5,843, 
767) to arrays of Wells connected by channels (Cohen et al., 
1999, “A microchip-based enZyme assay for protein kinase 
A,” Anal Biochem. 273189-97). Furthermore, microfabrica 
tion and microlithography techniques are Well knoWn in the 
semiconductor fabrication area. See, e.g., Moreau, Semicon 
ductor Lithography: Principals, Practices and Materials, 
Plenum Press, 1988. 

[0008] Screening a large number of proteins or even an 
entire proteome Would entail the systematic probing of 
biochemical activities of proteins that are produced in a high 
throughput fashion, and analyZing the functions of hundreds 
or thousands of proteins samples in parallel (Zhu et al., 
2000, Nat. Genet. 261283; MacBeath et al., 2000, Science 
28911763; Arenkov et al, 2000, Anal. Biochem 2781123; 
International Patent Application publication WO 01/83827 
and WO 02/092118). In vitro assays have previously been 
conducted using random expression libraries or pooling 
strategies, both of Which have shortcomings (MartZen et al., 
1999, Science 28611153; BussoW et al., 2000, Genomics 
6511). Speci?cally, random expression libraries are tedious 
to screen, and contain clones that are often not full-length. 
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Another recent approach has been to generate de?ned arrays 
and screen the array using a pooling strategy (MartZen et al. 
1999, Science 28611153). The pooling strategy obscures the 
actual number of proteins screened, hoWever, and the strat 
egy is cumbersome When large numbers of positives are 
identi?ed. 

[0009] Therefore, there remains a need in the art for the 
large-scale analysis of biochemical functions Which Would 
alloW assessing the activities, in a high-throughput manner, 
of a large number of proteins. 

[0010] Citation or identi?cation of any reference in this 
application shall not be considered as admission that such 
reference is available as prior art to the present invention. 

3. SUMMARY OF THE INVENTION 

[0011] The present invention provides protein chips and 
methods useful for the study of protein activities in a 
high-throughput manner. The present invention also pro 
vides methods for identifying substrates of enZymes and 
modulators of enZymatic activities. The invention is directed 
to methods of using protein chips to assay the presence, 
amount, functionality, activity and sensitivity to modulators 
of enZymes. In particular, the invention is directed to meth 
ods of conducting assays for enZymatic activity on protein 
microarrays. In certain embodiments, a method of the inven 
tion for assaying an enZymatic reaction comprises the fol 
loWing steps: (a) incubating at least one protein and at least 
one substance under conditions conducive to the occurrence 
of an enZymatic reaction betWeen the protein and the sub 
stance, Wherein the protein and the substance are immo 
biliZed on the surface of a solid support; (ii) the protein and 
the substance are in proximity suf?cient for the occurrence 
of said enZymatic reaction; and (iii) the protein and the 
substance are not identical; and (b) determining Whether said 
enZymatic reaction occurs. 

[0012] The methods of the invention can be used to 
determine Whether a protein catalyZes an enZymatic reaction 
of interest. In this embodiment, the substance is a knoWn 
substrate of the enZymatic reaction to be tested, and sub 
strate and protein are incubated in a reaction mixture that 
provides conditions conducive to the occurrence of the 
enZymatic reaction and that provides any cofactors required 
by the enZymatic reaction. 

[0013] The methods of the invention can be used to 
determine Whether a substance is a substrate of an enZymatic 
reaction of interest. In this embodiment, the protein is an 
enZyme knoWn to catalyZe the reaction of interest and 
substrate and protein are incubated in a reaction mixture that 
provides conditions conducive to the occurrence of the 
enZymatic reaction and that provides any cofactors required 
by the enZymatic reaction. 

[0014] The protein, the substance, or the protein and the 
substance to be used With the methods of the invention can 
be puri?ed. The substance can be a knoWn substrate for the 
type of enZymatic activity assayed in the enZymatic reaction 
of a method of the invention, and the determining step of a 
method of the invention determines Whether said protein is 
an enZyme having said type of enZymatic activity. The 
protein can be an enZyme knoWn to have the type of 
enZymatic activity assayed in said enZymatic reaction, and 
said determining step determines Whether said substrate is a 
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substrate for said type of enZymatic activity. If the substance 
is a knoWn substrate for the type of enZymatic activity 
assayed in said enZymatic reaction, the protein can comprise 
a region that is homologous to the catalytic domain of an 
enZyme that is knoWn to have the type of enZymatic activity 
assayed in said enZymatic reaction. In certain embodiments, 
the enZyme is an oxidoreductase, a transferase, a hydrolase, 
a lyase, an isomerase, or a ligase. In a more speci?c 
embodiment, the enZyme is a kinase. 

[0015] In certain embodiments, the substance is a knoWn 
substrate for the type of enZymatic activity assayed in the 
enZymatic reaction of a method of the invention; and the 
protein is knoWn to catalyZe the type of enZymatic activity 
assayed in said enZymatic reaction. In these embodiments, 
substrate and enZyme can be incubated under conditions 
conducive to the occurrence the enZymatic reaction in the 
presence of one or more test molecules so as to determine 

Whether said test molecules modulate said enZymatic reac 
tion; and said determining step comprises detecting Whether 
a change in the amount of said enZymatic reaction occurs 
relative to the amount of said enZymatic reaction in the 
absence of the test molecules. The determining step can 
comprise detecting a decrease in the amount of said enZy 
matic reaction relative to the amount of said enZymatic 
reaction in the absence of the test molecules, thereby iden 
tifying the test molecules as an inhibitor of said enZymatic 
reaction. In other embodiments, said determining step can 
comprise detecting an increase in the amount of said enZy 
matic reaction relative to the amount of said enzymatic 
reaction in the absence of the test molecules, thereby iden 
tifying the test molecules as an activator of said enZymatic 
reaction. In certain embodiments, the substance is knoWn to 
be a substrate of the enZyme. 

[0016] In certain embodiments, said at least one protein of 
a method of the invention is one of a plurality of different 
proteins organiZed on the surface of the solid support in a 
positionally addressable array. The plurality of different 
proteins can consist of betWeen 2 different proteins and 100 
different proteins. The plurality of different proteins can 
consist of betWeen 100 different proteins and 1,000 different 
proteins. The plurality of different proteins can consist of 
betWeen 1,000 different proteins and 10,000 different pro 
teins. The substance can be coated onto the surface of the 
solid support. In certain, more speci?c embodiments, each 
protein of the plurality of proteins is in proximity With the 
substance suf?cient for the occurrence of an enZymatic 
reaction betWeen the protein and the substance, and said 
determining step comprises determining for at least a portion 
of said plurality of proteins Whether said enZymatic reaction 
occurs. 

[0017] In certain embodiments, said at least one substance 
of a method of the invention is one of a plurality of different 
substances organiZed on the surface of the solid support in 
a positionally addressable array. The protein can be coated 
onto the surface of the solid support. In certain, more 
speci?c embodiments, each substance of the plurality of 
different substances is in proximity With the protein suf? 
cient for the occurrence of an enZymatic reaction betWeen 
the protein and the substance, and said determining step 
comprises determining for at least a portion of said plurality 
of different substances Whether said enZymatic reaction 
occurs. The plurality of different substances can consist of 
betWeen 2 different substances and 100 different substances. 
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The plurality of different substances can consist of between 
100 different substances and 1,000 different substances. The 
plurality of different substances can consist of betWeen 
1,000 different substances and 10,000 different substances. 

[0018] In certain embodiments, a ?rst plurality of different 
substances is organized on the surface of the solid support in 
a positionally addressable array, and a second plurality of 
different proteins is organized on the surface of the solid 
support in a positionally addressable array. Said ?rst plural 
ity can consists of betWeen 2 different substances and 100 
different substances, and said second plurality can consist of 
betWeen 2 different proteins and 100 different proteins. In 
other embodiments, the ?rst plurality consists of betWeen 
100 different substances and 1,000 different substances, and 
said second plurality consists of betWeen 100 different 
proteins and 1,000 different proteins. In even other embodi 
ments, said ?rst plurality consists of betWeen 1,000 different 
substances and 10,000 different substances, and said second 
plurality consists of betWeen 100 different proteins and 
10,000 different proteins. In certain embodiments, copies of 
said ?rst plurality are present 1 time, 2 times, 3, 4, 5, 6, 7, 
8, 9, 10, 16, 24, at least 30, at least 50, or at least 100 times 
on the surface of the solid support. In certain embodiments, 
copies of said second plurality are present 1 time, 2 times, 
3, 4, 5, 6, 7, 8, 9, 10, 16, 24, at least 30, at least 50, or at least 
100 times on the surface of the solid support. 

[0019] In certain embodiments, the substance, the protein, 
or the substance and the protein, are covalently bound to the 
surface of the solid support. In other embodiments, the 
substance, the protein, or the substance and the protein, are 
non-covalently immobiliZed to the surface of the solid 
support. In even other embodiments, the substance, the 
protein, or the substrate and the protein, are immobiliZed to 
the surface of the solid support via a linker. 

[0020] In certain embodiments, a method of the invention 
also comprises quantifying the enZymatic reaction. In cer 
tain embodiments, the determining step of a method of the 
invention further comprises measuring a change in a detect 
able signal resulting from said enZymatic reaction. 

[0021] In certain embodiments, the solid support has at 
least one Well and Wherein the Well comprises one or more 
different proteins immobiliZed on the surface of the solid 
support Within the Well. In certain embodiments, the solid 
support has at least tWo Wells and Wherein each Well 
comprises the same one or more different proteins immobi 
liZed on the surface of the solid support Within the Well. 

[0022] In certain embodiments, the solid support has at 
least one Well and Wherein each Well comprises one or more 
different substances immobiliZed on the surface of the solid 
support Within the Well. The solid support can have at least 
tWo Wells and Wherein each Well comprises the same set of 
one or more different substances immobiliZed on the surface 

of the solid support Within the Well. 

[0023] The invention provides, a positionally addressable 
array comprising at least one knoWn enZyme and at least one 
candidate substrate of the enZyme, Wherein the enZyme 
and the substrate are immobiliZed on the surface of a solid 
support; (ii) the enZyme and the substrate are in proximity 
sufficient for the occurrence of the enZymatic reaction cata 
lyZed by the enZyme betWeen the enZyme and the substrate; 
and (iii) the enZyme and the substrate are not identical to 
each other. 
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[0024] The invention also provides a positionally addres 
sable array comprising at least one knoWn substrate of an 
enZymatic reaction and at least one candidate enZyme for the 
catalysis of the enZymatic reaction, Wherein the enZyme 
and the substrate are immobiliZed on the surface of a solid 
support; (ii) the enZyme and the substrate are in proximity 
suf?cient for the occurrence of the enZymatic reaction 
betWeen the enZyme and the substrate; and (iii) the enZyme 
and the substrate are not identical to each other. 

[0025] The invention further provides a positionally 
addressable array comprising at least one knoWn substrate of 
an enZymatic reaction and at least one enZyme that is knoWn 
to catalyZe the enZymatic reaction, Wherein the enZyme 
and the substrate are immobiliZed on the surface of a solid 
support; (ii) the enZyme and the substrate are in proximity 
suf?cient for the occurrence of the enZymatic reaction 
betWeen the enZyme and the substrate; and (iii) the enZyme 
and the substrate are not identical to each other. 

[0026] In certain embodiments, a positionally addressable 
array of the invention further comprises a reaction mixture, 
said reaction mixture being in contact With the enZyme 
and the substrate, and (ii) conducive to the occurrence of the 
enZymatic reaction. 

[0027] In certain embodiments, the enZyme, the substrate, 
or the enZyme and the substrate of a positionally addressable 
array of the invention are puri?ed. In certain embodiments, 
the surface of the solid support of a positionally addressable 
array of the invention is coated With the enZyme or With the 
substrate. 

[0028] In certain embodiments, the coating of an array 
With substance or With protein covers the entire array. In 
other embodiments, the coating of an array With substance 
or With protein covers a part of the array. In certain embodi 
ments, the area covered by the coating is larger than the area 
covered by a protein or substrate that is printed on the 
surface of the array. 

[0029] In certain embodiments, a substrate on a position 
ally addressable array of the invention is one of a plurality 
of different substrates. In certain embodiments, each differ 
ent substrate is in proximity With an enZyme suf?cient for 
the occurrence of the enZymatic reaction betWeen the sub 
strate and the enZyme. 

[0030] In certain embodiments, an enZyme on a position 
ally addressable array of the invention is one of a plurality 
of different enZymes. In certain embodiments, each different 
enZyme is in proximity With a substrate suf?cient for the 
occurrence of the enZymatic reaction betWeen the substrate 
and the enZyme. 

[0031] In certain embodiments, an enZyme on a position 
ally addressable array of the invention is one of a plurality 
of different enZymes and a substrate on a positionally 
addressable array of the invention is one of a plurality of 
different substrates. 

[0032] The invention also provides a positionally addres 
sable array comprising at least one knoWn enZyme immo 
biliZed on the surface of a solid support, Wherein the surface 
is modi?ed to alloW for the immobiliZation of a candidate 
substrate of the enZymatic reaction catalyZed by said 
enZyme in proximity With the enZyme suf?cient for the 
occurrence of the enZymatic reaction betWeen the enZyme 
and the substrate. 
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[0033] The invention further provides a positionally 
addressable array comprising at least one substrate of an 
enzymatic reaction immobilized on the surface of a solid 
support, Wherein the surface is modi?ed to alloW for the 
immobilization of a candidate enzyme capable of catalyzing 
said enzymatic reaction, Wherein the enzyme is immobilized 
in proximity With the substrate suf?cient for the occurrence 
of the enzymatic reaction betWeen the enzyme and the 
substrate. 

[0034] The invention also provides a kit comprising the 
positionally addressable array of the invention, and a con 
tainer comprising a reaction mixture conducive to the occur 
rence of the enzymatic reaction. 

[0035] In certain embodiments, the present invention is 
directed to protein chips, Which are positionally addressable 
arrays comprising a plurality of proteins, With each protein 
being immobilized at a different position on a solid support 
and Wherein at least one substrate of an enzymatic reaction 
is also immobilized to the solid support such that a protein 
and a substrate are in proximity suf?cient for the occurrence 
of the enzymatic reaction betWeen the protein and the 
substrate. In certain speci?c embodiments, the plurality of 
proteins represents a substantial proportion of all proteins 
expressed in a single species, Wherein translation products 
of one open reading frame are considered a single protein. 

[0036] In certain embodiments, the present invention pro 
vides a positionally addressable array comprising a plurality 
of proteins, With each protein being immobilized at a dif 
ferent position on a solid support, Wherein the plurality of 
proteins comprises at least 1%, 2%, 3%, 4%, 5%, 10%, 20%, 
30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or 99% of all 
proteins expressed in a single species and Wherein at least 
one substrate of an enzymatic reaction is also immobilized 
to the solid support such that a protein and a substrate are in 
proximity suf?cient for the occurrence of the enzymatic 
reaction betWeen the protein and the substrate. In a speci?c 
embodiment, protein isoforms and splice variants are 
counted as a single protein. 

[0037] In another embodiment, the present invention pro 
vides a positionally addressable array comprising a plurality 
of proteins, With each protein being immobilized at a dif 
ferent position on a solid support, Wherein the plurality of 
proteins comprises at least 1, 2, 3, 4, 5, 10, 20, 30, 40, 50, 
100, 200, 500, 1000, 1500, 2000, 2500, 3000, 4000, 5000, 
6000, 7000, 8000, 9000, 10,000, 100, 000, 500,000 or 
1,000,000 protein(s) and Wherein at least one substrates of 
an enzymatic reaction is also immobilized to the solid 
support such that a protein and a substrate are in proximity 
sufficient for the occurrence of the enzymatic reaction 
betWeen the protein and the substrate. 

[0038] In another embodiment, the invention provides a 
positionally addressable array comprising a plurality of 
proteins, With each protein being immobilized at a different 
position on a solid support, Wherein the plurality of proteins 
in aggregate comprise proteins encoded by at least 1000 
different knoWn genes of a single species and Wherein at 
least one substrate of an enzymatic reaction is also immo 
bilized to the solid support such that a protein and a substrate 
are in proximity suf?cient for the occurrence of the enzy 
matic reaction betWeen the protein and the substrate. 

[0039] In a further embodiment, the proteins are organized 
on the array according to a classi?cation of proteins. The 
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classi?cation can be by abundance, function, functional 
class, enzymatic activity, homology, protein family, asso 
ciation With a particular metabolic or signal transduction 
pathWay, association With a related metabolic or signal 
transduction pathWay, or posttranslational modi?cation. In a 
speci?c embodiment, the invention provides a positionally 
addressable array comprising a plurality of proteins With a 
speci?c enzymatic activity Wherein at least one substrate of 
the enzymatic reaction that is catalyzed by the enzymatic 
activity of the proteins on the array is also immobilized on 
the solid support and Wherein a protein and a substrate are 
in proximity suf?cient for the occurrence of the enzymatic 
reaction betWeen the protein and the substrate. 

[0040] In certain embodiments, the invention provides a 
positionally addressable array of proteins on a solid support 
Wherein at least one substrate of an enzymatic reaction is 
immobilized on the solid support, Wherein the solid support 
comprises glass, ceramics, nitrocellulose, amorphous silicon 
carbide, castable oxides, polyimides, polymethylmethacry 
lates, polystyrenes, gold or silicone elastomers. 

[0041] In one embodiment, the surface of the solid support 
is a ?at 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 
speci?c embodiment, the ?at surface array has proteins 
bound to its surface via a 3-glycidooxypropyltrimethoxysi 
lane (GPTS) linker. 

[0042] In certain embodiments, the invention relates to 
microarrays and methods of using the microarrays for enzy 
matic assays, Wherein an enzyme is immobilized to the 
surface of a solid support and Wherein a plurality of different 
substrates is also immobilized to the surface of the solid 
support such that enzyme and substrates are in physical 
contact. Each individual substrate of the plurality of sub 
strates is immobilized at a different position of the surface of 
the solid support. 

[0043] In certain embodiments, the amount of enzyme 
needed in an enzymatic reaction performed using the meth 
ods of the present invention to obtain a detectable signal is 
at least 10-fold, at least 100-fold, at least 1000-fold or at 
least 10,000-fold loWer compared to performing the assay 
Wherein only the enzyme or only the substrate is immobi 
lized. 

[0044] 4. De?nitions and Abbreviations 

[0045] As used in this application, “protein” refers to a 
peptide or polypeptide. Proteins can be prepared from 
recombinant overexpression in an organism, preferably bac 
teria, yeast, insect cells or mammalian cells, or produced via 
fragmentation of larger proteins, or chemically synthesized. 

[0046] As used in this application, “enzyme” refers to any 
protein With a catalytic activity. 

[0047] 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 
domains include, inter alia, domains Which exhibit an enzy 
matic activity such as oxidoreductase, transferase, hydro 
lase, lyase, isomerase, or ligase activity. In more speci?c 
embodiments, a functional domain exhibits kinase, protease, 
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phosphatase, glycosidase, or acetylase activity. Other 
examples of functional domains include those domains 
Which exhibit binding activity toWards DNA, RNA, protein, 
hormone, ligand or antigen. 

[0048] Each protein or substrate of an enZymatic reaction 
on a chip is preferably located at a knoWn, predetermined 
position on the solid support such that the identity of each 
protein or probe can be determined from its position on the 
solid support. Further, the proteins and probes form a 
positionally addressable array on a solid support. 

[0049] As used herein, the term “puri?ed” refers to a 
molecule, a substance or a protein that is substantially free 
of different molecules of the same type, substances of the 
same type, or proteins, respectively, that are associated With 
it in its original state (from Which it is puri?ed). Preferably, 
a molecule is at least 50%, 60%, 70%, 80%, 90%, 95%, 
98%, 99%, 99.5%, 99.8%, 99.9%, 99.98%, 99.998%, 
99.9998%, 99.99998% or at least 99.999998% free of such 
different molecules, Wherein, if the molecule is in solution, 
the solvent is not a different molecule. Preferably, a sub 
stance is at least 50%, 60%, 70%, 80%, 90%, 95%, 98%, 
99%, 99.5%, 99.8%, 99.9%, 99.98%, 99.998%, 99.9998%, 
99.99998% or at least 99.999998% free of such different 
substances. Preferably, a protein is at least 50%, 60%, 70%, 
80%, 90%, 95%, 98%, 99%, 99.5%, 99.8%, 99.9%, 99.98%, 
99.998%, 99.9998%, 99.99998% or at least 99.999998% 
free of such different proteins. 

ABBREVIATIONS 

Abbreviation 

RIE Reactive Ion Etching 
GST glutathione-S-transferase 
GPTS 3-glycidooXypropyltrimethoXysilane 
ORF Open reading frame 
FRET Fluorescence Resonance Energy Transfer 

4.1. BRIEF DESCRIPTION OF THE DRAWINGS 

[0050] FIG. 1. Autoradiographs of kinase reactions on tWo 
different microarrays. The top microarray Was coated With 
substrate and the bottom array Was Without substrate coat 
ing. 

[0051] FIG. 2. Autoradiographs of kinase reactions on 
different microarrays demonstrating the superior signal-to 
noise ratio if the slides are treated With an aldehyde. The 
aldehyde-treated slides Were obtained from TeleChem Inter 
national, Inc. The slide shoWn as FAST is a nitrocellulose 
coated slide (Schleicher & Schuell). The slide shoWn as 
GAPS is coated With an amino-silane surface (Corning®). 

[0052] FIG. 3. Inhibitor Speci?city Pro?ling. Kinase reac 
tions With 50 different human kinases ot-aXis) Were per 
formed in the presence of 100 pM H89 inhibitor (diamond 
squares), 100 pM rottlerin inhibitor (squares) or 100 pM PP2 
inhibitor (triangles). The percentages of inhibition are plot 
ted on the y-aXis for each inhibitor. 

[0053] FIG. 4a. Dose-response curve for inhibition of the 
kinases FYN (squares), EPHB3 (diamond squares) and 
PRKCD (triangles) by PP2. PP2 concentration is shoWn on 
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the X-aXis and percent kinase activity compared to the 
control reaction Without inhibitor is shoWn on the y-aXis. 

[0054] FIG. 4b. Dose-response curve for inhibition of the 
kinases FYN (squares), EPHB3 (diamond squares) and 
PRKCD (triangles) by Staurosporine. Staurosponrin con 
centration is shoWn on the X-aXis and percent kinase activity 
compared to the control reaction Without inhibitor is shoWn 
on the y-aXis. 

[0055] FIG. 5. ShoWs the susceptibility of different human 
kinases to different inhibitors. Eight different inhibitors Were 
tested on a plurality of different human kinases on one slide. 

5. DETAILED DESCRIPTION OF THE 
INVENTION 

[0056] The invention is directed to methods of conducting 
assays for enZymatic activity on protein microarrays. In the 
methods of the invention, a substance and a protein, both 
immobiliZed on the surface of the microarray, are in proX 
imity With each other suf?cient for the occurrence of an 
enZymatic reaction betWeen the substance and the protein. 
The present invention also provides methods of using pro 
tein chips to assay the presence, amount, functionality, 
activity and sensitivity to modulators of enZymes. The 
invention further provides microarrays containing a sub 
stance and a protein, both immobiliZed on the surface of the 
microarray, Wherein the substance and the protein are in 
proximity With each other sufficient for the occurrence of an 
enZymatic reaction betWeen the substance and the protein, 
for use, e.g., to determine if the substance is a substrate 
and/or if the protein is an enZyme that acts on the substrate, 
for the enZymatic activity being assayed, or to identify 
inhibitors of the enZymatic reaction. 

[0057] In certain embodiments, the methods of the inven 
tion can be used to identify enZymes that catalyZe a speci?c 
reaction. In certain embodiments, the methods of the inven 
tion can be used to identify enZymes that use a speci?c 
substrate. In these embodiments, one or more proteins that 
are candidates for the enZyme that catalyZes the reaction of 
interest are immobiliZed on a protein chip for use With the 
invention. 

[0058] In certain embodiments, the methods of the inven 
tion can be used to identify substrates of an enZymatic 
activity of interest. In certain embodiments, the methods of 
the invention can be used to identify substrates that are used 
by enZymes having a speci?c catalytic activity. In certain 
embodiments, the methods of the invention can be used to 
identify substrates that are used by a class of enZymes or by 
a speci?c enZyme of interest. In these embodiments, one or 
more substances that are candidates for substrates of the 
enZymatic activity of interest are immobiliZed on the surface 
of a solid support. 

[0059] In certain embodiments, the methods of the inven 
tion can be used to identify modulators of enZyme activity. 
In such screening assays, a molecule that increases or 
decreases the enZymatic activity being assayed can be 
identi?ed. In certain embodiments, molecules that alter the 
substrate speci?city of an enZyme can be identi?ed. In other 
embodiments, the kinetic properties of an inhibitor, an 
activator or a molecule that alters the substrate speci?city of 
an enZyme can be assessed. 

[0060] In certain embodiments, a method of the invention 
for assaying an enZymatic reaction comprises the folloWing 
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steps: (a) incubating at least one protein and at least one 
substance under conditions conducive to the occurrence of 
an enZymatic reaction betWeen the protein and the sub 
stance, Wherein the protein and the substance are immo 
biliZed on the surface of a solid support; (ii) the protein and 
the substance are in proximity suf?cient for the occurrence 
of said enZymatic reaction; and (iii) the protein and the 
substance are not identical; and (b) determining Whether said 
enZymatic reaction occurs. 

[0061] In certain embodiments, a method of the invention 
comprises the steps of immobilizing a substance on a 
solid support; (ii) printing a plurality of different proteins on 
the solid support such that a substance and a protein are in 
proximity sufficient for the occurrence of said enZymatic 
reaction betWeen the substance and the proteins; and (iii) 
detecting the occurrence of the enZymatic reaction. In cer 
tain embodiments, a method of the invention comprises the 
steps of immobiliZing a protein on a solid support; (ii) 
printing a plurality of different substances on the solid 
support such that a substance and a protein are in proximity 
sufficient for the occurrence of said enZymatic reaction; and 
(iii) detecting the occurrence of the enZymatic reaction 
betWeen the substance and the protein. In certain, more 
speci?c embodiments, the occurrence of the enZymatic 
reaction is visualiZed and/or quanti?ed by a detectable 
signal. 

[0062] In certain embodiments, the plurality of proteins is 
printed on the surface of the solid support in a positionally 
addressable fashion such that the identity of a protein that is 
located at a speci?c position of the array can be easily 
determined. In certain embodiments, the plurality of sub 
stances is printed on the surface of the solid support in a 
positionally addressable fashion such that the identity of a 
substance that is located at a particular position of the array 
can be easily determined. A positionally addressable array 
provides a con?guration such that each substance and/or 
protein of interest is located at a knoWn, predetermined 
position on the solid support such that the identity of each 
substrate and/or protein can be determined from its position 
on the array. 

[0063] In certain embodiments, the surface of the solid 
support is coated With a substrate of an enZymatic reaction 
and the plurality of different proteins is printed on top of the 
substrate coating. In certain, more speci?c embodiments, 
each protein of the plurality of proteins is immobiliZed at a 
different position of the surface of the solid support. In other 
embodiments, the surface of the solid support is coated With 
a plurality of different substrates and the plurality of differ 
ent proteins is printed on top of each substrate. In certain, 
more speci?c embodiments, the different substrates are 
coated on the surface as a mixture. In other embodiments, 
each substrate of the plurality of substrates is coated in a 
different area of the solid support. In other embodiments, a 
substrate is printed on the surface of the solid support and 
the plurality of different proteins is printed on top of the 
substrate. In certain embodiments, a plurality of different 
substrates is printed on the surface of the solid support and 
the plurality of different proteins is printed on top of the 
substrates. In a speci?c embodiment, all possible substrate 
protein combinations of a set of proteins of interest and a set 
of substrates of interest are present on a single microarray. 
In certain, more speci?c, embodiments, the substrates and/or 
the proteins are puri?ed. 
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[0064] In certain embodiments, the different proteins of 
the plurality of different proteins are immobiliZed at differ 
ent positions on the surface of the solid support. In certain, 
more speci?c embodiments, at least one protein of the 
plurality of different proteins is immobiliZed at at least 2, 3, 
4, 5, 6, 7, 8, 9, 10, 12, 15, 20, 25, 50, or at at least 100 
different locations on the surface of the solid support. In a 
preferred embodiment, each protein is immobiliZed at at 
least 4 different positions on the surface of the solid support. 

[0065] In certain embodiments, the different substrates of 
the plurality of different substrates are immobiliZed at dif 
ferent positions on the surface of the solid support. In 
certain, more speci?c embodiments, at least one substrate of 
the plurality of different substrates is immobiliZed at at least 
2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 20, 25, 50, or at at least 100 
different locations on the surface of the solid support. In a 
preferred embodiment, each substrate is immobiliZed at at 
least 4 different positions on the surface of the solid support. 

[0066] In certain embodiments, the surface of the solid 
support is coated With an enZyme and a plurality of different 
substances is printed on top of the enZyme coating. In 
certain, more speci?c embodiments, each substance of the 
plurality of substances is immobiliZed at a different position 
of the surface of the solid support. In other embodiments, the 
surface of the solid support is coated With a plurality of 
different enZymes and a plurality of different substances is 
printed on top of each different enZyme. In certain, more 
speci?c embodiments, the different enZymes are immobi 
liZed on the surface of the solid support as a mixture. In 
other, more speci?c embodiments, the different enZymes are 
immobiliZed in different regions of the surface of the solid 
support. In other embodiments, an enZyme is printed on the 
surface of the solid support and a plurality of different 
substances is printed on top of the enZyme. In certain 
embodiments, a plurality of different enZymes is printed on 
the surface of the solid support and the plurality of different 
substances is printed on top of the enZymes. In a speci?c 
embodiment, all possible protein-substance combinations 
are present on a single microarray. In certain, more speci?c, 
embodiments, the substances and/or the enZymes are puri 
?ed. 

[0067] In certain embodiments, the plurality of proteins 
consists of different proteins that are derived from the same 
source or the same species, e.g., human, yeast, mouse, rat, 
bacteria, and C. elegans. In certain embodiments, the plu 
rality of proteins consists of different proteins that are knoWn 
to have a speci?c enZymatic activity. In a speci?c embodi 
ment, the plurality of enZymes consists of enZymes such as, 
but not limited to, Oxidoreductases, Transferases, Hydro 
lases, Lyases, Isomerases, and Ligases. In more speci?c 
embodiments, an enZyme can be a kinase, a protease, a 
phosphatase, a hydrolase, a RNAse, a DNAse, a tryptase, a 
phospholipase, or a glycosydase. In certain other embodi 
ments, the plurality of protein on the microarray consists of 
different proteins, Wherein the proteins can be derived from 
different sources or from different species and Where the 
proteins may have different or unknoWn enZymatic activity. 
In certain embodiments, proteins With homologies to an 
enZyme of interest are used With the invention. 

[0068] A substance and a protein can be immobiliZed on 
the surface of the solid support by any method knoWn to the 
skilled artisan. In certain embodiments, a substance and/or a 
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protein are directly immobilized on a glass surface. In 
certain embodiments, the surface of the solid support is 
treated With an aldehyde before a substance and/or protein is 
immobiliZed on the surface. Methods for immobilizing 
substrate and protein on the solid support are described in 
more detail in section 5.1. 

[0069] Any kind of enZymatic reaction knoWn to the 
skilled artisan can be used With the methods of the invention. 
Any group of enZymes that catalyZes a speci?c biochemical 
reaction can be used With the invention. Any substance can 
be used With the methods of the invention. A substance can 
be a candidate substrate or a knoWn substrate of an enZy 
matic reaction of interest. Any substrate can be used With the 
methods of the invention. A substrate of an enZymatic 
reaction can be, but is not limited to, a proteinaceous 
substance (e.g., a protein or a peptide), an organic small 
molecule, an inorganic molecule, a nucleic acid (e.g., RNA 
or DNA), a lipid, or a carbohydrate. 

[0070] In certain embodiments, if enZymes that catalyZe a 
speci?c reaction are to be identi?ed, a plurality of different 
proteins is printed on the surface of the solid support 
together With a substrate that is knoWn to be used in the 
speci?c reaction, Wherein each protein is immobiliZed at a 
different position of the microarray. In other embodiments, 
if a substrate that is used by a speci?c enZyme is to be 
identi?ed, a plurality of different substances (i.e., candidate 
substrates) is printed on the surface of the solid support 
together With a speci?c enZyme that is knoWn to catalyZe the 
speci?c reaction, Wherein each substance is immobiliZed at 
a different position of the microarray. Any method knoWn to 
the skilled artisan can be used to visualiZe and to quantify 
the enZymatic reaction. For a more detailed description of 
enZymatic reactions and their visualiZation see section 5.2. 

[0071] In certain embodiments, a substance and a protein 
are immobiliZed on the surface of a solid support Within a 
Well. In certain embodiments, each Well on the solid support 
contains at least one protein and at least one substance such 
that protein and substance are in proximity suf?cient for the 
occurrence of an enZymatic reaction betWeen the substance 
and the protein. In other embodiments, a plurality of differ 
ent proteins or different substances is printed onto the 
surface of the solid support such that each Well harbors a 
plurality of different proteins or substances. In certain, more 
speci?c embodiments, the plurality of proteins or substances 
is organiZed in a positionally addressable array on the 
surface Within a Well. The solid support, e.g., a slide, can 
have at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 15, 20, 25, 50, 100, 
1,000 or at least 10,000 Wells. The performance of the 
enZymatic reaction on a solid support With Wells has the 
advantage that different reaction solutions can be added at 
the same time onto one solid support (e.g., on one slide). 

[0072] In certain speci?c embodiments, the bottom sur 
face of a Well is coated With a substrate of an enZymatic 
reaction, Wherein the substrate is immobiliZed on the sur 
face, and a plurality of different proteins, e.g., enZymes, are 
immobiliZed on the bottom surface of the Well. The substrate 
and the proteins are in proximity With each other suf?cient 
for the occurrence of an enZymatic reaction. In more speci?c 
embodiments, each protein of the plurality of proteins is 
immobiliZed at a different position of the bottom surface of 
the Well in a positionally addressable fashion. 

[0073] In certain embodiments, the proteins of the plural 
ity of proteins are derived from a single species. In other 

Dec. 9, 2004 

embodiments, the proteins of the plurality of proteins are 
derived from different species. In more speci?c embodi 
ments, the proteins of the plurality of proteins are derived 
from a prokaryotic organism. In other embodiments, the 
proteins of the plurality of proteins are derived from an 
organism such as, but not limited to, yeast, Caenorhabditis 
elegans, Drosophila melanogaster, mouse, rat, horse, chim 
panZee, or human. 

[0074] In a speci?c embodiment, the enZyme assay of the 
invention can be used to analyZe the activity of enZymes in 
a particular biological sample. This method is useful for, 
e.g., de?ning a pathological state of a cell based on the level 
of enZyme activity as opposed to abundance of mRNA or 
protein. In speci?c embodiments, enZymes Whose activity is 
upregulated or doWnregulated in a preneoplastic, a neoplas 
tic or a cancerous cell can be identi?ed. EnZymes Whose 
activity is modulated in a cell of a speci?c disease or 
disorder compared to a normal cell are candidates for drug 
targets to identify drugs for treating the disease or disorder. 

[0075] In certain embodiments, a plurality of different 
substances is immobiliZed on the surface of a solid support 
and the extract of a cell is also immobiliZed on the surface 
of the solid support such that at least one substance of the 
plurality of different substances is in proximity With the 
extract suf?cient for the occurrence of an enZymatic reaction 
betWeen the substance and the protein. In a speci?c embodi 
ment, at least one substance of the plurality of different 
substances is a knoWn substrate of an enZymatic reaction. In 
certain embodiments, the different substances are organiZed 
in a positionally addressable array. This embodiment is 
useful for assessing enZymatic activities in a particular type 
of cell, Wherein type of cell can refer to developmental state 
of the cell, stage of the cell cycle in the cell, or Whether the 
cell is derived from a pathological tissue, e.g., is neoplastic 
or cancerous. In this embodiment, enZymatic activity is 
de?ned by the substrate used and the enZymatic reaction 
performed. In certain, more speci?c embodiments, the plu 
rality of different substances is immobiliZed several times at 
different positions of the surface of the solid support. In 
certain embodiments, extracts from different types of cells 
are immobiliZed at the different positions such that each 
plurality or at least some of the pluralities of different 
substances are in contact With a different cellular extract. In 
certain embodiments, each plurality or at least some of the 
pluralities of different substances are in proximity With 
cellular extract from the same type of cell suf?cient for the 
occurrence of an enZymatic reaction betWeen the substances 
of the pluralities and the proteins of the cellular extract. In 
certain embodiments, different reaction mixtures, i.e., reac 
tion mixtures providing different conditions and/or cofac 
tors, are contacted With the different pluralities of different 
substances. 

[0076] The invention also relates to protein microarrays. 
In certain embodiments the invention provides a positionally 
addressable array comprising at least one knoWn enZyme 
and at least one candidate substrate of the enZyme, Wherein 
(i) the enZyme and the substrate are immobiliZed on the 
surface of a solid support; (ii) the enZyme and the substrate 
are in proximity suf?cient for the occurrence of the enZy 
matic reaction catalyZed by the enZyme betWeen the enZyme 
and the substrate; and (iii) the enZyme and the substrate are 
not identical to each other. In other embodiments, the 
positionally addressable array of the invention comprises at 
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least one known substrate of an enzymatic reaction and at 
least one candidate enzyme for the catalysis of the enzy 
matic reaction, Wherein the enzyme and the substrate are 
immobilized on the surface of a solid support; (ii) the 
enzyme and the substrate are in proximity suf?cient for the 
occurrence of the enzymatic reaction betWeen the enzyme 
and the substrate; and (iii) the enzyme and the substrate are 
not identical to each other. In even other embodiments, a 
positionally addressable array comprises at least one knoWn 
substrate of an enzymatic reaction and at least one enzyme 

that is knoWn to catalyze the enzymatic reaction, Wherein the enzyme and the substrate are immobilized on the surface 

of a solid support; (ii) the enzyme and the substrate are in 
proximity suf?cient for the occurrence of the enzymatic 
reaction betWeen the enzyme and the substrate; and (iii) the 
enzyme and the substrate are not identical to each other. 

[0077] In certain embodiments, a plurality of proteins and 
a substance are immobilized on the microarrays of the 
invention. The plurality of proteins can be a selection of 
proteins, such as, but not limited to, proteins derived from a 
single species, proteins of a particular enzymatic activity, 
proteins With regions of homology to an enzyme of interest, 
and proteins derived from a speci?c cellular extract. The 
microarray of the invention can be coated With a substance, 
or the substance can be printed on different spots of the 
surface of the solid support and the proteins of the plurality 
of proteins are printed on top of the substance. In certain 
more speci?c embodiments, the substance is a knoWn sub 
strate of the enzymatic reaction to be assayed. In certain, 
more speci?c embodiments, each protein of the plurality of 
proteins is immobilized at a different position of the surface 
of the solid support. Alternatively, the plurality of proteins is 
printed ?rst and the substance is printed subsequently on top 
of the proteins. In certain embodiments, the plurality of 
proteins is organized in a positionally addressable array. 

[0078] In other embodiments, a plurality of substances and 
an enzyme are immobilized on the microarrays of the 
invention. The plurality of substances can be a selection of 
proteins, peptides, sugars, polysaccharides, small organic 
molecules, inorganic molecules, DNA or RNA. The 
microarray of the invention can be coated With the enzyme, 
or the enzyme can be printed on different spots of the surface 
of the solid support and the substances of the plurality of 
substances are printed on top of the enzyme. Alternatively, 
the plurality of substances is printed ?rst and the enzyme is 
printed subsequently on top of the substances. 

[0079] In certain embodiments, the microarrays of the 
invention have Wells. In certain embodiments, at least one 
Well is pre-coated or pre-printed With a substance and a 
plurality of different proteins is printed on the surface of the 
solid support in the Well such that a substance and a protein 
are in proximity With each other suf?cient for the occurrence 
of an enzymatic reaction betWeen the protein and the sub 
stance. In certain embodiments, at least one Well is pre 
coated or pre-printed With an enzyme and a plurality of 
different substances is printed on the surface of the solid 
support in the Well such that a substance and an enzyme are 
in proximity With each other suf?cient for the occurrence of 
an enzymatic reaction betWeen the protein and the sub 
stance. In certain, more speci?c embodiments, the sub 
stances are potential substrates of the enzyme. In other 
embodiments, the substances are knoWn substrates of the 
enzyme. 
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[0080] In certain embodiments, each Well of a microarray 
of the invention has the same combination of substances and 
proteins immobilized to the surface of the solid support 
Within the Well. In this embodiment, each Well of the 
microarray can be ?lled With a different reaction buffer such 
that the enzymatic reaction(s) can be monitored under a 
plurality of different reaction conditions; in the presence and 
absence, respectively, of a plurality of different test mol 
ecules; or in the presence and absence, respectively, of 
different cofactors. 

[0081] The invention also provides kits for carrying out 
the assay regimens of the invention and for manufacturing 
the microarrays of the invention. In a speci?c embodiment, 
kits of the invention comprise one or more arrays of the 
invention. Such kits may further comprise, in one or more 
containers, reagents useful for assaying biological activity of 
a protein or molecule, reagents useful for assaying interac 
tion of a substrate and a protein or enzyme, reagents useful 
for assaying the biological activity of a protein or molecule 
having a biological activity of interest. The reagents useful 
for assaying biological activity of a protein or molecule, or 
assaying interactions betWeen a probe and a protein or 
molecule, can be contained in each Well or selected Wells on 
the protein chip. Such reagents can be in solution or in solid 
form. The reagents may include either or both the proteins 
or molecules and the substrates required to perform the 
assay of interest. 

[0082] In one embodiment, a kit comprises one or more 
protein microarrays of the invention. In certain embodi 
ments, the proteins and substrates are already immobilized 
onto the surface of the solid support. In another embodi 
ment, reagents are provided in the kit that can be used for 
immobilizing substrate and protein onto the surface of the 
solid support. 

[0083] In certain embodiments, the substrate is different 
from the proteins of the plurality of proteins. In certain 
embodiments, the substrate is different from the enzyme. 

[0084] In certain embodiments, the invention provides a 
method for assaying an enzymatic reaction, the method 
comprising: (a) incubating at least one protein, at least one 
?rst substance, and at least one second substance under 
conditions conducive to the occurrence of an enzymatic 
reaction betWeen the protein and the ?rst or the second 
substance, Wherein the protein, the ?rst substance and the 
second substance are immobilized on the surface of a solid 
support; (ii) the protein, the ?rst substance and the second 
substance are in proximity suf?cient for the occurrence of 
said enzymatic reaction; (iii) the protein and the ?rst sub 
stance are not identical and (iv) the protein and the second 
substance are not identical; and (b) determining Whether said 
enzymatic reaction occurs. 

[0085] 5.1. Solid Support and Immobilization Of Sub 
strate and Protein 

[0086] In the methods and microarrays of the invention, at 
least one substance and at least one protein are immobilized 
on the surface of a solid support such that substance and 
protein are in proximity suf?cient for the occurrence of an 
enzymatic reaction. The substance is a candidate substrate or 
a knoWn substrate of the enzymatic reaction. The protein is 
a candidate enzyme or an enzyme knoWn to catalyze the 
enzymatic reaction of interest. 
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[0087] The substance and the protein can be immobilized 
to the surface of the solid support by any method knoWn to 
the skilled artisan. In certain embodiments, the substance is 
immobilized before the protein is immobiliZed. In other 
embodiments, the protein is immobiliZed before the sub 
stance is immobiliZed. The suitability of a speci?c method of 
immobilizing a protein or a substrate may depend on the 
molecular nature of the protein or substance. If the substrate 
is a proteinaceous substance, e.g., a protein or a peptide, any 
method knoWn to the skilled artisan can be used to immo 
biliZe a protein to the surface of a solid support. If the 
substance is not a proteinaceous substance, any method 
knoWn to the skilled artisan can be used to immobiliZe a 
molecule of that type of molecules to surface of a solid 
support. 
[0088] In certain embodiments of the invention, the sub 
stance and the protein are immobiliZed on the surface of the 
solid support such that substance and protein are in proX 
imity With each other suf?cient for the occurrence of the 
enZymatic reaction to be assayed. In certain embodiments of 
the invention, the substance and the protein are immobiliZed 
on the surface of the solid support such that substance and 
protein are in physical contact With each other. 

[0089] In certain embodiments, the substance is puri?ed. 
In certain embodiments, the protein is puri?ed. In certain 
embodiments, the substance and the protein are puri?ed. 

[0090] In certain embodiments, the surface of a solid 
support is coated or printed With a miXture of at least 2, 3, 
4, 5, 10, 15, 20, 25, 50 or 100 different substances. In certain 
embodiments, the surface of a solid support is coated or 
printed With a miXture of at most 2, 3, 4, 5, 10, 15, 20, 25, 
50 or 100 different substances. In certain embodiments, a 
plurality of different mixtures of substances is immobiliZed 
on the surface of the solid support. 

[0091] The solid support can be constructed from materi 
als such as, but not limited to, silicon, glass, quartZ, poly 
imide, acrylic, polymethylmethacrylate (LUCITE®), 
ceramic, gold, nitrocellulose, amorphous silicon carbide, 
polystyrene, and/or any other material suitable for micro 
fabrication, microlithography, or casting. For eXample, the 
solid support can be a hydrophilic microtiter plate (e.g., 
MILLIPORETM) or a nitrocellulose-coated glass slide. In a 
speci?c embodiment, the solid support is a nitrocellulose 
coated glass slide. Nitrocellulose-coated glass slides for 
making protein (and DNA) microarrays are commercially 
available (e.g., from Schleicher & Schuell (Keene, NH), 
Which sells glass slides coated With a nitrocellulose based 
polymer (Cat. no. 10 484 182)). In a speci?c embodiment, 
each protein is spotted onto the nitrocellulose-coated glass 
slide using an OMNIGRIDTM (GeneMachines, San Carlos, 
Calif.). The present invention contemplates other solid sup 
ports useful for constructing a protein chip, some of Which 
are disclosed, for eXample, in International Patent Applica 
tion publication WO 01/83827 Which is incorporated herein 
by reference in its entirety. 
[0092] In one embodiment, the solid support is a ?at 
surface such as, but not limited to, a glass slide. Dense 
protein arrays can be produced on, for eXample, glass slides, 
such that assays for the presence, amount, and/or function 
ality of proteins can be conducted in a high-throughput 
manner. 

[0093] In certain, more speci?c embodiments, the solid 
support is a glass slide that has been pre-treated With an 
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aldhyde, such as paraformaldehyde or formaldehyde. In 
certain embodiments, the solid support is an aldehyde 
treated slide is obtained from TeleChem International, Inc. 
In other embodiments, the solid support is a nitrocellulose 
coated slide (Schleicher & Schuell). In other embodiments, 
the solid support is coated With an amino-silane surface 
(GAPS slide obtained from Corning®). 
[0094] In certain embodiments, after immobiliZing the 
substances and the proteins, the chip is blocked. Any block 
ing agent knoWn to the skilled artisan can be used With the 
methods of the invention. In a speci?c embodiment, Bovine 
Serum Albumin, glycine or a detergent (e.g., TWeen20) can 
be used as a blocking agent. In certain other embodiments, 
the chips are not blocked. 

[0095] In a particular embodiment, the solid support com 
prises a silicone elastomeric material such as, but not limited 
to, polydimethylsiloXane (“PDMS”). An advantage of sili 
cone elastomeric materials is their ?exible nature. 

[0096] In another particular embodiment, the solid support 
is a silicon Wafer. The silicon Wafer can be patterned and 
etched (see, e.g., G. Kovacs, 1998, Micromachined Trans 
ducers Sourcebook, Academic Press; M. Madou, 1997, 
Fundamentals of Microfabrication, CRC Press). The etched 
Wafer can also be used to cast the microarrays to be used 
With the invention. 

[0097] Accordingly, in certain embodiments, the plurality 
of proteins is applied to the surface of a solid support, 
Wherein the density of the sites at Which protein are applied 
is at least 1 site/cm2, 2 sites/cm2, 5 sites/cm2, 10 sites/cm2, 
25 sites/cm2, 50 sites/cm2, 100 sites/cm2, 1000 sites/cm2, 
10,000 sites/cm2, 100,000 sites/cm2, 1,000,000 sites/cm2, 
10,000,000 sites/cm2, 25,000,000 sites/cm2, 10,000,000,000 
sites/cm2, or 10,000,000,000,000 sites/cm2. Each individual 
protein sample is preferably applied to a separate site on the 
chip. In certain speci?c embodiments, the identities of the 
protein(s) at each site on the chip is/are knoWn. In certain 
other embodiments, a plurality of substances is applied to 
the surface of a solid support, Wherein the density of the sites 
at Which substances are applied is at least 1 site/cm2, 2 
sites/cm2, 5 sites/cm2, 10 sites/cm2, 25 sites/cm2, 50 sites/ 
cm2, 100 sites/cm2, 1000 sites/cm2, 10,000 sites/cm2, 100, 
000 sites/cm2, 1,000,000 sites/cm2, 10,000,000 sites/cm2, 
25,000,000 sites/cm2, 10,000,000,000 sites/cm2, or 10,000, 
000,000,000 sites/cm2. Each individual protein sample is 
preferably applied to a separate site on the chip. In certain 
speci?c embodiments, the identities of the proteins at each 
site on the chip are knoWn, i.e., the chip is a positionally 
addressable array. 

[0098] In certain embodiments, a plurality of different 
proteins is applied to the surface, Wherein the surface is 
either pre-coated With a substance or pre-printed With sub 
stance. If the surface is pre-printed With a substance, care 
should be taken that each of the different proteins is printed 
on top of the sites Where a substance is present. In certain 
other embodiments, a plurality of different substances is 
applied to the surface, Wherein the surface is either pre 
coated With an enZyme or pre-printed With an enZyme. If the 
surface is pre-printed With an enZyme, care should be taken 
that each of the different substances is printed on top of the 
sites Where enZyme is present. The substrate can be a 
candidate substrate for the enZymatic reaction to be assayed. 

[0099] In certain embodiments, a substance and an 
enZyme are immobiliZed on the surface of a solid support, 
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wherein the solid support has Wells. In certain embodiments, 
a plurality of different enzymes or different substances is 
printed on the surface of the solid support such that each 
feature of the microarray is in a different Well. In other 
embodiments, a plurality of different enZymes or different 
substances is printed onto the surface of the solid support 
such that each Well harbors a plurality of different proteins 
or substrates. The performance of the enZymatic reaction on 
a solid support With Wells has the advantage that different 
reaction solutions can be added at the same time onto one 

solid support (e.g., on one slide). Another advantage of Wells 
over ?at surfaces is an increased signal-to-noise ratio. Wells 
alloW the use of larger volumes of reaction solution in a 
denser con?guration, and therefore greater signal is possible. 
Furthermore, Wells decrease the rate of evaporation of the 
reaction solution from the chip as compared to ?at surface 
arrays, thus alloWing longer reaction times. Another advan 
tage of Wells over ?at surfaces is that the use of Wells permit 
association studies using a speci?c volume of reaction 
volume for each Well on the chip, Whereas the use of ?at 
surfaces usually involves indiscriminate probe application 
across the Whole surface. The application of a de?ned 
volume of reaction buffer can be important if a reactant that 
is supplied in the reaction buffer is being depleted during the 
course of the reaction. In such a scenario, the application of 
a de?ned volume alloWs for more reproducible results. The 
use of microlithographic and micromachining fabrication 
techniques (see, e.g., International Patent Application pub 
lication WO 01/83827, Which is incorporated herein by 
reference in its entirety) can be used to create Well arrays 
With a Wide variety of dimensions ranging from hundreds of 
microns doWn to 100 nm or even smaller, With Well depths 
of similar dimensions. In one embodiment, a silicon Wafer is 
micromachined and acts as a master mold to cast Wells of 
400 pm diameter that are spaced 200 pm apart, for a Well 
density of about 277 Wells per cm2, With individual Well 
volumes of about 30 nl for 100 pm deep Wells (see, e.g., 
International Patent Application publication WO 01/83827, 
Which is incorporated herein by reference in its entirety). 

[0100] In certain embodiments, the Wells of a microarray 
of the invention have depth. In other embodiments, the Wells 
of a microarray of the invention do not have depth. In a 
nonlimiting example, the different Wells are separated by 
barriers Wherein the barrier comprises a different surface 
material than the surface material of the Well. E.g. the Wells 
are constituted by an area on the solid support that is a glass 
surface and the barriers are constituted by a surface material 
such as te?on. Such slides can be obtained, e.g., from Erie 
Scienti?c Company, NH. Without being bound by theory, 
the difference in surface tension provided by the different 
surface materials ensures that a liquid from one Well Will not 
leak into a neighboring Well. 

[0101] In one embodiment, the solid support comprises 
gold. In a preferred embodiment, the solid support com 
prises a gold-coated slide. In another embodiment, the solid 
support comprises nickel. In another preferred embodiment, 
the solid support comprises a nickel-coated slide. Solid 
supports comprising nickel are advantageous for purifying 
and attaching fusion proteins having a poly-histidine tag 
(“His tag”). In another embodiment, the solid support com 
prises nitrocellulose. In another preferred embodiment, the 
solid support comprises a nitrocellulose-coated slide. 
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[0102] The proteins and substances can be bound directly 
to the solid support, or can be attached to the solid support 
through a linker molecule or compound. The linker can be 
any molecule or compound that derivatiZes the surface of the 
solid support to facilitate the attachment of proteins and/or 
substrates to the surface of the solid support. The linker may 
covalently or non-covalently bind the proteins or substrates 
to the surface of the solid support. In addition, the linker can 
be an inorganic or organic molecule. In certain embodi 
ments, the linker may be a silane, e.g., sianosilane, thiosi 
lane, aminosilane, etc. Compounds useful for derivatiZation 
of a protein chip are also described in International Patent 
Application publication WO 01/83827, Which is incorpo 
rated herein by reference in its entirety. 

[0103] Accordingly, in one embodiment, the proteins and/ 
or substrates are bound non-covalently to the solid support 
(e.g., by adsorption). Proteins and/or substrates that are 
non-covalently bound to the solid support can be attached to 
the surface of the solid support by a variety of molecular 
interactions such as, for example, hydrogen bonding, van 
der Waals bonding, electrostatic, or metal-chelate coordinate 
bonding. In a particular embodiment, proteins and/or sub 
strates are bound to a poly-lysine coated surface of the solid 
support. In addition, as described above, in certain embodi 
ments, the proteins and/or substrates are bound to a silane 
(e.g., sianosilane, thiosilane, aminosilane, etc.) coated sur 
face of the solid support. 

[0104] In addition, crosslinking compounds commonly 
knoWn in the art, e.g. homo- or heterofunctional crosslinking 
compounds (e.g., bis[sulfosuccinimidyl]suberate, 
N-[gamma-maleimidobutyryloxy]succinimide ester, or 
1-ethyl-3-[3-dimethylaminopropyl]carbodiimide), may be 
used to attach proteins and/or substrates to the solid support 
via covalent or non-covalent interactions. 

[0105] In another embodiment, proteins and/or substrates 
of the protein chip are bound covalently to the solid support. 
In other embodiments, proteins and/or substrates can be 
bound to the solid support by receptor-ligand interactions, 
Which include interactions betWeen antibodies and antigens, 
DNA-binding proteins and DNA, enZyme and substrate, 
avidin (or streptavidin) and biotin (or biotinylated mol 
ecules), and interactions betWeen lipid-binding proteins and 
phospholipids (or membranes, vesicles, or liposomes com 
prising phospholipids). 
[0106] Puri?ed proteins and/or substrates can be placed on 
an array using a variety of methods knoWn in the art. In one 
embodiment, the proteins and/or substrates are printed onto 
the surface of a solid support. In a further embodiment, the 
proteins and/or substrates are attached to the solid support 
using an af?nity tag. In a speci?c embodiment, an af?nity tag 
different from that used to puri?cation of the protein or 
substrate is used for immobiliZing the protein or substrate. If 
tWo different tags are used further puri?cation is achieved 
When building the protein array. 

[0107] In a speci?c embodiment, proteins and/or sub 
strates are expressed as fusion proteins having at least one 
heterologous domain With an af?nity for a compound that is 
attached to the surface of the solid support. Suitable com 
pounds useful for binding fusion proteins onto the solid 
support (i.e., acting as binding partners) include, but are not 
limited to, trypsin/anhydrotrypsin, glutathione, immunoglo 
bulin domains, maltose, nickel, or biotin and its derivatives, 
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Which bind to bovine pancreatic trypsin inhibitor, glu 
tathione-S-transferase, Protein Aor antigen, maltose binding 
protein, poly-histidine (e.g., HisX6 tag), and avidin/strepta 
vidin, respectively. For example, Protein A, Protein G and 
Protein A/ G are proteins capable of binding to the Fe portion 
of mammalian immunoglobulin molecules, especially IgG. 
These proteins can be covalently coupled to, for example, a 
Sepharose® support to provide an efficient method of puri 
fying fusion proteins having a tag comprising an Fc domain. 
In a speci?c embodiment, the proteins are bound to the solid 
support via His tags, Wherein the solid support comprises a 
?at surface. In a preferred embodiment, the proteins are 
bound to the solid support via His tags, Wherein the solid 
support comprises a nickel-coated glass slide. 

[0108] In certain embodiments, proteins and/or substrates 
are expressed as fusion proteins, Wherein the protein and/or 
substrate is fused to a bifunctional tag. In an example of such 
an embodiment, the protein and/or substrate is fused to an 
intein and a chitin binding domain. In a more speci?c 
embodiment, the proteins and/or substrates are expressed 
using the IMPACTTM-CN system from NeW England 
Biolabs Inc. In the presence of thiols such as DTT, b-mer 
captoethanol or cysteine, the intein undergoes speci?c self 
cleavage Which releases the target protein from the chitin 
bound intein tag. 

[0109] The protein chips to be used With the present 
invention are not limited in their physical dimensions and 
can have any dimensions that are useful. Preferably, the 
protein chip has an array format compatible With automation 
technologies, thereby alloWing for rapid data analysis. Thus, 
in one embodiment, the protein microarray format is com 
patible With laboratory equipment and/or analytical soft 
Ware. In a preferred embodiment, the protein chip is the siZe 
of a standard microscope slide. In another preferred embodi 
ment, the protein chip is designed to ?t into a sample 
chamber of a mass spectrometer. 

[0110] In speci?c embodiments, protein and/or substrate 
are applied to a ?at surface, such as, but not limited to, glass 
slides. Proteins and/or substrate are bound covalently or 
non-covalently to the ?at surface of the solid support. The 
proteins and/or substrate can be bound directly to the ?at 
surface of the solid support, or can be attached to the solid 
support through a linker molecule or compound. The linker 
can be any molecule or compound that derivatiZes the 
surface of the solid support to facilitate the attachment of 
proteins and/or substrate to the surface of the solid support. 
The linker may covalently or non-covalently bind the pro 
teins and/or substrate to the surface of the solid support. In 
addition, the linker can be an inorganic or organic molecule. 
Speci?c linkers are compounds With free amines. Preferred 
among linkers is 3-glycidooxypropyltrimethoxysilane 
(GPTS). 
[0111] In a speci?c embodiment, by Way of example and 
not limitation, proteins are immobiliZed on the solid support 
using the folloWing procedure: Brie?y, after Washing With 
100% ethanol (EtOH) three times at room temperature, the 
chips (e.g., chips made of polydimethylsiloxane or glass 
slides) are immersed in 1% GPTS solution (95% ethanol 
(EtOH), 16 mM acetic acid (HOAc)) With shaking for 1 hr 
at room temperature. After three Washes With 95% EtOH, 
the chips are cured at 135° C. for 2 hrs under vacuum. Cured 
chips can be stored in dry Argon for months 12. To attach 
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proteins and substrates to the chips, protein solutions are 
added to the Wells and incubated on ice for 1 to 2 hours. 
After rinsing With cold HEPES buffer (10 mM HEPES, 100 
mM NaCl, pH 7.0) three times, the Wells are blocked With 
1% BSA in PBS (Sigma, USA) on ice for >1 hr. Because of 
the use of GPTS, any reagent containing primary amine 
groups is avoided. 

[0112] In another embodiment, protein-containing cellular 
material, such as but not limited to vesicles, endosomes, 
subcellular organelles, and membrane fragments, can be 
placed on the protein chip. In another embodiment, a Whole 
cell is placed on the protein chip. In a further embodiment, 
the protein, protein-containing cellular material, or Whole 
cell is attached to the solid support of the protein chip. In a 
speci?c embodiments, the protein, protein-containing cellu 
lar material, or Whole cell is attached to the surface of the 
solid support that is coated or preprinted With substrate. 

[0113] Furthermore, proteins, substrate, protein- or sub 
strate-containing cellular material, or cells can be embedded 
in arti?cial or natural membranes prior to or at the time of 
placement on the protein chip. Embedding enZymes in 
membranes is the preferred embodiment, if the enZyme 
assumes its enZymatically active conformation preferen 
tially in a membrane. In another embodiment, proteins, 
protein-containing cellular material, or cells can be embed 
ded in extracellular matrix component(s) (e.g., collagen or 
basal lamina) prior to or at the time of placement on the 
protein chip. 

[0114] The proteins or substrates are bound covalently or 
non-covalently to the surface of the solid support in the 
Wells. In more speci?c embodiments, the protein is bound 
covalently to the surface and the substrate is bound non 
covalently to the surface. In other embodiments, the protein 
is bound non-covalently to the surface and the substrate is 
bound covalently to the surface. In other embodiments, both 
substrate and protein are bound covalently to the surface. In 
other embodiments, both substrate and protein are bound 
non-covalently to the surface. The proteins or substrates can 
be bound directly to the surface of the solid support, or can 
be attached to the solid support through a linker molecule or 
compound. The linker can be any molecule or compound 
that derivatiZes the surface of the solid support to facilitate 
the attachment of proteins or substrates to the surface of the 
solid support. The linker may covalently bind the proteins or 
substrates to the surface of the solid support or the linker 
may bind via non-covalent interactions. In addition, the 
linker can be an inorganic or organic molecule. Preferred 
linkers are compounds With free amines. Most preferred 
among linkers is 3-glycidooxypropyltrimethoxysilane 
(GPTS). 
[0115] Proteins or substrates Which are non-covalently 
bound to the surface of the solid support may utiliZe a 
variety of molecular interactions to accomplish attachment 
to surface of the solid support such as, for example, hydro 
gen bonding, van der Waals bonding, electrostatic, or metal 
chelate coordinate bonding. Further, DNA-DNA, DNA 
RNA and receptor-ligand interactions are types of 
interactions that utiliZe non-covalent binding. Examples of 
receptor-ligand interactions include interactions betWeen 
antibodies and antigens, DNA-binding proteins and DNA, 
enZyme and substrate, avidin (or streptavidin) and biotin (or 
biotinylated molecules), and interactions betWeen lipid 
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binding proteins and phospholipid membranes or vesicles. 
For example, proteins and/or substrates can be expressed 
With fusion protein domains that have af?nities for a binding 
partner that is attached to the surface of the solid support. 
Suitable binding partners for fusion protein binding include 
trypsin/anhydrotrypsin, glutathione, immunoglobulin 
domains, maltose, nickel, or biotin and its derivatives, Which 
bind to bovine pancreatic trypsin inhibitor, glutathione-S 
transferase, antigen, maltose binding protein, poly-histidine 
(e.g., HisX6 tag), and avidin/streptavidin, respectively. 

[0116] In certain embodiments, the proteins and/or the 
substrate is immobiliZed to the solid support via a peptide 
tag, Wherein the af?nity binding partner for the tag is 
attached (covalently or non-covalently) to the solid support. 
For a more detailed description of peptide tags see section 
5.5.1. 

[0117] In certain embodiments, a protein is immobiliZed 
directly on the surface of the solid support. In other embodi 
ments, a protein is immobiliZed via a linker molecule to the 
solid support. In certain, more speci?c embodiments, the 
distance betWeen a protein and the surface of a solid support 
is at most 0.1 nm, 1 nm, 5 nm, 10 nm, 15 nm, 25 nm, 50 nm, 
100 nm, 1 pm or at most 5 pm. In certain embodiments, the 
distance betWeen the protein and the surface of the solid 
support is at least 0.1 nm, 1 nm, 5 nm, 10 nm, 15 nm, 25 nm, 
50 nm, 100 nm, 1 pm or at least 5 pm. In certain embodi 
ments, a protein is immobiliZed to the underivatiZed surface 
of a solid support. In a more speci?c embodiment, a protein 
is immobiliZed to the underivitiZed glass surface of a solid 
support. 

[0118] In certain embodiments, the substance is immobi 
liZed directly on a surface of a solid support. In other 
embodiments, a substance is immobiliZed via a linker mol 
ecule to a solid support. In certain, more speci?c embodi 
ments, the distance betWeen a substance and the surface of 
a solid support is at most 0.1 nm, 1 nm, 5 nm, 10 nm, 15 nm, 
25 nm, 50 nm, 100 nm, 1 pm or at most 5 pm. In certain 
embodiments, the distance betWeen a substance and the 
surface of a solid support is at least 0.1 nm, 1 nm, 5 nm, 10 
nm, 15 nm, 25 nm, 50 nm, 100 nm, 1 pm or at least 5 pm. 
In certain embodiments, a substance is immobiliZed to the 
underivatiZed surface of a solid support. In a more speci?c 
embodiment, the substance is immobiliZed to the underiv 
itiZed glass surface of a solid support. 

[0119] In certain embodiments, a substance and a protein 
are immobiliZed directly on the surface of the solid support. 
In other embodiments, a substance and a protein are immo 
biliZed via a linker molecule to the solid support. In certain, 
more speci?c embodiments, the distance betWeen a sub 
stance and the surface of the solid support and the distance 
betWeen a protein and the surface of the solid support (i.e., 
the length of the linker molecule, or the distance by Which 
the linker distances the substance or the protein from the 
solid support) is at most 0.1 nm, 1 nm, 5 nm, 10 nm, 15 nm, 
25 nm, 50 nm, 100 nm, 1 pm or at most 5 pm. In certain 
embodiments, the distance betWeen a substance and the 
surface of the solid support and the distance betWeen a 
protein and the surface of the solid support is at least 0.1 nm, 
1 nm, 5 nm, 10 nm, 15 nm, 25 nm, 50 nm, 100 nm, 1 pm or 
at least 5 pm. In certain embodiments, a substance and a 
protein are immobiliZed to the underivatiZed surface of the 
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solid support. In a more speci?c embodiment, a substance 
and a protein are immobiliZed to the underivitiZed glass 
surface of a solid support. 

[0120] The solid support can have a porous or a non 
porous surface. 

[0121] An aspect to be considered When choosing the 
surface chemistry for immobiliZing substance and a protein 
are background signals created by the surface (see, e.g., 
FIG. 2 of section 6.1). 

[0122] Proteins can be immobiliZed in many Ways on a 
surface. In certain embodiments, a substrate or a protein can 
be immobiliZed reversibly. In other embodiments, a sub 
strate or a protein can be immobiliZed irreversibly. The goal 
of immobiliZing a substrate and a protein is to retain the 
protein and the substrate in a de?ned region on the microar 
ray. The protein and/or the substrate can be encapsulated or 
entrapped in a porous surface or a vesicle. The protein and/or 
the substrate can be kinetically trapped but has free mol 
ecules in equilibrium With surface-bound ones. 

[0123] In certain embodiments, the different proteins and/ 
or the different substances on the surface of a solid support 
are present in approximately equimolar amounts. Without 
being bound by theory, using approximately equimolar 
amounts facilitates the quanti?cation of the results obtained. 

[0124] In certain embodiments of the invention, the 
amount of a protein or a substance is present on the surface 
of a solid support is at least 10'12 mol, 10'11 mol, 10'10 mol, 
10-9 mol, 10-8 mol, 10-7 mol, 10-6 mol, 10-5 mol, 10-4 mol, 
10'3 mol, 10'2 mol, or at least 10'1 mol. In certain embodi 
ments of the invention, the amount of a protein or a 
substance is present on the surface of a solid support is at 
most 10'12 mol, 10'11 mol, 10'10 mol, 10'9 mol, 10'8 mol, 
10-7 mol, 10-6 mol, 10-5 mol, 10-4 mol, 10-3 mol, 10-2 mol, 
or at least 10'1 mol. 

[0125] Illustrative examples of immobiliZing a protein and 
a substrate include, but are not limited to, 

[0126] 1. ImmobiliZation by speci?c covalent bonds, such 
as disul?de With a cysteine, or non-speci?c covalent bonds, 
such as a Schiff base, formed betWeen a protein or a 
substance and the surface of the solid support (e.g., a slide). 

[0127] 2. ImmobiliZation by adsorption of a protein or a 
substance directly onto the surface of the solid support. 

[0128] 3. ImmobiliZation by speci?c non-covalent inter 
actions betWeen a substance or a protein and the surface, 
such as His-tagged proteins or substances and Nickel sur 
faces. 

[0129] 4. ImmobiliZation indirectly by interactions of a 
protein or a substance With immobiliZed molecules, includ 
ing proteins, lipids, nucleic acids and carbohydrates. 

[0130] 5. The interactions of a protein or a substance With 
immobiliZed molecules can be speci?c, such as antibody/ 
antigen or streptavidin/biotin. 

[0131] 6. The interactions of a protein or a substance With 
immobiliZed molecules can be non-speci?c. 

[0132] 7. ImmobiliZation by cross linking to a matrix on 
the slide. 
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[0133] 8. Immobilization by entrapment in a matrix on the 
slide. 

[0134] 9. The matrix can be made of polymers. The 
polymerization and/or the cross linking can occur before, 
during and after the printing of proteins. 

[0135] 10. The matrix can be made of interactions of 
non-covalent natures, such as hydrogen bonds and van der 
Waals interactions, betWeen the same or different types of 
molecules. 

[0136] 11. Aprotein or a substance to be immobilized can 
be part of the matrix formation. 

[0137] 12. Immobilization by encapsulation of a protein or 
a substance in molecular-scale compartments, such as lipo 
somes, vesicles or micelles, Which are covalently or non 
covalently attached to a surface. 

[0138] 13. Immobilization by protein aggregation, cross 
linking, precipitation or denaturation on the surface of a 
solid support. 

[0139] In certain embodiments, substrate and protein are 
immobilized by different procedures. In certain other 
embodiments, substrate and protein are immobilized by the 
same procedure. 

[0140] Covalent bonding or other strong interactions 
betWeen a protein and the surface of a solid support may 
modify the structure and thus function of a protein. Thus, the 
skilled artisan can, e.g., by means of structural prediction 
programs, available structures of proteins or experimental 
determination of a structure determine Which region of a 
protein is best suited to be in contact With the surface or the 
linker. In an illustrative embodiment, a protein is knoWn to 
have tWo structural domains, a ?rst domain With catalytic 
activity and a second domain. In a speci?c embodiment, the 
second domain is linked to the surface of the solid support. 
In another embodiment, the ?rst domain is linked to the 
surface of the solid support. Without being bound by theory, 
immobilization directly through the domain With the cata 
lytic activity may inhibit activity. Immobilization of cata 
lytic domains may not be desirable. Instead, immobilization 
through a fused domain or protein may offer better activity. 

[0141] Other factors to be considered in generating the 
microarrays to be used With the methods of the invention 
are: Enzymatic activities increase With the amounts of 
enzymes and substrates. Higher activities Will also result if 
the effective concentrations of enzyme and substrate are 
higher. Proteins may denature at liquid/solid or air/liquid 
interface, resulting in less activity. Restricting enzyme or 
substrate conformations on a surface may reduce productive 
interactions betWeen the molecules. The diffusion rate of 
large molecules is loW, and the rate of reaction can be 
diffusion-limited. 

[0142] In certain embodiments, slides With high protein 
binding capacities are used to increase local enzyme and/or 
substance concentrations. Without being limited by theory, 
bringing enzymes and substances into closer proximity may 
increases the effective concentrations. Immobilization of a 
protein or a substance by non-speci?c adsorption may 
denature a protein. Interactions betWeen slide surface and a 
protein or a substance may reduce their diffusion rates. The 
interactions increase With larger surface areas as on surfaces 
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made of porous materials or matrices. Further, entrapment or 
immobilization using indirect methods may be less disrup 
tive to the enzymes. 

[0143] For the microarray assay to Work effectively, the 
background signals from labeled molecules need to be 
minimized. In certain embodiments, the interactions 
betWeen the surface and a labeled molecule that is used in 
the enzymatic reaction can be blocked With a non-labeled 
molecule before or during the enzymatic reaction to mini 
mize background. The binding kinetics of molecules often 
depend on the concentrations of the probe, available slide 
surface areas for binding, temperature as Well as the speci?c 
chemistry. Slides made of matrices or porous materials have 
much higher surface areas and thus potentially more inter 
actions With the labeled molecules. 

[0144] In certain embodiments, surfaces having sloWer 
binding kinetics compared to the assay time may offer better 
signal to background. 

[0145] In certain embodiments, surfaces With loWer pro 
tein binding capacities may reduce background. HoWever, 
the binding capacity must be Weighed With the sensitivity of 
the enzymatic assay as a reduction in enzyme Will also 
reduce signal intensity. 

[0146] Other considerations include that surface chemistry 
also affects the making of protein microarrays. The surface 
properties, such as hydrophobicity, ?atness, and homogene 
ity, in?uence the amount of proteins delivered to the slide 
and the size and morphology of the spots. These factors Will 
ultimately affect the assay sensitivity and reproducibility. 

[0147] 5.2. Enzymatic Reactions and their Quanti?cation 

[0148] In certain embodiments, an enzymatic reaction of 
interest is performed Wherein a substance and a protein are 
immobilized on the surface of a solid support such that the 
substance and the protein are in proximity suf?cient for the 
occurrence of the enzymatic reaction. The reaction is per 
formed by incubating the substance and the protein in a 
reaction mixture or reaction buffer that provides conditions 
conducive to the occurrence of the enzymatic reaction. The 
reaction conditions provided by the reaction buffer or mix 
ture depend on the type of enzymatic reaction being per 
formed and include, but are not limited to, salt concentra 
tion, detergent concentration, cofactors and pH. Other 
reaction conditions, such as temperature, also depend on the 
type of enzymatic reaction being performed. 

[0149] Any enzymatic reaction knoWn to the skilled arti 
san can be performed With the methods of the invention. If 
the reaction involves more than one substrate, at least one 
substrate is immobilized, the other substrates can also be 
immobilized or can be in solution. In certain embodiments, 
if the enzymatic reaction involves one or more co-factors, 
such as, but not limited to, NAD, NADH or ATP, such a 
co-factor can be in solution or can also be immobilized on 
the surface of the solid support. Any method knoWn to the 
skilled artisan can be used to visualize and quantitate the 
activity of the enzyme. 

[0150] In certain embodiments, the enzymatic reaction is 
performed such that the generation of the product of the 
reaction results in the emergence of a detectable signal. In 
certain embodiments, the enzymatic reaction is performed 
such that an increase in concentration of the product of the 
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reaction results in an increase of a detectable signal. In other 
embodiments, the enzymatic reaction is performed such that 
an increase in concentration of the product of the reaction 
results in a decrease of a detectable signal. In certain 
embodiments, the enZymatic reaction is performed such that 
an decrease of substrate concentration results in the increase 
or decrease of a detectable signal. 

[0151] In certain embodiments, standard enZymatic assays 
that produce chemiluminescence or ?uorescence are per 
formed using a microarray, Wherein enZyme and substrate 
are immobiliZed on the surface of a solid support. Detection 
and quanti?cation of an enZymatic reaction can be accom 
plished using, for example, photoluminescence, radioactiv 
ity, ?uorescence using non-protein substrates, enZymatic 
color development, mass spectroscopic signature markers, 
and ampli?cation (e.g., by PCR) of oligonucleotide tags. In 
a speci?c embodiment, peptides or other compounds 
released into solution by the enZymatic reaction of the array 
elements can be identi?ed by mass spectrometry. 

[0152] The types of assays to detect and quantify the 
products (or the decrease of substrate) of an enZymatic 
reaction fall into several general categories. Such categories 
of assays include, but not limited to: 1) using radioactively 
labeled reactants folloWed by autoradiography and/or phos 
phoimager analysis; 2) binding of hapten, Which is then 
detected by a ?uorescently labeled or enZymatically labeled 
antibody or high af?nity hapten ligand such as biotin or 
streptavidin; 3) mass spectrometry; 4) atomic force micros 
copy; 5) ?uorescent polariZation methods; 6) rolling circle 
ampli?cation-detection methods (SchWeitZer et al., 2000, 
“Immunoassays With Rolling Circle DNAAmpli?cation: A 
Versatile Platform For Ultrasensitive Antigen Detection”, 
Proc. Natl. Acad. Sci. USA 97:10113-10119); 7) competitive 
PCR (Fini et al., 1999, “Development of a chemilumines 
cence competitive PCR for the detection and quanti?cation 
of parvovirus B19 DNA using a microplate luminometer”, 
Clin Chem. 45(9):1391-6; Kruse et al., 1999, “Detection and 
quantitative measurement of transforming groWth factor 
beta1 (TGF-beta1) 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”, Biotech 
niques 24(5):810-6); 8) colorimetric procedures; and 9) 
FRET. 

[0153] Useful information also can be obtained, for 
example, by performing the assays of the invention With cell 
extracts. In a speci?c embodiment, different substrates of an 
enZymatic reaction are immobiliZed on the surface of a solid 
support and the proteins of the cell extract are also immo 
biliZed on the surface. The proteins of the cell extract and the 
substrates of an enZymatic reaction are then incubated With 
a reaction mixture providing conditions conducive to the 
occurrence of the enZymatic reaction. The cellular repertoire 
of particular enZymatic activities can thereby be assessed. 

[0154] In a more speci?c embodiment, a plurality of 
different substrates is immobiliZed on the surface of the solid 
support in a Well. In speci?c embodiments, a plurality of 
Wells is present on the microarray and each Well contains the 
plurality of different substrates. The proteins of a cellular 
extract are also immobiliZed on the surface of the solid 
support in Wells. Thus, different enZymatic reactions can be 
tested simultaneously on the microarray. In certain embodi 
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ments, the assay of the invention can be performed With 
Whole cells or preparations of plasma membranes. Thus, use 
of several classes of substrates and reaction buffers can 
provide for large-scale or exhaustive analysis of cellular 
activities. In particular, one or several screens can form the 

basis of identifying a “footprint” of the cell type or physi 
ological state of a cell, tissue, organ or system. For example, 
different cell types (either morphological or functional) can 
be differentiated by the pattern 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 differentia 
tion or development, response to environmental stimuli 

(e.g., light, heat), cell-cell interactions, cell-speci?c gene 
and/or protein expression, and disease-speci?c gene and/or 
protein expression. 

[0155] In a speci?c embodiment, compounds that modu 
late the enZymatic activity of a protein or proteins on a chip 
can be identi?ed. For example, changes in the level of 
enZymatic activity are detected and quanti?ed by incubation 
of a compound or mixture of compounds With an enZymatic 
reaction on the microarray, Wherein a signal is produced 
(e.g., from substrate that becomes ?uorescent upon enZy 
matic activity). Differences betWeen the presence and 
absence of the compound are noted. Furthermore, the dif 
ferences in effects of compounds on enZymatic activities of 
different proteins are readily detected by comparing their 
relative effect on samples Within the protein chips and 
betWeen chips. 

[0156] In certain embodiments, the enZymatic activity 
detected using a method of the invention is in part due to 
autocatalysis, i.e., the enZyme acts on itself as Well as on a 

substrate. A nonlimiting example of autocatalysis is auto 
phosphorylation. 

[0157] In certain embodiments, immobiliZing a substance 
and a protein in proximity suf?cient for the occurrence of an 
enZymatic reaction betWeen the substance and the protein 
induces the catalytic activity of the protein. In certain 
embodiments, immobiliZing a substance and a protein in 
proximity suf?cient for the occurrence of an enZymatic 
reaction betWeen the substance and the protein induces the 
autocatalytic activity of the protein. 

[0158] In certain embodiments, an enZymatic activity is 
enhanced by immobiliZing enZyme and substrate in prox 
imity suf?cient for the occurrence of the enZymatic reaction. 
In a speci?c embodiment, the activity is enhanced compared 
to the activity in solution. 

[0159] Any enZyme knoWn to the skilled artisan can be 
used With the methods of the invention and With protein 
arrays of the invention. Classes of enZymes include, but are 
not limited to, Oxidoreductases, Transferases, Hydrolases, 
Lyases, Isomerases, and Ligases. EnZymes that can be used 
With the methods of the invention and immobiliZation on the 
microarrays of the invention include but are not limited to 
those shoWn in Table 1. 


































