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CONSPECTUS

Sequencing of the human genome provided a wealth of
information about the genomic blueprint of a cell. But
genes do not tell the entire story of life and living process- O
es; identifying the roles of enzymes and mapping out their

interactions is also crucial. Enzymes catalyze virtually every /@{){apfull] En'zym\
cellular process and metabolic exchange. They not only are rolfing:

High-Throughput Screenin

instrumental in sustaining life but also are required for its Q,O

regulation and diversification. Diseases such as cancer can be

caused by minor changes in enzyme adtivities. In addition, the Chemical Libr Chemical Probe
unique enzymes of pathogenic organisms are ripe targets for

combating infections. Consequently, nearly one-third of all

current drug targets are enzymes.

An estimated 18—29% of eukaryotic genes encode enzymes, but only a limited proportion of enzymes have thus far been
characterized. Therefore, little is understood about the physiological roles, substrate speificity, and downstream targets of the vast
majority of these important proteins. A key step toward the biological characterization of enzymes, as well as their adoption as
drug targets, is the development of global solutions that bridge the gap in understanding these proteins and their interactions.
We herein present technological advances that facilitate the study of enzymes and their properties in a high-throughput manner.

Over the years, our group has introduced and developed a variety of such enabling platforms for many classes of
enzymes, including kinases, phosphatases, and proteases. For each of these different types of enzymes, specific design con-
siderations are required to develop the appropriate chemical tools to characterize each class. These tools include activity-
based probes and chemical compound libraries, which are rapidly assembled using efficient combinatorial synthesis or “click
chemistry” strategies. The resulting molecular assortments may then be screened against the target enzymes in high-
throughput using microplates or microarrays. These techniques offer powerful means to study, profile, and discover potent
small molecules that can modulate enzyme activity. This Account will describe the concepts involved in designing chemical
probes and libraries for comparative enzyme screening and drug discovery applications, as well as highlight how these tech-
nologies are changing the way in which enzymes may be rapidly profiled and characterized.

Introduction in part through identifying the roles of enzymes

Sequencing of the human genome in 2004 is  and mapping out their interactions. Enzymes are
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widely regarded as an important milestone in our
journey toward self-discovery.! Genomic blue-
prints have begun to provide the vocabulary but
not the language by which to interpret life and liv-
ing processes. This functional gap may be bridged

biocatalysts intimately involved with virtually
every cellular process and metabolic exchange.
They hence represent key proteins that are not
only instrumental in sustaining life but also
implicit to its regulation and diversification. Minor
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FIGURE 1. Overview of catalomics.

imbalances in enzyme activities, either through mutations,
expression changes, or regulatory dysfunction, are known to
cause debilitating diseases and even promote cancer or tumor
metastasis.? Similarly, pathogenic organisms may be targeted
by exploiting the uniqueness of their enzymes and metabolic
processes. Consequently, it comes as no surprise that nearly
one-third of all current drug targets are enzymes.?

There is hence a pressing need to elucidate the subtle dif-
ferences that make each enzyme unique. A detailed under-
standing of the molecular configurations that are recognized
and accepted by an enzyme active site facilitates not only the
design of potent and selective inhibitors but also discovery of
its biological function and downstream targets.* The long-term
challenge to perform this task in an efficient and high-through-
put manner is enormous, especially when considering the
hundreds and thousands of enzymes across different genomes
that still remain to be characterized and annotated.

Cohesive strategies that combine approaches in synthetic
chemistry and biological screening offer new solutions that are
quickly changing the way in which enzymes may be rapidly
profiled and characterized. We describe such strategies within
a unifying framework (we call it “Catalomics”), which involves
the systematic use of chemical proteomic approaches in high-
throughput enzyme characterization.® This emerging field
draws on advances in enabling chemistries (including combi-
natorial chemistry,® fragment-based assembly,” and click
chemistry®) and high-throughput screening (through the use of
microplates” and microarrays®), which are geared toward
applications in drug discovery and functional proteomics (Fig-
ure 1). The well-conceived application of such platforms can
be quite informative, especially in unraveling the minute func-
tional differences across members of a closely related enzyme
class. These approaches hence strongly complement efforts in

structural proteomics, in silico drug discovery, and the use of
quantitative mass spectrometry in enzymology.'?~'2

The overall strategy is heavily influenced by the class of
enzymes being tested and their associated catalytic function.
Kinases, for example, add a phosphate group onto a hydroxyl-
containing side chain (namely, that of serine, threonine, or
tyrosine) within a cognate amino acid sequence of a target
protein. Phosphatases reverse this process by removing the
phosphate group. The interplay between these two groups of
enzymes gives rise to the dynamic signal transduction path-
ways in eukaryotic systems used for inter- and intracellular
communications. Proteases on the other hand hydrolyze the
peptide bond linking amino acids in proteins. This may serve
several functions, including protein localization, trafficking, and
export or roles in digestion and protein turnover. There are
over 518 kinases in the human kinome,'* 1036 proteases in
the degradome,'® and 180 phosphatases in the phos-
phatome.'® It has been a significant challenge to globally
study the intricacies among these, as well as the many other,
classes of enzymes.

In this Account, we will describe the design and applica-
tion of catalomic approaches for studying kinases, phos-
phatases, and proteases and examine the unique solutions
that such approaches can provide. We will first describe the
enabling chemistries that facilitate rapid molecular assembly.
We will then highlight the key technologies developed to
accelerate the biochemical screening of various classes of
enzymes. Finally we will discuss some important biological
findings we have recently uncovered, as well as some future
directions of this young and exciting field.

Enabling Chemical Strategies

Of the various methods available to screen enzymes, microar-
rays have emerged as a powerful and versatile tool that is
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FIGURE 2. Overview of high-throughput amenable chemistries from the fragment-based assembly concept: (a) rapid assembly of bidentate
substrate or inhibitors using “click” chemistry; (b) hydroxamate-based peptide inhibitors bound to the active site of a metalloprotease (left),
and alkyne-containing core groups used in “click-based” metalloprotease inhibitors (right); () phosphotyrosine (pTyr)-bound phosphatase
active site (left), and cell-permeable and “click-able” N-phenyloxamic acid analogues that mimic pTyr (right).

compatible with many of the traditional solution-based
enzyme bioassays. Microarray technology also offers a vari-
ety of advantages over conventional screening platforms, in its
ability to miniaturize, parallelize, and automate screening,
making it possible to perform thousands of enzyme assays
simultaneously. The challenge hence is to create high-qual-
ity diversity-oriented or target-oriented compound libraries for
rapid enzyme profiling. One of the key considerations in the
fabrication process is to ensure that compounds produced are
sufficiently pure (generally >80—90% purity is desirable) for
direct in situ screening.® It would impose too great a burden
(in terms of time, labor, and cost) to purify every product from
a combinatorial library before the actual screening process.
Suitable chemistries, including those that make use of frag-
ment-based approaches (including click chemistry and amide-
forming reactions) and solid-phase synthesis, therefore need
to be carefully designed and optimized. For the majority of

applications, the identities of library members should also be
known a priori before the screening process. This may be
achieved through the use of an encoding strategy or a sys-
tematic approach for compound identification. The fabrica-
tion of microarray-based libraries also requires the
introduction of compatible tags and linkers for immobiliza-
tion onto solid support. Such synthetic considerations and
associated examples are discussed below.

Fragment-based approaches facilitate the assembly of large
libraries of diverse molecules (totaling N' x N2) from smaller
numbers of building blocks (totaling N' + N?), where N is the
number of each type of building block (Figure 2a).'® “Click
chemistry”, a term coined by Sharpless et al., is one such frag-
ment-based tool that is becoming increasingly popular
because of its ease of use and high efficiency.2 One impor-
tant “click” reaction is the Cu(l)-catalyzed 1,3-dipolar cycload-
dition reaction between azides and terminal alkynes.? This
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makes use of a biologically orthogonal reaction, which is both
efficient and specific, meaning that the reaction may proceed
even in the presence of complex biological specimens or
extracts. High yields (of up to ~100%) are frequently achiev-
able using this type of click reaction. The Cu(l)-catalyzed “click”
reaction between an alkyne and an azide was applied in the
synthesis of both affinity-based probes and inhibitors for met-
alloproteases (Figure 2b) by our group,'”'® as well as by Cra-
vatt and co-workers.'® Using the hydroxamate warheads as a
zinc binding group (ZBG), we were able to conveniently install
a rhodamine reporter and a benzophenone moiety in a mod-
ular manner to generate a metalloprotease-targeting probe
library that was tested in vitro.'” Cravatt et al. developed mix-
ture-based hydroxamate probe libraries for the identification
of metalloproteases within complex cell lysates.'® Besides the
hydroxamic acid ZBG, click chemistry was applied to incorpo-
rate rhodamine-based ZBG inhibitors.?° The 1,3-dipolar
cycloaddition chemistry has also applied been applied in the
synthesis of inhibitors against many other enzymes, includ-
ing caspases and phosphatases (Figure 2¢).'%2'~23

Another important reaction is the amide-bond formation
between an amine and a carboxylic acid. The reaction is
highly efficient and generates desired products with quantita-
tive yields, hence facilitating modular fragment based assem-
bly and in situ screening.” Wong et al. have successfully
applied this in solution phase for enzyme inhibitor
discovery.?*> The in situ solution-phase approach is conve-
nient and easy to implement but may introduce byproduct
that affects the biological screening, is not amenable to mul-
tistep reactions without purification, and cannot always be
driven to completion through use of excess starting materi-
als. To overcome these issues, we have recently developed an
alternative solid-phase approach.?®27 It was successfully
applied in the development of a panel of phosphatase inhib-
itors. Commercially available 4-formyl-3-methoxyphenoxy
(FMP) resin was used to capture various amine-containing
inhibitor fragments by reductive amination, followed by
attachment of the phosphatase targeting warheads, in this
case, the isoxazole moiety that targets phosphatases like
PTP1B, which is implicated in diabetes, obesity, and cancer.*®
This traceless method, coupled with directed sorting, was
adopted in the synthesis a 249-member library of azidometh-
ylene cysteine protease inhibitors.?”

The design of chemical libraries for microarrays demands
unique design considerations. With few exceptions, the bulk
of peptide/small molecule microarray libraries are synthesized
cleanly before attachment onto the microarray, and immobi-
lized through the use of linkers and tags (vide infra).?° Opti-
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mized and efficient chemistries, frequently on solid support,
are in general used in library synthesis in order to ensure high
product purity. It is thus not advisible to create libraries
through extensively long synthetic routes that may compro-
mise final product quality. The Schreiber group has developed
and pioneered various approaches of combinatorial library
design and synthesis for microarray fabrication.®3° This has
included diversity-oriented synthesis to generate structurally
unbiased libraries as well as one-bead—one-compound
split—pool approaches.?" In these early approaches, the iden-
tity of the molecules was not known in advance, and only
upon hit identification at the end of biological assay was the
molecule identified (usually through mass-spectrometry of the
stock solution). We adopted a combinatorial synthetic strat-
egy in the fabrication of a library of 2688 triazines that
allowed the identification of all library members prior to the
immobilization process on microarrays.>? More recently, radio
frequency (Ry-tagged microreactors and other encoding sys-
tems have made it more convenient to synthesize large librar-
ies for microarrays where all the molecules may be identified
and known before the spotting process.?3~3>

Developing Technology Platforms

Drawing away from classical hypothesis-driven approaches,
where investigators dedicate their efforts to studying individ-
ual genes and proteins, catalomics and other systems biol-
ogy approaches have opened up avenues for comprehensive
investigations across wide protein/enzyme classes. To a large
extent, this has been facilitated through high-throughput
screening platforms like the microarray that has opened up
inroads for rapid enzyme profiling and inhibitor discovery. The
success of automating organic synthesis and combinatorial
chemistry has relieved the bottleneck in probe and library cre-
ation and shifted the impetus to the development of effec-
tive methods to screen the hordes of molecules now
becoming available.?® A variety of hurdles have been over-
come, both in the design of linkers and chemistries to attach
proteins, peptides, and other small molecules onto treated
glass surfaces to generate high-density microarrays and in the
development of efficient methodologies for systematic profil-
ing of enzymes.3®3” Here we describe strategies to illustrate
how microarrays may be applied to elucidate enzyme activ-
ity spectra en masse.

Microarray Fabrication. One of the most critical steps in
any microarray project is perhaps the decision over the way
in which the molecules will be immobilized on the array. This
would govern the types of tags and linkers that would have
to be incorporated in the library during synthesis and the type



Downloaded by UNIV MAASTRICHT on August 29, 2009 | http://pubs.acs.org
Publication Date (Web): May 12, 2009 | doi: 10.1021/ar9000586

a) Profiling enzymes using ABPs in complex lysates

Q¢

phore
J -
A
Complex Proteome ABFI)DZ

S

—_—
m/z

High-Throughput Enzyme Profiling Uttamchandani et al.

Q

Enzyme Identification/
Inhibition Studies

b) Profiling enzymes using ABPs on protein microarrays

P9¢

Enzyme Identification/

E Z Z E Fluorophore
D —

Apply

Protein Microarray ABPs

[Co O]

Inhibition Studies

FIGURE 3. Activity-based probes (ABPs) for functional annotation and inhibition studies of enzymes: (a) application of ABPs in complex
cellular lysates; (b) profiling enzymatic activity on protein microarrays using ABPs.

of microarray slide coating required. Efforts over the past
decade have introduced a plethora of options for the immo-
bilization of biomolecules onto microarrays. Covalent immo-
bilization is usually preferred, and again there are a variety of
options now available. Coated slides (N-hydroxysuccinimide,
epoxy, aldehyde) are available from commercial vendors that
immobilize molecules containing primary amines. By this
method, peptides, proteins, or molecules that contain more
than one amine group (for example, side chain lysine resi-
dues) may hence be heterogeneously displayed on the array,
which is not always ideal. There is hence a need for tags and
complementary surfaces that facilitate site-specific immobili-
zation of proteins and peptides. This has involved the use of
complementary tag pairs on molecules and arrays, for exam-
ple, through Cu(l)-catalyzed 1,3-dipolar cycloaddition (alkyne/
azide), Staudinger ligation (phosphane/azide),*® and native
chemical ligation (@amino-terminal cysteine/thioester).>® Non-
covalent interactions have also been applied through the use
of avidin/biotin interactions,*° hexahistidine tags/Ni-NTA, and
GST/anti-GST antibody interactions,*' though these strategies
are more commonly applied in the fabrication of protein/pro-
teome microarrays. The ideal tag should facilitate stable, irre-
versible immobilization on the microarray surface, be easily
introduced into the protein/peptide/small molecule, and not
jeopardize its biological activity. These strategies have been
reviewed extensively elsewhere, and more detailed interest is
referred therein.3637:39

High-Throughput Functional Annotation. Microarray
platforms are beginning to fuel exciting opportunities for char-
acterizing enzyme activities and facilitating protein annota-
tion. With whole proteome microarrays reaching the consumer
markets,*? several groups have developed a variety of tools
and methods by which a proteome’s enzymatic activity may

be queried in high throughput. Among these are tools based
on activity-based probes (ABPs), which have been extensively
developed and applied by the groups of Cravatt and Bogyo in
gel-based proteomics.*>4* Activity-based probes are chemi-
cal tools that are able to bind a distinct enzyme class in an
activity-dependent manner within a complex biological milieu,
even in the presence of other proteins (Figure 3a). This is
achieved using a specially designed warhead that is only
responsive to active enzymes and not the inactive or zymogen
(precursor) forms.*> The enzyme acts on the warhead and trig-
gers a series of chemical conversions, which results in the
probe being covalently and irreversibly bound to the enzyme.
Such probes are hence also considered mechanism-based sui-
cide inhibitors of enzymatic activity. A reporter group like a
fluorescent label or a biotin handle is frequently included in
the probe design to facilitate visualization of positive label-
ing. One unique application of ABPs was to probe enzymatic
activities in high throughput on a protein microarray plat-
form.*® We first demonstrated this concept against a panel of
phosphates, cysteine proteases, and serine proteases (Figure
3b).*® More recently Miyake et al. have applied ABPs to quan-
titatively characterize the probe/inhibitor binding affinities of
enzymes on microarrays.*” A similar strategy was adopted to
profile cysteine proteases on microarrays using a panel of 20
vinyl sulfone-based probes.*® Compared with the solution-
phase approach where enzymes within diverse proteomes
may be labeled with ABPs and later separated using gels,
activity based profiling on microarrays requires first the immo-
bilization of purified enzymes on the microarrays and subse-
quent screening using ABPs.

Our group pioneered “expression display’, a strategy where
an ABP was used to probe desired enzymatic activities from
protein libraries expressed by ribosome display, followed by
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high-throughput decoding using DNA microarray.*® Ribosome
display enables cell-free expression of a large pool of pro-
teins, each tagged with its encoding mRNA through the ribo-
somal complex. The protein library is then incubated with
biotinylated ABPs, followed by selective capture on avidin
probes. The identity of the captured probe-bound proteins are
revealed upon RT-PCR amplification of the tag mRNA(s), fol-
lowed by hybridization/decoding on a DNA microarray. The
four enzymes of interest, in this case protein tyrosine phos-
phatases (PTPs), were successfully isolated and identified from
a mixture of 400 diverse proteins. This method represents a
valuable proteomic tool, by possibly allowing all the proteins
in a proteome to be displayed and screened for desired enzy-
matic activities. Similarly, Sieber et al. have shown that ABPs
may be also used to label enzymes within a complex pro-
teome, which may thereafter be identified using an antibody
array.>®

Enzyme Substrate Profiling Using Microarrays. A range
of downstream applications have been developed to lever-
age the throughput of substrate microarrays to profile enzy-
matic activity. In an early demonstration of this concept, we
coated fluorogenic small molecule coumarin derivatives on
microarrays as sensors for the rapid characterization of four
different classes of hydrolases.”" Such coumarin-based sub-
strates have also been used to profile the substrate specific-
ity of proteases on peptide microarrays.>? Diamond et al. also
developed a droplet-based method using microarrays to assay
the substrate specificity of serine proteases in which fluoro-
genic substrates and enzymes are sprayed in aerosol form
onto the slides.>®> More recently, alternative surfaces have
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been developed for droplet-based enzyme profiling.>*>° With
use of slides coated with fluorogenic substrates, activity-de-
pendent profiles of proteases and phosphates may be
obtained in nanoliter-sized droplets in a time- and concentra-
tion-dependent manner.>* This method was applied to screen
for inhibitors of metalloproteases, namely, thermolysin and
collagenase, using nearly 150-fold less substrate in compari-
son to the traditional microplate method.>” Winssinger et al.
developed an alternative approach that applies DNA microar-
rays for deconvolution of PNA-encoded libraries to profile the
activities of proteases.®

Apart from hydrolases, methods have been developed to
screen the substrate specificity of kinases using peptide
microarrays.>®°° The use of fluorescently labeled anti-phos-
phoserine and anti-phosphotyrosine antibodies or phospho-
specific dyes precluded the need for radioactive methods to
detect kinase activity (Figure 4).°"52 We studied the use of
combinatorial peptide libraries to obtain the activities of a
kinase p60-Src, demonstrating the possibility of using such
peptide libraries to screen for Kinase substrate specificity.®?
Phosphopeptide libraries have also been fabricated and immo-
bilized on microarrays to test the activities of phosphatases, in
assaying their ability to remove the phosphate group from
specific amino acid sequences (Figure 4).5364

High-Throughput Enzyme Fingerprinting. Well-de-
signed ABPs and substrate/inhibitor libraries provide the
resources to begin the process of probing the functional dif-
ferences across a specific class of enzymes. Assays may be
designed for microtiter plates and microarrays for inhibitors
and substrates, which are frequently optimized to save on the
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quantities of the often costly purified enzymes needed for
screening. Fluorescence-based techniques offer a sensitive
means of detecting binding and enzyme activities. Once estab-
lished, these techniques may be applied routinely to test
newly discovered enzymes as well as compare the activities
of enzyme variants, both within and across species. These ini-
tial methodologies have led to the adoption of the concept of
protein fingerprinting, which has had significant impact on
functional protein differentiation. Such specificity screening
should be useful at the outset of drug discovery programs to
reduce hit attrition due to nonspecific binding effects. Here we
will highlight several strategies that have been developed for
this purpose.

Mihara and co-workers were among the earliest to develop
protein fingerprinting approaches using immobilized peptides
on microarrays.®>°° A 112-member a-helical peptide microar-
ray was used to distinguish seven proteins.®® In another
example, Kodadek and Reddy developed high-density
microarrays comprising 7680 octameric peptoids, which were
applied in the large-scale protein fingerprinting of three model
proteins.®” In this case, the library was designed in a manner
in which the identities of the library members remain uniden-
tified, preventing functional binding data to be elucidated from

the protein binding profiles. We have performed high-through-
put analysis of metalloproteases using a library of 1400
hydroxamate inhibitors to elucidate functional enzyme bind-
ing fingerprints (Figure 5a).>* In our case, the identity of each
molecule immobilized on the microarray was known a priori,
as synthesis was carried out using radio-frequency tagging.
Similarly, microplate screens were carried out on seven
human matrix metalloproteases (MMPs) from all five known
MMP classes against this 1400-member hydroxamate library
to yield fingerprints of enzyme type.33 This led to the identi-
fication of inhibitors from within the library that were specific
to MMP-7 and MMP-13.

Biological Applications and Discoveries

One of the greatest challenges with microarray-based exper-
imentation is differentiating true functional interactions from
nonspecific binding. Frequently a large number of hits are
generated on microarrays, but only a handful of them may be
true activity-dependent binders. In order to address this prob-
lem, we have become more focused in the design of the
libraries that are immobilized on the arrays, ensuring that they
would bind or exert activity-dependent interactions with the
enzymes of interest. Next in order to ensure that the signals
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observed are truly activity-dependent, we have established a
two-color microarray system where one channel is active and
one channel is denatured, allowing activity-dependent mea-
surements to be elucidated clearly within the same microar-
ray slide. We have applied this method to fingerprint and
discern four different metalloproteases: thermolysin, collage-
nase, carboxypeptidase, and anthrax lethal factor (ALF).?3 This
has led to the identification of micromolar inhibitors that are
specific to an enzyme of interest (e.g., ALF) and not to the
other related metalloproteases (Figure 5a). Taking the two-
color strategy one step further, we compared closely related
enzymes using microarrays. Across slide comparisons can be
a great challenge because of slide-to-slide variations; hence
comparing two proteins on the same slide allows actual func-
tional differences to be more readily elucidated. A 1000-mem-
ber fragment-based phospho-serine/threonine heptapeptide
library was generated to screen the activity of the family of
seven human 14—3-3 proteins on microarrays, which are
important cellular regulators that bind to phosphoserine-con-
taining proteins.>> The 14—3—3 proteins are very closely
related, and it has been a challenge to identify their unique
target specificities. The microarray-based two-color screening
method revealed a novel sequence that bound 14—3-3
Sigma, which is a protein implicated in tumorigenesis. Mac-
Beath et al. have recently also developed a method for the
quantitative determination of binding constants on microar-
rays through concentration-dependent protein application,
which has made it possible to obtain quantitative binding data
from microarray experiments.®® This was applied to study PDZ
binding domains and to establish protein interaction networks.

Separate strategies have also been developed for screen-
ing the activities of serine and threonine phosphatases (PP2A,
Lambda, PP1) using microarrays.®® A phospho-specific dye
was used to detect the signal decrease from the phosphopep-
tide library as a result of dephosphorylation by phosphatases.
Distinct phosphatase profiles were obtained using a panel of
89 different phosphopeptides. Unique profiles were further
obtained upon co-incubation of a phosphatase, PP2A, with a
potentially regulatory peptidyl-prolyl isomerase Pin1, demon-
strating that this strategy is applicable in studying the regula-
tory role of different proteins within the signal transduction
cascade. This led to the discovery that the dephosphoryla-
tion of a protein involved in apoptosis (Bcl-2) is regulated by
both Pin1 and PP2A.

We recently developed a “substrate trapping” peptide
microarray that facilitated the substrate screening of putative
protein tyrosine phosphatases (PTPs) and determination of the
potent and specific binders of different PTPs.®® This was
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achieved by replacing the conserved active site cysteine res-
idue with serine to generate a substrate-trapping mutant that
retains the substrate recognition property but loses its dephos-
phorylation ability. As a result, the enzyme is linked with its
substrate of choice. Using dual-channel dye labels, we com-
pared the substrate binding profiles of phosphatase mutants
and were able to discern very subtle differences in the sub-
strate binding of two closely related phosphatases (i.e., PTP1B
and TCPTP; see Figure 5b). A putative peptide sequence
derived from mitogen kinase was found to preferentially bind
PTP1B over TCPTP. This may have potential therapeutic
implications.

Conclusion

High-throughput screening has been used extensively, but not
always as systematically. As showcased herein, purposeful
screening initiatives can yield valued insight beyond the con-
ventional “hit” or “lead” for drug discovery, to reveal an in-
depth picture of the enzymatic profiles and activity spectra.
Using examples of Kinases, phosphatases, and proteases, we
have described ways in which high-throughput approaches
may be applied to chart the intrinsic properties of enzymes.
Gradual integration and assimilation of these empirical data
sets in public databases could facilitate the future prediction
and simulation of the biological effects of molecular interac-
tions in silico. We hope such catalomic strategies will inspire
future innovation in the development of novel chemical enti-
ties and chemical proteomics tools that target various other
enzyme classes. This will build the biological understanding of
all the enzymes in our genomes and those of other organ-
isms to advance drug discovery, pharmacology, and medicine.
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