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Preface

Small Molecule Microarrays (SMMs): Methods and Protocols showcase a cornucopia of ways
in which SMM technology may be deployed for multiplexed screening and profiling.
SMMs were introduced just a decade ago in 1999 and, within a short space of time, have
already established themselves as a vibrant, next generation platform for high-throughput
screening. Significant developments, over the last decade, have equipped practitioners
with an array of synthetic options, immobilization chemistries, assay modalities, and data
processing schemes, thereby propelling the SMM platform to exciting new heights. Many
of the scientists personally responsible for the success of these research endeavors have
contributed chapters to this volume. As a result, the richness and diversity of this collec-
tion offers unique learning opportunities, both in fueling the development of new ideas
and applications, as well as in tailoring proven solutions for different sets of libraries and
microarray formats. Proven approaches, however, rarely work at the first attempt.
Moreover, microarrays are notorious for the technical challenges they pose. It is to address
these shortcomings that we have put together this volume, to supplement the open litera-
ture with practical tips for improved experimental design and the avoidance of potential
pitfalls. The case studies in each chapter explain the key considerations and principles in
getting things done right.

What challenges do working with SMMs pose? First and foremost is the complexity of
the library synthesis and array fabrication steps. These processes lie at the core of SMM
technology, for they govern how the molecules will be oriented and whether they will be
accessible to the samples (such as proteins or proteomes) being screened. Quick and effi-
cient means to construct pure and high-yielding libraries for SMMs is another major
bottleneck; alternative approaches of array creation through in situ synthesis face similar
challenges in ensuring the quality of the resulting arrays. The next major hurdle is in
designing the methods for detecting positive readouts on the arrays and in using labels
that minimally affect the interactions being probed. Finally, discerning between true inter-
actions and false positives and improving signal to noise are among the challenges in
enhancing readout quality and hit identification. These challenges are not without resolve.
With careful preparation and informed decisions, these hurdles can be met and overcome
using proven designs and strategies. Each chapter is designed to equip and inform the
readers on these intricacies of SMM, as well as to provide the relevant guidance and means
to harness and apply this technology.

The book is organized by the categories of small molecules presented on the microar-
rays. The molecules described herein include chemical libraries, peptide libraries, and car-
bohydrates. Each section covers a number of strategies for molecular immobilization,
customized to the intended application. Chapter 1 provides an overview of SMM. Chapters
2-8 describe SMMs constructed from chemical libraries. A variety of covalent (Chaps. 2-3),
noncovalent (Chaps.4-5), and droplet-based techniques (Chaps.6-7) are adopted for
applications spanning enzyme profiling, inhibitor discovery, and in lysate protein screen-
ing (Chaps. 2-8). Chapters 9-15 describe peptide microarrays, including their fabrication
using in situ synthesis (Chap.9) and characterization with mass spectrometry (Chap. 10)
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for applications in antibody detection (Chaps. 11-13) and kinase profiling (Chaps. 14-15).
Chapters 16-17 describe ways in which carbohydrate microarrays may be fabricated
(Chap. 16) and applied to glycobiology (Chaps. 16-17).

In reality, words alone are insufficient to learn the tricks of the microarray trade. The
essential skills can only be learnt through hands-on experience and feedback at the bench.
Each contributor has faced problems that have been solved with creativity and imagina-
tion. The chapters have been crafted to inspire a future generation of microarray practitio-
ners to take the technology forward. In time, these individuals will create novel solutions
of their own, which may possibly appear in future editions of the Methods in Molecular
Biology series.

We thank the authors of each chapter for their willingness to share their expertise and
insight. We are also grateful to John Walker for his invaluable advice and guidance and to
the staft of Springer for taking the final steps to publication.

Singapore Mabesh Uttamchandani
Singapore Shao Q. Yno
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Chapter 1

The Expanding World of Small Molecule Microarrays

Mahesh Uttamchandani and Shao Q. Yao

Abstract

Speed and throughput are vital ingredients for discovery-driven, “-omics” research. The small molecule
microarray is one such platform, which delivers phenomenal screening throughput and capabilities. The
concept at the heart of the technology is elegant, yet simple: by presenting large collections of molecules
at a high density on a flat surface, one is able to interrogate them quickly and conveniently, evaluating all
possible interactions in a single step. SMMs have, over the last decade, been established as a robust plat-
form for screening, lead discovery, and molecular characterization. In this chapter, we describe the ways
in which microarrays have been constructed and applied, focusing on the practical challenges faced when
designing and performing SMM experiments. This is written as an introduction for new readers to the
field, explaining the key principles and laying the foundation for the chapters that follow.

Key words: Small molecule microarrays, High-throughput screening, Combinatorial chemistry,
Solid-phase synthesis, Proteomics, Glycomics, Ligand discovery, Enzyme-profiling, Drug discovery

1. Introduction

Small is big in the twenty-first century. Nowhere has this meta-
phor gained greater momentum than through the development
and use of microarray technology (1, 2). Microarrays are minia-
turized assemblies of molecules organized across a planar surface.
The physical location of each spot on the array encodes its iden-
tity. Anywhere from the hundreds to tens of thousands of samples
may be densely populated on planar surfaces, typically glass slides.
The spectrum of applications is determined by the nature and
class of molecules immobilized. Microarrays are hence catego-
rized by the type of molecules presented. DNA microarrays, for
instance, were developed in the mid 1990s by Brown and col-
leagues and comprise surfaces with addressed oligonucleotides
(3, 4). Each spot on the array displays a known DNA sequence;

Mahesh Uttamchandani and Shao Q. Yao (eds.), Small Molecule Microarrays:
Methods and Protocols, Methods in Molecular Biology, vol. 669,
DOI 10.1007/978-1-60761-845-4_1, © Springer Science+Business Media, LLC 2010
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thousands of them collectively on the microarray act like ‘probes’
to, quantitatively or comparatively, hybridize fluorescently labeled
DNA from complex samples. This offers tremendous potential
for applications in profiling the expression levels of mRNA and in
identifying chromosomal abnormalities other genetic differences
across samples (5-7). DNA microarrays continue to be widely
applied and provide an unprecedented view into comparative
genomics and genetics. They were the first in a long pipeline of a
variety of different microarray types.

As the chemistries improved, a variety of molecules other
than DNA, including proteins (8, 9), peptides (10), carbohy-
drates (11, 12), and chemical libraries (13, 14) were likewise
arrayed and presented on microarrays. This happened around the
turn of the century, when the Schreiber group developed micro-
arrays containing small molecules in 1999 and proteins in 2000
(15, 16). With these exciting developments, it did not take long
before proteome arrays (17), cell arrays (18), and tissue arrays
(19) also emerged, all within the first quarter of the decade. The
essence of what makes microarray technology so successful is its
ability to miniaturize and parallelize assays (1,20, 21). Microarrays
of small molecules, the topic of this book, cover both synthetic
and natural libraries of peptides, carbohydrates, and chemical
compound libraries. Simply put, the application of these microar-
rays is biological screening; but covers specialized applications in
protein fingerprinting, ligand discovery, and enzyme-substrate
characterization. The rules by which immobilized small molecules
interact with their targets are not as predictable as the rules of
base pairing for DNA hybridization. Being able to assess these
interactions in high-throughput thus offers valuable potential for
drug discovery, discriminates proteins by their patterns of interac-
tions, and provides insight into molecular interactions and struc-
ture-activity relationships (22). Furthermore, if many substrates
are arrayed, it provides a window into identifying the most pre-
ferred substrate for any given enzyme (23, 24). These experi-
ments are maturing to a point that they are not just being carried
out with purified targets, but within whole proteomes or cellular
lysates (25, 26), in order to interrogate protein—protein interac-
tions and analyze the pathways involved in regulating protein
function (23, 27, 28).

This book celebrates the first decade of small molecule microar-
rays. Over the last 10 years, there have been many surface chemis-
tries and library synthesis schemes introduced to facilitate SMM
creation. Commercial manufacturers are fabricating prespotted
microarrays, allowing users to proceed directly with their experi-
ments, without having to establish workflows and quality control
for libraries and microarrays (29). We anticipate that the growing
commercial support will better enable laboratories to embark on
microarray projects, extending the spectrum of applications in the
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Fig. 1. Overview of SMM strategy applied to ‘hit’ identification for applications in drug discovery. Multiple proteins may
also be screened using microarrays to provide individual protein barcodes or fingerprints.

years ahead. In this introductory chapter, we explain the funda-
mental concepts and challenges in constructing and applying this
class of microarrays (Fig. 1). These considerations will be echoed
throughout the methods in the book. The discussions here thus
serve to guide a reader who may be unfamiliar with the design and
application phases of SMMs.

2. Library Design

and Synthesis

Combinatorial chemistry has provided the means to rapidly gen-
erate broad sets of compounds. The use of solid supports, split-
pool synthesis, and encoding techniques (tea bag synthesis) have
facilitated the synthesis of vast libraries of compounds, including
peptides, drug-like molecules, and carbohydrates (8, 30). In the
library design process, one must not only take into account a
workflow that produces high yielding and sufficiently pure com-
pounds (>80%) that would allow libraries to be arrayed directly
without the need for purification, but also the incorporation of
suitable tags and linkers (31). Synthesis on solid support (like
polymer resins) provides a variety of advantages over solution
phase synthesis. Through automation, repeated cycles of coupling
can be easily carried out, and the use of such solid supports allows
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reactions to be driven to completion (by using high concentrations
of reactants), ensuring high-yields and purities for standard, well-
optimized chemistries. Reactions that give low yields are, how-
ever, not amenable to synthesis on solid support, as iterations on
solid support will diminish the overall yield and purity. Synthetic
strategies on solid support include position scanning libraries,
alanine-scanning libraries, diversity-oriented synthesis, and other
approaches (13, 32, 33). Other strategies for library synthesis
include fragment-based approaches and strategies like click-chem-
istry that have been applied to create diverse collections of mole-
cules for microarray applications (22).

It is desirable for the identity of each molecule spotted be
known a priori, before the arraying process. This, however,
imposes a considerable burden to the synthesis, as it comes at the
expense of added time, effort, and cost. Certain groups have
sought to use mass spectrometry to deconvolute identified hits
after sample application instead (13, 33). Tea bag style synthesis,
on the other hand using radiofrequency tags, has made it possible
to synthesize large chemical libraries, with each member identifi-
able at the end of the synthesis (34). In the earlier years, the
investment in expensive equipment and reactors for combinato-
rial synthesis was one barrier limiting access to the technology.
Over the last decade, commercial synthetic labs have been built,
and even those within core facilities at universities now have the
means to offer simple peptide library synthesis services. This could
in future be applied to the synthesis of more complex small mol-
ecules for microarray construction. Prefabricated arrays and
coated microarrays slides have also become available from com-
mercial vendors (29).

The synthesis process must at some point, include a tag to
enable covalent immobilization on the arrays (31). If the tag is
generic (like a common amine or carboxylic acid or aldehyde) and
appears at multiple locations of the molecules, it results in regio-
specific immobilization. In this context, any of the tags present
within the molecule could bind to the functionalized microarray
surface, hence presenting the molecules in one of several possible
orientations. This results in a mixed orientation of molecules
within a spot. The pH of the immobilization buffer used can, for
example, favor immobilization of terminal amines in place of epsi-
lon amines of lysines because of their different acid dissociation
constants (pKa).

Site-specific immobilization involves a unique tag present at
one predefined position in the library. This tag chemoselectively
binds the functionalized array surface. For most applications, site-
specific immobilization is preferred as the molecules are homoge-
nously presented on the array surface. Where the binding epitopes
are unknown, or where one would like to present more facets of
the molecules for interaction, regio-specific immobilization may
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be preferred, to not constrain the molecules to any predefined
orientation (35, 36). Certain tags that facilitate non-covalent, but
nevertheless stable immobilization of molecules onto the surface
may also be applied. These include the use of polyhistidine tag
(with a nickel or NTA surface) (37), the biotin tag (with an avidin
surface) (38), and epitope tag (like flag or glutathione-S-transferase,
GST) for immobilization on antibody-coated surfaces (17, 39).
In certain cases, peptide nucleic acids or other oligonucleotides
have also been used as tags for small molecule libraries, where
positive molecular ‘hits’ can be identified through hybridization
onto DNA microarrays (40—42).

3. Array
Fabrication

Using high precision robotic printers, one is able to automatically
deposit libraries of compounds from 384-well plates onto pre-
coated glass slides. These are the same commercial spotters used
for DNA microarray fabrication, and create spots by contact
printing (using microarray pins) or piezoelectric deposition. As
the same pins are recycled for different samples, it is important to
ensure proper washing of pins in solvents like water or ethanol
between sample applications. For such spotted arrays, this allows
around 5,000 molecules to be printed in duplicate on a standard
glass microscope slide, with each spot typically having a diameter
of 80-200 um. Alternatively, arrays may be built in situ, where
chains of peptides and similar polymers may be sequentially grown
on the surface itself, akin to building high rise apartment blocks,
level by level (43, 44). For such in situ synthesized chips, the
array density can be a lot greater, with feature dimensions going
down to just several microns, allowing more than a million fea-
tures to fit on the area the size of a thumbnail (45, 46).
Immobilizing molecules stably onto chips is the most funda-
mental step during microarray construction. Factors such as molec-
ular orientation, immobilization chemistry, and stability are key
considerations that govern downstream application (Fig. 2). A vari-
ety of “capture” agents such as aptamers, antibodies, and chemical
tags are available to immobilize small molecules on microarrays.
These strategies have been reviewed extensively elsewhere (8, 21,
31, 47, 48). To illustrate several notable examples, groups have
developed orthogonal tag systems, where highly specific reactions
may be used for immobilization of libraries on arrays. This includes
the use of click-chemistry type ligations, including the Staudinger
ligation between a phosphane and azide moiety (49) and the 1-3
dipolar cycloaddition reaction between and alkynes and azides
(50). The hydrazide surface has also been applied in the immobili-
zation of carbohydrates and other biomolecules on SMMs (51).
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Fig. 2. Key points during the early stages of microarray construction. These usually involve interdependent considerations
in library design and array fabrication.

Separately, there have been demonstrations on the use of inteins,
which are short proteins capable of self-splice for tagging and ligat-
ing molecules onto arrays (38, 52).

Photoactivation chemistries have alternatively been applied
tor the controlled activation of surfaces for chemical ligation (53,
54) (Fig. 3). These chemistries have applications both in the iter-
ative synthesis of molecules in situ, as well as in the capture of
spotted samples. The capture of molecules in this manner may be
site-specific where complementary tags are incorporated in the
library members or nonspecific where such tags are not required.
The latter approach has the advantage of being able to immobi-
lize molecules without the need of tags, allowing natural extracts
or compounds to be presented on microarrays for simultaneous
analysis (54). Other notable examples have facilitated in situ
assembly of molecules in high density on microarrays have uti-
lized light-directed synthesis, with or without photomasks (55,
56), photogenerated acids (57), or precision delivery of activated-
amino acids in particles using electric fields (44) (Fig. 3). These
have the advantage of building microarrays from the surface up.
Like any other solid phase methodology, they require that every
coupling step be highly efficient and robust, to ensure high qual-
ity of the arrays. They are similarly limited by the length of the
teatures that can be synthesized, as every coupling cycle dimin-
ishes the theoretical yield and purity attainable. The complexity is
also greater in fabricating peptides because of 20 possible amino
acid combinations at every layer, compared to just four building
blocks for nucleotides. This method is applied commercially for
the synthesis of DNA microarrays, but with promising recent
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Fig. 3. Various strategies for fabricating SMMs. (a) Covalent, site-specific immaobilization using Staudinger ligation. The
molecules are tagged with azide, and the slide surface is coated with phosphane (49). (b) Hydroxyquinone groups on
gold substrates that were protected with nitroveratryoxycarbonyl, a photolabile group. Molecules were tagged with
cyclopentadienes (53). (¢) Sequential molecular assembly in situ. The first set of building blocks is tagged with photola-
bile trimethyoxyphenacyl group, and the second set with amine (56).

developments (44 ), could also be applied cost-effectively for pep-
tide and other types of small molecule microarray synthesis.

An alternative method of presentation on SMMs has been the
application of small molecules in droplets (58). This takes the
SMM concept to another dimension as it overcomes the need of
immobilizing both the molecules and targets allowing reactions
to be performed in solution phase, in a label-free manner. This
has facilitated the screening of proteases and other enzymes using
such nanodroplet microarrays (24, 59, 60) (Fig. 4a). The use of
glycerol and incubations in humid environments prevents the
spots from drying up during the incubation steps. A similar appli-
cation was in encapsulating small molecules within biodegradable
polymers on arrays, upon which layers of cells were grown (61).
The hydrolysis of the polymer capsule and release of the mole-
cules facilitated high-throughput screening of small molecules,
and facilitated assessments on their effects on cell growth.
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Fig. 4. Applications of SMMs in enzyme profiling and inhibitor discovery. (a) The use of droplet microarrays for screening
enzymes (fop) and inhibitors (bottom) (59, 82, 89). (b) Methods for screening kinases (fop) (74—76) and phosphatases
(bottom) (77, 78) using peptide microarrays.

4. Applications
of SMMs

Biological evaluation of small molecules is an important first step
in the drug discovery process. SMMs provide a valuable opportu-
nity to screen drug targets to assess molecular interactions in high-
throughput. One of the key requirements of this process is the
ability to visualize the positive interactions, which is usually facili-
tated by directly tagging the protein of interest with a fluorophore
(Fig. 1). This provides a direct fluorescent readout to the pro-
tein that remains bound to locations on the array following the
wash steps, indicating the molecules on the array to which it most
tightly binds. The tags used typically are cyanine dyes (e.g.,
Cy3/Cy5) or fluorescein dyes that are available commercially as
active esters. These dyes, under basic conditions, can be bound
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minimally to target proteins through conjugation with their termi-
nal amines. Alternatively expressing proteins with fluorescence
protein tags (like GEP) is an alternative method of producing ‘vis-
ible’ proteins. However, for proteins where the N-terminus needs
to be free to preserve function, or where labeling detriments the
activity of the protein of interest, the alternative visualization
approaches should be used.

Antibody-based methods provide one such alternative.
Antibodies for many proteins and biological targets are available
commercially in either polyclonal or monoclonal forms. In this
scenario, the protein is first applied, in an unlabeled form, to the
microarrays. Following mild or harsh washing cycles, as may be
desired to improve signal to noise, antibodies labeled with fluoro-
phores, are applied to detect the proteins on the microarrays. A
cautionary note when using such an approach is to screen the
microarrays just with the antibody first (without the target) to
ensure that the antibody does not directly bind features on the
array. If significant binding is observed across the array, an alter-
native detection system should be used, or switch to a monoclo-
nal antibody variant instead which could afford greater specificity
to the protein target. If minimal background is observed, these
readouts could be subtracted from results that run in parallel with
the protein present (or even ignored if insignificant). Sometimes,
target proteins have tags or epitopes available that were used for
affinity purification. Antibodies against these tags (like anti-GST,
anti-MBP, or anti-His) are also available and may also be applied
to detect the proteins on the microarrays.

Mass-spectrometry represents another platform that has been
applied in tandem with microarrays, both in the isolation of mol-
ecules for array fabrication (62), as well as the detection of posi-
tive readouts on the microarray (63), thus moving away from the
need for fluorescent-based detection. Surface plasmon resonance
and imaging methods (like interferometry) have also been devel-
oped to facilitate the detection of readouts in high-throughput
on microarrays, without having to use tags (64-67).

The other challenge posed by SMMs is the analysis of the
wealth of data obtained (Fig. 1). Usually, the brightest spots are
identified and pulled out for further analysis. The number of mol-
ecules that represent ultimately depends on the ability to validate
the hits, according to the thresholds set for the experiment.
Inevitably, many of the initial hits may not bind the appropriate
binding pocket, or may turn out not to have the desired biologi-
cal effects on the target. The microarray should thus be seen as
the first step in the screening process to identify molecules with
possible ligand binding potential; the hits identified should be
further validated in specific and more quantitative assays for the
target to test for the actual binding/inhibition potency using K,
K, or IC,, measurements (13, 33, 68, 69).
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Methodologies have been developed through controlled time
or concentration-dependent applications to derive dissociation
and inhibition constants directly from the microarray readouts
themselves (70, 71). Another option is to develop substrate arrays
in place of ligand arrays; the readouts obtained upon enzyme
application more directly indicate the actual activity of the pro-
teins (72, 73). Accordingly, a wide variety of substrate microar-
rays have been applied for assessing the activity of enzymes, such
as kinases (25, 74-76), phosphatases (23, 77, 78), transferases
(79-81), and proteases (66, 82, 83) (Fig. 4b). Alternatively,
activity-based probes have also facilitated the assessment of enzy-
matic activity on microarrays (70, 84).

Besides assessments of enzymatic activity, SMMs have also
been applied to protein fingerprinting (85-88). This is in a way a
byproduct of microarrays, as every sample applied produces a fin-
gerprint. However, looking at these signatures comparatively,
offers tremendous insight into the functional differences espe-
cially across a class of closely related proteins. This is valuable,
more so, because it comes from the perspective of thousands of
interacting small molecule ligands, and has the added advantage
of being able to identify “hits” on the microarray that are selec-
tive to the desired target of interest, without binding its closely
related partners.

5. Gonclusion

Here, we have discussed a variety of practical issues and challenges
involved in the fabrication and application of SMMs. These
include various points in the design of libraries for immobilization
onto SMMs, the need for tags both on the small molecules (for
immobilization), and targets of choice (for visualization). Caretul
preparation is needed to consider all the experimental steps and
options in order to draw up a successtul SMM workflow. The
quality of the libraries and reproducibility of the resulting microar-
rays is of utmost importance. The preservation of the protein
activity during the sample application phase is also critical to
ensure good quality results.

As SMM technology matures and evolves, a great deal of
insight will be gained on the targets screened and the pathways
they control. Through the development of databases of molecular
interactions, platforms such as SMMs will contribute to our
knowledge of how small molecules behave and interact with bio-
logical targets within complex living systems. Perhaps, such knowl-
edge will one day enable us to predict the best possible ligand for
any given protein, without having to perform a single experiment.
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Further developments in microfluidics could also take advantage
of the throughput offered by SMMs, for applications in detection
and diagnostics.

The first decade of SMMs has been an exciting one, with
much interest in new applications and fabrication strategies. Now,
the technology has matured greatly, with a wider spectrum of
laboratories becoming equipped to deploy the platform for their
collection of chemical libraries or biological targets. Drug compa-
nies would also perhaps in the next decade begin applying SMMs
for routine, cost-effective screening, taking over from classical
workflows using microplates. A next generation of ‘nano’arrays,
using nanolithography and other techniques, is also being devel-
oped, which aims to reduce the feature sizes on arrays by several
orders of magnitude. With these exciting developments, the next
decade promises even more fantastic breakthroughs and discover-
ies using SMMs.
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Chapter 2

Construction of Photo-Cross-Linked
Microarrays of Small Molecules

Naoki Kanoh

Abstract

Small molecule microarrays are one of the most promising approaches to screen ligand molecules for
individual proteins of interest. However, their potential has not been fully realized due to the limited
number of methods to introduce small molecules onto the solid surfaces. To expand the compatibility of
small molecule microarrays, we have developed a unique photo-cross-linking approach for immobilizing
various small molecules, including natural products, on glass slides.

Key words: Photo-cross-linking, Natural products, Diazirine, Photo-generated carbene

Abbreviations

DSC N,N’-disuccinimidyl carbonate
DIPEA  N,N-diisopropylethylamine
DMF N,N-dimethylformamide

rt Room temperature

uv Ultraviolet light

1. Introduction

Construction of small molecule microarrays has mainly been
accomplished using the selective coupling approach. That is, a
library of small molecules having a certain functional group (e.g.,
thiol) is printed onto solid surfaces derivatized with a different
functional group (such as maleimide) that reacts selectively with
the former one. Thus, the library molecules readily attach to the
surface through a coupling reaction (1). However, to construct
small molecule microarrays by using this protocol, one must syn-
thesize a library of compounds having a certain functional group,

Mahesh Uttamchandani and Shao Q. Yao (eds.), Small Molecule Microarrays:
Methods and Protocols, Methods in Molecular Biology, vol. 669,
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or select such compounds from an in-house library. Natural
product libraries, which usually consist of a range of difterent types
of molecules, are therefore considered to have poor compatibility
with this platform. However, a method having high compatibility
with functional groups would avoid this problem.

There is another drawback in using the selective coupling
approach. Introduction of a tether, which connects a small mol-
ecule with a solid surface, on a defined site of a small molecule
reduces the number of binding modes available for each com-
pound. A decrease in the number of binding modes poses a major
drawback to ligand screening and chemical genomics, especially
when the goal is to discover new interactions between small mol-
ecules and proteins of interest.

To overcome these drawbacks of the selective coupling
approach, we developed a unique “non-selective” photo-cross-
linking protocol for immobilizing a variety of small molecules,
including natural products, on glass slides (2, 3).

2. Materials

2.1. Preparation
of Photo-Cross-Linker-
Coated Glass Slides

2.2. Small Molecule
Printing and
Immobilization

1. Amine-coated glass slide: HA-coated slide glass for DNA
microarray (Matsunami Glass Industries, Ltd., Osaka, Japan).

2. Gap cover glass (Matsunami Glass Industries, Ltd., Osaka,
Japan).

3. Slide staining chamber (BT-220; Matsunami Glass Ind., Ltd.,
Osaka, Japan).

4. MildMixer XR-36 instrument (Taitec Co., Ltd., Saitama, Japan).

5. Spin Dryer Mini (Wakenyaku Co., Ltd., Kyoto, Japan).

6. Slide activation solution: Prepare a solution of N, N’-disuc-
cinimidylcarbonate (100mM )and N, N-diisopropylethylamine
(100 mM) in reagent-grade N, N-dimethylformamide (DMF)
prior to use.

7. Reagent grade ethanol.

8. Milli-Q water.

9. Photo-cross-linker solution: Prepare a solution of photo-cross-
linker (compound 1 in Fig. 1, see Note 1) (100 mM) and N, N-
diisopropylethylamine (500 mM) in reagent-grade DMF.

10. Blocking solution: 2-ethanolamine (1 M) in reagent-grade
DME.

1. Library of small molecules.

2. 384-well polypropylene plate (X6004; Genetix LTD.,
New Milton, UK).
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Fig. 1. Construction of photo-cross-linked microarrays of small molecules. Reagents and conditions: (@) DSC (100 mM),
DIPEA (100 mM), DMF, rt, 4 h; (b) photo-cross-linker 1 (100 mM), DIEPA (500 mM), DMF, rt, dark, 4 h; (c) ethanolamine
(1 M), DMF, rt, dark, 1 h; (d) print the small molecules, then dry; (e) UV (365 nm, 4 J/m?).

. TJ-25 Centrifuge (Beckman Coulter, Inc., CA).

. Microplate holders (S5700; Beckman Coulter, Inc., CA).

. CL-1000L ultraviolet cross-linker (UVP LLC, Upland, CA).
. Reagent-grade DMSO.

. Reagent-grade DMF.

. Reagent-grade THF.
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3. Methods

The present photo-cross-linking strategy for immobilizing small
molecules depends on the reactivity of carbene species generated
from a 4-(3-(trifluoromethyl)-3 H-diazirin-3-yl )benzoic acid deriv-
ative upon UV irradiation. The photo-generated carbene species
are known to be highly reactive toward a variety of chemical bonds,
including nonactivated C-H bonds (4, 5). This property is
important for immobilizing small molecule through multiple sites
on the molecule to generate multiple conjugates. Generation of
multiple conjugates from a small molecule is expected to retain
the number of binding modes available for each molecule.
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3.1. Preparation

of Photo-Cross-
Linker-Goated Glass
Slides

However, we (6) and others (7) have shown that, when the UV
irradiation is done in solution phase, the photo-generated carbene
species tend to react preferentially with a certain functional group
over others. In addition, solvent molecules themselves can react
with the carbene species, lowering the density of small molecules
photo-cross-linked on the solid surface. Therefore, to maximize
the cross-linking efficiency and randomness toward functional
groups, we carry out the immobilization in a semisolid and highly
concentrated state: That is, each small molecule solution spotted
as an array is allowed to dry and concentrate to form a thin layer of
the compound on the solid surface prior to photolysis.

1. Immerse amine-coated glass slides (~10 slides) in a slide staining
chamber, which is filled with slide activation solution.

2. Shake the chamber gently on a MildMixer XR-36 instrument or
common bench top shaker at room temperature (rt) for 4 h.

3. Pour off the slide activation solution carefully from the chamber.
Wash the activated slides briefly by pouring reagent-grade EtOH
into the chamber and discarding the EtOH shortly after.

4. Wash the slides in the chamber successively with EtOH,
Milli-Q, EtOH, and Milli-Q for 10 min each, and then shake
one by one in Milli-Q in a beaker. After washing, centrifuge
the slides (480x g, 1 min) using a Spin Dryer Mini or common
2-slide centrifuge for microarray substrate.

5. Clean the surface of the activated glass slides by gently blowing
away dust with an air sprayer.

6. Place the activated glass slides on a clean flat surface such as a
lab bench top with the compound-to-be-spotted side facing
upward. Then, carefully place a gap cover glass at the center
of each activated glass slide.

7. Pipette 40-50 pL of photo-cross-linker solution and diffuse it
slowly between the cover glass and activated glass slide.

8. Incubate the glass slides for 4 h in the dark.

9. Immerse the slides carefully in an EtOH-filled slide staining
chamber. Tilt the slide glass in EtOH in the chamber to allow
the cover glass to fall off (see Notes 2 and 3).

10. Immerse the slides successively in EtOH and water. Centrifuge
them at 480 x4 for 1 min.

11. Immerse the slides in a slide staining chamber filled with
blocking solution.

12. Gently shake the chamber on a MildMixer XR-36 instrument
or the like at rt for 1 h.

13. Wash the blocked slides successively with EtOH and Milli-Q.
Dry the slides at 480 x g for 1 min using a Spin Dryer Mini or



3.2. Small Molecule
Printing and
Immobilization

3.3. Notes
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the like. Package the dried slides in five-slide boxes, then place
the boxes in vacuum sealer bags and seal them using a vacuum
sealer. Store the slides at —20°C.

. Dissolve small molecules in DMSO, typically 10 mM, or a

range of 5-10 mg/mL.

. Transfer 10 uL of each stock solution to individual wells in a

384-well polypropylene plate. A liquid transfer robot can be
used if there are a large number of samples.

. Centrifuge compound plates at 400 x g for 30 min using a TJ-25

Centrifuge or standard bench top centrifuge with microplate

holders.

4. Place the activated slides onto the microarrayer platform.
. Print compounds in the desired array format.

6. After the print run is completed, leave the printed slides over-

night in the dark.

. Place the slides in a CL-1000L ultraviolet cross-linker.

Irradiate the slides at 365 nm with 4 J/cm?.

. Place the irradiated slides in a slide staining chamber. Immerse

them in EtOH and wash for 1 h with shaking. Repeat the wash
with DMEF, THF, EtOH, and Milli-Q water (see Note 4).

. Centrifuge the washed slides at 400 x g4 for 4 min.

. The photo-cross-linker can be prepared in two steps from

4-(3-(trifluoromethyl)-3 H-diazirin-3-yl)benzoic acid and N-
(tert-butoxycarbonyl)-3,6,9,12,15-pentaoxaheptadecane-
1,17-diamine by using the previously reported procedures (2).
4-(3-(trifluoromethyl)-3 H-diazirin-3-yl )benzoic acid can be
purchased from Bachem AG (Bubendorf, Switzerland).
N-(tert-butyloxycarbonyl)-3,6,9,12,15-pentaoxaheptadecane-
1,17-diamine cannot currently be obtained from commercial
suppliers, but can be synthesized in four steps from hexaethy-
ene glycol (EG6) by using the protocol reported in the litera-
ture (8). The synthesis should be carried out by trained chemists
in facilities for chemical synthesis.

. Moving the cover glass on the slide glass or removing it from the

slide glass outside the liquid will harm the slide glass surface.

. The photo-cross-linker can be recovered by concentrating

the EtOH wash and purifying the residue via amine-coated
silica gel.

. It should be noted that, upon concentration of the small mol-

ecule solution and photolysis on the solid surface, some com-
pounds stick to the solid surface and can be very difficult to
remove using the usual washing protocol. To enhance the
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slide washing process, sonication can be employed. In such
cases, the slides are sonicated with a US Cleaner (As One Co.,
Osaka, Japan) or the like successively in DMSO, DME, ace-
tonitrile, tetrahedrofuran, dichloromethane, EtOH, and
Milli-Q water (3 x5 min each).
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Chapter 3

Small Molecule Microarray: Functional-Group Specific
Immobhilization of Small Molecules

Hyang Yeon Lee and Seung Bum Park

Abstract

Proteomic screening with small molecule microarrays can be a powerful tool in conjunction with various
forward chemical genetics screening and high-throughput phenotype assays. Small molecule microarray
screening can provide high quality information from the direct binding interaction between proteins of
interest and a collection of small molecules in a high-throughput fashion. To realize this potential of small
molecule microarray in the postgenomic era, the immobilization of small molecules on the surface of
microscope glass slides has been a critical step, to apply small molecule library in protein screening assays
and dissecting the protein network. In this chapter, we would like to focus on the protocol for the sys-
tematic immobilization of synthetic drug-like small molecules containing either specific functional han-
dles or common functional groups.

Key words: Small molecule microarray, Proteomic screening, Specific immobilization, Functional
group specificity, Surface chemistry

1. Introduction

After the completion of Human Genome Project in 2003,
Genetics/Genomics and Proteomics approach are in the lime-
light. There are a handful of new technologies, such as PCR,
siRNA, recombinant protein expression, mass spectrometry, and
so forth, which are revolutionizing research in biological and
medical science. The perturbation of biological system is one of
the key approaches to understand the function of particular gene
products or biopolymers, and the perturbation on the biological
systems can be poor nutrients, temperature variation, random
mutation, and introduction of new gene products through plas-
mid/siRNA. One of the methods to perturb biological systems is
the treatment of bioactive small molecule, which has been used

Mahesh Uttamchandani and Shao Q. Yao (eds.), Small Molecule Microarrays:
Methods and Protocols, Methods in Molecular Biology, vol. 669,
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for thousand years by human being as a medicine. Chemical
genetics aims to understand the properties of nucleic acids and
proteins using bioactive small molecule in a systematic fashion.
The phenotype changes of certain organisms or the functional
modulation of particular proteins of interest can be induced upon
the treatment with bioactive small molecules, which provide pow-
erful clues to understand the functions of particular proteins and
their relationship with phenotypic changes in certain organisms.

Proteomic screening with small molecule microarrays can be
a powerful tool in conjunction with various forward chemical
genetics screening and high-throughput phenotype screening.
Particularly, small molecule microarray screening can provide
high quality information from the direct binding interaction
between proteins of interest and a collection of small molecules in
high-throughput fashion. Akin to DNA microarrays, small molecule
microarrays could serve as an essential research tool for the under-
standing of the mode of action in various bioactive small mole-
cules. To realize this potential in a research setting, the
immobilization technology of small molecules on the surface of
microscope glass slides has been a critical step for the application
of small molecule microarrays. There is a huge interest on the
application of small molecule microarray using natural products,
natural-product analogs, and synthetic small molecule libraries
from various sources. Unlike DNA, small molecules do not share
common functional groups as a handle for immobilization onto
the glass surface. In particular, natural products and natural-
product analogs are well known for their structural and func-
tional-group diversity around their core skeletons. Therefore,
they require a universal functionalization method without any
functional handles, which presents certain advantages and dis-
advantages. In this chapter, we would like to focus on the system-
atic immobilization of synthetic drug-like small molecules with
shared functional groups.

In order to apply small molecule microarray in proteomic
screening, chemical chips by the immobilization of hundreds of
small molecules on microscope glass slides can provide the
proper display of small molecules on the glass surface for the
interaction with proteins of interest. There are several chemical
methods for the functional group-based specific immobilization
on the glass surface: Thiol-specific immobilization on maleimide-
derivatized slide via Michael addition (1), primary alcohol-
specific immobilization on silyl chloride-derivatized slide (2),
diazobenzylidene-mediated immobilization of functional groups
with acidic protons, such as phenols and carboxylic acids (3)
(Fig. 1).

Even though these methods can provide a versatile tool for
the selective immobilization of drug-like small molecules, they
take advantage of a biased orientation of small molecule on the
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glass surface because of their selective reactivity toward certain
functional groups. These small molecules require the common
functional handles for the application in particular surface immo-
bilization, for instance, a thiol group on the libraries is required
for immobilization onto maleimide slides, primary alcohol for
silyl chloride slides, and phenolic alcohol and carboxylic acids for
diazobenzylidene slide. Sometimes, the introduction of specific
functional groups on various small molecules can be achievable
through combinatorial approach and diversity-oriented synthesis.
In particular, the solid phase parallel synthesis can lead to the
production of small molecule collection with the appropriate
functional handle. But in the case of complex molecules, such as
natural products, it is difficult to have a common functional han-
dle or introduce such a functional group. To accommodate those
small molecule collections with various functional groups, isocya-
nate-derivatized glass slide with pyridine vapor activation was
developed (10, 11). Isocyanate slide and pyridine vapor activation
provide a useful immobilization method which could be applied
to small molecules with various nucleophilic functional handles.
In addition, there is a list of other functional group-selective
immobilization methods via specific reactions as following, which
is not covered in this chapter: Diels-Alder reaction (4), Staudinger
reaction (5), epoxide opening by hydrazide (6, 7), Biotin-Avidin
capturing (8), and photo-activated crosslinking using diazirin (9).
Most of these methods, except photo-activated crosslinking, take
advantage of a biased orientation of small molecule on the glass
surface (Fig. 1).

As stated earlier, the isocyanate method can be utilized for
the surface immobilization of natural products or natural prod-
uct-like small molecule library because this method can accom-
modate a wide spectrum of nucleophilic functional groups on
small molecules (10, 11). Using this method, the nucleophilic
functional groups, such as thiols, 1°/2° amines, 1°/2°/3° alco-
hols, anilines, phenols, sulfonamide, and even carboxylic acid,
can be selectively immobilized on the isocyanate-derivatized
glass surface. The binding event between small molecules and
proteins of interest can be monitored with enhanced signal-
to-noise ratio by the surface modification with short polyethyl-
ene glycol linkers through the reduction of nonspecific binding.
On the other hand, the photo-activated crosslinking method
was developed for the universal immobilization of small mole-
cules on the glass surface using nonselective carbene insertion
chemistry. Using this method, small molecule with any func-
tional groups can be immobilized through random insertion of
reactive species, such as carbene, nitrene, or radical, freshly
generated on the glass surface after small molecule printing.
This immobilization chemistry is a very powerful tool to intro-
duce any type of small molecule, even simple hydrocarbons.
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However, this photo-activated crosslinking method is also
challenged by the issues on false positives caused by the untrace-
able structural perturbation during the random insertion chem-
istry. Thus, the development of mild and compatible fabrication
methods is important to apply natural product and natural
product-like small molecule library to small molecule micro-
array. This immobilization chemistry is covered herein. In this
book chapter, we focus on the protocol for the systematic
immobilization of synthetic drug-like small molecules contain-
ing either specific functional handles or common functional
groups and suggest the proper immobilization method for
specific functional group.

2. Materials

2.1. Preparation
of Small Molecule
Source Plates

2.2. Preparation

of Amine-
Functionalized Glass
Slides

2.3. Preparation
of Chlorinated
Glass Slide

1. Small molecule with various functional handles (for proof-ot-
concept experiment).

2. Dimethyl sulfoxide (DMSO).

3. 384-well microtiter plate (polypropylene, GenePix or
equivalent, molecular devices, USA).

4. Plate sealing tape (Thermowell™ Sealing Tape, Corning,
USA).

5. Sealed container (i.e., Lock & Lock) with blue silica gel.

1. Prepared glass slides (1”x3”, 1 mm thickness, Corning,
USA).

2. Piranha solution: a mixture of concentrated sulfuric acid and
30% hydrogen peroxide solution (Aldrich, USA) in 70:30
(v/V) (see Note 2).

3. (3-aminopropyl)triethoxysilane (Aldrich, USA).
4. 95% ethanol.

5. Dry oven for curing slides.

1. Prepared glass slides (1”x3”, 1 mm thickness, Corning,
USA).

2. Piranha solution: a mixture of concentrated sulfuric acid and
30% hydrogen peroxide solution (Aldrich, USA) in 70:30
(v/V) (see Note 2).

3. Thionyl chloride (SOCI,, Aldrich, USA).
4. N, N-Dimethyformamide(DMF).
5. Tetrahydrofuran (THF).
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2.4. Preparation

of Surface
Maodification on
Amine-Functionalized
Glass Slides

2.4.1. Maleimide-
Functionalized Glass Slides

2.4.2. Diazobenzylidene-
Derivatized Glass Slides

2.4.3. Isocyanate-
Derivatized Glass Slide

2.5. Printing Small
Molecule Microarrays

2.6. SMM Incubation
with Proteins
of Interest

(@) 2 I NG S T (S R
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. N-succinimidyl 3-maleimido propionate (Aldrich, USA).
. Dimethylformamide (DMF).

. 50 mM sodium bicarbonate buffer, pH8.5.

. 2-mercaptoethanol (Aldrich, USA).

. Tetrahydrofuran.

. lisopropanol.

. Toluenesulfonylhydrazone [synthesized from 4-carboxyben-

zaldehyde (Alfa Aesar, USA)].

. p-Toluenesulfonylhydrazide (Aldrich, USA).
. Methanol.

. (benzotriazol-1-yloxy)tripyrrolidinophosphonium hexafluo-

rophosphate (PyBOP, Novabiochem).

. N, N-diisopropylethylamine (DIPEA).
. Sodium methoxide (Aldrich, USA).
. Ethylene glycol (Junsei, Japan).

. Dimethylformamide.

. 1,6-diisocyanatohexane (Acros, USA).
. Dimethylformamide (DMF).

. Fmoc-8-amino-3,6-dioxaoctanoic acid [synthesized in-house

using reported procedure or purchased from Fluka, USA].

. (benzotriazol-1-yloxy)tripyrrolidinophosphonium hexafluo-

rophosphate (PyBOP, Novabiochem, Germany).

. N, N-diisopropylethylamine (DIPEA).

6. 20% (v/v) Piperidine in DMF.

. OmniGrid Microarrayer (Digilab Inc., USA) or equivalent

microarrayer.

. Stealth microspotting pins (SMP-5 pin, Arraylt Corp., USA).
. Pin washing with acetonitrile and sonication with DMF.

. Vacuum oven (Eyela, Japan) and pyridine (Aldrich, USA) for

isocyanate chemistry activation.

. 1 M ethylene glycol (Junsei, Japan) or glycolic acid (Aldrich,

USA) in DMF for quenching the residual microarray
surface.

. Phosphate-buffered saline with Tween-20 (PBST) : 12 mM

NaH,PO,, 137 mM NaCl, 3 mM KCI, pH=7.4,0.01 % (v/v)
Tween-20.

. Proteins of interest in appropriate storage bufter.
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3. Parafilm or Saran wrap (clear plastic wrap).

4. Cy3/Cy5 monoreactive protein labeling dye (GE Healthcare,
UK) for fluorescent labeling on protein of interests or
antibody.

5. Streptavidin (Aldrich, USA) as an example of proteins of
interest.

6. FKBP12-GST (in-house expressed using recombinant pro-
tein purification technology).

7. Anti-GST monoclonal antibody (GE Healthcare, UK) labeled
with Cy5 fluorophores.

2.7. Fluorescent 1. Axon GenePix 4200B 2-laser microscope slide scanner
Scanning (Molecular Devices, USA) or equivalent fluorescent micro-
scope slide scanner.
2. GenePix Pro 5.0 software (Molecular Devices, USA).
3. Methods

For the practical application of small molecule microarray in
proteomic screening, it is required to fabricate chemical chips by
the immobilization of thousands of small molecules on glass
slides, which can provide the proper display of small molecules on
the glass surface for the interaction with proteins of interests.
There are several chemical methods for the functional group-
based specific immobilization on the glass surface. In this
chapter, we focus four immobilization methods: Thiol-specific
immobilization on maleimide-derivatized slide via Michael
addition (1), primary alcohol-specific immobilization on silyl
chloride-derivatized slide (2), diazobenzylidene-mediated immo-
bilization of functional groups with acidic protons, such as phe-
nols and carboxylic acids (3), and semiuniversal immobilization
of various nucleophilic functional groups using isocyanate-
derivatized slide with pyridine vapor activation (10, 11). First of
all, thiol-containing small molecules can be immobilized on the
maleimide-derivatized glass slides via Michael addition reaction
of the strong nucleophile (thiol) to the electrophile (a,f-
unsaturated carbonyl) (1). In comparison, primary alcohol-
containing small molecules can selectively immobilized on the
silyl chloride-derivatized glass slides, due to the oxophilicity of
silicon moiety. Silyl chloride group can be introduced by the
treatment of thionyl chloride on the freshly reduced silyl alcohol
(with Piranha solution) (2). However, small molecules with phe-
nolic alcohol cannot be immobilized effectively on the silyl chlo-
ride glass surface. To address this problem, a new immobilization
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3.1. Preparation
of Small Molecule
Source Plates

3.2. Preparation

of Amine-
Functionalized Glass
Slides

method was developed: small molecules containing functional
groups with acidic protons, such as phenolic alcohol and carboxy-
lic acid, can be immobilized on the diazobenzylidene-derivatized
glass slides (3). This method can provide the complementary tool
to immobilize phenolic alcohol-containing small molecules which
are not applicable in silyl chloride glass slides. To accommodate
small molecule collections with various functional groups, isocya-
nate-derivatized glass slide with pyridine vapor activation was
developed (10, 11). Isocyanate slide and pyridine vapor activation
provide a useful immobilization method which could be applied
to small molecules with various nucleophilic functional handles,
such as amine /aniline, 1°/2°/3° alcohol, phenol, and thiol, etc.
In general, isocyanate can react with many nucleophilic functional
groups under the base-catalyzed condition. The isocyanate chem-
istry was successfully introduced on the surface immobilization
method for a series of small molecules with various functional
handles through the pyridine vapor activation in the vacuum oven
for the surface. Herein, we introduce these small molecule
fabrication methods according to the functional group using
FKBP12 as a target protein and AP1497 derivatives as a small
molecule. (see Note 1)

1. Dissolve small molecules in DMSO at the concentration of
10 mM. For the proof-of-concept experiment and sensitivity
profiling, the control molecules (biotin or AP1497) with var-
ious functional handles in DMSO solution were serially
diluted from 10 to 0.625 mM.

2. Transter 10 uL of each solution to 384-well polypropylene
plate as small molecule source plate. Seal each plate with
plate sealing tapes and store them at -20°C until use. The
small molecule source plates are recommended to be stored
in the sealed container with blue silica gel to minimize the
hydration of DMSO solution during freeze and thaw cycles.

1. Prepare piranha solution as following: a mixture of concen-
trated sulfuric acid (Aldrich, USA) and 30% hydrogen perox-
ide solution (Aldrich, USA) in 70:30 (v/v) (see Note 2).

2. Immerse the plain glass slides into the piranha solution for
12 h at room temperature under the fume hood for the gen-
eration of fresh silanol on the glass surface.

3. Wash the resulting glass slides briefly with dH,O and immerse
them into the solution of (3-aminopropyl)triethoxysilane (3%
v/v) in 95% ethanol for 1 h at room temperature.

4. Gently swirl the resulting glass slides in absolute ethanol to remove
excess (3-aminopropyl)triethoxysilane and incubate them in the
dry oven at 115°C for 1 h to cure the absorbed silane layer.
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3.3. Preparation
of Maleimide-
Derivatized Glass
Slides (see Figs. 2
and 3)

3.4. Small Molecule
Printing

[0) S
N

. Wash amine-functionalized glass slide extensively with DMEF,

acetonitrile and dH,O. Dry the resulting slides by centrifuga-
tion (23x g) and store them under nitrogen or argon gas.

. Prepare amine-functionalized glass slide or commercial GAPS

(y-aminopropylsilane) slide.

. Prepare maleimide solution for the functionalization of

amine-functionalized slide asfollowing: Dissolve N-succinimidyl
3-maleimido propionate in anhydrous DMF (200 mM), and
dilute this solution by tenfold with 50 mM sodium bicarbonate
aqueous buffer (pH 8.5).

. Immerse the amine-functionalized slides into the maleimide

solution for 3 h at room temperature.

. Wash the resulting slides extensively with DME, acetonitrile

and dH,O and dry them by centrifugation (23x g).

. Place the prepared 384-well plate containing small molecule

stock solution in DMSO at the source plate position in the
microarrayer.

o
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maleimide-fuctionalized slide

THF, 4h

chlorinated slide

Fig. 2. Preparation of maleimide-functionalized and silyl chloride-derivatized glass slide.

Glass shide

Parafilm

—>

Protein solution C— Glass slide

Protewn solution

Parafilm

Fig. 3. Schematic diagram of SMM incubation with proteins of interest using parafilm. Protein solution (500 uL) was
dropped onto the parafilm and the printed face of small molecule microarray can gently cover the protein solution. The
protein solution was diffused throughout the slide surface by capillary effect. The SMM incubation can be performed on
the benchtop at room temperature incubation or in the cold room for 4°C incubation.
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3.5. Protein Binding
Assay (Proteomic
Screening) with Small
Molecule Microarray
(see Fig. 4)

a:X=SH,b:X= H

2.

Install the small molecule printing pins on the pin-head of
the microarrayer (2x2, 4x4, 4x12, etc.) and design the
printing method and configuration using OmniGrid software:
blot 40 features before printing on actual slides.

. Place the functionalized glass slide on the platform of the

microarrayer.

4. Put a clean glass blot pad on the microarrayer platform.

. Print the small molecule on the surface of functionalize glass

surface using the protocol developed by the manufacturer of
the microarrayer. (number of pin blotting on the blotting
pad, pin washing methods and sonication time, and pin dry-
ing, etc.).

. Some immobilization technology requires postprocessing

steps after the small molecule printing.

. Prepare proteins of interest labeled with fluorophores (such

as Cy3 and Cy5). The binding event of small molecule with
proteins of interest can be monitored either by direct labeling
of proteins of interest with fluorophores or by visualizing the
proteins of interest with epitope tag using fluorescently
labeled anti epitope primary antibody or secondary antibody.
In this protocol, GST-fusion proteins were used for proteomic
screening and their binding events were monitored by Cy3-
labeled anti-GST primary antibody.

Fig. 4. Small molecules containing thiol group (1a, 2a, 3a, and 4a) were selectively immobilized on maleimide-derivatized
glass slides via Michael addition reaction. Compound 1a and 1b are biotin derivatives with two different functional han-
dles. Biotin is one of the strongest small molecule binders toward avidin/streptavidin (estimated binding affinity K, values
of ~10-" M). Compound 2a and 2b are steroid digoxigenin derivatives and are known as an antigen of mouse monoclo-
nal antibody DI-22. Compound 3a and 3b are synthetic pipecolyl a-ketoamides (AP 1497) and can selectively recognize
the human imminophilin FKBP12 with excellent affinity. Compound 4a is a thiol-functionalized tetramethylrhodamine as
a reference fluorophore. The binding events between small molecules and proteins were detected with fluorescent (Cy5)
labeled proteins. (Reproduced from ref. (1) with permission from American Chemical Society).
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3.6. Preparation
of Silyl Chloride-
Derivatized Glass
Slides (see Figs. 2
and 5)

10.

11.

12.

. Scan the slides before applying proteins of interest to deter-

mine any auto fluorescence of printed small molecule.

. Immerse printed small molecule microarrays in PBST (see

Note 3) containing 3% BSA and incubate them for 20 min at

room temperature to block nonspecific interactions (see
Note 4).

. Immerse the slides into PBST containing 1% BSA with gentle

shaking for 10 min at room temperature.

. Wash slides with PBST and dry them by brief centrifugation

(23x g, 30 s).

. Prepare a solution with proteins of interest (typically 0.1 nug/

mL ~5 pg/mL in PBST containing 1% BSA) (see Note 5).

. Incubate the printed face of smallmolecule microarray with a

protein solution (500 pL) for 30 min on the top of parafilm
for 30 min at 4°C or room temperature (see Notes 6,7 and 8)
(see Fig. 3).

. Wash the resulting slides with PBST containing 1% BSA

(three times) for 20 min at room temperature. If it requires
the second incubation with fluorescence-labeled primary
antibody, incubate the slides with 500 uL of a solution of Cy5
labeled goat anti-GST antibody (1 pg/mL in PBST) for
another 30 min.

. Rinse them with PBST containing 1% BSA for 20 min at

room temperature. Repeat twice.

After the final brief washing with dH,0, dry the microarray
slides by centrifugation (23x g, 30 s).

Scan the resulting slides with fluorescent microscope slide
scanner (GenePix 4200A) (see Note 9).

Analyze the results of proteomic screening with the analysis
software (GenePix Prof 5.0).

. Prepare piranha solution as following: a mixture of concen-

trated sulfuric acid and 30% hydrogen peroxide solution in
70:30 (v/v) (see Note 2).

. Immerse the plain glass slides into the piranha solution for

12 h at room temperature under the fume hood for the gen-
eration of fresh silanol on the glass surface.

. Wash the resulting glass slides briefly with dH,O.

. Immerse the slides into the chlorination solution which is

composed of 1% SOCI, and 0.1% DMF in anhydrous THF
for 4 h at room temperature.

. Wash the slides briefly with anhydrous THF and dry them by

centrifugation (23x g), and use the resulting slide immedi-
ately after the silyl chloride derivatization.
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Fig. 5. AP1497 derivatives containing various functional handles, such as primary alcohol, secondary alcohol, phenolic,
and methyl ether, were printed on silyl chloride-derivatized glass slides at the concentration of ~5 mM stock solution.
The resulting slide was incubated with Cy5-labeled FKBP12 protein solution. AP1497 with primary alcohol was selec-
tively immobilized on the silyl chloride-derivatized glass slide due to its reactivity with silyl chloride. In comparison,
AP1497 with secondary alcohol showed weak fluorescent (Cy5) signal, which confirms the poor immobilization of sec-
ondary alcohol on the silyl chloride-derivatized glass surface. Phenolic and methyl ester functional handles failed to
immobilize AP1497 on the surface of functionalized glass slide (Reproduced from ref. (2) with permission from American

Chemical Society).

3.7. Preparation

of Diazobenzylidene-
Derivatized Glass
Slides (see Figs. 6
and 7)

. Print small molecules on the silyl chloride-derivatized glass

surface, as described in Subheading 3.4, and leave the printed
small molecule microarray at room temperature overnight for
the proper immobilization. The optimal result can be achieved
when the microarray printing is performed under the anhy-
drous N, atmosphere throughout the printing event.

. Wash the resulting printed slides extensively with DMF, THE,

acetonitrile, and water in sequence, and dry them by centrifu-
gation (23x g, 30 s). The printed SMM can be stored at
-20°C with argon purging for more than 6 month prior to
the proteomic screening.

. Perform the proteomic screening with proteins of interest, as

described in Subheading 3.5 (see Fig. 5).

. Synthesis of p-toluenesulfonylhydrazone: Dissolve 4-carboxy-

benzaldehyde (10 g, 66.7 mmol) and p-toluenesulfonylhy-
drazide (12.4 g, 66.7 mmol) in methanol (300 mL). The
reaction mixture was heated at 70°C, then cooled down to
25°C and stirred for 16 h at room temperature. The resulting
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Fig. 6. Schematic diagram for the preparation of diazobenzylidene-derivatized glass slides followed by small molecule
printing and quenching (Reproduced from ref. (3) with permission from Wiley-VCH Verlag GmbH & Co. KGaA).
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Fig. 7. AP1497 derivatized with functional handles, such as phenol (2a), carboxylic acid (2b), primary alcohol (2c), sec-
ondary alcohol (2d), methyl ether (2e), and tetramethylrhodamine (3) as a reference fluorophores were printed in a serial
twofold dilution from 2 mM to 1 uM on diazobenzylidene-derivatized glass slides. The printed slide was incubated with
Cy5-labeled FKBP12 (1 wg/mL) as proteomic screening. AP1497 derivatives containing phenolic OH and carboxylic acid
were immobilized on the glass surface and successfully demonstrated the dose-dependent fluorescent intensity, which
confirms that the immobilization efficiency of small molecules with proper functional handles is proportional to the con-
centration of small molecules. (Reproduced from ref. (3) with permission from Wiley-VCH Verlag GmbH & Co. KGaA).
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3.8. Preparation

of Isocyanate-Coated
Glass Slides

(see Fig. 8)

mixture was heated again at 60°C, added with water (150 mL),
and cooled down to 25°C. The desired product, p-toluene-
sulfonylhydrazone, as a white precipitate was filtered and
washed with water. The additional water (400 mL) facilitates
the formation of more precipitate from the filtrate. The white
precipitate was collected and washed with cold water, and air-
dried. p-Toluenesulfonylhydrazone was stored in the brown
glass bottle at room temperature.

. Immerse freshly prepared amine-functionalized slides or com-

mercial GAPS slides into the solution of p-toluenesulfonylhy-
drazone (10 mM), PyBOP (10 mM), and DIPEA (20 mM)
in DMF for 12 h at room temperature.

. Wash the resulting slides extensively with DMF and

methanol.

. Immerse p-toluenesulfonylhydrazone-derivatized slides into

the solution of 100 mM NaOMe in ethylene glycol, and incu-
bate them at 90°C for 2 h for the generation of diazoben-
zylidene moiety on the surface of glass slides.

. Wash slides with methanol and dry them by centrifugation

(23x g, 30 s) (see Note 10).

. Print small molecule on the surface of glass slides using microar-

rayer and leave the printed slide on the microarrayer platform
for 12 h (overnight), as described in Subheading 3.4.

. Immerse them in a 1 M aqueous solution of glycolic acid

for 30 min to mask the remaining diazobenzylidene
moieties.

. Wash the resulting printed slides extensively with DMF, THE,

methanol, and dH,O in sequence and dry them by centrifu-
gation (23x g, 30 s). The printed SMM can be stored at
-20°C with argon purging for more than 6 month prior to
the proteomic screening.

. Perform the proteomic screening with proteins of interest, as

described in Subheading 3.5 (see Fig. 7).

. Prepare the reaction solution containing Fmoc-8-amino-3,6-

dioxaoctanoic acid (10 mM), PyBOP (10 mM), and DIPEA
(20 mM) in 2.5 mL DMF for 5 amine-functionalized slides
(GAPS II slide or equivalent slides).

. Pipette the reaction solution (500 pL) onto the parafilm and

place the GAPS II on the top of reaction solution, which
allows the reaction solution to be spread throughout the sur-
face of slides.

. Incubate the slides with reaction solution at room tempera-

ture for 12 h.
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10.

3.9. Printing of Small 1.
Molecules Using

Microarrayer

on Isocyanate- 2.
Functionalized Glass

Slide and

Immobilization 3
Method Via Pyridine
Vapor Activation (see
Figs. 8 and 9)

. Immerse the slides in fresh DMF and wash them for 10 min

with gentle shaking. Repeat this with fresh DMF twice. The
resulting slide is chemically modified with short polyethylene
glycol (PEG) linker to minimize the nonspecific binding with
biopolymers. After washing, slides can be dried by brief cen-
triftugation (23x g, 30 s) and stored at room temperature
prior to the following step.

. Immerse the resulting slides in DMF solution containing 20%

piperidine (v/v) for 30 min at room temperature to remove
Fmoc protecting group on the surface of slides.

. Immerse slides in fresh DMF and wash for 10 min with gentle

shaking. Repeat with fresh DMF twice.

. The resulting slides were dried by brief centrifugation and

placed into a reaction jar (made of polypropylene).

. Immerse slides in 10% (v/v) 1,6-diisocyanatohexane in DMF

and incubate them for 30 min at room temperature with
gentle shaking.

. Wash the resulting slides in anhydrous DMF with gentle shaking

for 5 min. Repeat this with fresh DMF and THF.

Dry slides by brief centrifugation (23x g, 30 s) and store
at —20°C (see Note 11).

Place the prepared 384-well plate containing small molecule
stock solution in DMSO at the source plate position in the
OmniGrid microarrayer.

Install the printing pins on the pin-head of the microarrayer
(2x2,4%x4,4x%x12, etc.), and design the printing method and
configuration using OmniGrid software: prespot 40 features.

. Place the isocyanate-functionalized glass slide on the platform

of the microarrayer.

. Put a clean glass blot pad on the microarrayer platform.

1. Fmoc-8-amino-3,6-dioxaoctanoic acid, /3\ n=2 n=2

PyBOP, DIPEA
NH, NH, NH, 2. Piperidine, DMF

0 1. Print small molecules Q

2. Pyridine vapor
3. 1,6-diisocyanatohexane O 3. Ethylene glycol quench o

§-5i-0-Si-0-8i-}
——

. . NH w/
Q3 3 s Q5 3
§—si-0-8i-0-5i-} §-8i-0-5i-0-5i-

————) S S

Fig. 8. Schematic diagram for small\-molecule immobilization on the isocyanate-derivatized glass slide and pyridine-
vapor activation chemistry (Reproduced from ref. (10, 11) with permission from Nature Publishing Group).
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Fig. 9. AP1497 derivatives with various functional handles were printed on the isocyanate-functionalized glass slide fol-
lowed by pyridine-vapor activation. Small molecule containing nucleophilic functional handles can successfully be
reacted with electrophilic isocyanate and immobilized on the glass surface. Total fluorescence intensity was calculated
by GenePix Pro analysis software. Primary amines (3j), aryl amine (3m), and thiol (3i) were immobilized with the highest
immobilization efficiency. On the other hand, methyl ether (3e) and methyl (3h) were hardly immobilized. Small molecules
containing various lengths of PEG linkers (30—3q) did not make any significant difference in their fluorescent intensity
based on their PEG chain length. (Reproduced from ref. (10, 11) with permission from Elsevier).

5. Print the small molecule on the surface of isocyanate-
functionalized glass surface using the protocol developed by
the manufacturer of the microarrayer (number of pin blotting
on the blotting pad, pin washing methods and sonication
time, and pin drying, etc.).
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10.

11.

12.

13.

14.

15.

16.

. After the completion of print run, let the printed slides on the

microarrayer platform for additional 10 min at room
temperature.

. Move the slides gently into the vacuum oven and close the

door of the vacuum oven.

. Heat the vacuum oven to 50°C and make the oven vacuous

by opening the vacuum valves for 10 min.

. Connect the two-neck round bottom flask (500 mL) contain-

ing 5 mL of Pyridine. One neck is connected to the vacuum
oven, and the other neck is connected to the N, source (N,
cylinder).

Fill the N, gas in the round bottom flask, and close both
valves on the necks of round bottom flask.

Vaporize pyridine in the round bottom flask with heat-gun
under isolated N, atmosphere. Then, open the valve to the
vacuum oven and fill up the vacuous space of vacuum oven
with pyridine vapor in N, gas.

Repeat step 11 until the inside of vacuum oven become
atmospheric pressure. This operation allows the exposure of

printed slides in the pyridine vapor with N, gas at 50°C. (see
Note 12).

Close the valves (inlet and outlet) of vacuum oven and leave
the printed slides under pyridine vapor activation at 50°C for
overnight.

Immerse the printed slide into 1 M ethylene glycol in DMF
solution to quench the residual isocyanate on the glass surface.
Wash the resulting slides in DMF for 20 min with gentle
shaking. Repeat the washing step for three times with fresh
DME.

Dry them by brief centrifugation (23x g, 30 s). The printed
SMM can be stored at -20°C with argon purging for more
than 6 month prior to the proteomic screening.

Perform the proteomic screening with proteins of interest, as
described in Subheading 3.5 (see Fig. 9).

4. Notes

. The affinity of AP1497 to the protein FKBP12 was reported

around 8.8 nM.

. Piranha solution is a very strong oxidant and highly corrosive.

Thus, it should be handled with extreme care. Piranha solu-
tion is typically stored in glass containers and kept under the

fume hood.
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10.

11.

12.

. Proper buftfer for the target protein should be used to main-

tain the activity and stability of the proteins of interest.

. To prevent the nonspecific interaction with biopolymers,

small molecule microarrays were incubated in 3% BSA /
PBST (20 min) and 1% BSA/PBST (15 minx2) solution
prior to the incubation with target protein.

. To reduce the nonspecific binding of protein, add 1% BSA

(w/v) to the incubation buffer containing proteins of interest
and test lower concentration of proteins.

. The incubation temperature can be varied either at 4°C or at

room temperature based on the stability and activity of the
proteins of interest.

. To reduce the amount of protein used for proteomic screen-

ing, parafilm method was used for protein binding assay.
Transfer 500 pL of protein solution onto the parafilm and
turn the slides upside down so that printed side can face the
solution. Avoid the generation of air bubble (see Fig. 3).

. When using the direct labeling, skip step 8. Fluorescent detection

using common affinity tag antibody labeled with Cy3 or Cy5
can significantly reduce the labor and time to label individual
proteins of interest. Thus, it can be applicable for the proteomic
screening with cell lysates without further purification.

. Choose the proper wavelength of fluorescent microscope

slide scanner according to the fluorescence dye used for pro-
teomic screening. The typical excitation wavelength of Cy3
and Cy5 are 532 nm and 635 nm, respectively.

Store the slides at -20°C prior to proteomic screening.
However, they can be stored at this point for at least 3 weeks in
the dark at room temperature without the loss of its activity.

The slides should be completely dried to maintain their repro-
ducible binding events. So wash with DMF, THEF, acetonitrile,
and water, and then dry them by centrifugation (23x g, 30 s).
After that, store them in -20°C until use. The activity was
preserved for 6 months.

Pyridine vapor serves as a catalyst to increase the reactivity of
various nucleophilic functional groups toward electrophilic
isocyanate. To make pyridine anhydrous, potassium hydrox-
ide was added into pyridine.
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Chapter 4

Detecting Protein-Small Molecule Interactions Using
Fluorous Small-Molecule Microarrays

Arturo J. Vegas and Angela N. Koehler

Abstract

General binding assays involving microarrays of small molecules can be used to identify small molecule
ligands for nearly any protein, even in the absence of knowledge about protein structure or function.
Several suitable methods for manufacturing small molecule microarrays (SMMs) exist and different
immobilization methods may be more or less preferable for any given application. Here, we describe a
protocol for noncovalent and homogenous capture of small molecules using fluorous interactions
between small molecules containing fluorocarbon tags and fluorocarbon-coated glass surfaces. These
arrays are especially useful for applications that require display of compounds in a specific orientation such
as screening biased libraries.

Key words: Small molecule microarrays, Fluorous, Noncovalent attachment, Homogenous display,
HDAC, SAHA, Structure-binding relationships

1. Introduction

Small molecule microarrays (SMMs) are an attractive technology
for the high-throughput identification of small molecule ligands
for proteins. Thousands of compounds can be queried for their
ability to bind a protein of interest in a single microarray. This
approach has been used successfully to identify functional probes
of extracellular growth factors (1), various enzymes (2—4), tran-
scription factors (5), as well as pathogenic intron RNA (6).
Various surface chemistries have been developed to covalently
attach molecules onto solid substrates such as glass or silicon and
have been reviewed elsewhere (7-9). Most of these approaches
take advantage of either latent functionalities or specific append-
ages on the small molecules that react with the modified surface.

Mahesh Uttamchandani and Shao Q. Yao (eds.), Small Molecule Microarrays:
Methods and Protocols, Methods in Molecular Biology, vol. 669,
DOI 10.1007/978-1-60761-845-4_4, © Springer Science+Business Media, LLC 2010
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These approaches can result in either a homogenous (4, 10) or a
heterogenous (11, 12) display of small molecules and often
require significant surface preparation. Perfluoroalkyl tags, other-
wise known as fluorous tags, are versatile protecting groups for
chemical synthesis of small molecule collections (13-15). These
tags can facilitate noncovalent immobilization on fluorinated glass
surfaces via a fluorous solvophobic effect (Fig. 1). This dual

Labeled
Antibody

printing/ screening
array manufacture

Fig. 1. Fluorous small molecule microarrays (FSMMs) allow for a homogenous display of small molecule functionality.
Arrays are manufactured by noncovalent immobilization of fluorous-modified small molecules on a fluorous-modified
glass surface (see Subheading 3.1). Incubation of arrays with purified protein (see Subheading 3.2) or lysates
(see Subheading 3.3) followed by antibody detection reveals leads for protein ligands.
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application of fluorous technology presents an integrated platform
toward the synthesis and screening of small molecule collections.
Pohl and coworkers originally demonstrated that fluorous
microarrays can serve as a robust screening tool for identifying
interactions involving proteins and unprotected carbohydrates
(16-18). More recently, this approach has been extended to
hydrophobic, drug-like small molecules (19, 20). Microarrays
manufactured using this approach have low uniform background,
excellent signal-to-noise, and consistent spot morphologies.

In this chapter, we present a step-by-step protocol for the
manufacture of fluorous-based SMMs (FSMMs) that can be
used to screen for protein—small molecule interactions.
Specifically, we present a method using FSMMs to identify small
molecules that bind and inhibit histone deacetylases (HDAC:S).
HDACSs catalyze the hydrolysis of N-acetyl groups on lysine
residues found in the N-terminal tails of histone proteins (21).
Reversible acetylation plays an important role in defining chro-
matin states and in regulating transcription from genomic DNA
differentially across distinct tissues, thereby mediating cell dif-
ferentiation, epigenetic inheritance, and various disease-related
processes (22, 23). Identitying HDAC inhibitors though chem-
ical screening is an increasingly active area of research (20, 24,
25). Compounds that resemble suberoylaniline hydroxamic
acid (SAHA), a compound that inhibits multiple members of
the HDAC family and that has been approved for the treatment
of cutaneous T-cell lymphoma (26), were prepared with fluo-
rous tags, printed, and screened in an effort to identify structure-
binding relationships (20). The FSMMs allow for controlled
molecular display of a critical chelator functionality that is
required for enzyme inhibition. Protocols for screening a puri-
fied HDAC3/NCoR2 protein complex and HDAC3 residing
in cellular lysates are described.

2. Materials

2.1. Compound
Printing/Array
Manufacture

1. Fluorous-functionalized glass slides (catalog #850-9100,
Fluorous Technologies, Inc.).

2. OmniGrid®100 Microarrayer (Genomic Solutions) outfitted
with an Arraylt™ Stealth 48 pin printhead and SMP3 spotting
pins (TeleChem International, Inc.), or equivalent.

3. Solutions of small molecules (~2.5-10 mM in DMSO) in
384-well V-bottom polypropylene plates (Abgene) (Fig. 2).
Typical purity requirements for compounds are 290%.

4. Dimethylformamide (Sigma-Aldrich).
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Fig. 2. Compounds printed onto fluorous-coated glass slides and tested as potential HDAC ligands. The compounds
resemble suberoylaniline hydroxamic acid (SAHA), which inhibits multiple members of the HDAC family of enzymes.
Nonfluorous analogs were used in secondary assay validation of FSMM positives. Compound 21F is a ligand for an unre-
lated protein (FKBP12) and serves as a negative control. Compound 22F is a Texas Red fluorescent dye used to frame

array borders.

2.2. Screens with 1. His-tagged HDAC3 was purchased in a complex with a

Pure Proteins

GST-tagged NCoR2 peptide. This complex resulted in

improved enzyme competence in all assays tested (BPS

Biosciences).

2. HDAC assay bufter: 50 mM HEPES pH 7.4, 100 mM KCI,

0.005% Tween 20.

3. 4-well rectangular dish, polystyrene, sterile catalog #: 267061

(Nunc).

0 NN O Ul B

. Distilled water (or Millipore-purified).
. Axon 4000B or Axon 4200A scanner.

. GenePix Pro 6.0 software (Axon Instruments, Inc.).

. Incubating Rocking Platform Shaker (VWR).
. Alexa Fluor® 647 anti-pentaHis antibody (Qiagen).
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2.3. Screens 1. 293-MSR cells.
with Lysates 2. T175 flasks (Nunc).

3. Dulbecco’s Modified Eagle’s Medium (DMEM, Gibco/BRL)
supplemented with 10% fetal bovine serum (FBS, HyClone)
and 0.6 mg/mL G418 (Invitrogen).

4. Sterile incubator.

5. Trypsin solution (1x in DMEM, Invitrogen).

6. Eppendorf compact centrifuge (VWR).

7. MIPP lysis bufter: 20 mM NaH,PO,, pH 7.2, 1 mM Na,VO,,
5 mM NaF, 25 mM B-glycerophosphate, 2 mM EGTA, 2 mM
EDTA, 1 mM DTT, 0.5% (v/v) Triton X-100.

8. Protease inhibitor cocktail (Sigma).

9. Parafilm (VWR).

10. Mouse anti-HDAC3 monoclonal primary antibody (Upstate).
11. Alexa Fluor® 647 goat anti-mouse polyclonal secondary
antibody.
12. HDAC assay buffer: 50 mM HEPES pH 7.4, 100 mM KCl,
0.005% Tween.
3. Methods

Here, we describe a protocol for identifying protein—small molecule
interactions using FSMMs. In this specific example, compounds
resembling SAHA were printed and screened on the arrays in an
effort to study structure-binding relationships. Fluorous technol-
ogy facilitates the synthesis and purification of compounds as well
as homogenous display within the microarray so that the chelating
element, critical for recognition by the HDAC enzymes, is oriented
away from the surface. Other immobilization strategies used for
SMM manufacture might obscure the critical chelating elements
through reaction with the modified glass slide (7, 11). As with all
SMM assay platforms, primary assay positives should be confirmed
using either secondary binding assays (e.g., surface plasmon reso-
nance or isothermal titration calorimetry assays) and in functional
assays (e.g., enzymatic or phenotypic) (8). In this study, nonfluo-
rous analogs of each compound (I1H-20H) were evaluated in
HDAC3 enzyme inhibition assays (Fig. 5a) and surface plasmon
resonance secondary binding assays (Fig. 5b). Results from both
the ESMM and biochemical assays were congruent, with eight out
of nine enzyme inhibitors scoring as positives in the array-based
assay (20). Binding profiles generated using SMMs against differ-
ent HDAC homologs should aid in the discovery of new selective
inhibitors, which remains a challenge in chromatin research.
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3.1. GCompound
Printing/Array
Manufacture

10.

11.

12.

. Prepare stock solutions of compounds for printing by dissolving

them in DMSO. Typical stocks are prepared in a concentra-
tion range of 2.5-10 mM depending upon solubility. Stock
solutions are stored at —20°C.

. Transfer 5 pl of each compound to a V-bottom 384-well

polypropylene plate.

. Clean fluorous-functionalized glass slides prior printing by

using a gentle stream of air to remove any particulates from
the surface (see Note 1).

. Load slides carefully onto the slide platform or platen of an

OmniGrid®100 Microarrayer (or equivalent), making sure
that all slides are in the same orientation.

. Prior to printing, clean the SMP3 spotting pins by sonicating

them in dimethylformamide for 30 min. Note that washing
protocols are critical to clean away hydrophobic compounds,
especially dyes, and preventing the carryover of samples.

. Load the clean SMP3 spotting pins onto the Arraylt™ Stealth

48 pin printhead being careful to avoid touching the tips of
the pins.

. Design the printing configuration using the OmniGrid®100

software. Array features typically display diameters of
80-150 um with 300 um center-to-center spacing.

. To ensure that compound solutions reside at the bottom of

each well, centrifuge all compound stock plates at 400 x g4 for
1 min at 24.0°C using a Genevac HT-24 or standard bench-
top centrifuge with microplate adapters.

. Insert a clean glass blot pad and compound plates into the

microplate positions on the array deck. Make sure that the

compound plate is in the proper orientation with respect to
well Al.

Print compounds in the desired array format. Instruct the
microarrayer to spot 30 features on the blot pad with a
400 pm spacing center-to-center spacing between sample
pick-up and actual printing onto fluorous slides. Within the
print run, wash the pins five times with a 6 s incubation in
dimethylformamide followed by vacuum drying in between
each sample pick-up and deposition. Note that washing pro-
tocols are critical to clean away hydrophobic compounds,
especially dyes, and preventing the carryover of samples (see
Notes 2 and 3).

Once the print run has completed, allow slides to dry for at
least 10 min prior to removing from platen.

Dried slides are packaged into 5-slide plastic boxes and stored
in a -20°C freezer.
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3.3. Screens
with Lysates
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Quality control studies for each print run involved scanning
arrays prior to screening and looking for the presence or
absence of various fluorescent control features as well as
screens to detect a known protein-ligand interaction involv-
ing compound 2IF and FKBP12 using conditions reported
previously (11).

. Purified HDAC3,/NCoR2 was diluted to a protein concen-

tration of 1 ug/mL in HDAC assay buffer.

. Printed slides were incubated with purified HDAC3 /NCoR2

(printed side facing #p) in a 4-well dish. Each slide required
approximately 7 mL of protein solution to fully cover the
fluorous surface (see Note 4).

. When performing a competition assay, add SAHA (compound

1H) to a final concentration of 35 nM to the protein
solution.

. Gently agitate slides on a VWR incubating rocking platform

shaker (speed value 15, tilt value 6) at room temperature for
30 min.

. Discard the protein solution, and then immediately incubate

slides with Alexa Fluor® 647 conjugated anti-pentaHis anti-
body (Qiagen) diluted 1:1,000 in HDAC assay buffer (7 mL
per slide). This antibody is used to detect the His-tagged
HDACS3 portion of the complex.

. Gently agitate slides with antibody at room temperature for

30 min, as described previously.

. Discard the antibody solution and quickly rinse slides (<10 s)

with HDAC assay buffer followed by a quick rinse with puri-
fied distilled water.

. Dry slides by centrifugation for 15 s. Immediately scan slides

for fluorescence using an Axon 4000B or Axon 4200A scan-
ner at 635 nm to detect binding of the Alexa Fluor® 647
labeled antibody (Fig. 3).

. To analyze the array features, total fluorescence intensity val-

ues are calculated using a set 160 um diameter circle centered
over each feature using GenePix Pro 6.0 software (see Notes
6 and 7).

. Culture 293-MSR cells in a T175 flask to 90% confluency in

30 mL of DMEM medium supplemented with 10% fetal
bovine serum and 0.6 mg,/mL G418 at 37°C in a sterile incu-
bator, ideally yielding five to ten million cells.

. Aspirate the medium and treat cells with 4 mL of trypsin

(1x in DMEM) for 5 min at 37°C.
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Fig. 3. (a) Array format of fluorous-modified compounds shown in Fig. 2 and (b) a representative scanned array after
incubation with HDAC3/NCoR2 and Alexa Fluor® 647 labeled Anti-His antibody (635 nm). DMSO controls are designated
as “D”. (c) Representative array for a competition assay involving coincubation with 35 nM SAHA, a known HDAC inhibitor
that binds at the enzyme active site. (d) Clarified 293-MSR lysate incubated with arrays, followed by incubation with a
monoclonal anti-HDAC3 antibody and an Alexa Fluor® 647 labeled secondary antibody.

. Dilute the cells with 20 mL of medium and transfer the solu-

tion to 50 mL falcon tube.

. Form a cell pellet by spinning at 200 x g for 5 min. To remove

residual trypsin, aspirate medium and gently resuspend cells
with 20 mL of fresh medium.

. Centrifuge again to reform cell pellet. Aspirate medium. Cell

pellet can either be carried forward for an experiment, or be
flash-frozen in a dry-ice/isopropanol bath and stored at
-80°C for later use.

. Prepare a clarified lysate by suspending cell pellet in 2.5 mL

of MIPP lysis buffer with a 1:200 dilution of protease inhibi-
tor cocktail for 10 min on ice. One cell pellet gives enough
lysate for three microarray experiments.

. Dispense 800 uL of solution into three 1.5 mL centrifuge tubes

tollowed by centrifugation at 20,800 x g for 15 min at 4°C.
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. Dispense 600 pL of a clarified lysate droplet (avoid disturbing

the cell pellet) on a clean sheet of parafilm (see Note 4).

. Incubate one small molecule microarray with the lysate drop-

let by gently placing the slide printed face down on the drop-
let. Optimal spreading of the solution is achieved by first
allowing droplet to touch the edge of the slide and then
slowly lowering the rest of the slide on the solution. Avoid air
bubbles (see Note 5).

Incubate solution with slide for 30 min at room temperature.

During the lysate incubation, prepare 700 uL of antibody
solution by mixing anti-HDAC3 monoclonal primary anti-
body and Alexa Fluor® 647 goat anti-mouse polyclonal sec-
ondary antibody together at a ratio of 1:1 and at a dilution of
1:1,000 in HDAC assay buffer.

Prepare a 600 uL droplet of antibody mixture on parafilm as
described above.

Once lysate incubation is complete, quickly transfer and place
slide face down on antibody droplet, assuring optimal spread-
ing as before. Incubate at room temperature for 30 min.

Quickly rinse slide with HDAC assay buffer (<10 s), and then
briefly rinse in distilled water. Dry slide by centrifugation and
scan slide immediately on an Axon 4000B or Axon 4200A
scanner at 635 nm to detect binding (see Notes 6 and 7).
Typical results obtained are depicted in Figs. 4 and 5.

4. Notes

. Dust particles can confound the analysis of microarrays due to

autofluorescence. A gentle stream of air can be used to remove
dust particles from the slide surface prior to printing.

. Occasionally, we note that compound stock solutions carry-

over from one sample pick-up to the next. When this hap-
pens, we increase the duration of the pin wash cycle or increase
the number of wash cycles in between each sample pick-up. If
a blot pad is used for the print run, we have to be careful in
cleaning it with methanol and bibulous paper after every 768
samples.

. Some dyes can create problems with sample carryover if the

pins are not washed sufficiently or if the sample concentration
is high. We typically print dyes at lower concentrations
(2.5 mM) than our standard sample concentration of 10 mM.
We have also noticed that spot morphologies are more consis-
tent with dyes printed at 2.5 mM.
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Fig. 4. Arrays are analyzed by averaging fluorescence intensity over experimental replicates and by normalizing against
averaged DMSO fluorescence intensity (the background) across the array. (a) Purified HDAC3/NCoR2 analysis with posi-
tive enzyme binders classified by greater than twofold above the background and indicated by black bars. (b) Lysate
HDAC3 analysis with positive enzyme binders classified by greater than twofold above the background and indicated by
black bars. Black asterisks indicate compounds that displayed greater than twofold above background with purified
HDAC3/NCoR2. (¢) Competition assay analysis comparing fold over background with purified HDAC3/NCoR2 with and
without the addition of SAHA at 35 nM.

4. In our experience, roughly 7 mL of aqueous solution is

required to fully immerse a fluorous-coated slide in a dish,
whereas less hydrophobic microarray slides require half the
volume. If a sample is precious and there is less material, we
suggest adopting a protocol similar to that used to screen
lysates (see Subheading 3.3, steps 8—14), where the slide is
placed printed face down onto a 600 pL sample droplet held
on parafilm.

. Be careful to avoid air bubbles in the protein solution under

the slide when using the droplet protocol described in
Subheading 3.3. This can reduce reproducibility among rep-
licate slides as the protein does not consistently come in con-
tact with the array surface.

. If features appear white during scanning, you have reached

the saturation limit of the scanner. Lower the photomultiplier
tube (PMT) voltage and scan again.

. Several problems may give rise to missing printed features.

First, stock solution may not have been properly delivered
to the slide surface. It is critical that the stock solutions
reside in the bottom of the plate wells and not on the sides
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Fig. 5. Secondary assay validation of microarray positives using non-fluorous compound analogs in (@) HDAC enzymatic
activity assay data shown as percent inhibition at 333 nM and (b) SPR ranking assay at 40 nM, 4 uM, and 25 uM. Black
squares and black asterisks indicate compounds with fluorous analogs that are classified as positives in microarray
analysis.

of the well. It is also critical that the z-axis is aligned so that
the pins make contact with the solution in each well. We
also physically inspect each plate prior to printing to be sure
that samples have not evaporated, especially in edge wells.
We also inspect the arrayer printhead to be sure that all pins
move freely. Pins must also be inspected under a micro-
scope to make sure that the tip is not obstructed, bent, or
corroded.
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Chapter 5

A Method for Small Molecule Microarray-Based Screening
for the Rapid Discovery of Affinity-Based Probhes

Haibin Shi, Mahesh Uttamchandani, and Shao Q. Yao

Abstract

We describe herein a new method for the high-throughput identification of affinity-based probes (AfBPs)
using a small molecule microarray (SMM) approach. A hydroxylethylene-based small molecule library
was first generated by solid-phase combinatorial synthesis. The library was tagged with biotin to facilitate
immobilization on avidin-coated slides. Preliminary screening with y-secretase (both the recombinantly
purified protein as well as cellular lysates overexpressing the enzyme) was carried out, in order to identify
potential small molecule binders, which were subsequently redesigned into AfBPs. Several specific and
potent probes for y-secretase were thus identified through the binding profiles observed on the SMMs.
The SMM platform was able to sensitively and conveniently report activity-based binding interactions
between aspartic proteases and their small molecule inhibitors. This new approach thus provides a poten-
tially more rapid and efficient method for developing AfBPs using SMMs.

Key words: Small molecule microarrays, Affinity-based probes, y-secretase, Solid-phase synthesis,
Hydroxylethylene scaffolds

1. Introduction

Small molecule microarrays (SMMs) provide a valuable platform
for the large-scale, quantitative determination of protein-ligand
interactions in high-throughput (1). It offers a cheap and con-
venient method for the screening of thousands of compounds
rapidly and has been successfully used in ligand identification
(2), and in protein profiling (3). Furthermore, microarray-based
technologies have also been used in the discovery of biosensors
and biomarkers for disease diagnostics (4). We describe herein
an SMM approach for the high-throughput identification of
affinity-based probes (AfBDPs), using y-secretase as our enzyme
target. This strategy may be further applied to the identification

Mahesh Uttamchandani and Shao Q. Yao (eds.), Small Molecule Microarrays:
Methods and Protocols, Methods in Molecular Biology, vol. 669,
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of affinity-based probes for aspartic protease, as well as other
classes of enzymes.

Aspartic proteases are among the smallest groups of proteases,
with only 15 members identified in the human genome. These
enzymes have nevertheless proven to be a rich source for drug
targets for the pharmaceutical industry (5). There remains, how-
ever, a gap in the functional annotation, as well as in the structural
information available, for members of this group. It is thus a chal-
lenge to profile the activity of aspartic proteases, especially with
regard to understanding their physiological function as well as in
the development of therapeutics. To address this need, we have
developed an SMM-based approach that facilitates the develop-
ment of AfBPs for enzymes. These arrays may be applied for
screening the ligands of enzymes, which are either recombinantly
expressed and purified or overexpressed in cell lysates. The ligands
identified are thereafter converted into specific probes for enzyme
profiling. Our approach is described here using y-secretase as a
model.

The overall strategy is illustrated in Fig. 1. A hydroxylethylene-
based small molecule inhibitor library was generated using
solid-phase combinatorial synthesis. The hydroxyethylene scatfold
is a transition state analog of aspartic proteases and thus target the
inhibitors to bind the active site of these enzymes. After incubat-
ing membrane fraction of y-30 cell lysates with inhibitor library
onto the microarrays, highly reproducible and distinct binding pro-
files were obtained against the 198-member library. Two compounds
which showed the strongest relative binding fluorescence were
directly converted to probes which contained a benzophenone (BP)

Fluorescently rm.

[Biotin e WH J labeled proteome _—

Microarray from mammalian

spotting lysates
Biotin MRkl _beates

Biotin SMM
%{_J
198-member library it
identification
AfBP

band ™\

fluorescent - : < OABP [Biotin Saa® WH J

SDS-PAGE

Conversion

Fig. 1. Overall strategy of the small molecule microarray (SMM)-facilitated platform for high-throughput identification of
AfBPs. A small molecule library was first immobilized on slide followed by screening with recombinant proteins or cel-
lular lysates labeled with Cy3 dye. The stronger binders were then converted to affinity-based probes for applications in
in vivo or in vitro protein profiling.
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photo-crossing unit and a tertracthylrthodamine (TER) reporter
or biotin handler according to our previous click chemistry strat-
egy using the 1-3 dipolar cycloaddition reaction (6). To demon-
strate the capability of the probes for proteomic profiling of
v-secretase in cellular lysates specifically, we carried out the in-gel
fluorescence labeling experiments and pull down experiments.
Our western blotting results established that the probe F24 was
able to specifically label N-terminal fragment of presenilin 1
(PS-NTF), the catalytic core of y-secretase.

Traditional methods of probe design have relied on existing
inhibitors of y-secretase (7—10). Our approach facilitated the dis-
covery of inhibitors of y-secretase and facilitates the translation of
these “hits” into probes for in vitro or in vivo profiling of the
target enzymes. Our approach thus facilitates the high-through-
put design and discovery of AfBPs for the functional profiling of
aspartic proteases, as well as potentially other different classes of
enzymes.

2. Materials

2.1. Preparation
of Avidin Slides

. Piranha solution (H,SO,:H,0,=7:3) (see Note 1).

. MilliQ water.

. Dimethylformamide (HPLC grade, Fischer Scientific).
. Avidin (Pierce).

. Succinic anhydride (Sigma-Aldrich).

. N-hydroxysuccinimide (Sigma-Aldrich).

N QN g W~

. O-benzotriazole- N,N, N’,N’-tetramethyl-uronium-
hexafluoro-phosphate (HBTU;GL Biochem).

. N-hydroxybenzotriazole (HOBt; GL Biochem).
9. N-cthyldiisopropylamine (DIEA; Merck).

10. APTES solution: 380 mL 100 % ethanol, 8 mL H,O and
12 mL aminopropyltriethoxisilane (Sigma-Aldrich).

11. Carboxylic acid activation solution: 400 mL of DMF (HPLC
grade), 12 g succinic anhydride and 18 mL of 1 M Na,B,O,
(pH 9).

12. NHS activation solution: 15 mL of DMF, 565 mg HBTU,
173 mg N-hydroxysuccinimide, 550 puL of DIEA.

13. Avidin solution: 2 mg avidin (for 30 slides), 1.5 mL of MilliQ
water, 30 uL of 0.5 M NaHCO,, pH 9.

14. Quenching solution: 2 mM aspartic acid in 0.5 M NaHCO,
(pH 9).

2]
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2.2. Spotting

2.3. Protein Labeling,
Incubations, and
Scanning

2.4. Synthesis
of Probes

2.5. Gel-Based
Labeling and Pull-
Down Experiments

2.6. Equipments

. Small molecule library.

2. Phosphate buffered saline (PBS) (pH 7.4).

N U W

NS

. 384-well polypropylene microarray plate (Genetix).

. Cy3 or Cy5 N-hydroxysuccinimide ester (Amersham, GE

Healthcare, USA).

. Hydroxylamine (Sigma-Aldrich).

. G-25 spin-column (Amersham, GE Healthcare, USA).
. Sodium phosphate buffer (PBS) (pH 7.4).

. Bovine serum albumin (BSA; Sigma-Aldrich).

. Incubation buffer: 0.05% Tween 20 in PBS.

. Alkyne and azide probe fragments.
. N, N-Diisopropylethylamine (DIEA) (Sigma).
. Copper sulfate (CuSO,-5H,0) and sodium ascorbate

(Sigma).

. Solvents: Dimethylsulfoxide (DMSO; Fisher Scientific), dis-

tilled water (dH,O).

. v-30 cell line.

2. Dulbecco’s modified Eagle’s medium (Sigma).

. Fetal calf serum and 1% penicillin /streptomycin/puromycin/

zeocine /geneticin/Hygromycin (Invitrogen).

4. Bradford protein assay (Bio-Rad).

. 12% SDS-PAGE gels.

6. Blocking buffer: 2.5% (w/v) BSA in 0.05% Tween in PBS

buffer.

7. PVDF membrane.

10.
11.
12.
13.

14.

—

. Antibody for PS1 (Santa Cruz Biotechnology).
. Donkey anti-goat conjugated HRP (Santa Cruz

Biotechnology).

Avidin-agarose beads (Thermo Scientific).
Neutravidin-conjugated HRP (Pierce).
SuperSignal West Pico kit (Pierce).

HEPES buffer: 10 mM HEPES, 1 mM EDTA, 150 mM
NaCl, 10% Glycerol, pH 8.0.

Elution buftfer: 200 mM Tris-HCI, 400 mM DTT, 8% SDS,
pH 6.8.

. 75 mm by 25 mm glass slides (Sigma-Aldrich).

. Metal slide rack and glass staining jar.
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. Magnetic stirring bars.

. Fume cabinet.

. Glass desiccators and a vacuum pump.
. Oven (set to 150°C).

. Arrayer (ESI SMA) fitted with Stealth Micro Spotting pins
(Telechem International, cat. no. SMP10).

N O\ Ul W

. Coverslips (60 mm by 22 mm) or (40 mm by 20 mm).

Nelieo]

. ArrayWoRx Microarray Scanner (Applied Precision).
10. TRORI MicroKans.

11. TRORI radiofrequency tag.

12. Rotary evaporator (Buchi).

13. Vacuum evaporator (Genevac HT-4X).

14. Centrifuge (Hettich-Zentrifugen, model Rotina 35).

15. Shimadzu liquid chromatography-mass spectrometry-ion
trap time-of-flight system equipped with autosampler (cat.
no. LCMS-2010EV).

16. Typhoon 9200 fluorescence gel scanner (GE).

2.7. Software 1. ArrayWoRx Microarray Software (or equivalent).

2. Microsoft Excel (or equivalent).

3. Typhoon 9200 fluorescence image analysis software.
3. Methods

The 198-member library used in this study was synthesized by
solid-phase combinatorial chemistry followed by immobilization
onto avidin slides. After screening with pure protein or cellular
lysates labeled with Cy3 dyes, the fluorescence intensity measured
is indicative of the level of protein bound to the respective small
molecule spots on the arrays. Based on the binding profile, sev-
eral selective and potent ligands for y-secretease were identified.
All compounds were derived from a hydroxylethylene core group
(see Scheme 1). In the 123-member N-terminal sublibrary the R,
and R, positions correspond to the P, and P, residues. These were
varied with aromatic/aliphatic moieties (R, =Phe, Leu, Ala;
R, =aromatic/aliphatic acids). In the 75-member C-terminal
sublibrary, the R, and R, positions correspond to the P, and P, ,
positions, respectively, and were similarly varied. In both subli-
braries, a biotin tag and a linker were introduced in each com-
pound for subsequent immobilization onto SMM. All 198
compounds were analyzed by LC-MS, which confirmed the
library members were pure (>80%) (11).
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Scheme 1. Design and synthesis of the 198-member hydroxyethylene-based small molecule library. The library con-
tained a biotin tag to facilitate immobilization onto avidin-coated glass slides.

3.1. Preparation 1. Store glass slides in piranha solution until needed (see Note 1).
of AVifﬁ”' ) 2. Remove slides required from piranha solution carefully and
Functionalized Glass rinse ten times with MilliQ water to remove any trace of acid
Slides (see Note 2).

3. Rinse finally with 95% ethanol, and dry slides in fume hood.

4. Prepare APTES solution in a glass staining jar and stir for
10 min, with the glass lid covered (see Note 3).

5. Immerse the slide rack in this solution for 2 h with constant
stirring.

)}

. Rinse slides with 95% ethanol four times.



3.2. Spotting

3.3. Sample
Preparation

10.

11.

12.
13.

14.

15.

16.

17.
18.
19.

20.
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. Place the whole metal tray with the slides in a covered glass

dish and cure in the 150°C oven for at least 2 h (see Note 4).

. Cool down the slides before rinsing again with 95% ethanol.

Flush the slides under a dry stream of nitrogen to remove
excess ethanol and air dry slides in the fume hood.

. Soak amine slides in the carboxylic acid activation solution for

20 min.

Thereafter, soak in a 95°C water bath for 2 min with constant
shaking.

Rinse slides with 95% ethanol, flush with N, and then air dry
in the fume hood.

Prepare the NHS activation solution.

Apply 450 pL of the NHS activation solution onto each
carboxylic acid functionalized slide.

Cover with cover slips, and then incubate for 3 h at room
temperature.

Rinse with 95% ethanol and air dry in the fume hood.

Prepare the avidin solution, apply 50 uL of the above mixture
solution onto each slide and cover the slides with cover slips,
and then incubate for 35 min at room temperature.

Rinse slides two times with MilliQ water.
Quench in a dish with quenching solution for 15 min.

Rinse with MilliQ water and transfer back onto metal tray,
flush with N, and air dry in the fume hood.

Store slides in the fridge at 4°C until required for spotting,
and rinse with water before use.

. Prepare 16 pL of each compound solution in a 384-well

microtiter plate. The compounds were around 1 mM in PBS/
DMSO (1:1) (see Note 5).

. Spot the solutions (with at least duplicate spots for each

compound) on avidin-functionalized glass slides.

. The slides were allowed to stand for 1 h on the printer platform.

. Store at 4°C until use.

. Minimally label protein or lysate samples with either Cy3 or

Cy5 N-hydroxysuccinimide ester for 1 h on ice in PBS.

. Quench with tenfold molar excess of hydroxylamine for a

further 1 h.

. Remove the excess dye either by extensive dialysis at 4°C

overnight or a sephadex G-25 spin-column.

. Analyze by SDS-PAGE to ensure successful labeling of target

proteins.
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3.4. Incubation
on Microarray

3.5. Scanning
of the Slides

3.6. Synthesis
of Probes
for y-secretease

. Rinse slides with PBS for 10 min and block with PBS-

containing 1% BSA for 1 h.

. Dilute labeled enzyme and lysate solution (to a final concen-

tration of 1 uM) with HEPES buffer (1x) containing 0.1%
Tween 20.

. Apply 30 uL labeled protein or lysate samples to the slides

under coverslip (40 mm by 20 mm) (see Note 6).

4. Incubate for 1 h at room temperature.

. Rinse the slides briefly with water followed by washing with

PBS + 0.05% Tween 20 for three times (10 min/time) with
gentle shaking.

. Scan using an ArrayWoRx microarray scanner installed with

the relevant filters.

. Scan slides on a microarray scanner equipped with the relevant

filters (Cy3: &, ,,,=548/595 nm; Cy5: &, =633/685 nm).

X/em

. Typical results obtained are displayed in Fig. 3a (screened

against fluorescently labeled membrane fraction of y-30 cell
lysates). Of the strong binders, most were identified as mem-
bers of the C-terminal sublibrary containing an alanine resi-
due at the P| position. C-c-5 and C-c-24 showed the strongest
relative fluorescence binding.

Based on the microarray screening results, two stronger binders,
C-c-5 and C-c-24, were identified and their corresponding
AfBPs (both tetracthylrhodamine, TER, and biotinylated ver-
sions) were synthesized using “Click” Chemistry as shown in
Fig. 2. A negative control probe TER-A31 (from the spot N-a-
31 from the SMM screening which showed no binding and was
deemed negative) was also synthesized.

1.

2.

3.

4.

5

Synthesize the TER-BP-alkyne and Biotin-BP-alkyne
linkers (12).

Dissolve the alkyne (1.2 eq) and azide (1.0 eq; final concen-
tration: 10.0 mM) fragments in a minimal amount of

DMSO.
Add this to a final mixture of DMSO /water solution (1:1;
2 mL) and shake for a few minutes to obtain a clear
solution.
Add catalytic amounts of CuSO, (0.1 eq) and sodium ascor-

bate (0.4 eq) and continue shaking at room temperature for
another 12 h.

. Analyze the reaction product with LC-MS to ensure com-

plete consumption of the azide and quantitative formation of
the triazole product in all cases.
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Fig. 2. “Click” assembly of the fluorescently labeled and biotin-containing affinity-based probes (AfBPs). A total of five
probes were synthesized and obtained from the initial SMM screens.
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Probe +
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5 —

34—
26—
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Anti-biotin anti-PS1 siverl stain
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Fig. 3. (@) SMM of the 198-member library screened against fluorescently labeled membrane fraction of y-30 cell lysates,
with microarray image showing selected binders (F5 and F24) and a nonbinder (A31). All compounds were printed in
duplicate; (b) In-gel fluorescence profiling of y-30 lysates using the set of ABPs designed using the “hits” identified using
SMM (F5, F24); (c) Pull-down experiments from y-30 lysates and western blotting identified the protein labeled with
Biotin-F24 as PS-NTF.
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3.7. Characterization
of AfBPs with y-30
Cell Lysates

6.

Purity the final probes that were subsequently purified by
prep-HPLC and characterize/confirm the structure and
purity by NMR and LC-MS.

In-gel fluorescence labeling and pull-down experiments were
carried out with three TER-containing probes, TER-F5, TER-
F24, and TER-A-31 (negative control) against mammalian cell
lysates prepared from the y-30 cell line.

1.

Incubate 15 ug total lysates (determined by Bradford assay)
with the probes (5 UM final concentration; 5% DMSO) in
HEPES bufter for 30 min at RT.

. After 30 min incubation, irradiate samples for 25 min using a

B100A lamp (UVP) at a distance of 5 cm, on ice.

. After irradiation, boil samples for 10 min with 4 uL. of 6 x SDS

loading buffer, resolved on a 12% SDS-PAGE followed by
in-gel fluorescence scanning with a Typhoon 9200 gel scan-
ner (for typical results obtained, see Fig. 3b).

. For pull-down experiments, label 2 mg of lysates with 5 pM

probe F24 in a 2-mL reaction using the above described
conditions.

. After labeling, precipitate the lysates in acetone and resolubi-

lize in 0.1% SDS in PBS with brief sonication.

. Incubate the resuspended sample with avidin-agarose beads

at RT for 30 min.

. After centrifugation, remove the supernatant and wash beads

with 1% SDS in PBS for four times.

. After washing, boil the beads that were in elution buffer.

9. Run the labeled samples on a 12% SDS PAGE gel.

10.

11.

12.

13.

14.
15.

After SDS-PAGE gels separation, transfer proteins that were
onto a PVDF membrane and block the membranes with
blocking buffer for 1 h.

Incubate membranes for 1 h at room temperature with neu-
travidin-conjugated HRP (diluted 1:10,000 in PBS) or anti-
presenilin  antibodies (diluted 1/5,000 in PBS) with
shaking.

Wash with PBST for three times, and incubate with the appro-

priate secondary antibody for 1 h at room temperature with
shaking.

After incubation, wash membrane again with PBST for three
times.

Use a luminescence kit to develop the blot.

Typical western blot results obtained are shown in Fig. 3c.
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4. Notes

1. To prepare the piranha solution, pour H,SO, first and then

add H,O, slowly, make sure that the temperature does not
increase too much since it can get extremely hot. The mixture
H,SO,/H,0, (piranha) solution is a strong oxidant. It reacts
violently with organic materials. It can cause severe skin burns.
It must be handled with extreme care in a well-ventilated
fume hood while wearing appropriate chemical safety
protection.

2. Use only powder-free gloves or bare hands to handle slides.

. Shake the slide tray every once in a while to prevent small air

bubbles accumulating on the slide surfaces. In the meantime,
on the other hot plate start boiling deionized water (with a
stirrer bar), until it reaches about 95°C.

. Make sure that each slide is kept separate from each other. Cure

for at least 2 h, but they may also be incubated overnight.

. The working stock plate can be stored at -20°C for several

months without appreciable product degradation. Avoid
repeated freezing and thawing of the original stock plate.

. Make sure that there are no air bubbles trapped under the

coverslip. The slides should be covered with aluminum foil to
protect from light during the incubation steps. The incuba-
tion time must be uniform for all slides, and 1 h of incubation
is reccommended. Depending on desired signal to noise, this
incubation time may be increased or reduced. Ensure that the
solution under the coverslip is evenly distributed.
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Chapter 6

Nanodroplet Chemical Microarrays and Label-Free Assays

Dhaval Gosalia and Scott L. Diamond

Abstract

The microarraying of chemicals or biomolecules on a glass surface allows for dense storage and miniaturized
screening experiments and can be deployed in chemical-biology research or drug discovery. Microarraying
allows the production of scores of replicate slides. Small molecule libraries are typically stored as 10 mM
DMSO stock solutions, whereas libraries of biomolecules are typically stored in high percentages of
glycerol. Thus, a method is required to print such libraries on microarrays, and then assay them against
biological targets. By printing ecither small molecule libraries or biomolecule libraries in an aqueous
solvent containing glycerol, each adherent nanodroplet remains fixed at a position on the microarray by
surface tension without the use of wells, without evaporating, and without the need for chemically
linking the compound to the surface. Importantly, glycerol is a high boiling point solvent that is fully
miscible with DMSO and water and has the additional property of stabilizing various enzymes. The
nanoliter volume of the droplet forms the reaction compartment once additional reagents are metered
onto the microarray, either by aerosol spray deposition or by addressable acoustic dispensing. Incubation
of the nanodroplet microarray in a high humidity environment controls the final water content of the
reaction. This platform has been validated for fluorescent HTS assays of protease and kinases as well as
for fluorogenic substrate profiling of proteases. Label-free HTS is also possible by running nanoliter
HTS reactions on a MALDI target for mass spectrometry (MS) analysis without the need for desalting
of the samples. A method is described for running nanoliter-scale multicomponent homogeneous reactions
followed by label-free MALDI MS spectrometry analysis of the reactions.

Key words: Microarray, Protease, Mass spectrometry, Glycerol

1. Introduction

Mass spectrometry (MS) is a label-free detection system that over-
comes various limitations of fluorescent labeling. Matrix-assisted
laser desorption ionization time-of-flight mass spectrometry
(MALDI-TOF MS) is a soft ionization technique providing molec-
ular weight information of charged analytes in a reaction mixture.
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Its high sensitivity, speed, and relatively high tolerance for salts and
bufters make it an ideal method for profiling small molecule librar-
ies (1-3) and complex biomolecules such as kinases, carbohydrates,
and lipids (4, 5). With increasing advances in MS instrumentation
and automation, MALDI-TOF MS can meet the demands of
chemical HTS and chemical-biology applications. The use of MS
requires that HTS protocols, MALDI-target layouts, and sample
preparation protocols be consolidated into a unified process.

Recently, microarray-based technologies have been coupled
to MS to profile protein-small molecule and enzymatic reactions
(4, 6, 7). However, assays performed in well plates or microcen-
trifuge tubes before arraying onto chips for detection do not
exploit the scale down or liquid handling power of microarray
printing (4, 6). Thus, a need exists to create localized reaction
volumes in an array-based MALDI-target format as well as to cre-
ate a method of rapidly delivering small volumes of fluid to each
reaction. While evaporation eftects typically prevent the extreme
scale down of well-plate reactions to nanoliter volumes (8), the
use of water-miscible, low volatility solvents, such as glycerol,
enables nanoliter reaction assembly on microarrays (9, 10).

We have previously developed a novel multicomponent solu-
tion phase microarray-based technology to screen for biochemical
reactions at a nanoliter scale (9, 10). The need for covalent immo-
bilization of biological entities is overcome by utilizing glycerol-
based buffers and thus allows for multicomponent reaction
assembly. Reaction activation is achieved through aerosol deposi-
tion of the target and substrate. This method achieves minimal
evaporation, no cross-contamination, high reproducibility, and
minimal sample usage (9). The method is applicable for high-
throughput drug screening, protease /substrate profiling (10-12),
functional phenotyping of protease mixtures (10, 13), and kinase
profiling (14).

We have modified this technology platform to provide label-
free detection using MALDI-TOF MS, hence overcoming the
limitations of fluorescence-based assay formats. This is one of the
first methods to our knowledge to perform on-target multicom-
ponent nanoliter reaction assembly, activation, and detection
using a microarray format.

2. Materials

2.1. Consumables

1. 384-well printing plates compatible with microarrayer
(Genome Sciences, OmniGrid).

2. Glycerol (HPLC Grade).
3. Adhesive plate sealing foil.
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4. 10 mg/ml of sinapinic acid in 50% ethanol.

5. Human thrombin and plasminogen-depleted human fibrino-
gen (Enzyme Research Laboratories, South Bend, IN).

6. Fibrinopeptide B-Tyrand 3,5-Dimethoxy-4-hydroxycinnamic
acid (sinapinic acid) (Sigma, St. Louis, MO).

7. Benzamidine, a thrombin inhibitor (156.61 Da) (Fisher
Biotech, Fair Lawns, NJ).

8. All proteases, peptides, and inhibitors were reconstituted in
manufacturer reccommended buffers.

9. Blank mass spectrometry plates (Applied Biosystems, Foster
City, CA) compatible with the Voyager DE-PRO instrument.

1. UMPII flow pump (World Precision Instruments,
Saratoga, FL).

2. MALDI Mass Spectrometer (Voyager DE-PRO instrument).
3. OmniGrid Microarrayer (Genome Sciences) or equivalent.

4. Ultrasonic nozzle (Sonotek Corp.).

3. Methods

Utilization of glycerol in the print buffer and the aerosolization
process circumvents the need for crosslinking compounds to the
surface. DMSO, the solvent of choice for most compound librar-
ies is fully miscible in glycerol, which is a water mimic capable of
forming multiple hydrogen bonds. Thus, solubilized compounds
from a screening library can be directly printed on to the target
plate, eliminating the synthetic steps required for derivatization
of the compounds and the plates. This reduces nonspecific bind-
ing and enzyme accessibility issues caused by crosslinking to the
surface (15, 16), thereby increasing assay efficiency. Additionally,
glycerol provides the necessary lubrication for enzymatic catalysis
(17, 18) and minimizes compound precipitation, protein aggre-
gation/denaturation, and nonspecific interactions. While glycerol
can potentially reduce assay sensitivity by modulating the binding
equilibria through hydrophobic or osmolarity effects (19), cor-
relation studies between microarray and well plate data indicate
no dramatic variations in protease specificity (9, 10).
The protocol of the assay is summarized as follows:

1. Prepare 384-well printing plates (compounds or biomole-
cules) in 10-25 pL of 50% glycerol /water (HPLC grade glyc-
erol) (see Note 1). Plates (round bottom) can be sealed with
adhesive foil or preferably foil heat sealed for storage either at
refrigerated or frozen conditions depending on the stability
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of'the library in use. Assay-specific MS standards and calibrants
can easily be added within each well prior to the printing of
microarrays. Exploiting the low volatility of glycerol, distinct
reaction spots are contact printed on a stainless steel blank
MS plate (Fig. 1a, b). Each spot had an average volume of
1.5 nL with spot diameter of 500 pm and center-to-center
spacing of 1,000 um, thereby allowing up to 9,600 discrete
reactions (25x384) on a single target plate.

2. After microarray printing of well plates on MALDI target
plates, the reactions are activated by aerosol deposition of

A& | — e :
v B U” ot
. 4. @ﬁ :'{
.' /> @Q o
Y = ._ -
K3 o>

Fig. 1. Label-free detection of pin-printed nanoliter scale reactions conducted on MALDI MS targets. A 8 x 12 array of
reactions were printed using an OmniGrid microarrayer containing varying concentrations of fibrinogen and a fibrinopep-
tide MS standard. Certain reactions contained 1 mM benzamidine. The array was activated with thrombin and incubated
under humidity (a and b), the glycerol was removed (¢ and d), and then spray coated with Maldi matrix (e and f).
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Generation for
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enzyme (see Note 2). Aerosol formation, carrier gas, and
target translation during deposition are described below.

. Incubate targets for 0.5-6 h depending on reaction kinetics

at 37°C in a humidity chamber to achieve 95% relative humid-
ity (final water concentration in the reaction is dictated by
liquid-vapor equilibrium to achieve ~5% final glycerol by vol-
ume in the adherent nanodroplets). Removal of the target
plates to room conditions will immediately reduce the water
content of the nanodroplets to essentially stop the reaction.

. Vacuum dry the target plates for 6-24 h. Aerosol deposition

of MALDI-matrix (10 mg/ml of sinapinic acid in 50% etha-
nol) is conducted to form ~10 to 20 um thick layer of
matrix.

. Targets are analyzed by MALDI-MS (typically 100 laser

pulses per sample) using parameters optimized to maximize
the detection of assay components.

. Individual reactants (fibrinogen) were prepared as 50% glyc-

erol/water mixtures in 384-well plates and microarrayed on
the metal MALDI targets.

. Activate reactions by delivering biological samples to the array

via aerosol deposition at a liquid flow rate of 400 nL./s using
a UMPII flow pump from World Precision Instruments
(Saratoga, FL) as previously described (9, 10). Direct a sheath
of carrier gas (2.3 L/min air) around the ultrasonic nozzle
(Sonotek Corp.) to direct the aerosol to the microarray. The
nozzle is placed between 5 and 15 c¢cm above the target,
depending on the application. The target is translated under-
neath the aerosol at a velocity between 2 and 8 c¢cm/min.
Sample delivery to the array was achieved by depositing an
aerosol generated with an ultrasonic nozzle operating at
120 kHz. Aerosolization of the sample resulted in a fine mist
with a median droplet diameter of 18 um (~3 pL). Aerosol
droplets deposited evenly on and around the nonspreading
glycerol spots and rapidly evaporated within 7 s without mix-
ing between spots. Accurate and controllable delivery of reac-
tants to each reaction center was achieved by manipulating
the aerosolization time and flow rate of the delivered samples.
The deposition process was uniform with intraslide spot-to-
spot coefficient of variation (CV) of +16%, interslide CV of
<+3%, and overall acrosol deposition efficiency of >95% (9).

. After evaporation of the deposited mist, a nonvolatile residue

of protein is left on the plate surface between the glycerol
droplets.

. After aerosol deposition for reaction activation, incubate

the plates at 37°C (95% relative humidity) for up to 4 h.
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3.2. Detection Using
MALDI-TOF MS

For imaging purposes, the reactions were performed on glass
slides and viewed with a 10x plan lens using a Leica DM-IRBE.
Images were acquired using a 12-bit Hamamatsu Peltier-
cooled, 1,344 x 1,024 pixel CCD camera.

To detect reaction products (analytes) using MALDI-TOF MS, it
was necessary to remove glycerol from the reaction mixture. This
was achieved by applying a vacuum to the target plate using a
SpeedVac (37°C, 6 h). Glycerol removal resulted in the reduction
of spot size diameter of 100 um with a concomitant concentra-
tion of analyte crystals. A thin uniform layer of matrix, 10 mg,/ml
of sinapinic acid in 50% ethanol, was then aerosolized onto the
plate to provide a protonation source for the analytes. After evap-
oration of matrix solvent, the analytes were ready for detection
using a Voyager DE-PRO MALDI-TOF MS instrument from
Applied Biosystems (Foster City, CA). After reaction activation
and incubation, the arrays were prepared for MS analysis. Unlike
fast atom bombardment (FAB), which can analyze reactions in
solution phase by utilizing liquid matrices such as glycerol (20),
MALDI requires a solid phase format and crystalline matrix (21).
Glycerol from the arrays was extracted by placing the plates in a cham-
ber subjected to high vacuum. The extraction resulted in a significant
reduction in spot diameter ~100 um and left behind evenly
distributed crystal deposits of the reaction products (Fig. lc, d).
With the laser beam diameter (oval, ~400x600 um — personal
communication, Applied Biosystems technical help desk) being
greater than the spot diameter, an entire spot could be ablated
without movement, reducing sample analysis time.

1. Operate the mass spectrometer in positive reflectron mode
with an accelerating voltage of 20 kV. Samples were ablated
with a nitrogen laser operated at 337 nM with a laser rep-
etition rate of 20 Hz (3 ns pulse). A delayed extraction
time of 150 ns was applied to stabilize the ions produced
by laser desorption before entering the time-of-flight
analyzer.

2. Fire an average of 50-100 laser pulses for each sample to
obtain signal-to-noise ratio statistics for each spectrum (see
Note 3).

3. A total of 100 pulses were generally sufficient to ablate the
entire matrix-analyte crystal mixture obtained from each
1.5 nL enzyme reaction.

4. Run all samples in an automated mode with the laser inten-
sity optimized (signal-to-noise ratio of >80) to analyze sig-
nals in each spot. On average, about 10-15 s was spent per
spot sample for data acquisition, sample repositioning, and
laser firing.
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of Fibrinogen Using
Thrombin

Nanodroplet Chemical Microarrays 75

. Aliquote plasminogen-depleted, human fibrinogen was

aliquoted at 40 mg,/ml in 10 mM phosphate, 20 mM citrate,
and 0.15 M NaCl (pH 7 4).

. Perform further dilutions in 30% glycerol to final concentrations

of 100 ug/ml, 10 ug/ml; 1 ug/ml, 100 ng/ml, 10 ng/ml,
and 1 ng/ml. Prepare for each sample a negative control
comprising fibrinogen spiked with 250 uM benzamidine, a
thrombin inhibitor.

. Add 500 ng/ml (final concentration) of fibrinopeptide B—Tyr

(MW: 1715.7) to each sample as an internal calibrant to
enable ratiometric quantification studies.

. Print blank spots to check for cross-contamination. Typically,

six replicates were printed for each concentration and nega-
tive controls, on the blank plate and activated with 500 nM of
human thrombin (50 mM sodium citrate, 0.2 M NaCl, 0.1%
PEG, pH 6.5).

. The reaction is allowed to incubate for 3 h before extracting

glycerol from the reaction mixture and spraying the microar-
ray with sinapinic acid. Analyze and detect the reaction prod-
ucts of fibrinogen cleaved with thrombin, fibrinopeptide A
(MW: 1536.6) and B (MW: 1569.6) were detected with
MALDI-TOF MS. Typical results obtained are shown in
Fig. 2. The crystallized arrays were further subjected to an
aerosol deposition of sinapinic acid in 50% ethanol resulting
in redissolution of the crystals. The thin matrix layer quickly
evaporated leaving behind an intimate mixture of analyte-
matrix microcrystal structures (Fig. le, f). The fine microcrys-
tal deposits and reduced spot size resulted in increased
sensitivity and spot-to-spot reproducibility (see Note 4).
Benzamidine-spiked spots provided a negative control for
each concentration and fibrinopeptide B — Tyr was used as an
internal calibrant in each sample spot. Spots lacking fibrino-
gen and internal calibrant were also arrayed for the detection
of cross-contamination between spots. Peaks for the reaction
products, fibrinopeptides A and B along with the internal cali-
brant were easily detected within the 1,000-2,000 m/z range
for all the relevant sample spots (Fig. 2a—c). MALDI-TOF
analysis on the blank spots was devoid of any peaks within the
1,000-2,000 m/z range showing the absence of any cross
contamination. Also, no cleavage products were detected in
the sample spots spiked with benzamidine (Fig. 2d). Mass
spectras were baseline normalized for quantification of the
reaction products. The CV’s for each concentration (7=06)
were <15% showing the spot-to-spot reproducibility and sen-
sitivity making the method amenable to high-throughput
screening of small molecule libraries to identify inhibitors.
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Fig. 2. Individual reactions were then subjected to MALDI for the analysis of fibrinopeptides A and B. A large signal was
seen at 1 ug/ml (@), 10 ug/ml (b), and 100 pg/ml (c) of fibrinogen (3, 30, and 300 nM) treated with thrombin, but not in
screening reactions containing benzamidine (d). Conditions of the MALDI MS were: Voyager- DE-PRO (sinapinic acid
matrix, Glu1-Fibrinopeptide B (1 ug/ml) control, reflector mode, positive polarity, 1,000-2,000 Da acquistion range,
20,000 V accelerating voltage, 2,033 laser intensity (20.0 Hz; 100/spectrum), extraction delay time: 150 ns, grid voltage:
75%, Guide wire voltage 0.002%.

4. Notes

1. Glycerol is very viscous and can cause challenges in liquid
handling. If necessary, the addition of 5-10% by vol. dry eth-
anol to glycerol solutions will dramatically reduce the viscos-
ity of the solution for automated liquid handling. This ethanol
will evaporate within 15 min after the glycerol is delivered.

2. Given the small feature size of the nanodroplets and the
absence of covalent immobilization, initiating thousands of
individual microarray-based reactions using standard liquid
handling techniques presents a unique challenge. Piezo or
ink-jet dispensers have exacting surface tension or viscosity
requirements and are prone to clogging (Hertzberg). Bubble
entrapment in displacement dispensers can cause spitting and
pin tool dispensing requires difficult readdressing of reaction
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locations. Either aerosol deposition or acoustic dispensing
(22, 23) allows relatively straightforward and robust activa-
tion of nanoliter droplet reactions on a microarray. A single
aerosol deposition run is capable of delivering a total of 50 pL
of liquid sample to five target plates. For enzyme reactions,
the cycle time between aerosol deposition of subsequent
enzymes and substrates was 250 s to allow for the complete
evaporation of the aerosol between the spots.

. Given the small spot size after glycerol extraction, the laser

diameter (~400x 600 um, oval shaped) usually encompassed
the entire spot resulting in high reproducibility, increased the
sensitivity and reduced analysis time.

. Desalting of the sample was not required due to a combination

of: (1) small reaction nanoliter-scale reaction volumes, (2) high
concentrations of a few reagents typical of HTS reactions, and
(3) the redissolution of the crystals with sinapinic acid matrix

thereby allowing salt diffusion from the reaction center.
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Chapter 7

Nanodroplet Microarrays for High-Throughput
Enzyme Screening

Kang L. D. Aw, Shao Q. Yao, and Mahesh Uttamchandani

Abstract

We describe here a method for the continuous assessment of enzymatic activity using microarrays. By
uniformly coating fluorogenic substrates on slides, we generated surfaces capable of detecting enzymatic
activity. The enzymes were deposited on the arrays in segregated droplets using standard microarrayers.
Surfaces were developed for assessing the activities of both proteases and phosphatases, hence capitalizing
on microarray technology to perform miniaturized high-throughput screens for these, as well as poten-
tially any other, classes of enzyme. This offers an unprecedented ability for performing solution-phase
enzymatic assays in zanoliter volumes on microarrays, in contrast to microliter volumes typically required
in microplate-based assays, thereby reducing the amounts of reagent(s) required by anywhere from a
hundred to a thousand-fold. This new approach thus provides a potentially more cost-eftective, label-free
enzyme screening technique. A single slide is able to accommodate several thousand assays, facilitating
the assessment of both dose and time-dependent inhibition parameters in a single run.

Key words: Small molecule microarrays, High-throughput screening, Metalloproteases, Hydroxa-
mate peptides, Enzyme assays, Chemical libraries, Inhibitor fingerprinting

1. Introduction

Enzymes are responsible for catalyzing all biological pathways,
making them an indispensible group of proteins that support life
in all its forms. Disruptions to enzymes and their functions can
detrimentally affect cellular functions and metabolic exchanges,
thereby causing a variety of diseases ranging from cancer and
arthritis to Alzheimer’s disease and cardiovascular disorders.
A better handle over diseases may thus be achieved through a
deeper understanding of the roles of enzymes and the processes
they control. Platforms, such as the microarray, can facilitate the
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Methods and Protocols, Methods in Molecular Biology, vol. 669,
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characterization and annotation of enzyme activity. We have
developed a microarray workflow and methodology that enables
not only the characterization of enzyme activity using microarrays,
but also the screening of inhibitors in a high-throughput manner.
This may be further applied to rapidly screen agonists or antago-
nists against target enzymes for the discovery of therapeutic leads.

Of the many different types of enzymes, proteases, kinases,
and phosphatases are among the largest group of proteins and
perhaps the most important (1). They have been involved in
numerous physiological processes such as cell differentiation,
signal transduction, host defense, and apoptosis (2). Minute
alterations in expression and regulation of these enzymes can
lead to debilitating effects. We have developed microarray surfaces
that facilitate the screening of broad classes of enzymes, namely
phosphatases and proteases. These arrays may be applied in two
separate contexts. First is the ability to carry out functional
annotation and discovery of enzymes (3). Second is the high-
throughput screening of enzyme agonist or antagonists in an
activity-dependent manner for lead discovery or protein fin-
gerprinting (4). Both these approaches are illustrated here using
metalloproteases as models. The method is, however, generic to
many other classes of enzymes, as long as the corresponding
fluorogenic enzyme substrate is available for application.

Our overall approach isillustrated in Fig. 1. Using this approach,
one is able to carry out activity-based characterization as well as
inhibitor screens of multiple enzymes simultaneously on a single
glass slide. Key to our strategy is the application of enzymes by
robotic spotting onto surfaces coated with fluorogenic substrates.
This microarrayer dispenses subnanoliter volumes accurately and
uniformly at predefined locations across the glass slide, thereby
creating individual microreactors. This facilitates the variation of
different parameters such as buffer conditions, pH, across a series
of enzymes for simultaneous comparison and testing. A traditional
microplate will require about 100 pL of flourogenic substrate (in
this case, Bodipy Casein) for a hundred arrays of reaction wells,
whereas just 6 UL of flourogenic substrate is sufficient for 6,148
separate microassays conducted on a slide surface surface of
880 mm? (250 um spot diameter and a spot spacing of 500 um),
thereby enhancing throughput and reducing screening costs.
Additionally, the use of enzymes in our approach requires no physi-
cal immobilization of the enzymes, thereby overcoming the usual
limitation of microarrays where enzymes or inhibitors have to be
immobilized or labeled resulting in a loss of activity or unfavorable
orientations.

Several groups have also explored similar strategies (5).
Salisbury et al. have used peptide derivatives containing coumarin
as fluorogenic substrates to screen against different hydrolytic
enzymes on microarrays (6). The selective hydrolysis of flourogenic
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Epoxy/NHS Activated Glass Slide
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Fig. 1. A strategy for rapid screening of enzymes using microarrays. Fluorogenic sub-
strates were first used to coat glass slides. These coated slides may then be applied
either to screen proteins for annotation of their function, or for the discovery of inhibitors
against target enzymes of interest.

coumarins through enzymatic activity produced patterns of fluo-
rescence, thus revealing the enzyme’s substrate preference. Gosalia
and Diamond also printed small molecules in glycerol droplets on
a microarray, followed by enzyme application via aerosol. This was
applied for inhibitor screening of caspases and serine proteases (7, 8).
These strategies only enable, however, one enzyme to be studied on
any given slide. Our strategy, in comparison, offers the versatility for
both enzymes and inhibitors to be analyzed simultaneously on
the same slide. It thus provides an attractive solution for high-
throughput enzyme screening.

2. Materials

2.1. Fabrication
of Epoxy Slides

1. Sulfuric acid.
2. 30% hydrogen peroxide (Kanto Chemicals).

3. 1% 3-glycidopropyltrimethoxysilane (Sigma-aldrich, cat. No.
440167).

4. Acetic acid.
5. Ethanol.
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2.2. Bodipy Casein
Slides Derivatization

2.3. Printing Slides

2.4. Synthesis

of Small molecule
Library on Solid
Support

2.5. Equipment

[N N I S R

. MilliQ H,O (18.2 Q, 4 ppb).
. Nitrogen gas.

. 1.0 mg/mL Bodipy Casein Working solution: 200 uL of

0.1 M sodium carbonate, pH 8.3 is added to the lyophilized
substrate of EnzChek Protease Assay Kit (Invitrogen). Either
Tr-X bodipy casein or bodipy casein may be used, as long as
the scanner is equipped with the appropriate filter sets,
589,/617 nm and 490,528 nm, respectively (see Note 1).

. Quenching solution: 0.5 mM glycine solution in phosphate

buffered solution (PBS) pH 7.4.

. 10-0.01 mg/mL of enzymes prepared in 50 mM Tris-HCI

bufter (pH 8.0, 5% glycerol).

. Rink amide-AM resin (GL Biochem).

. Hydrochloric acid.

. 20 proteinogenic Fmoc protected amino acids (GL Biochem).
. Fmoc-Lys(Biotin)-OH (GL Biochem).

. O-Benzotriazole- N,N, N, N'-tetramethyluronium hexafluo-

rophosphate (HBTU; GL Biochem).

. O-(7-Azabenzotriazole-1-yl)- N, N, N', N'-tetramethyluronium

hexafluorophosphate (HATU) (GL Biochem).

. N-Hydroxybenzotriazole (HOBt) (GL Biochem).
. 2,4,6-Collidine (Sigma-Aldrich).

. Piperidine (Acros Organics).

10.
11.
12.
13.

Trifluoroacetic acid (TFA) (Sigma-Aldrich).
Triisopropylsilane (TIS) (Sigma-Aldrich).
N, N-Diisipropylethylamine (DIEA) (Sigma).

Solvents: Acetone, Acetonitrile, Dichloromethane, Diethyl
ether, Dimethylformamide (DMF), Methanol (Tedia).

. Clean Glass Slides (22x60 mm) (Fisher Scientific,

Pittsburgh, PA).

. Microscope Cover Slips (22x40x0.15 mm) (Matsunami

Glass, Japan).

. Metal slide racks and glass slide staining dish (Electron

Microscopy Sciences).

4. Polypropylene slide staining dish and rack (Kartell).

. Stealth Micro Spotting Pins (TeleChem International, Ca).

. OmniGrid Microarrayer (Harvard Bioscience, Massachusetts).
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7. GenePix 4000B Scanner (MDS Analytical Technologies,
Ontario).

8. LC-MS workstation.

2.6. Software 1. OmniGrid Gridder Software (or equivalent).
2. Gene Pix Pro Microarray Image Analysis Software (or
equivalent).
3. Microsoft Excel (or equivalent).
3. Methods

3.1. Fabrication
of Epoxy Slides

The strategy works by coating glass slides surfaces homogenously
with commercially available fluorogenic sensors that target pro-
teases. The substrate used employ intramolecularly quenched
casein derivatives, which upon hydrolysis, releases a strong fluo-
rescence readout. The fluorescence intensity is proportional to
the activity of the protease, thus allowing activity-based measure-
ments to be performed. Typical results obtained are showcased in
Figs. 2 and 3.

Glass slides are cleansed and soaked in piranha solution (70% sul-
furic acid: 30% hydrogen peroxide) to remove any organic con-
taminants and oxidize the silane surface (see Note 2).

1. Use the polypropylene staining dish to contain the piranha
solution. The slides may remain soaked in this solution till
ready to use (see Note 3).

2. The slides are thereafter transferred to a stainless steel rack
and washed copiously with distilled water and dried.

3. Prepare a 400 mL solution containing 1% 3-glycidopropylt-
rimethoxysilane in 95% ethanol containing 16 mM acetic acid
(sufficient for one rack of 30 slides).

4. Premix the solutions in a glass jar staining jar for 10 min and
add in the slide in the metal rack. Continuously stir the solu-
tion using a magnetic stirrer.

5. Incubate the slides for 1-2 h.

6. Remove the slides from the solution and rinse copiously with
ethanol. Air-dry the slides to remove any residual ethanol.

7. Transfer the slide tray to a deep well dish and cure at 150°C
for at least 2 h.

8. Subsequently, cool the slides to room temperature and rinse
them with ethanol. Air-dry the slides or to speed up the drying
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Fig. 2. Dilution series of trypsin and thermolysin respectively printed on bodipy casein coated slides. The intensity profiles
are represented by a graphical plot (bottom). (Reprinted from ref 3 with permission from Elsevier).
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3.2. Preparing Bodipy
Casein Slides
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on Microarrays
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3.4. Design
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process, use centrifugation or a stream of dry nitrogen/
compressed air to dry the slides.

9. Slides may be stored at room temperature until ready
for use.

1. Dilute 6 uL of the original working stock solution of bodipy
casein in 44 puL of PBS.

2. Apply reaction mix on epoxide-functionalized slides using
cover slip method (see Note 4)

3. Incubate slides for 2 h in an enclosed light protected humid
chamber to prevent drying up of the reaction mix.

4. After 2 h of incubation, quenched slides are quenched in
0.5 mM glycine in 1x PBS bufter.

5. Rinse in MilliQ water and dry. Store at 4°C, in the dark.

1. Prepare the enzymes at desired concentrations (usually
between 10 and 0.01 mg/mL) in 50 mM Tris-HCI buffer
(pH 8.0, 15% glycerol) (see Note 5).

2. The enzymes are then dispensed into 384 wells plates using
multichannel pipettes.

3. Shake the 384 wells plate to mix and spin down. The plate is
kept on ice until printing.

4. Design grids using the gridder software to plan the arrange-
ment of the spots on the slide such that the enzymes are spot-
ted at least twice on the slide. Blotting may be incorporated

into the printing schedule to improve spot quality across the
slide.

5. Rinse to rehydrate the coated slides and dry prior to loading
the slides on the spotter. Ensure the TR-X casein coated sur-
face is facing upward.

6. Spot the enzymes using an OmniGrid Microarrayer with a
spot spacing of 500 um using a SMP8B pin, creating spots of
diameter of approximately 350 pm. (see Notes 6 and 7)

7. Slides are printed in a humid environment with saturation of
85% to minimize evaporation of the droplets and in the
absence of light.

The design of the small molecule library is shown in Fig. 4 that
targets metalloproteases. The synthetic scheme is provided in
Scheme 1. The synthesis of the panel of 14 different trityl-pro-
tected hydroxamate warheads have been described previously (9).
Here, the protocol is described for the synthesis of a 400 member
library, using Fmoc solid phase peptide synthesis (10). The pro-
cedure may be modified as desired to create various points of
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Fig. 4. Design of small molecule inhibitor library. A 400 member hydroxamate peptide library was designed to target
metalloproteases.
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Scheme 1. Synthesis scheme of small molecule library. (a) (1) Fmoc-Lys(Biotin)-OH, HOBT, HBTU, DIEA, DMF; (2) 20%
piperidine/DMF; (b) (1) Fmoc-Gly-OH, HOBT, HBTU, DIEA; (2) 20% piperidine/DMF; (c) (1) Fmoc-Gly-OH, HOBT, HBTU,
DIEA; (2) 20% piperidine/DMF; (d) (1) Fmoc-AA(P,)-COOH, HOBT, HBTU, DIEA; (2) 20% piperidine/ DMF; (e) (1) Fmoc-
AA(P,)-COOH, HOBT, HBTU, DIEA; (2) 20% plperldme/DMF, (f) (1) 4, CPh,ONH-Leu-COOH, HATU, 2,4,6-colliding; (2) 20%
piperidine/DMF; (g) 95% TFA/5% TIS, 2 h.

diversity. It is also manageable for one person to handle this pro-
tocol with 400-500 MicroKans independently, which would con-
sume a period of between 8 and 12 days.

1. Calculate the amount of rink amide resin required for library
synthesis. The capacity for each MicroKan is 30 mg of
resin. This would work out to a total of 12 g of resin for a
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400 member library. The theoretical yield of each library
member at this scale of synthesis would be 15 umoles, when
using rink amide resin with 0.5 mmol /g resin loading capac-
ity. This quantity is more than sufficient for printing several
thousand microarray slides.

. Weigh 12 g of rink amide resin into a fritted funnel, with a

screw cap. Add 35 ml of DME, cap both ends of the funnel
and shake for 2 h to allow the resin to swell. Drain the DMF
using suction.

. Repeat the wash step with 35 ml DMF for a further three

times, for 15 min each time with shaking.

. Deprotect the resin using 20% v /v piperidine in DMF for 1 h

with shaking. Drain the piperidine solution using suction.

. Wash the resin with DMF (35 ml) for three times, 15 min per

wash with shaking.

. Wash with DCM (35 ml) for a further three times for 15 min

per wash with shaking.

. Wash with DMF (35 ml) for a further three times for 15 min

per wash with shaking.

. Transfer the resin from the funnel into a 250 ml glass bottle.

Rinse with 25 ml of DMF to ensure all resin is completely
transferred. Repeat with another 10 ml of DME.

. Couple resin with Fmoc-Lys(biotin)-OH. Weigh out four

equivalents (24 mmol) of Fmoc-Lys(biotin)-OH, HBTU,
and HOBt in a separate bottle. Dissolve in 80 ml of DMF
and add 8 equivalents of DIEA (48 mmol). Mix well, and
allow for preactivation by leaving the solution to stand for
15 min.

Add the preactivated solution to the resin. Seal the bottle
with parafilm and shake overnight (~12 h).

Filter the resin using suction through a 350 ml fritted funnel.
Ensure that all resin is transferred using small volume rinses
with DMF.

Wash the resin using 3x DMF, 3x DCM, and 3x DMEF, as
described in steps 5-7, using 100 ml of solvent per wash.

Isolate around ten beads, and perform the ninhydrin test to
ensure that the coupling is successful and complete (see Note 8).

Transfer the resin to a clean bottle and deprotect Fmoc using
150 ml of 20% piperidine in DMEF.

. Wash as detailed in step 12.
16.

Repeat steps 8-15 using Fmoc-Gly-OH in place of Fmoc-
Lys(biotin)-OH to couple a glycine residue.

Repeat step 16 to add on another glycine residue.
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18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.
33.

Dry the resin under vacuum, using an oil pump for 6 h.

Distribute ~30 mg of resin in each of 400 MicroKans reac-
tors. Include an IRORI radiofrequency tag to each reactor
and ensure that the cap is fitted on tightly. Load four extra
reactors for ninhydrin tests to monitor coupling efficiency.

Program the Accutag Synthesis Manager software for a
20 aax 20 aa=400-member library.

Scan the 400 reactors to encode each tag and sort into twenty
100 ml bottles. Reactors in each bottle will be coupled with
the same amino acid.

To couple the P, residues, prepare preactivated solutions for
cach of the 20 Fmoc-protected proteinogenic amino acids,
using the four equivalent molar excess of amino acid, HBTU,
HOBt, and eight equivalent molar excess of DIEA. Prepare
these solutions in 50 ml of DMF.

Add the twenty different amino acid preactivated solutions to
the 20 bottles containing the respective MicroKans. Ensure
that all bottles are appropriately labeled.

Shake bottles overnight (~12 h).

Drain the solutions in each bottle and wash twice (for 15 min)
with 60 ml of DMF.

Pool all reactors into a 1 L bottle and rinse using 3x DMF, 3x
DCM and 3x DMF, as described in steps 5-7, using 500 ml
of solvent per wash.

Perform Fmoc deprotection using 400 ml of 20% piperidine
in DMF.

Wash as described in step 26.

Repeat steps 21-28 to sort the MicroKans into 20 bottles
couple the P, position.

For the final coupling of the P, position, consolidate all
MicroKans into a clean 1 L bottle. Proceed with steps 22-28,
except use four equivalents of a trityl-protected hydroxamate
warhead together with HATU and 2,4,6-collidine (ina 1:1:1.9
ratio) in a 100 ml DMF volume for the coupling step.

Perform a final wash with 500 ml of methanol for three times,
with shaking each time for 15 min.

Dry the resin under vacuum, using an oil pump for 6 h.

Prepare the cleavage solution comprising TFA and TIS in the
ratio of 19:1. Sort the 400 reactors into individually identi-
fied 15 ml tubes. Dispense 1.5 ml of the cleavage solution to
cach tube, and shake for 3 h. TFA is corrosive and generates
fumes, and so perform this step carefully with proper protec-
tion in a fumehood.
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Organize five 96-well deep well plates such that the identities
of the samples will be preserved upon transterring all the solu-
tions from each of the 400 15 ml tubes to the plates. Carefully
transfer solutions from tubes to plate.

Concentrate and remove TFA and TIS using a vacuum evap-
orator, at a temperature of 35°C at a spin force of 300 xy,
until about 0.1 ml of the solution remains in each well.

Add 1.5 ml of cold ether to each well to precipitate the small
molecule. Seal the plates with adhesive film and place in a
-20°C freezer overnight.

Spin down the precipitated products at 1,000 x4 for 30 min,
and decant the ether.
Dissolve the products in 0.5 ml of DMF. This would give

stock concentrations in the range of 1-10 mM. Plates may be
sealed and stored for the long term at -80°C.

Perform analysis using LC-MS to determine quality and
purity of desired products.

Prepare the enzymes to a 0.5 mg/mL solution in 50 mM
Tris-HCI buffer (pH 8.0, 15% glycerol) and mixed with
approximately 2 uM of inhibitor.

. The enzymes and inhibitors are then pipetted into 384 wells

plates using multichannel pipettes.

. Shake the 384 wells plate to mix and spin down. The plate is

kept on ice until printing.

. Design grids using the gridder software to plan the arrangement

of the spots on the slide such that the enzymes are spotted at
least twice on the slide. Blotting may be incorporated into the
printing schedule to improve reproducibility within the slide.

. Load the required pins and slides in the spotter and make

sure the TR-X casein coated side is facing upward.

. Spot the enzymes using an OmniGrid Microarrayer with a

spot spacing of 500 um using an SMP8B pin, creating spots
of diameter of approximately 350 pm. (see Notes 7 and 8).

. Slides are printed in a humid environment with saturation of

85% to minimize the evaporation of the droplets and if
possible in the dark.

. Scan slides on a microarray scanner equipped with the rele-

vant filters. Depending on the nature of the experiment, slides
may be scanned periodically, or after a fixed duration of
incubation.

. An example of the typical results obtained is displayed in Figs. 2

and 3 (concentration and time dependent, respectively).
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Fig. 5. Nanodroplet microarray results of the 400-member library screened against thermolysin. Samples were spotted
in duplicate. Boxes magnify spots of selected inhibitors (labeled by their P,'-P," sequence) with corresponding IC,, values
in parenthesis. (Reprinted from ref 4 with permission from the Royal Society of Chemistry).

Inhibitor end-point screening results are shown in Fig. 5, with
several inhibitors of varying potency displayed inset.

4. Notes

. Reconstituted fluorogenic substrates can be stored for

2—4 weeks at 4°C. If longer storage is required, fluorogenic
substrates should be kept at -20°C. Repeated freezing and
thawing should also be avoided to preserve the viability of the
substrate.

. Care must be taken when handling slides to be used in

microarray experiments to ensure that at all stages of derivati-
zation, spotting and sample application no dust or dirt come
into contact with the planar surfaces. Such particles may cause
extraneous fluorescence or result in scratches that could affect
the fluorescent readout when the slides are scanned. Ensure
that all surfaces and slide racks are clean and rinse these sur-
faces with ethanol before placing in direct contact with the
slides. Gloves, if' used, should be of the powder-free variety to
ensure that the slides remain uncontaminated even after
handling.

. Piranha solution is highly corrosive. Make sure that proper

personal precautions are maintained when handling this solu-
tion. Add the hydrogen peroxide to the acid slowly, if not the
solution can get very hot very quickly. Solution may be recy-
cled, but is hygroscopic and can absorb moisture from the air



Nanodroplet Microarrays 91

and become diluted over prolonged use. When this happens,
prepare fresh solution. Most preparations may be used over
1-2 months.

. For a 22 x40 mm cover slip, a 50 pL reagent is adequate to
allow for a uniform coating. Two methods can be used to
apply the reagent to the slides. One can either apply the reac-
tion mix to the glass slide followed by the cover slip over the
reaction mix or one can apply the reaction mix to the cover
slip and then followed by the glass slide onto the reaction
mix. Although both methods work similarly and well enough,
there are slight differences in the handling and maneuvering
of the liquid droplet upon contact of both the slide and cover
slip. Either method is fine as long as one is able to produce a
uniform distribution of the reaction mix over the cover slip
and glass slide without the introduction of air bubbles between
the two surfaces.

. It is preferable to prepare enzymes solution fresh, prior to
use. Long-term storage or repeated thawing and freezing
may degrade enzyme activity.

. Spotting volume can be varied by using different pin head
sizes. SMP3 stealth pins are very frequently used in microar-
ray fabrication and generally produce spots approximately
100 um in diameter. As a result, SMP3 pins are more
economical in terms of reaction volume, and in addition
allowing more nanodroplets to be printed on a single slide.
Although this characteristic improves the cost-effectiveness of
our proposed methodology, but we found out that when
spotting viscous solution, such as enzymes prepared in glyc-
erol, it is more advantageous to use larger pins, such as SMP8
(pins size we used in this proposed methodology), or even
SMP15 stealth pins that produces spots in the range of 250—
500 pum, respectively. Using SMP8 and SMP 15 pins, visual-
ization and analysis of the spots on the scanner is generally
easier. Furthermore, the use of SMP8 pins (pins size used in
this methodology) displays a more desirable standard devia-
tion in the reproducibility of the spots as compared to using
SMP3, as shown in Fig. 6.

. During the printing process, the pins are rinsed between
samples using two cycles of wash (for 10 s) and sonication
(for 20 s) in reservoirs containing 70% ethanol followed by
drying under reduced pressure (for 20 s), causing a one min-
ute interval in between samples printing. This interval can be
easily changed using the gridder software of the machine,
allowing the user to determine the interval required and thus
carrying out time and concentration dependent slides print-
ing simultaneously on a single glass slide. As such, the arrayer
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Fig. 6. Thermolysin spots at 1.0 mg/mL on a TR-X bodipy coated Slide using SMP15B,
SMP8B, SMP3 pins, and the average plotted values of each corresponding spots. The
error bars in the graphs correspond to the standard deviation across the group.

is able to print rows of samples with a fixed time interval in
between. This allows the full kinetic read of the samples in a
single slide scan.

. The presence of a blue coloration on the resin and /or solu-

tion implies the presence of free amines, and hence indicating
incomplete coupling. On the other hand, a straw yellow
colour indicates no free amines, and complete coupling.
Repeat coupling, it necessary, until a straw yellow colour is
obtained. Alternatively, if coupling remains incomplete after
several tries, capping may be performed using acetic
anhydride.
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Chapter 8

The Application of the Chemical Array for Biological Study

Isao Miyazaki, Siro Simizu, and Hiroyuki Osada

Abstract

The identification of specific interactions between small molecules and human proteins of interest is a
fundamental step in chemical biology and drug development. The small molecules that bind to specific
proteins can be used as tools to study the functions of proteins and biological processes in cells. We have
developed an efficient method to obtain novel binding ligands of human proteins by a chemical array
approach. Our method includes the use of cell lysates that express proteins of interest fused with red fluo-
rescent protein (RFP) and high-throughput screening by merged display analysis, which removes false
positive signals from array experiments. To demonstrate large-scale ligand screening for various human
proteins of interest, the gene library GLORIA (Gene Library of Osada Laboratory at RIKEN for chemi-
cal array analysis) has been established. Using the systematic platform, we detected novel inhibitors of
carbonic anhydrase II. We also have shown that this screening method is useful not merely for ligand
screening of proteins of interest, but also for gaining insight into structure—affinity relationships (SARs)
and for studies of “fragment-based approach.”

Traditional fragment-based ligand discoveries have been demonstrated by using several technolo-
gies, such as NMR spectroscopy and X-ray crystallography and mass spectrometry. We present initial
studies of fragment-based approach to binding assay by using the chemical array format.

Key words: Chemical array, Carbonic anhydrase II, Small molecule, Photochemistry, Bleomycin

1. Introduction

Chemical arrays represent one of the promising and high-
throughput approaches to search ligands against proteins of
interest. Successful applications of chemical arrays to the discov-
ery of small molecule ligands for a variety of proteins have been
reported (1-4). One of the key steps in the technology is immo-
bilization of small molecules on glass slides (5-8). We have devel-
oped a nonselective immobilization method that allows various
compounds to be immobilized on an array slide in a functional

Mahesh Uttamchandani and Shao Q. Yao (eds.), Small Molecule Microarrays:
Methods and Protocols, Methods in Molecular Biology, vol. 669,
DOI 10.1007/978-1-60761-845-4_8, © Springer Science+Business Media, LLC 2010
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group-independent manner (9). Previous screening using the
glass slides where small molecules were immobilized by this
immobilization method remained a limitation because it required
purified protein (10). Bradner and coworkers reported that mam-
malian cell lysates that overexpressed target protein could be used
tor binding assays using chemical arrays (11). We have adopted
this system and modified it to create a ligand screening method
that enables us to detect the binding ligands of human proteins
of interest with a high-throughput manner (12). The success of
screening using chemical arrays depends on the choice of target
proteins and a number of small molecules to be immobilized on
array slides (13). A chemical library, NPDepo (RIKEN Natural
Products Depository), was established by our laboratory (14).
However, the number of proteins that could be used for chemical
array screening was still limited. Hence, we have constructed a
human gene library, GLORIA, to accelerate screening on our
platform. Our screening method can perform large-scale chemi-
cal array screening using the gene library, GLORIA, and a chemical
library, NPDepo.

2. Materials

2.1. Cloning of Human
cDNAs and
Establishment

of GLORIA

2.2. Preparation

of Mammalian Cell
Lysates that
Overexpress
RFP-fused Proteins

—

. pPGEM-T-Easy vector (Promega, Madison, WI).

2. pDsRed-Express-N1 vector (Clontech, Mountain View, CA).
pDsRed-Express-N1 is encoded DsRed-Express. DsRed-
Express, a variant of Discosoma sp. red fluorescent protein
(DsRed), forms a homotetramer. This DsRed protein is des-
ignated as RFEP in this report.

3. Automated sequencer (Applied Biosystems, Foster City, CA).

1. RPMI 1640 medium (Invitrogen, Tokyo, Japan) supple-
mented with 10% fetal calf serum (FCS; Nichirei Biosciences,
Tokyo, Japan).

2. Effectene Transtection Reagent (QIAGEN, Tokyo, Japan).

3. Phosphate-buffered saline (PBS): Prepare 10x stock with
1.37 M NaCl, 27 mM KCI, 100 mM Na,HPO,, 18 mM
KH,PO,. Prepare 1x solution before using it.

4. Amount of protein in each lysate was measured with the
Bio-Rad protein Assay Reagent (BioRad, Hercules, CA).

5. Typhoon™ 9400 imager (GE Healthcare, Tokyo, Japan).

6. 4x sampling buffer (250 mmol/L Tris-HCL (pH 6.8), 40%
glycerol, 8% SDS, 20% 2-mercaptoethanol, and 0.04% bro-
mophenol blue).



2.3. Chemical Array
Screening with Cell
Lysates

2.4. Isothermal
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. Gap cover glass (Matsunami#CG00014, Tokyo, Japan).

. Hybridization Chamber 5 (TaKaRa#TX711, Tokyo, Japan).
. Triple Shaker (TAITEC#NR-80, Tokyo, Japan).

. Spin dryer mini (WAKENYAKU, Kyoto, Japan).

. GenePix microarray scanner (Amersham Biosciences, Foster
City, CA).
6. Photoshop 5.5 software.

[ 2 NI B S

1. MicroCal VP-ITC (MicroCal, Northampton, MA).

Titration Calorimetry 2. Carbonic anhydrase and Carbonic anhydrase I (Sigma-Aldrich,
and CAll Enzyme Tokyo, Japan).
Assay 3. Tris-SO, buftfer: 50 mM Tris (adjusted to pH 8.4 with H SO,
and DMSO added if necessary).
4. 4-Nitrophenylacetate (Sigma-Aldrich, Tokyo, Japan).
5. Wallac ARVOSX plate reader (PerkinElmer, Turku, Finland).
3. Methods

A human gene library, GLORIA, is designed to be able to
express REP-fused proteins. We have already cloned 100 genes
and inserted them into the pDsRed Express-N1 vector. The
inserted vectors are stored at -20°C until they are used.
Although many proteins are expressed as full-length, some are
designed to be expressed as truncated forms, such as membrane
proteins (e.g., Bel-xL and Aggrus). It is important to confirm
expression of target proteins when mammalian cell lysates are
created.

Our chemical array screening using cell lysates does not
require a blocking step. In data analysis of the screening results,
we carry out a merged display method that removes false posi-
tive signals from array experiments. Although the method makes
the visualization of real-hit compounds easier, it is important to
demonstrate the detection of positive compounds against the
binding proteins, such as rapamycin-FKBP12 and bleomycin-
Shble protein. The reliable positive control on the array slide
removes noise and array artifact signals confounding the data
analysis.

After hit compounds are obtained from the merged display
method, the binding for the target protein is confirmed by a sec-
ondary binding assay (e.g., [TC) and by IC, ) measurements by an
enzymatic assay.
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3.1. Cloning

of Human cDNAs
and Establishment
of GLORIA

3.2. Preparation

of Mammalian Cell
Lysates that
Overexpress
RFP-fused Proteins

3.3. Chemical Array
Screening with Cell
Lysates

. Clone target genes from a ¢cDNA library of cultured human

cell lines, such as Hela cells using PCR, and insert the frag-
ments obtained into the pGEM-T-Easy vector.

. Digest the vectors using several restriction enzymes, and sub-

clone the fragments into the pDsRed-Express-N1 vector (see
Notes 1 and 2). Confirm the sequences using the dideoxy-
nucleotide chain termination procedure with an automated
sequencer.

. Store these vectors at —20°C as the gene library GLORIA.

The list of the first 100 genes prepared by us is shown in
Table 1.

. Maintain HEK293T cells in RPMI-1640 medium supple-

mented with 10% FCS in a humidified atmosphere containing
5% CO,. Culture the cells on 60-mm dishes (1x10° cells/
dish).

. After 24 h, remove the medium by aspiration and change to

fresh ones. Treat the cells using Effectene Transtection
Reagent according to Qiagen’s protocol with 50 ng plasmid
in one dish. Cells are cultured for the next 2448 h.

. The cells are washed with PBS to remove remaining medium,

harvested, suspended in PBS, and then lysed by sonication.
After centrifugation at 20,400 x g4 for 15 min, the supernatant
is transferred to a new tube.

. Measure the protein concentration in each lysate with Bio-

Rad protein Assay Reagent. The protein concentration is
adjusted to 3-7 mg protein/ml. Overexpression of the RFP-
fused protein is confirmed using Typhoon™ 9400 imager
and/or by Western blotting (see Note 3). In the case of
detections of expression of protein using Typhoon™ 9400
imager, add the 4x sample buffer to the cell lysate described
above. Prepare 7.5% SDS-polyacrylamide electrophoresis and
load the 10 pl of each sample in a well without boiling. After
the samples are separated, the gel is scanned at excitation at
532 nm and emission at 580 nm on a Typhoon™ 9400
imager. Confirm expression of RFP-fused protein by the
detection of fluorescent signals on this gel.

. Use the prepared cell lysates for array experiments immedi-

ately. The cell lysates should be kept on ice before they are
applied onto the chemical array. According to this instruction,
almost 300 pl of cellar extract can be prepared with 3-7 mg/
ml total protein concentration from one 60-mm dish.

. After preparation of cell lysates that overexpress REP (for the

control slides) and target proteins fused with RFP (for the
sample slides), incubate cell lysates (3—7 mg protein/ml) with
chemical array slides (for preparation of array slides, see
Chapter 2). Reaction volume is set at 40—60 pul for one slide.
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3.4. Binding Assay
Using ITC and CAll
Enzyme Assay

3.4.1. Binding Assay
Using ITC
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. Cover reaction slides with a gap cover glass and incubated for

1 h at 4°C in Hybridization Chamber 5. Treat control slides
and sample slides with cell lysates that overexpress RFP and
target proteins fused with RFP, respectively.

. After incubation, the cover glass is gently slid off and washed

with ice-cold PBS 3 times for 1 min using a triple shaker. Dry
the glass slides using the mini spin dryer to remove excess
liquid and scan at excitation at 532 nm and emission at
575 nm on a GenePix microarray scanner.

. The GenePix microarray scanner is used to adjust the phase

contrast of the two slides between the sample and control to
analyze array images.

. After adjustment of the phase contrasts of the two slides, the

sample slides and control slides are colored as red and green,
respectively, with Photoshop 5.5 software.

. Merge the two colored figures into one figure. It is necessary

to adjust the position of the compounds on the array using
position markers (2 rhodamine spots/144 compounds).

. Red signals mean hit compounds that bind to the target pro-

teins. On the other hand, yellow signals mean false positive
signals that are caused by the binding of ligands to RFP or by
autofluorescent signals of the ligand itself. Check the detec-
tions of signals of compounds in duplicate on an array slide and
distinguish the binding and noise (tiny scratches or patches).
Before starting the screening of ligands for target proteins, we
recommend one to confirm the detection of known interac-
tions between small molecules and proteins on an array slide by
this method. Examples of representative known interactions
detected by this method are shown in Fig. la—c.

. Despite duplicate experiments on one slide, it is essential that

the array experiments are repeated and done using the cell
lysates that overexpress different proteins to confirm whether
the obtained signals are specific or not. We detected novel
inhibitors of carbonic anhydrase II (Fig. 2a) and various bleo-
mycin derivatives that bind to Shéle protein (Fig. 2b).

. We describe here two examples of the binding assay using

ITC. ITC experiments are done using MicroCal VP-ITC. In
contrast to the chemical array assay, both compounds and
proteins are not immobilized onto solid surfaces in ITC
experiments. Operation of ITC should be done according to
the MicroCal handling protocol.

. In the case of the carbonic anhydrase II inhibitor assay, ITC

experiments are done at 25°C. A solution of carbonic anhydrase
is degassed for 3 min and then loaded into the calorimeter
syringe. Tris-SO, buffer (pH 8.4) containing DMSO 4% (v/v)
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a Duplicated spots
a b c d a b c d

Rapamycin

Rapamycin

Bleomycin

Cc DHFR-RFPex

RFPex

Methotrexate

Fig. 1. Identification of rapamycin, bleomycin, and methotrexate. (a) Detection of rapamycin used HEK293T cell lysates
overexpressing the FKBP12-RFP conjugate. The 2011 small molecules were immaobilized on glass slides in duplicate. The
2 rhodamine spots for every 144 compounds were used as position markers. (b, ¢) Detection of bleomycin and metho-
trexate used the cell lysates that overexpressed the Shble-RFP conjugate (b) and DHFR-RFP conjugate (c), respectively.
All signals of rapamycin, bleomycin, and methotrexate in these experiments were clearly observed as red spots and
distinguished from the 2011 compounds.

and ligand (5 uM) is degassed for 3 min before use and then
titrated with the protein (50 uM) in the same buffer. After an
initial dummy injection of 2 pl, injection (10 ul) of the protein
solution into the calorimeter cell is done. The resulting titration
curves are then processed and fitted with Origin 7 software.

»
»

Fig. 2. Fluorescent images by merged display analysis after treatment with cell lysates that expressed RFP-fused
CAll (a) and Shble protein (b). The HEK293T cell lysates expressing RFP or RFP-fused protein (CAIl and Shble protein)
were incubated with the slides, and the slides were briefly washed and scanned. The slides treated by RFP-fused
protein (sample) and RFP (control) were colored red and green, respectively. The merged image is shown.
(@) The 2011 compounds from NPDepo were immobilized on glass slides in duplicate. Compounds 1 and 2, indicated as
red arrows, were identified as novel binders of CAll. (b) The 2,000 natural products, including 50 bleomycin derivatives,
were immobilized on the glass slide. All of the red signals that were observed in the array image were localized to these
bleomycin derivatives. The yellow signals that were detected were primarily derived from position markers, rhodamine,
and fluorescent molecules that were immobilized on the array. Many anthracycline and angucycline derivatives were
included in these 2,000 natural products, and they were identified as yellow spots in the merged image. Representative
bleomycin derivatives 3—13 are indicated by white arrows and the structures are shown.
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Compound Compound  On-Chip
IDs R, R, R, Names Categories
a-L-gulose-  NH(CH,),NH(CH,),NH (CH,). R .

3 s.D-mannose - cyclohexyl) = cyclohexyl) NH, high

n . NH(CH,),NH(CH,),NH(CH

o-L-gulose 2/3 2)4 . .

4 a-D-?nannose JoNH, H, bleomycin A, high
a-L-gulose- NH(CH,),NH(CH,), i .

5 o-D-mannose  NH, NH,  bleomycin A, high
a-L-gulose- NH(CHz)aNH(cH2)4NH(CH2)3 - high

& a-D-mannose NHCOCH, NH, 9

7 Z:;‘_ﬁ:gzzz'se x:ECHZ)"NHC(=NH) NH, bleomycin B, medium
o-L-gulose- i

8 a-D-?nannose NHCGH,(p-CH,N(CH,),) NH, - medium
o-L-gulose- bleomycin .

® o-D-mannose NH(CH,),SCH, NH, demethyl A, medium

10 oL-gulose- NH NH, bleomycin B,, medium
a-D-mannose 2 2 1

11 l-gulose OH NH, bleomycinic acid  low
a-D-mannose

12 H NH(CH,),NHC(=NH) NH, bleomycin low

NH, aglycon B,
43 o-L-gulose- NH(CH,),NHC(=NH) dil- ow

o-D-mannose NH, OH bleomycin B,
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3.4.2. CAll Enzyme Assay

3. In the case of the bleomycin derivatives assay, an ITC

experiment is performed at 20°C. A solution of His-Shale
protein is degassed for 3 min before being loaded into a calo-
rimeter cell. The solution of the protein (18 uM) in PBS is
titrated with ligand solution (200 pM) in PBS that is degassed
tfor 3 min in the same buffer. After an initial dummy injection
of 2 ul, 6 ul of ligand solution is injected into the calorimeter
cell. The resulting titration curves are then processed and fit-
ted with Origin 7 software.

. In the measurement of the inhibitory activity of the

compounds against CAII, this instruction assumes the use of
4-nitrophenylacetate as substrate, which makes possible
detection of the esterase activity of the enzyme (15, 16).

. Ligands (with increasing concentration) and CAII solution

(final 50 nM) are preincubated together for 10 min in 50 mM
Tris-SO, buffer (pH 8.4; 90 ul).

. Prepare a 100 mM 4-nitrophenylacetate solution in ace-

tonitrile. Start reaction by the addition of 10 pl of the solu-
tion containing 4-nitrophenylacetate (final 10 mM) to the
solution prepared above.

. Itis monitored with a Wallac ARVOSX plate reader at 405 nm.

The rates of nonenzymatic hydrolysis are subtracted from all
observed data. The IC; values are calculated from indepen-
dent triplicate experiments.

4. Notes

. In this protocol, we describe the use of RFP (pDsRed-

Express-N1 vector) for the assay system. Although other
fluorescence proteins are adaptable to our assay format, it
should be careful that many small molecules immobilized on
the array slides will show fluorescence themselves under con-
ditions of lower excitation and emission filters than the one
used to detect RFD.

. RFDP used in this protocol is a tetramer. This RFP tetramer

exhibits a higher effective affinity and signal intensity on the
array slides compared with the use of an RFP monomer.

. Preparation of mammalian cell lysates can be adapted for not

only FKBP12 and CAII, but also expression of many genes
in GLORIA. However, some proteins expressed by this
protocol do not come into the supernatant as soluble material.
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Therefore, you should confirm whether the RFP-fused
protein is in the supernatant or not using a fluorescent
scanner and/or Western Blotting before starting array
experiments. Not all proteins in GLORIA were examined
for retaining the activity of the protein in the cell lysate
sample, but it is known that many proteins expressed must
be folded in their natural conformation and proper modifi-
cations in mammalian cell lysates. If it is possible that you
can test the activity of the sample of your target protein, we
recommend it.

4. Our chemical array format is useful not merely for screening
protein ligands, but also for gaining into structure-affinity
relationships (SARs). In the case of bleomycin derivatives, the
binding constants that are determined by the ITC experi-
ments correlated well with the binding signal intensities that
were observed on the chemical array (#2=0.663; Fig. 3).The
detailed studies about SARs of bleomycins and Shéle protein
have been reported before (17).

5. This chemical array format is also used for the studies of
“fragment-based approaches” (18). A solution of fragments
is mixed, and the mixture is spotted onto the photoaffinity
linker-coated glass slide. When the two fragments that are
immobilized as one spot are accessed on the proximal pock-
ets of the target proteins, an increase in binding signal at
the mixed spot is observed compared with areas spotted by
individual fragments. An example of the result is shown in
Fig. 4.

1097
108 - 2
s
S 10T
< 9 a8 r? =0.6633
108 n-e
13
105 I I L L 1 )
0 1 2 3 4 5 6

Fluorescence intensity (x102)

Fig. 3. Correlation between binding constant (Ka) obtained from the ITC experiments and
fluorescent signal observed on the chemical array. X-axis represents the fluorescence
intensities of compounds 3—-13 on the glass slide (Fig. 2b). Y-axis represents the Ka
values calculated by ITC analysis. r?=0.6633.
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15

Total intensity (x10°)

14+15 14 15
Compounds spotted

Fig. 4. An example of the detecting fluorescence signals of mixed fragments using our chemical array format.
A pipecolinic acid derivative, 14, has been identified as a ligand for FKBP12 by using NMR, and benzanilide derivative
15 has been obtained as a binder that interacts with the protein at a nearby binding site of 14 (19). Solutions of mixed
14 and 15 (each compound 10 mM) and of independent 15 (10 mM) and 14 (10 mM) were printed on a photoaffinity
linker-coated slide. The slide was incubated with HEK293T cell lysates that overexpressed RFP-fused FKBP12. The
washed slide was scanned for fluorescence at 532 nm. The total intensity was corrected for background intensity. The
error bars denote standard deviation over three replicates. An image of the chemical array scanned for fluorescence is
shown. An area that was spotted with 14 and 15 exhibited significantly increased fluorescence compared with other
areas where they were immobilized individually. White bar, 800 um.
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Chapter 9

Peptide Arrays with a Chip

Alexander Nesterov, Edgar Dorsam, Yun-Chien Cheng, Christopher
Schirwitz, Frieder Markle, Felix Loffler, Kai Konig, Volker Stadler,
Ralf Bischoff, and Frank Breitling

Abstract

Today, lithographic methods enable combinatorial synthesis of >50,000 oligonucleotides per ¢cm?, an
advance that has revolutionized the whole field of genomics. A similar development is expected for the
field of proteomics, provided that affordable, very high-density peptide arrays are available. However,
peptide arrays lag behind oligonucleotide arrays. This is mainly due to the monomer-by-monomer
repeated consecutive coupling of 20 different amino acids associated with lithography, which adds up to
an excessive number of coupling cycles. A combinatorial synthesis based on electrically charged solid
amino acid particles resolves this problem. A computer chip consecutively addresses the different charged
particles to a solid support, where, when completed, the whole layer of solid amino acid particles is
melted at once. This frees hitherto immobilized amino acids to couple all 20 different amino acids in one
single coupling reaction to the support. The method should allow for the translation of entire genomes
into a set of overlapping peptides to be used in proteome research.

Key words: Solid-phase peptide synthesis, Peptide array, Combinatorial synthesis, Amino acid
particles, Microchip

1. Introduction

Nature uses a very limited set of only four different bases and 20
different amino acids. These building blocks generate a plethora
of different DNA molecules and proteins that together form
organelles, cells, and organisms. With respect to sophisticated
functions, proteins are the major players in all living organisms.
Within ribosomes they replicate themselves and other proteins,
polymerases replicate DNA and RNA. As enzymes, proteins
perform numerous catalytic reactions, as binding partners they
play a central role in inter- and intracellular communication,

Mahesh Uttamchandani and Shao Q. Yao (eds.), Small Molecule Microarrays:
Methods and Protocols, Methods in Molecular Biology, vol. 669,
DOI 10.1007/978-1-60761-845-4_9, © Springer Science+Business Media, LLC 2010
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as transporters they direct many different substances to their
destinations, and as antibodies and T-cell receptors they shield us
from infections. Also small proteins that are called peptides
perform many different functions in the organism. For example,
hormones such as insulin or glucagon regulate cell metabolism
and defensins function as antibiotics to shield a frog’s skin and
our gut from infection. The plethora of functions that peptides
can perform sparked the interest to get hold on them, and the
easiest way to do that is by chemical synthesis (1). Ronald Frank
expanded Merrifield’s approach by synthesizing many different
peptides in parallel (2). His method entailed patterning the 20
different activated amino acid derivatives as small droplets onto a
derivatized cellulose sheet. There, consecutive layers react with
the free amino groups of the many different growing peptide
chains that are linked to the cellulose support during solid-phase
synthesis, resulting into a peptide array (3, 4). This SPOT synthe-
sis method, for the first time, made large numbers of peptides
available to the scientific community. Over the years, the method
has proven to be reliable and widely applicable and thus (5-7),
still dominates the field. This is mainly due to a peptide-specific
drawback of lithographic synthesis methods that are used to
generate high-density oligonucleotide arrays. For the synthesis of
peptide arrays, a large number of coupling cycles must be per-
tormed, since only a single kind of monomer can be coupled at a
time. For example, 20 x 10 coupling cycles are necessary to syn-
thesize a 10meric peptide array, whereas only 4x10 coupling
cycles are needed to generate a 10meric oligonucleotide array (8, 9).
This large number of peptide-specific coupling cycles makes
it very difficult to avoid the accumulation of unwanted side
reactions.

However, the SPOT synthesis method is limited in its ability
to produce densities of iz situ synthesized peptides that exceed
25 peptide spots per cm?, mainly due to difficulties in handling
tiny droplets that tend to evaporate or spread over the array. To
overcome these problems, our laboratory recently developed a
method for the combinatorial synthesis of peptide arrays that is
based on 20 different solid amino acid particles. These triboelec-
trically charged particles (charged by mild friction) are positioned
on a 2D support using electrical fields generated by a laser printer
(10) or by a computer chip, where up to 40,000 peptides per cm?
are synthesized (11) (Fig. la). Once positioned, the whole layer
of amino acid particles is simultaneously melted to initiate the
coupling reaction (Fig. 1b). Washing and deprotection steps
complete the cycle, resulting in the combinatorial synthesis of a
peptide array, when repeated. This method uses conventional
Fmoc chemistry (12) and differs from SPOT synthesis only in the
use of a solvent that is solid at room temperature, which enables
intermittent immobilization of amino acids within particles. The
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a Particle production

Repeat for

Merrifield II\Q,JI

d Deprotection synthesis

b Addressing of monomers

\0

C Melting and coupling

Fig. 1. Particle-based synthesis of peptide arrays. Repetitive cycles generate a peptide
array. (a) Activated amino acids are embedded in microparticles. (b) These are addressed
onto a chip by electrical field patterns generated by individual pixel electrodes. (¢) A whole
layer of consecutively addressed amino acid particles is melted at once to induce
coupling. (d) Residual material from the particles and uncoupled amino acids are washed
away and the N-terminal end of the growing peptide chain is deprotected.

number of peptides per cm? is only limited by the number of elec-
trodes per cm?, and by the size of the amino acid particles.

2. Materials

2.1. Production
of Amino Acid

1. For the composition of amino acid particles, see also refs. (10
11), and http: // www.PEPperPRINT.com.

2. The 20 different Fmoc-protected and C-terminally activated
amino acid derivatives were from Fluka:

Fmoc-1-ALanin-OPfp; ~ Fmoc-L-Cys(Trt)-OPfp;  Fmoc-L-
Asp(OtBu)-OPfp; Fmoc-1-Glu(OtBu)-OPfp; Fmoc-1-Phe-
OPtp; Fmoc-dl-Gly-OPfp; Fmoc-L-His(Trt)-OPfp; Fmoc-L-
Ile-OPfp;  Fmoc-1-Lys(tBoc)-OPfp;  Fmoc-1-Leu-OPtp;
Fmoc-1.-Met-OPfp; Fmoc-L-Asn(Trt)-OPtp; Fmoc-1L-Pro-
OPfp; Fmoc-1-GLn(Trt)-OPfp; Fmoc-L-Arg(Pbf)-OPfp;
Fmoc-1-Ser(OtBu)-OPfp; Fmoc-L-Thr(tBu)-OPtp; Fmoc-1-
Val-OPfp; Fmoc-L-Trp-OPfp; Fmoc-L-Tyr(tBu)-OPfp.
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2.2. Grafting PEG
Surface on the Chip’s
Surface

. Acetone p.a.

4. N,N-Diphenylformamide, DPF (Sigma-Aldrich, Steinheim,

11.
12.
13.
14.
15.
16.
17.
18.
19.

Germany).

. Diphenyl sulfoxide, DPSO (Sigma-Aldrich, Steinheim,

Germany).

. Di-p-tolyl sulfoxide, DTSO (Sigma-Aldrich, Steinheim,

Germany).

. Polystyrene (Merck).

. S-LEC P LT-7552 (Sekisui).

. Pyrazolone orange (ABCR GmbH).
10.

Sodium-di(aqua)-di(2-hydroxy-3-napthoicacido) ferrate
(III) (13).

Silica particles (Degussa, Aerosil 812, hydrophobic).
Distillator (RE111 Rotavapor, Biichi).

Freeze dryer (ALPHA 1/5, Christ).

Air mill (Hosokawa alpine 50AS).

Analytical sieves (AS 200 digit, Retsch).

Winnower (100 MZR, Hosokawa Alpine AG).
Mastersizer (Malvern, type 2000).

Q/m meter (Trek, type 210HS-2).

Dynamic difference calorimeter (Netzsch, type DSC 204 F1
Phoenix).

. Mercury vapor lamp (150 W, model TQ 150, Heraeus

Noblelight).

2. Pressurized nitrogen.

w

0O N3 O Ul W

. Filtered compressed air that is dried to a low level of humidity

(20-30%).

. 2-Bromo- N-(3-triethoxysilyl)propyl isobutyramide (14).

. Dichloromethane 6. Ethanol p.a.

. Methanol p.a.

. 2,2"-Bipyridyl, bipy, 98% (Sigma-Aldrich, Steinheim, Germany).
. Poly(ethylene glycol) methacrylate, PEGMA, M_~360 g/

mol (Sigma-Aldrich, Steinheim, Germany).

. Copper(I) bromide p.a. (Sigma-Aldrich, Steinheim, Germany).
10.
11.

Fmoc-B-alanine, >99% (Fluka).

Vacuum desiccator.
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on Microchips

2.4. Peptide Synthesis

Peptide Arrays with a Chip 113

. Microchips were designed at the Kirchhoff Institute for

Physics, University of Heidelberg, and manufactured at the
Institute for Microelectronics Stuttgart, IMS CHIPS (http: //
www.ims-chips.de).

2. Polypropylene tweezers (model K35A, Rubis® Switzerland).

. Plexiglas aerosol generators for triboelectric charging and

amino acid microparticle deposition (Fig. 2, custom-built at
the Kirchhoff Institute for Physics, University of Heidelberg;
see also ref. (11) accompanying Online Supporting Material).

4. Microscope (model Axiovert 35, Zeiss).

p—

. Design of circuit boards and bonding with gold wires were done

at the Kirchhoft Institute for Physics, University of Heidelberg
(http: // www.kip.uni-heidelberg.de).  Manufacturing  was
done at Wiirth Elektronik GmbH & Co. KG (Niedernhall,
Germany).

. The coupling chamber is a 15x6.3x3.3 cm metal box

equipped with a lid, gas inlet and outlet valves, and a heat-
resistant sealing with two gas valves that allow for degassing
and/or controlled nitrogen atmosphere (custom made).

. The chip on the circuit board is mounted onto a Teflon shield

with a chip-size gap (Fig. 3; custom made). Thereby, the cir-
cuit -board, extremely sensitive bond wires, and electrical
components are protected against harsh chemicals during
washing steps, while the chip surface is exposed to chemicals.
The chip is mounted or removed from the Teflon shield by
four screws.

. The washing chamber is built of Teflon (Fig. 4; custom made).

The protected chip is placed inside the washing chamber and

Fig. 2. (a) Aerosol chamber. Consecutively deposited microparticles are optionally briefly melted to fix them to the chip.
(b) For better visualization, colored OKI laser printer toners were employed.
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Fig. 3. ATeflon shield is mounted on the circuit board to protect board and bond wires from liquid-phase chemistry during
typical washing and deprotection steps in Fmoc peptide synthesis.

)-1!-(
w2
a ¥ ]

Fig. 4. Construction drawing of a microchip washing chamber made of Teflon.

sealed with an additional Teflon sealing. A stirring bar is
placed into the washing chamber above the microchip surface

and Teflon shield.

4. N,N-dimethylformamide, DMEF, dried over molecular sieve
0.4 nm (Biosolve BV, Valkenswaard, Netherlands).



2.5. Staining Peptide
Arrays

12.

1.
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. N,N'-Diisopropyl carbodiimide, DIC, purum (Carl Roth

GmbH, Karlsruhe, Germany).

. N-Methyl-imidazole, NMI, p.a. (Sigma-Aldrich, Steinheim,

Germany).

. Acetic anhydride p.a. (Sigma-Aldrich, Steinheim, Germany).
. N, N-Diisopropylethylamine, DIPEA, p.a. (Sigma-Aldrich,

Steinheim, Germany).

. Piperidine 299% (Sigma-Aldrich, Steinheim, Germany).
10.
11.

Chloroform p.a. (Sigma-Aldrich, Steinheim, Germany).
Triisobutylsilane, TIBS, puriss. (Sigma-Aldrich, Steinheim,
Germany).

Trifluoroacetic acid, TFA, 99% (Acros Organics, Geel,
Belgium).

Antibodies: mouse monoclonal anti-FLAG® M2 and rabbit
anti-HA (both from Sigma Aldrich, Steinheim, Germany).

. Secondary antibodies: Alexa Fluor® 647 goat anti-rabbit IgG

(heavy +light chains) and Alexa Fluor® 546 goat anti-mouse
IgG (H+L) (both from Invitrogen GmbH, Karlsruhe,
Germany).

. TBS: 50 mM Trisma base, 150 mM NaCl, pH 7.4.

4. TBST: 50 mM Trisma base, 150 mM NaCl, 0.1% (v/v)

Tween 20, pH 7.4.

. TBS-BSA: 50 mM Trisma base, 150 mM NaCl, 1% bovine

serum albumine, pH 7 .4.

. Shaker (Duomax 2030, Heidolph GmbH).
. Magnetic stirrer (model RCT basic IKAMAG safety control,

VWR International).

. GenePix 4000B fluorescence scanner and GenePix Pro 4.0

Microarray Image Analysis software (Molecular Devices).

. Chip-holder adjusted to the standard scanning format (cus-

tom-built metal plate in standard microscopy slide size;
equipped with a chip-size gap; tested at Molecular Devices,
Munich, Germany).

3. Methods

Our particle-based method employs standard Fmoc solid-phase
peptide synthesis chemistry that is extensively described in excel-
lent textbooks and laboratory handbooks (12). Our method adds
only one additional trick: C-terminally activated, Fmoc-protected
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3.1. Production of
Amino Acid Particles

amino acid derivatives are “frozen at room temperature” within
particles. Only when melted, these very reactive chemicals can
diffuse and couple to free amino groups on a suitable surface (see
Note 1). Therefore, this section mainly deals with the production
of amino acid particles, the generation of surfaces suitable for
peptide synthesis, and the site-specific loading of particles onto a
chip surface.

1.

10.

11.

12.

Mix together the constituent parts of amino acid particles and
solubilize by stirring in 3—4 weight equivalents of acetone
(w/w). The ingredients are: Fmoc-protected OPfp -esters of
the 20 different amino acids (10% w/w), either N,N-
diphenylformamide (DPF), diphenyl sulfoxide (DPSO), or di-
p-tolyl sulfoxide (DTSO) as “solid solvent” (25% w/w), resin
(60% w /w, either polystyrene or S-LEC P L'T-7552), Pyrazolone
orange (4% w/w), and sodium-di(aqua)-di(2-hydroxy-
3-napthoic acido) ferrate(III) (1% w/w; see Note 2).

. Remove the bulk of acetone for 20 min at 30°C in a

distillator.

. Remove acetone overnight in a freeze dryer.

. Store the particle mass under nitrogen in a desiccator for

months at room temperature (see Note 1).

. Premill the particle mass with a rotating scissors mill to yield

particles with an average diameter of 100-200 um (see Note 3).

. Slowly feed in the resulting particles into an air jet mill.

During milling, silica nanoparticles (0.05% w/w) are added
(see Note 4).

. This procedure results in particles with average diameters

from 4 to 10 um (check with microscope).

. For a narrow size distribution and thus uniform physical

properties, remove particles beyond 32 pum with analytical
sieves (see Note 5).

. Remove particles with a diameter <1 wm with a winower (see

Note 5).

Analyze individual particle batches for narrow size distribu-
tion with a mastersizer. Starting with 100 g particle mass, a
typical manufacturing run should yield 70 g amino acid par-
ticles in the size range between 4 and 20 pum.

Analyze particle batches for their triboelectric charge by a
Q/m meter. A typical result would yield an electric charge of
approx. -4 LC/g of particles (Fig. 5; see Note 5).

Analyze particle batches for their melting behavior by dynamic
difference calorimetry. The melting point should be between

70 and 75°C.
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Fig. 5. A Q/m meter is used to determine the amount of charges on the particle surface (/eft). Typical results would yield
approx. —4 nC/qg particle mass (right).

3.2. Grafting the Chip’s 1.

Surface with a PEG

Surface Suitable for 2
Combinatorial

Synthesis

Handle microchips with polypropylene tweezers to avoid
scratching of the surface.

. In order to silanize the chip surface, place the chip surface

4 cm from the mercury vapor lamp and irradiate for 1 h under
atmospheric conditions to remove contaminants by oxidation
and to activate the oxide layer on the surface.

. Turn off the lamp and allow the chip to cool to room

tempecerature.

. Meanwhile, directly prepare a 10 mM solution of 2-bromo- N-

(3-triethoxysilyl)propyl isobutyramide (bromine silane) in anhy-
drous dichloromethane and incubate the chip for at least 6 h to
silanize the chip surface with the polymerization initiator.

. Proceed with this silanization step overnight to achieve a high

conversion. Do not incubate longer than 24 h to avoid
decomposition of bromine silane.

. Dilute the reaction solution with an excess of ethanol (twice

or thrice the volume of the reaction mixture) and rinse the
microchip thoroughly first with ethanol, then with water.

. Assure appropriate disposal of halogenated organic solvents.

Unless otherwise noted, use only Millipore® water (resistance
of about 18.2 MQcm).

. Wash the chip in ethanol two times for 15 min each and then

dry the chip carefully in a stream of compressed air.

. Place the chip in an oven at 100°C for 1 h to achieve full

condensation of the bromine silane with the surface.
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10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.
22.
23.

24.

25.

26.

27.
28.
29.

30.

31.
32.

Remove the chip from the oven and allow it to cool to room
temperature.

Proceed with graft polymerization (step 12) or store the chip
at -20°C under nitrogen atmosphere.

Dissolve 141 mg 2,2’-bipyridyl (bipy, 0.90 mmol) in 10 ml
water/methanol (1:1).

Add 5 ml of PEGMA and 64 mg of copper(I) bromide
(0.45 mmol). Immediately degas the brown reaction mixture
three times and sonicate it for 3 min under nitrogen atmo-
sphere (see Note 0).

Remove nondissolved solid copper(I) bromide by filtration
through a fritted funnel equipped with a sintered glass disc
(fine pore size) under nitrogen atmosphere.

Place the silanized chip in a Petri dish inside a desiccator (see
Note 7).

Add the filtered reaction mixture. The chip should be cov-
ered with an excess of solution.

Carefully evacuate the desiccator three times and aerate it
with nitrogen.

Allow polymerization to proceed for 20 h (see Note 8).

When the polymerization reaction is finished, open the
desiccator.

Flush the chip extensively with water inside the Petri dish until
all remnants of the polymerization solution are removed.

Incubate the chip for 15 min in water.
Incubate the chip for 15 min in DMF.

Wash the microchip two times for 2 min each with methanol
and dry it in a stream of compressed air.

Proceed with functionalized PEGMA side chains (step 25) or store
the chip at -20°C under nitrogen atmosphere (see Note 9).

Preswell the PEGMA-coated chip in anhydrous DMF for
30 min.

Prepare a solution of 62.26 mg Fmoc-B-alanine (0.2 m) and
37.2 ul DIC (0.24 m) per ml anhydrous DMF.

Stir for 5 min, and then add 37.2 ml NMI (0.4 m).
Replace DMF on the microchip with this reaction mixture.

Incubate the microchip for 16 h under nitrogen atmosphere
at room temperature.

Prepare fresh blocking solution 10% (v/v) acetic anhydride, 20%
(v/v) DIPEA, and 70% (v/v) DMF immediately before use.

Wash the chip three times for 2 min each with DMF.

Cover chip with blocking solution to block residual hydroxyl
groups.



3.3. Particle Deposition

3.4. Solid Phase
Peptide Synthesis
on Pixel Electrodes

33.
34.

35.
36.

37.
38.

1.

. Place aerosol generator into extractor hood, wear dusk masks
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Shake the chip gently overnight in the blocking solution.

Remove the blocking solution and wash the chip five times,
each time for 2 min with DMF.

Cleave the Fmoc protection groups by incubating the chip
for 20 min in a solution of 20% (v/v) piperidine in DMF.

Wash the chip three times for 2 min with DMF and two times
for 2 min with methanol (see Note 10).

Dry the chip in a stream of compressed air.

Store functionalized chips at -20°C under nitrogen atmo-
sphere (see Note 9).

Place the microchip face down in the aerosol generator (Fig. 2).

to avoid inhalation of amino acid particles.

. Switch a selection of pixel electrodes to voltages of 100 V (vs.

grounding) to generate a defined electric field pattern. Take
care, high voltage!

. Initiate the air flow within the aerosol generator to grind the

particles against the walls of a smaller cyclone-like cavity (see
Note 11).

. Open the aperture and expose the microchip to the aerosol for

2 s to deposit specific amino acid particles on activated pixels.

. Check particle pattern with a microscope after each deposi-

tion step.

. Put the chip in a preheated oven at 90°C for 2 min to fix

addressed particles on the surface.

. Repeat particle deposition (Fig. 1b) until all pixel electrodes

are covered with different sorts of amino acid particles.

. Use polypropylene tweezers to transfer the chip into the cou-

pling chamber.

. Slowly aerate the chamber for 5 min with nitrogen and close

valves.

. Place the coupling chamber into a preheated 90°C oven for

60 min (see Notes 12, 13, and 14).

. Remove the chip from the oven and let it cool down to room

temperature.

. Mount a Teflon shield by tightening four screws into milled

threads (Fig. 3) on the circuit board to protect the board and
the bond wires against solvents and reagents (see Note 15).

. Transfer the microchip into the washing chamber (Fig. 4).

. Incubate three times (1, 5, and 10 min) with 1 ml of a mix-

ture of 10% (v/v) acetic anhydride, 20% (v/v) DIPEA, and



120 Nesterov et al.

3.5. Immunostaining

10.

11.

12.

13.
14.
15.

16.

17.

18.
19.

20.

21.

22.
23.
24.

25

1.

70% (v/v) DMF to remove residual particle material and, at
the same time, block residual amino groups.

. Wash two times for 5 min each with DMF.

. Wash two times for 5 min each with chloroform to remove

adsorbed silica particles (see Note 16).

Incubate the microchip for 30 min in DMF to preswell the
polymeric coating.

Cleave N-terminal Fmoc-protecting groups by exposing the
microchip to 1 ml of 20% (v/v) piperidine in DMF for 20 min.

Remove the piperidine/DMEF solution and wash five times
for 5 min each with DMF.

Wash two times for 5 min each with methanol.
Dry the microchip in a stream of nitrogen.

Remove the chip from the washing chamber and demount
the Teflon shield by loosing the four screws.

Repeat amino acid particle deposition (preceding paragraph),
coupling reaction (this paragraph, steps 1-4), and subsequent
washing and deprotection steps (this paragraph, steps 5-15)
until the complete peptide array is synthesized.

Proceed until the very last coupling step. The number of cou-
pling cycles determines the peptide length (ten cycles of com-
binatorial synthesis result in an array of 10mers).

Leave the microchip from step 16 in the washing chamber in
order to cleave the side chain protecting groups.

Wash two times for 5 min each with dichloromethane.

In the meantime, prepare a mixture of 51% (v/v) trifluoroa-
cetic acid, 44% (v/v) dichloromethane, 3% (v/v) triisobutyl-
silane (TIBS), and 2% (v/v) water (see Note 17).

Remove the dichloromethane and incubate the chip three
times for 30 min each in the TFA solution while continuously
stirring. Firmly close washing chamber to avoid evaporation
of the reagents. Avoid contacting TFA and DMF.

Remove the TFA solution.

Wash the chip four times for 2 min each with dichloromethane.

Wash the chip four times for 2 min each with DMF.

. Wash the chip two times for 2 min each with ethanol.
26.
27.

Dry the chip in a stream of nitrogen.
Proceed to immune staining or store the chip at -4°C under
nitrogen atmosphere (see Note 9).

Rehydrate the chip surface by incubation in 1 ml of TBS-T
buffer for at least 30 min.
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2. Block unspecific binders by incubation in 1 ml of TBS-BSA
buffer for 60 min (see Note 18).

3. Dilute mouse anti-FLLAG and rabbit anti-HA antibodies each
1:1,000 in TBS-T buftfer.

4. Incubate the chip in 1 ml of the antibody solution for 1 h at
room temperature. Gently rock the samples.

5. Carefully remove the antibody solution and wash six times for
5 min each in TBS-T with constant gentle shaking.

6. Dilute secondary antibodies Alexa Fluor 647 goat anti-rabbit
IgG (H + L) and Alexa Fluor 546 goat anti-mouse IgG (H + L)
each 1:1,000 in TBS-T buffer and incubate the chip in this
solution for 1 h at room temperature.

7. Wash six times for 5 min each in TBS-T buffer while continu-
ously shaking.

8. Dry the chip in a stream of nitrogen and remove it from the
circuit board.

9. Readout fluorescence with an appropriate chip-holder at
appropriate wavelengths (532 nm for Alexa Fluor® 546 and
635 nm for Alexa Fluor® 647 dyes, respectively; Fig. 6).

Fig. 6. Particle-based combinatorial synthesis of FLAG® and HA epitopes in a chesshoard
pattern with a density of 10,000 spots/cm?. Peptides were stained with rabbit antibodies
against FLAG and monoclonal anti-HA mouse antibodies, followed by fluorescently
labeled anti-rabbit antibodies and anti-mouse antibodies.
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4. Notes

10.

. Fmoc-protected amino acid derivatives that are chemically

activated at their C-terminal end by an OPfp ester are very
reactive chemicals that usually have to be frozen immediately
at —20°C. However, obviously these chemicals are stabilized
within amino acid particles against decay. They can be stored
over months at room temperature (10)

. Triboelectric charging depends on the wall material (PMMA,

polymethyl methacrylate in our case), on the particle size,
and on the even distribution throughout the particles of
“charge control agents,” e.g., sodium-di(aqua)-di(2-hydroxy-
3-napthoic acido) ferrate(III) (13) that stabilize charges on
the surfaces of triboelectrically (particles grinded against the
wall) charged particles.

. During premilling with a rotating scissors mill, particles

agglomerate when heated up too much. Let the mill cool
down for 15 s in between milling intervals of 15 s.

. Silica nanoparticles are added to restrain the particle’s

tendency to agglomerate. The amount of silica nanoparticles
needed depends on the size of the amino acid particles.

. The particle’s “jumping behavior” mainly depends on the

quotient of electrical charges and the mass of amino acid
particles (Q/m). Therefore, particles should have a very
narrow size distribution, and they should be uniformly
charged.

. The dissolved copper(I) bromide catalyst is susceptible to

oxidation. Discoloration of the solution from brown to green
indicates residual oxygen which oxidizes the catalyst and
hence disrupts polymerization. Therefore, rapid but careful
processing is essential as soon as the copper(I) bromide is
added to reaction mixture.

. Oxygen in the Petri dish or in the desiccator must be

avoided.

. Both concentration of the monomer and polymerization time

affect the resulting PEGMA film thickness, whereas film
thickness does not noticeably increase after 20 h (15).

. Chips should not be stored longer than 1 month in a desicca-

tor under nitrogen atmosphere.

To provide better accessibility of the growing peptide chains,
repeat steps 25-36 two times to consecutively couple three
B-alanine residues as linker unit.
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The geometry of the aerosol chamber evokes an air stream
which ensures repeated collision of amino acid particles with
the PMMA walls. Thereby, particles are triboelectrically
charged and, afterwards, conducted back into the main cham-
ber. Close to the surface of the chip, the particles slow down
to a speed of less than ~0.1 m /s which is caused by the cham-
ber geometry at that position. An aperture separates the chip
surface from the cyclone airflow to avoid nonspecific deposi-
tion of particles due to high particle velocities.

The coupling reaction is initiated upon melting of the solid
particle matrix. Decay of activated amino acid derivatives
inside solid particles is negligible.

Coupling times of 60 min at 90°C are not yet optimized. We
currently built a custom made hot-water-based oven that
should allow reducing these coupling times considerably.

Preswelling of the PEG surface augments the repetitive
coupling yield from 90% to approx. 96%. However, preswelling
also increases unspecific adsorption of particles.

Reagents (e.g., DMF, acetic anhydride) used in standard
Fmoc synthesis tend to corrode the circuit boards and cause
short circuits if they come into contact with bonding wires.

Silica nanoparticles are a component part of the amino acid
particles. They are removable by washing with chloroform.
Eventually, the chloroform step can be omitted in normal
cycles. However, at the very end of peptide synthesis, residual
silica nanoparticles should be removed by chloroform wash-
ing, otherwise leading to unspecific binding signals.

Due to the high volatility of dichloromethane, it should be
added lastly to the TFA /TIBS /water mixture to avoid evap-
oration. Caution: TFA is very hygroscopic and corrosive.

The PEG surface described in this protocol is very resistant
against protein binding. Therefore, no blocking solution is
needed to detect the binding, e.g., of the Flag antibody.
However, the very same protein resistance blocks low-affinity
binders from reaching the surface. In order to also detect
low-affinity binders, the surface characteristics should be
tuned to a less protein-resistant grade (16).
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Chapter 10

In Situ Chemical Modification of Peptide Microarrays:
Characterization by Desorption/lonization on Silicon
Nanowires

Gaélle Piret, Hervé Drobecq, Rabah Boukherroub, and Oleg Melnyk

Abstract

Peptide microarrays are useful devices for the high throughput study of biomolecular or peptide—cell
interactions. Whereas the synthesis of unmodified peptide libraries is an easy task and can be performed
at reasonable cost, the synthesis of libraries of modified peptides remains expensive and time consuming.
This bottleneck led us to examine the possibility to produce modified peptide microspots by in situ
chemical modification of unmodified peptide microspots. The great advantage would be the preparation
of a series of complex microarrays (daughter microarrays) starting from an easy-to-make and cost-effec-
tive unmodified peptide microarray (parent microarray). One step toward this goal has been presented in
the accompanying chapter dealing with the in situ methylation methodology for studying the specificity
of antibodies directed toward methylated epitopes. Here we describe the development of a novel desorp-
tion/ionization on silicon nanowires mass spectrometry (DIOSiNWs-MS) technique for characterizing
the in situ chemical modification of peptides.

Key words: Matrix-free desorption/ionization on silicon nanowires, Mass spectrometry, MALDI-
TOF, DPeptide microarrays, Methylation, Mycobacterium  tuberculosis, Heparin-binding
hemagglutinin

1. Introduction

In situ modification of unmodified peptide microspots and the
preparation of daughter microarrays from a parent unmodified
peptide microarray can potentially be applied to various posttrans-
lational modifications. In the accompanying chapter, we have in
situ methylated the side-chain of Lys residues by reductive methy-
lation. The chemical process used permitted the formation of mono
lysine Lys(Me), and dimethyl lysine Lys(Me), residues. However,
other Lys posttranslational modifications such as acetylation (1),
formylation (2), or methylene imine formation (3) can potentially
Mahesh Uttamchandani and Shao Q. Yao (eds.), Small Molecule Microarrays:

Methods and Protocols, Methods in Molecular Biology, vol. 669,
DOI 10.1007/978-1-60761-845-4_10, © Springer Science+Business Media, LLC 2010
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be studied using the in situ modification method. In this context,
the development of an analytical method allowing the characteriza-
tion of the chemical modifications taking place in the peptide
microspot is of prime importance for optimizing the in situ chemi-
cal modification or for controlling the level of modification.

Matrix-assisted laser desorption/ionization mass spectrome-
try (MALDI-MS) is a soft ionization technique, developed in the
late 1980s, for mass analysis of analytes. MALDI allows the analy-
sis of a wide variety of compounds, including polymers, peptides,
and proteins (4). However, due to a competitive desorption of
parasitic ions from the matrix, it is difficult to detect low molecu-
lar weight compounds (<700 m/z). In 1999, Wei et al. reported
on the use of porous silicon (PSi) as a substrate for matrix-free
desorption /ionization on silicon (DIOS) (5). PSi samples are
fabricated by electrochemical etching of crystalline silicon in
HEF-based solutions. They display good properties of absorption
in the UV spectral range and a high surface area. The great interest
of DIOS is to permit laser desorption /ionization (LDI) and efficient
analysis of small analytes, drugs, explosives, polymers, and hardly
soluble analytes in the absence of organic matrix.

We describe here a method based on matrix-free desorption/
ionization on silicon nanowires mass spectrometry (DIOSiNWs-
MS) for characterizing the in situ chemical modifications occurring
inside peptide microspots when a peptide microarray is submitted
to chemical reagents. For this, a peptide microarray was prepared
on a silicon wafer covered by silicon nanowires (SiINWs), in situ
modified by reductive methylation to convert Lys residues into
Lys(Me) or Lys(Me), residues, and finally analyzed usinga MALDI-
TOF mass spectrometer (Fig. 1). The DIOSiINWs technique
enabled studying the eftect of reaction time on the level of methy-
lation of the peptide probes.

2. Materials

2.1. Preparation
of SiNWs Substrates
for LDI-MS

1. The experiment requires an efficient fume hood.

2. P-type <100> crystalline silicon wafers (Siltronix) with a resis-
tivity of 0.01 Qcm (typically 10 mm x20 mm x 380 um).

3. VLSI-grade (very large-scale integration-grade) sulfuric acid,
96% (H,SO,).

. VLSI-grade hydrogen peroxide, 30% (H,O,).

. VLSI-grade hydrofluoric acid, 50% (HF).

. ACS grade (>99&, Sigma-Aldrich) silver nitrate 0.1 N (AgNO,).

. VLSI-grade nitric acid, 65% (HNO,).

. VLSI-grade hydrochloric acid, 37% (HCI).

. Acetone.

O 0 N O\ Ul W
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Fig. 1. Application of the DIOSINWs-MS technique for characterizing the in situ methylation of peptide microspots. HBHA
peptide H-LPKKAAPAKKAA-NH, was printed on a silicon wafer substrate covered with a SiNWs layer, and in situ methy-
lated with formaldehyde/NaCNBH,/NiCl,. Analysis of peptide microspots by LDI-MS permitted to characterize the in situ
chemical modification of HBHA peptide.

10. Isopropyl alcohol (:PrOH).

11. Dichloromethane (CH,CIL,).

12. Octyldimethylchlorosilane (ODMCS).

13. UV-O Cleaner, Jelight Company Inc., 4 mW /cm? at 220 nm.
14. Plas-Labs nitrogen glove box.

15. Goniometer system (DIGIDROP, GBX, France) for measur-
ing the contact angles.

p—

2.2. Printing of Peptide . Peptide probes.

Probes 2. 0.01 M Sodium phosphate buffer pH 7.2 containing 150 mM
NaCl (PBS).
3. V-bottomed 384-well microtiter plates (ABgene, Surrey, UK,
AB-1058).

4. Noncontact piezoelectric microarrayer (BCA1, Perkin Elmer,
MA, USA).

p—

2.3. In Situ Methylation . Prepare solution 1: First, prepare a 16 mg,/mL NiCl, solution
in HEPES 0.1 M pH 7.5 buffer. Then, dissolve Na\CNBH, to

15 mg/mL in this solution.

2. Prepare solution 2: mix 1 volume of formaldehyde (36% w/v
aqueous solution) with 999 volumes of HEPES 0.1 M pH
7.5 bufter.
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2.4. Laser Desorption/
lonization and Mass
Spectrometry Analysis

3. Prepare solution 3: mix 1 volume of solution 2 with 9 volumes
of solution 1 (final formaldehyde concentration 0.036 mg,/mL.).

4. Microscope glass slide.
5. Corning incubation chamber (ref 732-5503, VWR).

1. MALDI-TOF mass spectrometer equipped with delayed
extraction and operating with a pulsed N, laser at 337 nm
(Voyager-DE™ STR Biospectrometry Workstation, Applied
Biosystems).

2. Stainless steel Voyager™ MALDI sample plate with surface
indent to be used with gel membranes (Part No. V700698,
Applied Biosystems).

3. Standard carbon adhesive tabs, diameter 25 mm
(EUROMEDEX).

4. Micropipette (1-20 uL).

5. Calibration mixture (Sequazyme™ Mass Standards Kit, Part
No. P2-3143-00, Applied Biosystems).

6. 15 mg/mL 2,5-Dihydroxybenzoic acid (DHB) solution in
acetone.

3. Methods

The preparation of peptide microarrays on SiNWs substrates
and the use of matrix-free LDI-MS for characterizing the in
situ chemical modification of a peptide microspot are illustrated
with nHBHA 159-170 peptide H-LPKKAAPAKKAA-NH,
(see Note 1 and also chapter 11). First, a DIOS substrate made
of SiNWs on a silicon wafer was prepared by etching crystalline
silicon in HF/AgNO, aqueous solution (6, 7). The length
(2.5 um) and diameter (10-100 nm) of SINWs were optimized
to reach an optimal sensitivity in LDI-MS detection. The SiNWs
surface was then silanized with ODMCS in hexane (see Note 2)
(6, 8). The peptide was dissolved in ammonium citrate and
printed on the silanized SiNWs substrate using a noncontact
microarrayer. In situ methylation was performed as described
in the chapter 11 in the presence of formaldehyde, cyanoboro-
hydride, and nickel chloride. However, the concentration of
nickel chloride was lowered as compared to the work performed
with microscope glass slide substrates to optimize the signal-to-
noise ratio of the mass spectra (see Note 3).

The data presented show that the SiINWs substrates allow the
monitoring of the in situ modification of the peptide microspots
using matrix-free LDI-MS (Fig. 2). Formation of the permethylated



3.1. Preparation

of Silicon Nanowires
for LDI-MS (See Notes
4 and5)

Peptide Microarray MS Characterization 129

1346,6

1332,6 4 Q I I
1318,6 ks

1304,6

1290,61 0
1276,6 ==
1262,6
12;2’2_ B B 0.036 mg/mL formal dehyde
1220,6 00.36 mg/mL formal dehyde
1206,6 -
1192,69 &

1178,6 T T T T T T T T
0 15 30 45 60 75 90 105 120

time (min)

mass (m/z)

Fig. 2. LDI-MS analysis after 5, 15, 30, 60, 90, and 120 min of in situ reductive methyla-
tion of HBHA peptide microspots. The spectra were acquired in positive ion mode (accel-
erating potential 20 kV, grid voltage 73%, extraction delay time 200 ns, reflector mode).
Each spectrum is the result of ~50 averaged laser pulses. The square indicates the peak
of highest intensity; the bar indicates the range of ions detected. Unmodified HBHA
peptide [M+H]* monoisotopic calcd. 1,192.78, found 1,192.6, permethylated HBHA
peptide [M+ H]* monoisotopic calcd. 1,332.95, found 1,332.6.

HBHA peptide is detected after only 30 min of reaction. It is the
main compound detected after 120 min. The experimental con-
ditions for the in situ methylation reaction (reaction time, con-
centration of the reagents) can be varied to obtain different
methylation patterns.

1. Degrease the silicon wafer in acetone and PrOH, rinse with
deionized water.

2. Clean the substrate in a piranha solution (H,SO,/H,0,: 3/1
by vol) for 20 min at 80°C, and then rinse copiously with
deionized water.

3. Immerse the substrate in an aqueous HF/AgNO,
(5.25,/0.02 M) solution at 55°C for 10 min (see Note 6).

4. Rinse copiously with deionized water and immerse the result-
ing substrates in an aqueous solution of HCI/HNO,/H,O:
1/1/1 by vol at room temperature overnight (see Note 7).

5. Clean the SiNWs surface in acetone and PrOH, rinse with
deionized water.

6. Apply an UV /ozone — treatment for 30 min to remove any
organic contaminants on the surface and to generate surface
hydroxyl groups.

7. Immerse the substrate in a 1 mM ODMCS solution in hexane
for 3 h at room temperature in a dry nitrogen purged glove
box.
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3.2. Microarray
Printing

3.3. In Situ Methylation

3.4. LDI-MS Analysis

—

. Rinse the substrate with CH,Cl, and /PrOH, and dry under

a gentle stream of nitrogen.

. Characterize the substrate with a goniometer (water con-

tact angles were measured using deionized water in ambi-
ent atmosphere at room temperature, volume of the drops
1 pL). The ODMCS-terminated SiNWs surface displays a
hydrophobic character with a water contact angle of
105 +2°.

. Dissolve the peptides to 1 mM in a 1 mM ammonium citrate

aqueous solution.

. Place 20 pL of each peptide solution in a V-bottomed 384-

well microtiter plate.

. Print with a noncontact microarrayer (one drop, 330 pL).

Separate the microspots by 1,200 um.

. Place the SiNWs substrate on a microscope glass slide.

. Deposit solution 3 on the SiNWs substrate (35 pL per

microarray, see Note 8).

. Insert the microscope glass slide together with the substrate

inside the incubation chamber. Close the incubation cham-
ber. The liquid must be trapped between the SINWs substrate
and the top plate of the incubation chamber and cover all the
microarray pattern.

. Remove the SiINWs substrate from the incubation chamber

and rinse twice with 1 mM aqueous ammonium citrate.

. Dry the microarray under a stream of air.

. Use the methylated microarray immediately in the next step.

. Paste the SiNWs substrate on the stainless plate with carbon

adhesive tabs.

. Deposit manually with a micropipette 1 uL. of DHB solution

in acetone near the microarray pattern.

. Deposit manually with a micropipette 1 uL of the calibration

mixture (typically 1 uM of each peptide from the calibration
kit) near the microarray pattern.

. Insert the sample in the MALDI-TOF mass spectrometer

(see Note 9).

. Use the DHB spot to determine where the laser beam hits

the substrate (see Note 10).

. Acquire positive ion mass spectra in reflector mode.
. Calibrate.
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4. Notes

1. Mycobacterium tuberculosis heparin-binding hemagglutinin

(HBHA) is a surface-associated virulence factor and a power-
ful diagnostic and protective antigen (9-11). Native HBHA
(nHBHA) contains 13 mono- or dimethyl lysines in its
C-terminal 159-198 domain, resulting in a complex methyla-
tion pattern (12, 13). Three lysines within HBHA peptide
used in this study (H-L'PK'*'K'’AAPAK'K'**AA-NH,)
are mono- or dimethylated in the native protein (K62, K7,
and K'%®). The in situ methylation procedure leads to the
methylation of all free amino groups. Consequently, the
N-terminal amino group of L' and the side-chain amino
group of K!'*! are also methylated. Thus, up to ten methyl
groups can be introduced on the peptide.

. Silanization of SiNWs with ODMCS was required to reach

acceptable peptide microspot sizes and to limit the droplet
spreading. The spreading of water droplets on unmodified
super hydrophilic SINWs affects the desorption/ionization
efficiency and the sensitivity of detection. Silanization with
3-aminopropyltrimethoxysilane failed to give detectable ion
peaks for the studied peptides. On the other hand, silaniza-
tion of the SINWs surface with other silanes such as octade-
cyltrichlorosilane  (OTS) or perfluorodecyltrichlorosilane
(FDTS) leads to the formation of superhydrophobic SiNWs
surfaces (water contact angle ~160°). A water droplet depos-
ited on such surfaces has the tendency to roll of the surface, a
property that precludes their use for microarray preparation.

. The role of nickel(II) ions is to capture cyanide ions released

in the methylation mixture, and thus to avoid the formation
of cyanomethylation side-products during the reductive
methylation. However, too high concentrations of nickel
chloride alter the S/N ratio of the MS analysis.

. The mixture H,SO, /H, O, (piranha) solution is a strong oxi-

dant. It reacts violently with organic materials. It can cause
severe skin burns. It must be handled with extreme care in a
well-ventilated fume hood while wearing appropriate chemi-
cal safety protection.

. HF is a hazardous acid which can result in serious tissue dam-

age if burns were not appropriately treated. Etching of silicon
should be performed in a well-ventilated fume hood with
appropriate safety considerations: face shield and double-lay-
ered nitrile gloves.

. The silicon substrate is oxidized by silver ions into silicon

oxide, which in turn is removed by HF.



Oxidation of silicon by silver ions results in the deposition of
metallic silver on the substrate. This step allows removing the
silver nanoparticles and dendrites deposited on the SiNWs
during the chemical etching in aqueous HF/AgNO,.

. These solutions must be prepared just before the in situ

methylation step. The kinetics of the in situ reductive methy-
lation depends on the concentration of the reagents and of
formaldehyde in particular. The methylation pattern obtained
using a final formaldehyde concentration of 0.036 mg/mL
and 120 min of reaction (Fig. 2) or a final formaldehyde con-
centration of 0.36 mg/mL and 15 min of reaction was

. The thickness of the sample plate (SINWs substrate on the

stainless steel) must be checked to avoid a blockade in the

The thickness of the sample plate (stainless steel+carbon
adhesive + SINWs substrate) is usually different from those of
a standard MALDI-TOF sample plate. Because the laser beam
hits the sample plate with an angle of 45°, the area illumi-
nated by the laser changes with sample thickness. This must
be checked carefully before recording the MS spectra.
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Chapter 11

In Situ Chemical Modification of Peptide Microarrays:
Application to the Study of the Antibody Responses
to Methylated Antigens

Rémi Desmet, Eric Diesis, Hervé Drobecq, Carine Rouanet,
Karim Chemlal, Anne-Sophie Debrie, Jean-Michel Hougardy,
Francoise Mascart, Camille Locht, and Oleg Melnyk

Abstract

Peptide microarrays are useful tools for characterizing the humoral response against methylated antigens.
They are usually prepared by printing unmodified and methylated peptides on substrates such as func-
tionalized microscope glass slides. The preferential capture of antibodies by methylated peptides suggests
the specific recognition of methylated epitopes. However, unmodified peptide epitopes can be masked
due to their interaction with the substrate. The accessibility of unmodified peptides and thus the specific-
ity of the recognition of methylated peptide epitopes can be probed using the in situ methylation proce-
dure described here. Alternately, the in situ methylation of peptide microarrays allows probing the
presence of antibodies directed toward methylated epitopes starting from easy-to-make and cost-effective
unmodified peptide libraries. In situ methylation was performed using formaldehyde in the presence of
sodium cyanoborohydride and nickel chloride. This chemical procedure converts lysine residues into
mono- or dimethyl lysines.

Key words: Peptide microarrays, Microscope glass slides, Methylation, Antibody, Mycobacterium
tuberculosis, Heparin-binding hemagglutinin (HBHA), Fluorescence

1. Introduction

Peptide microarrays are useful devices for the high throughput
study of biomolecular or peptide—cell interactions. In particular,
peptide microarrays are often used for the detection of antibodies
(1-8). The parallel detection of antibodies in biological samples
has a wide range of potential applications in the diagnosis of aller-
gies, autoimmune and infectious diseases as well as in epitope

Mahesh Uttamchandani and Shao Q. Yao (eds.), Small Molecule Microarrays:
Methods and Protocols, Methods in Molecular Biology, vol. 669,
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Ve = 2

mapping studies and the development of vaccines (9-15). Here
we used novel peptide microarray tools for characterizing the
humoral response against methylated peptides derived from
Mycobacterium  tuberculosis  heparin-binding  hemagglutinin
(HBHA), a surface-associated virulence factor, and a powerful
diagnostic and protective antigen (for a review, see ref. (16)).

Native HBHA (nHBHA) contains 13 mono- or dimethyl
lysines in its C-terminal domain, resulting in a complex methyla-
tion pattern (17, 18). To analyze methylation-specific antibody
responses, methylated or unmodified peptides derived from this
domain were synthesized and microarrayed onto glass slides
together with control peptides and native methylated HBHA
(nHBHA). Sera from nHBHA-immunized mice reacted with
some methylated peptides but not with their unmodified analogs,
suggesting that methylation is necessary for antibody recognition.
However, the low signal strength obtained in the absence of meth-
ylation for some peptides might be due to a reduced accessibility
of unmodified epitopes toward antibodies relative to methylated
ones. Alternately, this difference could be due to the preferential
desorption of unmodified peptides from the substrate.

We describe here a simple method for probing the accessibil-
ity of lysine residues within unmodified peptides, based on the
in situ methylation of peptide microspots (Fig. 1). A parent
microarray composed of unmodified and methylated peptide

Parent peptide microarray

CH,0

NiCl,

VA
A
NaCNBH, 7N\ 7N\

1) Murine serum 2) Rho-Ab™

mafe

Daughter microarray

Fig. 1. Strategy used to document the accessibility of Lys residues in a microarray experiment and the specificity of
antibody binding to methylated epitopes.
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probes was methylated to give a daughter microarray. Both
microarrays were used for capturing antibodies present in the sera
from nHBHA-immunized mice. The detection of captured anti-
bodies was performed using tetramethylrhodamine-labeled sec-
ondary antibodies. The capture of antibodies by the in situ
methylated peptide microspots within the daughter microarray
but not within the parent microarray shows the accessibility of
Lys residues toward the aqueous medium and the specificity of
antibodies for methylated epitopes.

Another interesting application of the in situ methylation
procedure described here is the possibility to probe the presence
of antibodies directed toward methylated epitopes starting from
easy-to-make and cost-effective unmodified peptide libraries and
standard microarray techniques. Peptide microarrays were methy-
lated by reductive alkylation with formaldehyde in the presence of
sodium cyanoborohydride and nickel chloride, a procedure which
allows the incorporation of up to two methyl groups on each
primary amines within the peptide probes (19). Thus, the method
is restricted to the study of mono- or dimethyl lysines.

2. Materials

2.1. Preparation
of Amine-
Functionalized
Microscope Glass
Slides

2.2. Printing

1. The experiment requires an efficient fume hood (see Note 1).
2. Microscope glass slides.

3. Glass staining dishes, a Teflon® staining dish; and a glass slide
rack for 20 slides (the removable glass slide rack has an open
bottom, which allows for rapid filling and draining).

. Magnetic stirring bars and a magnetic stirrer.

. Glass dessicator and a vacuum pump.

. A Teflon® pot (1 L, ref 213-0242, VWR).

. Sulfuric acid.

. Hydrogen peroxide (H,O,, 30% aqueous solution).

O 0 N N Ul

. 3-Aminopropyltrimethoxysilane.
10. Methanol (MeOH, Carlo Erba).
11. Deionized water (see Note 2).
12. Oven.

13. Goniometer (GBX, Romans sur Isere, France).

1. Peptide and protein probes.

2. 0.01 M sodium phosphate buffer pH 7.2 containing 150 mM
NaCl (PBS).
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2.3. In Situ
Methylation

. V-bottomed 384-well microtiter plates (ABgene, Surrey, UK,

AB-1058).

. Microarrayer (see Note 3).

. Prepare solution 1: dissolve NiCl, to 47 mg/mL in HEPES

0.1 M pH 7.5 buffer. Then, dissolve NaCNBH, to 15 mg/
mL in this solution (see Note 4).

. Prepare solution 2: mix 1 volume of formaldehyde (36% w /v

aqueous solution, ACROS Organics) with 9 volumes of
HEPES 0.1 M pH 7.5 bufter (see Note 4).

. Prepare solution 3: mix 1 volume of solution 2 with 9 volumes

of solution 1 (see Note 4).

. Cover glasses.

2.4. Incubations 1. 0.01 M sodium phosphate buffer pH 7.2 containing 150 mM
and Scanning NaCl (PBS).

2. Prepare PBS-A buffer: 0.05% v/v Tween® 20 in PBS.

3. Prepare PBS-B buffer: 2% w /v bovine serum albumin (BSA)
in PBS.

4. Primary antibodies: anti-HA murine antibody (HA.11 from
ascites, Eurogentec, Belgium), anti-FLAG® M2 murine anti-
body (F 1804, affinity purified, Sigma, MI, USA), mouse IgG
(ref 015-000-003, Jackson Immunoresearch, PA; USA), sera
from nHBHA-immunized mice or naive mice.

5. Tetramethylrhodamine-labeled goat anti-murine antibody
(Sigma, France).

6. Absolute ethanol.

7. Cover glasses.

8. Oven.

9. Laminar flow hood.

10. Fluorescence microarray scanner (532 nm, Innopsys scanner,
France) and Mapix® image analysis software (Innopsys,
France).
3. Methods

nHBHA 1-4 peptides used in this study are derived from the
C-terminal 158-198 domain of nHBHA, which presents a com-
plex methylation pattern due to the presence of 13 mono- or
dimethyl lysine residues (Table 1) (see Note 5). Peptides
HBHA 1-4 were permethylated in aqueous solution in the pres-
ence of an excess of NaCNBH,/formaldehyde/NiCl, to give



Methylated Peptide Microarrays 139

Table 1

Peptides and proteins used in this study

Peptide Description

HBHAL1 H-L'PKIKAAPAK K AAPAK! 2K * AAPAK! 7P K 7P AAS-NH,
HBHA1 M (Me),-L*PKKAAPA KKAAPAKKAAPAKKAA-NH,

HBHA 2 H-L'**PKKAAPAKKAAPAKKAA-NH,

HBHA2 M (Me),-L'*PKKAAPAKKAAPAKKAA-NH,

HBHA 3 H-L'**PKKAAPAKKAA-NH,

HBHA 3 M (Me),-L"*PKKAAPAKKAA-NH,

HBHA 4 Ac-K'°AAPAKKAAPAKKAAPAK-NH,

HBHA4 M Ac- K'°AAPAKKAAPAKKAAPAK-NH,

nHBHA Native HBHA protein (methylated in the C-terminal 158-198 domain)
FLAG H-SDYKDHDGDYKDHDIDYKDDDDKGGS-NH,

HA H-SGYPYDVPDYAGYPYDVPDYAGYPYDVPDYAS-NH,

mye H-SEQKLISEEDLNGEQKLISEEDLNAEQKLISEEDLG-NH,

K(Me), is symbolized by K

peptides HBHA 1-4M (19-21). This procedure converted all the
primary amino groups present in the peptide into N,N-
dimethylamino groups (€-amino groups of Lys residues and
o-amino group of the N-terminal amino acid when not acety-
lated, see Note 6). Tag peptides HA (22), FLAG (23), and myc
(24), protein A (25), and nHBHA were also incorporated in the
microarray.

The probes were printed on amine-functionalized microscope
glass slides (see Note 7). Peptide microarrays were reductively
methylated as illustrated in Fig. 1 using the same combination of
reagents as for soluble peptides (see Note 8). Unmodified parent
microarrays and daughter methylated microarrays were incubated
with sera from nHBHA-immunized mice, sera from naive mice
(adjuvant), or murine anti-HA, anti-FLAG® M2, or anti-myc
monoclonal antibodies. Detection of captured antibodies was
performed using tetramethylrhodamine-labeled anti-murine goat
secondary antibodies and a standard fluorescence scanner.

The data presented in Fig. 2a correspond to the parent
microarrays incubated with sera from nHBHA-immunized mice.
Strong signal strengths were observed for methylated peptides
HBHA 1-4M and for nHBHA. Spot intensities for the control
peptides HA, FLAG, and myc corresponded to the background of
the microarray, whereas incubation with the anti-HA, FLAG, or
myc monoclonal antibodies resulted in strong spot intensities for



140 Desmet et al.

a c
V[A.U] 16/0[(@6‘1]
70000
60000 40000
50000
40000 20000
30000
2 0
18888 Prot A FLAG
0 ‘ R ‘
RO S
& F FFFL oo T EN
T E O EEFE FL LS
Ns 3 NS NS
d
V[A.U]
60000
b
VA U] 40000
70000
50000
40000 0
S Prot A FLAG

> ™ A N\ N\ N\ X~ X S
X \ed N Vv 25 ™ Q\)z\ De (<\Q’
F I F L

N

& &

Fig. 2. Quantification of the in situ methylation experiment. Sera were diluted 1/20 in PBS-B. (a) Parent microarray and
pool of sera from nHBHA-immunized mice, (b) daughter (in situ methylated) microarray and pool of sera from nHBHA-
immunized mice, (¢) parent microarray and pool of sera from naive mice, (d) daughter microarray and pool of sera from
naive mice. The signal displayed by the other probes was not significantly different from the background of the microar-
ray (data not shown). The data correspond to the median and interquartile (n=3). Detection was performed at 532 nm.

their cognate antigens (data not shown). Only protein A displayed
strong spot intensities after incubating with sera from naive mice
(Fig. 2c¢). These data suggest that anti-nHBHA antibodies
directed against the sequence 158-181 of nHBHA recognize
preferentially methylated epitopes. The same experiments were
performed after in situ methylation (Fig. 2b). In these conditions,
strong signal strengths were observed for HBHA 1-4, HBHA
1-4M, and nHBHA but not for the control peptides. These
results confirm the presence of the peptides on the substrate and
the accessibility of Lys residues within unmodified HBHA 14
peptide microspots, and consequently the specificity of antibodies
for methylated epitopes. This experiment illustrates also the pos-
sibility to generate methylated epitopes in a microarray format by
in situ methylation of unmodified peptide probes. The level of
methylation can be controlled by varying the concentration of
the reagents and the duration of in situ methylation reaction (see
accompanying chapter 10).
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. Place the microscope glass slides in the glass slide rack. Place

the slide rack in the Teflon staining dish with a magnetic bar.

. In the Teflon® pot add carefully within 1 min 250 mL of con-

centrated sulfuric acid to 250 mL of hydrogen peroxide under
stirring. The reaction is highly exothermic.

. Once prepared add carefully this solution into the staining

dish. The solution must cover the slides.

. Stir for 1 h and then remove the slide rack from the staining

dish; discard the piranha solution in a dedicated waste con-
tainer (see Note 9).

. Wash the slide rack with 500 mL of deionized water three

times for 3 min, by immersing it in a glass staining dish.

. Wash similarly with 500 mL of MeOH.
. Mix 15 mL of 3-aminopropyltrimethoxysilane and 460 mL of

MeOH. Add 24.5 mL of deionized water to this solution.

. Immerse the slide rack in this solution in a glass staining

dish.

. Place the staining dish in a sonicator for 30 min.
10.

In the staining dish, wash the slide rack with 500 mL of
MeOH, twice with 500 mL of deionized water and finally
with 500 mL of methanol.

Place the slide rack in the oven at 110°C for 15 min.

Remove the slide rack from the oven and place it in the des-
sicator under vacuum overnight.

Control the surface properties of the slides (one slide per ref-
erence liquid) (see Note 10).

Store the slides at 4°C in a closed box.

. Prepare 20 pL of each peptide or protein solution in a

V-bottomed 384-well microtiter plate. The peptides were
0.1 mM in PBS. nHBHA protein was 160 pug/mL in PBS.

. Print the mixtures (three drops, 300 pL each, three replicates

per probe) on amine-functionalized glass slides.

. Place the microarrays in a closed box at 4°C until use.

. Deposit 150 pL of solution 3 on each microarray.

. Place the cover glass on the slide. The liquid must cover all

the microarray.

. After 2 min at 22°C, remove the cover glass, and rinse the

slide copiously with deionized water.

4. Dry the microarray under a stream of nitrogen.

. Use the methylated microarray immediately in the next step.
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3.4. Incubations

. Use three slides per primary antibody. Deposit 150 ul. of

PBS-B per slide, place the cover glasses, and incubate for
5 min in the oven (37°C, 60% relative humidity).

. In the meantime, dilute primary antibody in PBS-B at the

appropriate dilution (typically sera were diluted 1,/20).

. Remove the cover glasses and wash the microarrays copiously

with PBS-A.

. Deposit 150 pL of diluted primary antibody on the microar-

ray and place the cover glass. Incubate for 1 h in the oven.

. In the meantime, dilute secondary antibody in PBS-B (final

concentration 10 pg/mL).

. Remove the cover glasses and wash the microarrays copiously

with PBS-A.

. Deposit 150 puL of diluted secondary antibody on the microar-

ray and place the cover glasses. Incubate for 1 h in the oven.

. Remove the cover glasses and wash copiously with PBS-A,

water, and ethanol.

. Dry the slides under a stream of nitrogen.
10.

Read the slides with the microarray scanner at 532 nm.

4. Notes

. The piranha solution (H,SO,/H,0,) is a strong oxidant. It

reacts violently with organic materials. It can cause severe
skin burns. It must be handled with extreme care in a well-
ventilated fume hood while wearing appropriate chemical
safety protection.

2. Deionized water has a resistivity of 18 MQcm.

. The printing was performed using a noncontact piezoelectric

microarrayer (BCAIL, Perkin Elmer, MA, USA). Typically,
three drops (300 pL each) were printed per spot. Other print-
ing machines can be used as well. For example, we have
obtained excellent results using a Qarray2 contact micro-
arrayer (Genetix, New Milton, UK).

. These solutions must be prepared just before the in situ

methylation, especially solution 3.

. This region is responsible for the binding of the protein to

heparan sulfate proteoglycans. The methylation of this func-
tionally important domain protects it against proteolytic deg-
radation (17). Lysines 161, 166, 167,172,173, and 178 are
mainly dimethylated in nHBHA. These lysines are also dim-
ethylated in HBHA 14M.
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The presence of Ni(II) in this reductive methylation process
is essential to avoid the formation of unwanted N-cyanomethyl
groups, which are formed by nucleophilic addition of cyanide
ions on intermediate methylene imine groups. MALDI-TOF
spectra of HBHA 1-4M showed only one molecular ion in
each case, corresponding to the permethylated peptide.

. Physisorption of molecules on amine-functionalized glass

slides is a simple and efficient method for preparing micro-
arrays (13, 14, 26-29). We have observed as others that amine-
functionalized silicon oxide substrates prepared by silanization
with 3-aminopropyltrimethoxysilane are rapidly contami-
nated by air impurities. This contamination leads to a signifi-
cant increase of water contact angles in only few days (13).
Thus, we recommend printing the slides rapidly after sub-
strate preparation. Similarly, it is recommended to store the
microarrays at 4°C before use for minimizing both pollution
and degradation phenomena.

Immobilization by physisorption is the method of choice here
because the chemical modification of the peptide probes on
the microarray can be characterized by mass spectrometry
using the desorption ionization on silicon (DIOS) technique
(see the accompanying Chapter 10).

. Side products due to cyanomethylation were not detected

when methylated microarrays were analyzed using the DIOS
technique (see Note 6 and accompanying Chapter 10).

. The piranha solution must not be in contact with organic

solvents or other aqueous solutions (see also Note 1).

Contact angle measurements were performed at 20°C with
water, formamide, and dilodomethane as reference liquids. At
least nine drops of 1 pL are used for the determination of the
contact angles for each liquid. Typical contact angles are
33.1+£0.5° for water, 31.5+0.6° for diiodomethane, and
21.5+0.7° for formamide (13).

It is also interesting to note that primary amino groups within
the 3-aminopropylsilane layer on the microscope glass slide
can be potentially methylated too. This modification has
apparently no effect on the background of the slide or on the
accessibility of the probes.

The in situ methylation can also be performed using a
microplate microarray hardware 96 wells (4x24) (ref.
MMH4 x 24 ) equipped with a silicone gasket (ref. GMMH4
x24, TeleChem International, Inc., CA, USA). This
microarray hardware can accept four slides and each slide
can accept 24 microarray patterns. This hardware allows
combining the microarray and 96-well formats, the use of
standard incubator/agitator for 96-well microtiter plates
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(e.g., ret. PST-60HL-4, Biosan, MI, USA) and of standard
96-well microtiter plate washing station (wellwash AC,
Thermo Electron, Finland). The in situ methylation was
performed using 50 puL of solution 3 per well.
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Chapter 12

Peptide Microarrays on Coated Silicon Slides for Highly
Sensitive Antibody Detection

Marina Cretich, Francesco Damin, Renato Longhi, Cecilia Gotti,
Clelia Galati, Lucio Renna, and Marcella Chiari

Abstract

Peptides, with their well-established chemistry and fully automated synthesis, provide an invaluable tool
for the screening of protein ligands, for epitope mapping, and for antibody diagnostics on the microarray
format.

The method described in this chapter shows that the sensitivity of a peptide-based microimmunoassay is
greatly improved by using a new, specifically developed substrate made of silicon coated by an optimized
layer of silicon oxide. A set of six peptides corresponding to the sequences of human and rat acetylcho-
line receptor subunits was immobilized on glass and silicon slides coated by a copolymer of N,N-
dimethylacrylamide,  N-acryloyloxysuccinimide, and 3-(trimethoxysilyl) propyl methacrylate,
copoly(DMA-NAS-MAPS). The spotted probes were incubated with rabbit anti-sera and with purified
antibodies raised against the corresponding peptides. The coated silicon slides, in comparison against the
glass substrates, showed a five- to tenfold enhancement of the fluorescence signals, leading to the specific
detection of the full set of antibodies down to a concentration of 0.5-1 ng/mL in serum. The sensitivity
provided by the test allows its use for the diagnosis of antibodies in clinical samples.

Key words: Peptides, Microarrays, Silicon, Antibody-based detection, Diagnostics

1. Introduction

Classical methods of protein analysis such as electrophoresis,
ELISA, and liquid chromatography are generally time-consuming,
labor-intensive, and lack high-throughput capacity (1). Peptide
and protein microarrays, with their high-throughput ability and
low consumption of reagents, open new opportunities for the
study of molecular recognition events in basic biological assays as
well as for the development of new diagnostic tools in clinical
applications (2—4).

Mahesh Uttamchandani and Shao Q. Yao (eds.), Small Molecule Microarrays:
Methods and Protocols, Methods in Molecular Biology, vol. 669,
DOI 10.1007/978-1-60761-845-4_12, © Springer Science+Business Media, LLC 2010
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Synthetic peptides have some very interesting features as
capture ligands in microarray experiments: they are easy to synthe-
size and manipulate and are usually highly stable and inexpensive.
More importantly, since peptide ligands can be modeled to act as a
binding site for almost any target structure of the proteome (5),
they can mimic biological activities of proteins and provide a
straightforward approach in a variety of applications such as the
measurement of enzymatic activities (6, 7), the identification of
ligands that are active in cell adhesion (8), and the mapping of
epitopes (9, 10). Peptide microarrays also provide efficient infor-
mation in serodiagnosis, for example, in the detection of pathogen
infections (11, 12) and for antibody diagnostics (13, 14).

One of the fundamental characteristics of any analytical method
is the smallest concentration that can be reliably measured. A high
sensitivity is an intrinsically desirable property of any analytical tech-
nique as it sets the lower concentrations of analyte that can be
distinguished from background noise. A lower assay detection limit
allows one to use smaller amounts or more easily obtainable
samples, such as capillary blood from newborns or saliva. Moreover,
the ability to detect smaller amounts of analyte drastically reduces the
influence of the matrix effect (when the combined effect of all
the components of sample other than the analyte influences the
quantitation) allowing one to dilute the sample. In general, highly
sensitive assays open new opportunities in the diagnosis of a disease.

Detection methods developed for microarrays, due to the
miniaturized format, provide high sensitivity and high-throughput
(15). The use of fluorescent probes and signal amplification tech-
niques with chromogenic or fluorescent labels usually leads to
performances that meet such criteria. However, the increased sensi-
tivity in microarray experiments is still a challenge and different
approaches to improve detection limits are currently under develop-
ment. They include alternative labeling involving the use of DNA
dendrimers (16), gold (17) or silver (18) nanoparticles, quantum
dots (19) or signal amplification methods through the use of
tyramide precipitation (20) and the rolling circle amplification
(RCA) (21) even combined to nanoparticle-based optical detection
(22). These methods provide improvements in sensitivity over the
conventional microarray detection technologies, but their applica-
bility is still limited due to the cumbersome procedure required by
these methods. The use of novel substrates involving planar wave-
guides (23) or the phenomenon of fluorescence modulation prop-
erties that can be obtained on silicon dioxide substrates as a function
ofthe SiO, layer thickness (24) is very promising. The latter approach
was used in the development of DNA (25) and protein (26) micro-
arrays. In both works, silicon surface was chemically functionalized
based on silanizing agents in order to bind the capture agents.

In this protocol, a specifically developed substrate made of
silicon coated by an optimized layer of silicon oxide was
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Table 1

functionalized by a copolymer of N,N-dimethylacrylamide,
N-acryloyloxysuccinimide, and 3-(trimethoxysilyl) propyl methacry-
late, copoly(DMA-NAS-MAPS) (27, 28). The method proposed
for functionalizing silicon dioxide surfaces is simple and robust.
It allows exploitation of the fluorescence modulation properties of
SiO, layer thickness to increase the sensitivity of any microarray anal-
ysis. The polymer coating covalently binds peptides in a random
conformation reacting with nucleophilic groupsin peptidic sequences:
amino, thiol, and hydroxyl groups.

A set of six peptides, corresponding to sequences from human
and rat brain nicotinic acetylcholine receptors (nAChrs) subunits
(see Table 1), was used for the detection of antibodies in rabbit
serum in a sandwich immunoassay. Each of the peptides was used to
raise specific antibodies in rabbits. The six sera from immunized
rabbits were screened with the peptide microarray for the detection
of antibodies. The peptides were also used to purity from the rabbit
sera, by immunochromatography, specific antibodies that were
spiked, at known concentrations, into a diluted aspecific serum. The
limits of detection of the sandwich immunoassay on glass were com-
pared to those achieved on silicon slides using the set of reagents
reported in Table 1 (peptides, corresponding antisera, and purified
antibodies) in a model immunoassay experiment. The optimized
silicon dioxide layer on the silicon slides leads to an increase in fluo-
rescence signal of five- to tenfold, in comparison with a common
glass slide, allowing the detection of antibodies in serum down to the
0.5-1 ng/mL concentration range which is the level of sensitivity
required for the diagnosis of antibodies in clinical samples (14).

Details of peptides and antibodies used in this work

Antiserum Antibody

Peptide code Origin Sequence (N—C) code code

A3H Human, o3 TRPTSNEGNAQKPRPLYGAELSNLNC  S746 746
subunit

A3R Rat, a3 subunit CQPLMARDDT $790 790

A4H Human, o4 SPSDQLPPQQPLEAEKASPHPSPGPC S801 801
subunit

A5R Rat, a5 subunit CGPVHIGNTIK S783 783

B4H Human, 4 GPDSSPARAFPPSKSCVTKPEATATSPPYG S808 808
subunit

B4R Rat, B4 subunit CGPALKMWIHRFH S758 758

Peptides correspond to sequences from human and rat brain nicotinic acetylcholine receptors (nAChrs) subunits.
Rabbit antisera were raised against the corresponding peptide as described in Subheading 3.4. Polyclonal antibodies
were purified from the corresponding antisera by immunochromatography as described in Subheading 3.4
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2. Materials

2.1. Synthesis of the
Copoly(DMA-NAS-
MAPS)

2.2. Derivatization of
Glass and Silicon
Slides with
Copoly(DMA-NAS-
MAPS)

2.3. Preparation and
Spotting of Peptides

2.4. Blocking and
Incubation of
Microarrays

. N,N-Dimethylacrylamide (DMA) (Sigma, St. Louis, MO,

USA).

. 3-(Trimethoxysilyl) propyl methacrylate (MAPS) (Sigma, St.

Louis, MO, USA).

. N-Acryloyloxysuccinimide (NAS) (Polysciences, Warrington,

PA, USA).

4. Tetrahydrofuran (THF) (Sigma, St. Louis, MO, USA).
. o,0’-Azoisobutyronitrile (AIBN) (Sigma, St. Louis, MO, USA).
6. Petroleum ether (Sigma, St. Louis, MO, USA).

. Untreated glass microscope slides (25x75 mm) (Sigma, St.

Louis, MO, USA).

. Silicon slides (25x75 mm) (ST Microelectronics, Catania,

Ttaly).

. Pretreatment solutions: ethanol 96% v/v; sodium hydroxide

(NaOH) 1 M; hydrogen chloride (HCI) 1 M.

. Copoly(DMA-NAS-MAPS) synthesized as described in

Subheading 3.1.

. Coating solution: 1% w/v of copoly(DMA-NAS-MAPS) in

an aqueous solution of 20% ammonium sulfate.

. Lyophilized peptides synthesized by the solid-phase Fmoc

method (29) using an Applied Biosystem model 433A Peptide
Synthesizer (Foster City, CA).

. Rabbit IgG and anti-rabbit IgG Cy3 labeled developed in

goat (Jackson Immuno Research, USA).

. Spotting bufter: phosphate-buftered saline solution (PBS 1x)

(pH 7.5): 0.137 M NaCl, 2.7 mM KCl, 12 mM Na,HPO,,
1.76 mM KH,PO, filtered by a 0.22 um filter.

. Genetix QArray2 Microarray Robots (Genetix, Hampshire,

UK) equipped with one split spotting pin (Telechem,
Sunnyvale, CA, USA).

. Blocking solution: BSA 2% w /v in PBS.

. Serum samples containing polyclonal antibodies from immu-

nized rabbits were raised against the corresponding peptide
and purified according to (30).

. Anti-rabbit IgG Cy3 labeled developed in goat (Jackson

Immuno Research, USA).

. Incubation buffer: Tris-HCl 0.1 M pH 8, 0.1 M NaCl, 1%

w/v BSA, 0.02% w/v Tween 20.
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2.5. Fluorescent
Scanning and Data
Analysis

5. Washing buffer: 0.05 M Tris—-HCl pH 9, 0.25 M NacCl, 0.05%
Tween 20.

1. ScanArray™ Express (Perkin Elmer, MA, USA), data intensities
were extracted with the software associated to the scanner.

3. Methods

3.1. Synthesis of the
Copoly(DMA-NAS—-
MAPS)

3.2. Derivatization of

Glass and Silicon
Slides with
Copoly(DMA-NAS—-
MAPS)

The methods described in this section outline (a) the synthesis
of the copoly(DMA-NAS-MAPS), (b) the coating of glass and
silicon microscope slides with the copoly(DMA-NAS-MAPS),
(c) the peptide synthesis, (d) the preparation of antibodies and
anti-sera, (¢) the spotting and postprocessing of the microarrays,
and (f) the microarray experiments.

The copolymer made of DMA (with 97% of moles in the mono-
mer feed), NAS (2% molar percentage), and 3-(trimethoxysilyl)
propyl methacrylate (MAPS, 1% molar percentage) is synthesized
by free radical copolymerization and used as a functional coating
for the fabrication of the peptide microarrays.

1. Dissolve 4 g of DMA, 140.6 mg of NAS, and 13 mg of the
initiator azoisobutyronitrile (AIBN) in 42 mL of dried tetra-
hydrofuran (THF) in a 100 mL-round-bottomed flask,
equipped with condenser, magnetic stirring, and nitrogen
connection. The concentration of the monomer feed in the

solvent is 0.1 g/mL (10% w/v) (sece Note 1).

2. Degas the solution by alternating a vacuum and nitrogen
purging for 10 min.
3. Dissolve in the same solution 103.3 mg of MAPS.

4. Stir magnetically and warm the solution to 65°C and keep it
at this temperature under nitrogen for about 18 h.

5. After the polymerization is completed, precipitate the poly-
mer by pouring the reaction mixture into a large excess of
petroleum ether (about 1:10 by volume).

6. Filter the white solid copolymer under vacuum.

7. Dry the copolymer under a vacuum for 1-2 h at room tem-
perature and store it in a dry environment.

The coating of glass and silicon slides requires two steps: (a) surface
cleaning and pretreatment (different from glass to silicon) and
(b) adsorption of the copoly(DMA-NAS-MAPS).
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3.2.1. Surface Cleaning
and Pretreatment of Glass
Slides

3.2.2. Surface Cleaning
and Pretreatment of Silicon
Slides

3.2.3. Adsorption of the
Copoly(DMA-NAS—-MAPS)
to Glass and Silicon Slides

3.3. Peptide Synthesis

1. Clean the microscope glass slides by immersion in pure ethanol
for 30 min in a glass chamber at room temperature (see
Note 2).

2. Dry the slides for few minutes leaving on the bench to air dry.

3. Incubate slides in a solution of 1 M NaOH for 30 min at
room temperature in a glass chamber.

4. Wash slides vigorously two or three times by dipping them, a
slide at a time, into a Becker plenty of ddH,O to remove all
traces of NaOH.

5. Dry the slides for few minutes leaving on the bench to air dry.

6. Incubate slides in a solution of 1 N HCI for 1 h at room
temperature in a glass chamber.

7. Repeat step 4.
8. Spin dry in a centrifuge at 100 x g for 3 min.

1. Incubate slides in a solution of 0.1 M NaOH for 15 min at
room temperature in a glass chamber.

2. Wash slides vigorously two or three times by dipping them, a
slide at a time, into a Becker plenty of ddH,O to remove all
traces of NaOH.

3. Spin dry in a centrifuge at 100 x4 for 3 min.

1. Prepare a coating solution of copoly(DMA-NAS-MAPS), 1%
w/v in an aqueous solution of 20% ammonium sulfate (see
Note 3).

2. Incubate the glass and silicon slides in the coating solution
for 30 min at room temperature in a plastic chamber (see
Note 2).

3. Put the slides in a rack and wash them vigorously with ddH,0O
to remove the excess of the copolymer on the slides.

4. Dry the slides in a vacuum oven at 80°C for 15 min.

5. Store slides at room temperature in a dessicator, and use slides
within 4 weeks after production (see Note 4).

The peptides used in this work are reported in Table 1, their
sequences correspond to that of human and rat brain nAChrs
subunits. Peptides were synthesized by the solid-phase Fmoc
method (30) using an Applied Biosystem model 433A Peptide
Synthesizer (Foster City, CA). Peptides were lyophilized and then
analyzed and purified to apparent homogeneity by reversed-phase
high-performance liquid chromatography (RP-HPLC). MALDI-
TOF (matrix-assisted laser desorption/ionization time-of-flight)
analysis of the peptides was performed on a Voyager-RP
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3.4. Antibodies and
Anti-Sera

3.5. Spotting and
Postprint Processing
of the Microarray

3.5.1. Preparation of the
Capture Probes for Spotting

3.5.2. Spotting

3.5.3. Postprint Processing

Biospectrometry Workstation (PE Biosystem, Inc.). Observed
experimental values for peptide masses were in agreement with
theoretical calculated values.

To obtain antibodies in rabbit, peptides were specifically conju-
gated to freshly prepared maleimido-activated Mariculture Keyhole
Limpet Hemocyanin (mcKLH), using sulto-SMCC (sulfosuccin-
imidyl 4-( N-maleimidomethyl) cyclohexane- 1-carboxylate) (Pierce,
Rockford, IL, USA), according to the procedure described by
Liu (31). Rabbit polyclonal antibodies were raised against the
corresponding peptide and purified according to (30).

1.

2.

3.

Dissolve the lyophilized peptides, whose details are reported
in Table 1, in PBS 1x, at the concentration of 1 mg/mL.

Dissolve rabbit IgG and goat Anti-Rabbit IgG in PBS 1x at
the concentration of 0.5 mg/mL.

Transfer 20 uL of each capture probe in solution into 384-
well polypropylene plates.

The following procedure is optimized onto the Genetix QArray2
Microarray Robots (Genetix, Hampshire, UK). In case other
arrayers are used, adjust procedure accordingly.

1.

Design a microarray pattern to yield at least four replicates
per different capture probe, that is, peptides and positive
(rabbit IgG) and negative (PBS and BSA) controls, and to
accommodate the probes on every glass and silicon slide
according to Scheme 1 (see Note 5).

. Clean the split spotting pin by sonication 10 min in EtOH

and 10 min in H,O and finally place the pin into the spotting
print-head.

. Set humidity of the robot to about 70% and temperature at

20°C.

. Program wash routine to clean the pin between different

probes. A wash cycle is composed of a wash step with ethanol
80% of 5 s, followed by a wash step with H,O of 10 s, and a
dry step of 15 s with airflow.

. Incubate the printed silicon and glass slides overnight in a

humid chamber at room temperature (see Note 6).

. Rinse all the slides with PBS for 5 min at room temperature

and then 5 min with ddH,O.

. Incubate all the slides in BSA 1% w/v in PBS at room tem-

perature for 60 min and then rinse with water.
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3.6. Microarray
Experiments

3.6.1. Sandwich
Immunoassay for Antibody
Detection in Rabbit
Anti-Sera

3.6.1.1. Fluorescent
Scanning

eoe s
AH @O OO = Rapbitigs
Peptides MR eoeee
. AMH OO0 0O Goat anti-Rabbit IgG
(1 mg/ml in PBS) A5R 0000
s ©o@@® O PBS
BAR O OOO Y BSA
R
OO OO
NN NN
Soee

Scheme 1. Spotting scheme. Peptides A3H, A3R, A4H, A5R, B4H, and B4R were spotted
at the concentration of 1 mg/mL in PBS. Rabbit IgG and goat anti-rabbit IgG were spot-
ted as positive controls whereas PBS and BSA as negative controls. Proteins were spotted
at the concentration of 0.5 mg/mL in PBS. The array was printed with a pitch (distance
between the centers of each spot) of 500 um.

. Dilute 1:100 serum samples from immunized rabbits in the

incubation buffer (Tris-HCI 0.1 M pH 8, 0.1 M NaCl, 1%
w/v BSA, 0.02% w/v Tween 20).

. Incubate on the printed surface for 1 h at RT.
. Wash the silicon and glass slides with 0.05 M Tris-HCI pH 9,

0.25 M NaCl, 0.05% Tween 20 for 10 min at room
temperature.

4. Rinse with ddH,O.

. Dry slides by centrifugation at 100 x g for 3 min.
. Dissolve the secondary Cy3 labeled goat anti-rabbit I1gG in

the incubation buffer (Tris—-HCI 0.1 M pH 8, 0.1 M NaCl,
1% w/v BSA, 0.02% w/v Tween 20) at a concentration of
0.05 mg/mL.

7. Incubate with secondary antibodies at room temperature for 1 h.

8.
9.
10.

Wash the slides with PBS at room temperature for 10 min.
Wash the slides with ddH,O at room temperature for 10 min.
Dry slides by centrifugation at 100 x g for 3 min.

After binding of the secondary antibody, a fluorescent image of
the arrays is acquired by using a confocal laser scanner ScanArray
Lite™ (PerkinElmer Life Sciences) equipped with a 550 nm
excitation laser.

1.

2.

Scan silicon and glass slides at a resolution of 50 pm and
adjust laser power and photomultiplier gain to maximize the
dynamic range without getting saturation of the signals.

Scan slide with a resolution of 10 um (the results of a typical
sandwich assay carried out on one of the six sera, the S801,
are shown in Fig. 1).
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3.6.2. Peptide
Immunoassay Specificity
on Coated Silicon Slides

A4H

Glass, 20% laser power

A4H

Silicon, 20% laser power

A4H

Silicon, 1% laser power

Fig. 1. As an example of the six sandwich immunoassays, results of the screening of
serum S801 (that recognizes peptide A4H) are reported. Spots corresponding to peptide
A4H are correctly positive, on both substrates silicon and glass slides, due to recognition
from specific antibodies in serum S801 (dilution 1:100). (a) is the microarray image
obtained on copoly(DMA-NAS—-MAPS)-coated glass slide, whereas (h) is the microarray
image obtained on copoly(DMA-NAS—MAPS)-coated silicon slides after scanning the
surface using the 20% of the laser power. Fluorescence signals on silicon substrate are
higher than signals on glass (five- to tenfold enhancement of the fluorescence signals)
leading to saturation of positive control signals. Peptide A4H on silicon is very close to
saturation. Therefore, microarray on silicon can be analyzed by lower (1%) laser power
without loss of information (c).

The high specificity of antibodies is crucial for their use in analytical
and detection assays. Therefore, specificity and cross-reactivity should
be carefully investigated (32). The following competition experiment
proves the specificity of the immunoassay carried on the polymer-
coated silicon substrate. The peptides in solution competed with
those immobilized on the silicon for the binding with the correspond-
ing antibody contained in the serum samples. Capturing of the anti-
body from the immobilized surface is completely eliminated, leading
to a complete absence of the corresponding fluorescence signal.

1. Dilute 1:1000 serum samples from immunized rabbits in the
incubation buffer (Tris-HCI 0.1 M pH 8, 0.1 M NaCl, 1%
w/v BSA, 0.02% w/v Tween 20).
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2. To verify the specificity of the immunoassay, add to the incu-
bation butffer the peptide recognized by the IgG contained in
the serum at the concentration of 10 pug/mlL.

3. Repeat the steps 2-10 in Subheading 3.6.1.

4. Scan thessilicon slides, as described above in Subheading 3.6.1,
step 1, to obtain the result shown in the Fig. 2.

3.6.3. Immunoassay Limit The sensitivity of a new diagnostic technology determines its
of Detection success and commercial value (14). Fluorescence-based assays for
the detection of proteins, currently, have a sensitivity in the range
of pg/L (33); lower detection limits are achievable by radioim-

munometric or enzyme-linked assays. Silicon and glass substrates,
both coated by copoly(DMA-NAS-MAPS), were tested.

1. Dilute 1:100 aspecific rabbit serum in the incubation buffer
(Tris—-HCI 0.1 M pH 8, 0.1 M NaCl, 1% w/v BSA, 0.02%
w/v Tween 20).

2. Add to the serum each of the six specific immunochromatog-
raphy purified antibodies (see Table 1) diluted in the
1-0.5 pg/L concentration range.

S808 S801

Dilution 1:1000 Dilution 1:1000

Dilution 1:1000 +

Dilution 1:1000 +
B4H 10ug/mL

A4H 10ug/mL

Fig. 2. Assessment of specificity on silicon slides by a competitive experiment. As an example of the six competitive
sandwich immunoassays, results of the screening of serum S808 and S801 are shown. In the upper panels, peptides B4H
and A4H are correctly recognized by specific antibodies contained in serum S808 and S801, respectively. In the lower
panels, spot capture is completely eliminated due to competition of peptides B4H and A4H spiked in the sera at the
concentration of 10 wg/mL. The saturability of the antibody—peptide interaction demonstrates the specificity of the micro-
immunoassay on copoly(DMA-NAS—MAPS)-coated silicon slides. In this experiment serum samples were diluted 1:1,000
in the incubation buffer. Slides were scanned at 20% laser power.
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3.6.3.1. Scanning and
Evaluation

Table 2

. Silicon and glass substrates were subjected to the fluores-

cence sandwich immunoassay as previously described (see
Subheading 3.6.1).

. Scan silicon and glass slides at a resolution of 50 um and

adjust laser power and photomultiplier gain to maximize the
dynamic range without getting saturation of the signals.

. Scan slide with a resolution of 10 pum.

. The fluorescence intensity of the spots was quantified using

the software associated to the scanner. The quantification
method chosen was the “fixed circle” method. The spot
intensity was calculated as the mean intensity of the pixels
located within the spot mask minus the mean intensity of the
pixels in the background.

. Data were exported to Microsoft Excel software for further

processing and signal intensities were defined in fluorescence
arbitrary units.

. Signal to noise ratios (S/N) for fluorescence signals were

calculated as the ratio between the mean spot signal intensity
and the standard deviation of background intensity.

. The limit of detection (LOD) was defined as the lowest con-

centration of antibody in tested serum at which the mean
signal of intensities of the capture spots provided an S/N of
3. The results are reported in Table 2. We extrapolated the

Signal to noise ratios (S/N) obtained on copoly(DMA-NAS-MAPS)-coated silicon
and glass slides after incubation with purified antibodies spiked in aspecific
rabbit serum at the concentrations reported

Antibody  Concentration

LOD on silicon  LOD on glass

code (ng/mL) S/Nonsilicon S/Nonglass  (pg/mL) (pg/mL)
746 0.84 183+48 43+20 14 58

790 0.8 51+18 6.8+3.8 47 353
801 0.7 8.6+3.3 ND? 244 NDP
783 0.67 9+0.7 ND* 223 ND®
808 0.52 2+0.6 ND? 780 NDP
758 1.01 7429 ND* 146 NDP

In this experiment slides were scanned at 70% laser power, S /N and LOD (limit of detection) were calculated as described
in Subheading 3.6.3, step 1. The complete set of the six antibodies, present in the nanogram range in serum, was suc-
cessfully detected on silicon, whereas only antibodies 746 (0.84 ng/mL) and 790 (0.8 ng/mL) were detected on the

glass support
*Signal not detected
*LOD not determined
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limit of detection (LOD), defined as the lowest concentration
of antibody in the serum at which the mean signal of inten-
sity provided an S/N of 3, and we obtained, depending on
the assayed antibody affinity, a LOD ranging from 780
to 14 pg/mL on silicon and from 353 to 58 pg/mL on
glass. Antibodies 801, 783, 808, and 758 at the concentra-
tion reported in Table 2 were detected only on the silicon
substrate.

4. Notes

. THF must be distilled under nitrogen, degassed, and stored

over dry molecular sieves.

. It is possible to perform the pretreatment (NaOH and

HCI) of the glass slide in glass or plastic chamber indiffer-
ently. On the contrary, be sure to use plastic slide chamber
for the incubation of the slides in the solution of
copoly(DMA-NAS-MAPS) to avoid coating the whole
chamber.

. First, prepare a stock solution of ammonium sulfate at a 40%

saturation level. To do this, add 242 g of ammonium sulfate
to 1 L of ddH,0. Depending on the volume of the chamber
and the number of the slides to be coated, weigh the exact
amount of copolymer to obtain a solution 1% w/v and
dissolve it in the half volume of ddH,O; when the copolymer
is completely dissolved, add the remaining volume of ammo-
nium sulfate at a 40%.

. Glass slides that have been coated with chemical groups are

best stored in dry condition in an exsiccator. This is especially
important when wusing the copoly(DMA-NAS-MAPS)
because it reacts rapidly with the humidity in the air. The use
of copoly(DMA-NAS-MAPS)-coated slides, stored in plastic
containers at room temperature for 4 weeks, gave good
results.

. The number of the spots per peptide is a guideline. Remember

a rule from statistics: the more events you have, the more
accurate the results.

. Printed slides were placed in an uncovered storage box, laid

in a sealed chamber, saturated with sodium chloride, and
incubated at room temperature overnight. To make a NaCl-
saturated chamber, add as much solid NaCl to water as needed
to form a l1-cm-deep slurry in the bottom of a plastic con-
tainer fitted with an airtight lid. This forms a chamber with a
relative humidity of approximately 75%.
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Chapter 13

Antibody Signatures Defined by High-Content Peptide
Microarray Analysis

Antonia Masch, Johannes Zerweck, Ulf Reimer, Holger Wenschuh,
and Mike Schutkowski

Abstract

Circulating antibodies are highly selective binding reagents directed to a vast repertoire of antigens.
Candidate antigens displayed as overlapping peptides on microarrays can be used to screen for recogni-
tion by serum antibodies from clinically well-defined patient populations. The methodology is robust and
enables unbiased visualization of antigen-specific B-cell responses. Additionally, autoantibody signatures
of diagnostic value could be detected using microarrays displaying thousands of human peptides.

Key words: Peptide microarray, Fluorescently labeled antibody, Antibody signatures, Biomarker
discovery

1. Introduction

Antigen arrays have been used to gauge humoral immune
responses. Here, we improved the resolution down to the epitope
level by using high-content peptide microarrays displaying over-
lapping peptides in the context of infectious and autoimmune
diseases, allergy, and cancer.

A detailed knowledge of the target epitopes from pathogens
recognized by B-cells either from infected or noninfected (pro-
tected) individuals enables rational vaccine design and facilitates
the development of novel diagnostic tools. Currently, our knowl-
edge of epitope-specific recognition patterns is limited to small
regions of the proteome of pathogens with large genomes.
Recently, high-content peptide microarrays have been used to
profile immune response to Mycobacterium tuberculosis epitopes
(1-4) and allowed an unbiased and global view of the immune

Mahesh Uttamchandani and Shao Q. Yao (eds.), Small Molecule Microarrays:
Methods and Protocols, Methods in Molecular Biology, vol. 669,
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response, without preselecting target proteins. Peptide microarrays
displaying 7,446 unique tuberculosis peptides together with 153
negative controls, 24 positive controls, and 96 fluorescent land-
marks were treated with sera from 34 individuals with active pul-
monary tuberculosis (TB) and 35 healthy individuals in order to
extract significant differences and antibody signatures predictive
of tuberculosis. Linear 15mer tuberculosis peptides overlapping
by three amino acid residues were printed on functionalized glass
slides via a linker on the N-terminus of the peptides. Resulting
peptide microarrays can be stored at 4°C for up to 18 months.
Sera from patients with active pulmonary tuberculosis were
diluted 1:100 using a buffer consisting of PBS, 3% fetal calf'serum,
and 0.5% Tween and placed onto the microarray surface, incu-
bated at 4°C for 16 h, washed, dried and IgA /IgG-peptide com-
plexes were visualized using fluorescently labeled secondary
antihuman-IgA or IgG reagents, respectively.

Three distinct patterns of antibody reactivity were identified:
(a) peptides which were differentially recognized between
TB +patients and healthy individuals, (b) peptides which were
exclusively recognized in all patients with TB but not in any of
the healthy individuals, and (c) peptides which were exclusively
recognized in healthy individuals but not in TB +patients.
Antibody signatures in serum from TB + patients from Armenia
versus patients recruited in Sweden showed that IgG-defined
tuberculosis epitopes are very similar in individuals with different
genetic background. Interestingly, segregation between tubercu-
losis patients and healthy individuals does not cluster into specific
recognition of distinct M. tuberculosis proteins, but into specific
peptide epitope “hotspots” at different locations within the same
protein.

The use of peptide microarrays is not limited to the detection
of antibody signatures directed against foreign antigens in infec-
tious diseases (5-10) and allergies (11-15). Peptide microarrays
displaying citrullinated peptide derivatives derived from human
proteins enabled the detection of induction of antigen-specific
tolerance in multiple sclerosis after immunization with DNA
encoding myelin basic protein in a randomized, placebo-
controlled clinical trial (16, 17). Diluted cerebral spinal fluid was
used to probe autoantibody binding to microarray-bound pep-
tides, and it could be demonstrated that the DNA vaccine was
able to cross-tolerate to other antigenic components such as pro-
teolipid protein. Moreover, it was shown that peptide microarrays
displaying overlapping peptides derived from autoantigens repre-
sent a useful tool to detect diagnostic autoantibody signatures in
autoimmune diseases like systemic lupus erythemotosus (18-22),
diabetis (23), or rheumatoid arthritis (24-27). Recently, it could
be demonstrated that peptide microarrays enable the reliable
detection of unexpected antibody reactivities against peptides
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unique to autosomal dominant forms of dementia (28) or
antibodies which are unique for the clinical and pathological
subtypes of multiple sclerosis (29).

Finally, recent studies demonstrate that peptide microarrays
can be used for the reliable detection of autoantibodies with low
serum titers like antitumor-associated antigen antibodies in cancer
patients (30). Figure 1 shows the fluorescence image of a pep-
tide microarray treated with serum from a colon cancer patient.
The resulting antibody signatures from a patient cohort together
with the signatures from healthy individuals encourage the

a
SA1
SA2
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i TR
N

tumor samples healthy samples

Fig. 1. Overview of peptide microarray analysis. (a) Dual color fluorescence image of PepStar microarray consisting of
three identical subarrays (SA), each with unique 9,213 spots displaying peptides derived from known tumor-associated
antigens plus three fluorescent landmarks used for orientation of the spot recognition software. Peptide microarray was
incubated with serum from colon cancer patient (sera were obtained according to the rules and with the approval of the
local ethics committees (“Gewebesammlung fiir molekularbiologische Untersuchungen bdsartiger und gutartiger
Erkrankungen des Gastrointestinaltraktes und endokriner Organe”; Il HV 43/2004) and kindly supplied through
Dr. Linnebacher, Section Molecular Oncology and Immune Therapy; University of Rostock, Germany) followed by fluores-
cently labeled antihuman-IgG antibody. Subsequent to washing and drying steps microarray was scanned with standard
microarray reader equipment (GenePix 4000B microarray scanner). (b) A magnification shows the three fluorescent
landmarks (framed spots) enabling correct orientation of grid generated based on the GenePix array list (.gal-file).
Antibody-peptide antigen complexes are visualized using the appropriate fluorescence labeled secondary reagent. White
spots represent peptides with bound IgG antibody from patent serum. (¢) Results of several microarray analyses could be
clustered for the determination of diagnostic content.
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deduction of content for the development of novel diagnostic/
prognostic peptide chips. High-content peptide microarrays rep-
resent a robust platform to screen entire proteomes for antibody
recognition. This has the potential to define biologically relevant
targets in the context of rational vaccine design and the develop-
ment of novel diagnostics.

2. Materials

2.1. Manual Incubation

2.1.1. Hardware

2.1.2. Buffers
and Reagents

2.2. Semiautomatic
Incubation

2.2.1. Hardware

2.2.2. Buffers
and Reagents

. Micropipettes adjustable from 0.5 to 10 pl and from 100 to

1,000 pl with corresponding plastic tips.

2. Petri dishes made of glass.

w

. 2 mL Micro Tubes with corresponding Screw caps.

4. Shaking system (Labortechnik Frobel GmbH, Lindau; Rocky

1000).

. TaKaRa Spaced Cover Glass XL (Matsunami Glass Ind., Ltd).

6. Microarray High Speed Centrifuge (Arraylt, MHC220V).

. Microarray Fluorescence Scanner or Imaging system which is

able to perform microarray fluorescence scans with at least
10 wm/pixel resolution (i.e. Axon GenePix 4000B or 4200AL).

. TBS-buffer: 50 mM Tris-HCI, 137 mM NaCl, 2.7 mM KCl,

pH 8.0.

. TBS-based blocking buffer (Superblock T20, #37536, Pierce,

Rockford, USA).

. Fluorescently labeled secondary antibody (mouse antihuman-

IgG (H+L) Cy5 conjugated, #209-175-082, Jackson
ImmunoResearch Laboratories Inc., USA).

. Peptide microarrays (JPT Peptide Technologies GmbH, Berlin,

Germany) (see Note 1).

. HS400 microarray processing station, including incubation

chambers suitable for industry glass slide format (1 x 3 in.).

2. Gilson Microman Pipetting system (250 pL).

. Microarray fluorescence scanner or imaging system which is

able to perform microarray fluorescence scans with at least
10 um/pixel resolution.

. Nitrogen supply connected to HS400 microarray processing

station for slide drying.

. TBS-buffer plus 0.1% Tween 20: 50 mM Tris-HCI, 137 mM

NaCl, 2.7 mM KCl, 0.1% Tween 20, pH 8.0.
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. SSC-buffer: 15 mM NaCl, 1.5 mM tri-sodium citrate, pH 7.0.
. TBS-based blocking buffer (Superblock T20, #37536, Pierce,

Rockford, USA).

. Fluorescently labeled secondary antibody (mouse antihuman-

IgG (H+L) Cy5 conjugated, #209-175-082, Jackson
ImmunoResearch Laboratories Inc., USA).

. Peptide microarrays (JPT Peptide Technologies GmbH,

Berlin, Germany) (see Note 1).

. Spot-recognition software like GenePix Pro 6.0 (Molecular

Devices, Sunnyvale, CA).

. Microarray evaluation database Acuity 4.0 (Molecular

Devices, Sunnyvale, CA).

3. Methods

3.1. Manual Incubation

. Pretreat the microarrays with blocking buffer. Make sure

that the slides are totally submerged in the solution, and
shake the slides for 1 h on the orbital shaking system (see
Notes 2-10).

. Wash the slides with TBS-butffer (three times, 1 min each).
. Wash the slides with double distilled water (three times, 1 min

each).

4. Dry the slides using microarray centrifuge.

. Prepare a humidifying chamber by placing a wet wipe in a

vessel which can be tightly sealed and put a Petri dish upside
down onto it. Place the microarray slide on top of the Petri
dish. By closing the vessel, a constant humidity within the
vessel will be formed minimizing evaporation of water from
the assay solution.

. Prepare dilution of the serum in TBS-based blocking buffer.

Dilutions to be applied to the microarray ranges from 1:50 to
1:500 (v/v). Using a TaKaRa Spaced Cover Glass the total
volume needed is 200 pL.

. Pipette the diluted serum onto the surface of the microarray

(see Note 6). Subsequently, cover the assay solution with the
TaKaRa Spaced Cover Glass. Make sure that there are no
bubbles within the created incubation chamber. If the cover
glass is used correctly, excess solution will be visible at the top
and lower end of the cover glass.

. Seal the humidifying chamber and incubate for 2 h at room

temperature.
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3.2. Semiautomatic
Incubation

9.

10.

11.

12.

13.

14.
15.

16.

17.

1.

Open the humidifying chamber and remove assay solution as
fast as possible by dipping microarrays in large excess of TBS-

buffer.

Wash the microarray with large volumes of TBS-buffer
using shaking system (three times, 5 min each). Make sure
that the microarray is totally submerged in the washing
solution.

Prepare a solution of blocking buffer. Dilute secondary fluo-
rescently labeled antibody with the blocking buffer to a final
concentration of 0.1 pug/mL (see Note 11). Submerge the
microarray in the solution of secondary antibody using a Petri
dish and incubate for 45 min using the shaking system (see
Note 12). The total volume for the incubation with the sec-
ondary antibody should be about 10 mL. Do not use the
TaKaRa Cover Glasses for the secondary antibody but instead
incubate the microarray directly in secondary antibody-
containing solution.

Wash the microarray thoroughly with TBS-buffer (three
times, 5 min each) and double distilled water (three times,
5 min each).

Rinse front and back of the microarray with double distilled
water for 10 s each side.

Spin-dry the microarray using a microarray centrifuge.
Scan the dried microarray using a microarray scanner with
appropriate laser settings (see Notes 13 and 14).

Apply GenePix Array List (.gal) files to the scanned images
using spot-recognition software. Save the resulting values for
the signal intensity and local background.

Import the result files to a microarray analysis database for
detailed evaluation (see Note 15).

Clip the microarray into the microarray slide holder provided
by the HS400 microarray processing station and close the
incubation chambers.

. Make sure that enough liquid is available (2 L of TBS Tween20

(channels 1 and 2, Ch.: 1 and 2)), 1 L of SSC-buffer (channel
5 and 6, Ch.: 5 and 6) and 0.5 L of double distilled water
(channel 3, Ch.:3).

. Prepare the program steps according to the lines shown below

(TECAN programming language):

(a) Step 1: WASH Temp. °C: 30.0, First: Yes, Ch.: 1, Runs:
1, Wash time: 0:02:30, Soak time: 0:00:30

(b) Step 2: PROBE INJECTION Temp. °C: 30.0

(c) Step 3: HYBRIDIZATION Temp. °C: 30.0, Agitation
Frequency: High, Time: 0:30:00
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(d) Step 4: WASH Temp. °C: 30.0, First: No, Ch.: 1, Runs:
3, Wash time: 0:02:30, Soak time: 0:00:30
(e) Step 5: PROBE INJECTION Temp. °C: 30.0
(f) Step 6: HYBRIDIZATION Temp. °C: 30.0, Agitation
Frequency: High, Time: 2:00:00
(g) Step 7: WASH Temp. °C: 30.0, First: No, Ch.: 2, Runs:
3, Wash time: 0:02:30, Soak time: 0:00:30
(h) Step 8: PROBE INJECTION Temp. °C: 30.0
(i) Step 9: HYBRIDIZATION Temp. °C: 30.0, Agitation
Frequency: High, Time: 0:45:00
(j) Step 10: WASH Temp. °C: 30.0, First: No, Ch.: 2, Runs:
2, Wash time: 0:02:30, Soak time: 0:00:30

(k) Step 11: WASH Temp. °C: 30.0, First: No, Ch.: 5, Runs:
4, Wash time: 0:02:30, Soak time: 0:00:30

(I) Step 12: WASH Temp. °C: 30.0, First: No, Ch.: 6, Runs:
4, Wash time: 0:02:30, Soak time: 0:00:30

(m) Step 13: SLIDE DRYING Temp. °C: 30.0, Time:
0:05:00, Final Manifold Cleaning: Yes, Ch.: 3

(n) Liquid identification:
Liquid for channel 1: TBS 1x 0.1% Tween20
Liquid for channel 2: TBS 1x 0.1% Tween20
Liquid for channel 3: ddwater
Liquid for channel 4: Unused
Liquid for channel 5: SSC 0.1x
Liquid for channel 6: SSC 0.1x

4. Make sure that the nitrogen supply is connected properly to
the HS400 station.

5. Start the program and follow the instructions according to
the program steps (see Note 16).

6. When finished, open the incubation chambers (see Note 17)
and scan the dried microarray using a microarray scanner with
appropriate laser settings (see Notes 13 and 14).

7. Apply .gal-files to the scanned images using spot-recognition
software. Save the resulting values for the signal intensity and
background.

8. Import the result files to a microarray analysis database for
detailed evaluation (see Note 15).

On each peptide microarray positive controls for the fluorescently
labeled secondary antibody are immobilized by crosslinking
human full length immunoglobulin via its lysine side chain amino
functions. The mean of the corrected signal intensities of all
immunoglobulin controls can be used for the normalization of



168 Masch et al.

3.3.2. Use of False
Positives

the data (1) by transforming the corrected signal intensities for
the peptide spots into values relative to the mean of the immuno-
globulin controls (see Note 18).

Depending on the nature of the fluorescently labeled second-
ary antibody and on the peptide sequences deposited onto the
microarray, there will be some reactivity against immobilized
peptides. These so-called false positives could be used for the
normalization of peptide microarray data. Such false positives
have to be determined in a control incubation of the respective
peptide microarray using buffer followed by the secondary
antibody (see Note 15). The mean of the corrected signal
intensities of all false positives can be used for the normaliza-
tion of the data by transforming the corrected signal intensities
for the peptide spots into values relative to the mean of the
false positives (3).

4. Notes

1. Other peptide microarrays could be used as well. We strongly
recommend to use peptide microarrays, where the peptides
are immobilized covalently in an oriented manner. Ideally,
long and hydrophilic linkers between the peptide and the
slide surface like the Ttds-linker introduced by Falsey et al.
(31) were successfully used for the definition of antibody sig-
natures (1-3, 8, 18, 32).

2. Always handle peptide microarray slides with care.
3. Never touch the peptide microarray slide surface.

4. Always wear laboratory gloves when handling peptide microar-
ray slides.

5. If'a JPT-microarray is used to hold peptide microarray at the
end, which carries the engraved lot-and-slide number. If
microarrays from other suppliers are used, make sure not to
touch the peptides displaying surface.

6. Please take care when dispensing solutions onto the slide sur-
face. Make sure not to touch the surface with pipette-tips or
dispensers.

7. Never whisk the surface of the peptide microarray slide with
a cloth or similar tools.

8. Never use other chemicals as described. Inappropriate chemi-
cals may destroy the chemical bond between the peptides and
the glass surface.
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9. Avoid dust or other particles during each step of the experiment.

10.

11.

12.

13.

14.

15.

Dust, particles and resulting scratches will cause artifacts
during the final signal readout.

Filter all solutions for the washing steps through 2 um,
preferably 0.4 um particle filters before use.

Carefully adjust the final dilution of your labeled secondary
antibody. Microarray technology is very sensitive, and there-
fore it could be possible to use the secondary antibody in a
higher dilution as proposed by the manufacturer. Generally,
1:1,000 dilutions of a 1 mg/mL stock solution are working
very well. Nevertheless, depending on the nature of the sec-
ondary antibody, such concentrations may yield high back-
ground signals caused by unspecific binding to the coated
glass surface. Additionally, number of false positive signals
caused by unspecific binding of the secondary reagent to dis-
played peptides could be too high, if dilution of the second-
ary reagent is not optimal. In the case of the secondary
antibody recommended by us (mouse antthuman-IgG (H+L)
Cy5 conjugated, #209-175-082, Jackson ImmunoResearch
Laboraties Inc, USA), the best working dilution is 1:10,000.
If the signals within the peptide spots are high, you could test
1:30,000 dilutions of a 1 mg/mL stock as well.

For incubation with the fluorescently labeled secondary
antibody, it is important to cover the trays completely with
aluminia foil as these antibodies are sensitive toward light.

Make sure to scan the front face of the microarray slide carry-
ing the peptides.

Fluorescence scanning could be very sensitive depending on
the used scanner. Avoid any fluorescent impurities /contami-
nations inside your assay solution or washing solutions. You
can easily check for such impurities by incubating and washing
a dummy slide with the same solutions (but not with the fluo-
rescently labeled secondary reagent!) followed by fluorescence
imaging.

Control incubations using fluorescently labeled secondary
antibody should be performed in parallel to the serum experi-
ment to ensure that found signals are not caused by unspecific
binding of the secondary antibody. For that experiment, it is
important to use a preincubation with the assay buffer but
without the diluted serum under same conditions before
treatment with the secondary reagent. A direct incubation
with the secondary reagent without the preincubation, which
is simulating the serum incubation step, could cause false-
negative signals. It the number of resulting signals in the con-
trol incubation is too high, repeat the experiment with higher
dilutions of the secondary reagent.



Use excess volumes for all pipetting steps to make sure that
the incubation chamber is completely full.

Take care when opening and closing the incubation chamber.
In case the microarray sticks to the sealing of the chamber, it

Please note that in some cases the corrected signal intensity
for the peptide spots could be higher than the mean of the
immunoglobulin controls resulting in relative values higher
than 100%. One reason for that seemingly surprising result is
the difference in the immobilization chemistry used. Whereas
peptides are immobilized in a directed manner (each indi-
vidual peptide molecule within the peptide spot is accessible
to the secondary antibody), the immunoglobulin controls are
immobilized by crosslinking resulting in a mixture of differ-
ently orientated individual immunoglobulin molecules within
the control spot. Some of the individual immunoglobulin
molecules will be immobilized in such a way that the epitope
tor the fluorescently labeled secondary antibody is not pre-
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16.
17.
might be damaged.
18.
sented properly or hidden.
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Chapter 14

High Density Peptide Microarrays for Proteome-Wide
Fingerprinting of Kinase Activities in Cell Lysates

Alexandra Thiele, Matthias Weiwad, Johannes Zerweck, Gunter Fischer,
and Mike Schutkowski

Abstract

Protein function is highly regulated in pathways that are responsible for complex biochemical mecha-
nisms such as growth, metabolism, and signal transduction. One of the most important mechanisms is
posttranslational modification (PTM) changing protein surfaces by phosphorylation, sulfation, acetyla-
tion, methylation, glycosylation, and sumoylation resulting in a more than 100-fold higher complexity
(Geiss-Friedlander and Melchior, Nat Rev Mol Cell Biol 8, 947-956, 2007; Hunter, Mol Cell 28,
730-738,2007). This chapter presents a very efficient way to detect potential phosphorylation sites in
protein families using overlapping peptides covering the complete primary structures (peptide scans)
immobilized on glass slides.

Results of kinase activity fingerprinting of cell lysates using peptide microarrays displaying peptide
scans through all human peptidyl-prolyl-cis/trans-isomerases are shown.

Key words: Peptide microarray, Cell lysate, Protein kinase, Tyrosine kinase, Serine/threonine
kinase, Phosphorylation sites, Peptidyl-prolyl-cis/trans-isomerase, FKBP, Cyclophilin, Pinl, Parvulin,
Overlapping peptides, Fluorescent readout, Phosphate-specific dye

1. Introduction

Protein phosphorylation is one of the most important events in
signal transduction. There are 518 human genes encoding kinases
which are able to modify serines, threonines, and tyrosines result-
ing in more than 100,000 human phosphorylation sites (3, 4).

The functions of phosphorylation are diverse and can result
in either modulation of enzymatic activity by factor of up to 1,000
(5, 6) or it can create binding sites for interacting proteins, and
can lead to changes in the localization of the phosphorylated
protein by modifying localization sequences (7, 8).
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The importance of protein phosphorylation becomes obvious
in cells with phosphorylation defects as abnormalities can lead to
cancer, inflammation, and diabetes.

Most methods to monitor endogenous protein kinase activity
in cell lysates depend on the incubation of recombinant protein sub-
strates in the presence of radioisotopically labeled ATP. We replaced
the hazardous autoradiography/phosphorimaging by fluorescence
imaging using a fluorescently labeled phosphate-specific dye.

As commonly used methods like filter-binding assays or gel-based
assays are low in throughput robust methods are needed enabling
fast and efficient analysis of kinase modulating processes in cell lysates
in response to stimulations by drugs, natural compounds, or second
messengers. In contrast to recombinant protein substrates, the
peptide substrates printed on glass slides are stable, easy to design,
and easier to handle and thus allows the rapid detection of changes
in the activities of protein kinases and phosphatases in cell lysates.

Here, we provide a robust peptide microarray protocol to
determine phosphorylation sites of complete protein family of
interest depending on the activation state of cells. We searched
systematically for phosphorylation sites in human peptidyl-prolyl- cis/
trans-isomerases (PPlases) in a proteome-wide manner as this
modification was shown to regulate both the localization of
PPIases and the interaction pattern of PPIases with other proteins
(8-10). Additionally, phosphorylation is expected to be one
mechanism to regulate PPlase enzymatic activity. The PPIases are
a family of enzymes catalyzing isomerization of peptidyl-prolyl
bonds. This isomerization seems to be important for transport
through membranes, cell cycle progression, channel gating, and
virus replication (11, 12). Depending on their primary structure
and drug-binding ability, PPlases are subdivided into three
distinct families: cyclophilins (Cyps), FK506-binding proteins
(FKBPs), and parvulins resulting in a total of 35 human members
all together. The proteome-wide PPlase-scan peptide microarray
contains the complete primary structure of all human PPlases in
the form of overlapping peptide scans. The peptide probes have
been synthesized by SPOT technology (13, 14) as amino-oxy-acetyl
derivatives enabling chemoselective and covalent immobilization
onto appropriately modified glass slides. These include the fol-
lowing FKBPs, cyclophilins, and parvulins resulting in 3,320 pep-
tides: (listed in brackets are the corresponding SwissProt accession
numbers followed by the length of the PPlase-derived peptides
and the number of overlapping amino acid residues). As we were
especially interested in the posttranslational modification of the
low molecular weight PPlase, we decided to synthesize peptide
with more overlap for these PPlases. FKBP12 (P62942, 15/9),
FKBP12.6 (P68106, 15/9), FKBP13 (P26885, 15/9), FKBP19
(QI9NYL4, 15/9), FKBP22 (QINWMS, 15/9), FKBP23
(Q9Y680, 15/9), FKBP25 (Q00688, 15/9), FKBP36
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(075344, 15/8), FKBP37 (000170, 15/7), FKBP38 (Q14318,
15/7), FKBP44 (QINZN9, 15/7), FKBP51 (Q13451, 15/7),
FKBP52 (Q02790, 15/7), FKBP63 (095302, 15/7), FKBP65
(Q96AY3,15/7); FKBP135 (Q9Y4DO, 15/3), Cypl8 (P62937,
13/7), Cypl8.1 (Q9H2HS, 13/9), Cypl8.2 (Q9Y536, 13/7),
Cypl8.2a (Q9Y3C6, 15/9), Cypl9.2 (043447, 13/7), Cyp22
(P30405, 13/7), Cyp23 (P23284, 13/7), Cyp23a (P45877,
15/9), Cyp33 (Q9UNP9, 15/9), Cyp35 (Q81XYS8, 15/9),
Cyp40 (QO08752, 15/9), Cyp57 (Q8WUA2, 15/9), Cyp59
(Q13356, 15/9), Cyp73 (Q96BP3, 15/9), Cyp89 (Q13427,
15/5), Cypl65 (P30414, 15/1), Pinl (Q13526, 13/7), Parl4
(Q9Y237,13/7), Parl7 (Q52M21, 15/1).

All peptides were synthesized with amino-oxy-acetylated
N-(3-{2-[2-(3-Amino-propoxy)-ethoxy |-ethoxy}-propyl)-succinyl
moiety at the N-terminus allowing both optimal presentation of the
peptide to the used enzymes and purification of the immobilized
peptides by the removal of truncated acetylated by-products (gener-
ated by capping with acetic anhydride) during microarray printing
(15). All PPIase-derived peptides were printed threefold to one
standard industry glass slide resulting in 3x 3,320=9,960 spots on
the so-called PPlase-Chip. Additionally, 2,634 control peptides
were printed resulting in 12,594 peptides immobilized on the
microarray. Peptide microarrays were designed and produced by
JPT Peptide Technologies GmbH (Berlin, Germany).

Subsequent to the incubation of these PPIase-Chips with dif-
ferent cell lysates generated phosphopeptides that were detected
by fluorescence scanning subsequent to the treatment with phos-
phate-specific stain Pro-Q Diamond (Invitrogen) which was
claimed to bind specifically to peptides containing phosphorylated
amino acids residues such as phosphotyrosine, phosphothreonine,
and phosphoserine (16, 17). We validated this stain extensively
using phosphopeptide microarrays displaying more than 15,000
phosphopeptides derived from human phosphorylation sites (18).
The signals found in the fluorescence images can be correlated to
appropriate peptide sequences from the corresponding PPlases
using spot-recognition software packages like Genepix.

As an example Fig. 2 shows a fluorescence image of a PPlase
microarray incubated with HEK lysate followed by the treatment
with phosphate-specific stain Pro-Q Diamond.

2. Materials

1. Micropipettes adjustable from 0.5 to 10 pL and from 100 to
1,000 pL (Eppendorf or Gilson) with corresponding plastic tips.

2. Metal trays with cover.
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10.

11.

12.
13.
14.
15.

16.
17.

18.

. Cell culture 25 cm? flasks.

. 1 mL Eppendorf tubes for the preparation of the phosphory-

lation assay solution.

. A plastic sheet cut in 1 mmx 3 cm pieces. We used sheets with

a thickness of 0.8 mm resulting in a final assay volume of
400 pL.

. A centrifuge for standard industry glass slides.
. Spot-recognition software like GenePix Pro 6.0.
. Blocking buffer: Tris-buffered saline 50 mM Tris—HCI,

150 mM NaCl, pH 8.0, 3% bovine serum albumin, w/vol.

. Lysis buffer: 20 mM HEPES-NaOH pH 7.5, 350 mM NaCl,

25% Glycerol; 0.5% NP-40, 1 mM EDTA, 1 mM EGTA,
1 mM DTT, 0.6 uM ammonium molybdate, protease inhibi-
tor cocktail.

Phosphorylation assay solution:

—  Complete cell lysate supernatant.
- 5 mM MnClL,.

- 10 uL 1 mM ATP, 1 mM MgCl,.

— Adjust to 400 pL total volume with double distilled
water.

Phosphate buffered saline: 50 mM phosphate, pH 7.5,
150 mM NaCl.

Washing buffer 1: 6 M urea, 20 mM Tris-HCI, pH 7.5.
Washing buffer 2: 3 M urea, 20 mM Tris-HCI, pH 7.5.
Confluent 25 cm? cell culture flask with cell line of choice.

Fluorescence scanner with a pixel size smaller than 20 pum
(see Note 1).

ProQ Diamond stain (Invitrogen, Karlsruhe, Germany).

ProQ Diamond destain solution or 20% acetonitrile, 50 mM
sodium acetate pH 4.0.

Double distilled water.

3. Methods

. Prepare 25 cm? confluent cell culture flask with the cell line of

choice.

. For the drug stimulation of the cells, add the stimulating

compound in an appropriate concentration for several hours.
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. Block the microarrays with blocking buffer for 60 min at

room temperature. Wash with double distilled water (see
Notes 2-6).

. Before you prepare the cell lysate, wash the cells with phos-

phate buffered saline (at 37°C) and harvest 5x 10°in a 15 mL
falcon tube.

. For the preparation of the cell lysate, resuspend the cells in

100 pL lysis buffer and incubate for 30 min on ice. Centrifuge
the lysate for 15 min at 16,000 x 4 at 4°C.

. Prepare the phosphorylation assay solution containing;:

— Complete cell lysate supernatant.
- 5 mM MnCl,.
- 10 uL I mM ATP, 1 mM MgCl,.

— Adjust to 400 pL total volume with double distilled
water.

. For phosphorylation reaction two slides, one displaying the

peptides and another slide without any peptides but coated
with blocking buffer for 1 h at room temperature have to be
assembled according to Fig. 1 in a sandwich like format (see
Notes 7-13). If two peptide microarrays should be screened,
the top slide could be another peptide microarray. The two
slides are separated by two spacers generated from a plastic
sheet (see Fig. 2). The final assay volume will depend on the
thickness of these plastic spacers (0.2 mm thickness will
result in 100 pL assay volume; we recommend at least
0.8 mm thickness resulting in 400 uL). The sample has to
be applied in between the two slides. Therefore, the top
slide is shifted about 1 mm to one side (see Fig. 2). If the
pipette tip is adjusted on the position directly over the
uncovered bottom slide, the capillary forces allow proper
distribution of the sample solution without the formation of

air bubbles.

. The phosphorylation reaction should be performed at 37°C

for 3—4 h.

. Remove the plastic spacers and rinse the peptide microarray

with double distilled water, followed by washing with wash-
ing buffer 1 and washing bufter 2, Tris-buffered saline, and
double distilled water, 20 min each.

Incubate microarray with ProQ Diamond stain solution for
30 min (see Notes 14-16).

Wash microarray with ProQQ Diamond destain solution (three
times, 30 min each time).

Wash two times 5 min with double distilled water.
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sandwich assembly

pipette tip

microarray

plastic spacer top slide should be shifted
allowing easy disassembly
of ,chip-sandwich®

Fig. 1. Assembly of “chip sandwich” is shown. Two plastic spacers are placed between the peptide displaying microarray
(bottom microarray) and the dummy slide or second peptide displaying microarray (fop microarray) resulting in a defined
reaction chamber. Assay solution is applied via pipette tip into the reaction chamber formed by the two slides. Capillary
forces will soak-in the solution without the formation of air bubbles. Top microarray is displaced slightly resulting in
overlaying ends of the glass slides. This arrangement enables convenient disassembly after the incubation step.
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Fig. 2. (a) Fluorescence of PPlase-Chip subsequent to incubation with HEK lysate. The phosphorylated peptides were
visualized using ProQ Diamond stain. Black spots represent peptide spots which are fluorescently labeled by ProQ
Diamond stain. The vertical, solid line separates the two identical subarrays. (b) Enlarged region within one subarray
which was printed by one needle. Three phosphorylated peptides are marked by a circle. The corresponding peptides,
together with the PPlase the sequence was derived from, have been indicated.
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Dry microarray using a microarray centrifuge. Alternatively,
drying using a stream of oil-free nitrogen or argon can be
applied.

Scan peptide microarray at appropriate laser/filter settings
(excitation wavelength: 532 nm, emission wavelength:
590 nm) using microarray fluorescence scanner (see Notes 17
and 18).

Use spot-recognition software to get mean of fluorescence
intensities of all pixels for each peptide spot.

Calculate the mean of background corrected signal intensities
for identical peptides (replicates on the microarray).

4. Notes

10.

11.

. Pixel sizes smaller than 20 wm will result in more accurate

data points. We used an Axon4000 scanner at 10 pum
resolution.

. Always handle peptide microarray slides with care. They are

made of glass and have sharp edges.

. Never touch the peptide microarray surface.

. Always wear powder-free laboratory gloves when handling

peptide microarray slides.

. Hold peptide microarray slides at the edge, which carries the

engraved data label. This label provides unique identification
of the array.

. Please take care when dispensing solutions onto the slide

surface. Make sure not to contact the surface with pipette-tips
or dispensers.

. Apply the sample to the peptide displaying the side of the

glass slide. For JPT peptide microarrays, this is the side with
the engraved label.

. We strongly recommend the arrangement of the two slides

during incubation as shown in Fig. 2 (circled region bottom).
The slight shift of the top slide compared to the bottom slide
allows easy disassembly of the two glass slides.

. Never whisk the surface of the peptide microarray slide with

a cloth.

Never use other chemicals than those described. Inappropriate
chemicals may destroy the silanol bond formed between the
peptides and the modified glass surface.

Filter all solutions for the washing steps through 2 um,
preferably 0.45 um particle filters before use.



180

Thiele et al.

12.

13.

14.

15.

16.

17.

18.

All plastic equipment which will contact your kinase-
activity-containing solution (pipette tips, plastic tubes),
and so forth should be coated for at least 1 h with bovine
serum albumin solution (blocking buffer) at room temper-
ature before use. It is important to coat for at least 1 h
because that process is time dependent. If coating is not
made or if coating time is too short, kinases from your assay
solution will stick on uncoated parts of the hydrophobic
plastic surfaces and are therefore not available for phos-
phorylation of microarray-bound peptides. This could
result in the complete loss of kinase activity in the final
assay, especially if highly diluted kinase activity-containing
solutions are used.

Avoid dust or other particles during each step of the experiment.
Dust particles and resulting scratches will cause artifacts during
the final signal readout.

For incubation with the fluorescently labeled phosphate-
specific stain, it is important to use metal trays with a cover
or plastic trays completely covered with aluminum foil as
these reagents are sensitive toward light.

Control incubations using fluorescently labeled phosphate-
specific stain alone should be performed in parallel to the
kinase fingerprinting experiment to ensure that found signals
are not caused by unspecific binding of the stain to immobilized
peptides.

In principle, phosphorylated proteins from the lysate bound
to the immobilized peptides could be detected by the
phosphate-specific stain, too. To remove such bound pro-
teins, washings with washing buffer 1 and 2 are sufficient.
For JPT peptide microarrays, the amine bond between the
immobilized peptide derivatives and the reactive function
on the modified glass surface will be stable against these
harsh washing conditions.

Make sure to scan the side of the microarray displaying the
peptides.

Fluorescence scanning could be very sensitive depending on the
used scanner. Avoid any fluorescent impurities /contaminations
inside your assay solution or washing solutions. You can easily
check for such impurities by incubating and washing a dummy
slide with the same solutions followed by fluorescence imaging
at the same laser settings.
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Chapter 15

A Peptide Microarray for Detecting Protein
Kinase Activity in Cell Lysates

Xiaoming Han and Yoshiki Katayama

Abstract

Protein kinases (PKs) are widely recognized as valuable targets for disease diagnosis and drug discovery.
For this reason, we have developed a sensitive peptide microarray for detecting intracellular PK activity.
Peptides are immobilized on a glutaraldehyde-premodified high-amino terminal glass slide, by spotting
2 nL volumes of substrate peptide solutions with an automated microarray spotter. After the peptides are
phosphorylated by cell lysates, phosphorylation is specifically recognized by a fluorescence-labeled
antiphosphotyrosine antibody for tyrosine kinases, or Phos-tag biotin (a biotinylated phosphate-specific
ligand based on Zn?* complex), which is subsequently bound with fluorescence-labeled streptavidin, for
serine/threonine kinases. The fluorescence signal is then detected by an automatic microarray scanner.
The peptide microarray system involves simple peptide immobilization, requires low sample volumes and
provides a high density array. Importantly, it provides high sensitivity for detecting PK activities in cell
lysates. Thus, the peptide microarray system is expected to be useful for a high-throughput kinase assay
to investigate intracellular kinase activity and has potential applications in disease diagnosis and drug
discovery.

Key words: Protein kinase, Peptide, Microarray, High-throughput screening, Cell lysate, Drug
discovery

1. Introduction

Protein kinases (PKs) catalyze protein phosphorylation by trans-
terring a phosphate group from adenosine-5’'-triphosphate (ATD)
to tyrosine, serine, or threonine residues of substrate proteins.
Phosphorylation events regulate many important intracellular
processes, including cell differentiation, adhesion, proliferation,
and apoptosis (1). Dysfunction in PK activity is proven to be a key
factor in causing many diseases, such as cancer, inflammation,
cardiovascular diseases, and diabetes. Therefore, PKs are widely
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recognized as valuable targets for disease diagnosis and drug
discovery (2, 3). However, traditional methods for detecting PK
activity, such as filter-binding assays, gel-based assays, and enzyme-
linked immunosorbent assays (ELISAs) are restricted by their low
throughputs and complex procedures. Recently, high-throughput
microarrays have been extensively developed to detect PK
activity (4). Peptides, as the probes used in the microarrays, will
likely be more reliable than proteins because they are more stable
and are easily prepared and handled. However, the study of intra-
cellular PK activity on peptide microarrays requires improved
workflows that confer good sensitivities and reduce nonspecific
protein adsorption (5, 6).

We have developed a sensitive peptide microarray system for
detecting intracellular PK activity by a comprehensive optimiza-
tion of every step for construction and detection (7-9). Our
experimental protocol is illustrated in Fig. 1. In this protocol, a
high-density amino terminal glass is pretreated with glutaralde-
hyde to obtain an aldehyde surface. One aldehyde group of glu-
taraldehyde reacts with one amine groups on the glass to form a
Schift base, leaving the other aldehyde group unreacted.
Subsequently, cysteine-terminal peptides are automatically delivered
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Fig. 1. Schematic experimental protocol to detect PK activity in cell lysates using a peptide microarray.
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onto the glass using a microarray spotter. The peptides are then
covalently immobilized onto the glass via formation of five-
membered thiazolidine rings between the cysteine at the amino
terminus of the peptides and the free aldehyde group of the
immobilized glutaraldehyde. The peptide-tethered glass is then
blocked by Blocking One P (a commercial blocking agent) to
avoid nonspecific adsorption in the following phosphorylation
reaction. Cell lysates are prepared and used to phosphorylate the
on-chip peptides. The phosphorylation is then recognized by a
fluorescence-labeled antiphosphotyrosine antibody for tyrosine
kinases or a Phos-tag biotin (a biotinylated phosphate-specific
ligand), which is subsequently bound with fluorescence-labeled
streptavidin for serine /threonine kinases. The fluorescence signal
is detected by an automatic microarray scanner. The peptide
microarray system involves simple peptide immobilization,
requires low sample volumes and presents a high density array.
Importantly, it provides high sensitivity to detect PK activity in
cell lysates. Thus, the peptide microarray system is expected to be
useful for a high-throughput kinase assay to monitor intracellular
kinase activity and has potential applications in disease diagnosis
and drug discovery.

2. Materials

2.1. Peptide
Preparation

1. Reagents for peptide synthesis: Rink amide-AM resin
(0.62 mmol/g)and Fmocamino acids (Novabiochem, Darmstadst,
Germany); 2-(1H-benzotriazole-1-yl)-1, 1, 3, 3-tetramethyl-
uronium hexafluorophosphate (HBTU ), N-hydroxybenzotriazole
(HOBt), N-cthyldiisopropylamine (DIEA), Piperidine (7oxic
and corrosive), and N-methylpyrrolidone (NMP) (Watanabe,
Hiroshima, Japan); dimethylformamide (DMF) (Kanto Chemical,
Tokyo, Japan); methanol (MeOH).

2. APEX 396 Multiple Peptide Synthesizer (Advanced ChemTech,
KY, USA).

3. Reagents for peptide purification: trifluoroacetic acid (TFA)
(Toxic and corrosive) and 1, 2-ethanedithiol (EDT) (Wako
Pure Chemical, Osaka, Japan); triisopropylsilane (TIS) (Tokyo
Kasei Kogyo, Tokyo, Japan); acetonitrile and diethyl ether
(Kanto Chemical).

4. Reverse-phase liquid chromatography equipped with an
electrospray mass spectrometer detector (Micromass Platform
II connected to Waters Alliance HPLC system using a
Phenomenex LUNA C18 column (2.1 x50 mm)) (Waters,
Milford, USA).
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2.2. Cell Gulture and
Lysate Preparation

2.3. Mouse Tumor
Inoculation and Tissue
Lysate Preparation

2.4. Fabrication
of a Peptide
Microarray

1.

Cell culture medium for A431 cells: Dulbecco’s modified
Eagle’s medium (DMEM) (Wako, Osaka, Japan) supple-
mented with 10% fetal bovine serum (FBS) (Invitrogen,
New York, USA) and 1% antibiotic-antimycotic (Gibco,
CA, USA).

. Cell stimulation: SU6656 (Amersham Biosciences, Bucks,

UK) is dissolved to 5 mM in dimethyl sulfoxide (DMSO)
(Wako) and stored at —-80°C. 5 mM SU6656 is diluted to
2 uM with FBS-free DMEM containing 1% antibiotic—
antimycotic. Dulbecco’s phosphate-buffered saline (D-PBS)
(Gibco).

. Cell lysis buffer A (Prepared fresh as requived): 10 mM

potassium phosphate (pH 7.25), 1 mM ethylene diamine
tetraacetic acid (EDTA), 5 mM ethylene glycol tetraacetic acid
(EGTA), 10 mM magnesium chloride (MgCl,), 2 mM
Dithiothreitol (DTT), 1 mM sodium orthovanadate, 80 mM
B-glycerophosphate (Fluka, Steinheim, Germany), 3 ug,/mL
pepstatin A (Calbiochem, Darmstadt, Germany), 5 ug/mL
aprotinin (Sigma-Aldrich, St. Louis, USA), 1 mM phenylm-
ethylsulfonyl fluoride (Nacalai Tesque). Stored at 4°C.

. Cell lysis buffer B (Prepared fresh as requived): Cell lysis buffer

A +0.2% triton X-100. Stored at 4°C.

. Ultrasonic homogenizer Model 450 (Branson, Danbury, US).

6. BCA™ Protein Assay Kit (Pierce, Rockford, USA).

. Cell culture medium for HepG2 cells: Minimum essential

medium (MEM) (Wako) supplemented with 10% FBS and
1% antibiotic-antimycotic.

. Male 5-week-old BALB/c nu/nu mouse (Kyudo, Saga,

Japan); Hanks’ balanced salt solution (Gibco).

. Digital homogenizer (Iuchi, Osaka, Japan).

. High-density amino terminal glass slides (Matsunami Glass,

Osaka, Japan) (see Note 1). Stored at room temperature (RT).

2. 50 mM NaHCO, (pH 9.5). Stored at RT.

. Glutaraldehyde (Wako). Stored at 4°C.
. Tris-(2-carboxyethyl)phosphine hydrochloride (Promega,

Wisconsin, USA) (Corrosive; Protect from light and moisture).
Stored at 4°C.

. Microarray spotter (Kaken Genetics, Chiba, Japan).

6. TBS-T: 25 mM Tris-buffered saline (TBS) containing 0.05%

Tween 20 (pH 7.4). Stored at RT.
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. Blocking One-P (5X) (Nacalai Tesque). Stored at 4°C.
2. Super PAP pen (DAIDOSANGYO, Tokyo, Japan) (see Note 2).
. Phosphorylation solution (Prepared fresh as required):

15 mM Tris-HCI (pH 7.5), 5 mM MgCl,, 0.01% Tween
20, 5 mM DTT, 0.1 mM Adenosine-5"-triphosphate diso-
dium salt hydrate (ATP) (Preparved fresh as requirved)
(Sigma-Aldrich), 100 pg/mL cell lysate (as a starter
regeant).

. TBS-S: 25 mM TBS containing 1% sodium dodecyl sulfate

(SDS), pH 7.4. Stored at RT.

. Probe for phosphotyrosine: Cy5-conjugated antiphosphoty-

rosine antibody ( Protect from light) (Amersham Biosciences).
Stored at 4°C.

. Microarray scanner (Packard Bioscience, Billerica, USA).

. Probe for phosphoserine/threonine: Phos-tag biotin

(Toyobo, Osaka, Japan); Dylight™ 649-conjugated streptavi-
din (Protect from light) (Pierce Biotechnology, Rockford,
USA). Stored at 4°C.

. Phos-tag buffer: 10 mM Hepes-NaOH (HEPES) (pH 7.3),

1 mM zinc nitrate (Zn(NO,),), 0.005% Tween 20, 10% etha-
nol, 0.2 M sodium nitrate (NaNQO,). Stored at 4°C.

3. Methods

3.1. Peptide
Preparation

. Synthesize peptides using the APEX 396 Multiple Peptide

Synthesizer with Fmoc chemistry. Use Rink Amide AM res-
ins as the solid supports and a standard HOBT/HBTU/
DIEA coupling method throughout the process. Load each
microreactor with 16.2 mg of resins (0.01 mmol). Swell the
resins thoroughly in 1.3 mL of DMF for 1 h with mixing at
600 rpm. Drain DMF out of the microreactor. Transfer
0.5 mL of 20% piperidine in DMF to the microreactor and
mix the solution for 10 min at 600 rpm for Fmoc deprotec-
tion. Drain the solution out of the microreactor and then
wash the resins three times for 1 min with 1.3 mL of DMF
at 600 rpm. Transfer 0.8 mL of 0.04 mmol Fmoc amino
acid (4.0 eq.) in NMP containing 0.5 M HOBT, 0.25 mL
of 0.5 M HBTU in DMF, and 0.25 mL of 1 M DIEA in
DMEF to the microreactor for coupling. Mix the solution
for 20 min at 600 rpm. Drain the solution out of the micro-
reactor. Repeat the coupling process twice to increase the
coupling efficiency. Wash the resins for 1 min three times
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3.2. Cell Culture and
Lysate Preparation

with 1.3 mL of DMF at 600 rpm. Repeat the same steps for
each cycle. Finally, wash the resins three times for 1 min
with 1.3 mL of MeOH at 600 rpm. Drain the MecOH
solution.

. Dry the resins overnight in air. Transfer 1 mL of a cleavage

cocktail containing 94% TFA, 2.5% water, 2.5% 1,2-ethanditiol
and 1% triisopropylsilane to the microreactor. Mix the solu-
tion with the resins for 1 h at 600 rpm. Collect the solution
ina 15 mL centrifuge tube. Add 9 mL of cold diethylether to
the centrifuge tube for the precipitation of the cleaved pep-
tides. Separate the peptides by centrifugation at 3,000 g for
5 min at 4°C and remove the supernatant. Wash the peptides
with 5 mL of cold diethylether two more times. Dry the pep-
tides completely under a flow of N,. Dissolve the dried pep-
tides in 1 mL of water. Purify the obtained crude peptides by
the reverse-phase liquid chromatography using a linear gradi-
ent of 10-90% acetonitrile containing 0.1% TFA at a flow rate
of 3.0 mL/min. Lyophilize the purified peptides to a white
powder.

. Culture A431 cells (107 cells) in a confluent layer in 10 ¢cm

dishes in a humidified atmosphere containing 5% CO, at
37°C.

. Replace the cell culture medium with 10 mL of serum-free

DMEM containing 1% antibiotic—antimycotic and incubate
the cells for 18 h before drug stimulation. Stimulate the cells
by 2 uM SU6656, a Src-specific inhibitor (10), for 2 h (see
Note 3). Wash the cells twice with 5 mL of cold D-PBS. Add
1 mL of D-PBS to the cells and collect them by scraping.
Transfer the cell containing solution into a 1.5 mL tube.
Centrifuge the solution at 1,500 rpm for 5 min at 4°C.
Remove the supernatant.

. Add 200 pL of'the cell lysis buffer A to the tube to resuspend

the cells. Sonicate the cells for 15 s three times in an ice bath
(see Note 4) using the ultrasonic homogenizer. Centrifuge
the homogenate at 100,000 g for 60 min. Collect the super-
natant as “cytosol fractions.” Resuspend the remaining pel-
let in 200 pL of cell lysis buffer B. Sonicate the pellet for
15 s three times in an ice bath. Centrifuge the solution at
100,000 g for 40 min. Finally, collect the supernatant as
“membrane fractions.” Use the membrane fractions for Src
experiments because Src is mainly located adjacent to the
membrane.

. Determine the protein concentrations in the cell lysates using

the BCA™ protein assay kit. The protein concentrations of
cytosol and membrane fractions are about 1 mg/mL.
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. Culture HepG2 cells (107 cells) in a confluent layer in 10 cm

dishes in a humidified atmosphere containing 5% CO, at
37°C. Prepare the HepG2 cell lysate using the same method
as preparation of A431 cell lysate. Use the cytosol fractions to
detect serine /threonine kinase activities.

. Perform all animal studies in accordance with the Guidelines

for Animal Experiments of Kyushu University. Inoculate 107
A43] cells subcutaneously in 100 puL of Hanks’ balanced salt
solution to male 5-week-old BALB /c nu/nu mice. Allow the
tumor to grow to about 8§ mm in diameter. Sacrifice the mice
by decapitation. Excise the tumor and subcutanecous skin
tissue.

. Homogenize the tissues gently in 1 mL of cell lysis buffer

A by the digital homogenizer. Centrifuge the homogenate
at 1,000 g at 4°C for 5 min and remove the supernatant.
Wash the precipitate with 1 mL of cell lysis buffer A by
pipetting. Centrifuge the suspended solution at 1,000 g at
4°C for 5 min and remove the supernatant. Resuspend
the precipitate in 0.5 mL of cell lysis buffer A. Follow the
steps for preparation of A431 cell lysates as described in
Subheading 3.2 in step 3.

. Wash a high amino-modified glass slide in a glass container of

pure water for 5 min with sonication. Dry the slide under the
N, flow.

. Prepare 1% glutaraldehyde as follows: add 9.5 mL of 50 mM

NaHCO, (pH 9.5) into a glass dish and subsequently, add
0.5 mL of 20% glutaraldehyde. Mix the solution gently. Place
the glass slide into the solution, immerse it (see Note 5) and
incubate the slide at 37°C for 2 h. Rinse the glass slide twice
with pure water for 8 min with sonication. Dry the slide under
the N, flow (see Note 6).

. Prepare 20 puL of peptide solutions containing 50 uM peptide

and 50 uM TCEP in 50 mM NaHCO, (pH 9.5) in a 384 well
plate. Leave the peptide solution at 4°C for 20 min for reduc-
tion of the disulfide bond.

. Spot the peptide solutions onto the slide with @150 um pins

using the microarray spotter. Prepare two peptide grids con-
taining the same peptides (one domain for control). Incubate
the slide in a humid glass dish at RT overnight. Rinse the slide
twice with TBS-T for 4 min with sonication. Dry the slide w
under the N, flow.

. Prepare 10 mL of blocking solution as follows: add 8 mL of

TBS-T into a glass dish, followed by adding 2 mL of Blocking
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3.6. Phosphorylation
Recognition

3.6.1. Detection
of Phosphotyrosine

3.6.2. Detection

One-P. Mix the solution gently. Immerse the slide in the solu-
tion (see Note 5) and incubate the slide for 1 h at RT. Rinse
the slide twice with TBS-T for 8 min with sonication and
once with pure water for 3 min with sonication. Dry the slide
under the N, flow. Circle the peptide grids on the slide using
the Super PAP pen.

. Drop 150 puL of the phosphorylation solution onto the pep-

tide grids on the slide using a pipette (see Note 7). Incubate
the slide in a humid glass dish at 37°C for 2 h. Rinse the slide
three times with TBS-S for 8 min with sonication and once
with pure water for 3 min with sonication. Dry the slide under
the N, flow.

. Prepare 300 pL of 3.33 pg/mL Cy5 antiphosphotyrosine

antibody by adding 1 puL of 1 mg/mL antibody to 299 uL of
TBS-T. Vortex the solution. Drop 150 uL of the solution
separately onto the peptide grids (see Note 7) and incubate
the slide in a humid atmosphere at RT for 20 min. Rinse the
slide once with TBS-T for 5 min with sonication followed by
flushing with pure water. Dry the slide under the N, flow.
Scan the slide with the microarray scanner. The results using
the Src peptides in Table 1 for the detection of the tyrosine
kinase, Src, activity in A431 cells (Fig. 2) and mouse tumor
(Fig. 3) are shown.

. Recognition of phosphoserine/threonine using Phos-tag

of Phosphoserine/ biotin: Prepare 300 puL of 10 ug/mL Phos-tag biotin solu-
Threonine tion by diluting 1 mg/mL Phos-tag biotin with Phos-tag
buffer. Drop 150 uL of the 10 ug/mL Phos-tag biotin solu-
tion onto the peptide grids (see Note 7) and incubate the
slide in a humid atmosphere at RT for 60 min. Flush the slide
with pure water and dry it under the N, flow.
Table 1
Src peptides. The underlined amino acid indicates
the phosphorylation site
Name Peptide sequence Comment
2-pY H-CXXEEIpYGEFD-NH, Tyr-phosphorylated (positive control)
2-Y H-CXXEEITGEFD-NH, Substrate
2-F H-CXXEEIFGEFD-NH, Phe-substituted (negative control)

X=-NH~(CH,CH,0),-CH,CO-
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Fig. 2. Detection of Src activity in A431 cells with (SU6656 (+)) or without (SU6656 (-))
SU6656 stimulation using a peptide microarray. (a) Fluorescence image of the peptides
(positive control 2-pY, substrate 2-Y, and negative control 2-F). The distance between
two spots is 1,000 um. (b) Fluorescence intensity of the peptides (/eft axis) and phos-
phorylation ratio of the substrate (right axis). The phosphorylation ratio is calculated
from the following equation: Phosphorylation ratio (%) = (Fl of substrate — FI of negative
control)/(Fl of positive control — FI of negative control), where Fl represents the fluores-
cence intensity. Data points are the means of six replicates and error bars represent the
standard deviation. With SU6656 stimulation, the fluorescence intensity and phosphory-
lation ratio of the substrate were both inhibited. This demonstrates that the inhibition of
Src activity in A431 cell by SU6656 is successfully detected by the peptide microarray.

2. Recognition of biotin using Dylight™ 649-conjugated
streptavidin: Prepare 300 uL of 2 pg/mL Dylight™
649-conjugated streptavidin by diluting 1 mg/mL Dylight™
649-conjugated streptavidin with 10 mM HEPES contain-
ing 1/20 Blocking One-P. Drop 150 uL of the 2 ug/mL
Dylight™ 649-conjugated streptavidin onto the peptide
grids (see Note 7) and incubate the slide in a humid atmo-
sphere at RT for 30 min. Rinse the slide once with TBS-T
for 2 min with sonication and then flush it with pure water.
Dry the slide and scan it with the microarray scanner. A sam-
ple fluorescence image of 804 types of peptides used to
detect serine/threonine kinase activities in HepG2 cells is
shown in Fig. 4.
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Fig. 3. Detection of Src activity in A431-bearing mouse tumor and normal skin tissue
using a peptide microarray. Data points are the means of six replicates and error bars
represent the standard deviation. The Src activity in the tumor is about two times higher
than that in normal skin tissue. This indicates that Src activity in animal tissues could be
detected using the peptide microarray.

600 pm

Fig. 4. Fluorescence image of 804 types of peptides used to detect serine/threonine
kinase activities in HepG2 cells. The 804 types of peptides were spotted in triplicate on
the glass (a total of 2,412 spots). The circled spots are positive controls that have a
phosphothreonine residue. The distance between two spots is 300 um and the scale bar
on the bottom represents 600 pm.
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. The high-density amino terminal glass provides more than two

times larger amino group density (12 units/nm?) than that of
APTES (3-aminopropyltriethoxysilane )-modified glass (5 units /
nm?) (11), enabling much higher peptide immobilization for

. The ink of the pen is water-insoluble and has no effect on

reactions. The ink is also resistant to the detergents contained
in TBS-T and TBS-S. Reaction solutions that are dropped
onto the circled area could be held without any spread.

. The final concentration of DMSO used to dissolve SU6656

should be less that 0.1%. Thus, the effect of DMSO can be

. Three 15 s sonications are better than one treatment for 45 s

because with a 45-s sonication treatment, the tube would
increase in temperature. After every 15 s, the tube should be
cooled down with ice to avoid protein denaturization.

6. Water drops and moisture should be totally eliminated.

Otherwise, the spot will spread when the peptide solution is

. The peptide-spotted area should be totally covered by the

solution. When the solution is dropped by a pipette, the
pipette tip should not contact the glass surface.
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Chemical Microarrays Gonstructed by Selective Attachment
of Hydrazide-Conjugated Substances to Epoxide Surfaces
and Their Applications

Sungjin Park, Myung-Ryul Lee, and Injae Shin

Abstract

Microarray technology has received considerable attention for rapid analysis of biomolecular interactions
and high-throughput screening to identify binding partners. An efficient and selective immobilization
technique of substances on the surface is essential for successful construction of microarrays. Although a
variety of immobilization methods have been exploited to prepare microarrays over the past decade, a
superior technique needs to be developed for diverse applications. Recently, an efficient and simple
method that relies on selective reactions between the hydrazide conjugated to substances and the epoxide
derivatized on the solid surface was developed to fabricate chemical microarrays. Reactions between
hydrazides with epoxides are highly selective in that they take place even in the presence of other potent
nucleophiles such as amines and thiols. This technique is utilized to immobilize various substances such
as small molecules, carbohydrates, and peptides to glass surfaces. The microarrays constructed by this
immobilization method are used to evaluate protein binding to carbohydrates, peptides, and small mol-
ecules. In addition, the microarrays are also employed to determine binding affinities between proteins
and binding partners as well as profiling of enzyme activities.

Key words: Carbohydrates, Chemoselectivity, Dissociation constants, Enzyme activity, High-
throughput screening, Immobilization, Microarrays, Peptides, Protein binding, Small molecules

1. Introduction

In the postgenomic era, functional studies of proteins and glycans
have been extensively performed for biological and biomedical
applications. As powertful tools for these studies, microarray-based
technologies, such as DNA, carbohydrate, peptide, and protein
microarrays, have been developed for accelerating the identification
of lead compounds and for genomic, transcriptomic, glycomic,

Mahesh Uttamchandani and Shao Q. Yao (eds.), Small Molecule Microarrays:
Methods and Protocols, Methods in Molecular Biology, vol. 669,
DOI 10.1007/978-1-60761-845-4_16, © Springer Science+Business Media, LLC 2010
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and proteomic research (1-12). In addition, small molecule
microarrays have also been exploited as high-throughput meth-
ods to identify bioactive compounds that selectively bind to pro-
teins (13-15). Small molecules that modulate biological processes
serve as useful tools in the studies of the functions of proteins as
well in the development of pharmaceutical agents. These microar-
ray-based technologies facilitate fast, quantitative and simultane-
ous assessment of a large number of biomolecular interactions
using limited quantities of samples.

Many biologically relevant compounds possess various func-
tional groups such as alcohols (-OH), amines (-NH,), carboxylic
acids (CO,H), and/or thiols (-SH). The major requirement of
techniques used to fabricate chemical microarrays is that immobi-
lization of the diversely functionalized compounds to the modi-
fied surfaces must be highly selective. As a result, strategies that
employ efficient and selective ligation processes would be gener-
ally applicable to the preparation of microarrays that contain
covalently linked, biologically interesting molecules with diverse
functionalities. Several criteria must be met in designing a general
method to prepare chemical microarrays. Firstly, the diverse sub-
stances possessing specific functional groups that are used for
selective reactions with the modified solid surfaces must be easily
synthesized by solid-phase synthesis. Secondly, functional groups
that selectively react with substances must be easily incorporated
on to the solid surfaces. Lastly, the diversely structured and func-
tionalized substances released from a solid support must undergo
site-specific covalent immobilization on the modified surfaces.
Strategies, which fit these criteria, employ highly chemoselective
ligation reactions. The immobilization technique which relies on
the use of reactions between hydrazide-containing substances and
epoxide-derivatized surfaces is suitable for the fabrication of
chemical microarrays (see Fig. 1). The hydrazide groups incorpo-
rated into the substances are used as a handle in their solid-phase
synthesis. The epoxide-derivatized glass slide is easily created by
immersingamine-coated glass slidesintoasolution of poly(ethylene
glycol) diglycidyl ether. Importantly, the reactions between
hydrazides and epoxides are chemoselective even in the presence
of other functionalities such as thiol and amine groups. This
immobilization method has been applied to the efficient con-
struction of microarrays containing small molecules, peptides,
and carbohydrates (16-18).

In this chapter, we provide protocols for the fabrication of
chemical microarrays based on the immobilization of hydrazide-
containing compounds on epoxide-coated glass slides. We also
describe the applications to (1) rapidly analyze protein binding to
carbohydrates, peptides, and small molecules, (2) determine
binding affinities between proteins and binding partners, and (3)
profile enzyme activities.
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Fig. 1. (@) Synthesis of a chemical library on a solid support and (b) microarray fabrication based on the immobilization
of hydrazide-conjugated substances on epoxide-coated glass slides.

2. Materials

2.1. Fabrication
of Chemical
Microarrays

. Hydrazide-conjugated substances are not commercially avail-

able and thus should be synthesized according to the known
procedures (see Fig. 1) (16-18).

. Buffers for dissolving compounds: 100 mM sodium phos-

phate bufter (pH 5.0) containing 40-50% (v/v) glycerol (see
Note 1). The hydrazide-conjugated compounds are dissolved
at 0.1-5.0 mM in 100 mM sodium phosphate buffer (pH
5.0) containing 40-50% glycerol and then stored at —=70°C. If
solubility of the probes is poor, dissolve the probes in a mini-
mum amount of DMSO and dilute with buffer containing
40-50% glycerol.

. Amine glass slides are purchased from commercial suppliers

such as TeleChem International, Inc. or Schott Nexterion
(see Note 2).

. 3% Poly(ethylene glycol) diglycidyl ether (Aldrich) in 10 mM

sodium bicarbonate (pH 8.3) to prepare epoxide-coated glass
slides from amine slides.

. PBS (pH 7.4) containing 0.1% Tween 20.
6. A plastic film (thickness: 0.1-0.2 mm, B.S. Inc.) that is coated

by adhesive at one side.
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. Slide staining tray and slide staining jar (GambH & Co. KG).

. Adjustable reciprocating orbital shaker (Branstead interna-

tional).

. Mini slide centrifuge (TOMY, Japan).
. MicroSys 5100 microarrayer (Cartisian Technologies) fitted

with Stealth Microspotting pins (TeleChem International).

Fluorescein isothiocyanate (FITC) (Aldrich or Molecular
Probes) is dissolved at 50 mg,/mlin DMSO and stored at -20°C.
Since FITC is light-sensitive, keep the solution in the dark.

. One tube of Cy3- or Cy5-N-hydroxysuccinimide (Cy3- or

Cy5-NHS) (Amersham Biosciences) is dissolved in 10 ul
DMSO and stored at -20°C. Since Cy3 and Cy5 are light-
sensitive, keep the solutions in the dark.

. Unlabeled proteins are dissolved at 1-10 mg/ml (small pro-

teins: 1-3 mg/ml, large proteins or antibodies: 1-10 mg,/ml)
in 100 mM sodium bicarbonate (pH 8.0) and stored at 4°C or
-20°C (see Note 3). Some fluorescent dye-labeled lectins are
commercially available from Vector Laboratories or Sigma.

. PD-10 desalting column (Amersham Biosciences).

PBS (pH 7.4) containing 0.1% Tween 20 and 1% bovine serum
albumin (BSA). BSA should be added to the bufter prior to use.

. Proteins used for analysis of their binding properties.
. Protein storage buffer: typically PBS bufter (pH 7.4) for lectins.
. Asolutionof B-1,4-galactosyltransferase (23 mU) (Calbiochem),

10 mM MnCl2 and 0.1 mM UDP-Gal in 50 mM HEPES
bufter, pH 7.5.

. 35 mM SDS in PBS buffer (pH 7.4).
. Cartisian AxSys software (Cartisian Technologies).

. Temperature- and humanity-controlled incubator (Daihan

Scientific, Korea).

. ArrayWorx™ microarray scanner (Applied Precisions, USA).

. ImaGene 6.1 software and origin Pro7.0 software.

2.2. Labeling 1.

of Proteins

by Fluorescent Dyes
2
3
4

2.3. Applications 1.

of Chemical

Microarrays 2
3
4
5
6
7
8
9

3. Methods

Chemical microarrays are constructed by printing very small quan-
tities (usually 1 nl) of hydrazide-conjugated substances on the
epoxide-derivatized glass slides using a robotic printing micro-
arrayer. Substances used for immobilization should be dissolved in
the proper buffer containing 40-50% glycerol to suppress undesired
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Epoxide-coated

glass slide

Chemical microarrays

Fig. 2. Fabrication of chemical microarrays and their applications for profiling of proteins.

3.1. Fabrication
of Chemical
Microarrays

evaporation of nanodroplets during spotting and immobilization
steps. Epoxide-coated glass slides are prepared by immersing amine-
coated glass slides into a solution of poly(ethylene glycol) diglyci-
dyl ether (3% solution in 10 mM NaHCO,, pH 8.3). Chemical
microarrays fabricated by this method can be used for biological
research and biomedical applications. For these studies, the microar-
rays are incubated with fluorescent dye-labeled proteins, and bound
proteins are visualized or quantitated by using a fluorescence scan-
ner (see Fig. 2). A commonly occurring problem in the detection
of bound proteins on the microarrays is high background fluores-
cence due to nonspecific interactions of fluorescent proteins with
modified surfaces. This problem can be solved by treating the fab-
ricated carbohydrate microarrays with 1% BSA prior to incubation
of the microarrays with labeled proteins. Alternatively, hydrophilic
surfaces coated by poly(ethylene glycol) considerably suppress the
nonspecific adsorption of proteins on the surfaces.

1. Place amine-derivatized glass slides in a slide staining tray and
transfer the slides into a staining jar containing 170 ml of a
solution of 3% poly(ethylene glycol) diglycidyl ether in 10 mM
sodium bicarbonate (pH 8.3).

2. Keep the slides immersed in the staining jar for 0.5-1 h at
room temperature with gentle shaking on an orbital shaker
(see Note 4).

3. After thorough washing of the slides in the staining jar with
170 ml of deionized water with gentle shaking (10 minx 3),
dry epoxide-coated slides by purging with Ar gas or by cen-
triftuging (480x ) for 1.5 min at room temperature using a
slide centrifuge (see Note 5). Slides can be stored at room
temperature in a desiccator for several weeks.

4. Prepare 100 ul of 0.1-5.0 mM hydrazide-conjugated com-
pound solutions in 100 mM sodium phosphate buffer (pH 5.0)
containing 40-50% glycerol (see Note 1). If the compounds
are not well soluble in buffer, first dissolve in a minimum
amount of DMSO and then dilute with buffer containing
40-50% glycerol.
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a plastic film
paper

11. Cut small sections of a plastic film
2. Remove paper to expose a sticky side

an epoxide-coated glass slide
Y’[tach a plastic film to a glass slide
Print compounds conjugated by
hydrazides in predetermined places

a cut plastic film

Fig. 3. Scheme for the attachment of a plastic film to modified glass slides.

5.

10.

Transfer 5-10 pl of the solution into a 384-well microplate.
The V-shaped 384-well microplate is recommended since a
small amount of solutions can be loaded into the microplate.
Be careful not to form bubble during transferring the solu-
tions. The microplate containing the solutions can be stored
at -70°C for several months.

. Cut parts of a plastic film (thickness: 0.1-0.2 mm) that is

coated by adhesive at one side with a knife (see Fig. 3). Attach
the blocked plastic film to an epoxide-coated glass slide pre-
pared by the procedure in step 3 (see Note 6).

. Print 1 nl of compound solutions from a 384-well microplate

in predetermined places on epoxide-coated glass slides by
using a robotic printing microarrayer (see Note 7). To pre-
vent contamination of slides, the print chamber and printing
pins should be clean.

. After printing is completed, leave the slides in the print cham-

ber (60% humidity) for 3 h at room temperature. Slides can
be left overnight at room temperature in the print chamber.

. After washing the slides with 30 ml of deionized water

(5 minx2), dry the slides by purging with Ar gas.

Drop 20-30 pl of a solution of 3% 2-aminoethanol or glycine
in 10 mM sodium bicarbonate (pH 8.3) on each block of the
slides by using a micropipette and incubate in the print
chamber (60% humidity) for 0.5 h at room temperature.
Unreacted epoxides on the slides are removed at this step
(see Note 8).



3.2. Protein Labeling
with Fluorescent Dyes

3.2.1. Labeling of Proteins
by FITC

3.2.2. Labeling of Proteins
by Cy3 or Cy5
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11.

After washing the slides with 30 ml of deionized water
(5 minx2), dry the slides by purging with Ar gas. Slides can
be stored at room temperature in a desiccator for several
weeks. However, for best results, prepare slides freshly prior
to use.

Proteins of choice are labeled with either fluorescein isothiocyanate
(FITC, see Subheading 3.2.1) or Cy3 /Cy5 (see Subheading 3.2.2).
Cy3/Cy5-labeled proteins give usually better results for protein-
binding studies than FITC-labeled ones because Cy3 and Cy5 dyes
exhibit higher quantum yield and are more stable to light than
fluorescein. However, Cy3-NHS and Cy5-NHS are much more
expensive than FITC.

1.

Prepare 0.1 ml of a solution of protein (~2 mg/1 ml) in
0.1 M sodium bicarbonate (pH 8.3). If protein activity is
decreased by 0.1 M sodium bicarbonate, the labeling reaction
can be carried out in 0.1 M sodium phosphate, HEPES or
borate buffers at the same pH. However, do not use bufters
containing free amines such as Tris or glycine since these buf-
fers are reacted with FITC.

. Add 2 pl of a solution of FITC (50 mg/ml in DMSO) to

0.1 ml of protein solution and mix thoroughly. Be caretul not
to foam the protein solution.

. Incubate the reaction mixture with rocking for 0.5-1 h at

room temperature. Keep the reaction in the dark since FITC
is light-sensitive.

. To remove unreacted dye, adjust the volume of the reaction

mixture to 2.5 ml with protein storage buffer and load on the
PD-10 desalting column that is prewashed with approximately
25 ml protein storage buffer (see Subheading 2.3).

. Discard the flow-through. Unreacted dye can be alterna-

tively removed from conjugated proteins by dialysis (see
Note 9).

. Elute with 3.5 ml protein storage buffer and collect the flow-

through. Two colored bands are usually observed; the faster
moving band contains the labeled protein and the slower
band contains free dye.

. Divide the solution into several portions and store at 4°C.

The excitation and emission wavelengths of fluorescein are
492 and 520 nm, respectively. The fluorescence properties of
a labeled protein and free dye are very similar. The labeled
protein can be stored at 4°C for several weeks.

. Dissolve one tube of Cy3 or Cy5 monoreactive dye (GE

Healthcare) in 30 ul DMSO and add 6 pl of the dye solution
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3.3. Applications 1.

of Chemical
Microarrays

3.3.1. Rapid Analysis
of Protein Binding
to Carbohydrates, Peptides,

and Small Molecules 2.

to 400 pg protein in 200 pl of 0.1 M sodium bicarbonate
(pH 8.3).

. Mix thoroughly and incubate the mixture with rocking for

0.5-1 h at room temperature. Be careful not to foam the
protein solution.

. Adjust the volume of the reaction mixture to 2.5 ml with

protein storage buffer and load on the PD-10 desalting col-
umn that is prewashed with approximately 25 ml protein
storage buffer. Discard the flow-through.

. Elute with 3.5 ml protein storage buffer and collect the flow-

through. Two colored bands are usually observed; the faster
moving band contains the labeled protein and the slower
band contains free dye.

. Divide the solution into several portions and store at 4°C.

The excitation and emission wavelengths of Cy3 are 550 and
570 nm, respectively, and the excitation and emission wave-
lengths of Cy5 are 675 and 694 nm, respectively. The fluores-
cence properties of a labeled protein and free dye are very
similar. The labeled protein can be stored at 4°C for several
weeks.

Before using the chemical microarrays, drop 20-30 ul of a
solution of 10 mM PBS (pH 7.4) containing 1% BSA and
0.1% Tween 20 on each block of the slides prepared by the
procedure in step 11 of Subheading 3.1 and incubate in the
print chamber (humidity 60%) for 1-0.5 h at room tempera-
ture (see Note 10).

Rinse the slides with 10 mM PBS (pH 7.4) containing 0.1%
Tween 20 to remove protein solution and wash with 30 ml of

the same buffer with gentle shaking (10 minx 3). Rinse the
slides with deionized water.

. Dry the slides by purging with Ar gas and drop 20-30 pl of a

solution of fluorescent dye-labeled proteins (1-10 pg/ml) in
the appropriate buffer containing 0.1% Tween 20 on each
block of the slides by using a micropipette (see Note 11).
Handle proteins on ice at all times. This helps to preserve
protein activity.

. Incubate in the print chamber (60% humidity) for 0.5-1 h at

room temperature.

. Rinse the slides with protein bufter to remove unbound pro-

teins. Remove the compartmentalized plastic film from glass
slides and wash with 30 ml protein buffer containing 0.1%
Tween 20 with gentle shaking (10 minx 3). Rinse the slides
with deionized water.
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6. Dry the protein-treated slides by purging with Ar gas. The
slides probed with fluorescent dye-labeled proteins can be
stored at room temperature in a desiccator for several
weeks.

7. Scan slides using a microarray scanner fitted with the appro-
priate filters. Keep slides clean at all times. When slides are
contaminated by dust, they will display high fluorescence
intensity and consequently the fluorescence intensity of the
desired spots will be unclear. Process fluorescence data using
ImaGene 6.1 software and analyze data using Origin Pro 7.0
or other software (see Fig. 4).
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Fig. 4. Rapid analysis of protein binding to carbohydrates, peptides, and small molecules using chemical microar-
rays. (a) Carbohydrate-binding patterns of proteins. Carbohydrate microarrays were probed with Cy3-labeled Wheat
germ agglutinin (WGA) (fop), FITC-labeled Concanavalin A (ConA) (middle), and Cy5-labeled Aleuria aurantia lectin
(AA) (bottom) (1: Fuc-o., 2: Fuc-p, 3: Gal-c, 4: Gal-B, 5: GalNAc-a., 6: Glc-o, 7: Glc-f3, 8: GlcNAc-a, 9: GlcNAc-f3, 10:
Man-ar, 11: Xyl-o,, 12: Xyl-B, 13: Glcp1,4Glc-B, 14: GalB1,4Glc-B, 15: Glca1,4Glc-B, 16: Galp1,4GIcNAc-B, 17:
GalB1,6Man-o, 18: Glcpf1,6Man-c, 19: Mano1,6Man-o, 20: Mano1,6Mano1,6Man-o). (b) peptide-binding pat-
terns of streptavidin (single letter amino acid codes: 20 amino acids, P — L; replacement of P in peptide by L, Q - L;
replacement of Q in peptide by L). Peptide microarrays were treated with Cy3-streptavidin. (¢) Small molecule-
binding patterns of acetylcholinesterase (AChE). Small molecule microarrays were incubated with Cy5-
acetylcholinesterase.
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3.3.2. Profiling of B-1,4-
Galactosyltransferase
Activity

3.3.3. Determination of
Dissociation Constants (K,
Values) for Protein—
Carbohydrate Interactions

1.

Drop a 20-30 pl solution of B-1,4-galactosyltransferase (1 mU),
MnCl, (10 mM) and UDP-Gal (1 mM) in HEPES buffer
(50 mM, pH 7.5) on each block of the BSA-pretreated slides
containing various carbohydrates by using a micropipette.

. Incubate the slides in the print chamber (80% humidity) at

37°C for 3 h.

. Rinse the slides with HEPES butfter to remove enzyme solutions

and wash with 30 ml PBS buffer (pH 7.4) containing 0.1%
Tween 20 with gentle shaking (10 minx 3). Further wash the
slides with 30 ml of 35 mM SDS in PBS buffer (pH 7.4) under
sonication at 60—65°C for 5 min (see Note 12). Rinse the slides
with deionized water.

4. Dry the slides by purging with Ar gas.

. Drop a 20-30 pl solution of Cy3-Ricinus communis agglu-

tinin I (RCA ) that binds to galactose-containing glycans,
in PBS (pH 7.4) containing 0.1% Tween 20 on each block
of the slides by using a micropipette. Incubate the slides in
the print chamber (60% humidity) for 0.5-1 h at room
temperature.

. Rinse the slides with PBS (pH 7.4) to remove protein solu-

tions. Remove the compartmentalized plastic film from glass
slides and wash with 30 ml PBS (pH 7.4) containing 0.1%
Tween 20 with gentle shaking (10 minx 3). Rinse the slides
with deionized water.

. Dry the slides by purging with Ar gas. The slides can be stored

in a desiccator at room temperature for several weeks.

. Scan slides using a microarray scanner fitted with the appro-

priate filters. Process fluorescence data using ImaGene 6.1
software and analyze data using Origin Pro 7.0 or other soft-
ware (see Fig. 5).

. Prepare 5-10 pl of hydrazide-conjugated LacNAc-o and -

solutions in 0.1 M sodium phosphate buffer (pH 5.0) con-
taining 40-50% glycerol.

. Print 1 nl of the solutions from a 384-well microplate in pre-

determined places on epoxide-coated glass slides by using a
robotic printing microarrayer.

. After printing is completed, leave the slides in the print cham-

ber (60% humidity) for 3 h at room temperature.

. After washing the slides with 30 ml of deionized water

(3 minx 3), dry the slides by purging with Ar gas.

. Drop 20-30 ul of a solution of 3% 2-aminoethanolin 10 mM

sodium bicarbonate (pH 8.3) on each block of the slides by
using a micropipette and incubate in the print chamber
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Fig. 5. Profiling of 3-1,4-galactosyltranserase activity with microarrays containing twenty carbohydrates. Carbohydrate
microarrays were incubated with 1 mU 3-1,4-GalT in the presence of 10 mM MnCl, and 1 mM UDP-Gal for 3 h at 37°C

and then probed with Cy3-RCA,,.
with enzyme (immobilized glycans

Fluorescence images of RCA

1o-treated slides before (left) and after (right) treatment
on the surfaces are the same as those in Fig. 4a). Only GIcNAc-o. and - were

converted to LacNAc-o and -3, respectively, by this enzyme. Data are the average = S.D. of triplicate determinants.

10.

11.

12.

(60% humidity) for 0.5 h at room temperature to quench
unreacted epoxides.

. After washing the slides with 30 ml of deionized water
(3 minx 3), dry the slides by purging with Ar gas.

. Drop 20-30 pl of a solution of 1% BSA and 0.1% Tween 20
in 10 mM sodium bicarbonate (pH 8.3) on each block of the
slides by using a micropipette and incubate in the print cham-
ber (humidity 60%) for 0.5 h at room temperature.

. Rinse the slides with 10 mM PBS (pH 7.4) containing 0.1%
Tween 20 to remove protein solution and wash with 30 ml
of the same buffer with gentle shaking (10 minx 3). Rinse
the slides with deionized water. Dry the slides by purging
with Ar gas.

. Drop 20-30 ul of a solution of 0.1 nM to 1 mM concentra-
tions of Cy3-RCA ,; (20 ug/ml) in the 10 mM PBS (pH 7 .4)
containing 0.1% Tween 20 on each block of the slides by
using a micropipette.

Incubate in the print chamber (60% humidity) for 1 h at room
temperature.

Rinse the slides with 10 mM PBS (pH 7.4) containing 0.1%
Tween 20 to remove protein solution and wash with 30 ml
wash bufter with gentle shaking (3 minx 3). Rinse the slides
with deionized water.

Scan slides using a microarray scanner fitted with the appropri-
ate filters. Process fluorescence data using Imagene 6.1 soft-
ware, and analyze data using Origin Pro 7.0 (see Fig. 6).
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4, Notes

. Addition of glycerol to sample solutions suppresses the

unwanted evaporation of nanodroplets during spotting and
immobilization. Evaporation of solutions results in uneven,
inefficient immobilization of compounds.

. Amine-coated glass slides can be prepared by a known proce-

dure (20). However, it is recommended that nonexperts
should purchase the derivatized glass slides from commercial
suppliers since the quality of the modified glass slides is of
great importance for reproducible results.

. High concentrations of proteins sometimes result in the pre-

cipitation of proteins. In this case, the concentration of pro-
teins is decreased.

. Although shaking can be omitted during modification of slide

surfaces, gentle stirring on an orbital shaker is reccommended
to increase the efficiency of glass surface modification.

. Argon purging is preferred to centrifugation as a drying method

since the former can remove the contaminating dust on the
slides.
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6.

10.

11.

12.

Use of the blocked plastic film facilitates compartmentaliza-
tion that is required for simultaneously incubation of a single
slide with several proteins.

. The humidity in the print chamber should be kept at 60% to

avoid the unwanted evaporation of nanodroplets during
spotting.

. Quenching of the unreacted epoxide groups on the surface

by the treatment with glycine or 2-aminoethanol can be omit-
ted. Incubation of the chemical microarrays with BSA prior
to probing with proteins quenches the unreacted epoxide
groups.

. Whereas dialysis gives a higher concentration of conjugated

protein than gel filtration, the former method normally takes
more time (1 day) than the latter one (within 1 h). Therefore,
it is recommended that gel filtration should be performed for
the rapid removal of free dye.

One of the biggest problems for microarray experiments is
the nonspecific interaction of the probing proteins with
derivatized surfaces. Treatment of the microarrays with BSA
considerably decreases these nonspecific interactions.
Hydrophilically modified surfaces such as poly(ethylene gly-
col) (PEQG) considerably suppress these undesired interactions
even without the treatment with BSA.

Tween 20 should be added to a solution of dye-labeled pro-
teins prior to use since Tween 20 in protein solutions results
in the decrease of protein activity during storage.

Omission of sonication of the enzyme-treated slides in a hot
SDS solution results in a high background fluorescence.
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Chapter 17

A Microarray-Based Method to Perform Nucleic Acid
Selections

Olga Aminova and Matthew D. Disney

Abstract

This method describes a microarray-based platform to perform nucleic acid selections. Chemical ligands
to which a nucleic acid binder is desired are immobilized onto an agarose microarray surface; the array is
then incubated with an RNA library. Bound RNA library members are harvested directly from the array
surface via gel excision at the position on the array where a ligand was immobilized. The RNA is then
amplified via RT-PCR, cloned, and sequenced. This method has the following advantages over traditional
resin-based Systematic Evolution of Ligands by Exponential Enrichment (SELEX): (1) multiple selec-
tions can be completed in parallel on a single microarray surface; (2) kinetic biases in the selections are
mitigated since all RNA binders are harvested from an array via gel excision; (3) the amount of chemical
ligand needed to perform a selection is minimized; (4) selections do not require expensive resins or
equipment; and (5) the matrix used for selections is inexpensive and easy to prepare. Although this pro-
tocol was demonstrated for RNA selections, it should be applicable for any nucleic acid selection.

Key words: Nucleic acids, SELEX, Microarrays, Screening, RNA motifs, Internal loops

1. Introduction

Noucleic acids that are selected to bind to a small molecule (1-3),
protein (4-7), or whole cells (8) have a variety of applications that
range from diagnosing (9, 10) and treating disease (11, 12) to
deciphering the origins of life (13, 14). Many methods have been
developed to select nucleic acids that bind a small molecule of
interest; Systematic Evolution of Ligands by Exponential
Enrichment (SELEX) is most frequently used. All of these meth-
ods require the isolation of active nucleic acids from inactive ones.
These separations are most commonly completed by using affinity
chromatography in which a ligand is conjugated onto a resin (4).

Mahesh Uttamchandani and Shao Q. Yao (eds.), Small Molecule Microarrays:
Methods and Protocols, Methods in Molecular Biology, vol. 669,
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Capillary electrophoresis (CE) (15) has also been used to perform
selections and does not require immobilization of a ligand onto a
matrix. CE requires, however, that the mobility of the bound
nucleic acid be different from that of the unbound. Though pow-
erful, both methods have disadvantages. For example, in resin-
based selections, kinetic biases can be introduced because a high
concentration of the bound ligand is washed over a resin to elute
the binders (16). This, the resin-based selections, can select
against the highest affinity binders since they are the most difficult
to compete off. CE SELEX is not affected by kinetic biases but
does require specialized equipment. Neither method allows for
multiple selections to be completed in parallel.

In an effort to complete multiple selections in parallel, a
microarray-based method was developed. Microarrays are advan-
tageous platforms for screening and performing selections because
of the small amounts of ligand and analyte required, and the ability
of microarrays to probe thousands of interactions in parallel.
These advantages are best illustrated in the widespread uses of
microarrays, which include studying gene expression (17), and
protein—protein (18), carbohydrate—protein (19), cell-ligand
(20, 21), and small molecule—protein interactions (22-24). In
order to develop a microarray-based method to complete selec-
tions, a microarray surface that is robust enough for ligand screen-
ing and allows bound RNAs to be harvested directly from the
array surface is required. We found that the optimal surface is an
agarose-coated microarray (25, 26). Bound RNAs can be har-
vested from the array surface by simple excision of the agarose
from ligand-functionalized positions (27, 28). Additionally, aga-
rose provides an inexpensive and three dimensional surface for
high ligand loading. It can also be functionalized to provide a
chemical handle for immobilization of a variety of reactive groups.
Most importantly, by harvesting all ligand-bound RNAs via gel
excision, kinetic biases found in resin-based selections may be
mitigated (27).

Not only does completing multiple selections in parallel on a
microarray surface increase throughput, but it also allows for the
identification of the highest affinity and specific RNA-ligand
interactions. Higher affinity RNA-ligand interactions are selected
at lower ligand loadings that captured the members of an RNA
library (27). In contrast, separate experiments would be required
for each ligand loading to identify higher affinity interactions
using resin-based SELEX. Specific RNA-ligand interactions are
identified using the microarray selection procedure because it
may set up a competition experiment between the arrayed ligands
for the members of the RNA library (28).

In this protocol, the steps for completion of a microarray-
based selection are described (Fig. 1). We specifically focus on
ligands that are immobilized onto an agarose array surface using
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Fig. 1. Schematic of the microarray-based selection process: (@) immobilization of small molecules on an activated aga-
rose microarray via a Huisgen 1,3-dipolar cycloaddition reaction. (b) An image of the slide after hybridization with radio-
labeled RNA. (c) An image of the same slide after the mechanical removal of bound RNA. (d) A schematic of an agar plate
after transformation with a vector containing selected members of the library. (e) Colonies that are white from blue/white
screening should be grown in culture and submitted for sequencing to deconvolute the selected members of the

library.

a Huisgen cycloaddition reaction in which the array displays either
azide or alkyne groups (29, 30), however, other immobilization
chemistries are compatible with this platform, including immobi-
lization of amine-containing ligands via reductive amination (25).
This approach should be applicable to any nucleic acid-based
selection.

2. Materials

2.1. Functionalization 1.
of Agarose Slides

31.8 mM solution of NaCNBH,: Dissolve 0.2 g of sodium
cyanoborohydride in 80 ml 1x PBS and 20 ml ethanol.
Prior to applying this solution to the array surface (pre-
ferred vendor is Sigma Aldrich, Silane Prep Slides), ensure
that all of the NaCNBH,is dissolved by stirring the solu-
tion for 2-3 min. It is important to prepare this solution
fresh every time.

. 10x phosphate buffered saline (PBS): Dissolve 14.2 g of

Na,HPO,, 2.45 g of KH,PO,, 81.8 g of NaCl, 1.86 g of KClI
in 900 ml of nanopure water. Adjust the pH to 7.5 using
NaOH or H,PO,. Add nanopure water to bring volume to
1 L. Store the solution at room temperature.

. 0.2% Sodium dodecyl sulfate (SDS): Dissolve 2 g of SDS in

900 ml of nanopure water; add water to make 1 L of solution.
Store the solution at room temperature.
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2.2. Spotting of Small 1. 10x phosphate buffer: Prepare the following solutions:

Ml.)lecules onto 1 M K, HPO, (dissolve 1.74 g of K HPO, in 10 ml of nano-
Microarrays pure water).

1 M KH, PO, (dissolve 1.36 g of KH,PO, in 10 ml of nano-
pure water).

1 M Na,HPO, (dissolve 1.42 g of Na,HPO, in 10 ml of
nanopure water).

1 M NaH,PO, (dissolve 1.2 g of NaH,PO, in 10 ml of nano-
pure water).

Prepare a 100 mM potassium phosphate solution by mixing
940 ul of 1 M K,HPO,, 60 pl of 1 M KH,PO,, and 9 ml of
nanopure water.

Prepare a 100 mM sodium phosphate solution by mixing
932 ul of 1 M Na,HPO,, 68 ul of 1 M NaH,PO,, and 9 ml
of nanopure water.

Finally, mix equal volumes of the two 100 mM solutions
together; this solution should have a pH of ~8. Store the
solution at room temperature.

2. Tris[(1-benzyl-1H-1,2,3-triazol-4-yl)methyl| amine (TBTA)
solution: Stock solutions of TBTA should be made in 4:1
mixture of 2-butanol:DMSO. Store at 4°C.

3. 10% ethylene glycol solution: Mix 20 ml of ethylene glycol
with 180 ml of nanopure water. Store the solution at room

temperature.
2.3. Hybridization 1. 10x Hybridization Buffer: Dissolve 11.36 g of Na,HPO,,
of RNA onto the Slides 3.72 g of Na,EDTA-2H,0, 105.2 g of NaCl in 900 ml of

nanopure water; adjust the pH to 7.0 with HCI. Add nano-
pure water to bring volume to 1 L. Store the solution at room
temperature.

2. DEPC-treated water: Add 100 pl of Diethylpyrocarbonate
(DEPC) to 1 L of distilled water. Mix well and incubate at
room temperature for 2 h. Autoclave on the liquid cycle for
20 min at 121°C to inactivate the DEPC. Store the water at
room temperature.

2.4. Cell Cloning 1. LB medium: Dissolve 10 g of bacto tryptone, 5 g of bacto
yeast extract, 10 g of NaCl, and 1 ml of 1 M NaOH in 900 ml
of de-ionized water. Adjust the pH to 7.0 with 1 M NaOH.
Sterilize by autoclaving on the liquid cycle at 121°C for
20 min. Store the solution at room temperature.

2. Terrific broth medium Dissolve 12 g of tryptone, 24 g of
yeast extract, and 4 ml of glycerol in 900 ml deionized water.
Sterilize by autoclaving on the liquid cycle at 121°C for
20 min. Add 100 ml of 0.17 M KH,PO,+0.72 M K, HPO,
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that has been sterile filtered. Store the solution at room
temperature.

3. SOC medium Dissolve 20 g of bacto tryptone, 5 g of bacto
yeast extract, 0.5 g of NaCl, 10 ml of 250 mM KCl,and 3.6 g
of glucose in 900 ml of water. Adjust the pH to 7.0 using
1 M NaOH. Sterilize by autoclaving at 121°C for 20 min on
the liquid cycle. Store the solution at room temperature.

4. 100 mM Isopropyl-B-D-thiogalactoside (IPTG): Dissolve
238 mg of IPTG in 10 ml of nanopure water. Store the solu-
tion in a brown glass bottle or wrap the container in alumi-
num foil as IPTG is light sensitive. Store at -20°C.

5. 5-Bromo-4-chloro-3-indolyl-B-D-galactopyranoside (X-gal):
Dissolve 200 mg of X-gal in 10 ml of DMF. Store the solu-
tion in a brown glass bottle or wrap the container in alumi-
num foil as X-gal is light sensitive. Store at -20°C.

2.5. Polymerase Chain 1. 10x PCR bufter: Dissolve the following in 45 ml nanopure

Reaction and RNA water: 1.86 g of KCl, 0.6 g of Tris base, 500 ul of Triton

Transcription X-100. Use KOH to adjust the pH of the solution to 9.0.
Bring the total volume to 50 ml. Store the solution at -20°C.
A suitable buffer supplied by the manufacturer can also be
used.

2. To transcribe RNA, we use RNAMaxx transcription kit

(Stratagene).
2.6. Polyacrylamide 1. 10x TBE Butffer: Dissolve 108 g of Tris base, 55 g of boric
Gel Electrophoresis acid, 80 ml of 0.5 M EDTA in 850 ml of nanopure water.

Adjust the pH to 8.3 using HCI. Bring volume to 1 L. Store
the solution at room temperature.

2. 0.5 M EDTA: Dissolve 14.9 g of EDTA in 900 ml of nano-
pure water. Adjust the pH to 9.0 with NaOH. Bring volume
to 1 L with nanopure water. The solution is stored at room
temperature.

3. 2x Loading Buffer: Dissolve 24 g of urea, 0.372 g of
Na,EDTA-2H,0, and 0.0121 g of Tris base in approximately
30 ml of nanopure water. Bring volume to 50 ml with water.
Check the pH of solution; it should be approximately 7.5.
Do not try to adjust the pH, as this will result in the introduc-
tion of excess of salt which will cause problems during gel
electrophoresis. Add 5 mg of Orange G dye and store the
solution at room temperature.

4. 2x Loading Buffer with bromophenol blue and xylene cyanol:
Make 2x Loading bufter as described above, but do not add
Orange G. Instead, add 2 mg of bromophenol blue and 2 mg
of xylene cyanol. Store at room temperature.
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3. Methods
3.1. Preparation 1.
of Agarose Slides

2
3.2. Functionalization 1.
of Agarose Slides

Prepare 1% agarose solution (w/v) using nanopure water.
Melt in a microwave on high for 2-3 min, swirling the solu-
tion every 20-30 s.

. While the solution is hot, apply ~1.5 ml to the surface of a

glass slides using a P-1000 pipette. Ensure that the solution is
spread evenly over the slide surface. Allow the agarose to dry
to a thin film overnight (Fig. 2a, b).

Prepare a solution of 0.02 M NalO, in water. Submerge the
slides in this solution for 30 min at room temperature, and
then wash with nanopure water for 30 min.

. Submerge the slides in 10% (v/v) ethylene glycol for 1 h at

room temperature to quench residual NalO,. Wash with
water for 1.5 h, changing water every 20 min.

. (A) To prepare microarrays of amine-displaying ligands, com-

plete the following:
1. Allow the slides to dry.
2. Prepare spotting solutions as follows: small molecule at
desired concentration (typically serially diluted from 5 mM

to 1 uM), 0.1 M NaHCO,, and 10% glycerol. Spot 0.4 ul
of the solutions onto aldehyde-agarose slides in duplicate.

l

: 000000000000
‘ 000000000000

000000000000
| 000000000000
i ©00000000000

Fig. 2. Images of agarose arrays during the preparation and selection of bound mem-
bers. (a) An agarose slide that has solidified to a gel. (b) An agarose-coated microarray
that has dried to a clear film. (c) An image of an agarose array that is placed on top of a
paper grid to image use as a guide for spotting ligands; the spots to indicate the four
corners of the grid have been put on the array using a hydrophobic marker and help
align the grid for precise excision of bound nucleic acid on an array. The same grid is
used to align the image of slides after hybridization with an RNA library.
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3. Incubate for 3 h at room temperature in a humidity
chamber (box containing a saturated solution of NaCl).
Wash the slides 3 x 10 min with 1x Hybridization Buffer,
followed by water, 2 x 10 min. Continue to step 6.

(B) For microarrays of alkyne-displaying ligands, sub-
merge the slides in a solution of 0.1 M NaHCO, (pH
8.5) and 10 mM 3-azidopropylamine for 3 h at room
temperature. Continue to step 6.

(C) For microarrays of azide-displaying ligands, replace
10 mM 3-azidopropylamine with 10 mM propar-
gylamine. Continue to step 6.

4. Submerge slides in solution of 31.8 mM NaBH, for 3 min to

reduce the imine formed on the microarray surface.

5. Wash the slides with 0.2% SDS, 3x15 min, and then with

water, 2 x 15 min.

6. Dry the slides under a stream of air. (This is the last step for

microarvays of amine-displaying ligands.)

1. Prepare spotting solutions as follows:

(a) For azide-displaying small molecules: the small molecule
at the desired concentration (typically two to threetold
serially diluted from 5 mM to 1 uM), 10 mM Tris-HCI,
pH 8.5, 1 mM CuSO,, 100 uM ascorbic acid, 100 uM
TBTA (29), and 10% glycerol. Spot 0.4 pl of the solu-
tions onto alkyne-agarose slides in duplicate.

(b) For alkyne-displaying small molecules: the small mole-
cule at the desired concentration (typically serially diluted
from 5 mM to 1 uM), 1x phosphate buffer, 1 mM
CuSO,, 0.5 mM TCEP, 100 uM TBTA (29), and 10%
glycerol. Spot 0.4 ul of the solutions onto azide-agarose
slides in duplicate.

. Incubate for 3 h at room temperature in a humidity chamber

(box containing a saturated solution of NaCl). Wash the slides
3x10 min with 1x Hybridization Bufter, followed by water,
2x10 min.

1. Amplify the randomized DNA template that encodes the

RNA library by PCR using a forward primer that includes a
T7 RNA polymerase promoter. Set up the reaction as fol-
lows: 1x PCR buffer, 0.3 mM dNTDs, 4.25 mM MgCl,,
2 UM forward primer, 2 UM reverse primer, 20 nM template,
and one unit of Taqg DNA polymerase in a total volume of
50 pl. Alternatively, anneal two strands of complementary
DNAs encoding an RNA polymerase promoter and the
desired RNA library.
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2.

While PCR is running, pour an agarose gel containing
ethidium bromide to analyze the PCR reaction. Choose
the percentage of agarose that is appropriate for the size of
the PCR product. For the RNAs used herein, 2% agarose is
sufficient.

. Mix 3 ul of PCR product with 1 pl 50% glycerol. Load the

PCR product and an aliquot of a 100 bp DNA ladder into
separate wells of the agarose gel; run the gel at 100 V for
15-30 min, or until proper separation is obtained. Visualize
the DNA using a transilluminator or handheld UV lamp.
Keep this gel to check the transcription reaction.

. Transcribe the PCR product using any transcription protocol

that utilizes an RNA polymerase (31). Manufacturers usually
provide procedures for transcription of unlabeled RNA or
32P-internally labeled RNA; add 2 pL of a-*?P ATD, or 20 pCi,
to each transcription reaction.

. While the RNAistranscribing,poural6cmx 19.7 cm x 0.8 mm

denaturing polyacrylamide gel to purify the RNA transcript.
The percentage of acrylamide used should be appropriate for
the size of the RNA library. For the library described here,
12% acrylamide gels are used (32).

. Check that the transcription reaction was successful by aga-

rose gel. Pour a 2% agarose gel and mix about 100 ml of 1x
TBE buffer with 5 pl of 10 mg/ml aqueous ethidium bro-
mide solution. Mix 0.5 pl of the transcription reaction with
5 ul of 15% glycerol. Load the sample and an aliquot of a
100 bp DNA ladder on an agarose gel. Run the gel at 100 V
tor 15-30 min or until proper separation is obtained. Visualize
the DNA using a transilluminator or handheld UV lamp.

. Once the transcription reaction is complete, add 1 unit of

RNase-free DNase and incubate the sample for 30 min at
37°C.

. Add an equal volume of 2x Loading Bufter to the transcrip-

tion reaction. Load on the acrylamide gel prepared in step 5.
Also, load running dyes (bromophenol blue and xylene cyanol
in 1x Loading Buffer) to determine when proper separation
of the RNA has been obtained. Run the gel at 300 V for
1-3 h using the running dyes as a guide.

. Visualize the RNA transcript:

(a) Ifthe RNA is transcribed without radioactivity, identify the
transcript by UV shadowing. Place a TLC plate with a fluo-
rescent indicator under the gel, and excise the product
band with a razor blade. (The product will appear purple.)

(b) If the RNA is transcribed in the presence of a-[*?P]
ATP, the product can be identified by exposing the gel



3.5. 5-End Labeling
of RNA (If RNA Is Not
Internally Labeled)

3.6. Hybridization
of RNA to the Slide
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10.

11.

12.

to a phosphorimager screen. Wrap the gel in saran wrap
before placing the screen on top of the gel. Use the image
as a template to excise the product band with a razor blade.

Place the gel slice into a 15 ml conical tube. Add 3 ml of
0.3 M NaCl in DEPC-treated water and tumble at 4°C
overnight.

Centrifuge the sample to pellet the gel pieces, and transfer the
supernatant to a fresh 15 ml conical tube. Use 2-butanol to
concentrate the RNA to approximately 0.5 ml, and ethanol
precipitate by adding 2.5 volumes of ethanol to the sample,
and then place the sample at -20°C for at least 15 min. Pellet
the RNA by spinning in a centrifuge for 10 min at 10,000 x g4
at 4°C (32).

Resuspend the RNAin 100 ul DEPC-treated water. Determine
the concentration of RNA using UV absorption at 260 nm
and the corresponding extinction coefficient (for example,
obtained from HyTher server, HyTher version 1.0, Nicolas
Peyret, and John Santalucia, Jr., Wayne State University)
(33, 34). Since this is an RNA library, the extinction coefhi-
cient is an estimate.

. Remove 5’ phosphate group by incubating 20 pmol RNA, 1x

alkaline phosphatase buffer, and three units of calf intestinal
alkaline phosphatase (CIAP) in 100 pl total volume at 37°C
for 1 h.

. Remove CIAP from the reaction by phenol/chloroform/iso-

amyl alcohol extraction and then ethanol precipitate the RNA
with 10 pug of glycogen. Place the sample in a vacuum con-
centrator for 1-2 min to remove residual ethanol.

. Kinase the RNA by dissolving the above pellet in 1x kinase

buffer containing 3 pl [y-3?P] ATP and five units of T4
polynucleotide kinase. Incubate the mixture at 37°C for
1 h. Mix with an equal volume of 2x Loading Buffer. Purify
the reaction by denaturing polyacrylamide gel electropho-
resis(PAGE)and extract RNAasdescribedin Subheading 3.4,
step 10.

. Prepare a solution of **P-labeled RNA in 1x Hybridization

Buffer. We generally use the amount of RNA that gives
>2,000 cpm by Geiger counter for every slide. Refold the
RNA as appropriate. (For example, heat the sample at 60°C
for 5 min and allow to slowly cool to room temperature on
bench top.) If the isolation of specific RNA-ligand interac-
tions in which the RNAs are small secondary structures is
desired, then competitors — oligonucleotide mimics of the
constant regions in the library — should be added to the
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Fig. 3. An example of oligonucleotides that may be used to identify RNA internal loop motifs that bind ligands.
Oligonucleotide 1 is an internal loop library with six randomized positions (N) that contains 4,096 unique members; 2-5
are examples of competitors used to ensure that the interaction between a small molecule and RNA is specific; and 6 is
the cassette in which the internal loop library is embedded.

hybridization solution (Fig. 3). If only the isolation of aptamers
that bind a ligand is desired, then it is not necessary to use
competitor oligonucleotides. Add 1x Hybridization Buffer

and competitor oligonucleotides if appropriate to a total vol-
ume of 500 ul.

. While the RNA is cooling to room temperature, prehybridize

ligand-functionalized slides with 500 pl of 0.1% BSA (w/v)
in 1x Hybridization Buffer for 5 min. Distribute the buffer
evenly over the surface of the slide by placing a piece of para-
film over the applied solution. After prehybridization, remove
parafilm and shake off the buffer.

. Apply RNA solution to the slide, distributing it evenly over

the surface using custom-cut 1 in.x3 in. piece of parafilm.
Incubate at room temperature for at least 20 min.

. Wash the slides with 50 ml of 1x Hybridization Buffer with

slight agitation 3 x 10 min. Gently blow air over the slide
for 1 min to remove excess of buffer, and dry at room
temperature by sitting on bench. Wrap the slide in saran
wrap and expose to a phosphorimager screen at —20°C.
Exposure time depends on how radioactive the slides are
(3 h — overnight).

. Scan the screen on a phosphorimager and print the image as

its actual size to use as a template for excision (Fig. 4a) (see
Notes 1 and 2).
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RNAs

3.8. RT-PCR
of Selected RNAs
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1.

Place an image of the array under the slide and use it as a
template to identify captured RNA. Add 0.4 pl of nanopure
water to each position to be excised. Incubate for 30 s at
room temperature, and then remove the unabsorbed water
using a pipette. Using a toothpick, trace the circumference of
the hydrated spot and remove it; once loosened, the gel slice
will stick to the toothpick. Place the gel slice in a PCR tube.

. Reexpose the slide to a phosphorimager screen overnight to

ensure that the agarose containing bound RNAs was removed
cleanly (without affecting neighboring spots) (Fig. 4a).

. Add 16 pl water, 2 ul 10x DNase buffer, and four units of

DNase to each tube. Incubate the solution at 37°C for 2 h.
Quench the reaction by the addition of 2 pl of 10x DNase
stop solution (provided by Promega). Incubate at 65°C for
10 min to completely inactivate the DNase.

Note: for a positive control, use approximately 100 fmoles of
the original RNA library and set up the reaction under the
same conditions.

. Add 2 pl of 100 uM reverse primer (5" CCT TGC GGA TCC

AAT) to the tube. Anneal the RNA and DNA primer at 70°C
for 10 min, and then incubate on ice for 10 min.

. To complete reverse transcription, add 1.6 pl of 25 mM

dNTPs, 0.8 ul of 10 mg,/ml BSA, 4 ul of 10x RT bufter (pro-
vided by RT supplier), and two units of RT to +RT samples
and the same volume of water for no RT controls. Incubate
the reaction for 1 h at 60°C, and then inactivate the RT by
heating at 95°C for 3 min.

. To the above samples add 4 pl of 100 uM of forward primer

(5" GGC CGA ATT CTA ATA CGA CTC ACT ATA GGG
AGA GGG TTT AAT), 2 ul of 100 uM of reverse primer,
0.6 ul of 250 mM MgCl,, one unit of Taqg DNA polymerase,
13 pl of H,0, and 6 ul of 10x PCR buffer. Run 20-25 PCR
cycles.

. Set up a gel to determine if the RT-PCR was successful.

Depending on the size of the PCR product, either an agarose
or an acrylamide gel can be used to determine if the RT-PCR
was successful. For acrylamide gels, a much smaller gel can be
used: for example, 8.6 cmx 6.8 cmx1 mm gel.

. Mix 1 pl of RT-PCR reactions with 1 pl of 2x Loading Butffer.

Load onto gel and run at 200-250 V for 30-45 min for acryl-
amide gels or at 100 V for 15-30 min for agarose gels.

. Mix about 100 ml of 1x TBE buffer with 5 pl of 10 mg,/ml

aqueous ethidium bromide solution. (Alternatively, ethidium
bromide can be added to agarose gels prior to pouring.) Soak
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Fig. 4. Selection of RNA-ligand interactions on an array. A /eft, image of an array after hybridization with an RNA motif
library. (a, right) Image of the array after the six indicated positions are excised. (b) Gel analysis of RT-PCR reactions
completed with the samples that were excised. The plus indicates RT-PCR reactions in the presence of RT while the
minus indicates RT-PCR reactions in the absence of RT.

the gel in this solution for 10 min and then image (Fig. 4b).
Only experiments in which the +RT background samples
(Fig. 4, position ¢) contain no product should be carried on
toward cloning (see Notes 3 and 4).

3.9. Cell Culture 1. Steps 1-3 should be completed the day before transformation

and Cloning (32) of cells (steps 4—6). Prepare LB broth as described above but
add 15 g of agar before autoclaving. Autoclave on the liquid
cycle at 121°C for 20 min. Remove the flask from autoclave,
and cool the solution to about 60°C ensuring that the agar
does not settle to the bottom (by swirling every 20 min). Add
0.05 g of Ampicillin dissolved in 1 ml of water; mix by swirl-
ing the flask.

2. Pour a thin layer (5 mm) of LB agar into a petri dish. Let each
plate cool until the agar is solidified (about 20 min). Incubate
the plates upside down at 37°C overnight. Store plates in
plastic bags at 4°C.

3. Ligate PCR products into pGEM T Vector following the
manufacturer’s protocol (Promega).

4. DH5-a cells stored at —80°C should be thawed on ice for
5 min prior to use. Mix 100 ul DH5-a cells with 3 ul of liga-
tion reaction in a 15 ml conical tube and incubate on ice for
30 min. Heat shock the cells at 42°C for 45 s, and then imme-
diately place the tube on ice for 2 min. Add 1 ml of SOC
media and incubate at 37°C with shaking (220 rpm) for 1 h.

5. While the transformed cells are shaking prepare the LB-agar
plates for blue /white screening. Add 40 pl of 100 mM IPTG
onto agar plate and spread evenly using a spreader bar. Close
the lid and wait for 2 min for the solution to absorb into the
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plates. Add 40 pl of 20 mg/ml X-gal; spread using the
spreader. Place the plates in the 37°C incubator.

. Plate 100 pl of transformed cells onto the plates prepared in

step 2. Incubate plates at 37°C overnight (see Notes 5 and 6).

. Transfer white colonies into separate wells of a deep 96-well

plate containing 1 ml Terrific broth supplemented with
50 mg/1 Ampicillin. (If it is difficult to determine if a colony
is blue or white, place plates at 4°C for 30-60 min) Cover the
96-deep well plate with a piece of foil and grow the cells at
37°C with shaking (220 rpm) until they reach an OD >4

(24-48 h). Wrap the LB-agar plates with parafilm and store
at 4°C.

. Prepare glycerol stocks of the cells cultured in step 7. It is

easiest to use a multichannel pipette and a 96-well plate to
prepare glycerol stocks. Add 100 ul of 50% glycerol (steril-
ized) to each well of a 96-well plate. Aseptically transfer
100 pl of the cells to the plate with glycerol. Mix by pipetting
up and down; cover the plate and store at —-80°C.

. Centrifuge the 96-well deep well plate with the remaining

culture to pellet the cells. Discard the supernatant by tipping
the plate upside down and tapping gently on the bench top.
Freeze cells at —80°C, and then send to a sequencing
company.

4. Notes

. If spots are faint or missing after hybridization of radiolabeled

RNA, try one of the following:

(a) Arrays might not be properly functionalized. Make new
slides and try again.

(b) Spotting solutions might be old. Make new spotting
solution.

(c) The hybridization buffer might be wrong. Check that
the hybridization buffer was made properly.

(d) Too few counts of the radiolabeled library might have
been used. Radiolabel the RNA with a new stock of o-3*P
ATP.

. If the slides have high background, try one of the following:

(a) Reactive groups were not quenched as NaBH,CN is a
hygroscopic substance. If there are clumps in the solid
NaBH,CN, obtain a new stock.
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(b) If slides were not prehybridized with BSA, repeat the
experiment and prehybridize the slides with hybridiza-
tion buffer containing 0.1% BSA.

. If no bands observed on a gel after 25 cycles of RT-PCR for

lanes with selected RNA, but bands are observed for positive
control RT-PCR; it is possible that:

(a) Bound RNA positions were not properly excised from
the array. In this case, reimage the slide after excision to
ensure that the proper spots were excised.

(b) Too little RNA was harvested from the array. Excise a

spot that captured more RNA (higher concentration of
ligand loaded)

. If the background spot or samples containing no reverse tran-

scriptase amplify, the following might be a problem:

(a) RT-PCR buffers are contaminated with DNA or RNA.
To resolve this problem, obtain new stock solutions for
RT-PCR.

. If no colonies or very few colonies grow on an agar plate, try

one of the following;:

(a) Poor transformation efficiency might be the cause.
Ethanol precipitates the RT-PCR product and then
ligates into vector.

(b) Vector ligation was inefficient. Use more RT-PCR prod-
uct in the vector ligation or use a new stock of DNA
ligase to ligate into the vector.

. If only blue colonies grow on agar plate, one of the following

can cause the problem:

(a) Vector ligation was inefficient. Try using more RT-PCR
product in the vector ligation.

(b) pGEM T or TOPO TA Vector is old. Obtain a fresh stock
of vector and try again.

(c) T4 DNA ligase is no longer active. Obtain a fresh stock
of ligase and repeat the experiment.
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