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Abstract

Nature and chemists produced a huge arsenal of small molecules that
are able to inhibitor manipulate target proteins. To identify preferred selectivity
and activity on targets, different screenings have been developed with the
aim to examine influences of small molecules on targets. This requires an
understanding of the function of the and often a special adaptation of the
experimental control and is often accompanied with material consumption.
The development of a highly miniaturized microarray based screening method
allows us to verify new inhibitors based on a target-oriented screening. Targeting
Hsp90 with geldanamycin as lead structure to compete ATP from the binding site
enabled screenings of different Hsp proteins against in-house drug library using
inhibitors from a predicted structure. It was possible to identify Gda derivatives
with this in vitro assay with affinity in the nM range for human Hsp90 or against
pathogens. We can show that such a microarray-assay is a powerful multiplex
screening tool for inhibitor libraries versus protein libraries. This assay strategy
disclosed later also that full-length target proteins can be used for protein
interaction studies and additionally is also suitable for diagnostic improvements.
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Introduction

High-throughput technologies have been available to biological
research with the turn of the century, which enable the various
biomolecule species of the cell (e.g., genes, proteins, metabolic
products, etc.) to be collected in their entirety. These high-throughput
technologies are known as “omics” technologies and are primarily
based on so-called microarrays, which can be used to carry out
several thousand individual observations in parallel, requiring only
a very small amount of sample. Although many technical aspects
concerning microarray have been addressed in great detail it remains
still crucial to establish this technology in new research fields such as
target identification. Microarrays consist of modified glass surfaces
on which high spot densities (up to 120,000) can be applied with very
small spot diameters (smaller than 250 um). The use of this technology
leads to a quantum leap in the information content of the individual
experiments. In order to store this information, special, standardized
databases have been created, e.g. NCBIs Gene Expression Omnibus
(GEO, http://www.ncbi.nlm.nih.gov/geo/).

A large number of DNA sequences stored in databases without
corresponding knowledge of the function or functional integrity
of the relevant genes / biomolecules [1], they now become filled
with knowledge about the interactions of biomolecules. Because
such knowledge is with respect to the interaction of clinically
relevant targets and potential active compounds also essential for
pharmaceutical research, to develop new medicines or to improve
existing pharmaceutical research indirectly used the stored “omics”
data to perform predictions by virtual screenings. Here we report a

novel strategy analyzing protein versus inhibitor libraries by spotting
target proteins on microarrays multiplexing differences in the
susceptibility of inhibitors or interaction candidates.

Targets are marker of key processes

Heat shock proteins (Hsp) are essential for the survival of an
organism [2,3]. Contrary to the name, heat shock proteins are not
only synthesized by heat, but also in other cellular stress situations,
such as exposure to UV radiation, heavy metals, alcohol or oxygen
deficiency. Due to these uncontrolled influences the accompanied
genomic transformation triggers carcinogenic cells to survive and try
to escape immunological sentinel. At this point different strategies
required to diagnose the correct cancer type and to hinder the rapid
and often aggressive growth of cancer cells [4,5]. In recent years, it
has been shown that heat shock proteins play a key role in numerous
pathologies and are therefore ideal targets for the development of
drugs [6]. Single heat shock proteins like Hsp90, Hsp70 and other
are embedded with co-chaperones in a machinery to maintain the
functional proteome, whereas clients of the machinery become folded
or degraded [7-9]. Hsp90 is of particular relevance since it leads
nascent polypeptides through the folding process and thus supports
maturation to a native protein having an intact three-dimensional
structure, which is essential for the function of the protein. Thus, de
novo synthesized proteins are folded, but also proteins denatured
by cellular stress. The cell response to stress is highly conserved in
prokaryotes and all species of eukaryotes and thus represents a
general mechanism for the maintenance of cellular processes and
protection against the formation of protein aggregates in the cytosol.

This process, which is vital in “healthy” cells, is contra productive
in tumor cells: if essential proteins are not introduced into the
folding cycle, the formation of protein aggregates in the activation
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Figure 1: Principle of highly miniaturized microarray based screenings (left). Different applications are possible displacement assay of labelled ligand to test
competitive inhibitors (1) interaction assay (2) and diagnostic assay (3). Typical read out form of spotted proteins on a subpad from a microarray device. Proteins
spotted in a row of ten spots and incubated with or without corresponding heat map analysis (right, blue no label binding; 100 bound label).

of programmed cell death (apoptosis) occurs in eukaryotes. The
anti-apoptotic nature of Hsp90 is that cells can survive stress. If
the protein aggregates are not degraded, however, apoptosis can
be initiated. An approach of the cancer therapy suppresses the Hsp
function in the tumor cells by inhibitors. Because heat shock proteins
are over expressed in tumor cells, they occur in higher concentrations
and activity than normally and thus prevent the cancer cell from
being damaged by the above-mentioned protective mechanisms
of apoptosis. Therefore the hope is that specific inhibitors can be
accumulated cancer specific [10]. In cancer cells or other pathogenic
cells, however, apoptosis and the associated cell death is quite desirable.
With the identification of Hsp90 or Hsp70 as targets for anti-tumor
therapy, the search for suitable inhibitors began. In the development
of inhibitors for Hsp90, new biologically active substances are
repeatedly discovered and synthesized since these natural products
are designed by evolutionary selection steps to provide survival in
environments [10]. The first inhibitor for Hsp90 was Geldanamycin,
which is a secondary metabolite of the actinomycetes Streptomyces
hygroscopicus and belongs to the benzochinoidansamycins. However,
since ansamycin has low solubility, high hepatotoxicity and limited
bioavailability, or is rapidly unstable, alternatives are sought [6,11].

Development of target-oriented screenings

Since only small quantities of both the heat shock proteins and
derivatives were available, a miniaturized screening of microarrays
was developed. For this purpose, the protein of interest was
immobilized on chip surfaces made of nitrocellulose to maintain its
native conformation as a so-called capture molecule. If this capturing
molecule now binds a colour marker, which is usually a molecule from
the cellular environment, this can be measured as an optical binding
signal. This can be a ligand or an interacting molecule (Figure 1).
Subsequently, the competing binding of more specific compounds to
the ligand or interacting other substrates (e.g. ansamycin derivatives)
to the binding site of the heat shock protein is examined in a so-called
displacement assay [12-16]. A possible active substance candidate
can now not only displace the marker, but also prevents new cell-
physiologically relevant molecules from binding to the position
again. This method involves different application potentials and can

be used in the optimization of the active substance in order to clarify
predictions from the predictive modelling and, on the other hand, to
carry out screening of chemical libraries (small molecules) in a high
throughput process against a defined target such as HSP90.

Thus, specific interactions between target proteins (such as Hsp90
or Hsp70) and potential inhibitors can be investigated quickly and
efficiently on the biochips [12-14]. Compound libraries or natural
products have been screened with this method. Both tiny amounts of
heat shock protein (300 pmol) and inhibitor are sufficient (Figure 1).
The printed chips can be stored and used for several weeks at 4°C and
with around 150 pg protein it is possible to generate more than 1,000
arrays. Due to the high heterogeneous multiplex, large substance
banks can be screened quickly and effectively. Simultaneous is it
possible to identify new inhibitors against human Hsp90 as well as
against the prokaryotic homologue HtpG from H. pylori [13].

This target-oriented screening system, established recently has
the advantage that it can identify and use active substances whose
potential for drug development is not obvious and thus hardly
recognizable in virtual screenings e.g. using natural raw extracts from
fungi or isolated compounds from plants [15]. The development of an
anti Hsp compound is also important for academic questions when
it is used to understand and characterize the biological system. Thus,
valuable functional and structural data on active compounds, which
in turn can provide important insights for the design of new active
compounds or libraries can be used to strobe highly homologues
binding sites by weak differences in the sequence by selecting more
specific derivatives [13]. This could lead to the identification of active
compounds more specific for targets before the associated disease
pattern is confirmed. By identifying new compounds, these active
substances can be used not only in therapy, but also in diagnostics,
so that the smallest amounts of tissue samples are sufficient to
detect possible diseases. In this way, pharmaceutical research and
the search for active substances will be massively altered by the
interplay of molecular biology and medical chemistry as well as the
modern possibilities of miniaturization, automation, combinatory,
diagnostics and bioinformatics, leading to a more rational drug search
and contributing to the personalization of medicine in the long term.
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