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The generation of protein chips requires much more efforts than DNA microchips. While DNA
is DNA and a variety of different DNA molecules behave stable in a hybridisation experiment,
proteins are much more difficult to produce and to handle. Outside of a narrow range of en-
vironmental conditions, proteins will denature, lose their three-dimensional structure and a lot
of their specificity and activity. The chapter describes the pitfalls and challenges in Protein Mi-
croarray technology to produce native and functional proteins and store them in a native and
special environment for every single spot on an array, making applications like antibody pro-
filing and serum screening possible not only on denatured arrays but also on native protein
arrays.
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1
Introduction

Each cell of a living organism contains the whole genetic information in the form
of DNA molecules. The available golden path sequence of the human genome is
known to be 3x10° nucleotide base pairs in size, coding for a currently unknown
number of genes. Although the DNA information is, with rare exceptions, iden-
tical in each cell, several hundreds of different known cell types do exist. The sim-
plified view of a cell brings up specific populations of DNA and mRNA molecules
that are translated into cell-specific populations of proteins. Although this is only
a simplified representation, we are currently able to understand only a minority
of the complex interactions in the cell machinery comprising DNA, RNA and pro-
teins as major compounds. Genomic databases have enabled us to access, retrieve
and process biological information. The determination of the genomic sequences
of higher organisms, including humans, is now attainable, but represents only one
level of genetic complexity. The determination of the expression profiles and pro-
tein profiles of certain cell types represents the next level of genomic complex-
ity, equally important to sequencing.

The interest of our research is focussed in finding all genes, their in vivo func-
tions and the features of the corresponding proteins. Information about a gene’s
expression is important for its potential exploitation. A gene’s expression and the
corresponding protein level can be highly specific to a tissue, organ, cell type or
disease and, as such, may be attractive as targets for the development of highly
specific therapeutics and diagnostics. Even a gene of unknown function may have
medical utility if its expression pattern can be determined.

To achieve this goal, methods and technologies operating reliably with
many samples in high-throughput and in parallel are major requirements. The
human genome is sequenced, but only a minority of genes has been assigned
a function. Automated technology allows for high-throughput, resulting in
fingerprints of diseased versus normal or developmentally distinct tissues.
Differential gene expression can be most efficiently monitored by DNA hybrid-
isation on arrays of oligonucleotides or cDNA clones. Having started from
high-density filter membranes, cDNA microarrays nowadays are mainly used
in chip or microscope slide format. In the past our group has shown that the
same cDNA libraries used in gene expression analysis can be used for high-
throughput protein expression and antibody screening on high-density filters
and microarrays. Most importantly, these libraries connect recombinant pro-
teins to clones identified by DNA hybridisation or sequencing, hence creating
a direct link between gene catalogues and functional catalogues. Microarrays
can now be used to go from an individual clone to a specific gene and its
protein product or vice versa. Clone libraries have become amenable to data-
base integration including all steps from DNA sequencing to functional assays
of proteins.

The medical application of this information is expected to lead to new
generations of products in the diagnostics and therapeutics market. How-
ever, genes will only be useful for drug development and medical diagnostics if
their functions are known. To tackle the current limitations in the medical use of




genome information, “functional genomics” or “functional proteomics” are now
under development as a new research and development area.

With the introduction of automated technologies in the field of molecular bi-
ology and, especially, microarray technology, genome and gene expression analy-
sis have been accelerated enormously. Microarray technology was enabled by the
development of devices that can array biological samples at high density and with
high precision [1]. Oligonucleotide and cDNA microarrays have become hot
commodities, representing thousands of individual genes arrayed on filter or
glass slide supports (The chipping forecast, Nature Genetics supplement 1999
{2]). To examine variation in gene expression, sets of oligonucleotides or complex
probes, generated by reverse transcription of RNA from different tissues and cell
lines, are hybridised on the arrays [3]. cDNA microarrays have already been used
to profile human tissues like bone marrow, brain, prostate and heart [4] and com-
plex diseases such as rheumatoid arthritis [5] and cancer [6, 7]. However, the
DNA chip technology is still hampered by the lack of common quality standards
that enable the comparison of results obtained in different laboratories and with
arrays of different origin (8, 9]. Nonetheless, protein chips are already emerging
to follow DNA chips as tools for automated and miniaturised functional analy-
sis [10, 11]. Analogous to DNA microarrays, protein arrays offer the opportunity
to screen thousands of immobilised biomolecules at a time, using steadily re-
duced amounts of sample.

2
From 2D Electrophoresis and Microtitre Plates to Microarrays
of Biomolecules

Two-dimensional gel electrophoresis separates proteins according to size and
charge, therefore allowing the study of cell, tissue and even whole organism pro-
teomes [12]. Until recently, however, the identification of the thousands of sepa-
rated proteins used to be a major challenge. With the introduction of new and
automated mass spectrometric protein identification procedures, the high
throughput identification of the separated proteins is much simplified [13] and
allows us to generate catalogues of expressed proteins in a cell or tissue of inter-
est. Nevertheless, as the separated proteins are obtained in denatured form
and in limited amounts, the expression of a protein of interest in recombinant
form is usually required for functional characterisation. The classical array
format in proteomics, the microtitre plate, is a well established and still widely
used standard in medical diagnostics. To increase the number of samples and
decrease reagent volume, the 96-well microtitre plate has been developed further
to plates with 384 and 1536 wells, maintaining the original plate footprint. As it
happened in DNA analysis earlier, the microtitre plate is now gradually being
replaced by microarrays on flat surfaces such as glass slides (“chips”) or mem-
branes. B

The format and the preparation of protein microarrays depends on the nature
of the immobilised biomolecule and its application. While peptide arrays are
manufactured synthetically directly on the support [14], proteins are delivered
using either pin-based spotting or liquid microdispensing. To date, the most com-



