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The confluence of biotechnology,
computer sciences and the completion
of genome sequencing efforts for sev-
eral organisms have led to revolution-
ary changes in biomedical research.
Genomics and informatics are playing
increasingly important roles as discov-
ery tools in the basic biological sci-
ences and as diagnostic and rational
therapeutic aids in the clinical arena.
In recent years, the synthesis or fabri-
cation of high-density arrays of speci-
fied DNA sequences comprising all
known genes of an organism on a sin-
gle glass slide or ‘chip’ have gained
popularity. Labeled RNA or DNA tar-
gets (such as messenger RNASs
(mRNAs) obtained from cells, tissues
or organisms under different condi-
tions) can be analyzed by hybridiza-
tion on DNA [1-41. This technology
allows several types of questions to be
asked on a qualitatively different scale
than has been previously possible and
will have a dramatic impact on the
pace of discovery in the field of molec-
ular medicine and drug discovery.

The drug discovery process seeks to
develop a biological or chemical entity
that, when administered to a patient,
will improve the disease symptomatol-
ogy or actually treat the underlying
pathophysiological basis of the particu-
lar disease state. A target is the biologi-
cal entity, usually a gene, mRNA or
protein, with which a pharmaceutical is
designed to interact. The completion of
the human genome sequence has
defined the genomic relationships
between drug targets. In addition,
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sequencing of pathogenic lower organ-
isms has uncovered a host of novel
microbial targets.

Gene expression profiling has been a
mainstay molecular biological approach
for many years. The availability of com-
plete genome sequence information
along with improved technology has
created a situation where these tech-
niques can be applied in a much
broader manner, thereby facilitating
profiling of large sections of the tran-
scriptome. The University of California
San Diego Extension, Bioscience
Microarray Technologies — An Over-
view meeting, March 13-15, 2002 pro-
vided an important forum for reviewing
advances and future trends in this field
(see Box 1).

Conventional array and

chip methodologies

DNA microarrays are comprised of a
library of genes, immobilized in a grid
on a glass microscope slide. Each
unique spot or feature on the grid con-
tains a DNA sequence derived from a
specific gene that will bind to the
mRNA produced by the gene in ques-
tion. The standard microarray experi-
mental platform consists of comparing
mRNA abundance in two different
samples. One fluorescent target is pre-
pared from control mRNA and the
second from mRNA isolated from
treated cells or tissue under investiga-
tion. Both targets are mixed and
hybridized together on the same
microarray slide and target gene
sequences hybridize to their comple-

mentary sequences. The microarray is
excited, using a laser, to enable the flu-
orescent intensity of each spot to be
determined. The relative intensities of
the two colored signals on individual
spots are proportional to the amount
of specific mMRNA transcripts in each
sample, enabling an estimation of the
relative expression levels of the genes
in sample and control populations.
The enormous power of DNA micro-
array technology is also the source of
many of its problems. Errors in han-
dling cDNA clones and cross contami-
nation have been well documented {s).
Furthermore inherent systemic varia-
tions are caused by the nature of slide
chemistry, target labeling, printing and
fluctuations in performance of the
scanning instrumentation.

In amplifying large cDNA clone col-
lections for the production of microar-
rays, great care needs to be taken to
minimize sample cross contamination
and to ensure the viability of each clone.
R Rouse (University of California, San
Diego, CA, USA) and D Gurevitch
(Laboratory Robotics Interest Group,
San Diego, CA, USA) discussed the use
of automation in microarray laboratories.
The use of automation minimizes poten-
tial sources of error due to manual inter-
vention. Furthermore, when amplifying
thousands of clones, the main objective is
to minimize the total number of reac-
tions needed to generate sufficient mate-
rial for printing. A high yield of pure
amplified polymerase chain reaction
(PCR) material means that plentiful
amounts of DNA are available for spot-
ting, reduction in cost and labor and ulti-
mately the production of greater
numbers of arrays per PCR reaction per-
formed. Automation facilitates the
achievement of this goal. The application
of automation to the microarray experi-
ment reduces hands-on slide processing
time and the number of slide handling
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Box 1. Recent advances and
future trends in microarray

technologies.

« Progress has been made in optimizing
the reproducibility of DNA
microarrays through the use of
automation in fabrication and
experimentation.

» Affymetrix (Santa Clara, CA, USA) has
recently released a human genome
GeneChip pair providing genome
coverage. Utilization of eleven probe
pairs per gene does not result in a
loss of accuracy and should result ina
decrease in per sample cost.

« Recent progress in combining the use
of ChiP assays with DNA microarrays
has allowed genome-wide analysis of
transcription factor localization to
specific promoter sequences in living
cells.

« The Nanochip from Nanogen can be
used for genotyping and gene
expression profiling with DEP. The
future electronic chips will be
inexpensive diagnostic ‘Lab on a
Chip’ devices.

< RLS technology with its ease of use
and high sensitivity will provide a
powerful alternative to fluorescence
detection methods.

< Protein microarray technology is
considerably more complex than DNA
based methods and there are still
many technical challenges to
overcome.

steps required. Furthermore, the volume
of solutions used is greatly reduced. The
use of an automated slide processor
(ASP) has the following features:

e improves experimental reproducibil-
ity

 avoids user inconsistencies

« maximizes hybridization efficiencies

« enhances signal intensities

The complementary technology pio-
neered by Affymetrix (Santa Clara, CA,
USA) consists of short single stranded
DNA segments, oligonucleotides or oli-
gos, built to order by chemical synthe-
sis. The GeneChip has traditionally
packed up to 400,000 different oligos
on a single array, usually representing
10,000 genes with 40 oligo features per

gene. MJ Lelivelt (Affymetrix, Santa
Clara, CA, USA) provided an overview
of the performance of the newly released
human U133 array set, which contains
probes respectively for 33,000 genes and
39,000 transcripts. This two chip pair,
termed U133subA and U133subB,
respectively, contains 45,000 probe sets,
with each probe set containing 11 probe
pairs and each being 18 microns in size.
Approximately 6500 probe sets are
included on the chips to detect alterna-
tive transcripts and ~ 4500 to detect
alternative polyadenylation site variants.
The new arrays additionally contain a
new set of 100 normalization controls,
which offer users additional options for
normalization and scaling of GeneChip
data. Utilization of 11 probe pairs per
set does not result in a loss of accuracy
and will ultimately represent a decrease
in sample cost. All input sequences for
these new chips were mapped to the
April 2001 genome draft assembly, and
only sequences with high quality align-
ments were used for annotation.
Conventional microarray analyses,
fabricated in house, complement the
use of commercially available Affyme-
trix GeneChips. For example, microar-
rays containing a few hundred to a few
thousand cDNA targets of particular
interest can be printed at a relatively low
cost, allowing multiple experimental
conditions to be examined that would
be prohibitively expensive using com-
mercially available arrays. Recent
progress in combining the use of chro-
matin  immunoprecipitation (ChlIP)
assays with DNA microarrays has
allowed genome-wide analysis of tran-
scription factor localization to specific
promoter sequences in living cells [6,7).

Promoter microarrays

Understanding how DNA binding pro-
teins control global gene expression
requires a knowledge of the chromo-
somal locations at which these proteins
function. Currently, a methodology
termed ChIP is used to determine
whether a particular DNA binding pro-
tein is bound to the promoter or
enhancer of a specific gene in living
cells. In this assay, cells are briefly

treated with formaldehyde to crosslink
transcription factors to DNA. DNA is
then isolated from the cells and sheared
to an average size of 300400 base pairs.
DNA fragments with crosslinked pro-
teins are then subjected to immunopre-
cipitation with either a control antibody
or an antibody that is specific for a tran-
scription factor of interest. The immu-
noprecipitated protein-DNA adducts
are then heated to reverse formaldehyde
crosslinks and PCR amplification is per-
formed using specific primers to deter-
mine whether a particular promoter or
enhancer was coprecipitated with the
transcription factor. If a specific DNA
sequence is enriched in the population
of sequences precipitated by the specific
antibody, the transcription factor is con-
sidered to have been bound to that
sequence in the cell. By carrying out
crosslinking following hormonal stimu-
lation or under different physiological
conditions, it has been possible to char-
acterize dynamic changes in the associa-
tion of different transcription factors
and coregulators with specific genes.
The widespread implementation of this
assay in the last few years has had a sig-
nificant impact on the understanding of
how specific transcription factors ulti-
mately activate or repress target genes.
In 2000, Ren et al., demonstrated that
it was possible to modify this assay to
allow genome-wide location analysis
using yeast as an experimental organism
i6]. To accomplish this, the pool of spe-
cifically precipitated DNA was amplified
by ligation mediated PCR and labeled
with Cy5 dye. In parallel, unenriched
DNA fragments were amplified in an
identical manner and labeled with Cy3
dye. The two pools of labeled DNA were
then mixed and hybridized to a microar-
ray containing all of the intergenic
regions of the yeast genome. Following
high stringency washing, the microarray
was scanned and the ratios of Cy3-Cy5
intensity were determined for each inter-
genic region on the array. Using an error
model especially developed for this pur-
pose, DNA fragments that were signifi-
cantly enriched by immunoprecipitation
were identified. This process identified
all of the known genes for the yeast tran-
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scription factor Gal4, as well as several
new genes that were confirmed by con-
ventional ChIP assays and additional
functional assays [s].

Electronic chip technology

An interesting development in recent
years has been electronic chip technol-
ogy. E Weidenhammer from Nanogen
(San Diego, CA, USA) reviewed the
development and application of elec-
tronic microarrays. The NanoChip
exploits the charged nature of biological
molecules. Electronic charges are used to
rapidly move molecules and concentrate
them over defined sites on an array. The
concentration of biological materials
with electronics enables rapid hybridiza-
tion reactions; instead of the 12-16 h
traditionally required for passive hybrid-
ization, the electronic hybridization
reactions are performed in 2 min. When
a test site on the NanoChip is charged
electronically, DNA or RNA rapidly
move to that site. Other sites, which are
not charged, do not attract DNA or
RNA. DNA can therefore be moved and
concentrated to any given site on the
NanoChip by simply charging the
appropriate test site. Each site can be
individually charged electronically via
platinum wires and can contain an indi-
vidual assay or experiment. Electronic
hybridization and stringency is carried
out with single base resolution. Several
applications exist to date for electronic
microarrays, including:

e polymorphism detection

« gene expression profiling

¢ short tandem repeat (STR) quantita-
tion

e on-chip target amplification and
detection

M Heller (University of California and
Nanogen, San Diego, CA, USA) and M
Madou (Nanogen) predicted that the
next generation integrated devices and
systems will have utility in the healthcare
industry in point of care diagnostics
applications and as biosensors for bioter-
rorism response, and will represent in
the true sense a ‘Lab on a Chip’. For the
US governments fiscal year 2003, which
commences in October 2002, President

www.ashley-pub.com

GW Bush has requested a budget of
US$27.3 billion for the National Insti-
tute of Health. About US$1.5 billion is
focused on bioterrrorism related research
and infrastructure [s. It is thought that
future chips will be allow electronic sam-
ple processing and cell separation. These
miniature sensors will be inexpensive,
thus permitting rapid and reliable geno-
typing of pathogens and allowing the
discrimination of a one base pair differ-
ence between microbes. These sensors
will need to be accurate, intolerant of
false positives and able to detect very low
levels of pathogens and endure wide
sample variation from air, food and
water to contaminated surfaces such as
mail. The NanoChip can currently be
used for genotyping and gene expression
profiling with dielectrophoretic cell sep-
aration (DEP). A 2min preparation
time is required for electronic sample
separation of Listeria from whole blood
by dielectrophoresis. This is the proto-
type sample to answer systems for multi-
ple pathogen detection. The merging of
DNA arrays with microfluidics will ena-
ble the transition from research instru-
ment to disposable diagnostics. Novel
and less expensive detection techniques
will be another important contributor to
success in molecular diagnostics.

Resonance light scattering
technology
A proprietary labeling technology reso-
nance light scattering (RLS) developed
by Genicon Sciences (San Diego, CA,
USA) has application in DNA sequenc-
ing and DNA and protein microarrays. J
Yquerabide (Genicon Sciences) discussed
the simplicity and ease of use of this
method. Low analyte concentrations
that usually require expensive and
sophisticated instruments for detection
can be detected with RLS particles by eye
or using a simple filament lamp. The
RLS method can be illustrated by illumi-
nating a 60 nM gold particle suspension
with a fine beam of white light. The scat-
tered light has a clear, not cloudy, green
color and can be detected at particle con-
centrations as low as 1015 M [9-11).

RLS particles have many advantages as
labels for analyte detection. The light
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scattering power of a 60 nM gold particle
is equivalent to about that of 500,000
fluorescein  molecules. In suspension,
60 nM gold particles are detected by the
naked eye. Individual gold particles can
readily be seen under a basic microscope
with simple dark field illumination. RLS
particles have single particle detection
sensitivity and, unlike cyanine dyes, do
not photobleach. The sensitivity of RLS
is much higher than that of fluorescence
and is comparable or better than radioac-
tivity and the detection time is much
faster. The color of the scattered light can
be altered, by changing RLS particle
composition or size. The particles can be
coated with antibodies or DNA probes
for detection of specific analyte antigens
or DNA sequences.

Ultrasensitive quantitative assays can
be conducted with relatively simple
instrumentation. On solid surfaces, a
single RLS particle is visible to the eye.
For use with gene expression microar-
rays, the RNA target is reverse tran-
scribed and a hapten is incorporated
into the cDNA in place of the standard
fluorescent dye. cDNA is denatured and
treated with RNAse, prior to hybridiza-
tion to a microarray. The array is
washed after hybridization and antihap-
ten antibodies coupled to RLS particles
are added bound, and detected. RLS
particles can additionally be used with
Affymetrix GeneChips and have been
hybridized to the CYP450 high-density
genotyping arrays.

Proteomics and microarrays.

In the strictest sense of the definition of
‘proteome’, only one proteome exists in
each individual, namely the full comple-
ment of all proteins encoded by the
genome. Now a more common usage of
the term ‘proteome’ appears in the litera-
ture and this definition refers to all of
the proteins expressed by a particular cell
or tissue at a specific time. The quantita-
tive comparison of these proteomes is a
major goal of proteomics, analogous to
gene expression profiling. Proteomics is
therefore a global study of gene expres-
sion at the protein level, encompassing
comparative, functional and structural
proteomics. Comparative proteomics
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seeks to quantify the relative abundance
of each protein species present in two or
more proteomes. Considering that pro-
teins and not MRNA transcripts are the
major effector molecules in the cell, the
question often posed is why comparative
proteomics is not the method of choice
for the global analysis of gene expression

B Cravatt (The Scripps Research
Institute, La Jolla, CA, USA) addressed
this question and discussed the chal-
lenges posed by high-throughput
manipulation of proteins. There is no
methodological equivalent to the Gene-
Chip for comparative proteomics at this
time. Transcript analysis offers many
technical advantages over protein analy-
sis in that the mRNA molecules possess
high affinity and specificity binding
partners. Additionally, mRNA mole-
cules exhibit equivalent biochemical
properties and can be amplified. In con-
trast to mRNAs there is no PCR equiva-
lent for proteins. Furthermore, proteins
do not possess straightforward binding
partners and exhibit painfully diverse
biochemical features. In spite of these
challenges, microarrays are being devel-
oped and employed for comparative
proteomic studies.

Protein microarrays aim to dramati-
cally increase the amount of proteomic
information obtained, as a function of
both time and sample quantity, by per-
mitting the parallel analysis of numerous
proteins in a miniaturized assay format.
Protein affinity ligands are arrayed onto
glass slides as capture probes for detec-
tion of proteins in complex samples.
Several technical hurdles face protein
array technology namely the acquisition,
arraying, and stable attachment of lig-
ands, to chips and detection of the
respective binding partners.

Ligands can be attached to slides by
covalent bonding (aldehyde-amine reac-
tions), random orientation or via affinity
tags (His6 tag on nickel coated slides).
Different chip formats exist, with glass
slides, matrix slides and nanowells being
popular formats. Glass slides are com-
patible with standard microarray and
detection equipment and are relatively
inexpensive, but are prone to high evap-
oration rates and cross contamination.

Matrix slides and nanowells reduce evap-
oration and minimize cross contamina-
tion. One disadvantage with matrix
slides is cost, as they are fabricated by
expensive photolithography.

Historically, antibodies have repre-
sented the most general type of high
affinity, high selectivity protein bind-
ing reagent as they can be generated
against almost any pure protein.
Recombinant antibodies can be pro-
duced in both high quantity and purity
for arraying purposes. The biggest
challenges that faces antibody arrays is
obtaining high affinity and high specif-
icity antibodies against the 100,000 or
more proteins in the human proteome.
Currently, antibodies exist against a
mere 2—-3% of the proteome. Further-
more the specificity of many of these
antibodies is poorly documented and
additional antibodies may be required
to detect post-translational modifica-
tions. A second fluorescently tagged
antibody is sometimes used for detec-
tion, raising the number of antibodies
per arrayed protein to  two.

Detection of proteins bound to anti-
body arrays is more complex than DNA
microarrays. Proteomes under compari-
son can be labeled in an analogous fash-
ion with different fluorophores, but the
reproducibility of these chemical reac-
tions and interference with protein—
antibody interactions pose additional
problems. Other detection methods
employed include atomic force micros-
copy and surface plasma resonance.
One disadvantage with antibody arrays
is that features of the bound protein,
namely size and post-translational
modification, such as glycosylation,
phosphorylation and acetylation are
not seen directly.

Other protein binding molecules,
such as aptamers, are being proposed as
alternatives or complements to antibod-
ies. Aptamers are protein binding RNA
molecules, which are easy to select for,
synthesize and array. Purified protein is
a requirement for use with aptamers and
there is potential for biased binding as
RNAs tend to be highly negatively
charged. Chemical binding surfaces,
such as the protein chip from Cipher-

gen Biosystems (Fremont, CA, USA)
are useful alternatives to antibody
arrays. These surfaces are nonspecific,
facilitating the binding of many diverse
proteins. Although the mass spectro-
photometric readout is rapid, limited
spatial separation of bound proteins can
lead to a heavy bias towards the detec-
tion of abundant proteins. A recent
study successfully applied this technol-
ogy to analyze proteomic patterns in
serum and facilitate the correct identifi-
cation of ovarian cancer samples. This
technology can be used as a screening
tool for all stages of ovarian cancer in
high-risk and general populations [12].

Protein  microarrays have been
employed for the global analysis of the
yeast proteome. Zhu et al. expressed and
arrayed 5800 different yeast proteins as
His6 tagged fusion proteins on nickel-
coated slides. Minimal quantities of pro-
tein were required (each spot contained
10-1000 fg of protein). Utilizing this
array format, researchers can screen for
an activity that provides a visual readout,
such as radioactivity, fluorescence or
chemiluminescence, thereby identifying
new protein functions in a relatively
unbiased manner. The disadvantage with
this format is that the arrays are relatively
biased in terms of expression. Few mem-
brane or secreted proteins will be func-
tionally expressed using this format.

One issue posed by B Cravatt is that
there is not always a direct correlation
between protein abundance and activity.
Many proteins, for example proteases,
kinases and phosphatases are synthe-
sized and secreted as inactive zymogens
and are converted to an active form by
enzymatic cleavage. Additionally, one
has to remember with protein microar-
ray analysis that proteins are expressed
and analyzed in artificial environments
relative to the cell and these environ-
ments may not have the same physio-
logical relevance. Nevertheless, it can be
expected that in the coming years strides
and advances in protein array technol-
ogy will be seen but challenges to this
field are predominantly fundamental
problems posed by protein biochemistry
and not issues of chip surface, chemistry
or engineering.
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