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With the deciphering of whole genomes, a tremendous amount of data has been made available for research.
In order to analyze all this information within a reasonable time frame and at reasonable cost, new technolo-
gies in DNA analysis as well as enzyme assays have been developed in the last few years in a symbiosis of
biological, automation and miniaturization technologies. Examples are chip technologies for DNA analysis
and microplate enzyme assays for high-throughput screening. Applications in biomedical research and in 
microbial diagnostics were presented.
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The Relationship between the
NMYC Proto-Oncogene and the
Neuroblastoma Transcriptome 

Philip Day
Royal University Manchester, UK
E-Mail: philip.day@bli.unizh.ch

Neuroblastoma, the most common solid
extracranial neoplasm in children, is re-
markable for its clinical heterogeneity.
Complex patterns of genetic abnormalities
interact to determine the clinical pheno-
type. The molecular biology of neuroblas-
toma is characterized by somatically ac-
quired genetic events that lead to gene over-
expression (oncogenes), gene inactivation
(tumor suppressor genes), or alterations 
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in gene expression. Amplification of the
NMYC proto-oncogene occurs in 20% to
25% of neuroblastomas and is a reliable
marker of aggressive clinical behavior. In
more than 50% of primary tumors the chro-
mosome locus 17q23 is amplified and re-
sults in enhanced transcription of the onco-
gene.

The determination of the copy number
of known genes is accomplished by quanti-
tative PCR techniques. Modulation of gene
activity is determined by quantitation of the
mRNA levels in a cell, as the direct deter-
mination of protein concentrations is not
yet feasible, especially for less abundant
proteins. RNA concentrations are deter-
mined indirectly via isolation of RNA, re-
verse transcription and fluorolabelling of
the resulting cDNA, hybridization with the
probes on a DNA – chip and detection/
quantitation of the label of each spot on the
chip.

A potential drawback can be the transla-
tional regulation of gene activity resulting
in variations of the relation of mRNA – and
protein concentrations or the regulation of
protein activity itself. In addition, this tech-
nique needs careful normalization of the
level of a single RNA compared to total
RNA.

A set of maintenance genes was found
with a constant RNA level in normal and 

tumor cells, suitable for normalization of
RNA levels of potential tumor genes. Using
this technology with a commercially avail-
able medium density gene chip with 4608
sequence identities (Yale chip), 120 gene
candidates for up-regulation and 140 for
down-regulation were found in various tu-
mor cells. 

Further exploitation will hopefully lead
to the identification of additional genes
which are modulated in neuroblastoma and
thus may result in a better understanding of
this tumor and eventually in more specific
treatment strategies for children with neuro-
blastoma.

SNP Discovery and SNP Screen-
ing Technologies in Pharma 
Research and Development

Dorothee Förnzler
Roche Center for Medical Genomics
(RCMG), CH–4070 Basel
E-Mail: dorothe.foernzler@roche.com

Single nucleotide polymorphisms
(SNPs) are single base exchanges in the hu-
man DNA that are stable inherited and oc-
cur with an average of 1 SNP every 1kb in
our genomes. With the availability of a draft
of the human genome a lot of such small ge-
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netic variants were discovered, up to now
more than 5 Mio.! The availability of a
dense SNP map and the development of
high-throughput technologies during the
last years have opened the door for large-
scale genotyping studies in individuals with
well-characterized phenotypes to identify
new genes involved in complex common
diseases (e.g. type 2 diabetes, schizophre-
nia, Alzheimer, etc.) as well as the cause 
for inter-individual differences in drug re-
sponse (pharmacogenetics).

The large number of SNPs available
from public databases appear to render ex-
perimental SNP discovery redundant. How-
ever, 30–50% of public SNPs represent se-
quencing errors. On the other hand, the cov-
erage of SNPs within genes is not very high
– and gene-associated SNPs are often the
most important if located in coding or reg-
ulatory regions, since these are the most
likely ones for a medical phenotype. Out of
1081 SNPs in 78 genes discovered in our
lab, only 28% could be detected in dbSNP,
the most comprehensive of the public 
SNP databases. The necessity of automat-
ed, high-throughput SNP discovery (96 or
384-well format) is unquestioned, the gold
standard is still DNA sequencing using 
capillary electrophoresis. For the analysis
of SNPs we use Polyphred software. 
dsDNA sequencing in standard populations
of different ethnic background does not on-
ly deliver SNPs, but also important valida-
tion data such as frequency, location and
population specificity – parameters which
are extremely helpful to select genetic vari-
ants for genotyping studies.

Nowadays, more than 20 different
genotyping technologies are available and
new ones seem to emerge very quickly.
However, there is no single technology that
fits all needs and applications. Choice of a
technology will depend on the specific ap-
plication. Furthermore, it is helpful to work
with at least two different technologies for
assay development and validation reasons.
For our pharmacogenetic applications we
rely on allele-specific PCR and primer ex-
tension followed by a mass spectrometric
detection, both in 384-well format assays to
ensure an appropriate throughput. Allele-
specific PCR is a fast, cheap, single-tube
assay, based on discrimination of 3’end
primer mismatches by a specific Taq poly-
merase. However, match-mismatch dis-
crimination is not good enough for all SNPs
to unambiguously identify 2 different SNP
alleles and the choice of primer sequences
is very restricted. Primer extension with
mass spectrometry detection is more robust
and can be practically applied for any SNP,
but needs more elaborate sample prepara-
tion. Another advantage is the determina-

tion of the correct mass of an extended
oligonucleotide which avoids false posi-
tives.

The availability of affordable high-
throughput SNP genotyping technologies
means that the bottleneck for association
studies moves to data storage, handling 
and automated genotyping analysis and to 
the accessibility of well-characterized and
large enough study populations. To master
the tremendous amounts of samples (often
several 1000 for one project) and data (sev-
eral 1000 genotypes per day) a well-func-
tioning LIMS system is the prerequisite for
successful high-throughput SNP discovery
and screening projects. 

We use SNP discovery and genotyping
predominantly to support our clinical stud-
ies with pharmacogenetic information. We
try to identify genetic factors underlying in-
ter-individual differences in drug response
and adverse effects. Further, SNP studies
help us in drug target validation, in the strat-
ification of the drug development process
and in a better understanding of molecular
mechanisms involved in drug response
and/or disease. For this purpose we have es-
tablished our own Roche Sample Reposito-
ry, in which we store blood samples from
participants in Roche’s clinical trials. This
allows us to extract DNA and genotype
these samples whenever we suspect genet-
ic factors to be involved in different re-
sponses to a certain drug.

Applications of DNA Microarrays in
Functional Genomics: An Overview

Ulrich Certa
Roche Center for Medical Genomics
(RCMG), CH–4070 Basel
E-Mail: ulrich.certa@roche.com

Functional Genomics is defined as the
conversion of linear, genetic information
into the building plans of cells and complex
organisms. This parallel approach requires
the application of sophisticated technolo-
gies able to handle vast amounts of infor-
mation encoded by the genome of a living
creature. DNA microarrays combine meth-
ods of molecular biology with semi-con-
ductor physics to enable the transcriptional
analysis of entire genomes on a single sili-
con microchip with several thousands of
immobilized DNA probes. These are either
DNA fragments of 300–500 base pairs in
length (‘spotted arrays’) or else oligonu-
cleotides synthesized directly on the silicon
surface of the chip either chemically or 
by photolithography. Today, a single DNA
array has the capacity to analyze the tran-
scription of about 30000 genes, which cor-

responds basically to an entire eukaryotic
genome. Microarrays can also be used 
for re-sequencing DNA or point mutation
analysis. Complex computer programs
were developed to analyze and display the
chip results for further biological analysis. 

The technology was applied in pharma-
ceutical research to analyze the expression
patterns of interferon inducible genes in
sensitive and resistant human melanoma
cell lines, which led to the identification of
distinct expression modes in response to in-
terferon-α. In addition, several genes were
identified that are not inducible in resistant
lines and these are possibly related to the
clinical failure of interferon treatment in
non-responding patients. In another exam-
ple it was shown that the inhibition of tumor
growth by interferons in a mouse model is
associated with differential expression of a
number of genes which represent potential
novel oncogenes (down-regulation) or else
tumor suppressor genes (TSGs; induction).
The technology was also applied to iden-
tify surrogate interferon response transcript
markers (TMs) by selecting genes which
are differentially expressed only in sensi-
tive or resistant melanoma lines without 
cytokine stimulation. 

Finally, oligonucleotide chips were uti-
lized to study the molecular consequences
of ischemic stroke in brain regions of rats
after an experimental insult by artery oc-
clusion. A wave of gene expression is trig-
gered which leads ultimately to the activa-
tion of genes involved in tissue repair and
neuroregeneration. This suggests the possi-
bility to induce the protective responses by
drugs targeting the signal transduction mol-
ecules. Induction of gene expression can be
confirmed directly by in situ hybridization,
which adds spatial information to the chip
expression data. 

A limitation and the major bottle-neck
of these high-throughput approaches are
the follow-up experiments using conven-
tional analytical methods such as RT-PCR,
Northern blot analysis or immunodetection
of gene products. The most obvious solu-
tion is the consistent automation of experi-
ments and data integration by sophisticated
bioinformatics.
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Analysis of Pathogenic Bacteria
by Gene Chip Technology

Joachim Frey
Institute for Veterinary Bacteriology,
University of Bern
E-Mail: joachim.frey@vbi.unibe.ch

Severe infections by pathogenic bacte-
ria have been shifted out of our perception
by the overwhelming success of antibiotic
therapy. But with recent outbreaks of new
or re-emerging bacteria such as Escherichia
coli O157H7, Vibrio cholerae or Legionel-
la pneumophila the infectious diseases have
regained attention. 

Pathogenicity can be a matter of the
genus as well as on the species level: Where-
as Lactococcus lactis is non-pathogenic and
used as a food bacterium, Bacillus anthracis
is well known as a highly pathogenic organ-
ism. For the ubiquitous intestinal bacterium
Escherichia coli there are well-known lab-
oratory strains (K-12 derivatives) devoid
of any virulence factors, normal intestinal
flora of healthy individuals, generally also
without virulence factors, as well as highly
pathogenic serotype O157H7 of which only
10–100 ingested bacteria can lead to a se-
vere and potentially fatal infection.

Fast and accurate identification of bac-
teria can be of crucial importance in thera-
py but also in epidemiology. Classical iden-
tification methods include biochemical and
serological tests, both only indirect meas-
ures of pathogenicity. The direct detection
of genes of virulence factors and toxins by
PCR is far too laborious for fast and routine
analysis.

Immobilization of fragments (400–
800 bp) of genes of E. coli on membranes
(macroarrays) or glass (microarrays) has
been developed. Suitable genes were cho-
sen for the identification of E. coli and for
each of the known pathogen or virulence
genes of all the variants of pathogenic
strains. Hybridization of DNA from isolat-
ed strains on these arrays allows the fast dif-
ferentiation between laboratory strains (no
pathogen gene) and the various enterotoxi-
genic, enterohaemolytic and uropathogenic
E. coli strains having different sets of viru-
lence factor or toxin genes.

This technology has already proved its
value in tracking the origin of infection in
clinical cases or establishing suitability of
industrial production strains by showing
absence of any virulence gene. Further de-
velopment of DNA-chip technology will be
a generalized chip for clinical applications
integrating specific virulence genes and
phylogenetic, taxonomic marker genes for
the fast and detailed identification of most
all pathogens.

From Gene to Screen

Jeremy Beauchamp
Pharmaresearch, 
F. Hoffmann-La Roche Ltd., 
CH–4070 Basel
E-Mail: jeremy.beauchamp@roche.com

High-throughput screening of chemical
compound libraries for an effect on a target
protein is a highly effective way of obtain-
ing lead compounds for a pharmaceutical
product. Once such a protein target has
been identified, it is necessary to first de-
velop an assay for its activity of interest and
for this assay, protein will invariably be
needed. Although this protein may be suffi-
ciently abundant in a natural source, it will
often be necessary to produce it artificially
and currently, molecular biological manip-
ulation of living cells gives the best means
to do this.

With access to the information from the
human genome project and PCR, we are
able to easily produce virtually unlimited
quantities of DNA corresponding to the
protein of interest. Once this is done, the
DNA is introduced into a specific site of 
an expression plasmid – a circle of DNA
capable of autonomous replication in the
cell. Expression plasmids have several fea-
tures in common: some ‘housekeeping’ se-
quences to help maintain the plasmid in the
cell; a promoter to switch on the production
of protein in the presence of a stimulus (e.g.
addition of a chemical) and an antibiotic re-
sistance gene to ensure that there is an ad-
vantage to the cell to keep the plasmid. This
expression plasmid or vector is the template
for the production of the protein in a cell
system of our choice.

Cells useful for protein expression are
broadly divided into the eukaryotic and
prokaryotic kingdoms. While prokaryotic
expression is high in yield, cheap, easy and
quick, it can give protein that is misfolded
or lacking in essential post-translational
modifications such as glycosylation or pro-
teolytic cleavage. If large amounts of pro-
tein are required, this is, however, likely to
be the best option. Conversely, higher eu-
karyotic cell expression of human proteins
is often low-yield, difficult and expensive,
but usually gives the expected protein. If
the assay is a cellular assay – for example
measuring the cellular response to a recep-
tor activation – then higher eukaryotic ex-
pression is necessary. There are also the
mid-way solutions of expression in insect
or yeast cells and the possibility of cell-free
expression.

Once an expression system is chosen,
the expression plasmid is ‘transformed’ in-
to the cells. Transformation can be by a

number of mechanisms, of which the most
useful are electroporation (using an electric
shock to open holes in a cell wall and allow
DNA to enter the cell), chemical methods
(where DNA is concentrated at the cell sur-
face and is taken into the cell by endocyto-
sis-like mechanisms) and viral (in which
the expression plasmid is also a viral
genome designed to deliver the gene of in-
terest to the cell cytoplasm). Once the DNA
is incorporated, the cells are allowed to pro-
liferate before the promoter in the expres-
sion plasmid is switched on. Then after a
delay, the cells are harvested and either
used for a cell-based assay or broken open
and the protein of interest purified.

Protein purification techniques are well
beyond the scope of this overview, but in
the last decade molecular biology has great-
ly simplified this process by the ability to
introduce tags and make other alterations to
the protein of interest. Important examples
include:
• Adding six, ten or more histidine

residues in a row designed to bind to an
immobilised metal affinity chromatog-
raphy column. 

• An in vivo biotinylation signal append-
ed to the C-terminus to bind to immo-
bilised streptavidin. 

• A short peptide sequence added to the
N-terminus that will be recognized by a
specific monoclonal antibody and can
be used for Western blotting or purifica-
tion.

• Truncation of the protein to a length that
limited proteolysis or structural analysis
indicates will give a more stable prod-
uct.

• Fusion of a protein that is targeted to a
specific cellular compartment to en-
hance expression or folding.

• Fusion of the protein to green fluores-
cent protein so that its location in the
cell can be identified or highly-express-
ing cells can be isolated.
Whether the assay used requires a high-

ly purified enzyme or a defined cell line dis-
playing a few receptors on its surface, the
molecular biology techniques described
will be a vital part of the toolkit that is used
to develop the compound screen that ulti-
mately leads to a pharmaceutical product.


