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Now that, in theory, the various genome
projects have given us a list of all the parts
used by various organisms to go about
their daily lives, the next challenge is to
understand how those parts work, interact
and are connected. One of the most
important aspects of understanding any
complex system is to learn how it is
controlled and where the switches are.
A common switching mechanism used by
cells is to attach negatively charged
phosphate groups to proteins using protein
kinases. This simple modification can
cause the proteins to change their structural
conformation, thereby allowing them to
react with or bind other proteins that
contain phosphate-binding domains, such
as the SH2 domain, and initiate a signal
cascade. The results of signal transmission,
that is, turning on or off the switch, can
have profound effects on cells. Indeed,
many malignancies and developmental
abnormalities are caused by
malfunctioning molecular switches.

Wybenga-Groot et al. [1] describe the
detailed workings of such a molecular
switch. They have solved the structure of
the Ephb2 receptor kinase domain and the
juxtamembrane region in the autoinhibited
state. Their results show that, in its
unphosphorylated form, the juxtamembrane
region adopts a helical structure that
impinges on the ordering of the activation
segment and distorts the conformation of

the small lobe of the kinase domain, thereby
disrupting the active site and preventing
autophosphorylation. The authors also
suggest that the structure shows how
phosphorylation of the juxtamembrane
tyrosines would remove this autoinhibition
by permitting a structural realignment of
the kinase domain, which would result in it
becoming active. The data presented also
indicate that phosphorylation of the
juxtamembrane region would cause its
release from the active site. The environment
around each of the so-called two switch
regions is hydrophobic in nature, but
exposed to solvent. The addition of
negatively charged phosphate groups to
region one would cause electrostatic
repulsion. Region two contains five
negatively charged residues, so that
phosphorylation of the region would result
in additional electrostatic repulsion and
cause the release of this residue from its
binding pocket. Mutation of the two tyrosines
to phenylalanine in the juxtamembrane
region was shown to drastically reduce the
kinase activity of Ephb2, lending strong
support to the proposed mechanism. In
addition, the now free phosphorylated
juxtamembrane region of the receptor would
be able to adopt a new conformation and
bind to SH2 domain-containing molecules
to assemble a signaling complex.

It has long been known that cells
respond to external stimuli through the

binding of ligands to receptors, which in
their turn transmit the signal inside the cell
to initiate an appropriate response. The
ability to oscillate between catalytically
active and inhibited states in a regulated
manner is central to the ability of protein
kinases to act as versatile molecular
switches. Kit and Flt3 receptors have been
implicated in the regulation of tyrosine
kinase activity. There are oncogenic
variants known in mice and human cell
lines that have amino acid substitutions or
deletions in the juxtamembrane region
that result in constitutive activation of the
kinase domain. This leaves the switch
permanently on, with disastrous
consequences. This suggests that other
molecules might use the mechanism
proposed for the Ephb2 receptor. By
opening the trap door, priming the trap
with the phosphate bait, these molecular
switches are turned on causing further
molecules to be trapped and the signal to
be passed down the line. By understanding
the way in which the switches work and
where they are, we might be able to turn off
a broken switch.

1 Wybenga-Groot, L.E. et al. (2001) Structural basis

for autoinhibition of the Ephb2 receptor tyrosine

kinase by the unphosphorylated juxtamembrane

region. Cell 106, 745–757

Keith Ashman

ashman@mshri.on.ca

Anatomy of a molecular switch: structural basis of Ephb2 activation

Mapping the combinatorial regulation by transcription factors
Microarray experiments have become
central to transcription studies. Several
computational methods (e.g. based on
principal components analysis) are
currently used to analyse such experiments
on a genome-wide scale. Moreover,
comprehensive databases of gene
sequences and transcription factors are
now available and thus it is promising to
combine both sources of information.
So far, only a few studies in this context
address the fact that, in eukaryotes, one and
the same promoter can be regulated by the
coordinated action of multiple transcription
factors. This brings about a combinatorial
control, so that each gene can respond to a

variety of environmental conditions
without the need for a huge number of
different transcription factors. 

Pilpel et al. [1] identified synergistic
effects of transcription factors in
Saccharomyces cerevisiae. They propose
an approach consisting of the following
steps: (1) build a database of known and
putative promoter motifs (i.e. portions of
promoter sequence to which transcription
factors can bind); (2) for each motif pair,
identify all the genes that involve this pair
in their promoters; (3) calculate the
‘expression coherence score,’ that is, a
measure of the overall similarity of the
expression profiles of all the genes

containing that motif pair, based on a
Euclidean distance; (4) identify significantly
synergistic combinations; and (5) build
motif synergy maps and compare the effect
of individual motifs and combinations of
motifs on gene expression. This was
performed with yeast in several different
conditions, including different stages of the
cell cycle, sporulation, diauxic shift, heat
and cold shock, as well as treatment with
pheromone and DNA-damaging substances.

Several experimentally established
motif associations were confirmed in the
analysis. For example, the binding sites for
Mcm1 and SFF are synergistic in certain
phases of the cell cycle. Moreover, Pilpel et al.



Microarray production
stopped

Incyte Genomics
(San Francisco, CA, USA)
announced that it would
stop making microarrays
and end its gene-expression
analysis service as the

operation was said to no longer be profitable
(Nature, 8 November). Some Incyte users
only learned of the company’s decision
from reporters. The reasons for the closure?
Maintaining and replicating large collections
of genes is expensive and also there has been
a rapid proliferation of microarray facilities
on almost every major research campus
over the past two years. Alternatives are
available for researchers in the middle of
projects that are using Incyte’s technology.
The company says that microarrays using
Incyte’s gene collections will still be
available through third-party providers.  DM

NIEHS funds toxicogenomics
Grants totalling US$ 37m have been
awarded by the US National Institute of
Environmental Health Sciences (NIEHS) to
study ‘toxicogenomics’ – the influence of
environmental toxins on the development
of genetic diseases (bmn.com,
9 November). Five institutions will each
receive > US$ 7m over a five year period as
part of a new toxicogenomics research
consortium, and results will be collated in
a ‘Chemical Effects Biological Systems’

database, which will be accessible to the
public. One of the consortium members,
Helmut Zarble (Fred Hutchinson Cancer
Research Centre, Seattle, WA, USA), will
use rat models and microarrays to pinpoint
breast cancer oncogenes activated by
environmental toxins.  MJD

Seaweed bioremediation
Commercial cultivation of seaweed is big
business – carageenan, agar, fertilisers and
vitamins are all produced from seaweed
extracts – and increasingly the environmental
benefits of seaweed aquaculture are being
exploited in other areas (the-scientist.com,
29 October). Intensive fish farming produces
large quantities of effluent and food waste,
which contributes to pollution and can
trigger toxic algal blooms, but cultivating
seaweed farms alongside fish stocks can
bioremediate contaminated waters as the
seaweed grow on the effluent. This
‘polyculture’ approach contributes to
biodiversity and better management of
marine resources while also producing a
commercially valuable crop. Genetic
engineering techniques are now being used
to produce seaweed species with greatly
increased growth rates, which can be rapidly
cultivated in areas of coastal pollution.  MJD

Nano Gram staining
Researchers have described how a sensor
produced by acid etching on a silicon surface
can be used to differentiate between
Gram–positive and Gram–negative bacteria.

Benjamin Miller and colleagues (University
of Rochester, Rochester, NY, USA) coated the
resulting nanocavities with molecules that
have an affinity for groups on the surface of
Gram-negative bacteria. When the bacteria
are trapped in the cavities, a faint light is
produced. In the absence of bacteria, the
light emitted shifts wavelength. The team
hopes that in the future they will be able to
modify the sensor to identify specific
bacterial species by using different
molecular capture agents. This work is
shortly to be published in the Journal of the
American Chemical Society.  MJD

Cancer cell typing
Using microarray technology, Arindam
Bhattacharjee et al. (PNAS, 20 November)
have divided lung cancers into new
categories based on their expression
signature rather than the cells’ appearance
under a microscope. One such signature
identified a type of tumour, which on
average would kill the sufferer earlier than
a similar type of tumour with a different
signature. Scientists also used the
signatures to distinguish between
tumours originating in the lung and those
that had spread from elsewhere in the body
– a distinction that can be impossible to
make using current methods.  DM

Neuronal plaque formation
halted
Plaque formation on the neurons of
Parkinson’s disease (PD) sufferers could
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found, for the first time, that the factors
Abf1 and Rpn4 are synergistic in the
presence of DNA-damaging agents. By
plotting these pairwise interactions as a
graph, with the different conditions
highlighted in colours, a map of motif-
association can be constructed. This map
shows that a relatively small number of
transcription factors are responsible for
many different expression patterns.
Moreover, transcription factors with
universal roles, such as Rap1, strike the eye
by forming synergistic combinations with
various motifs in each condition studied.
A topological analysis of the map would
probably reveal that it is another example of
a scale-free network, besides, for example,

maps of module-association in proteins,
metabolic networks and protein–protein
binding. There are highly connected ‘hubs,’
or nodes that might act as global signals,
and sparsely connected nodes that are
more gene-specific. The paper also
addresses some more quantitative issues,
such as whether for a particular synergistic
motif pair, one motif is more crucial in
determining the expression pattern than the
other one. To this end, an integrated set of
computational tools called Combinogram
was developed and successfully employed. 

The study by Pilpel et al. clearly shows
that the immense diversity of the
phenomena of life heavily relies on
combinatorics (another prominent

example being the diversity of
immunoglobulins). Transcription factors
can be regarded as ‘words’ that can be
composed to form ‘sentences’ , which, in
turn, regulate gene expression. This study
appears to have promising applications in
the definition of the genes regulated by each
motif, in the annotation of new motifs and in
the analysis of transcriptional regulatory
networks. This is clearly relevant both in
medicine and biotechnology.
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