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ecently, a high school student visiting EMBL
challenged one of our researchers when he claimed
that biology is standing at the threshold of a unique
scientific and cultural revolution. "All scientists claim that
their field is making great progress," she said. "What's
different about biology?"

After a moment of thought the researcher said, "When
you learn a new language, you start with a very limited
vocabulary, you tryout sentences and larger forms - you
learn to give complex instructions and read poetry. How
much you can do depends on the words you started out
with, and how clever you are at using them to learn new
ones, and to understand new situations. In biology we've
been trying to do the same thing. With a very incomplete
vocabulary of genes we've tried to figure out the rules of
molecular interactions and explain very high-level
phenomena like the stages of viral infection and the
development of whole organisms. What's changing is that
in a very short time, genome projects and new methods
like DNA chip technology are going to give us the
complete vocabulary - like jumping from a few
rudimentary textbooks to an Oxford Dictionary of
English."
It is amazing to think that fifty years ago, nobody knew
what DNA or proteins looked like, or even which type of
molecule carried the genetic information that is the basis
of heredity. The last half-century has completely revised
our view of what life is. And although the sum of our
ignorance still looms high over our knowledge, the pieces
of the puzzle that are in our hands provide a convincing
outline of the whole, yielding incredibly powerful tools to
understand the basic components of life.

EMBL has existed for half of that span of fifty years; 1999 was our twenty-fifth
anniversary. In celebration, the Heidelberg Laboratory hosted an alumni reunion
which welcomed back some of our 1,500 scientific alumni, many of whom have gone
on to assume important positions throughout Europe and the rest of the world. 1999
was likewise a year for looking ahead, because the entire Laboratory was engaged in
a fascinating exercise in forward-thinking . The goal was to frame a draft for EMBL's
next five-year scientific programme, a plan which will be discussed and finalized by
the Council representing EMBL's sixteen member states in December, 2000.
The coincidence of these two events has given the 1999 EMBL Annual Report a special
character. As always, the main purpose of this text is to present a clear and
understandable account of the scientific work and important events from the year. The
anniversary encouraged us to try to delve more deeply into the history of some of
these projects. Writing such a report is an incredible opportunity to engage a group of
unique and extremely interesting people in a dialogue about their work. Basic
research has the special character of pushing at the edge of human knowledge. Most
work gives this border a gentle nudge, but occasionally a project reaches out to claim
a whole region of uncharted territory. Scientists are eager to talk in these terms, to
explain why they have taken a certain approach, the difference between what they
expected from an experiment and what actually happened, what they hope to
accomplish next, and how their work fits into a larger whole."Exceptional things can
happen at EMBL," says Swedish Group Leader Tommy Nilsson, voicing what many
scientists feel, "because the Laboratory combines different techniques, fields of
expertise, and interests in an exceptional way."

The arrival of the millenium prompted a flood of speculations about the future. The
visions that have been put forward - both positive and negative - anticipate an
enormous growth of science, and an awareness that its role in our lives will change.
While scientists have strong hopes that these changes can dramatically improve our
quality of life, there have been many different responses to the challenge for growth
in society at large. Some parts of the world, riding on the tide of booming economies,
have made extremely far-reaching commitments towards supporting science. Europe
is still struggling to define the role that it wishes to play in this vast cultural enterprise
that transcends national boundaries. Recent changes in European policy have had an
initial negative impact on EMBL and other international research institutes. This has
forced ministries and the public to directly confront the basic questions of how much
science there should be on a European scale, how fast it should grow, and how it
should be funded. We remain hopeful that in the end, these reflections will produce
an environment in which the whole of the life sciences - not only the applied fields will be re-evaluated and recognized as an absolutely crucial component of society, to
be regarded as a cultural treasure in much the same way that art is.
In this context, EMBL remains an ongoing experiment in the Europeanism of science.
The experiment has been running with great success for twenty-five years, as
evidenced by past and present scientific achievements, the fact that the services we
have to offer are highly valued and sought, and the accomplishments of our alumni.
EMBL is a model demonstrating that science on a European scale can work; it can be
competitive; it can add immense value to what is being done in national systems.
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Foreword by EMBL Director-General
Fotis C. Kafatos

EMBL at the start of the
new millenium;
.
an overvzew

To celebrate the first quarter-century of
EMBL, we hosted a homecoming of alumni in
October. A symposium featured exciting
scientific talks of past and current EMBLers. A
presentation of the EMBL's plans for 20012005 (see below) was followed by discussions
of how alumni as a group could help promote
EMBL's mission - the development of
molecular biology across Europe. The
discussions led to an important event: the
founding of the EMBLAlumni Association. At
press time, the Association has become a
reality as a legal entity, with Angus Lamond
(Dundee) as the Chair. It has also achieved
charitable status in Germany, with any
financial contributions to its activities
qualifying as tax exempt. We are delighted by
these developments, and look forward to
collaborating with the Association in the
years to come.

Events and developments rarely fit neatly
into calendar years. The turn of the millenium
is a case in point. In 1999 we celebrated the
25th anniversary of the Laboratory;
simultaneously, we launched a process of selfexamination and planning for the future,
which accelerated in the first half of 2000.
Thus, taking advantage of the fact that the
Annual Report 1999 will be released in the
Summer of 2000, this introductory DirectorGeneral's Report spans the turn of the
Millenium: it covers 1999 but also events,
plans and financial requests that crystallized
in early 2000.
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An important appointment in 1999 was that
of lain Mattaj as Scientific Coordinator of
EMBL, the top scientific management
position in the Laboratory after that of the
Director-General. Frank Gannon, with whom
I had worked very closely and fruitfully in the
same capacity since we both came to
Heidelberg in 1994, stepped down at the
beginning of 1999 to concentrate on his main
responsibilities as Executive Director of
EMBO, and lain was the obvious new choice.
Indeed, lain has already proven a wise and
skillful leader in this additional capacity, a
cohesive force much appreciated in the
Laboratory.

SAC), and the new Developmental Biology
Programme in Heidelberg by a panel led by
Davis S. Hogness. The reviews were both very
favourable, which was especially gratifying:
both of these Units are led by young leaders
appointed during my term (Matthias
Wilmanns and Stephen Cohen, respectively),
and the formation of the new Developmental
Biology Programme was a highlight of the
current Scientific Programme of EMBL.
Following a tradition that we started in 1998,
the review reports remain confidential (to
encourage frankness also in the future), but
the Director-General's responses to the report
are reprinted here, indicating the main thrust
of the recommendations, and the follow-up
decisions of the Laboratory's leadership.

EMBL operates on a five-year planning cycle.
The development of the Scientific Programme
proposal for 2001-2005, together with the
accompanying financial request to our 16
member states (Indicative Scheme), has been
an important task for the 1999-2000 period. A
draft proposal was formulated within the
EMBL in intensive discussions over 8 months
(late February-mid October, 1999). We began
with an exciting two-day retreat of all the
group leaders and team leaders, where the
broad directions of our plan began to emerge.
Subsequent discussions engaged mostly the
heads of Units and Senior Scientists. As our
plans became clearer, we exposed them to
valuable critique by panels of experts whom
we invited to "consultations" in Heidelberg
for this purpose: all the members of our
standing scientific Advisory Committee
(SAC), and an approximately equal number
of other leading scientists, with a significant
contingent from the US to give us a truly
external perspective. These consultations
were extremely helpful, and we are grateful to
those who participated. Through this
planning process, we decided to focus on
functional genomics as the central theme of
EMBL; and to complement our reliance on the
established scientific Units (the Programmes
and Outstations) with an enhanced emphasis
on interdiciplinarity, reflected in our choice of
six inter-Unit initiatives. lain and I wrote most
of the Scientific Programme proposal, which
has been published separately and widely
circulated. The follow-up to this proposal is
discussed in more detail below.

In the summer of 1999, the EMBL faced a
major and unexpected financial challenge, the
loss of EU support for the EBI. The EU had
funded the core activities of the EBI
generously since its inception, through
competitive grants. We had reason to expect
more substantial funding under the new EU
Framework V Programme which had
earmarked significantly larger resources for
"Support of Research Infrastructures" than in
the past. However, the EBI's new applications
were turned down for being "out of scope".
This was caused by new rules that excluded
from support "the construction and
operation"
of
infrastructures.
These
developments threw the EBI into crisis,
became a "cause celebre", and consumed
enormous amount of effort to find a way out
of the predicament. In March 2000, at a special
session, the EMBL Council passed a
supplementary budget that granted 3
MEURO to the EBI for the year 2000,
replacing the core EU support at the level of
1999. We deeply appreciate this generous and
unprecedented increase in funding above the
level foreseen in the current indicative
scheme. It should be stated, though, that these
developments in EU policy left the EBI unable
to break out of a level of funding that is
completely inadequate to the tasks created by
the explosive growth of genomics (see also
below).
A second major challenge came in the
summer of 1999 as a result of a court decision
concerning appeals from EMBL and ex-EMBL
personnel against past pay awards made by
the EMBL Council. The Administrative
Tribunal of the International Labour
Organisation (AT-ILO) concluded that

Two Units of the Laboratory were reviewed in
1999 by the Scientific Advisory Committee
(SAC) with the help of expert panels. The
Hamburg Outstation was reviewed by a
panel led by Louise N. Johnson (Chair of
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Council had not sufficiently justified its
decision to award reduced salary adjustments
for 1995, and ordered EMBL to provide back
pay. The court decision left some uncertainties
about what back-pay was in fact due and,
together with the serious concerns about the
EBI short-fall, this led to substantial tensions
within the Laboratory. The tensions were
largely dispelled by newer AT-ILO decisions
in February 2000, which dismissed appeals
made by personnel against post-1995 pay
awards. At the March 2000 special meeting,
Council provided what its legal advisors
considered to be the appropriate back-pay.
Although a new appeal has been made, the
tensions thankfully have dissipated and we
all look forward to a final AT-ILO decision
that will lay this matter to rest definitively.

In the current period, Biology is being
transformed into an information science,
through the power of the systematic methods
of bioinformatics, genomics and proteomics.
Simultaneously, Biology is becoming more
integrative. It seeks to understand the logic of
living systems in molecular terms at
successively more complex levels of
organization: macromolecules and their
dynamic complexes, living cells, developing
organs
and
organisms.
A striking
evolutionary unity of life at the molecular
level has become evident, greatly facilitating
the transfer of biological knowledge from
tractable model organisms to complex species
including humans. Biology is even
transcending its historic boundaries, for
example in the neurosciences where biology
blends with the cognitive sciences.

Finally, in 1999 EMBL established its own,
fully-owned Technology Transfer Company:
EMBL Enterprise Management, or EMBLEM.
We are confident that EMBLEM will help the
Laboratory pursue very professionally its
proactive and highly promising activities in
licencing and company formation. This is an
important subject, and a coverage that does
justice to the tremendous progress that we
have achieved in this area will be postponed
till the Annual Report 2000.

Modern Biology increasingly depends on
novel methods, new equipment and largeboth physical
(e.g.
scale
facilities,
synchrotrons) and electronic (interconnected
global databases). In addition, basic research
in Biology is increasingly interdependent
with biotechnology and medicine, which
apply the discoveries of science but also
provide new methods and pose novel
problems. Fundamental biological research
and its innovative applications in industry
and medicine are progressing in close
dialogue.

The EMBL Scientific
Programme 2001-2005:
Key Features

Functional Genomics:
a central theme served
by Inter-Unit Initiatives

The scientific context:
an accelerating revolution
in biology

In the coming five years, the major theme of
EMBL will be Functional Genomics. A major
landmark of human history - the first reading
of the information in the human genome was achieved in June 2000. A defining
moment though it is, this was only the
beginning. When EMBL's next scientific
programme starts in January 2001, the human
genome sequence will be available together
with the sequence of several multicellular
model organism (the worm, the fly, the plant
Arabidopsis, probably the mouse), as well as
a plethora of finished microbial genomes. At
the start of the 21st century, Biology will be
faced with the enormous task of
understanding genomic function: how the
entire information of the genome results in

In the second half of the 20th Century, Biology
underwent one of the greatest scientific
revolutions of all times. As a result, for the
first time in history we are beginning to
understand the fundamental nature of life
itself - a subject at least as interesting as the
nature of the cosmos or the ultimate
composition of matter. This revolution
continues to accelerate, and with it a new
technological revolution is gathering pace in
medicine, agriculture and industry.
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concerted, interdisciplinary manner for which
individual EMBL research groups have
neither the size nor the breadth of expertise.
The initiatives will affect resource allocation
by orienting group leader searches (always
subject to the cardinal principle of individual
excellence), and by guiding the choice of
scientific facilities to develop, and the central
allocation of competitive fellowships.

the biology of the organism, its phenotype.
EMBL is in an excellent position to be
amongst the pioneers in this ambitious
undertaking. It combines a unique culture
with an exceptional blend of great strength in
basic biological research, bioinformatics and
instrumentation development, including the
technologies of genomics and proteomics.
Genome function must be understood in the
context of biology, at successive and
interconnected
levels
of
increasing
complexity: in terms of the structure of
macromolecules and their complexes, their in
vitro function, their dynamics in the living cell
in support of cellular structure and function,
and the roles of macromolecules, complexes
and cells in developing multicellular tissues,
organs and organisms. Molecular information
is required to understand the higher levels of
organisation, but the converse is also true: the
biology of the molecules of life can only be
understood ultimately in their cellular
context. Thus, all the Units that the
Laboratory has nurtured in previous years are
now timely. They have become indispensable
for a serious effort to understand how
genomes work through biology. Functioning
not as isolated units but as organisational
entities within a coherent whole, the EMBL
Units will pool their complementary expertise
towards shared goals and create a powerful
center for functional genomics in Europe.
Thus, how well we deliver on our central
theme will depend on the health (including
the funding) of each of our Units, but also on
our ability to integrate their core activities
through inter-Unit initiatives.

To make the concept of inter-Unit initiatives
more concrete, let me review the initiative on
Molecular Machines. It is becoming
increasingly obvious that biological function
is mediated not by individual gene products,
nor by single protein-to-protein interactions,
but by multimolecular aggregates that
constitute complex molecular machines. For a
systematic analysis, we need to develop
methods to isolate such complexes,
characterize them in terms of composition,
structure,
biochemical
mechanism,
remodeling capacity and in vivo function
within cells and developing organs. This
initiative has already crystallized as a center
of activity in the Laboratory. The TAP-tagging
methodology of B. Seraphin (Gene
Expression) has been validated as
exceptionally powerful for the gentle
isolation of multimolecular complexes from
cell extracts; together with the expertise of M.
Wilm's Group (Biochemical Instrumentation),
they place EMBL at the cutting edge of non
gel-based proteomics methodologies. Several
groups in Developmental Biology (D.
Bohmann, S. Cohen, A. Ephrussi,) are
currently incorporating this approach in their
work. Advanced microscopy approaches to
identifying protein-protein interactions in the
living cell have been introduced in Cell
Biology and Biophysics (R. Pepperkok, P.
Bastiaens),
and
collaborations
with
develop mentalists
using
advanced
microscopy are being explored. Finally,
structural biologists at both Heidelberg and
the Outstations (e.g. Muller and Cusack in
Grenoble) are moving towards ambitious
projects to determine the structure of protein
complexes; increasingly these involve
collaborations with other colleagues at EMBL.

These initiatives (Bioinformatics; Systematic
functional genomics / proteomics; molecular
machines; intracellular RNA world; biological
systems analysis; interface with medicine)
represent a real innovation in our mode of
operation which requires some explanation.
Through the inter-Unit initiatives we intend
to maximise interactions between groups
from throughout the Laboratory to achieve
synergy of purpose, so that a "bottom up"
organisation can tackle the large, ambitious
and interdisciplinary projects that are
currently needed in the life sciences. While
most of the resources required will come from
resources allocated to the Units, the initiatives
go far beyound the spontaneous cross-group
collaborations that are already prevalent at
EMBL. In this new era, the Laboratory needs
to address major biological problems in a

Inter-Unit initiatives are well-suited to the
special features of the Laboratory. They are
part of our strategy for achieving landmark
advances in a "bottom-up" manner, in an era
in which large projects are becoming the norm
in Biology, and in an institution that has
rather small groups and an unusual personnel
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turnover system. This system makes EMBL
unique, and remains appropriate for an
international laboratory whose statutory
mission is to promote molecular biology
across Europe. It is unlike other successful
systems which are based on tenure and are
more appropriate for national institutions: for
example the star system with very large
group sizes in the Max Planck society (or the
Howard Hughes Medical Institutes in the
USA), or the system of institutional longterm support in tenured positions that has
been so instrumental at the LMB. At the
EMBL, we recruit almost invariably
investigators
starting
directly
from
postdoctoral positions, give them complete
academic independence and sufficient
resources to form rapidly a research group
that is modest in size, support them in this
manner for up to 9 years, and then encourage
them to move on to senior positions in the
member states ("seeding"). To name but a few
of the recent successes of this system, this was
the career path of Tony Hyman and Marino
Zerial (MPI Dresden), Angus Lamond
(Dundee), David Tollervey (Edinburgh),
Werner Kiihlbrandt (MPI Frankfurt), Peter
Becker (University of Miinchen) and Matthias
Mann (Odense University). In addition to the
tangible benefits of returning new stars to the
member states, our system gives EMBL
flexibility and youthful dynamism; the
downside is the appearance of continuous
"loss" of key personnel, considerable
disruption and costs associated with
turnover, and minimal options for top-down
planning. We see the inter-Unit initiatives as
an important mechanism to preserve the
benefits of our system while sidestepping its
limitations, especially in respect of planning.

In the area of genome expression analysis,
Alvis Brazma at the EBI has taken the lead to
develop world standards, algorithms and
software for capturing, storing in databases
and comparing DNA micro array data from
diverse laboratories ("Array Express"). In
developing this project, the experience in
Heidelberg of instrumentation developers
(Ansorge) and of molecular biologists who
are beginning large microarray projects
(Hentze, Kafatos and others) will be
invaluable. Significant input will also be
coming from the computational biologists in
Heidelberg who are in daily contact with the
experimentalists, and can form a vital link
between the EBI and the Headquarters
Laboratory. Once again our progress will be
much faster as scientists from different Units
of the Laboratory tackle together the diverse
aspects of this multidisciplinary project.

The EMBL Units
and their funding
requirements
in 2001-2005
The Headquarters Laboratory
in Heidelberg
The Heidelberg Laboratory is the centerpiece
of the EMBL system, and largely accounts for
its reputation, high standards and
competitiveness. Furthermore, it is the
location of much of the wet biology research,
technology development and advanced
training at EMBL, and the largest source of
outstanding alumni who benefit directly the
member states when they leave the
Laboratory. As recent reviews attest, EMBL
Heidelberg continues to have vibrant,
internationally recognized top quality
research programmes which continue to
evolve as developments in science require.
The instrumentation programmes are also
highly innovative, with recent major
successes in mass spectrometry and novel
microscopies.

Another example of such initiatives is
Bioinformatics. This of course is the focus of
our Hinxton Outstation, the European
Bioinformatics Institute (EBI), and it is so
important that the EBI is scheduled to receive
approximately 60% of the increase that we are
seeking in our funding baseline: to develop
the massive information resources that are
now essential for the molecular life sciences,
to train the bioinformaticists that Europe
desperately needs in academia and industry
alike, and to do the future-oriented research
that will keep us at the forefront of
developments. But the big challenge will be
not just to do bioinformatics in isolation, but
to integrate that approach with wet biology.

During the current Scientific Programme
(1996-2000), an inadequate budget and the
necessity of building up the approved new
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EMBL Units - the EBI and to a lesser extent the
Monterotondo Programme - forced the
Heidelberg Laboratory to shrink significantly.
It lost 8% of its research group complement
and had to trim some 10% of the staff
positions in the Units (technicians and Staff
Scientists). Increased numbers of PhD
students kept the number of personnel
approximately constant, but are no substitute
for technicians and Group Leaders. Moreover,
the supply and small equipment budget per
group has remained constant, without
inflation compensation, effectively reducing
the actual resources. Similarly, capital
investment for large equipment and for the
building's infrastructure has been very
inadequate. We are seriously concerned about
the loss of critical mass and competitiveness
of the heart of the EMBL system. This cannot
continue.

microscopy facilities in Europe; in this case
most of the equipment is available, but the
staffing needs reinforcement.
The Heidelberg Units have been consolidated
in the last five years into four major
programmes that are designed to cover the
levels of biological organisation, from the
molecule to the developing organism. A fifth,
smaller unit is devoted to biochemical
instrumentation. Even as the Heidelberg
Laboratory was shrinking, we established a
new Developmental Biology programme
through recycling of resources from other
programmes, to complete the intended
coverage. These consolidated units are to be
sustained in the new 5-year period at the
current reduced steady state (of course with
their coverage evolving through turnover) .
We are only requesting for now the
restoration of one group, to bring back
essential chemical expertise in the Laboratory.
The Heidelberg Units and their main themes
can be outlined as follows:

Being pragmatic, and in view of the
continuing need to expand other parts of
EMBL, we are only requesting a modest
restoration of resources in Heidelberg for the
next five years. These will be concentrated on
two priority items that will immediately
improve the conditions in the Laboratory
significantly. One is the provision of some
additional research personnel (in total 18
postdoctoral fellowships) on a competitive
basis, to encourage ambitious but risky
projects and collaborations that can include
other EMBL sites.

Structural and Computational Biology: Biologydriven analysis of macromolecular structure
using all available structural techniques;
single particle analysis focusing on
membrane proteins; structural principles of
macromolecules; computational approaches
to biological analysis.
Gene Expression: Analysis of genome
expression; gene expression as an integrated
process involving continuous remodeling of
chromatin
and
RNP
complexes;
understanding nuclear structure and realtime gene expression through advanced light
microscopy.

The second item to which we have given top
priority is the development of core research
facilities. These are essential because of the
increasing importance of new instruments in
molecular biology in general, and the new
theme of functional genomics that requires its
own novel instrumentation. The facilities will
be important not only for EMBL researchers
but also to support our extensive visitors
programme. Much of the hardware will come
from a proposed off-baseline equipment fund
(see below), while the staffing and operating
needs are to be met from the additional
funding requested for Heidelberg. Among the
major facilities we wish to develop are
facilities for systematic genome expression
studies (especially DNA microarrays), for
proteomics (mass spectrometry and 20 gel
analysis), and for novel microscopies. A
prototype we wish to emulate is our
Advanced Light Microscopy Facility, which
has already become a center of competence
and is now promoting a network of advanced

Cell Biology and Biophysics: Processes that
confer identity to membranous compartments; generation of cell asymmetry;
microtubuleand
micro filament-based
morphogenesis; development of advanced
light microscopy methods to study molecular
events within cells in real time; integration of
experiments and modeling to understand the
dynamics of cellular structure.
Developmental
Biology:
Developmental
signaling processes analyzed by genomewide expression patterns; biochemistry of
protein complexes, and light microscopy of
real-time signaling; asymmetry in single cells
related to asymmetry of cell populations;
mouse genetics with emphasis on brain
development and physiology.
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Biochemical Instrumentation: Automation of
purification methods leading to highthroughput mass spectrometry; emphasis on
targeted proteomics and collaborative efforts
in global proteomics; DNA and protein
microarrays; technology improvements for
medium-scale DNA sequencing projects.

• Establish and operate (present and future
databases and related activities)
•

ArrayExpress (public DNA micro array
db from present conceptual design;
algorithms and tools for expression
analysis)

•

Additional databases (e.g. EST and STS
dbs, Mitochondrial DNA DB, Radiation
Hybrid db, SNP and other sequence
variation db, metabolic pathways db,
databases from multiple external
collaborations)

•

New information technologies for
optimum use of DBs (currently
CORBA and SRS)

The European Bioinformatics
Institute (EBI)
The central ambition for the EBI is to be the
premier public sector bioinformatics service
provider in Europe, and a center of excellence
in research that prepares the future, trains
badly needed experts and provides scientific
input into new services. Much has been
achieved in the service programme since the
start-up of the EBI in 1995. The challenge will
be very much greater in the next five years, as
the flood of genomic (and soon post-genomic
and proteomic) data dramatically expand the
demands: to handle and annotate these data,
and to make them available to the community
openly in the form of user-friendly
information resources. Research and training
were not high priorities in the past because of
severely limited resources, but this must be
corrected in the future.

• Substantially increase emphasis on

• Render robust (enhance current activities)
EMBL-Bank (the nucleotide database;
a global public partnership with
GeneBank in the USA and DDBJ in
Japan

•

SWISS-PROT /InterPro/TrEMBL (the
world's choice protein sequence
database; SWISS-PROT is an equal
partnership with SIB in Geneva)

• Build to viable strength (develop full
services from current nucleus)
•

European Macromolecular Structure
Database (partnership with RCSB in
the USA)

•

EnsEMBL (continuously
updated
baseline public annotation of the
human genome, and across all
vertebrates; partnership with Sanger
Center)

External services (improvement of
main service delivery platform, notably
web presence, analysis
tools,
integration of
the various EBI
information resources and the user
interfaces to them)

•

External collaborations
(national
bioinformatics centers, EMBNet)

In terms of research and training, our
ambition is to make the EBI a world-class
center within two years. It is worth recalling
that in 1994 and again in the current Scientific
Programme we had planned for the EBI a
research programme consisting of six modestsize research groups. We had no chance to
pursue this goal with the available finances,
as the provision of services had to take
precedence. The research programme has
shrunk to 2 full-time groups; although they
are of high quality, they are clearly below
critical mass. Yet, as we know from experience
at other Outstations, keeping the service
activities of the EBI at world-leading level will
require their interaction on a daily basis with
cutting-edge, future-oriented research; w ith
scientists who develop new concepts,
approaches and algorithms in genome-related
bioinformatics, as well as pioneers of new
bioinformatics areas for the future . We aim for
a major expansion of the research
programme, using mostly external funding to
build on an institutionally-supported
nucleus. Related to this expansion will be a
strong emphasis on training activities, which
will require the robust operation and close
collaboration of the service, research and
industry support programmes. Advanced

In terms of providing information resources,
the EBI will need to:
•

•

xvii

training needs to be addressed towards
academic researchers, industry and national
centers of bioinformatics service, research and
training. In view of the scarcity of
bioinformatics personnel in Europe, an
appropriate mission for the EBI is to train
their trainers.

Although the EBI accounts for ca. 60% of the
requested total increase in the EMBL
budgetary baseline, the resulting institutional
contribution of EMBL will only reach ca. 40%
of the total budget that will be required for the
EBI. We consider this as the minimum level of
ring-fenced commitment that the EMBL must
make to remain credible as the parent
organisation of the EBI.

In its early years, the EBI succeeded in
creating a much appreciated industry support
activity (BioStandards programme, co-funded
by industry and initially by the EU). It brings
to Hinxton key bioinformatics personnel from
approximately 20 European pharmaceutical
companies, for advanced training workshops
and
discussions
concerning
novel
improvements in bioinformatics methods and
tools. If additional funding is available this
unique and valuable activity could be
expanded to other industrial sectors, and the
outstanding BioStandards workshops could
also be made available to the academic
community.

The competitiveness of the EBI will require
that we retain our present top-quality staff
while recruiting others in what is very much a
seller's market. It has taken considerable
managerial and inspirational skills on the part
of the present joint heads of the EBI to retain
the present top quality team and group
leaders through the last two years of
increasingly inadequate budgets, including
the last year of financial crisis triggered by the
withdrawal of EU support. While G. Cameron
will remain as head of services, M. Ashburner
has resigned and will be serving as acting
joint head until a replacement can be made.
EMBL will recruit a full-time Director from
the scientific side, and this search will get into
high gear as soon as the financial
commitment (for all of EMBL, including the
EBI) is voted upon by Council in November
this year. Importantly, the MRC and the
Wellcome Trust have notified us that they will
open their competitive bioinformatics
research funding schemes to the EBI once the
other elements of reinforcing the EBI are in
place. Without doubt, for the EBI to recruit
effectively and to compete for external
resources in a credible manner, it must have
adequate and predictable funding. We hope
that renewal of EU funding will also become
possible (see below).

In conclusion, a substantial build-up of the
EBI will be required for it to make its expected
and
essential
contributions
towards
development of bioinformatics across Europe
- in the same way as EMBL-Heidelberg has
done and is doing for molecular biology. The
EBI must have the personnel and equipment
(computers, peripherals and networks) to
develop its core services further (including
new database resources that we expect to be
second to none) and to create sophisticated
user interfaces that will facilitate their
adoption. It must also be able to build a topquality research programme, which will
prepare
the
future
directions
in
bioinformatics and participate in training
while providing scientific input into the
services.
To achieve these goals, the EBI will need to get
substantial new funding, and to attract
additional high quality personnel. These two
requirements are inter-related. In terms of
resources, the EBI will require additional
funding both from EMBL and from external
sources. Its total budget will need to more
than double, reaching 24 MEURO in 2001 and
at least 30 MEURO in 2005. By comparison,
the NCBI's budget is already ca. 35 M$ this
year (approximately the same as is planned
for launching in 2001 a new Bioinformatics
Institute in Japan), and is projected to grow to
100 M$. Thus, we see no room to decrease our
funding request to the EMBL Council.

The Monterotondo Mouse
Biology Programme
In the era of functional genomics, the shift
towards human biology has enhanced the
importance of the mouse as the only tractable
mammalian model system. The EMBL central
laboratory in Heidelberg has facilities
adequate for two major and three minor (i.e.
occasional) mouse users and these facilities
will continue to be used in full. However,
Monterotondo is an essential complement for
EMBL's focus on mouse biology.
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not absolutely require EMMA, we view
EMMA as a great asset both for Europe and
locally: potentially an important contributor
to the mouse activities on campus, and
EMBL's partner in a shared animal house.
Close interaction between a renewed EMMA
and the EMBL Programme will be highly
desirable, without any net transfer of
resources in either direction between the two
entities.

Since 1994, EMBL Council has a clear
commitment to establish four mouse biology
groups at Monterotondo, a process we began
in January 1998 when the facilities became
available. The initially approved funding
proved inadequate for steady-state operation
but, since it was provided for five and
actually needed for only three years, it
sufficed (and with some supplementation
from central funding) for a programme
consisting of three groups and a staff scientist.
EMBL and its international scientific advisors
(including a recent SAC review) agree that
Monterotondo has the potential to make a
major contribution to the European effort in
mouse biology, but will require expansion to
achieve critical mass. We will continue to
work to realise that potential, and seek from
Council the additional resources to bring the
Programme to viable size, six groups in total,
including the necessary facilities (with
additional animal house space to be provided
by the host country).

The Mouse Biology Programme at
Monterotondo has a broad remit, to address
important questions in the biomedical
sciences using mouse as a model and the
excellent technologies now available in that
system as tools. In filling the two currently
available positions and the final two that we
hope will be funded in November, the
primary criterion will be individual
excellence. The Programme already has two
excellent scientists with specialties in Cell
Biology and Developmental Biology /
Neurobiology; these are areas that we wish to
reinforce, while remaining mindful of the
importance of the mouse as a favourable
system for studies of vertebrate physiology
and integrative biology, including as model
for human diseases. Sophisticated analysis of
mutant mice in terms of molecular
physiology and other aspects of phenotype is
becoming necessary and we will keep this
and other desirable goals in mind, as we
recruit and make choices for facilities to
support a dynamic, expanding mouse biology
programme.

In the recent past, the Monterotondo
programme
faced
two
unfortunate
developments, one internal and one external.
Internally, damaging uncertainties arose out
of our Coordinator, K. Rajewsky, being
courted by Harvard. We agreed with him a
deadline for clear decision-making, and
followed the Review Panel suggestions in
committing a reasonable package of resources
to retain him with us. Although we
understand his decision, we much regret that
Klaus opted to move overseas (and the
consequent loss to Europe as well as the
EMBL). With his stepping down, we have
appointed W. Witke as Acting Coordinator
and will be conducting an open search for a
Coordinator. The Council's decision about
resources in November will be needed before
attempting to finalize such an appointment.
As the departure of K. Rajewsky and his Staff
Scientist (u. Kalinke) will reduce the number
of research groups to two, we are also
initiating a search for a group leader.

The Hamburg and Grenoble
Outstations
These EMBL units are universally appreciated
for their quality, service to users and costeffectiveness. The Grenoble Outstation began
the current quinquennium with the approved
expansion of its laboratory facilities, and has
been instrumental in bringing the ESRF
beamlines to an exciting level of quality for
structural biology. A fair assessment would be
that despite its small size it plays a major role
in making Grenoble a world center for
structural biology, and in serving well the
needs of its numerous visiting scientists. Its
activities are channeled through the Joint
Instrumentation Group (JIG) and the Joint
Structural Biology Group (JSBG), which have
mixed ESRF and EMBL membership; the

The external unfortunate development was
the loss of EU support for EMMA, which
reduced the operation of this important
facility to stand-by mode, supported by CNR.
Needless to say, we regret this development
and hope for renewal of support, as we are
convinced that EMMA (with a central
repository at Monterotondo and a network of
collaborating national nodes) is essential for
Europe. Although the EMBL Programme does
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fellowships assigned to 10 29 for work on
advanced MAD methods. In addition to
meeting current needs this postdoctoral
support would provide an already proven
training ground for future needs in beamline
scientists. Taking both Outstations together
this results in a request for seven scientists
and the equivalent of six technicians. The
capital investment for upgrading the facilities
at Hamburg is included in the request for offbaseline funding.

EMBL contribution is increasingly recognized
by all concerned. The lack of resources
unfortunately precluded the purchase of
BM14, which would have been highly
beneficial to both the service and the research
functions of the Outstation, but it is hoped
that collaboration with the new owners of the
beamline will make some of the beam time
available for these functions.
The Hamburg Outstation has developed an
even more impressive record of serving the
European structural biology community
through its stellar Visitors programme. At the
same time, its small but vigorous research
programme has begun to grow. The
limitations on resources have precluded
upgrading of the beamlines and ancillary
facilities, which is a major priority for the next
quinquennium.

Off-baseline capital investment
fund
The underfunding of EMBL over the last
decade has resulted in an accumulated deficit
in capital investment, which must now be
addressed. Simultaneously, the EMBL needs
to face the increasing dependence of
molecular biology on large and novel
equipment. Careful assessment of the needs
for equipment and for investment in plant
and building refurbishment point to a
minimum total investment deficit of 16
MEURO over the period 2001-2005. Because
of the previously deferred nature of these
investments, and their magnitude, budgetary
provision for them is made off-baseline.
Ideally, they should be significantly frontloaded. Capital equipment needs include
crystallography beamlines and peripherals,
computers, electron and advanced light
microscopes, high-throughput biochemical
instrumentation for functional genomics and
proteomics, etc. In addition, further deferral
of investment in the plant and buildings in
Heidelberg cannot be sustained. In
prioritizing the proposals generated within
the Laboratory, the focus has been on
supporting the new scientific programme
(e.g.
DNA
micro array
and
other
genomic/proteomic facilities, advanced light
microscopy facility) and on serving the users
(e.g. Hamburg beamlines). Decisions have
also been taken not to pursue lines of research
that would require additional substantial
capital investment (e.g. solid state and very
high resolution NMR).

The intensified use of the Hamburg and
Grenoble facilities by the user community,
which is ongoing and will undoubtedly
increase further, mandates the modest
increase in personnel that is requested. At
Hamburg there are seven beamlines
(excluding the yet to be commissioned new
EMBL-MAD beamline) that are in operation
24 hours a day, seven days a week for more
than 30 weeks of the year. The scientists
supervise each experiment by external users
including introduction to the beamline,
preparation and strategy of the experiment,
progress monitoring, data processing and
trouble shooting. In addition they contribute
to the development of state-of-the-art
beamlines and beamline environment with
innovative projects. The technicians provide a
wide range of support services to the users
including the provision and preparation of
material, administration of the experiment at
the beamline and continuous assistance for
the duration of the experiment. At present
there are altogether nine scientists and three
technicians. Considering the very high and
increasing throughput of visitors at Hamburg,
and to ensure the highest quality of user
support, the appropriate staffing level would
be two scientists and one technician per
beamline. This would require an increase of
five scientists and four technicians.
On a similar basis Grenoble requires an
increase of two scientists together with a
software engineer who would work on data
collection and processing and structure
solution for all beamlines, and postdoctoral
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TABLE 1 : INDICATIVE SCHEME PROPOSALS 2001 TO 2005
ADDITIONAL FUNDING (K)
2001

2002

EBI: core services and the
nucleus of a research
programme

2000
3000
2000
3000
2000
3000

Monterotondo; three additional
research groups and associated
facilities

1 000
700
700

Heidelberg; scientific facilities,
postdoctoral support, restore
1 Chemistry Group

600
500
300

2003

2004

2005

3500
4500
4500
3500
3 500
NIS

5000
5000
NIS

1 500
1 200
1 200

1 500
1 500
1 200

1 500
1 500
NIS

1 500
1 500
NIS

1 200
700
600

1 500
1 500
900

1 500
1 500
NIS

1 500
1 500
NIS

Hamburg and Grenoble;
additional staffing for
beam lines

300
500
300
300
200
200

500
500
200

500
500
NIS

500
500
NIS

EMBL Pension Fund

500
500
500
500
500
500

500
500
500
500
500
NIS

500
500
NIS

4500
2 100
2700

3500
2800
2000

3000
3000
1 900

2500
2500
NIS

2500
2500
NIS

8900
6 100
6400

10200
8500
7500

10500
10500
8200

11 000
11 000
NIS

11 500
11 500
NIS

Off - baseline non-recurrent
funds for capital equipment

OVERALL TOTAL
Optimum case scenario
Responsive case scenario
Minimum case scenario

NIS: New Indicative Scheme
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Concluding remarks

The New Indicative Scheme:
A Summary

The Scientific Programme proposal seems to
us in the Laboratory as an exciting and
realistic roadmap for the next five years. It is,
we believe, a roadmap worthy of EMBL and
essential for its future success. These years are
going to be crucial as Biology adjusts to being
big science, at the forefront of discoveries, at
the source of a technological revolution that is
gathering speed. The world centers in Biology
will be redefined in the coming years, and the
EMBL must continue to be amongst them. It
will, if granted sufficient resources.

Conventionally, an Indicative Scheme defines
the ceiling of contributions (in constant
prices) that the member states decide to make
for the implementation of an approved
Scientific Programme. That decision, to be
taken in November, will not be routine. It will
represent the level of ambition of the member
states for their communal Laboratory in the
post-genomic era. If EMBL is to continue to
serve effectively European science, bold
decisions will be essential. Lack of resolve
will, in the longer term, marginalize the
Laboratory.

Back in December 1995, at the decision-point
concerning the current 5-year period we
accomodated to the realities of a lingering
financial slow-down in Europe, and the
aftermath of EMBL's political problems of
1993-1994. We were only given a real growth
of 5.7% over 5 years and were told to get on
with it, keep most of the Laboratory at steady
state, expand Grenoble, and build two new
Units, the Monterotondo Programme and the
European Bioinformatics Institute. We did a
lot during these last 5 years, both in science
and in administration, while slimming the
Laboratory down to the bone. We cannot go
through that again. There is no fat left, and the
challenges have grown.

The baseline for the new Indicative Scheme is
calculated on the basis of funding in 2000. If
we include in it Council's special contribution
that addressed the immediate crisis of the EBI
after the failure of EU funding, and if we omit
the one-off contribution with respect to back
payment of 1995 salaries, the baseline
becomes 45,242 KEURO. Initially we
discussed with Council three scenarios for
additional funding above that baseline. After
careful analysis I have concluded that the
lowest of the three ("worst case scenario")
would limit funding to a level that would
result in abandoning an entire Unit and
degrading the performance of the Laboratory
significantly. I could not contemplate that
eventuality. The other two scenarios are
presented as the two extremes in Table 1,
where they are named "Optimum" and
"Minimum". I firmly believe that the
Optimum is not overambitious; it is what the
EMBL really needs, and I will argue for it in
November. I would, reluctantly, be ready to
consider the Minimum but only as an
Indicative Scheme for 3 years, thus giving the
opportunity for reconsideration in 2003. As a
potential compromise, I will be putting
forward a new proposal for five year funding
that is responsive, both to the needs of the
Laboratory and to the problems that some
member states may have with a rapid
transition to the optimum level of support. As
Table 1 shows, the funding profile of the
"Responsive" scenario would be a little less
than the "Minimum" in 2001, somewhat more
than the "Minimum" in 2002, and at the
"Optimum" level in 2003 to 2005.

I am not a believer in "Big is Beatiful". But the
challenge that we have taken on - functional
genomics in its broad sense - will require
resources. We must nurture the EBI as
Europe's center in a new discipline on which
all of Biology now depends. We must
reinforce the essential foundation (our
strength in structural, molecular, cellular and
developmental biology) on which functional
analysis ultimately must rest. We must
introduce demanding new technologies for
systematic analysis and enhance our
interdisciplinarity (our ability to work jointly
on ambitious projects, across the boundaries
of Units, even across geographic distances.).
We must significantly strengthen our work on
the biology of the mouse, the best model
system for functional studies of mammalian
genomes. These are all essential components
of our strategy. It will be impossible to pursue
them with the worst case financial scenario.
At the end, permit me to be impolite and raise
some science policy questions. Everyone
recognises that we are no longer in the
immediate post-war period, when biology
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was a footnote to the real thrust of science physics and engineering (later on to include
astronomy, space science and informatics).
Our friendly competitors in the USA and
Japan have understood, and have shifted
massive resources into the life sciences. At the
national level in Europe we are also beginning
to see some shift. But what about the
international European level? What is the
current funding of EMBL as a percentage of
all European international laboratories? What
will be the funding of the EBI as compared to
that of the NCBI and the new Japanese
bioinformatics center in 5 years? What will be
the European public sector bulwark against
potential commercial monopolies in genomic
informatics across the Atlantic?

impossible without investment of resources
for a robust scientific life in the Laboratory. It
is the quality of its scientists and the
institutional support that they receive which
together make possible an unmatched level of
commitment to training and provision of
services to others. In the last five years, and
continuing in 1999, we have more than
delivered on the promise to enhance these
activities further, but we have now exceeded
the limit of what can be sustained without
proper investment. In the structural biology
Outstations of Hamburg and Grenoble,
investment in beamlines, peripherals and
associated facilities as well as their adequate
staffing will be needed if the service to
visitors is not to degrade, but to be sustained
at the desired level of quality. At Hinxton, the
quality of service to users cannot keep up
with the huge waves of data and the
associated exponential increase in demand for
improved and novel information resources,
unless these services are built on a robust and
growing bioinformatics center, as described
elsewhere. At Monterotondo, stabilization
and achievement of critical mass in the
research programme need to be achieved
before a significant visitors' programme can
be launched. Finally, in Heidelberg eventually
the restoration of the previous research group
complement will be needed if the number of
visitors we can accept as collaborators is to be
sustained; furthermore, development and
staffing of new facilities suited to the
postgenomic era will be critical for the success
of the scientific programme, but also for
meeting the changing demands of visitors in
this new era (proteomics, DNA microarray
and advanced light microscopy facility).
While the Visitors Programme of EMBL can
be viewed as a unit (http://www.emblheidelberg.de/Visitors/), its specific aspects
at different locations are summarized below:

The predicament is that the Laboratory,
despite its world reputation and its services,
is rather modest in size. Requests for double
digit percent increases above the baseline
(13.5% in 2001 and a total of 25.3% over 5
years, according to the optimum and
responsive scenarios) are unusual. But these
percentages are very misleading. At a time
when the NIH budget in the USA is growing
by some 2 billion dollars year after year, and
when the molecular life sciences, having
reached center stage in basic research, are
widely recognised as vital for the future
competitiveness of Europe, the absolute levels
of additional funding requested for EMBL are
not exorbitant. Even for the largest member
state, Germany, the share (3.0 MEURO) is in
the range of a small genomics grant; for a
small country like Greece, the share (160
KEURO) is in the range of a singleinvestigator research grant. Can 16 countries
of Europe fail to afford this level of additional
investment in one of their premier research
institutions?

Advanced Training and
Visitors Programmes

Hamburg and Grenoble
Service to visitors is central to the mission of
our two Synchrotron associated outstations in
Hamburg (http://www.embl-hamburg.de/)
and Grenoble (http://www.embl-grenoble.
fr/). In particular, the beamline at Hamburg
was utilised by an impressive 718 visiting
scientists from all member states during 1999,
an increase of 27% from the previous year. All
visitors are closely supported exclusively by
the Outstation staff who provide technical

Advanced training and support for visitors
are very important aspects of EMBL's
mission. The Laboratory as a whole, and each
one of its well-established Units, have a stellar
record in these activities - a record that is
universally and warmly applauded. A point
worth emphasizing is that the intensity and
the quality of these activities would be
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biology

assistance and ensure that the beamlines are
utilised with high efficiency. At Grenoble a
large number of European structural biologist
visitors utilize the top-quality biological
beamlines of the European Synchrotron
Radiation Facility (ESRF), which in fact are
supported collaboratively by ESRF and EMBL
through their Joint Instrumentation Group
and their Joint Structural Biology Group. In
addition, the EMBL Outstation has hosted
specifically 64 visitors to its own facilities,
providing up-to-date computing and
graphics facilities, and extensive molecular

L

- - - -, -

I

biochemistry

laboratories,

specialised in the scientific requirements of
structural biology. In order to facilitate access
to both of these important facilities, the EU
has awarded grants to the Hamburg and
Grenoble outstations under its subprogram
'Access to Research Infrastructures'. Visitors
wishing to utilise the synchrotron facilities
may apply for financial support to meet all
their travel and subsistence costs for the
duration of their stay.

Heading A Visitors

i
Programme

and

Scientific
Collaborator

-

--

-

Trainee
-

-

Sabbatical
Visitor

User of
Facility

-- -

-

39/1

Practical
Course
Participant

Subtotal
-

--

,--

- ---

Biochemical
Instrumentation

77 118

15/15

10/6

(84/46)

(313)

(5/4)

Cell Biology &
Biophysics

362/73

390 I 21

89/16

(202 / 77)

(211 / 13)

(10 / 6)

Developmental
Biology

199 I 30

211 115

1 11

18 11

429 I 47

(224/27)

(216/20)

(3412)

(474/49)

Gene Expression

153 / 15

168 / 13

(99111)

(253/16)

730 I 101

154 I 13

(275 / 55)

(182 / 13)

103 I 11

67/16

(6717)

(4 14)

1624 I 248

1005 1 93

153 I 31

185 / 8

(951 / 223)

(869 / 69)

(23 115)

(14917)

Structural Biology I
Biocomputing
Additional Research
I General Facilities
I EMBL General

TOTAL

120 I 84

261 I 124

(23/23)

(115176)

40 / 2

52 / 26

933 1 138

(18 / 1)

(1 11)

(442 / 98)

334 I 31

13 / 3
(13 1 1)

(45 / 27)

(410 / 55)

40/5

88/4

93/63

1105/186

(8 / 5)

(84/3)

(201 / 137)

(750 / 213)

:

170 I 27
(71/11 )

3232/553

265 1

173

(2262 I 502)

(270/ 188)

--

- ----- --- ----

--

-

-- --

-

-

Change

--

.-

-_.. _._ -

-

-

I

xxiv

+43%1

+10%

Hinxton

Visitors to Heidelberg

The recent explosion in bioinformatics has
dramatically increased the importance of the
EBI for the entire European community in the
molecular life sciences and biotechnology.
Not only does this Outstation provide unique
European scientific resources for remote
access by the scientific community, it also
forms a training base for visiting European
scientists. Training is offered at all levels, from
visiting students completing research projects
to m ore extended stays by post-doctoral
scientists, the majority of whom move into
industry. In 1999, the EBI hosted 90 visitors
from a broad spectrum of member states and
with the vast increase in emphasis being
placed on bioinformatics, demand is sure to
grow at an accelerating pace over the coming
years. Coming from one of the only world
centres offering services, training, and
research in this field, alumni of the EBI are
highly sought in industry.

The Visitors Programme at Heidelberg was a
commitment made for
the
current
quinquennium, and it has worked
exceedingly well, as the past Annual Reports
have documented. Indeed, once again in 1999
the number of scientific collaborators,
sabbatical scientists, trainees and users has
increased by 7% relative to the previous year
and the length of their stays has increased by
an impressive 42%. The number of Visitors to
EMBL in H eidelberg in 1999 is shown in the
Table below. Continuing improvements in the
administration and tracking of the
programme have made it possible for visitors
to be continually entered into an EMBL
database, so we are now able to more
accurately reflect the use of EMBL as a
resource. This is important not only for
reporting purpose, but also to attract future
visitors. Visitors are encouraged to approach
directly group or team leaders or heads of
facilities with whom they wish to work. While
travel and subsistence costs are normally met
by the visitor, all bench fees are covered by
EMBL. Support facilities such as the two
guesthouses and the two day care centers for
children are all located in close proximity to
the Laboratory, and can facilitate visits within
the limits of their capacity.

I

Heading B Visitors
EMBL I
EMBO

EMBL

Subtotal

Conferences
Symposia I
Workshop!, _.
-

-----

TOTAL
-

A strengthening of facilities at EMBL has
begun and is a major priority for the future . A
prototype of what we have in mind is the
Advanced Light Microscopy Facility (see
article in the Scientific Report) established in
partnership with industry in order to provide
advanced
instrumentation
and
to
accommodate visitors. This core facility is
meant to serve as a pan-European resource
enabling visitors to access state of the art
microscopy. It also aims to serve as the
coordinator of a network of high quality
specialized microscopy facilities in Europe
that would be strengthened with local
resources and would be opened to
international visitors. This is one example of
what
was
meant
by
"institutional
partnerships" in our October 1999 proposal
for the New Scientific Programme (see
below). The ALMF is partially supported by
the
EU
(http: // www.EMBLHeidelberg.DE/ExternalInfo/EurALMF I) .
Approximately 18 visitors a year can apply to
perform experiments which cannot otherwise
be carried out at their home institutions.

-. - -.- .

261 1 124
(11 5 176)

242 1 242

242 / 242

1175 1 380
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Institutional partnerships
In Europe we must overcome the
fragmentation of research efforts. The
"institutional partnership" proposal in our
draft Scientific Programme proposal aims to
promote the development of a robust network
of interacting centers of excellence, which
complement and support each other across
the continent and catalyze locally the rapid
advance of our science. Beyond the
unambiguous clarification in the draft
Scientific Programme that any institutional
partnerships must be locally funded, this is a
concept that is deliberately presented in terms
of possibilities rather than a fully worked-out
plan. I consider it an invitation to the best
institutions or networks of quality
laboratories in the member states, to consider

how to best increase their interaction with
EMBL. In many of the countries I visited in
early 2000 this idea elicited a very favourable
response, and in some cases led to planning a
network of excellent laboratories that will
promote the use of present opportunities at
EMBL and make suggestions for the future.
Another developing project of institutional
partnerships is the ALMF (see above). The
partnership idea is in the same direction as my
earlier decision to establish an organised
visitors' programme in Heidelberg: it is
directed towards making EMBL an even more
cooperative and inclusive institution that
takes seriously its mission to promote the
development
of
molecular
biology
throughout Europe.

lain Mattaj represents EMBL at "European Science beyond 2000", in Lisbon, Portugal , March, 2000.
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External reviews of the
Developmental Biology
Programme and the
Hamburg Outstation

help. It is evident that at the current level
of staffing the Outstation cannot further
increase user support. Furthermore,
capital investments that have not been
made for lack of resources must be
addressed soon if the Outstation is to
meet the needs of its user community. As
a minimum, a dedicated allotment of
special funds for equipment will be
sought for the beginning of the next
quinquennium.

Response of the DirectorGeneral to the report on the
Hamburg Outstation
1.

I am gratified by the strong endorsement
of the new leadership of the Outstation,
Dr. M. Wilmanns as Head, as well as by
the strong appreciation of Dr. V. Lamzin
as Deputy Head. Considering the Report
and after consultation with SAC and the
Senior Scientists, I have offered them both
an open-ended contract.

2.

Similarly, I am gratified by the evaluation
that the excellent user support at the
Outstation has set a "gold" standard for
synchrotron facilities worldwide. The
commitment of EMBL to the continued
operation and support of the Outstation,
despite the current budgetary difficulties,
is clearly justified by the success of the
Outstation in this function, which remains
critical for Structural Biology in Europe,
as well as by the steps taken to further
strengthen the research activities and the
collaborations of the Outstation staff,
both with external users and with the rest
of EMBL.

3.

I note with pleasure the appreciation of
the performance not only of the
crystallography staff but also of the
instrumentation group and the staff
engaged in non-crystalline studies.
Although
normal
staff
turnover,
consideration of relative demand and
resource limitations have led to the
decision to convert X13 from a smallangle scattering to a crystallography
beamline, the intention is to consolidate
the SAXS effort into one strengthened
group. How to do so will be discussed
further with the Outstation leadership
and staff.

4.

All the staff of the Outstation, and in
particular the Staff Scientists who still
require mentoring, deserve additional

5. Personally and on behalf of EMBL I
consider as a major loss the recent death
of Prof. B. Wiik, the Director of DESY. He
was an inspiring and generous leader
who, beyond his impact on DESY, greatly
facilitated the work of the Outstation.
EMBL is grateful for the support that
DESY /HASYLAB have given to the
Outstation over the years, and looks
forward to continuing this positive
relationship into the future. In this
connection, EMBL is supporting the
exploration of potential opp ortunities
from the FEL for Structural Biology, as
well as supporting and advising on the
setting-up of a related Structural Biology
group at DESY, complementary to the
mission of EMBL.
6.
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As the Review Panel reported, the current
DORIS ring is approaching the end of its
useful life. EMBL has written its partners
DESY /HASYLAB, emphasizing the
importance of substantially upgraded or
alternative
sources
of
standard
synchrotron radiation, which will be
needed if Hamburg is to remain an
important centre for Structural Biology in
Europe (whatever the potential biological
applications of the FEL).

Response of the DirectorGeneral to the report on the
Developmental Biology
Programme
1.

praise. I concur with their evaluations and
am delighted by their achievements and
outstanding promise. Ephrussi has
already been recognized by promotion to
Senior Scientist status, also in connection
with the EMBL initiative on RNA-level
regulation; she now serves as Associate
Dean of Graduate Studies. EMBL intends
to recognize the performance of Mlodzik
and Klein in due time, in a manner
consistent with the special nature and
mode of operation of the Laboratory.

This detailed and thoughtful review gives
an exceptionally strong endorsement of
the performance of our new Programme,
which has positioned EMBL favourably
for the emerging era in which molecular
biology
is
addressing
complex
phenomena of multicellular development
and the regulatory mechanisms that
ensure the formation as well as the proper
physiological functioning of tissues and
organs. I am gratified by this success and
congratulate the staff not only for the
excellent work of the Programme, which
is judged to be among the best in Europe,
but also for its cohesion, positive spirit
and fruitful interactions with the rest of
the Laboratory.

2.

Special thanks are due to Steve Cohen for
the superb job that he has done as
Coordinator, in parallel with leading an
outstanding research programme in his
own group.

3.

Similarly, I recognize with gratitude the
strong foundations that Thomas Graf had
created for this new Programme in the
context of the Differentiation Programme,
which he built with a broad mind and
excellent recruitment judgement in his
years at EMBL.

4.

A substantial proportion of the Group
Leaders are recent appointments, and the
detailed comments of the review panel
will be especially helpful to them as they
organize and pursue their independent
research programmes.

7.

5. I have appreciated G. Superti-Furga both
as a scientist and as a good citizen of the
Laboratory in his years as Staff Scientist
and (more recently) Team Leader. His
very good productivity since the last
review in 1995 now permits me to extent
his contract to a full 9 years in a faculty
position.
6.

Among the more established Group
Leaders in the Programme, Anne
Ephrussi, Rudiger Klein and Marek
Mlodzik are singled out for exceptional
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The Developmental Biology Programme
has now been shaped in a balanced
manner, with coverage extending from
genetics to biochemistry, and with both
invertebrate and vertebrate model
systems represented, including enhanced
activity in mouse biology, and
neurobiology in particular (with the latest
recruitment of a mouse develop mentalist,
M. Treier, who was not reviewed). The
opportunity now exists for the
Programme to continue its success with
new recruitments in the context of the
EMBL turnover system. Especially
important will be to recruit with
originality as a paramount criterion; with
attention to unique opportunities for
interdisciplinary synergy with other
Programmes in EMBL; and with
cognizance of the potential for basic
contributions in the direction of molecular
medicine.

EUROPEAN POLICY

Interesting Times--Biology, European Science, and EMBL

by Fotis Kafatos

reprinted with permission from Science, 2000 February 25; 287: 1401-1403

the x-ray beam lines that are very much in
demand. Finally, we intend to build on our
extensive collaborations across Europe,
offering new opportunities for institutional
partnerships.

These are exciting times for biological
research; they are also challenging for
European science. Access to the total genome
sequences of several organisms will lead
biology to previously unimaginable insights,
as these sequences are analyzed using
bioinformatics and both established and
novel experimental methods. In Europe,
scientists and policy-makers now perceive
significant problems: a serious gap in
resources for critical areas of biology relative
to other industrialized countries, and a lack of
coherent policies that are needed to maximize
the total impact of our diverse national and
international efforts. This is the dual context
within which the European Molecular
Biology Laboratory (EMBL) has developed
recently its scientific program for the next 5
years (I), and is preparing the associated
budget.

The EMBL Profile
Our central mission is to promote the
development
of
molecular
biology
throughout Europe: to foster leading-edge
research that opens up new fields, to develop
new techniques and instrumentation, and to
provide advanced training and services to the
scientific community. This complex mission is
supported by activities and policies that give
EMBL a unique profile. Appointments are
made strictly on merit, not by national quotas.
Yet, by inclusive recruitment, EMBL is the
most international institution in biology
worldwide, with no single nationality
predominating. Our scientists come from
engineering, informatics, and diverse
physical and biomedical sciences, permitting
interdisciplinary innovation. Staff contracts
are for fixed terms, up to 9 years, with rare
exceptions for continuity. As a result of high
turnover, the laboratory is extremely youthful
and flexible, evolves rapidly, stays current,
and avoids rigid borders between its Units.

In summary, the laboratory will be addressing
the challenge of the times by focusing on
functional genomics as its central theme,
based on our combined strength in
experimental biology, bioinformatics and
technology development. Despite its strong
reputation, EMBL is an institution of modest
size, and has been underfunded in the last
decade. The scientific plans will require
budgetary increases that will be reasonable in
absolute figures, given the present core
budget of approximately 45 million euros
(US$44 million) . Our existing Units (the
Research Programs in the main laboratory in
Heidelberg and in Monterotondo) and the
Outstations in Grenoble, Hamburg, and
Hinxton (European Bioinformatics Institute,
EBI) are the essential foundations for these
plans, and must be reinforced. A major part of
the planned growth is to build up the EBI as a
world center in bioinformatics. To bolster our
strength in mouse biology, Monterotondo will
need to double in size to six research groups
to achieve critical mass. Thematic initiatives
across the Units will capitalize on our
interdisciplinarity, for which adequate
resources in Heidelberg are vital. At the
structural biology Outstations, we will need
to invest in equipment upgrades and staff for

Our research landmarks include systematic
genetic analysis of embryonic development in
Drosophila; molecular cell biology of
membrane traffic; elucidation of RNA
maturation, transport, and translational
control; introduction of biocomputing and
bioinformatics in Europe; and development
of enabling technologies such as the use of
synchrotron radiation in biology, cryoelectron
microscopy, advanced light microscopy, and
mass spectrometry for protein identification.
Often, collaboration between instrumentation
developers and experimental biologists has
proved crucial to success. Major, widely
appreciated services are offered at
synchrotron beam lines for structural biology
in Hamburg and Grenoble, and through
global bioinformatic resources at the EBI.
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Smaller, but valuable, infrastructures also
serve visitors in Heidelberg.

programmatic ferment. It grows out of
current strengths while setting new
directions, with functional genomics as a
central theme.

The EMBL has an unparalleled record of
advanced training and research networking
in Europe. When our scientific alumni leave
EMBL, they carry with them its standards,
contacts, and international collaborative
outlook. Out of more than 1500 to date, threequarters work in and benefit the member
states, often in leading positions. In addition,
nearly 2000 visitors participate in research
projects annually; establish collaborations; are
trained in specific methods; or attend up to 25
practical
courses,
workshops,
and
conferences. EMBL is the European
equivalent of the Cold Spring Harbor
Laboratory in the United States.

By next year, numerous microbial and several
multicellular genomes, including the human,
will have been deciphered. Biology will be
faced with an enormous challenge:
understanding how the information of the
entire genome affects the biology of the
organism. Molecular analysis is clearly
required to understand higher levels of
biological organization, but the converse is
also true: the biology of the molecules of life
can only be understood in the context of
functioning cells and organisms. EMBL is in a
favorable position in this new era, precisely
because of its strength in basic research at
interconnected levels (molecular structures,
gene expression, cell and developmental
biology), coupled with bioinformatics and
instrumentation development. In the next 5
years it will be vital to safeguard this strength
in our evolving Units, while using our
flexibility from turnover and relying on our
unique collaborative culture, to build
interunit initiatives that cut across traditional
disciplines.

In the last decade, the EMBL international
PhD. program has grown to a steady state of
170 students, selected from a large and
diverse pool of applicants. Their studies begin
with an intensive core course program in
Heidelberg, followed by supervised research
at any EMBL site. This leads to a degree that
is granted by national Universities, EMBL
itself, or, jointly, under agreements negotiated
between EMBL and national institutions.

In the second half of the 20th century, the
biological research community embarked on
one of the greatest scientific revolutions of all
times. For the first time in history, we are
beginning to understand the fundamental
nature of life itself--a subject at least as
interesting as the nature of the cosmos or the
ultimate composition of matter. This
revolution
continues
to
accelerate,
underpinning a technological revolution in
medicine, agriculture, and the biotechnology
industry.
Biology is becoming less
reductionist and more integrative, as it seeks
to understand the logic of complex living
systems in molecular terms. The evolutionary
unity of life at the molecular level has become
evident, greatly facilitating the transfer of
knowledge from tractable model organisms to
complex species including humans. Novel
methods, equipment, and large-scale
facilities, both physical (for example,
synchrotrons) and electronic (interconnected
global databases), are now crucial, as biology
becomes "big science."

Initiatives targeted on bioinformatics,
genomics, and proteomics aim to integrate
technology development for global analysis
with challenging fundamental problems of
experimental biology. An initiative on
molecular interactions, based on the emerging
realization that multimolecular machines are
the key mediators of biological function, will
develop methods for isolation and
characterization
of
functional
macromolecular complexes in cells and
developing organisms. An initiative on the
intracellular RNA world will focus on posttranscriptional gene expression as a
mechanistically integrated process of RNA
remodeling. Another initiative seeks to
combine quantitative experimental analysis
with new inputs from chemistry and physics,
as well as modeling, to elucidate the systems
properties of complex biological phenomena
such as morphogenesis. Finally, by cultivating
interactions
with
medical
research
institutions, we aim to alert both medical
researchers and our scientists to the potential
medical applications of the discoveries at
EMBL.

Adjusting to these changes, the blueprint for
EMBL in 2001-2005 envisages a judicious
combination of organizational stability and

Service, advanced training, and support for
visitors are well-established activities, only
limited by the available resources. For the

The Scientific Context and the Plans
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next 5 years we propose a new thrust in
outreach activities: the development of locally
funded
bilateral
partnerships
with
institutions in the member states. We envisage
collaborations whereby EMBL would help
update or set up facilities in the partner
institution; temporary external sponsorship
of groups at EMBL followed by relocation to
the sponsoring partner institution; transient
establishment of local EMBL units, which
then devolve to the national system; and
broader institutional affiliations, for example,
for facilitating international recruitment and
advisory structures or reciprocal access to
facilities and sustained collaborations. The
rationale is to contribute toward overcoming
the fragmentation of science efforts in Europe,
by promoting a cooperative network of
centers of excellence.

had committed to the EBI more than half of
the requested growth for all EMBL in 20012005. Now we have also asked our member
states to fill the gap left by the EU.
Nevertheless, there is some ground for
optimism. A recent European Commission
document (4) "Towards a European research
area" proposed by the new EU Commissioner
for Research, P. Busquin begins: "Even more
so than the century that has just finished[,] the
XXI century we are now entering will be the
century of science and technology. ...In
Europe, however, the situation concerning
research is worrying." Referring to an
expanding gap of tens of billion euros
between the research expenditures of the
United States and Europe, the document
moves away from the misguided orthodoxy
that all is well with the European science base
and that the EU should concentrate on
applied research directed toward industry
and "socioeconomic" objectives. It calls for a
"European approach to research facilities" and
seems to signal a renewed favorable attitude
toward the European intergovernmental
organizations. It promises that "In form as in
content the Sixth Framework Programme will
have to be thoroughly rethought out in the
light of the project to develop the European
research area."

Toward a Robust European Science
Policy
Like CERN and other intergovernmental
research institutions, EMBL is the legacy of
the postwar vision of science on a European
scale. Currently, there are three science
systems in Europe: national, intergovernmental, and European Union (EU). A major
challenge is how to articulate these systems
properly, to create synergies, and to amplify
the dynamism of the whole. The challenge is
especially important for the life sciences and
"e-science" because of their expected pivotal
role in the 21st century. A recent experience
gives cause for concern.

The other powerful bodies of the EU are the
Council of Ministers and the European
Parliament. The successive presidents of the
Council this year will be J. M. Gago (Portugal)
and C. Allegre (France), influential ministers
who are scientists with a European vision.
The new parliament is also likely to favor
European cooperation. Finally, the life
sciences research community is beginning to
formulate and project its views in an effective
manner (5). This may be the year for a
common effort toward a more robust
European science policy. In the long run, our
institutions--EMBL included--will prosper,
not in isolation, but in the context of an
improved climate for stronger, consistent, and
coordinated support for science in Europe.

The EU has funded the EBI generously since
its inception, through competitive grants. In
November 1999, the EBl's applications under
the new multiannual EU Framework V
Programme were turned down for being "out
of scope." The same happened to other
previously EU-supported infrastructures in
the life sciences, including the European
Mouse Mutant Archive (EMMA). Apparently,
the rules under the EU "Support for Research
Infrastructures" program had changed to
exclude support for the actual operation of
infrastructures. The wisdom of such a
decision, when biology depends ever more on
robust infrastructures, was challenged
vigorously (2, 3). The failure to inform
infrastructure operators directly, transparently, and well in advance to allow arrangements
for alternative support was especially
regrettable. Because of the rapid growth and
strategic importance of bioinformatics, we
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The self-organizing cell
Laying bare the mechanics of sorting,
packaging, and transport

EMBL 1999 ANNUAL REPORT

have estimated that at least 50,000 are needed to make a human. Most
gene products can be put together in alternative ways, and many need to
occupy precise regions of the cell. Getting enough of everything to the
right place is a monstrously complex task. "Understanding the
mechanisms and principles underlying the generation and maintenance of
this organization is the main challenge in cell biology today," says ERIC
KARSENTI, Coordinator of EMBL's Cell Biology and Biophysics
Programme.
To take a single example, the cell produces hundreds of types of lipid
molecules - the main components of membranes. "Why should a cell have
so many types?" KAI SIMONS asks. "They must have a function." Years of
work by his group has revealed that lipids play a role in the basic
machinery that sorts components to their proper places. In another
example, proteins called Rabs playa role in determining how and when
membrane-wrapped compartments called vesicles can dock with each
other. MARINO ZERIAL'S group has found that a single member of the
family, Rab5, operates in a limited area in the cell. Through interactions
with proteins and lipids, it helps to create a special region within
membranes by recruiting over 22 other proteins. And there are many other
flavors of Rabs, each of which may have a distinct region of activity,
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Another result of the programme merger is a growing emphasis on
quantitation and mathematical modeling. Most scientists are coming to regard
some sort of modeling as the only solution to the enormous complexity that is
emerging in biological problems. With enough understanding of the
biophysical properties of a system, in silica experiments can be designed to
predict how components behave in simplified in vitro systems. These in turn
shed light on the cell's ability to creatively reorganize itself on demand.
These processes are so intricate that the molecules that carry them out
sometimes seem like tiny organisms themselves, inspiring the odd feeling that
one gets when watching virtual ants crawl across a computer screen. Eric
Karsenti expressed this elegantly in a recent talk, as he showed a movie of a
very simple in vitro system. A clumpy aster - a knot of proteins - reached out
w ith tentative, microtubule fingers to ensnare a bead coated with DNA. "This
looks like a spider," he said. "This looks alive." He showed the movie again
and again. The spectators would have stayed to watch it many more times.

THE SELF-ORGANIZING CELL

MICHAEL WAY
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Linking signals to
the cytoskeleton
A virus provides a
model for how
signals modify the
shapes of cells

&

FREDDY
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Over the course of an infection, viruses co-opt and
subvert the machinery of the cell factory with frightening
efficiency. Thus work with viruses has continually
yielded insights into fundamental questions about the
cell, such as how events that take place at membrances
lead to modifications in in the organization of filaments
and tubules that make up the cytoskeleton. In a number
of important cellular processes, including when a cell
needs to crawl through tissues to reach its proper place,
signals from outside stimulate the formation of long
fibers under the cell surface. It has been difficult to
determine the precise roles that particular molecules play
in these processes because of the dynamic nature of the
molecular environment at the cell membrane. Now
MICHAEL WAY'S group has shown that a "minimal
membrane" - that which surrounds the Vaccinia virus - is
an excellent model system to study the factors that
influence actin filament formation and cell motility.
Vaccinia is one of the largest and most complex viruses
known. One problem for a virus is locomotion - moving
within and between cells, and the intracellular enveloped
form (lEV) of Vaccinia accomplishes this by stringing
single G-actin molecules into fibers, bunching these
strands into a thick, comet-like tail, and being pushed
along by the filaments. The researchers reasoned that in
doing so, it was probably mimicking or pirating cellular
processes, and it might provide clues about the
mechanisms by which cells move.

7
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The researchers had noticed that the process of actin
filament formation on the surface of the virus was
accompanied by a phosphorylation signal - a type of
biochemical interaction common to many important cell
signaling events, involving the modification of a protein
through the transfer of phosphates. Other forms of
vaccinia don't receive this signal, so the researchers
investigated proteins unique to IEV They determined
that A36R, a protein which is packed onto the outer
surface of the virus as it is assembled, was being
phosphorylated by an unknown molecule. By doing
genetic studies that altered the composition of A36R, they
could prevent the protein from becoming phosphorylated
- and this prevented the formation of filaments as well.

Cell infected with vaccinia virus. Filaments
of actin (green, yellow) are assembled
into comet-like structures by the virus.

see related
story, p. 54

These studies showed exactly where in the protein
phosphorylation was occurring, and it gave the
researchers a strong clue as to the type of molecule that
might be doing the deed; different kinds of signaling
molecules have standard patterns that they target. "What
we saw from A36R suggested that its partner might be a
Src kinase, so at that point we showed the A36R sequence
to GIULlO SUPERTI-FuRGA," Way says. Superti-Furga's team
has specialized in studying the structure and function of
proteins belonging to this very important family of
signaling molecules. Experiments then showed that
inhibiting the activity of Src kinases stopped the
phosphorylation signal.

THE SELF-ORGANIZING CELL

"What happens to A36R looks very much like what
happens at the outer cell membrane, where proteins
receive signals and respond by building filaments that
may make critical changes in the cell's shape and
movement," says Freddy Frischknecht, a pre doctoral
fellow in Way's group. "Src proteins have been
implicated in cell mobility, and some of the molecules
that participate in that process have been identified.
Among them are factors called Nck and N-WASP, which
interact with all the right partners - this means they are
ideal candidates as integrators and coordinators of the
signaling pathways that control the formation of actin
filaments."
A36R's response to a signal is to recruit another molecule,
and once again, an investigation of the A36R sequence
responsible for this activity revealed that there was a
good chance that the next link in the chain was a molecule
called Nck. The researchers demonstrated that this was
happening, and that the result was the recruitment of
another molecule called N-WASP. Because researchers
had already unraveled the chain of events that link NWASP to actin filament formation, Way and his
colleagues now had the final link to show that vaccinia
was mocking what typically happens at the cell
membrane.
Further studies of N-WASP have given the researchers a
good look at the mechanisms that recruit it to the virus,
and how the various domains of the protein organize
different aspects of its activity. A36R may turn out to have
multiple functions as well. In any case, as a model for the
links between signaling and the cell cytoskeleton, the
virus is still a rich lode to be mined.

9
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A virus learns to enter
cells by stealth

see related
story, p. 116

For several years, Jacomine Krijnse-Locker and members
of GARETH GRIFFITHS' group have been working on the
two infectious forms of Vaccinia: the intracellular mature
virus (IMV) and the extracellular enveloped virus (EEV). The
ways that cells respond to differences in these forms are
revealing more links between cell signaling pathways
and the actin cytoskeleton.
IMV and EEV have extremely complex outer membranes,
with layers wrapped around each other like multiple
Mobius-strips. A major difference between the two forms
is that EEV has an additional layer of membrane. In
earlier work, Griffiths and his colleagues identified the
source of these membranes: the virus modifies sections of
the cell's endoplasmic reticulum (ER) and trans-Golgi
network (TGN), and kidnaps them as wrapping for its
own DNA. Recent work by the group, based on electron
microscope studies, shows that the viruses don't enter the
cell by fusing to the outer cell membrane, which has often
been assumed. The entry mechanism is still a mystery,
but the studies have produced intriguing hints about
molecules that may be involved.
According to Krijnse-Locker, who supervises the vaccinia
project in Griffiths' group, when IMV approaches
uninfected cells in the test tube, they react by sprouting a
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number of tiny, finger-like protrusions called microvilli. "The virus seems to be
orchestrating a complex signaling cascade that creates these protrusions," she
says; "it also chooses them as ports of entry. By triggering a process within the
cell, it's preparing a doorway for itself." The signals touched off by the virus
involve a cascade of interactions involving ezrin, rac, rho, PKC, tyrosine kinases
and other molecules - familiar players at other times when the cytoskeleton
needs to be reshaped. One result is the formation of actin fibers. The
researchers have found that tampering with the cascade can make it easier or
harder for the virus to penetrate cells.
"This means that IMV depends on the cell to get inside," Krijnse-Locker says.
"That can be a double-edged thing: adjusting the signaling pathway can form
an obstacle to the virus' getting in. What's interesting is that IMV is the older
form; EEV evolved later, and what it did was to give itself an extra layer of
membrane. We've only found six proteins in that layer. Whatever their
functions are, they confer on EEV the ability to enter the cell by stealth.
Tampering with the factors that deflect the IMV have no effect on EEV; it has
somehow learned to slip inside without activating cellular defenses."
As well as investigating the connections between viral proteins and cellular
signaling, the researchers are analyzing the many steps in the viral life-cycle.
Vaccinia brings along a set of tools to transcribe its own DNA and does so
easily, even in the test tube, which is optimal for biochemical studies. Now an
ED Biotech grant has encouraged the researchers to look at a MVA, a closelyrelated virus which carries about three-fourths of the vaccinia genome. Recent
tests have shown MVA to be a safer vehicle for immunizations than vaccinia.
MVA may give researchers a closer look at the stages of vaccinia assembly.
"MVA gets completely assembled in some types of cells, but in other types, it
gets stopped at different stages," Griffiths says. "That gives us something like
a freeze-frame look at the steps in the process."

11
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Snares
and
rabs

Many molecules are enclosed in membrane packages called vesicles for
transport through the cell. These are hooked up to motor proteins which can
travel down routes of actin or microtubules and are dropped off at their
destinations. There the vesicle membrane docks onto the proper recipient
membrane and is opened. The growth and development of cells, as well as
their everyday activity, depend heavily on the accuracy of this delivery.
Molecules called SNAREs playa role in membrane fusion throughout the cell;
a SNARE on the vesicle (v-SNARE) finds the right t-SNARE on its target. This
happens both in outward-bound delivery of materials that the cell has
synthesized, and in vesicles such as those which contain neurotransmitters,
the chemical signals passed between nerve cells. One of the interests of the
group of Winfried Weissenhorn in Grenoble is to study the SNARE-mediated
delivery of neurotransmitters. Since there are different types of SNAREs, the
cell has to have a mechanism to put the right type with each cargo. In 1999,
Kai Simons and his group were able to show that SNAREs are associated with
"raft"-like assemblies of lipids and can thus take advantage of mechanisms
that sort ensembles of molecules towards apical compartments. This is the side
of asymmetrical cells, such as those which make up the surface lining of gut
and other tissues, which faces away from the blood, towards the interior of an
organ.
SNAREs give only a small part of the whole
picture, however. "Other mechanisms are
needed to keep too much fusion from
happening," says Tommy Nilsson. "If
SNAREs were the only membrane fusion
mechanism, then whole organelles such as
the ER and the Golgi would simply clump
together." SNAREs sometimes latch onto the
wrong targets. Many years ago, Marino
Zerial decided to tackle the problem of what
other mechanisms were needed to ensure
that this didn't happen. There are multiple
stages of control: the ability of membranes to
recognize each other, or the maneuvers that
they make so that their SNAREs can come
into contact and fuse . Some molecules act as
switches which block or permit fusion these, in turn, depend on helpers to throw
the switch, or act as timers, or do many other
things. The work of Zerial's group has focused on a set of proteins called Rab
GTPases, which form assemblies with numerous other molecules to perform a
lot of these regulatory duties. GTPases assist in many cellular processes by
being converted from a loaded (GTP) state to a low-energy (GDP) form.
"There are many types of Rabs, and we have demonstrated that particular
ones are put in specific compartments of cells," Zerial says. "We chose to focus
on one as a model: Rab5, which helps fuse inward-bound vesicles into
compartments called endosomes. Rab5 is essential for the regulation of this
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process and if this regulation is perturbed by
increasing the amount of RabGTP, too many
vesicles will fuse into a single huge
compartment." Savvas Christoforidis in the
group achieved something unique: he used
Rab5 GTP bound to beads to fish through cell
extracts for proteins that would bind to it. He
isolated 22 proteins, the largest collection of
effectors for a GTPase ever found in a single
purification step. The mass spectrometry
group of MATTHIAS WILM was essential in
helping the researchers to identify the
molecules. Zerial and his colleagues then took
these components and showed that they
sufficed to recreate vesicle fusion in the test
tube. Since the researchers now controlled the
environment - much simpler without the
thousands of other molecules circulating in
the cell - they could investigate the function
of each protein by making slight changes in
the mixture.
One result has been the discovery of links
between Rab5 and SNAREs. "The Rab
machinery tethers membranes together so
that SNAREs can induce fusion of the
membranes," Heidi McBride, a Canadian
postdoc in Zerial's group, says. "A molecule

MARINO & HEIDI MCBRIDE

called EEAl assembles into a complex with
other Rab-binding proteins and can then
make changes in the SNARE machinery.
There are unique features of these
components which suggest that Rab5 and its
partners may help to merge vesicles to
endosomes as well as guide the fusion of
membranes."
Another discovery, made in collaboration
with the group of TONYHYMAN, was that Rab5
controls how endosomes interact with
micro tubules and move along them, an
activity that depends on an enzyme called
PI3K. This important signaling molecule is
known to modify lipids and to help organize
the cell cytoskeleton and membranes. When
the GOP form of Rab5 is delivered to a vesicle,
it switches to the GTP form. This attracts
PI3K, triggering a set of events that
reorganizes the vesicle membrane and
permits the recruitment of Rab5 effectors,
including EEAl molecules. These help to
activate SNAREs, leading to fusion of the
membranes.

13
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Synaptic shipping

WALTER WITKE'S group in Monterotondo has been
working on several parts of the membrane-actin
machinery, filling in pieces of the puzzle that link
signaling at the outer membrane to actin filament
formation .
Vesicle
formation
and
actin
polymerization apparently go hand-in-hand, and
they are presumably triggered through common
pathways. Witke's group had previously shown that
the actin-binding protein profilin interacts with a
number of molecules such as dynamin I, thought to
playa crucial role in vesicle formation.
"All trafficking depends on two complementary
processes," Witke says. "Fission - or pinching a bit of
membrane off of a donor membrane - and then fusing
it to a new membrane when it has been delivered to
its destination. Pinching, which is like forming a
bubble by squeezing the surface of a balloon, comes
in different types that appear to be controlled by
different processes. We know that the actin
cytoskeleton is playing an important role in this
process but it is poorly understood at which step and
how."
These studies led to the identification of another
molecule which, like profilin, binds to a motif present
in a number of signaling molecules. Witke's group, in
collaboration with Anne Schmidt from Wieland
Huttner's group in Heidelberg, Matthias Mann in
Odense, and Hans-Dieter Soling
from the Max-Planck Institute of
Biophysical Chemistry in Gottingen, have identified this protein as
endophilin I and have discovered
one of the functions of this molecule.
Biochemical tests performed by
Schmidt showed that endophilin I
could stimulate the formation of
synaptic-like microvesicles in vitro.
A second series of experiments by
the Soling group showed that this
activity seemed to depend on the
conversion of lysophosphatidic acid
into phosphatidic acid and that
endophilin I is the enzyme that
promotes this reaction. The link to
pinching and vesicle formation lies
in the fact that the conversion
simply changes the curvature of
the membrane, inducing and
facilitating the pinching process.
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These findings have changed our current view of how
formation of synaptic vesicles could be triggered.
"Until now, the most likely 'squeezer' has been
dynamin I," says Witke, "and its activity is driven by
a change in the protein's conformation due to the
consumption of GTP. Our results have questioned this
function and it is more likely that dynamin has a more
regulatory role, similar to the Rab GTPases."
The synaptic vescicles that carry neurotransmitters
between cells are among the smallest that exist. Their
membranes must be very sharply curved. The
conversion activity of endophilin I may be
biochemically "flipping" wedge-shaped lipids,
aiming the point of the wedge at the inner side of the
membrane, which is more constricted. The wider side
is put at the larger circumference.
"Endophilin I and dynamin I are obviously crucial for
membrane fission, and we are now curious to see how
profilin and the actin cystoskeleton are employed in
this process," Witke says.

Minimal membranes:
phagosomes that bind actin

Additional links between membranes and the actin
cytoskeleton have come from work of the Griffiths
group on phagosomes - large, membrane-wrapped
compartments which envelop foreign particles on the
cell surface and carry them inside for digestion.
"When they encounter cells, particles such as
erythrocytes or bacteria activate cellular signaling
pathways that cause a rapid, massive assembly of
actin," Griffiths says. "This allows a compartment to
form around the particle."
Phagosomes rely on actin filaments as transport
routes, and Griffiths and his colleagues have
contributed to the mounting evidence showing that
the cytoskeleton contributes to the fusion of
phagosomes with organelles. By creating artificial
phagosomes consisting of membranes wrapped
around beads, they are dissecting the roles of the
components which contribute to the interplay of
membranes and the cytoskeleton. The system
functions like a miniature laboratory, enabling the
researchers to test hypotheses about the function of
each component. By raising and lowering amounts of

15

EMBL 1999 ANNUAL REPORT

ATP, which changes the functions of
individual molecules, the researchers are
unveiling the details of an extraordinarily
complex system.
One thing they have shown is that the
compartments actively generate new fibers,
even when most free actin is bound to other
molecules and shouldn't be available, and
that fiber formation comes hand-in-hand with
phagosome fusion. Experiments that stripped
most of the surface proteins off of the
compartments could bring a halt to both
processes. "But we noticed that we could
restore actin polymerization when we
restored proteins of the ERM family," Griffiths
said. One of these is ezrin; Griffiths' group has
shown that this protein participates in a chain

of signaling that activates actin during
infection by the vaccinia virus. "ERMs
bind both to actin and to phospholipids,
and this discovery has opened up a
whole Pandora's box of activity on the
phagosome membrane. There are well

A new recycling pathway
One of the major jobs of the cell factory is the
synthesis of new proteins from messenger
RNAs. Proteins that need to be inserted into
the outer membrane or secreted from the cell
are processed in a special way; as they leave
the nucleus, they are translated while passing
through an extension of the nuclear
membrane called the endoplasmic reticulum
(ER) and are then delivered to a layer of
enzyme-filled sacs called the Goigi complex.
Specific sets of enzymes reside in these two
organelles, like specialized workers on an
assembly line. They have to be maintained in
specific concentrations and replenished as
they wear out or drift off. A decade ago, many
researchers believed that this supply was
replenished by the fabrication of new
enzymes. But there was also evidence of
contributions from recycling mechanisms -
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over a dozen proteins and many lipids
involved, and a lot of conditions have to be
met for the system to work."
Michel Desjardins, a former postdoctoral
fellow from the group, has moved on to
Montreal and continued the work characterizing the composition of the membranes.
"Michel has identified more than 120 proteins
and 350 polypeptides," Griffiths says. "It's
very complex, but much less complex than a
whole cell, and we're hoping eventually to be
able to work out the whole cascade of
interactions from the molecule that kicks off
the process: the receptor on the phagosome
surface that binds to the actin-assembly
machinery. "

capable of returning enzymes that have
moved farther down the line and shuttling
them back upstream, sometimes from the
Golgi complex all the way back to the ER.
By the mid-1990s, several components of one
Golgi-ER recycling pathway had been
identified, and 1999 witnessed the discovery
of an entirely new pathway. The work was the
result of a collaborative effort between the
groups of TOMMY NILSSON, RAINER PEPPERKOK
and ERNST STELZER in the Cell Biology and
Biophysics Programme, sabbatical visitor
Brian Storrie, from the Virginia Polytechnic
Institute and State University, and the group
of Bruno Goud at the Institut Curie in Paris. It
is the fruition of a story that has also been
helped by critical input from several other
researchers at EMBL over the past decade.
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The case for recycling
Early notions of recycling were prompted by
basic questions about how certain types of
cells manage to maintain an asymmetric
structure - marked by particular membranes
and proteins - in the face of a heavy
throughput of material moving outwards
from the ER. "In the late 1980s and early
1990s," Storrie says, "researchers discovered
two types of sequences in proteins that
marked them for recycling."
Two researchers at the Medical Research
Council Laboratory in Cambridge, Sean
Munro and Hugh Pelham (a former member
of EMBL's Scientific Advisory Council), found
a sequence called KD EL, which is recognized
by receptors lying just inside the Golgi. The
binding of a protein to this receptor somehow
marked it for recycling to the ER. The second
sequence, KKXX, was discovered by Tommy
Nilsson, Michael Jackson and Per Peterson at
the Scripps Institute in California. This signal
was commonly found among proteins active
in the ER and in proteins which recycle
between the ER and the Golgi interface, and it
seemed to prompt the cell to recycle resident
proteins - perhaps even from the far reaches
of the pathway. The mechanisms that actually

transported these two types of molecules
were unknown.
Work from 1991 onwards at EMBL by Thomas
Kreis, Gareth Griffiths, and Rainer Pepperkok, at that time a member of WILHELM
ANSORGE'S lab, helped to show that the
cytoplasmic membrane-coat complex called
COP-J played an important role in transport
between the ER and the Golgi. The multiple
protein components that form this complex
act as a transport carrier for other molecules.
The next step depended on a new automated
microinjection technique developed in the
Ansorge lab (a collaboration with the Zeiss
company). "This was an incredible
development because previously, cells had to
be microinjected by sticking a needle directly
into single cells by hand - you were happy if
you could successfully inject a dozen cells,"
Pepperkok says. "The technique utilized a
motorized mount and manipulator; watching
on the video monitor, you clicked on a cell
and the injection was done automatically.
Suddenly you could inject hundreds of cells."
This opened new possibilities for analyzing
the effects through biochemistry or electron
microscopy. Pepperkok microinjected anti-

bodies into cells to block the formation of
COP-I. The study demonstrated that preventing the formation of COP-I carriers somehow
prevented the proper transport of cellular
material between the ER to the Golgi. The
researchers would later discover that this also
affected proteins bearing the KDEL sequence,
and that disrupting COP-I was preventing
their recycling.
Kreis left EMBL in the early 1990s for the
University of Geneva, and Pepperkok left
soon afterwards to do postdoctoral work in
Kreis' lab. EMBL's involvement in the Golgi
story continued in 1995, when Nilsson joined
EMBL as a group leader. Storrie, who had
previously collaborated with Kreis and
Stelzer, returned once again to spend an
extended sabbatical visit with Nilsson's
group; he quips that he is merely "completing
a nine-year EMBL contract on an installment
plan."
In 1998, the collaboration between Storrie,
Stelzer and Nilsson, along with members of
their groups, showed that material at the
farthest reaches of the Golgi complex could
not only move upstream within the organelle,
but much farther back for recycling into the
ER. They blocked the export of material from
the ER and showed that Golgi enzymes
accumulated there even when no new
proteins were being produced. They also used

a method to scatter the Golgi - whose sacs are
usually clumped together near the cell
nucleus - to positions all around the cell while
leaving them functionally active. The only
real connection between the Golgi sites was
now the tentacle-like ER; if the dispersed sites
wanted to exchange material with each other,
they would have to do so via the ER. Stelzer
thought that this could be directly observed
by labeling the proteins with fluorescent tags.
Jamie White, a graduate student in his group,
and Nilsson labeled Golgi enzymes and then
physically "bleached" half of the cell. They
watched as fluorescent enzymes from the
unbleached half slowly moved into the pale
side. The Golgi had to be communicating
with each other through the ER. Recycling
was turning out to be a far-reaching
phenomenon, but the mechanisms were still
unknown.
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Clues from
toxins

In the early 1990s, Mike Lord, of the University of
Warwick, and Kirstin Sandvig, of the Institute for Cancer
Research at the Norwegian Radium Hospital, had
investigated how a toxin from the Shiga bacteria
managed to kill cells by shutting off protein synthesis.
They demonstrated that upon entering the cell, the toxin
moved upstream through the Golgi and into the ER; other
toxins, such as cholera toxin, behaved in a similar way.
Cholera and some other toxins contained KDEL
sequences. Researchers reasoned that non-toxic versions
of these molecules might provide a good model system to
investigate recycling mechanisms, since their activity
wouldn't interfere with normal processes within the cell.
Collaborating with Lord and with Hans-Dieter Soling, of
the Clinical Biochemistry Department of the University of
Gottingen, Pepperkok showed that disturbing the contact
between sequences and receptors or disrupting the
production of KDEL receptors could block the recycling
of these molecules. They also discovered that interfering
with the COP-I complex had the same effects. "This
clearly established a link between COP-I, KDEL
sequences, and retrograde transport," Pepperkok says.
"Interestingly enough, however, these experiments didn't
block the transport of Shiga toxins, which don't have a
KDEL sequence."
Parallel to the toxin studies, Storrie and the groups of
Nilsson and Stelzer investigated recycling of Golgi
resident glycosylation enzymes. In a study by Joel Lanoix
in Nilsson's group, Golgi enzymes were shown to
accumulate in budding COP-I vesicles. The accumulation
depends on a component of COP-I called Arf-I, which
must function properly for the vesicles to form. While this
suggested that COP-I was mediating recycling,
disrupting Arf-1 had no effects on retrograde traffic of
enzymes to the ER. It was beginning to become clear that
another pathway might be involved in recycling Golgi
enzymes and Shiga toxin .
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Another piece of the puzzle
was about to appear in the
hands of Jamie White. He had
been doing microscopy studies
involving the addition of fluorescent tags to proteins, and he
was particularly interested in
the links between the ER, the
Golgi, and the cytoskeleton.
"The ER to Golgi pathway is a
highly competitive field," he
says, "and I was interested in
finding a niche that hadn't yet
been heavily explored."

Rab6 and
the Golgi

Much of what happens along
this route of protein synthesis
and processing has to do with
the link between proteins and
membranes and how membranes form vesicles, fuse, and
influence cell sorting. White
decided to look at a protein
called Rab6 which is heavily
expressed in the Golgi. Marino
Zerial's group has shown how other members of this protein family, closely
related to Rab6, play a key role in membrane fusion events. White made a
fluorescent version of Rab6 and took time-lapse microscope films of the
protein's movement through the cell. "You find it heavily on membranes in the
Golgi, and also on transport carriers," he says.
Goud's group at the Institut Curie had noticed a link between Rab6 and
recycling, and a scientist named Frederic Mallard, working with Ludger
Johannes, came to EMBL to attack the problem with White and see if there
might be a way to observe the link through time-lapse microscopy. The
solution involved the simultaneous tracking of multiple proteins marked with
different fluorescent labels. The groups of Stelzer and Pepperkok are
continually refining these techniques and making them widely accessible to
scientists working on a wide range of problems.
White and Mallard discovered that Shiga toxin moving upstream to the ER
traveled in tight formations with Rab6 through the Golgi. Now the question
was whether Rab6 had anything to do with recycling.
"Until this year," Pepperkok says, "all known
retrograde transport from the Golgi to ER was
thought to depend on COP-I." The groups of
Pepperkok, Nilsson, Stelzer and Goud, with
Storrie, were about to strip the COP-I
complex of its monopoly; each of them
held the strands of a bigger picture.
Andreas Girod and Jeremy Simpson of
the Pepperkok group showed that

Not all roads
lead to COP-I

I
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whereas blocking the COP-I pathway would
stop cholera toxin and proteins containing the
KDEL motif from recycling into the ER, it did
not succeed in blocking the recycling of Shiga
toxin. Simultaneously, Nilsson and Storrie
found that it didn't block Golgi enzymes that
were recycled back to the ER, either. This
demonstrated that Shiga toxin didn't need
COP-I to recycle and that this was true as well
for ER recyling of glycosylation enzymes.
If COP-I wasn't carrying these molecules
upstream, what was? White and Goud's work
had made Rab6 the most likely suspect. Not
only was Rab6 tightly associated with Shiga
toxin - it also was behaving like a transport
carrier. Microscope studies showed that Rab6
and STB walked hand-in-hand from the Golgi
to the portals of the ER, whereas cholera toxin
and KDEL-bearing proteins followed a
different route. Follow-up biochemistry
studies supported these findings . Ludger
Johannes also completed a quantitative study
to show that interfering with Rab6 also
greatly diminished STB's toxic effects.
Likewise, Girod found that expression of a
dominant negative mutant of rab6 blocked ER
accumulation of Shiga toxin but not a toxin
which contains a KDEL sequence utilising the
KDEL receptor. To put the icing on the cake,

Storrie showed that the same rab6 mutant
also blocked ER recycling of glycosylation
enzymes. Under these conditions, KKXXdependent recycling was unperturbed.
All of this work combines to make a very
strong case for a new recycling pathway
independent of COP-I and dependent on
Rab6. While proteins and toxins bearing
KDEL signals seem to depend entirely on
COP-I, other molecules such as Shiga and
certain Golgi enzymes have a second
pathway at their disposal.
"This is precisely the type of multidisciplinary
collaboration that works very well at EMBL,"
says Ernst Stelzer. "A variety of approaches
and thinking are needed to tackle this type of
problem and you must have access to state-ofthe art technologies. The microscopy
techniques that EMBL is developing for
working with living cells have provided very
clear support of what the biochemistry has
been trying to tell us. EMBL is a platform for
doing things you couldn't do elsewhere,
particularly because group leaders are
allowed to develop their scientific freedom
with the full support of the Laboratory. It's a
subtle mentality that inspires confidence
while you're embarking on your own ideas."
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On becoming an axon
Just as blood, bone, neurons, and other
specialized cell types acquire their forms
through a process of differentiation, the parts
of single cells can acquire unique forms with
different functions. Sprouting from the
surface of mature neurons, for example, are
dendrites (which receive information from
neighboring cells) and axons (which transmit
it). CARLOS DOTTI'S group has been
investigating how both types of protrusions
mature from smaller
structures called neurites
that develop earlier in the
cell's life-cycle. One and
only one neurite is picked
to become the cell's single
axon; all the others become dendrites. This commitment, which happens
over the course of a few
days, is a critical moment
in the long life of the cell:
it will determine how the
single cell links itself into
the network of all the
other cells in the nervous
system, and ultimately
how the brain functions.
"At the beginning, there is
still some flexibility in the
decision-making process,"
says Frank Bradke, who
has just finished his doctoral thesis on the topic in Dotti's group.
"We've shown that early on, a dendrite can be
reprogrammed to become an axon. Most
people think that this flexibility is lost in
subsequent developmental steps. But how
final is the decision? Is it reversible? If
something happens to the axon - if it is
severed, which may happen in a spinal cord
injury, for example - could a dendrite be
reprogrammed to assume its functions?"
In 1998 and early 1999, Bradke and other
members of Dotti's group showed that the
initial decision depended on what happened
to actin filaments lying at the outer edge of
the neurites, just under the cell surface. These
filaments, Bradke says, form a dense barrier
which prohibits penetration by microtubules.

"Microtubules are needed as delivery tracks
for massive supplies of particular materials
into the axon, feeding its growth," he says.
"Sometimes axons stretch over incredible
distances to establish direct contact with the
cells that need to receive their messages. By
forcing the actin fibers to break down in a
single neurite, we could make the cell choose
that particular neurite to become the future
axon."
When the cell has thus
committed one of its
neurites, it somehow knows
not to repeat the process in
others and thereby avoids
making any more axons. In
early-stage neurons, the
researchers showed that
they could intervene and
create multiple axons. "This
means that the stability of
actin filaments at the
growing edge of dendrites
is necessary to keep them
from becoming axons,"
Bradke says.
Now the group has shown
that even mature dendrites,
which
have
acquired
highly-specialized contents
and functions, maintain
enough flexibility to change
their fates . Chemicals which dissolve actin
fibers at the edge prompt the creation of axonlike extensions from dendrites in late-stage
neurons. "These new structures acquire both
the appearance and some of the typical
protein markers ofaxons," Dotti says. "We're
working to establish whether they are
functional. "
Thus the stability of the actin cytoskeleton is a
key to a dendrite's identity, and the
researchers are now searching for the factors
which are responsible for its stability in living
cells. Eventually, this could be relevant in the
treatment of problems such as spinal cord
injuries. One means of repairing the damage
could be to prompt cells to grow new,
functional axons.
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Extraction ...
subtraction ...
abstraction ...
Mathematics and simulations have long been the driving force in physics - when a bit
of energy turns up missing in an equation, a theoretical physicist may respond by
inventing a new subatomic particle to account for it, giving it an odd name, and then
going out to look for it in high-energy experiments. Molecular biology is heavily
dependent on statistics and quantitative information, but equations and computer
models have not traditionally been the inspiration for experiments. This situation is
changing, and one reason is a shift from looking at the behavior of single genes or
molecules to a systems perspective whose aim is to describe multi-component
pathways, networks of interactions, or the larger-scale means by which organisms cope
with change. A huge amount of information is becoming available; the functions of
single components are now seen against the backdrop of a labyrinthine knot of
molecular interrelations. "One of the major problems is to find a way to structure and
represent all the information so that it can even be thought about," says group leader
Gareth Griffiths.
Getting a grasp on complexity requires simplification to in vitro systems - in extracts
from cells, or even simpler solutions containing the minimal number of components
required for a biological process. MICHEL KOCH, of the Hamburg Outstation, points
out that even what are considered to be classical biophysical reactions are fraught with
complexity. Anca-Maria Petrascu and Koch undertook a systematic analysis of a
"textbook" process, the simplest pattern-forming reaction called the "BelousovZhabotinsky Reaction," and discovered that existing models had to be extensively
revised. "One thing we should really do is thoroughly pursue the analogy between
electronic circuits and biochemical networks," Koch says. "But doing this will require
a much more detailed knowledge of the biophysics of the components. "

FRAN<::OIS NEUELEC
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A final level of "abstraction" is to create a mathematical or computer model of the
behavior of a system. Eric Karsenti's lab is doing this to study the self-organizing
properties of micro tubules and motor proteins. At first such models may be mainly
descriptive, but biologists are increasingly turning them around and using them to

predict what will happen in experiments. "Our view of biological phenomena as a
series of on-off switches is found wanting as we realize the complexity of the regulatory
phenomena that we are studying - signal transduction pathways and their cross-talk,
for example," says JAIN MATTA!, EMBL' s scientific coordinator. "There are just
too many ways to affect the final output for such a system to
be understandable as a series of pluses and
minuses. It is inconceivable that they will be
understood without careful mathematical models
of inputs and outputs and responses. "

I watch over a shoulder as postdoctoral fellow Fran<;ois Nedelec sits at a
computer in Eric Karsenti's lab and manipulates the contents of a virtual test
tube, like cooking a meal on the computer screen. He creates a mixture of
tubulin - the basic units that are strung together to make the cellular
scaffolding called microtubules - and different sets of motor proteins whose
job it is to drive up and down the surface of these tubes, dragging molecular
cargoes. When he has finished his recipe, he enters a command and sits back
to watch. Scattered points and lines reshuffle, becoming more and more
organized, until they have formed a web with a tight circle in the center. And
then things stop, as if all the travelers have reached their destinations. "That is
what happens if you add one-directional motors," Nedelec tells me. He repeats
the experiment. Once again, fragmented, ant-like lines are tugged into a knot
around a circle, nearly identical to the first result. The pattern strongly
resembles a photograph on the wall above his desk, taken of an arrangement
of real micro tubules in cell extracts.

see related
story, p. 124

Even though none of these components are real - they are nothing but lines
and dots on a screen, and their behavior is dictated by a computer program what is happening in Nedelec's computer is amazingly similar to the forms
that microtubules take on in test tubes and sometimes in living cells.
Tubulin molecules are not symmetrical, and when they are put together to
become micro tubules, the whole has a clearly-recognizable direction, the way
that there is a clear up and down direction to a stack of cups. Motor proteins
can read this direction, but each type treats a microtubule as a one-way street:

\I\..J
25

EMBL 1999 ANNUAL REPORT

SURREY

,.." on.;::.,w... " ,. . .
""_

/nMOfI_

!!.

some travel towards the growing end where new units are added on; others
travel backwards. Many types of motors can be active at the same time,
moving along the same microtubule at different rates, carrying cargoes in
opposite directions, without interfering with each other. (Like the double-helix
spiral staircase at the Chambord chateau in France, said to have been designed
by Leonardo da Vinci. It permitted the King to travel one direction to visit his
mistress without meeting his wife, taking the stairs in the other direction.) I
ask Fran<;ois what happens when he adds motors that move in opposing
directions to his virtual mix.
In response he changes a setting in the program. Instead of clustering into a
circular knot, the microtubules now knit themselves into a quilt-like pattern.
Their tips meet in squares, each juncture occupied by motors of a single
direction. Once again, pictures of real cell extracts show that the sequence of
events on his screen represents reality: disorganized strands of microtubules
become arranged in lines of unidirectional clusters, arranged at right angles
and meeting in a square, even when there is no obvious structure like a
microtubule organizing center (MTOC) sitting at the juncture. While in cells,
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microtubule clusters usually originate at MTOCs, the groups of Karsenti,
ISABEL VERNOS and TONY HYMAN have shown that they can also arise through
self-organization, given the right mix of tubulin and motors. Nedelec and
colleague Thomas Surrey have reproduced these effects in the computer.
"The program doesn't tell the system how to behave," Nedelec points out.
"We've defined the characteristics of the components, and whatever pattern
emerges is the result of their behaving according to their biophysical
properties." What happens if you add twice as many motors? if a motor's
speed changes, perhaps because it is carrying cargo? if the concentration of
tubulin varies, rather than stays stable, across the medium? if the motors are
attached around the surface of a spherical bead, rather than floating free in the
medium? if one wants to study the polymerization of actin filaments rather
than microtubules? The program can be modified to provide answers, and
comparing what happens on the screen to what happens under the
microscope can give new insight into the mechanics of these molecular
systems.
Nedelec creates a virtual bead and coats it with actin-polymerizing agents.
Hair-like filaments sprout from the surface of the sphere. A random event
gives the ball a nudge; filaments start to collect more heavily on one side, then
create a self-reinforcing movement until it looks like they are propelling the
bead, rocket-like, through space. This is very reminiscent of the way newlyformed vaccinia viruses enlist actin filaments to push themselves towards the
cell surface.

see related
story, p.115
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Simulation has been successful in describing the behavior of
real molecules in highly-purified cell extracts, and
researchers hope to expand this type of computer modeling
to deal with more complex systems and new types of
biological problems, eventually tackling issues such as
metabolic pathways. There is certainly more to be done with
the cytoskeleton, where the same components are shuffled
into a variety of forms to fulfill different biological functions.
Creating a computer program to simulate such a system
requires a precise notion of the physical characteristics of
tubes, fibers, and motors - information that the researchers
have gleaned from a number of studies on the flexibility of
microtubules and the strength of motors - how much cargo
they can carry, at what speed. Collecting this information has

required years of work involving biochemistry, light and
electron microscopy, and genetics; recently, atomic and
photonic force microscope studies have provided useful
information about the kinetics of the motor molecules.
Nedelec and Karsenti are cautious about the meaning of this
single project. "We're not saying that the simulations imitate
life/' Karsenti says. But when dots and lines begin so closely
to resemble visions obtained through the microscope, there is
an eerie moment, like watching electronic ants build a virtual
anthill in a computer program. Many scientists feel that this
work represents the shape of things to come, a way to cope
with the increasing complexity of biological systems.
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Developlllental biology:
cracking open the black box
Developmental biologists formulate questions about growth and changes in
organisms that have always intrigued mankind. Over the course of history, in the
absence of a knowledge of genetics, some very odd answers have been proposed.
In the Middle Ages, curiosity about the mysterious means by which humans
grow from tiny, prenatal forms led people to think that sperm held seed-like but
fully-formed babies which grew through a process of "unfolding". These in turn
contained even tinier versions of their own future progeny in what might be
infinite recursion. Later, enamored with Darwinism but lacking Mendel's
insights into heredity, scientists like Ernst Hackel became fascinated with the
idea that growing embryos seemed to retrace their evolutionary heritage, passing
from a single cell through phases that looked like fish, then other mammals, then
finally achieving human form. Genetics ushered in the modern view that a single
fertilized egg contains all of the information necessary to produce a complete
organism through a process of self-organization. Molecular biologists
seek to understand this process in terms of subcellular events.
Although a copy of an organism's complete genome can be
found in all kinds of cells, each type acquires unique
characteristics that allow it to function in a specific tissue. How
does a cell know whether it is located in the anterior or posterior part of
an organism? How does it know that it should sprout a hair, rather than
behave like nearby cells that don't? How final is a cell's destiny - could it be
prompted to become another type of cell? Developmental biologists have been able
to explain some of these things while largely regarding the cell as a black box: it
receives signals instructing it to do things, it responds, and it "remembers" what
it is supposed to do. By identifying signals and analyzing what they mean in
specific tissues, biologists have hoped to understand the external programs that
assigned fates to individual cells. The Drosophila screens carried out by
Christiane Nusslein- Volhard and Eric Wieschaus at EMBL in the early 1980s
provided a great burst of insight into this field, revealing numerous links between
signals and genes which elicit specific cell fates.
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This "input/output" approach to the developing
cell has been rewarding, but now researchers are
becoming more involved in the subtleties of the
cell's internal response to signals. "Instead of
multiple independent pathways that couple a
particular extracellular signal to a specific cellular
response," says group leader DIRK BOHMANN, "we
are increasingly finding cross-connections,
feedback loops and an interpretation of signals
which depends on context." Some issues can only
be resolved by looking at how the components of
the pathways interact, how their domains
junction, and how a single molecule can react
differently to signals.

see related
story, p. 176

For example, when studies of eye development in
the fruit fly led to the discovery that a protein
called Dishevelled (Dsh) played a part in two
different pathways, MAREK MWDZIK and PhD
student Michael Boutros had to look into the
protein's structure to determine how it can
properly interpret signals from different sources
and pass them along different routes. They found
that Dsh consists of multiple domains, and a
different domain is responsible for each route. This
makes sense because multi-domain proteins are
thought to have evolved from the fusion of smaller,
single-domain molecules with separate functions .
Fusion might be an efficient way to coordinate the
activity of proteins that need to interact with each
other. This is turning out to be a general principle
which can be used to predict interactions between
proteins whose functions are so far unknown.
Signaling is no longer considered to be a linear
process, as a transmission from one molecule to the
next, until information reaches the nucleus. The

route can be more like a labyrinth: fraught with
forks, dead ends, circles, requests for clarification,
quality control. Developmental questions are
increasingly encroaching on territory that has
traditionally been the domain of cell biology: how
proteins move in extracellular space, how
molecules and information are internalized, how
molecules travel in intracellular space, how cells
adhere to each other - issues which have
developmental implications.
The shift away from regarding the developing cell
as a "black box" has also coincided, generally, with
an evolution of EMBL' s research programmes. In
1998, the Cell Regulation (with its strong
emphasis on biochemistry) and Developmental
Biology Programmes were fused to become the
current Developmental Biology Programme.
Thomas Graj, former coordinator of the Cell
Regulation Programme, had worked hard to
synthesize two styles of thought.
"This confrontation of camps - the developmental
biologists thinking about genetic pathways during
the development and morphogenesis of whole
organisms, and the 'tissue culture minimalists'
thinking about signal transduction pathways in
biochemical terms - is precisely what was needed,"
Graf says. "If you want to make work on signal
transduction relevant, you have to put it in a
biological context - which is very often
development and differentiation. Vice versa for
those people working on the genetics of
development - it was very important for them to
begin to think more biochemically about what
those genes were doing. "
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Following
development
in the test tube

The patterns which lead to the formation of major body
parts of many organisms are already subtly evident in the
very first cell. Not everything is distributed uniformly
throughout these cells; some components are localized in
specific areas. Over the past several years, ANNE
EpHRu SSr's group has studied the way that a messenger
RNA called oskar is placed in a precise position in the
Drosophila egg cell, or oocyte - an event which is critical in
determining the development of the posterior part of the
fly. The researchers are now taking a close look at the
regulation of Oskar translation from a biochemical point
of view.
Oskar was one of many developmentally-critical genes
described in a huge screen of Drosophila mutants
published in 1984 by Nusslein-Volhard and Wieschaus.
(Names were often given to the new genes on the basis of
the phenotype, physical traits that can be linked to a
specific gene . In the famous German novel, "Die
Blechtrommel," by Gunter Grass, Oskar is a child who
decides to stop growing at an early age.)
If Oskar protein is active at the right time and place, the
fly embryo will develop a posterior end. If it is missing, or
defective, or active in the wrong place, there will be
severe developmental consequences: the fly may develop
multiple abdomens, or none at all. Oskar must be active at
one pole of the oocyte. Its expression is carefully
controlled through a proper positioning of the mRNA and

ANNE EPHRUSSI
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also through tight regulation of its translation. "Oskar RNA which has been placed in its proper
position is selectively translated," Ephrussi says, "while unlocalized RNA remains untranslated.
This ensures that the Oskar protein is only active at the posterior pole of the egg cell."
In 1999, a collaboration between Stefania Castagnetti from Ephrussi's group, Fatima Gebauer and
produced a cell extract system which mimics the regulatory situation in living
cells and promises to resolve some of the questions that surround this type of regulation. Genetic
experiments had already shown that a protein called Bruno, which binds to sites called Bruno
Response Elements (BREs) in an untranslated region of Oskar mRNA, was responsible for hindering
the process of translation. It was difficult to establish the in vitro system, Castagnetti says, because
cell extracts had to be obtained specifically from fly ovaries, in a laborious process of dissection,
rather than from entire Drosophila embryos, which do not contain Bruno.

MATTHIAS H ENTZE

The system faithfully reproduces the critical features of cellular translation. Bruno binds to oskar
RNA and inhibits translation; removing Bruno leads to the synthesis of the protein. This will permit
a detailed look at the biochemistry of Oskar regulation in Drosophila oocytes. The researchers also
hope to answer questions such as how much contact there must be between Bruno and the mRNA
in order to prevent the synthesis of Oskar. "This can serve as a model for understanding how the
expression of mRNAs present in a cell can be finely tuned," Ephrussi says.
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Frog oocytes
and a tennis ball

The Rsky business of becoming an egg
Oocyte maturation
provides a valuable
system for unraveling
signaling cascades

this would depend heavily on amino acid
codes immediately in the vicinity of the site
that becomes phosphorylated, but now we
know that different MAP kinase family
members are so similar that the explanation
doesn't hold." Researchers are looking more
and more into structural questions like the
mechanics of how a kinase docks onto the
protein it needs to phosphorylate.

Even before fertilization, oocytes undergo a
process of development: a series of stops and
starts that give them a long "shelf life." Over
the past few years, ANGEL NEBREDA'S group
has steadily added to the list of signaling
events known to trigger the cell's progress
from one phase to the next. Proteins called
kinases, which pass signals from one molecule
to another through the transfer of phosphates,
playa key role in prompting cells to develop.
Nebreda and his colleagues have focused on a
particular set of kinases called MicrotubuleAssociated Protein (MAP) kinases which are
critical in this process as well as in later
developmental events in organisms.

Nebreda's group has been investigating one
of the proteins on this pathway, a Rsk-family
kinase called p90Rsk. The molecule is
interesting because it can only be
phosphorylated by a particular type of MAP
kinase called an ERK. In its inactive state,
p90Rsk is bound to inactive ERK; when ERK
becomes active it phosphorylates p90Rsk and
the two kinases split apart so that they can
phosphorylate other molecules. Nebreda and
former group member Anne-Claude Gavin,
now at a company called CellZone, identified
a new site in the Rsk molecule which permits
docking only by specific MAP kinases.

"MAP kinase pathways convert many
different stimuli coming from outside the cell
into specific cellular responses," Nebreda
says. "Signals can cause cells to divide, to
differentiate, or to die. The question is how
kinases distinguish between all the different
pathways. People originally assumed that

"This site contains a motif of 16 amino acids
which is found with high fidelity in all Rsk
family members and other kinases that are
activated by MAP kinases," Nebreda says. "It
might be the prototype of a new binding
motif which explains why particular MAP
kinases select specific targets."
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Stumping an oncogene
Nebreda's group collaborated with PhD student Karel Dorey
and other members of GIULIO SUPERTI-FuRGA'S group to
examine how another kinase called Abl is phosphorylated in
oocytes. Abl occurs in all types of cells in species ranging from
worms to humans. Its normal cellular function is still unclear,
but its activity is tightly controlled; if Abl becomes too active,
the result is frequently cancer.

Xenopus oocytes are often used in studies where RNA is
injected to examine signaling, protein translation and other
cellular processes. The system often permits researchers to
dissect the steps in signaling cascades, and researchers have
discovered that introducing kinases into the system often
prompts the cells to move on to their next developmental
stage. Over a decade ago, oocyte studies had been used to
study a hyperactive, oncogenic (cancer-causing) form of Abl
from a leukemia virus. "The study showed some of the details
of how Abl sets off a phosphorylation cascade," Superti-Furga
says. "But there was no report on whether it also pushed
along oocyte maturation."
The researchers injected RNAs for normal human cellular
forms of Abl, as well as inactive and hyperactive forms, and
verified that these produced Abl proteins in high quantities.
Cellular Abl often assumes overactive, oncogenic forms in test
tube systems, probably because the proteins that regulate it
are missing, but in oocytes the three forms behave as they
normally do in animal tissues. This is an important
accomplishment, because it means that somewhere among
the proteins in an oocyte are factors which can normally
regulate Abl's activity. Finding them may be a key to
understanding how the hyperactive form leads to cancer.
While Abl does not trigger oocyte maturation by itself, it does
so when the cells are stimulated with progesterone hormone, a
procedure that triggers maturation. Here differences between
the Abl forms became very clear: hyperactive Abl highly
accelerated the maturation process. "This suggests that
oocytes will be a valuable tool to investigate the regulation
and function of Abl, as well as its effects on the cell cycle,"
Superti-Furga says. "They may also provide a convenient
source for Abl inhibitors, once we have identified these
molecules."

Connecting cell identity
to signaling pathways
Evolution generally proceeds as a gradual accumulation of gene
duplications and single mutations in genes. Rather than creating
new tools, old tools experience slight modifications and begin to do
new things. Mutant proteins often continue to interact with their
old partners, but they may do so more efficiently; they may be able
to interact with an additional partner, or fewer partners; they may
now contain an "on/off" switch, or they may now be permanently
locked into one state of activity. Thus within an organism, as well as
across species, a limited number of basic signaling pathways are
used over and over again, sometimes routing the same signals along
completely different cascades, elicting responses as diverse as
changes in cells' shapes or fates. The discovery that the same
molecules can be involved in a wide range of developmental
responses is one of the key factors driving developmental biology's
intensified interest in biochemical events within the cell.
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Wingless in
extracellular
space

Cells develop differently depending on their position in an
organism; they recognize their place - such as which finger
they belong to, or where they are on a wing - and acquire the
characteristics they need to function there. Logically, an
efficient way for the body to organize this would be to have a
built-in cartography system, in which each point can be
defined by a set of coordinates. Over the last few decades
researchers have discovered molecular signals called
morphogens which seem to provide such information: they are
"broadcast" from specific locations in the organism, and their
concentration gradually declines as the distance from the
source increases. By definition, different concentrations of a
morphogen should directly elicit different responses from the
same type of cell.
Because morpho gens have such important developmental
effects, it is important to know how concentration gradients
form in tissues. How do morpho gens travel from cell to cell?
Do they travel inside or outside of cells? Maura Strigini and
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STEVE COHEN have addressed these questions
for Wingless (wg), a morphogen required
during the development of the wings of flies .

sensitivity," says Maura. "An alternative is
that they might be having more indirect
effects, maybe regulating levels of Wg."

However, a technical problem has made it
difficult to measure concentrations of wg
outside cells. This has not only made it hard
to fine-tune hypotheses of how cells interpret
signals, but sometimes it is difficult to
determine the roles of other proteins which
seem to have a role in responding to
morphogens. For example, how sensitive a
cell is to Wingless seems to depend on
proteins which help produce molecules
involved inglycosylation - a type of processing
"'that proteins undergo before they are inserted
membrane or secreted from
the cell. "The proteins that are produced by
.--'V"" lal" these activities might be acting as coreceptors
Wg, which could change the cell's

In 1999, Strigini and Cohen developed a
method that permits them to directly observe
concentrations of Wg outside of cells. The
technique holds tissues at cold temperatures
while labeling them with antibodies. This
makes it unlikely that Wg will be secreted or
absorbed into cells during the labeling
process; it does not, however, influence Wg's
free flow between cells. The wings are then
fixed - stabilized so that they can be analyzed.
Previous methods, which showed extracellular proteins poorly, fixed the tissues prior to
labeling.
"Wg is secreted from the dorsoventral
boundary of the wing," Strigini says. "Using
the old labeling method, you could only
detect Wg within cells at a distance from the
boundary, where there isn't much of it. The
new procedure shows that the majority of W g
is actually found outside of cells."
The experiments revealed another interesting
fact about the protein's distribution. The cells
found on the surface wings, like those making
up the outer layer of the skin or organs, are
asymmetrical. One side (the apical side) faces
th@outer world, whereas the basolateral side
faces inner layers of cells within the wing.
Several EMBL groups have made important
discoveries about how cells sort different
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materials to these surfaces - necessary because the sides have different
functions . In cells that secrete W g, most of the protein is found above
the nucleus, on the apical side. W g found outside collects almost
exclusively on the basolateral side. The researchers aren't yet sure why
Wg prefers one side to the other, and they also have yet to explain how
it gets there.

wg traveling

Although they blocked the process to measure extracellular Wg, Strigini
and Cohen knew that cells do absorb W g by transporting it inside in
vesicles, through endocytosis. According to one hypothesis proposed to
explain gradient formation, endocytosis is required
for wg to travel through cells, and its transport
depends on it being taken in on one side of a cell,
only to be spit out again on the other side. Strigini
and Cohen studied wings carrying a mutation of a
shibire, a gene which is normally necessary for
endocytosis. They used a form of shibire which
behaves normally below a certain temperature; at
higher temperatures, it blocks endocytosis. They
showed that cells on the far side of the mutants
continued to receive and react to W g, even though
the morphogen wasn't being transported through
cells to get there, demonstrating that wg moves in
the extracellular space. On the other hand, higherthan-expected amounts of W g collect on the
outside of these mutant cells. There is no obvious
apical side
reason for this to happen, unless the excess comes
from molecules that would normally be absorbed.
"So while it doesn't look like absorption plays a
role in the transport of Wg," Strigini says,
basolateral side
"removing W g from the extracellular space is
wgexpart of establishing a gradient throughout
certainly
pressing
cell
the tissue. We think that endocytosis is helping to
regulate this."
With time, the Wg outside cells is degraded or absorbed, which means
that cells have to replenish it and actively maintain the gradient. As well
as being unable to absorb Wg, cells with inactive shibire can't secrete it.
This fact, coupled with the new method of observing extracellular Wg,
enabled the researchers to study how the gradient forms. They raised
the temperature in the tissue, inactivating shibire, until levels of Wg
between cells had dropped too far to be seen. With a shift back to lower
temperatures, the secretion of the molecule resumed, and in less than an
hour, the gradient appeared to return to normal levels. This is much
quicker than other gradients, such as dpp, can form. Understanding
how specific levels of morpho gens are established is a key step in
understanding the developmental processes that depend on such
molecules.
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When communication lines cross
Wingless (W g) is a member of a larger family of genes called Wnt found in
mammals as well as Drosophila; these molecules are often involved in signaling
events that are important in the development of organisms. Wnt ligands bind
to a class of Frizzled receptors. These receptors are so similar biochemically
that in the test tube, most members of the Wnt family can bind to several of
them. Two receptors called Frizzled (Fz) and Frizzled2 (Fz2) are known in
flies. In in some tissues, Fz and Fz2 are activated by different ligands that can
result in very different responses. Wg transmits information via Fz2 that
controls processes such as the development of wings or legs. "But it isn't the
ligand for some developmental processes that cause planar polarity," says
MAREK MLODZIK. This means orienting cells across a surface - for example,
aligning cells that produce a hair so that each hair is pointed in the same
direction. It also helps to turn clusters of cells in the embryo's eye so that they
assume specific orientations, critical to the proper development of fly vision.
A number of groups at EMBL have investigated Wnt signaling. While working
on his PhD thesis, Michael Boutros, in Marek Mlodzik's lab, collaborated with
TEWIS BOUWMEESTER to study how Fz and Fz2 distinguish between signals and
route information along the correct pathways. Interestingly, signals from both
receptors pass via some of the same molecules, including a protein called
Dishevelled (Dsh). The collaboration profited from Bouwmeester's work with
Xenopus frogs. Wnt signaling is so crucial that it has been preserved with high
fidelity through evolution, across species, but there are some differences in
how specific pathways function. In Xenopus, for example, signals that pass via
Fz2 activate target genes that can't be activated by Fz signals. This makes the
frog a good system to differentiate between the activity of the receptors,
whereas in Drosophila there is the chance that a
Wg signal will be passed along either route,
making it difficult to distinguish between the
pathways.

"Michael created a series of chimeras, or
artificially-constructed genes, that combined
different parts of Fz and Fz2 molecules,"
Bouwmeester says. "We found that if you took a
single small domain of 80 amino acids from Fz2
- the tail of the protein, hanging inside in the
cytoplasm - and put it onto an Fz receptor in
place of Fz's cytoplasmic domain, then the Fz
receives Wnt signals. This means that this
domain is responsible for Fz2-specific
signaling."
Exactly how this happens is not yet known. But
both Fz and Fz2 pass messages along through
Dsh, which they attract to the membrane. This
prompted Mlodzik and Boutros to study Dsh's
domain structure to try to understand the
switching mechanism.
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How flies
roll their eyes ...

Staining of a Orosophila eye.

W g signals trigger the Frizzled2 receptor, and this sends
a message to specific target genes along a pathway that
includes Dsh and proteins called arm and TCF. The Fz
receptor, activated by Wg or another Wnt family member,
carries a different message that is sent through Dsh along
a route that contains Rho/Rac and a MAP kinase cascade
to a different set of genes. This second pathway has been
a major area of interest for Mlodzik's group as they have
tried to sort out the complex means by which groups of
cells behave in a concerted fashion during the
development of Drosophila eyes.
A fly's eye is a marvel of natural engineering, and the
regularity visible in its structure has allowed scientists to
identify components of the planar polarity pathway
because mutations cause obvious architectural defects.
Under the surface of each of the thousands of facets that
make up the eye lie photoreceptor cells which are
stimulated by light and pass information deeper into the
brain. For the eye to function, photoreceptors have to be
organized into groups of eight, with precise relative
locations. They achieve this formation by rotating. All the
groups on one side of an invisible "equator" that traverses
the eye rotate in one direction; on the other side, they
have to spin counterclockwise to achieve a different angle
- the way that navigators refer to the North Star when
sailing above the equator, and the Southern Cross below
it. There is no obvious, visible barrier separating the two

MAREK MLODZIK &
MANOLIS FANTO
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halves of the eye; somehow, the clusters are told which side they belong to,
and they then behave accordingly.
Each ommatidium (twenty-cell cluster) contains eight photoreceptor cells. Two
points suffice to create a reference for clockwise or counter-clockwise rotation
of the whole ommatidium. This is accomplished by two neighboring cells, R3
and R4, which begin as identical. They acquire divergent characteristics
because at some point they begin to react differently to a signal entering via
the Frizzled (Fz) receptor. Manolis Fanto, a PhD student in Mlodzik's lab, has
traced this difference to two links on the Fz signaling pathway called Notch
and Delta (Dl).
"One photoreceptor is told to become R3 when it receives a signal through Fz
slightly earlier, or at a slightly higher level," Fanto says. "What we wanted to
know is why the R4 cell doesn't become an R3 as well." Experiments that
created artificially high levels of Fz or Dsh, which accepts the signal from the
receptor, confused the system and resulted in randomly-turned ommatidia.

Signaling between
adjacent cells affects
their development into
different types of
photoreceptor cells.

The two cells that will become R3 and R4 are direct neighbors, so it was logical
to assume that the cells' fate might be determined by a local signal- once one
of the cells is committed to becoming R3, it might send instructions telling its
neighbor to become an R4. But what was the molecular signal, and how did
R4 interpret it? The researchers went searching for genes that enhanced the
effects of heightened Fz and Dsh activity, and they found Notch and Delta.
Both of these are proteins mounted in the outer cell membrane. Notch acts as
a receptor, and Delta is the ligand that binds to it. "This suggests that R3 could
use Delta to pass a signal to the future R4 cell," Fanto says. "As a result, R4
turns down the Frizzled signaling cascade." To test the hypothesis, the
researchers looked at organisms with slightly reduced Notch activity.
Although the ommatidia in these eyes contained the normal number of
photoreceptors, some seemed to contain double R3 pairs (as if R4 cells hadn't
received the shut-down signal). The same thing happened to pairs with
reduced Delta activity.
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"Evidence suggested that the Frizzled pathway might be
leading to more Delta expression in R3 cells - that the
delta gene was the target of the signaling cascade," Fanto
says. "In turn, this might activate Notch signaling in R4
cells." The effect of the Notch pathway in the R4 cell
downregulates Fz signaling, so that R4 will never receive
enough signal to turn into an R3 cell. Another series of
experiments showed that in cell pairs, overproduction of
Delta in one cell always caused it to become R3;
overexpression of Notch in a cell always made it an R4.
"This mechanism explains how a small difference in the
timing or the level of Frizzled activation in the R3/R4
pair generates a binary fate decision between these two
cells," Mlodzik says. "This is likely to be a more general
mechanism for Notch signaling - it is also involved in
determining which of a cluster of proneural cells actually
becomes a neuron, and this is not a random decision."

Peering deeply into
the eyes of a fish

While Drosophila inarguably holds the title of Genetics'
Model Organism of the 20th century, researchers have
been eager to apply the wealth of knowledge they have
learned from the fruitfly to other organisms. A few years
after leaving EMBL, Christiane Nusslein-Volhard added
fish to her repertoire, pursuing the question of how much
similarity there is between developmental processes in
Drosophila and vertebrates. "At that time it was a fair
notion to suppose that vertebrates develop totally
differently from flies," she says. Now EMBL has added a
Fish House to the new building that bears her name. The
facility is below ground, and a tropical climate reigns; a
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wave of humidity rolls out when you open the door. Hundreds of aquariums
are arranged on neat bookshelves, in rows with names like "Enterprise" and
the "X-files." The job of cataloging and caring for all of the fish is a major task.
JOCHEN WITTBRODT leans in for a close look at a tank of fish which he says are
blind. His group is particularly interested in the development of the eye. "A lot
of the genes involved in eye development in Drosophila are known," he says.
"We have far less information for vertebrates, but the two systems are strongly
related."
The steps in eye formation become clear in
dissections made under
the microscope. In the
early embryo, groups of
cells migrate to form
layers that will become
inner organs and an outer
sheath that becomes the
skin. Towards the front of
the outer layer, a special
field is reserved to become the future retina,
and another will become
the future lens and cornea. A number of events
have to take place, including the patterning of
individual components,
and an optic vesicle has to
be moved into its proper
position.
"By looking at proteins related to those which direct eye development in
Drosophila, researchers have identified a number of genes that playa critical
role in fish," Wittbrodt says. Felix Loosli and Wittbrodt have closed in on the
function of one of these, called Six3 . It is only expressed in specific groups of
cells, where it determines the formation of the retina. If the protein is
overexpressed in the embryo, it leads to the formation of extra eye cups in the
middle of the brain. The inactivation of specific proteins can result in
organisms without eyes at all and often severe defects in the development of
the forebrain, in fish, frogs, and mice.
Sylke Winkler and Wittbrodt have examined a mutation in a gene called eyeless
(el) that prevents eyes from forming and results in the early death of the
embryo. "It's a temperature-sensitive mutation which completely disrupts eye
formation at low temperatures; less so at higher temperatures," Wittbrodt
says. By varying the temperature as embryos grow, the researchers could
define a very narrow time frame in which the normal form of eyeless
contributes heavily to the development of the retina. The el mutation affects
eye development in two ways: it disrupts the initial steps of retinal formation
as well as the morphogenesis of optic vesicles. "The way that this happens
shows us that these are distinct developmental processes," Wittbrodt says.
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Development
through
.
repreSSlon

One way for cells to embark on a developmental program
is to shut down a pathway, as happens when R4
photoreceptor cells tune down the Frizzled signaling
cascade. It is also possible to shut a route down by
preventing the cell from getting a signal in the first place,
and Tewis Bouwmeester's group has discovered that this
process is important in the development of heads in frogs.
"The events that create a head occur early on in
gastrulation, when a series of signals transform a looselypatterned zygote into a highly-organized embryo,"
Bouwmeester says. "At this point some cells are elected to
become the anterior neuroectoderm - from which the head
and key parts of the nervous system, including the brain,
originate. A region in the dorsal part of the embryo called
the Spemann Organizer secretes a number of proteins
which are crucial in this process."
Researchers have determined that many of these proteins
bind to ligands called Bone Morphogenetic Proteins (BMPs),
physically blocking them from binding to their receptors
on cell surfaces. Since most of this activity seems to shut
down pathways, rather than activating new ones, heads

Afloat in flatland

"Imagine a vast sheet of paper on which straight
Lines, Triangles, Squares, Pentagons, Hexagons,
and other figures, instead of remaining fixed in their
places, move freely about, on or in the surface, but
without the power of rising above or sinking be/ow
it, very much like shadows - only hard and with
luminous edges - and you will then have a pretty
correct notion of my country and countrymen. "

This is the way readers are introduced to "Flatland," a
mythical universe conceived by Edward Abbott at the end of
the nineteenth century. It is also strongly reminiscent of the
way HEINRICH HaRBER talks about cell membranes.
"Most biological activity depends on interactions between
specific molecules," Harber says. 'The vast amount of space
inside a cell poses a problem: the molecules that need to
encounter each other may not meet up. There's a much
greater chance that they will meet if their movement is
restricted to two dimensions, and this is one of the important
functions of a membrane - to convert a very complex threedimensional problem into a much simpler two-dimensional
one."
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seem to develop because a lot of things aren't going on. (This
is an oversimplification, of course, because losing one thing
often switches on another.) "But the BMPs aren't the only
ligands involved; things aren't so simple," Bouwmeester says.
"Experiments show that shutting off BMP signaling produces
a spinal cord, but no brain. Something else must be
happening."
One of the proteins secreted from the Spemann Organizer is
capable, however, of activity that creates heads and brains.
When this protein, called Cereberus, is expressed in the wrong
tissues, an organism may grow an extra head. Bouwmeester's
group, in collaboration with the group of Eddy De Robertis at
the Howard Hughes Medical Institute in California, has
shown that Cereberus shuts down several pathways. "It is a
relatively small protein, but it can bind to Wnt, BMP, and
Nodal-related growth factors, using different binding sites,"
Bouwmeester says. "In doing so, it makes them unable to
bind to their receptors. This suggests that a head might be the
result of a specific sequence of inactivations, or patterns of
combined inactivation - topics which we are investigating."

What happens at the membrane is of crucial importance to
the cell: in addition to protecting the cell's contents, the
membrane is actively involved in an exchange of energy with
the environment; it filters molecular signals that can provoke
a change in the cell's behavior. Yet despite years of intense
effort on the part of molecular biologists, very fundamental
questions remain about the architecture of membranes. A
new method has now shed light on one key aspect of how
they are organized.
The project is the work of PhD student Arnd Pralle and other
members of the research group of Heinrich Harber, together
with KAI SIMONS, who has spent years synthesizing and
refining a theory about membrane structure. Using a new
type of microscope called the photonic force microscope (PFM),
Pralle was able to make the first ever direct measurements of
the viscosity, or the fluidity, of molecules in the membranes of
living cells. Experiments also revealed information about
structures called "rafts" that had previously been theorized on
the basis of indirect evidence, but never directly seen or
measured.

A new tool to probe
membranes

The PFM is a product of the ever-richer interface that is
maturing between the worlds of biology and physics. A few
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laser trap

years ago, Harber and ERNST STELZER, physicists by training
who have worked to develop new types of microscopes at
EMBL, read of a tool called "optical tweezers" which was
being used to manipulate microscopic objects. The
instrument is based on the principle that an intense beam of
light can exert enough force to hold tiny objects in place or to
move them. "On this very small scale, there is a lot of thermal
noise - the bead is continually bounced around," Harber
says. "Thermal noise is the source of information about
viscosity and the relation
between the forces on an
object and its movement. To
utilize this information, you
must be able to make
extremely precise, highspeed measurements of an
object's location."
With support from the
German Research Council
hired
(DFG),
EMBL
researcher Ernst-Ludwig
Florin to help develop the
first PFM. This system
permitted scientists to trap a
microscopic bead in a cone
of laser light and measure it
precisely enough by watching variations in the intensity of light reflected off the
bead or the motion of its
shadow. The bead can be
attached to individual molecules, and its subsequent
motion can reveal where the
molecule goes and how it
bends, stretches, and wobbles - at rates of up to
thousands of measurements
per second.

The PFM works by trapping a bead in the
focus of a laser beam and watching its
movement. The bead can be attached to
an individual molecule on the surface of a
living cell to provide information about the
characteristics and behavior of both
proteins and membranes. Here the bead
was attached to membrane proteins to
measure viscosity in the membrane and
subsequently the size of rafts.

"Years ago, we had started
to use other single partidetracking techniques to
investigate membranes,"
Harber says. "Arnd attached beads to proteins floating in the
membrane and simply watched where they went under the
video microscope. Akihiro Kusumi, a Japanese pioneer in this
field, had noticed that they would travel a certain distance
and then run up against fence-like barriers, presumably the
scaffold-like proteins attached just under the membrane that
give the cell its shape and structure."
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Pralle wanted to take a fresh look at some of these questions
with the photonic force microscope, which could obtain a
much closer look at the dynamics of cell membranes, perhaps
resolving a controversy that had been developing over the
past decade. Cell membranes consist of a double liquid layer
- like two bubbles, one lying directly inside of the other made of lipid molecules and containing proteins. The cell
manufactures these components and continually replenishes
them; there is also an influx of new material from the outside.
Traditionally, scientists have regarded proteins as floating
unfettered and cork-like, in a free-flowing, double-layered
sea, passing through both layers and usually extending tails
on each side.

Membrane rafts

But as early as 1987, Kai Simons had started to collect
evidence to show that this way of looking at things didn't
really describe what experiments revealed about the
organization of membranes. With further work, Simons and
his colleagues showed that when bathed in very light
detergents - a standard procedure to
dissolve them - membranes do not divide
cleanly into single
components; instead,
there remain clumps
consisting of specific
proteins, lipids and
cholesterol. This suggested that parts of
the membrane might
be organized into
larger, stable ensembles, perhaps in order
to carry out biological
functions. Membrane
proteins often carry
out their tasks in conjunction with others.
If they were grouped
in larger units they
might, for example,
bring together the
partners that must
work together during
important
events,
such as when a cell
needs to respond
quickly to an external
signal.
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By studying the mechanisms that help cells to route
specific proteins to particular destinations on the
membrane, Simons and his fellow researchers tracked the
origins of these units. "Proteins and lipids are put
together in the cell interior and shipped out towards the
membrane," Simons says, "like mounting proteins on
'rafts' of lipid molecules. Once in the membrane, they
remain associated with the raft." The researchers began to
unravel the means by which the cell prefabricates these
structures. They discovered that cholesterol was used as
the "glue" to hold the group together; by depleting cells of
cholesterol, they could make the rafts disappear.
There was no way to get a direct look at a raft, however,
so important issues could not be resolved, such as how
large the structures were, or how long they might remain
stable in the membranes of living cells. Pralle and his
colleagues reasoned that the greater size of protein-raft
assemblies would make them float differently through
the liquid membrane than non-raft proteins, and that they
might be able to measure these differences with the PFM.

How viscous is a
membrane?

Here, however, the researchers ran up against a
mathematical stumbling block. A theory created by two
physicists named Saffman and Delbriick could be used to
predict the size of an object (such as the size of a raft)
floating in a membrane, if two variables were known: the
rate of its diffusion, or movement, and the viscosity - the
"natural turbulence" - of the liquid. PFM could be used to
watch beads bound to membrane proteins and provide
figures for the diffusion rate, but no one had ever directly
measured a membrane's viscosity before. With two
variables missing, the formula was useless.
"Recently a group in the US. provided some numbers
that could help us," Pralle says. "They estimated the size
of a single transmembrane helix - a common structure in
membrane proteins. So we attached a bead to a protein
known to have such a structure, measured its diffusion
across the surface with the PFM, and that gave us enough
information to calculate the membrane's viscosity."
"Just obtaining this measurement was a complex task in
itself," Horber says. "Arnd had to correct for the influence
of water surrounding the cell on the bead's motion, then
he had to watch how beads moved in the vicinity of cell
membranes. He had to be sure that he could distinguish
all other influences from the movement caused by a
protein attached to the bead."
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The size of rafts
The researchers developed a very precise
procedure for attaching beads to the outer
tails of single membrane proteins. By taking
thousands of measurements of the bead's
motion, they could measure differences in
viscosity around the bases of various
membrane proteins. Proteins thought to be
mounted in rafts behaved differently than
their free-floating counterparts, indicating
that raft proteins were indeed mounted in
larger, less-mobile ensembles of molecules.
Depleting cells of cholesterol - thought to
disrupt rafts - made the raft proteins behave
just like their counterparts.
The researchers then used the PFM to drag
raft-bound proteins through the membrane to
ensure that they behaved the same way in
other locations. These experiments have now
defined the size of the ensemble. "If a raft
were composed purely of lipids," Pralle says,
"it could contain about 3500 molecules. How
many proteins it could contain depends on
their density. Proteins on the surfaces of some

viruses are so dense that about 60 of them
could be mounted in a single raft. But they
aren't packed so densely in mammalian cells."
This means that rafts are still too small to be
seen with light microscope techniques, and
the fact that "cooperating" proteins, like
receptors, haven't been found at such
densities means that a single raft is probably
unable to have an important function on its
own. Several rafts may have to cluster to play
a significant role in cell signaling or other
processes.
The experiments also revealed that rafts have
a surprising durability. "A raft-bound protein
would take about a minute to drift over the
entire cell surface," Pralle says, "and it doesn't
leave the raft during that time. Even with the
PFM pulling on it, we don't manage to pull a
protein away from its raft. This amount of
durability is surprising. So far, PFM is the
only method that's been able to give us that
kind of a picture of these structures."
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s and rafts - setting up arrays of receptors
Some molecules combine the
properties of ligands and
receptors, an efficient shortcut
to creating a feedback loop

Messages that are received by a single receptor usually
don't get very far. There would be too many false
alarms because molecules are promiscuously
interactive, and the wrong ligands often stick to
receptors. On the other hand, cells don't wait around
passively until a signal gets so loud it can' t be ignored.
Sometimes an interaction prompts a "get-moreinformation and get-ready" response which prompts
cells to sniff their surroundings and take steps to
distinguish a signal from background noise and
improve reception. One way they do this is to cluster
receptor molecules together on the cell surface, like
verifying a radio transmission by pointing a whole
array of antennae towards the source.
Rafts might associate proteins that need to interact, like
opening the box of a daunting puzzle and finding that
some of the trickiest sections have already been put
together. Researchers have known that certain
signaling molecules could be found in rafts, but
demonstrating that this truly has an effect on signaling
has been a challenging task.
Pralle and his colleagues had demonstrated that a
single raft probably can't hold enough receptor
proteins to allow information to break the signal-tonoise barrier, which means that rafts would have to
cluster into larger structures to generate a signal. This
does happen: Thomas Harder, a postdoctoral fellow in
Kai's group, got a glimpse of large, patch-like clusters
under the microscope. The fusion of several rafts simultaneously pulling together signaling molecules
under the cell surface - could assure enough activity to
trigger a signaling cascade.
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see related
story, p. 42

An excellent example of how this works has
now been provided by RUDIGER KLEIN'S
group. For several years the researchers have
been studying a type of receptor commonly
found on the surface of neurons and blood
vessels . The receptors belong to a family of
proteins called Ephs, and they are triggered by
ligands called Ephrins mounted in the
membranes of neighboring cells. A signal that
activates the receptor EphB2 sets off a cascade
that ultimately helps axons to crawl through
the brain in search of specific neurons they
need to connect to. Two years ago,
predoctoral
student
Katja
Bruckner
discovered that the EphrinB ligand was not
only sending a signal to the cell with a
receptor; successful contact with EphB2 was
setting off a phosphorylation cascade in the
"ligand" cell as well.

In 1999, tracing this backwards signaling
deeper into the cell, Bruckner and other
members of Klein's group were able to
establish a link between signaling and rafts.
EphrinB1 is a raft-associated protein, and the
researchers have now shown that contact
with EphB2 causes the rafts to cluster into
larger membrane patches. The cytoplasmic
tail of EphrinB1 recruits a cytoplasmic protein
called GRIP which has been known to be
involved in signaling; raft clustering brings
together concentrations of GRIP just
underneath the ·m embrane, while recruiting
still more signaling partners. This is precisely
the sort of signal-clustering activity that rafts
have been thought to generate by provoking
the formation of complexes.

A hedgehog on a raft
An important component of rafts is
cholesterol, which acts as a sort of glue that
binds raft components together as they are
assembled - the quickest way to rid a cell of
rafts is to deplete it of cholesterol. Steroidal
alkaloids, which resemble cholesterol, disrupt
a signaling cascade involving a molecule
called hedgehog, which is involved in
processes such as segmentation and wing
patterning in flies. SUZANNE EATON and Kai
Simons wondered if this might not be due to
rafts.
Signaling begins when hedgehog binds to a
receptor called patched (ptc). A close relative of
ptc is involved in the uptake of cholesterol
into cells and distributing it into endosomes:
inward-moving compartments surrounded
by membranes. Disrupting this uptake has an
effect on hedgehog signaling, which might be
due to a variety of things. Interactions

between hedgehog and the receptor might be
governed by cholesterol; hedgehog might
need to be packed in vesicles to interact
properly with ptc.
The researchers don't yet have an answer, but
these questions have led to others such as
whether hedgehog is associated with raft-like
ensembles of lipids in Drosophila and whether
they might playa role in signaling. Eaton
analyzed lipid compositions in addressing
whether raft-like domains actually exist in
Drosophila. She found that they do, and that
hedgehog is associated with them. This
suggests avenues for further research. "A lot is
known about signaling in flies," Eaton says,
"and it will be easy to use Drosophila for
genetic experiments aimed at taking a deeper
look into lipids' roles in signaling."
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An ever-deeper look
into Src

Although Fz and Fz2, Notch and Delta lie on the outer edge of the
cell, their effects are felt deep within. Signals passed inwards by
receptors usually cause a change in the cell's pattern of gene
activation. This can change the way a cell responds to future
signals. There may be a rather direct feedback loop which
strengthens the signal by creating new receptors; on the other
hand, the signal may be quashed.

The chain that connects a receptor to a gene activation may be very long, involving a large number of
molecules. Each element of such a chain offers the cell a chance to make decisions - is a signal correct? should
it be passed along? ignored? is it strong enough? In response, the molecular link may behave so that it
strengthens a signal, dampens it, or silences it entirely. If the gamut that the cell throws in the path of a
particular signal seems to be unduly complicated, one must remember that the links didn't evolve to carry
one signal in a specific organism - rather, it is the immense flexibility of the pathways, and pure chance, that
made the development of complexity and multi-cellular organisms possible in the first place. Morphogenetic
signals probably started out as something with very different functions in a single cell.
Just as an individual link in a complex chain can save a signal, it can completely upset the apple-cart if it is
defective. Several oncoproteins - molecules related to cancer - are mutants of signaling proteins; they may,
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for example, overamplify signals in cascades that affect the rate of cell division, or turn off important
regulatory devices. Giulio Superti-Furga's group has now gone deep into the structure of Src, a signaling
protein, to show how feedback loops can be generated within a single molecule.
A physicist at Los Alamos Laboratory once demonstrated a chain reaction by setting hundreds of
mousetraps, ready to snap at the lightest touch, placing two ping-pong balls on the metal spring of
each one, then standing back and launching a single ball into their midst. The first ball triggered a
spring, which launched two balls of its own, each landing on a new trap. Within seconds the air
was full of flying ping-pong balls and snapping traps.
Something similar happens in the cell when a critical mass of signaling is achieved. The difference
is that instead of one type of mousetrap there may be hundreds, loaded with different types of balls
or other projectiles; the first ball may land in the midst of a primed and loaded minefield, or it may
strike a single trap in the middle of nowhere. The metaphor starts to break down because of the
complexity of cellular reactions: a protein mousetrap may be self-loading; the act of launching a
ball may change its configuration and make it able to launch another type of projectile or render it
inactive. The balls launched by one type of protein can be invisible to another. A massive launch
may have contradictory effects; it might tune down the activity of the whole, or it may shut itself
off entirely. Often the whole achieves a sort of active stability: whenever something threatens to
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spin wildly out of control, it simultaneously sets off
mechanisms to dampen its activity.
One very common type of mousetrap in this metaphor is a
protein called a tyrosine kinase, which has its effects by
launching phosphates onto specific tyrosine amino acids
tucked in the midst of another protein. This temporarily
changes the shapes of both the donor kinase and donee, and
they go bouncing off to communicate with a new class of
partners as a result. Subsequent encounters may restore them
to their original states.
The group of Guilio Superti-Furga has been peering into the
rich depths of the Src family of tyrosine kinases, trying to
understand their loading and unloading mechanisms. Srcs
play such critical roles in these communication chains that a
defect can be disastrous; overactive Srcs were the first
molecules clearly linked to cancer. A study of the differences
between Srcs which could never be deactivated and the
normal reloadable type provided clues as to the different
states of the molecule. The researchers have not only
provided a clear view of the molecule's inner workings, they
have unearthed a mass of information about its functions. In
collaboration with MICHAEL WAY'S group, they demonstrated
that it helps initiate the formation of the fibers that make up
the actin cytoskeleton, and in 1995 group leader Sara
Courtneidge showed that it helped to assemble molecular
complexes around receptors on the cell surface.
Superti-Furga's group has steadily uncovered more and more
details about how the molecule's activity is determined by
the relative position of its major subunits, or domains . One of
these is the catalytic domain, which contains the site where
phosphates are transferred to other molecules. Two others,
called SH2 and SH3, are regulatory domains which interact
with other molecules and control how active the molecule is
by hiding or exposing the catalytic region.
The first hypotheses painted a picture of an amino acid linker
chain squeezed between SH2 and the catalytic domain,
establishing vital connections with both by some vague
means. In 1998 the researchers were able to focus on a single,
twig-like protrusion in the Src structure which had to extend
in a precise direction to fit exactly into a pocket. Nearly
anything happening in the rest of the molecule, it seemed,
could disrupt such a fit -like trying to maneuver a car over a
rocky, unforgivingly-uneven surface to put the ball of a hitch
directly under the tongue of a trailer.
Now Stefania Gonfloni and other members of the group have
shown that Src has a built-in regulation device which works
two ways - including by prompting itself to become more
and more active. "In the inactive state, SH2 and SH3 conspire
to hide a critical tyrosine in the catalytic domain and prevent
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its phosphorylation," Superti-Furga says. "Simultaneously, this positions the two regulatory domains so that
other proteins can't get at them - interactions with other
molecules could disturb the alignment and expose the
catalytic domain again."
Such rearrangements could easily activate Src - as could
another kinase, leaping in to phosphorylate the
unoccupied tyrosine. Once this happens, Src goes off on a
spree of phosphorylation that doesn't want to be stopped.
"When the molecule is active, it acquires a shape that
opens up the SH3 for more interactions," Superti-Furga
says. ''This has a self-stimulating effect, because the more
SH3 is prey to other molecules, the more likely it is that
the catalytic domain will be exposed." Another effect of
activation is to jostle the connections between the SH2
domain, the linker and the catalytic domain, where
positioning is critical to keep the molecule in check.
Important conformational clues came from other
molecules with similar domain characteristics. "While
looking through a number of mutant forms of the Src
molecule, we found a mutation which resulted in a
deregulated form," Superti-Furga says. "Interestingly,
there is a mutation in the human Lck gene - which has
been strongly linked to leukemia - with the same effect."
Creating artificial, combined forms of Src and Lck helped
the researchers to pin down some of the subtleties of
these interactions.
This nuts-and-bolts view of the innards of a single type of
molecule takes on greater significance when one reflects
that so many cellular events seem to hinge on Src. The
molecule has been implicated more and more in the
building of molecular complexes, which would probably
require an open, ready-to-interact conformation of the
SH2 and SH3 domains. "This is permitted and
encouraged by Src activation," Superti-Furga says. "So in
an extreme view, you might say that this single catalytic
domain of Src is a regulatory module for a whole range of
protein-collecting interactions."
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How to zip up
the back of a fly ...

The ultimate target of most signals is a specific gene, and the link that
connects a signaling cascade to the gene is a molecule called a transcription
factor that can bind directly to DNA. This enhances or represses the
activity of a gene, or changes the way that it is transcribed. DIRK
BOHMANN'S group has focused on two widely-studied molecules called Jun
and Fos which act as transcription factors and have other functions. "One
of the surprises arising from the field of signal transduction was that many
of the proteins are involved in more than one pathway and can convey
distinct information that can even seem to be contradictory," Bohmann
says. "Jun has been implicated in the control of both cell proliferation and
cell death. To put it mildly, this has muddled the literature, at least to the
uninitiated."
Work with a type of cell called Fe12 has allowed the group to clear up
some of the confusion. Expression of Jun and its phosphorylation by a
protein called ERK leads the cell to develop into a neuron. "As this
happens, Jun actively prevents cell death," Bohmann says. "Once the cells
have differentiated into neurons, however, removing neural growth factor
leads to mortality, and Jun is one of the links in this chain, too." The group
is now searching for the partners that distinguish between the two
responses.
In Drosophila, Jun and Fos play the mid-field in signal cascades. Fos helps
photoreceptor cells in the eye to differentiate, and when it receives signals
via the ERK pathway, it helps to define the roles that photoreceptor cells
acquire in the developing eye. When a signal arrives along a different
pathway called JNK, Fos helps to rotate ommatidia - twenty-cell sets that
include eight photoreceptor cells.
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Another of the jobs of the JNK-Fos pathway is to
participate in tissue fusion events. At one of the most
critical moments in the early development of an embryo,
a group of cells migrates to the interior to become internal
organs; others develop into what will be the epidermis, or
skin. In Drosophila this outer layer forms as a sheet of cells
that have to grow in from the sides and fuse to close the
embryo's back, thus protecting the inner organs.
Activation comes via the JNK pathway, and Fos and Jun
target genes for proteins called Decapentaplegic (Dpp) and
Puckered (Puc).
Julia Zeitlinger, a doctoral student in the group, found
that the same molecular circuitry is used later in
development in a similar process that fuses the edges of
the growing wing discs in the center of the back, a process
called thorax closure. "There are indications that this
pathway might make up a general tissue-fusion
mechanism," Bohmann says, "so it isn't too far-fetched to
suppose that this work may tell us about processes in
higher organisms like palate closure, neural tube closure,
or wound healing."

Work with Jun has led Bohmann and his colleagues into collaborations
across the lab. The researchers adapted a technique called tandem
affinity purification (TAP), developed in yeast cells by BERTRAND
SERAPHIN'S group, to look for other proteins that interact with Jun in
diverse pathways. The TAP method uses an artificially-constructed
protein "bait" that allows researchers to quickly and precisely purify
complexes of proteins that interact with a molecule of interest.
Bohmann's group managed to adapt the method so that it would work in
Drosophila and tissue cultures as well as yeast. They use Fos and a
modified version of Fos without phosphorylation sites to distinguish the
role played by its phosphorylation.
"These experiments revealed a surprisingly complex pattern of
interactions between Jun transcription factors and MAP kinases in vivo,"
Bohmann says. "We're in the process of identifying the partners with
MATIHIAS WILM and the Mass Spectrometry Unit."

see related
story, p. 177

Giulio Superti-Furga's team revealed another link. A mutant form of a
protein called Abl, which causes human leukemias when deregulated by
chromosomal defects, phosphorylates Jun and then binds to it tightly.
Studying this interaction may lead to a better understanding of Abl's
oncogenic activity.
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Exposing a
protein
and thus a gene
... or
not

Superti-Furga's work has shown that how talkative Src's
catalytic domain is depends on the arrangement of the whole
molecule. Other domains don't have the final say, however,
because to quiet down catalytic activity, they need to be
carrying on conversations of their own with other molecules.
"Loud" catalytic activity turns these domains in directions
that discourage such interactions. Thus a whole signaling
pathway can hinge upon disputes between a single
molecule's internal domain structure.
Such capriciousness can be found all the way up and down
signaling cascades. Postdoc Marco Milan and Steve Cohen
have managed to show how a complex set of interactions
between multiple molecules can participate to unlock a
domain and thus control the activity of a transcription factor
called apterous (ap). This molecule switches on genes that help
to establish boundary lines between "compartments" of
developing wings in flies - between the ventral and dorsal
(bottom and top) sides. These compartments are kept distinct
because their cells don't like to mingle. This has something to
do with the presence of ap. The protein is expressed in all
dorsal cells, whereas ventral cells do not express it. apterous
does something to the cells that makes them stick
preferentially to other cells that express it, whereas cells that
don't express apterous prefer sticking to other cells that don't.

MARCO MILAN &
STEVE COHEN
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Figuring out how apterous' activity is regulated is like trying
to solve one of those "English garden" mysteries with such
complex casts that the characters have to be listed at the front
of the book. Apterous has a domain that can bind to DNA,
but it is held in check by another part of the molecule called
an LIM domain. Along comes another protein, called chip,
which can bind to the LIM, leaving apterous free to latch onto
the DNA. This can only happen, however, with a
combination that requires two apterous molecules and two
chip molecules. This two-chicken-and-two-egg arrangement
depends on whether two chips can bind to each other - and
that, in turn, is dictated by what is going on
inside the chip molecule. The two
chips bind at a single domain.
What happens next should be
utterly predictable to any mystery
fan. Yet another molecule, called
dLMO, enters the stage. dLMO can
bind to the LIM domain of chip,
thereby competing with ap. Thus
dLMO, taking the indirect route,
ultimately controls the activation of
the gene target of ap.

Chip

So who controls the dLMO? The case
is still open; suspects are sought.
Parts of the action in this story can be
cast as interactions between the
domains of a single molecule, other
parts are a case of regulation among multi-protein complexes.
Researchers will go farther, determining which members of
such complexes are essential to what processes, and
ultimately genetic studies will reveal (as in the case of Src)
exactly which sequences and configurations are critical in
each molecule.

apterous

Still, what comes out in the end is a set of boundaries in the
wing of a fly. The whole story of the torturous evolutionary
route that has made this connection, where the development
of important, large-scale structures happen because they slip
past these multiple layers of self-contradictory inhibition,
would make better reading than any mystery.
Developmental biologists are looking downwards as the
"tissue culture minimalists," as Thomas Graf called them, are
looking upwards towards higher levels of structure. The gap
between these mind sets is closing as developmental
processes are increasingly pinned to interactions, structures
and sequences. More and more, explaining them requires the
concerted action of methods from across the whole spectrum
of molecular biology. .
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Screens
and genes

Fruit flies took up residence in laboratories long before
the molecular biologists did; the insects were officially
invited in at the very beginning of the twentieth century,
just after Mendel's principles of heredity had been
rediscovered. Searching for a complex organism that
could be studied with ease, researchers came across
Drosophila, which reproduced quickly - more quickly
than the early labs were prepared to handle, in some cases
- and could be taken care of with ease. Strains were crossbred and screened for specific inherited traits as scientists
tried to unlock the details of heredity. The result was a
veritable explosion of genetic information, although the
physical mechanisms by which it was happening would
not be described for nearly fifty years.
Screening took on a new significance with the
development of modern genetics. Researchers could now
use biochemical methods to investigate the functions of
the genes they had discovered. The fact that similar
phenotypes could be traced to different genes helped
researchers to elucidate complex interactions and the
specific roles that single proteins - and even specific
domains - play in these pathways, and some of this
information could be transfered to related genes in other
species. A second major event has been the development
of genetic engineering methods which permit switching
off particular genes (knock-outs), or causing them to be
highly overactive so that they express abnormally high
quanitities of RNAs and proteins, or to import DNA from
another organism into a genome. These new techniques
have led to a much more targeted approach to searching
for gene functions.

They are yielding such a harvest of
results that I am now swamped. I
sent you a paper on eye color a few
days ago and now orange has
dropped out of the series so that I
can carry the results much further. I
have a parallel series on body color
and on wings ...
- T.H. Morgan, 1912

I don't know whether it is the climate or
whether my eyes are better than they
used to be, but the way I am turning out
mutants and "possible mutants" beats
any experience I ever had before. If
things keep on piling up I will be
swamped in another month and will
have to call for help.
- Charles Metz, speaking of systematic
screens of Drosophila, 1919
I
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Christiane Niisslein-Volhard
Nearly twenty years ago, Christiane NiissleinVolhard and Eric Wieschaus carried out a project
at EMBL which linked a long tradition of
screening flies for genetic characteristics and
developmental aspects of early embryos. They
started their work in a completely different
intellectual climate; within a short time, they had
revolutionized thinking about genetics and
development.
After leaving EMBL, Niisslein- Volhard moved to
the Max Planck Institute for Developmental
Biology in Tiibingen, where she focused on a
vertebrate - zebrafish - as well as Drosophila.
More than 1,000 mutants were discovered in a
mammoth zebrafish screen.
She also co-founded a
company called Artemis
Pharmaceuticals, which
has now decided to do a
comprehensive screen with
the aim of mutating every
developmentally-important zebrafish gene.
In this interview, Niisslein
-Volhard reminisces on the
climate of EMBL during
her work at the Laboratory
and some of the challenges
faced by contemporary
developmental biology in
the intervening years.

WHAT WAS EMBL LIKE
WHEN YOU ARRIVED
THERE?

An odd assortment of
people. International.
For me that was what
was really attractive the internationality, so
many different people from different nations,
the resulting atmosphere, and so on. Eric and
I had the smallest lab in the place, I think, and
shared a tiny office - which was absolutely
ridiculous, because space for human beings

should not be dependent on the size of the
animal they work with!
Part of the oddity lay in the fact that there was
no focus on Developmental Biology, nor was
there a focus on genetics. We just had a group
that did what we wanted to do and we didn't
have much guidance scientifically.
DID YOU COME WITH A GRAND PLAN ABOUT
WHAT YOU WANTED TO DO?

I had a grand plan to do maternal effect
screens. Eric is five years or so younger than I,
and at that stage of his career he was sort of a
late post-doc and he
did a variety of
things. He was also
very interested in
what I was doing, and
I was interested in
what he was doing.
Then of course, you
start talking and you
try to do things
together. The reason
that we started the
screening was quite
interesting.
Sometimes circumstances
really shake things
into order; what happened in this case was
I that we had to share a
very brilliant technician. We had to
fight to get her. This is
one of those oddities;
they originally wanted us to take a
Swedish technician,
but we had a German
woman in mind for
whom we had very
good letters of recommendation. I knew her
previous boss and we liked her a lot. We
pushed and we got her. She was brilliant. Her
name is Hildegard Kluding, and she is coauthor on the later papers.
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This gave us a group consisting of two heads
and one technician. In addition to that was
one person who took care of the flies, who
cooked the fly food . We had this little office,
and it became obvious that we could not
spend two seconds together in this room, we
would just get on each other's nerves. So we
bargained and then we got another empty
room downstairs. So in a way it started with
this necessity to collaborate because
otherwise in such a small place you either
fight or you join forces .

which we had stocks and made cuticle preps
and discovered three more mutants this way,
as background or not-yet-described phenotypes, and this really stimulated us to say, all
right, let's do a large-scale screen. I decided I
had to do a pre-run for the large scale screen
and this went very well and then we did it
together.

We had found the first segmentation gene,
Kruppel, which had already been published in
1950, but it was hidden away in textbooks. I
discovered it as I was reading late at night in
my bed and I really jumped when I saw this
figure ... So we ordered stock and it was still
alive, and we studied the first real
segmentation mutant. We were very excited
about it and decided that we should
investigate this mutant in all of its details, do
a real case study, and that Hildegard should
do it because we were both interested in it, so
it would be a joint thing and we wouldn't
have to fight over her technician's time. So she
got her own project and we supervised it
jointly, which went well.

I still have the book, it was an old textbook on
developmental biology by Alfred Kuhn, and
it just had a picture of a Kruppel embryo.
Normal larvae, you know, have segments.
The drawing that I saw just had three such
rolls or so - it was very unclear. So we ordered
the stock immediately and saw that it was a
clean, classical segmentation phenotype.
Quite fascinating. We hadn't known that you
could have a zygotic mutation - this is a
zygotic mutation and we had the previous
notion that the maternal influence
determined segments. We didn't know. The
only cases we had observed before were cases
which were maternally inherited, with a
phenotype that depended on the mother's
genotype. This one depends
on the embryo's own
genotype, which means
that there are steps in
early embryogenesis
where genes operate
to divide up the
embryo
into
segments. Then we
did this big screen extremely exciting and a
lot of fun. And we got
along - that's the amazing thing.

Then I tried to develop a
scheme for a maternal
effect screen that I
had already started with in Basel,
very early on, my
original plan when I
started working with
flies. It is difficult. It is a
three-generation
inbreeding scheme which is
very laborious if you do it
the old-fashioned way.
There were several steps I
worked on and then Eric
pottered around with these
segmentation things and then he
tried to do a screen of the X
chromosome because it was his
chromosome and he was a very
good geneticist and he thought some things
would work. Then we got interested in the
segmentation mutants and did a shelf screen,
which means we took all the mutants of

WHAT WAS IT ABOUT THE PICTURE YOU SAW IN
THE TEXTBOOK THAT MADE YOU SAY, "THAT'S IT"?

DID OTHER PEOPLE APPRECIATE
THE IMPORTANCE OF WHAT YOU WERE
DOING?

I felt very early on that your _"importance"
depended on size and space and on how
much money you spent, and we gave up. We
bought a big pot for making fly food - which
was very extravagant, we thought, and we
got a big microscope, and that was it. We had
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a very small lab, but we didn't really fight to
get more; we just said this is it, now let's
work. And I think this is what people found a
little crazy. We did not run around spending a
lot of time being important. We just closed
ourselves in our little room and looked at
flies . And people said, "Oh, what are they
doing in there?"
Doing the screen required a demanding
schedule, really. It took three months where
we had a tough schedule with flies coming
every week which had to be sorted and fixed
and preps had to be made. We had 5 thousand
lines spread over three months. In a way, it
was fun. It's like making Christmas cookies all
the time or something like that, or hunting
mushrooms. It's not really hard work, except
in the sense that it means
long hours.
THE DROSOPHILA PEOPLE
ARE CRAFTSMEN ... THEY
USE ALL OF THESE HANDMADE TOOLS ...

We designed a lot of
these little things, nets
and baskets and fixation
devices and plates and
egg-laying cages. This
was actually a big step
forward, that we designed devices to give us
much higher efficiency.
DROSOPHILA RESEARCH AT THAT TIME WASN'T
FOCUSING MUCH ON EMBRYOS .. .

That's true. People in development were
looking at adult flies mostly, and in a way
they treated the embryo as sort of an early
adult. They did a lot of cultures of embryonic
tissue in the fly abdomen to look at bristle
patterns and see whether something would
be determined as eyes or wings or legs. It
means they worked back from the adult
structures which are laid down, using the
adult structures as markers for a fate map. If
you have an egg, then the wing and legs come
from particular regions within the embryo.
Then they used the wing or the leg to say this
is the thorax or so, but you didn't look at the
larval pattern itself. People were only just

starting to do this. I think I realized very early
on when I started working with flies that this
is the thing to push -- to look directly at the
outcome of embryonic developmental in
terms of the larva, and not only think of this
in terms of structures which would be
displayed in the adult fly; this would give you
a much easier and direct handle on what was
going on.
UNTIL YOU STARTED TO THINK OF THE EMBRYO
GENOTYPE... HOW DID YOU UNDERSTAND WHAT
WAS GOING ON ?

We thought about these things in rather
abstract terms. It is really amazing and
interesting that no one thought about
molecules. We would
never have dreamt about
thinking about what
Kruppel would encode.
We could have made
guesses, but no one
predicted that it was a
transcription factor. No
one predicted that the
early events in the
embryo would be a
series of transcription
factor patterns, each
developing or helping to
,.
develop the next, in
hierarchical levels. We
saw the hierarchy. We
saw that the maternal
input determines polarity broadly, and that there were larger
subdivisions and smaller subdivisions, and
this is actually the outcome of the paper from
1980. The logic was sort of almost trivial. We
had real evidence for step-wise restriction of
units in the embryo. This was a broad logic
but we didn't think in terms of what
molecules would perform it.

-

WHEN DID THAT HAPPEN?

When people started cloning the genes. We
were not involved in that. That was a time
when we were working on describing all the
mutants and I had already moved on to do
the maternal screen, my original plan. The
zygotic screen came along more or less as a
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side product because Eric and I had to share
the technician. Eric said one day, "Let's do it;
no one can do this but us," and I said, okay.
When we had the Kriippel mutant we
wondered how many of this type might exist
and how would it tie in with other mutants.
How many functions were there? Is this very
frequent or is it rare? We had very few -engrailed was described, we had seen wingless
with the polarity duplications in the
segmentation bands. A lot of papers had been
written on one gene, with titles like "Further
studies on engrailed ... " and you thought, come
on, who knows how important this is? If you
don't know the other components you can't
evaluate what this gene is really doing. This
was also true for Kriippel, so the logic was that
it was very tempting to follow up on this line.
We knew that we
could do it, and it
would be very
successful, because
we could calculate
that there would be
even more mutants.

We were lucky that the mutants were very
clear. To have an area of research where you
can find something that no one has touched
before, or looked at much, with these few
exceptions like Kriippel or engrailed - it's like
being an archaeologist, like opening
Tutankhamen's tomb to find that someone has
already looked inside but abandoned it for
reasons no one knows. And then you find
everything.
WHAT WAS IT LIKE AFTERWARDS WHEN THE
MECHANISMS AND THE PROCESSES BEHIND WHAT
YOU HAD OBSERVED STARTED TO BECOME CLEAR?

It was very exciting but we were not involved.
Strikingly, as soon as people had molecules,
the whole world was jumping. I think we
must have felt a
bit left out because the popularity was with
the
expression
patterns and molecules and transcription factors,
hom eo box and so
on ... and everyIF YOU HADN'T DONE
THIS HOW LONG DO
body knew WalYOU THINK IT WOULD
ter Gehring. Eric
HAVE TAKEN
and
I had moved
SOMEBODY ELSE,
on
to
other areas
SOMEWHERE ELSE TO
DO IT?
of research and
had been quite
I don't know, but it's Max-Planck Institute for Developmental Biology, TObingen , Germany successful
in
an
interesting
them. We had
question.
How
decided that we would not do the molecular
would history have been written if you hadn't
analysis at the time and I had stayed out of
done that.. . There was someone else who
this for a long time, because there was a lot to
wanted to do similar things, but he never
do sorting the maternal influences into
looked at embryos. We did screening that
systems, and only then we started doing a
nobody else would have done because it
little molecular biology, but never much. Most
would have been too much work and they
of the genes were cloned in other people's
wouldn't have done it in three months, they
labs. Eric was a little different. When he
would have done it in tens of years. If we
started his lab in Princeton he worked on the
hadn't done it, I don't think anybody would
segmentation mutants and he put several
have done it large-scale for a long time.
people on cloning.
People would have discovered things one-byone along the way. That is what has happened
in fish, for example - you get something and
WHAT YEAR DID YOU LEAVE EMBL?
ten papers are produced on one mutant but
1981. The other people working on flies left,
no one knows what else is around.
and then it was several years before Drosophila
really started up again at EMBL, when Steve
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Cohen and Dirk Bohmann and Marek
Mlodzik were hired. By that time the field
was a booming enterprise.
WHAT WAS IT LIKE TO ADD FISH TO YOUR
REPERTOIRE?

I had realized that my strength was to
develop strategies to do things that other
people think are impossible to do in a
reasonable way. Seriously, the fly screen was
not hard work. It was fine, it worked very
well. It was well prepared and we had
developed it such that it was not terribly
difficult. The maternal screens were much
more difficult. We made all these maternal
mutants and couldn't figure them out because
they don't come labeled "posterior system" or
"terminal system." The most
difficult aspect was to find
three independent systems
determining anterior, posterior and terminal patterning.
The terminal made it difficult
because they were always
there, even if the posterior was
knocked out, so we couldn't
figure out whether this was a
segmentation
mutant
or
whether it had something to
do with polarity. It does, but as
I said, it doesn't come labeled. This is the
discovery I am most proud of. And we didn't
have molecular markers and we did a lot of
transplantation experiments to work that out
and I believe that when we proposed this
concept in a 1987 paper, none of the genes
were cloned. We sorted it out with
transplantation experiments. You can
transplant RNAs into localised cytoplasm and
then they have effects. This was worked out
in collaboration with Hans Georg Frohnhofer,
Ruth Lehmann, and Martin Klingler.
Graduate students worked on these things in
the lab and they had often brilliant ideas.
Then people got much more interested in
segmentation hierarchy and molecules and
cloning and so on, and I didn't really enjoy
that so much. I felt that my strength was to do
genetic screens and not biochemical pathways
and so on. In the meantime, of course, we are
doing that now in flies with some success. But

at the time it is why I thought fish might be
interesting in order to compare flies and fish.
At that time, we did not know how much
similarity there was in terms of molecules.
The cloning period had just begun and the
homologies between vertebrates and
invertebrates were taken as more of an
exception to the rule but not the rule. So it was
a fair notion to suppose that vertebrates
develop totally differently from flies and to
concentrate on the differences.
When people started with Xenopus, they
didn't study it with genetic methods and this
is why they thought it was completely
different. I felt that this couldn't be, and
secondly, you cannot find out unless you
apply the same type of method to both
organisms, so I thought genetics with fish
would be good. Genetics
was a more successful approach than cutting and
pasting.
Then the fish project was
postponed because our
molecular work on the
maternal mutants was so
exciting. And then bicoid was
cloned and with the
expression patterns and the
gradient and things, we
really hardly had time to work on fish. I had
two graduate students who pottered around a
bit, and I myself played around with
plumbing and designing aquaria in order to
speed up the existing techniques. We would
not have been able to make one single
mutation because it was so unstreamlined.
Now it works like nothing. I like this and I
have a strong interest in designing efficient
ways to do large scale experiments.
WHAT IS THE NEXT CHALLENGE AFTER FISH?

Evolution, perhaps? I have always had that in
the back of my head. I don't know whether I
have time or energy left to do something
serious. But we have a modest approach right
now, doing the zebrafish genome and
mapping and so on. We would need someone
very talented to look at the sequences ... But
this could be something I would like to do.
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Losing genes and functions ...
see related
story, p. 95

Now, instead of simply trying to trace phenotypes back to genes, many
researchers are working forwards, from the gene to its effects. The
imminent availability of complete genomes has led many labs to
systematize work such as screening flies that used to be done on a geneby-gene basis. Loss-oj-Junction studies are underway to knock out every
gene in organisms whose complete genomes have been solved.
Several genetic methods have been developed to discover the functions of
proteins by disrupting their production. Often these methods create cells
that never generate a given protein. Since molecules often have multiple
functions during the life of the cell, such "all-or-nothing" techniques may
make it hard to analyze a protein's role in a specific process. More and
more, methods are being developed which either block gene expression at
specific times or in particular tissues or can block the amount of
expression. In 1998, Andrew Fire and colleagues at the Carnegie
Institution of Washington and the University of Massachussetts Cancer
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Center reported on a surprising new technique that could accomplish this.
For several years, researchers have known that injecting RNA into cells
can have an effect on the synthesis of new proteins. Fire showed that
injecting double-stranded RNA (dsRNA) matching a specific target gene
shut down virtually all of its activity - a much more potent effect than
injecting other types of RNA.
TONY HYMAN'S group is using this approach in the roundworm, C. elegans,
to find genes involved in the cell cycle. Microtubules play an important
role in cell division; in eukaryotes, one of their jobs is to latch onto copies
of chromosomes and divide them into two identical sets. For several years,
Tony Hyman's group has been dissecting this process using a number of
techniques. In 1999 the researchers began a systematic study of
chromosome three in the roundworm, trying to find all the genes revelant
to this process.
Hyman's group uses C. elegans as a model system partly due to the large
size of its egg cells, which lend themselves well to microscope studies. "A
critical moment in the process of cell division is the division of the
microtubule organizing centers, or MTOC, and positioning of the two copies
on opposing sides of the nucleus," Hyman says. "There are several steps in
getting them there. While people have shown that the motor protein
dynein plays a role in positioning the structures, knockout studies in the
past haven't been clear about how it acts during these different phases."
The RNAi method permitted researchers to intervene in the production of
dyne in, either blocking its activity completely or shutting it down
partially, allowing a much finer dissection of the protein's role at various
stages. The researcher tracked these effects by microscopy.
"Without any dynein at all, the MTOC neither divided nor achieved its
proper position," Hyman says. "We observed similar results by deleting a
complex that is known to interact with dynein. If we reduced the level of
dynein synthesis, then the separation took place, but there were defects in
the formation of the microtubule spindles that pull chromosomes apart."
Hyman's group is now applying this method systematically, using dsRNA
targeted to all of the genes on chromosome three in C. elegans.
They have now identified every gene on the third
chromosome which influences cell division - a
systematic approach which could serve as a model
for large-scale studies of this and other processes in
the genomes of other organisms.
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and gaining
functions

Two years ago, PERNILLE R0RTH'S group reported that they had developed
a novel genetic tool that has permitted them to do gain-of-function studies
for the Drosophila genome. The method is based on inserting sequences
into the fly genome which cause inactive genes to be transcribed and
active genes to produce much higher amounts of RNA than they normally
would.
The new tool consists of two parts. A standard way to get high expression
of a specific gene is to call it to the attention of factors that bind to DNA
and encourage heavy transcription of nearby genes. These factors bind at
specific DNA sequences, so such sequences have to be inserted in the
vicinity of the genes a researcher wants to study. Rorth engineered Pelements, "jumping genes" found in bacteria and other organisms, so that
they would insert the necessary sequences into random places in the
Drosophila genome. The result was several thousand Drosophila strains,
each containing the target for a transcription factor in front of a single
gene.
The researchers had to use a transcription factor and target sequences not
usually found in Drosophila, so they chose GAL4, from yeast. Once the
target was in place, they needed to get the transcription factor itself
introduced into the genome. Methods that placed it in every cell would
have resulted in the overexpression of a particular protein throughout the
organism, for its whole lifespan. Instead, they introduced the GAL4 gene
so that it would be under the control of other genes which are only
expressed in certain tissues at certain phases of embryonic development.
This was done in separate strains of flies; cross-breeding produced flies
which expressed both the transcription factor and its targets. Although
these flies contain GAL4 targets in all their cells, only certain tissues
produce the transcription factor, so the protein is only overexpressed in
those cells, at those times.
Rorth and her colleagues are particularly interested in the molecular cues
that regulate cell migration, and so they focused their screens on a group
of migrating cells in the Drosophila ovary, called border cells.
"In order to migrate," she writes, "cells change shape and
adhesion properties, become invasive and motile. They
must also read guidance cues provided by the target
tissue that tell them where to go and when to stop." The
process is important in development, as cell types take
up positions to form new tissues or to establish
functional networks. It is also related to the
development of cancer, which can spread
through the body as a result of
uncontrolled cell
migration.
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A transcription factor called C/EBP is known to be critical for the migration of
border cells towards the Drosophila oocyte - a single cell that will become the
future fly. The gain-of-function screen allowed R0fth and her colleagues to
identify possible C/EBP targets, genes that have a rate-limiting effect on a
group of cells called border cells. One of these is Abl, a heavily-studied protein
that has been linked to the pathfinding activity ofaxons - long, branch-like
extensions that protrude from a neuron and wander through the brain to
establish connections. Another gene, 4Bl, encodes a protein that can interact
with Abl and appears at the leading edge of migrating cells. R0rth writes,
"4Bl's localization in the cell, as well as interesting biochemical properties,
suggest that it may contribute to the way guidance information is translated
into cellular behavior."
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A healthy
shade of green

Genetic engineering of mosquitoes should provide
a big boost to malaria research
When people think of malaria, their thoughts naturally go to the vast amount
of human suffering caused by this disease: 300 million people are affected, and
there are two million deaths per year, according to World Health Organization
statistics. It is odd to think of the mosquitoes which carry the malaria parasite
also as "victims" of the disease - particularly since the war against malaria has
largely been carried out as a campaign of man against mosquito, in which
insect losses have been directly translatable into human gains. But this
unusual perspective may well be the source of the next advances in malaria
research, according to Fons C. KAFATOS, EMBL's Director General.
Mosquitoes become infected with Plasmodium, the one-celled malaria parasite,
when they feed on an infected mammal. The resulting infection can sicken or
kill the insect. "But mosquitoes possess a rudimentary immune system which
can fight the disease," says Kafatos. "In some strains of mosquito it is very
efficient; the parasite is often almost completely eliminated before it can move
out of the gut into other parts of the insect, such as the salivary glands, where
the next bite can transfer it to a new host." Kafatos' research group has focused
on Anopheles gambiae, the species of mosquito principally responsible for
infecting humans, and related species. They hope that studying the differences
between strains will reveal weaknesses in the parasite - or features of insect
immune systems which explain the natural resistance of some strains.
In collaboration with researchers from the Imperial College of Science,
Technology and Medicine in London, Kafatos' group has now overcome a
major obstacle that has impeded the kinds of genetic studies that have been
possible in many other organisms. The new study suggests that researchers
will be able to do transgenics - to introduce foreign genes - into A. stephensi,
the mosquito species responsible for most malaria transmission in India and
the subtropics. The researchers expect that the method can be used in A.
gambiae and other related species, as well. The breakthrough with A. stephensi
is important because it is a principal model system used to investigate malaria

CRACKING OPEN THE BLACK BOX

in laboratories; it is a good vector for a rodent form of the parasite that does
not infect humans, and thus laboratories can safely examine the stages of
infection through the parasite's entire life-cycle in mosquitoes and mammals.
"What transgenics can offer is a clearer picture of the molecular interactions
between the mosquito and the parasite," says Thanasis Loukeris, a member of
Kafatos' lab. "In Drosophila, the fruit-fly, similar techniques have given us an
extraordinary flow of information about genes that are involved in embryo
and tissue development, molecular signaling in the cell, and immunity. This is
critical information in understanding the progress of a disease."
To develop a transgenic technology, researchers need to be able to insert DNA
into the egg and sperm cells (or germline) of an insect. Since only a small
percentage of such implantations work, there also need to be genetic
"markers" which clearly distinguish organisms in which the implantation has
been successful. It has been difficult to achieve these steps in mosquitoes. One
problem has been introducing transposons, so-called "jumping genes," into
eggs which can thread new sequences into the mosquito DNA molecule. The
collaborators have now shown that a transposon called Minos from a species
of fly works effectively in mosquitoes.
Most of the sequences in an organism's DNA - for example, specific genes are assigned a relatively stable physical location within the whole, enormous
DNA molecule. This order is maintained when the entire molecule is copied
during cell division, just as the order of words is preserved when an author's
text is directly quoted. This order can be disturbed by mutations or copying
errors. Starting in the 1940s, however, researchers began to suspect that some
organisms contained bits of DNA which could jump around randomly of their
own accord; the effect is something like a computer program which inserts a
specific word at random places in a book. In the meantime, researchers have
discovered such transposable genes in a variety of organisms, from bacteria to
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humans. They have probably played a role in evolution,
and now they provide a powerful tool for genetic
engineers. By attaching a DNA sequence to a transposon
that works in a particular organism, researchers can slip a
new gene - even a foreign one - into the organism's
genome.
Over the last few decades, a variety of tools and
genetically-modified strains of model organisms such as
the fruitfly have been developed to perform state-of-theart genetics. These techniques offer the possibility of
"reverse genetics" studies in which genes can be
modified in the test tube and then introduced in
organisms. But in the vast majority of organisms, such
tools are missing, and in cases such as Anopheles, even
simple genetic manipulations are difficult to perform.
Such genetic "transplants" aren't always successful, so a
method has to be found to identify organisms which have
successfully received the modified gene. This is
accomplished by tagging them with a marker, and at this
point the fluorescent protein GFP, discovered a few years
ago, comes into play. The gene for GFP can be inserted
into the DNA of virtually any organism, without affecting
its development, and this provides a simple method of
"tagging" modified organisms. Transposable elements
such as Minos can carry both GFP and a modified gene
into an organism at the same time, providing a simple
method of identifying the successful insertion of the gene.
"The difference between a mosquito which is completely
able to fight off Plasmodium infection and one which can't,
meaning that it can spread malaria, may be a subtle
difference in a single gene or a small number of genes,"
says Loukeris. "Genetic engineering is the most powerful
way to pinpoint
these
differences.
The techniques that
we have developed
will enable us for the
first time to conduct
such studies."
The upshot is, ironically, that developing new human
drugs may not be the
best solution for ridding the world of
malaria. It may be
enough to cure the
mosquitoes.
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Thorsten Henrich in JOCHEN WITTBROor'S group has found
that an artificial transposon called sleeping beauty can be used
to efficiently insert foreign DNA stably into the genome of
the Japanese medaka fish. Like the work of the Kafatos group
in mosquitoes, this should enable researchers to do
experiments which are entirely new for medaka - so far only
possible in Drosophila. The researchers mixed RNA encoding
Sleeping beauty with DNA for a CFP tag, and then injected
the construct into early-stage medaka embryos. The procedure
is highly efficient, resulting in a number of lines of fish which
express CFP stably during embryogenesis and throughout
life.

Sleeping beauty
and a Japanese fish

"We flanked the CFP sequences with a promoter sequence
which encourages the transcription of DNA in all types of
cells," Wittbrodt says. "If it is successfully integrated into the
medaka genome, it should be transcribed all over the fish,
throughout its lifespan. This was the case in most of the
strains of fish that were marked with CFP. But twenty-five
per cent of the lines show remarkable position effects, where
CFP is only expressed in specific tissues." The group is
investigating these strains and is exploring possibilities of
making Sleeping beauty a more powerful tool for research in
vertebrate development in general.
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FOLLOWING THE FLOW OF GENETIC INFORMATION

Follovving the flovv
of genetic info fIll a tion
. The main theme of the Gene Expression Programme has been to
,; . study the means by which information gets from DNA into its
-. .' f].inctional protein form. There are several steps in this process,
bringing proteins that can stimulate transcription of a gene
jnW nucleus, to reorganizing the DNA molecule so that they
the initial transcription of RNA through its steps of
...
!lntH it achieves its messenger form, then getting it out
mRNA may be held in check until it assumes a
in the cell; it may be degraded; translation may
until a signal is received or something else happens .
. aJl of these hurdles have been passed, the protein can
Every-step can be regulated. For the cell to respond
,
to develop, and to carry out its
regulatory
apparatus
must work properly for
C •
tHat
be active at a given moment.
w.ould like to have a complete picture of the
in.a cell and how this content changes over time. It
",.. "",.ut to obtain this type of picture than to
at the level of RNAs. This has been part of
EMBL's intensive work on RNA and all of the
stret ching from the gene to a protein. A good
of these events, according to lAIN MATTAJ, EMBL's
tor, may ultimately yield rules for calculating
levels. For example, particular aspects of the
of an RNA molecule may help determine
is
and how many copies of a protein can be
. it; .In the absence of a "protein chip," it might be
pre'di'ct how much of the RNA is getting translated by
.
among the regulatory systems.
(.... '

.

'

.

, .work' of EMBL groups in recent years has made steady
progr€'ss in helping to unveil the mechanics of regulation,
simultaneously yielding a number of very powerful tools that can
be"uSed in
the process for experimental purposes. This
made' the "RNA world" one of the core themes of the proposal
for EMBL's next Scientific Programme.
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Import & export
a changing
view of the
nucleus

Export

An important level of control in gene expression is the biochemical make-up
of the nucleus itself, which plays a role in what is allowed to enter and leave.
Very small proteins can slip in and out unnoticed, like tiny bugs that can slip
through a mesh covering a window, but above a certain size, everything is
very carefully screened. The only entry and exit portals for large molecules which have to get in and out to perform very important functions - are nuclear
pore complexes (NPCs), studded with a variety of proteins. To get past their
scrutiny, molecules have to be accompanied by chaperones.
The groups of lAIN MATIAJ and CHRISTOPH MULLER have made some important
contributions to our understanding of how this traffic is managed. Import and
export have some very similar properties: both depend largely on molecules
called small CTPases. CTP is an energy-storing molecule, and GTPases can
extract this energy to drive certain cellular processes by converting it into
another form, CDP. A small CTPase called Ran usually provides the energy to
transport molecules across the nuclear membrane. It is assisted by two
activator molecules: RanCAPl, mostly found in the cytoplasm, and RCCl,
inside the nucleus. Outside, proteins bearing sequences that mark them for
delivery to the nucleus are recognized by import receptors such as importinbeta - either directly or via adaptor molecules. The process of binding induces
a change in the conformation of the receptor and the complex sets off for the
nucleus. As it crosses the nuclear pore complex, it encounters Ran bound to
CTP, which binds to the complex of the cargo and its receptor and makes the
whole bundle fall apart, releasing the cargo into the nucleus.
To carry material out of the nucleus, the opposite happens: an export factor
(such as exportin) is hooked up to the RanCTP form, and this complex can exit.
On the cytoplasmic side, RanCAPl helps hydrolyze the molecule, releasing
CDP that can be packed into new import complexes. Thus the CTP-bound
form of Ran predominates inside the nucleus, and the CDP form outside. This
gradient determines the direction of transport.
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Most known import into the nucleus is managed by importin-beta and related
proteins, which recognize a nuclear localization sequence (NLS) on the cargo.
Discovering an NLS-like sequence in a protein has been a valuable tool in
predicting that it has tasks to perform in the nucleus. Some proteins, however,
contain an unusual NLS. This is the case for Ula and U2B", which are required
to process pre-mRNA: early forms of RNA that need modifications before they
are transported to the cytoplasm and translated into proteins. In the nucleus,
Ula and U2B" help to splice the pre-mRNAs - the process of removing extra
sequences called introns that should not get translated into protein.

Another
route into
the nucleus

Martin Hetzer, a member of lain Mattaj's group, wondered if the unusual NLS
of Ula and U2B" meant that they took a different route into the nucleus. He
carried out a number of procedures known to block importin-beta's activity to
see if he could also prevent the two proteins from getting into the nucleus.
One method of disrupting nuclear import involves competition - there are a
limited number of seats on the importin-beta route, and loading the cell with
huge numbers of superfluous passengers - competing NLSs - should take
seats away from the molecules that normally ride along. Another method
prevents importin-beta from shuttling in and out of the nucleus by giving cells
a form of GTP that can't be converted into GDP, blocking importin-beta into a
conformation where it can't bind to new cargoes. Neither of these methods
stopped UI or U2B". A third test showed that Ula and U2B" seemed to be
getting in virtually without the help of cytoplasmic proteins. If so, they are
gaining admission with some factor that is tightly bound to the nucleus, and
this points towards a completely new mechanism for slipping past the
gatekeepers of the nuclear pore complex.

lAIN MATTA]
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Explaining
the versatility
of import receptors

Using the MAD technique at beamlines at the
Grenoble
Outstation,
Christoph Muller's group
obtained the first look at
the structure of importinbeta bound to a domain
of the adaptor protein
importin-alpha.

More and more routes into the nucleus are being discovered.
In in some cases proteins are "strapped" directly onto
transport carriers that carry them inside. In the Ran pathway,
however, the importin-beta carrier comes along with a
partner called importin-alpha that acts as an adaptor plug. It
recognizes patterns in proteins called nuclear localization
sequences (NLSs) and binds to them to plug proteins onto the
carrier. The NLS sequence is so powerful that adding it
artificially onto nearly any protein will send the molecule into
the nucleus.
While several types of NLSs have been found, they all seem
to rely on importin-alpha, and ELENA CONTI has been doing
structural studies to determine how the adaptor can fit so
many kinds of plugs. "While I was at Rockefeller University,
colleagues and I solved the crystal structure of the binding
domain of importin-alpha in a complex with an NLS from s.
cervisiae," Conti says. "We identified an array of binding sites,
but this didn't answer the question of how it can identify so
many diverse NLSs. How does it achieve versatility without
sacrificing specificity?"
Two more structures from human and Xenopus proteins have
provided some answers. Importin-alpha has a long groove on
its surface containing multiple amino-acid binding pockets like presenting a maximum number of holes for the insertion
of a wide variety of plugs. "Additionally, the scaffold that
holds all of this together is relatively flexible, as if the holes
can be moved around to fit the particular configuration of
each individual NLS," Conti says.
Molecules involved in import and export fulfill other
functions as well. In 1999, Rafael Carazo-Salas, Giulia
Guargualini agd other members of the groups of Mattaj and
ERIC KARSENTf' eoJl ab.9fated to show that RCC1 can help to

ELENA CONTI
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create the spindle-shaped clusters that microtubules form
when cells divide. The function of spindles is to pull
identical, freshly-copied sets of chromosomes towards
opposing ends of a cell so that they are evenly segregated for
the formation of two new cells. It is a masterly, highlychoreographed process that raises dozens of questions, such
as how the pulling mechanism knows that all of the
chromosomes are attached before it begins the process of
separation.

Import and export
factors conduct
business on the side

At the chromosomes, the microtubules are spread out like
long tentacles, while at the cellular poles, their destinations,
they are clustered into star-like knots. In some types of cells,
the source of the
micro tubules is the
poles; they stretch out
from clumpy structures called centrosomes until they find
the
chromosomes.
Other types have no
centrosomes, and the
microtubules begin to
form at the chromosomes, extending a
certain distance and
then clumping into
asters. Earlier studies
by Karsenti's group
had shown that a
complex of DNA and
other molecules called
chromatin could generate such spindles
without centrosomes
in cell extracts. The
collaboration took the
work a step further and identified a high concentration of
RanGTP around chromatin, loaded by Reel, as the
prerequisite for spindle formation. Inhibiting this activity
stops all microtubule formation.
The two forms of Ran seem to be so fundamental to the
distinction between the nucleus and cytoplasm that one has
to wonder about the role of a molecule such as Reel in the
evolution of the two compartments. Was its first role to
generate spindles around chromatin, in cells that did not
have a nucleus? Did it adopt its gatekeeper functions later?
Did the GTP-GDP gradient playa role in the origin of the
nucleus itself?
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Breaking down and
reforming the nucleus

During cell division the nuclear envelope dissolves; it is
quickly reestablished once the chromosomes have been
divided. JAN ELLENBERG'S group is investigating the stages in
this process, as well as questions about how chromatin is
organized into higher-level structures. These events are
intimately connected. Throughout most of the cell cycle,
DNA and its companion molecules in the nucleus are wound
into highly-compressed forms, like a rubber band that has
been twisted and twisted until it forms knots within knots.
This structure is awesomely complex, but cells keep it organized and a sort of memory mechanism even manages to tie it
into what look like the same knots after the DNA molecule
has radically changed its structure during replication.
The time is ripe to tackle some of the issues surrounding the
complex organization of DNA, Mattaj says. "First, we are
beginning to understand biochemically some of the
machinery involved in chromatin and chromosome
organization. Secondly, we're beginning to understand some
of the interactions that are involved in mutually organizing
the peripheral chromatin and the nuclear envelope as the
nucleus reforms." A close look at interactions between
proteins in the nuclear membrane and chromatin at the edge
may explain some of the twisting that goes on at the ends, and
it may be possible to follow some of these effects up into
higher-level structures.
"We use light microscopy to watch the activities of nuclear
membranes, pores, and lamins during these processes by
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marking appropriate proteins with GFP," Ellenberg says.
"We've discovered that the breakdown of the nuclear
envelope is a stepwise process, starting with the disassembly
of nuclear pores, followed by nuclear membranes
redistributing to the endoplasmic reticulum; finally, the
lamina is depolymerized."
Reassembly isn't a simple reversal of nuclear breakdown; the
nuclear membrane proteins and nucleoporins are collected
first, and the assembly of lamins follows significantly later.
"This makes it unlikely that lamin filaments control the
process by which chromatin is bound to the membrane,"
Ellenberg says, "so we are focusing our studies on the
interplay between the membranes and heterochromatin
during the reassembly of the nuclear envelope."
The complex forms assumed by chromatin have been
implicated in cell differentiation - particular types of knots
may make segments more or less accessible to molecules like
transcription factors, which determine what genes are
transcribed and thus the identity of the cell. PETER BECKER'S
group, which left EMBL in the second half of 1999, made
considerable progress in identifying the molecular machinery
that can nudge the "spools" called nucleosomes, which the
DNA molecule is tightly wrapped around, to new positions.
This frees up some sequences and hides others. Although this
activity is restricted to stretches of a few hundred base pairs,
it is one of the very basic levels at which gene expression can
be regulated.
In a complementary study in 1999, FRANCIS STEWART'S lab
published the first systematic measurement of the flexibility
of chromatin in a living cell. By comparing the rates at which
two DNA sites come together - both in vitro using naked
DNA and in living chromatin - a remarkable point emerged.
The in vitro measurements perfectly matched the known
flexibility of naked DNA. In chromatin however, flexibility is
enhanced at short distances. "This can only be explained by
the input of energy" says Stewart, "probably due to a machine
like the one Peter Becker has been studying that drives the
spooling of nucleosomal DNA".
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A higher
impact for
splicing

In higher organisms, most freshly-transcribed RNAs need further
processing before they become mRNAs that can be transported out of the
nucleus and translated into proteins. Researchers have estimated that 95%
of the gene products of higher organisms are modified through splicing the removal of sequences called introns. Many of these RNAs can be
spliced in alternative ways to produce a variety of proteins; a single RNA
in songbirds, used to produce proteins which contribute to the perception
of pitch, can be spliced in over 500 different ways.
An analysis of data from DNA chip experiments has allowed BERTRAND
SERAPHIN and group member Pascal Lopez to revise estimates of how
much splicing takes place in yeast. Previously this was assumed to be low,
percentage-wise, because only a tiny proportion of yeast genes contain
sequences that are recognizeably introns. "But the real question is what
fraction of all transcripts is actually spliced," Seraphin says. "What
proportion of RNA is dealt with by the splicing machinery?"

The researchers dug through databases and the literature to create a new
database of known and predicted yeast introns. The result was a list of 253
introns found in 248 genes, which account for 3.8% of the total number of
yeast genes. "Introns aren't equally present in all types of genes," Seraphin
says; "for example, they are found in about seventy per cent of those
encoding for ribosomal proteins."
What is most interesting, though, is the fact that RNAs aren't produced at
equal rates, and chip experiments have begun to provide the relevant
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numbers about the frequency at which different genes are
transcribed. "Our estimates show that RNAs which need to
be spliced account for more than 27 per cent of the cell's total
production of RNA," Seraphin says.
The new database also permitted the researchers to reanalyze
the sequences of yeast introns. The nucleotide subunits form
patterns that identify a segment as an intron and tell the
splicing machinery where to make cuts. "If you do a statistical
analysis comparing each individual nucleotide of each
intron," Seraphin says, "there is a very clear pattern. For
example, the eighth nucleotide from the end of the threeprime splice site is a uracil 58 per cent of the time. If you count
its frequency among the RNAs that are actually expressed,
however, it is there 79 per cent of the time. So the more
frequently an RNA is expressed, the more stable these
positions are. There seems to be greater evolutionary pressure
to conserve the sequences for splice site recognition in highlyexpressed RNAs."
The implication of the study is that an analysis of genome
sequences alone seriously under-represents the amount of
splicing that commonly takes place in yeast. This may be true
for other processes as well, and a careful study of expression
patterns should yield a better understanding of cellular
activity.

Two functions for
the price of one

see related
story, p. 14

WALTER WITKE'S group in Monterotondo, with
collaborator David Kwiatkowski from the Harvard School
of Medicine, have now shown that alternative splicing in
the mouse produces two forms of a protein called Profilin
II which seem to have different functions . "Profilin II is
mainly found in the mouse brain," Witke says. "For a few
years we've been looking at the form of this protein which
appears most predominantly - the A form - and have
shown how it interacts with a large number of other
proteins, that are involved in actin polymerization, such
as actin and dynamin. Now we've discovered a second
form, Profilin lIB, which doesn't bind to actin. This form
assembles into complexes with tubulin, the subunit of
microtubules, via other proteins that we haven't
identified yet."
In the brain, Profilin II seems to come in the A form about
95 per cent of the time. In other tissues the B form appears
at about equal levels. Experiments to localize the two
forms in cells showed Profilin IIA mostly collects at the
outer cell membrane, close to sites where actin has been
polymerized. Profilin lIB, on the other hand, exhibits an
interesting pattern of movement depending on the stage
of the cell cycle. Normally, the lIB form is spread
throughout the cytoplasm, like its counterpart. In
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dividing cells, however, it forms clusters centered on the microtubule spindles that pull apart
chromosomes and the aster poles towards which they are drawn.
"The fact that profilin IIB doesn't directly associate with tubulin suggests that other proteins
may be regulating when or how the linkage takes place," Witke says. "During mitosis, it seems
to be getting recruited to micro tubules, although we don't yet know what it's doing there."
The different behaviors of the two forms are surprising because profilin lIB looks so similar to
IIA and a third, very closely-related form called profilin I. Crystal structures have been
obtained for human profilin I and IIA and the three-dimensional maps of the sites where they
bind to actin match very well. All of the amino acids found at these points are present in lIB,
yet it doesn't bind to actin. The answer may lie in the three-dimensional structure of lIB: extra
sequences at the end of this form - the fruits of alternative splicing - may well give the
molecule a different folding pattern. But so far, there has been no structure of profilin lIB to
clarify the issue.
Mice strains lacking the profilin II gene survive, but they suffer some neurological defects.
Another interesting feature, according to Witke, is that variations in related forms of the protein
tell what seem to be a clear evolutionary story. "Profilin I is found in all kinds of tissue, not only
in the brain," Witke says, "so it probably represents the original gene. Profilin II is so similar to
it that it probably arose through a gene duplication; when that happens, the two types tend to
diverge functionally and specialize. The major difference between profilin I and its offshoot is
the extra sequence at the end of profilin II, which just happens to be the section that is subject
to alternative splicing."

FOLLOWING THE FLOW OF GENETIC INFORMATION

How many human genes undergo alternative splicing?
While some early predictions estimated low rates of
about five per cent, a huge database study by PEER BORK
and collaborators from the Max-Delbruck Center for
Molecular Medicine in Berlin suggests that the number
may be much higher.

Alternative splicing
in humans

"Alternative splicing results in unique RNAs that may be
specific to some tissues," Bark says. "There are some
defective forms that have been associated with human
diseases." Because of this, the "libraries" of tissue samples
that have been taken over the years could be an important
source of information; these have been used to determine
expressed sequence tags (ESTs) for the proteins they contain.
While determining the entire sequence of a protein that
has been found in a sample may still be a demanding
procedure, it is much easier to obtain a partial sequence,
an EST that can be used to identify the whole molecule in
protein or gene databases.
"We started with 475 human proteins listed in SWISSPROT as being disease-associated," Bark says. "These
were aligned against 1.3 million human ESTs using a
program called TBLASTN. We were able to predict 222
candidate alternative splice sites among 162 of the
proteins."
After eliminating several of the candidates, the
researchers still had evidence that alternatively-spliced
forms of approximately 34 per cent of the genes had been
found in the tissue libraries. "If anything, this may still be
a significant underestimate," Bork says. "The study only
covered about half of the length of the proteins, and the
number of tissue samples per protein was relatively
small."
Such database approaches have already been successful
in correlating diseases with genetic defects, and it is
becoming possible to use this type of methodology to link
diseases to more specific cellular processes, such as
alternative splicing.
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A role for alternative
splicing in disease

One gene that is subject to a variety of types of
transcription and subsequent splicing alternatives is the
gene which encodes an important receptor for the
hormone estrogen called ER-alpha. "Estrogens
transcription factors which activate or repress the activity
of a variety of target genes," says FRANK GANNON, who
heads a research group at EMBL. "Their activities
ultimately affect neuronal, skeletal, cardiovascular and
reproductive tissues." There are a number of forms of ERalpha, which estrogen combines with in binding to DNA
in humans, mice, and chickens. There are at least six sites
"upstream" of the gene at which transcription begins,
producing RNAs of different lengths, which are then
processed differently by the splicing machinery.

STEFANIE
DENGER

"Compounds that modulate the activity of the
receptor are being used to
treat osteoporosis and
breast cancer, but the
molecular
mechanisms
which underlie the effects
of estrogens are poorly
understood," says postdoctoral
fellow
Stefanie
Denger. She and other
members of the Gannon
group have found that
these splice variants are
sometimes expressed in a
manner.
tissue-specific
They discovered that the
chicken ER-alpha gene, for
example, produced a truncated form of the receptor,
lacking 41 amino acids at
the head of the molecule.

The function of this shorter
form is still unclear. The
sequences that are lacking
lie in an untranslated region of the mRNA of the longer
form; similar sequences, in other molecules, are known to
have an effect on later RNA processing. Further
experiments are required to show if this is the case in ERalpha.
Some tissues seem to contain both forms of the receptor,
while the liver contains mainly the shorter form. "It
appears that tissues which start out expressing both
forms will come to preferentially express the shorter
form," Gannon says. "The two forms could play different
roles in the control of gene expression by estrogens in
some species."
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Valcarcel's group discovered
that the distance between
sequences called the Po/y(Y)
tract and AG in msl-2 RNA
determine whether Sxl has
enough room to dock and block
subunits of the spliceosome.

py-tractlAG distance SHORT

·- - -uuuuuuuuuu

_ _____:J

_

+ SXL

Py-fractJAG distance LONG

- --

uuuuuuuuuu · - - - AGr = : - - " ]

.;. SXL

..

Splicing is critical in numerous biological processes,
including the determination of which sex an organism
has. In many species, including flies and humans, the
genomic difference between males and females lies in the
fact that where females have a second "X" chromosome,
males have a different Y-shaped chromosome. This
results in the production of proteins specific to each sex partly through alternative splicing - which control
aspects of the development of the organism's sex. In flies,
the genetic activity is governed by a gene called sex lethal
(Sxl), which is only active in females.

Sex & splicing

Sxl RNA is produced in both species, but the male version
escapes the nucleus w ith an extra exon, or coding region,
which derails the protein translation machinery. In
females, sxl protein is present, and one of its roles is to
help cut this ex on out of other sxl RNAs. It also controls
the expression of other genes - transformer, double sex, and
male specific lethal-2 (msl-2) - through alternative splicing.
Livia Merendino and other members of the group of JUAN
VALCARCEL wanted to know the details of how sxl
regulates msl-2 splicing.
Splicing is performed by a complex, multi-molecular
machine called a spliceosome which is put together in
stages on an RNA that needs to be spliced. The
components are combinations of RNAs and proteins
called small nuclear ribonuclear particles (snRNPs). To begin
assembly, an snRNP called UI binds to the front of the
intron - the sequence to be excised; next, a factor called
U2AF binds at the other end of the intron. U2AF itself has
two subunits. The larger of these docks at a location in the
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intron called the Poly(Y) tract. The function of the small subunit had been
a mystery for ten years - even the question of whether it plays any role at
all in the splicing process was fraught with controversy. Livia Merendino
and Sabine Guth discovered that the small subunit latches onto a sequence
called AG, which normally follows the Poly(Y) tract and specifies the
actual site where the intron will be cut. From here it helps to stabilize the
attachment of the large subunit.
"This extra help, however, causes problems for regulation by Sxl,"
Valcarcel says. "If Sxl is to stop splicing, it has to block the large subunit
from docking to the Poly(Y) tract. But it can't succeed if the small subunit
stabilizes its larger counterpart through an attachment to the AG." Msl-2

THE
VALCARCEL
LAB

RNA has acquired a special feature through evolution that makes it
susceptible: there is an unusually long distance between the Poly(Y) tract and
the AG. This gives Sxl enough room to maneuver into the gap and interfere.
Helping U2AF to dock at the intron is not the only function of the small
subunit; Sabine Guth found that it can also promote later steps of the splicing
process in some introns. "From having a rather dubious role," Guth says, "the
small subunit of U2AF has become recognized as an important player in the
splicing process."

FOLLOWING THE FLOW OF GENETIC INFORMATION

The lack of a second X chromosome in males creates a
dosage problem when it comes to protein synthesis. In
flies, the problem is solved by hyper-transcribing the
genes on the male's single copy of the chromosome.
Several msl-family molecules form a complex to control
how this happens. "In females, the MSL complex can't
form because the msl-2 protein is not produced," says
MATTHIAS HENTZE. "Sxl prevents its synthesis by an
ingenious combination of alternative splicing in the
nucleus and repressing translation in the cytoplasm."

Using Sxl to get a
grasp on translation
regulation

"Msl-2 plays a role in development, and we know of
many developmentally-important molecules where
expression levels are determined by regulation at the
translation stage," Gebauer says. One factor studied by
Hentze's group, for example, parks itself on the
untranslated head region (or 5' end) of the molecule,
physically blocking the proper assembly of a bridge of
molecules that allows the ribosome to find its footing on
the mRNA. Other factors are able to stop translation by
linking to the tail (the 3' end) of the RNA; how they
achieve their effects is not yet understood. Sxl's function
is even more complex, because in cells, it must bind to
both ends to disturb the process of translation.
A common approach to study how such regulatory
mechanisms work is to develop an in vitro setup in which
both normal translation and the regulatory effects of a
protein can be reproduced. Mutations can then be used to .
systematically identify sequences which are critical to the
process. Extracts from rabbit cells faithfully reproduced
the effects of Sxl at the 5' end, but mutations in the 3' end
known to disrupt Sxl function in cells didn't have the
same effects with this system. It was necessary to search
for a new one.
An obvious place to start was with Drosophila, since Sxl
has such a powerful effect on sexual development of
fruitfly embryos. Fatima Gebauer and other members of
Matthias Hentze's group used extracts from these
embryonic cells to develop a new in vitro system. They
showed that msl-2 RNA could be successfully translated,
then that introducing Sxl apparently blocked the process
just as it did in living embryos. The researchers were able
to definitively show that head and tail regions of the RNA
cooperate in regulating msl-2 translation. They also
shared their new research tool with Anne Ephrussi's
group, which is studying oskar mRNA, which undergoes
translational control in Drosophila.

SXL
SXL

-

,

Translational control doesn't depend on a single
mechanism to regulate how often an RNA molecule is
translated or whether translation takes place at all.
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Regulation can be effected in numerous ways, some of
which even involve the tail region of the mRNA. One
mechanism is the addition of sequences to the end of the
molecule called Poly(A) tails (multiple copies of the
nucleotide adenosine), which normally helps to increase
the translation of mRNAs. Was Sxl effective because it
interfered with the function of the Poly(A) tail? "We
compared Sxl's regulatory effect on msl-2 mRNAs that
were carrying or completely lacking the Poly(A) tail,"
Hentze says. "And we found that Sxl can even regulate
msl-2 RNAs that lack the tail."
The conclusion is that Sxl must be regulating msl-2 in
some other way. The new in vitro system should permit
the researchers to hone in on the question of how the
mechanism works. "Equally importantly, it gives us a
new way to dissect other examples of translational
regulation in the development of the Drosophila embryo as well as to study the way that the Poly(A) tail promotes
translation. "

Exporting
mRNAsfrom
the nucleus

ELISA IZAURRALDE'S group is identifying cellular factors
that interact with mRNAs as they are transported through
the nuclear pore complex (NPC) and afterwards; these
interactions will likely determine how and where an
mRNA is translated. The first step in understanding these
processes is to determine how material is exported from
the nucleus. mRNAs leave as large complexes of RNA
and proteins. Unlike many exported molecules, which
rely on exportins and Ran proteins, mRNAs are likely to
be exported by a different mechanism. Izaurralde's group
discovered a protein called TAP, which is in part linked to
the nuclear pore complex (NPC) and fulfills the role of an
mRNA export receptor. "We found TAP because it binds
to the mRNAs from a monkey virus which escape the
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nucleus in an unspliced form," Izaurralde says. "When
TAP is bound to the export signal from this RNA, we
discovered that cellular mRNAs couldn't get out of the
nucleus. 50 the virus is subverting a protein that is used
by the cell as well as exporting mRNAs."
NPCs are woven out of proteins and form channels
(pores) across the nuclear envelope, a double-layered
membrane that separates the nucleus from the cytoplasm.
All trafficking of molecules between the nucleus and the
cytoplasm takes place through these channels. Proteins
like TAP, which reside in part in the NPC and also interact
with mRNAs, are likely to bridge the interaction of
mRNA export cargoes with the NPC. Although TAP
fulfills these functions, questions remain about how it
works.
A collaboration with Matthias Wilm's mass spectrometry
group identified six binding partners of TAP as nuclear
pore proteins. "We also identified the domain of TAP that
binds to the NPC," Izaurralde says. "What is very
interesting is that this domain can inhibit the export of
nuclear material coming from multiple pathways, so it
must compete for binding sites at the NPC with other
proteins that play roles in export."
The still-unknown mechanisms by which TAP
participates in mRNA export are likely to be more
complex than those involved in transporting RNA from
the monkey virus, because mRNAs don't have the
binding sites found in that RNA. Izaurralde hypothesizes
that TAP may interact directly with the viral RNAs;
adaptor-plug-type proteins may be required to hook it
onto cellular RNAs. The collaborators found evidence for
this by studying the closest relative of TAP in yeast in a
collaboration with Bertrand 5eraphin, whose group
provided a new, very sensitive method for isolating
protein complexes from cell extracts. The binding
partners of TAP molecules were also shown to participate
in mRN A export.

ELISA IZAURRALDE

see related
story, p. 177
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Synergy from
bioinformatics

The TAP story took on a new dimension when Peer Bork's
group took a closer look at the protein's sequence. While
a domain at the tail of the molecule is responsible for its
interactions with proteins of the nuclear pore complex,
other proteins are known to bind to a domain in the
middle of TAP. One of these was a protein called p1S
which is related to a molecule called NTF2.
"NTF2 forms dimers - it binds to a second copy of itself,"
Bork says. "pIS, on the other hand, binds to TAP rather
than a second pIS." Interestingly, the database search
revealed that pIS was related to a part of the TAP
molecule itself - precisely the domain that pIS binds to.
At first glance, the TAP domain seemed a distant cousin,
but on closer inspection it turned out to have strong
similarities to pIS and NTF2. Thus instead of forming a
dimer by binding to its "identical twin," pIS prefers to
bind to the fraternal version, found in the middle of TAP.
This led the researchers to investigate the interactionsurfaces of NTF2, TAP, and pIS to understand precisely
how the molecules bind. A three-dimensional model of
the interface between the two NTF2s had been solved a
few years before. Using this picture, the researchers made
a theoretical model of how pIS might bind to TAP. They
pinpointed a number of amino acids which should play
critical roles, then created specific mutations in both
molecules to test the hypothesis. Ten out of the predicted
fifteen mutations hampered the interaction between the
two molecules, whereas random "control" mutations had
virtually no effect.
"Thus we were able to use comparisons between protein
sequences and a single model of the protein structure to
derive some general principles that other newlydiscovered relatives of NTF2 will probably follow," Bork
says.
Izaurralde says that the similarities between TAP and pIS
would not have been predicted on the basis of
biochemical data and would have escaped detection
using standard programs to search for familial
relationships between proteins; the bioinformatic
contribution was essential. This type of work is only
possible because of the increasing synergy of
bioinformatics and experimental groups, drawing on an
accumulating wealth of information about protein
sequences and structures. A thoughtful, creative
combination of these approaches is a fast track to
functional information that otherwise would escape
notice.

FOLLOWING THE FLOW OF GENETIC INFORMATION

Controlling gene
expressIon
What happens if an organism lacks a gene because it has been removed in a copying error, or
disrupted by a mutation? In some cases, an organism can compensate for its loss; in others, the
result will be abnormal development or death. Screening for obvious abnormalities in adult
organisms led to the identification of the first gene; screening in embryos revealed a plethora
of others.
The great revolution that has happened over the last decade has allowed scientists to artificially
remove and add genes to an organism, enabling them to test hypotheses about gene functions
directly. To get a modified gene into an organism, it usually has to be introduced into the
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ere recombinase
rearranges a stretch
of DNA containing
two "Iox"-sites
recognized by the
recom bi nase.

germ line, future egg and sperm cells which
will eventually foster all other types of cells in
a mature organism. A classical technique for
doing this involves homologous recombination:
a tool based on the fact that the cells of mice
and other organisms try to repair damaged
DNA. Proteins called recombinases recognize
free-floating DNA fragments with familiar
sequences and paste them into their genomes,
on the assumption that these fragments have
been cut out by mistake. Sometimes they are
over-industrious: they will, for example,
insert recognizeable sequences that have been
put into the cell by a researcher. This may be
an intentionally-defective version of a gene,
introduced to study what happens when an
organism is unable to produce a particular
protein.
But this type of intervention removes a gene
throughout the life of an organism, which
often obscures its function once again. A
single protein may do numerous jobs during
an organism's lifetime. It may have different
functions in different tissues, or it may play
multiple roles within a single cell. If it has an
important role in early development, its
removal will probably cause the death of the
organism before its later functions can be
observed. Thus researchers have sought

methods which will allow them to activate or
inactivate genes at precise moments, in
specific tissues.
Over the last ten years, a technology called
site-specific recombination (SSR) has given
researchers the power to do this. Cre/lox
recombination
permits
researchers
to
manipulate genes in higher organisms. The
Cre recombinase seeks out two specific target
sequences in the genome (called lox) and
remodels DNA by cutting the double-helix
and then rejoining the strand at the two lox
sites. This can be used to remove or modify
single genes. Perhaps most importantly, SSR
can knock out genes in specific tissues, rather
than everywhere in the organism. By placing
the gene that expresses the ere cut-and-paste
tool under the thumb of another gene known
only to be expressed in certain tissues, and
then crossing this breed of mouse with
another strain that has the lox sites-to-be-cut
around a target DNA sequence, researchers
obtain a mouse that turns on its own
recombination only in those tissues.
The technique is so powerful that it has been
used broadly at EMBL and elsewhere. FRANCIS
STEWART'S group has made important
improvements to the method that give
researchers even more control over the
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activation of recombination. KLAUS RAJEWSKY,
head of the Monterotondo Research
Programme in Mouse Genetics, has been a
pioneer in its use, and EMBL hopes to create a
"Cre zoo" in Monterotondo, a service to help
researchers throughout Europe develop
specialized mouse strains. RUDIGER KLEIN'S
group has created Cre strains which are
yielding information about genes in mice that
may have significance for human health.
Another SSR method employing a
recombinase called FIp has been used in
Drosophila. Commonly, FIp is put under the
control of a promoter - a sequence that
encourages the transcription of the gene which is sensitive to temperature. Flies are

Pu tting a lock on
a recombinase

raised at a low temperatures, which keeps the
promoter inactive until researchers wish to
shut off the target gene. Then they raise the
temperature, activating the recombinase,
which goes about finding its targets.
Both techniques have drawbacks: many
scientific questions can only be answered by
studying gene activity in time and tissues; the
best tool would be one that was switched on
both when and where a scientist wanted it. It
would also be interesting to be able to induce
multiple recombination events in the same
animal. Francis Stewart's group found a way
to do this.

Hormones such as estrogen are very powerful
transcription regulators that can enter cells
from the bloodstream, then make their way to
the nucleus, where they find their receptors
on the DNA molecule. These receptors are
inactive before hormone is bound.
Stewart and his colleagues decided to use this
fact to create a new way of locking up a
recombinase; in addition to putting it behind
the promoter of another gene, they put it
under the control of a synthetic, estrogen-like
molecule called tamoxifen. Since mice's bodies
don't produce tamoxifen, this meant that the
researchers could introduce it in food
whenever they liked. This binds to a fusion
protein of Cre and estrogen receptor and this
triggers its activity. Cre seeks out the lox sites
and shuts down a gene's activity.
Katrin Weigmann, a postdoctoral fellow in
STEVE COHEN'S lab, was working on a problem
in flies that could only be solved by activating
a recombinase both temporally and spatially.
She obtained an Flp bound to the estrogen
binding domain from Stewart's lab and
introduced it into flies; this permitted her to
follow the fate of specific populations of cells
in the fly embryo.
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Further
improvements

Cre is more effective than FIp in mammalian cells because Flp
is not active enough at normal body temperatures; it
functions most efficiently at 30°C. Frank Buchholz, in
Stewart's lab, used an evolutionary approach to develop a
variant of Flp that is active at higher temperatures. The first
mice were produced with this variation in 1999; they show
significantly improved FIp activity. Having more than one
recombinase will allow researchers to tryout more
combinations of gene expression. Additionally, it means that
single strains of mice can be used in more than one type of
study. A combination of Cre and FIp was used to produce an
allelic series of Fgf8 based on the production of a single mouse
line.
Stewart's lab is continuing to investigate the more mechanical
side of how receptors and ligands can control gene
expression, testing the binding domains of other receptors to
improve the system even further. An important aspect of this
work is determining the structures of the DNA-protein
complexes. DIETRICH SUCK'S group has collaborated with
Stewart to determine the structural details of both Cre/lox
and FIp /FRT binding.
"The goal of these studies is to
determine how Cre recognizes
the DNA structures it binds
to, and then to work out the
details of how the steps of
cleavage and recombination
are carried out," Suck says.
"Comparing the picture we
obtained of Cre bound to
two lox sites with structures
obtained by other groups,
we may have to rethink
the order in which those
steps happen."

DIETRICH SUCK
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How do the experiences
that we have change the physical
brain, permitting learning and memory?
One of the major goals of neurobiology has been
to establish the physical bases of these cognitive
processes by looking at changes that take place in individual
brain cells and the networks of connections that they form.
RUDIGER KLEIN'S group and collaborators from the German
Max-Planck Institute of Neurobiology, the Anatomy Institute
of the University of Zurich, and several other institutes in
Germany and Italy has now obtained evidence from a strain
of ere mouse suggesting that tyrosine kinase (Trk) receptors
may playa role in learning.
The new results have their roots in the discovery a few years
ago of proteins called neurotrophins. These molecules are
secreted by cells and are then recognized by receptor proteins
on the surfaces of other cells. When a neurotrophin comes in
contact with a Trk receptor, it activates a chain of signals
within the cell. The result can be changes in the complex,
branch-like structures ofaxons and dendrites that a neuron
extends towards other cells, establishing connections which
are vital to all of the brain's functions. Neurobiologists have
been trying to spell out the roles that particular molecules
might play in these processes.

Mice and the
molecules of
learning
A ere mouse provides
genetic evidence for a
molecule's role in learning

Trk receptors have at least three roles to play over the
lifespans of mice and other mammals. In the early embryo
they play an essential role in cell survival - their absence
causes cells to die. Later in development, Trks take on more
specific roles in different types of cells: for example, nerve
cells use them in strengthening their connective networks. In
some tissues they should not be synthesized at all - the
presence of Trks in cells of the colon can lead to cancer.
LILIANA MINICHIELLO, newly appointed as a group leader in
Monterotondo, with Klein and their collaborators used
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Cre/lox recombination to eliminate Trk receptors only in specific cells in the
mouse forebrain after birth. "The effects start two weeks after mouse birth, at
a time when many of the neuronal pathways in the central nervous system are
already established," Klein says.
Here the Cre/lox method was used to physically remove the gene for TrkB,
one type of Trk receptor. When a mouse that has both features is two weeks
old, its brain begins to produce Cre in specific cells; the protein finds the lox
sequences and cuts out the TrkB gene in only these cells.
After demonstrating that the strain of mice combining both features
developed normally, the Zurich team studied the animals to determine
whether the loss of the receptors had any behavioral effects. Mice were put
through the Morris water maze, where they swim in a tank until they find a
platform to stand on; the water is opaque, so the platform can't be seen.
Conditions in the maze are changed depending on the type of learning to be
tested. In one experiment, the platform remains in a constant position, and
normal mice are able to remember its location after a number of trials using
visual cues from the environment. Then its position might be changed to see
how the animals respond.
"Mice which no longer had TrkB receptors never improved their time in the
maze, which means they were unable to learn the position of the platform by

LILIANA MINICHIELLO & RUDIGER KLEIN
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associating it with visual cues," Klein says. 'This points to
severe defects in complex spatial learning, which includes
both the memory of visual cues and how to use those
memories. The same type of behavior is seen in normal mice
when there has been damage to the hippocampus."
A number of other tests were performed to test the mice's
ability to learn in other, less-stressful environments; in all of
the tasks, mice lacking TrkB performed more poorly than
their control counterparts. Over the long term, they do learn
things, but at a much slower rate. "The mice seem relatively
normal in their memory of how to do things, and in their
sensory memory," Klein says, "but what they can't do is adapt
their behavior short-term, as soon as the task gets stressful or
difficult. "
The researchers tried to find out what was happening to
higher-level structures in the brain as a result of the missing
receptors. Examination of tissues taken from the mice
revealed that hippocampal cells taken from the non-learners
had much lower levels of long-term potentiation (LTP).
Discovered in the early 1970s, LTP refers to the fact that
repeated stimulation of hippocampal cells changes their
electrical properties, making them much more active over
long periods of time. Numerous experiments since then have
shown that the phenomenon occurs both in tissue cultures
and in the functioning brain. Stimulation can encourage and
strengthen the LTP of specific routes between nerve cells, and
a combination of electrical stimuli can be associated and
channeled into new outputs - phenomena that look like a
very simple, mechanistic model of learning on the cellular
level.
Most researchers believe that LTP plays an important role in
learning and memory. While the synapses of the strains of
mice lacking TrkB receptors are able to transmit signals
normally, they don't "learn" - connections are not
strengthened under repeated stimulation, as happens in
normal cells. The group's collaborators at the German MaxPlanck Institute of Neurobiology have thus shown that the
effects of neurotrophins are vital for cells to achieve normal
levels of LTP, and this in turn impairs learning.
Although it is still difficult to create new strains of
"conditional knockout" mice, plans for EMBL's new Research
Programme in Mouse Genetics in Monterotondo, Italy,
include establishing a service unit to help visitors develop
them more quickly and efficiently. Mice are still the system of
choice in the study of mammals, and work with such strains
promises to yield far more insight into the molecular basis of
behavior and cognition.
Mice unable to produce Trkb receptors at a critical phase
of development perform differently on learning tasks.
These patterns show search strategies of different mice
strains in the Morris Water Maze.
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Monterotondo
opens
its
doors

Most scientists firmly believe that studies of the mouse will be the key to reaping
the genome harvest for medicine. While several hundred disease-related human
genes have been identified and researchers expect to find hundreds or thousands
more, intensive research is required to pinpoint how each gene contributes to the
development of a pathological condition. The mouse has been the animal of choice
in such studies. Not only is it the standard laboratory animal most closely related
to humans, but genetic techniques such as the Cre/lox method have given
researchers powerful tools to investigate the roles of genes in development and
disease. However, creating new strains of mice, maintaining them, and making
them available to the research community is a challenging task requiring great
expertise. There is much yet to be done to help European molecular biologists
translate their research into work with mice, which is the goal of the Monterotondo
campus.
March 8, 1999, saw the official inauguration of the "Adriano BuzzatiTraverso" International Scientific Campus in Monterotondo (Rome, Italy),
the site of EMBL's external Research Programme in Mouse Genetics. The
Campus was created by the Italian National Research Council (CNR) with
the goal of developing and internationalizing Italian biological and
biomedical research. Named for the CNR scientist who introduced
modern molecular biology to Italy, the center should serve as a focal point
for scientific and technological interactions from Europe and the rest of the
world.
The inauguration was attended by the President of the Italian Republic,
the President of the Council of Ministers, and many other scienitfic and
political personalities.
Research institutes and facilities, including the EMBL programme, have
been in operation on the Monterotondo Campus since 1997. Three EMBL
research groups have taken up residence in buildings donated by ENI SpA
through the Italian government.

MONTEROTONDO OPENS ITS DOORS

The new Monterotondo Campus also hosts the European Mouse Mutant
Archive (EMMA), which was created with partial support from the
European Union in the context of the European programme for EU
research. The central unit of EMMA at Monterotondo administered by
CNR and advised by an international scientific policy committee is to
serve the European scientific community in partnership with nodes of
agencies in several other countries, including the CNRS (France), the MRC
(England), the Karolinska Institutet (Sweden), and the Goulbenkian
Institute (Portugal).
The campus enjoys an important collaboration with the Jackson
Laboratory (TJL), the world's foremost institution in the field of laboratory
animal biology and genetics. An international agreement between the
CNR and the TJL is permitting strong coordination and a complementary
development of training activities.
A new partner is a unit of the
International Centre for Genetic
Engineering and Biotechnology
(ICGEB), a research institution
headquartered in Trieste, which
works in the context of the UN.
The ICGEB is active in the field of
advanced molecular biology and
biotechnology, with an emphasis
on sustained scientific and
technological development and
technology transfer in Third
World countries.
The CNR Institute of Cell Biology
is operating national research
activities on the Monterotondo
Campus. This institute is working
in collaboration with the research
groups of EMBL and with EMMA
on
innovative
topics
in
biochemistry and molecular and
cellular genetics.
"The presesence of these important components on one campus creates
fantastic opportunities for synergy," says Glauco Tocchini-Valentini, head
of the Cell Biology Institute of the CNR. and delegate to the EMBL
Council. "It will not only improve ties within Europe, but also with other
countries throughout the world including the U.S., our neighbors in
Eastern Europe and Asia, and with developing countries."
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Laying the cornerstone
of a new Programme

LILIANA MINICHIELLO
& WALTER WITKE

Walter Witke is Acting Coordinator of the
Monterotondo Programme in Mouse Biology.
Liliana Minichiello is the Programme's newest
Team Leader.

How DO YOU

IMAGINE TRANSFORMING THE
MONTEROTONDO PROGRAMME INTO A FULLFLEDGED ONE? WHAT TYPES OF GROUPS WILL YOU
TRY TO ATTRACT?

WW: It is extremely timely to be building a
Programme such as this one right now, both
because of the situation of biology as a whole
and because of the incredible technologies
that are being developed and refined around
mouse genetics. At present, the intent behind
the research component of the Monterotondo
Programme is not to do enormous mouse
screens, which labs that have tens of
thousands of mice can do. Instead, we're
focusing on particular biological problems
and using the mouse system to understand
them. The groups currently here are working
on issues in immunology, neurobiology, and
cell biology that have an impact on
mammalian physiology, and I think this is a
good approach. The work in our laboratory
on the actin cytoskeleton and motility has led
us towards the neurobiology track. With
Liliana joining the Programme, we now have
a small nucleus in cell biology and
neurobiology that could also be a good focus
for a wider range of activities within the
Programme.
If we can complement these activities with
more groups, working on related but not
identical issues, we'll have a good critical
mass to make an impact on mouse biology.

Since the plan is to establish a small
Programme, with six groups, its impact will
be heightened if there is such a common
ground. We have to speak the same language.
LM: It will be important that the new groups
actively use mouse technologies - conditional

mutagenesis, or knock-ins and knock-outs ...
This will provide a lot of exchange, and with
several groups we will be able to look at many
aspects of our mouse models, e.g. signaling,
cell biology and transcriptional regulation.
This will help us to achieve a more complete
understanding of the genes we study. If we
use the same approaches, we will find
common ground.
WW: This will be true whether we're growing
and analyzing certain types of neurons or doing histology... There are a lot of possibilities
for interaction and collaborations.
LM: Mouse models give us access to primary
cell cultures which much more accurately
reflect the in vivo situations we are trying to
understand. In the case of Trk neurotrophin
receptors, the existing in vitro models do not
give a precise picture of what happens
physiologically, but with primary cultures
from mutant mice this has been achieved.
It's more important that new groups work
with this type of approach, rather than on a
particular biological problem - with knockouts you often find that a protein seems to be
important for something completely different
than what you originally thought.
WHAT KINDS OF INTERACTIONS DO YOU HAVE
WITH THE OTHER COMPONENTS ON CAMPUS?

WW: Glauco Tocchini-Valentini and the CNR
have been extremely helpful, particularly in
our start-up phase. Despite their limited
resources, they helped with basic things from helping us organize the rooms, to
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providing oligonucleotides when we needed
them desperately. Individual staff members
devoted entire days to us. On the scientific
we
have
concrete
scientific
side,
collaborations with the CNR. One example is
trying to use the RNA interference technique
in mice. Another project, which is very
fruitful, is one based on making knock-outs
for a particular type of receptor in the brain.
THE MOUSE IS BEING HELD UP AS THE
INTERSECTION BETWEEN FUNCTIONAL GENOMICS
AND HUMAN MEDICINE. RESEARCHERS SAY THAT
THE MOUSE IS CRITICAL NOW BECAUSE THAT IS
HOW WE ARE GOING TO UNDERSTAND HUMAN
DISEASES.

LM: The Human Genome Project (HUGO)
will accelerate a switch from the treatment of
symptoms of diseases to a treatment of their
underlying genetic causes. Here it will be
crucial to have exact mouse models for many
human diseases.
WW: So one approach is for a researcher to
say, I want to make a model for a certain
disease - Down's Syndrome, Parkinson's,
Alzheimer's - then to make knock-outs for
likely suspect genes. The mouse mayor may
not end up having that particular condition. If
not, the researcher can try again with a
different gene. Another approach which has
been more fruitful is to try to
understand the function of a
family of proteins involved in a
particular cellular function such as signaling, motility or
apoptosis - in a complex
system like the mouse, hoping
to learn something about
related diseases like high blood
pressure, or cancer. The first is a
more targeted approach; the
second is less so, but in the end
can be more informative when
it comes to understanding the
molecular basis for a disease. I
take mainly the second
approach
because
I'm
interested
in
complex
organisms,
in
complex
physiology and to see what

proteins regulating the cytoskeleton lead to in
the animal - whether it be in neurons or in
other tissues. What comes out will be very
interesting, and it may apply to medicine.
Then you can focus your attention on this
area. At this juncture, you have all the
knowledge and tools you need to take a
Molecular Medicine approach to a problem.
WHAT DOES THE PROGRAMME HAVE TO OFFER
EUROPE, IN ADDITION TO PROVIDING MORE HIGHQUALITY EMBL GROUPS WITH AN EMPHASIS ON
MOUSE BIOLOGY?

WW: The EMBL Outstations focus cuttingedge services, research, and training into a
single location. They are located in places that
give them strong ties to other national and
international institutions. This has proved
itself over and over again, both at the
beamlines and in Hinxton. With a critical
mass of groups, Monterotondo can operate in
a similar way. We can provide services and
training that are otherwise difficult to find in
Europe. Monterotondo is the most logical
place to have this activity, given that the
campus includes the CNR and other
components that can benefit from each other.
In this sense, it is particularly important that
EMMA receive the support that it needs.
Courses and Workshops on the latest
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developments in mouse biology and genetics
organized in conjunction with EMMA will be
beneficial for the entire European mouse
community. What better way is there to train
your postdocs and scientists in a field as
broad as mouse biology?
With more resources at EMBL, we can add
services helpful to Southern Europe and the
rest of Europe. The transgenic service is
working well. Adding one or two more
people, we could serve a much wider area
and help investigators whose institutes lack
the infrastructure to make transgenic mice.
EMMA is also service-oriented: their goal is to
archive mouse strains from throughout

Europe. They could for, example, collect all
the available Cre-mice, essential to everyone
working with conditional mouse mutants.
Klaus Rajewsky has already initiated such a
collection, called the "Cre zoo." This could be
an extremely valuable resource for mouse
biologists in Europe. We could help scientists
who corne with their conditional mice to do a
full-fledged analysis, or we could distribute
the respective strains to other researchers.
A very important reason for strongly supporting a Mouse Biology Programme within
EMBL is for the Laboratory as a whole to
remain active in the mouse system. A true
push in genomics will absolutely require
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mice; you can't transfer many of the things
you learn from working on Drosophila to
human physiology. Obviously, nature engineered genetic networks that permitted the
evolution of mammals; consequently, we
must study these genetic networks in the
right context. We need more groups working
on the mouse, which is the model system
closest to humans.
LM: We need to disseminate the ability to
generate and analyze mouse models for
human diseases, and this will require centers
of excellence like Monterotondo where
research is combined with courses like the one

we are organizing at EMBL this autumn,
"From mice to cells."
WW: Many of these things will be very easy
to implement once we get a critical mass of
people and more resources. There will be an
infrastructure of services, methods, and
equipment. At that point, offering an entirely
new service may be just a matter of adding
one more person. All of this potential can be
realized with relatively modest investments,
but a critical mass of research groups will be
absolutely essential. In my opinion, EMBL
and Europe cannot afford to jump off the
track of mouse biology with the next revolution "ante portas" - the postgenomic era.

JIM SUTHERLAND

EMBL 1999 ANNUAL REPORT

Tracking interferons to
their source
When a pathogen such as a virus or a bacteria
invades an animal, it usually provokes a
complex response from the animal's immune
system. In higher organisms, such as
mammals, this response consists of several
phases. Most medically-related work on the
immune system focuses on adaptive
immunity - the production of T and B cells
which are targeted at a specific pathogen. But
for nearly fifty years it has been known that
interferon proteins respond much more
quickly, in an innate immune response that
helps to defeat viruses in the early stages of
infection. U LRICH KALINKE, a staff scientist at
Monterotondo, has been studying the
production of interferon in the mouse.
"In vitro nearly any type of cell may produce
interferons as a result of an infection," Kalinke
says. "However, the molecular mechanisms
that lead to their production in virus
infections are only partially understood." One
thing that is known is that early in an

infection, a regulatory factor called IRF-3 is
phosphorylated. The factor is transported to
the nucleus and as a result, low levels of a type
of interferon called IFN-beta are produced.
These molecules are secreted from the cell;
they then bind to a receptor on its surface.
This creates a feedback loop which results in
the activation of numerous genes including
IRF-7, which drives the production of other
types of interferons. Kalinke and his
colleagues are trying to determine how much
interferon production in vivo depends on
such feedback, and whether the system
functions the same way in different types of
cells.
"We've found that in some types of cells, socalled 'professional interferon-producing
cells', or IPCs, the protein is produced
independently of the IFN positive feedback
mechanism," Kalinke says. "It appears that
IPCs can be triggered to produce higher levels
of interferons than fibroblasts and probably
other cell types." Interferons have also been
implicated in modulating aspects of adaptive
immunity, and to study this, the group is
generating conditional gene targeted mice
that are deficient of the interferon receptor in
various tissues.
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A library full of lllice
EMBL's neighbor in Monterotondo, EMMA, plans to offer
extensive mouse archiving services to Europe
a talk with Glauco TocchiniValentini, Coordinator of the
EMMA-EMBL-CNRMonterotondo campus

THERE IS CURRENTLY A LOT OF DISCUSSION AT THE
EUROPEAN LEVEL ABOUT THE FUTURE OF THE
EMMA PROJECT.

It is still not completely clear how the project
will move forward. Currently the central
archive at Monterotondo is maintained with
Italian funds, but does not have the needed
stability without European resources. There is
clearly a movement in this direction that
should solve many of the problems that we
are facing, but we have to wait. A committee

has been formed that involves the EMMA
officials, the representatives of the various
nodes and Brussels. This committee has
already met several times and will meet also
on the 25th of this month, just to monitor the
situation. One of the points that will be central
is that EMMA must have a legal structure.
There are various proposals which this
committee should sort through to see which is
best. Although national resources are needed,
I think probably a good method would be for
each of the local nodes to be supported to
some extent by national resources; and for
supra-national resources to be distributed
among the core structure and the nodes.
It would be very difficult to produce a
structure in which the national resources go to
a pool for later distribution. In the EMMA
organization, only the Monterotondo site has
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CAMPUS

A. BUZZATI · TRA VERSO
Consiglio Nazionale delle Ricerche

supra-national status without a national
function. The other nodes all have a national
function. So, it is very difficult to separate the
national component from the international
component.
One of the central issues is the search for a
director of the EMMA operation. First of all, it
should be a top scientist in the field with
managerial qualities - someone who can
interact with core and nodes, as well as all of
the components on the campus. Obviously
political skills will be required, to deal with
Brussels. And it should be someone with a
great vision.
OBVIOUSLY EMMA IS SOMETHING THAT WILL BE OF
GREAT USE TO INDUSTRY.

It will be of tremendous use. In Monterotondo

we would like to construct the situation so
that we can host industry representatives, for
example, for courses along the model of what
the EBI has done. We have already started
cryo-preservation courses, which are
fundamental because if you receive a frozen
embryo you need to know how to defrost it,
in order to produce mice. We will have to
work to get industry more and more involved
in this. Still, EMMA must be a public and not
a private structure. Again, the EBI has
established a good model for this.
WHAT KIND OF AN OPERATING BUDGET WOULD
EMMA NEED, ROUGHLY?

To work optimally, at full operations, EMMA
(core plus nodes) would need a budget in the
order of 12 million ECU per year. To ramp it
up, that amount spent over two to three years
would be a reasonable amount.
How MANY COUNTRIES ARE

MEMBERS NOW?

Five, which are Italy, Portugal, Sweden,
France, and the UK. Two more are coming in:
Spain and Germany.
RESEARCHERS PREDICT AN EXPLOSION OF
MOLECULAR BIOLOGY RELATED TO MEDICAL
RESEARCH. Is IT TRUE THEN THAT THERE WILL BE
AN EQUIVALENT NEED FOR MORE AND MORE
PEOPLE TO MOVE INTO MOUSE SYSTEMS AND
MEDICINE?

The mouse is the system of choice for a
variety of reasons, and so there will be more
and more need in this area, and mouse
mutants are going to be a huge business. In
the States there are already companies that are
organising themselves around the production
of huge amounts of mice. Even the logistics of
their shipment is a complex business.
One of Monterotondo's central decisions has
been to have the Jackson Laboratories
represented on campus, which are the U.S.
model for what we are trying to do. We hope
that this will produce a very good interface
between EMMA and Jackson. The United
States has been archiving mice for decades,
and interaction is essential to create
something complementary rather than

MONTEROTONDO OPENS ITS DOORS

competitive. This will have implications on
the types of mutants that will be stored. It will
have implications also because the freezing
and defrosting techniques must be
compatible and there must be a common
database, which is already being worked on.
The Japanese are moving in the same
direction.
WHAT WILL A "EUROPEAN MOUSE" BE LIKE?

There are some common mice that everybody
must have, of course. Other strains will be of
particular interest to certain groups in a few
places. One of the strongest arguments for
EMMA is that there is a problem of capacity
all over the world - mutants are produced
continuously which may be of wide interest,
but there is not the capacity to store them all.
Archiving will prevent an unnecessary
duplication
of
efforts
and
cost.
Complementarity means that there is really
no need to duplicate strains that are used
relatively infrequently between Jackson and
EMMA. Because of limited resources, there is
an EMMA scientific policy committee and
there is also an EMMA review committee.
When somebody produces a strain and wants
to put it in EMMA, they are supposed to fill
out an application form and then it is
reviewed, like a paper, by the review
committee. Then the scientific policy
committee makes the decision, which will
partly be based on whether a strain is in other
collections.
Do YOU EXPECT TO SEE GREAT ADVANCES IN THE
NEAR FUTURE IN MULTIPLE KNOCKOUT
TECHNOLOGY?

Yes, and also there are going to be advances
on the RNA side, which is one of the things I
am working on personally.
It could also be that the way in which mutants

are made could change radically. So to stay on
the cutting edge, an archive must be close to a
high-quality research programme - such as
EMBLorCNR.

There are also changes in mentality which
must occur - there is a lot of caution still
within Europe about archiving strains. People
like to hold onto their strains, because they
think there may be more to do with a strain
that they haven't done; they believe that its
presence in the archive means that you have

to give it to everybody. People will have to
learn that at a certain moment it is convenient
for them to archive a strain, and make it
available.

Is THAT A PROBLEM IN THE STATES AS WELL?
They have had to deal with this already, they
have gotten over this possessive way of
thinking - "While I keep it, nobody can do
anything with it, and maybe there is
something else I won't talk about" and so on.
But on the other hand, it is expensive and
complicated to keep many strains, and it
helps everyone to be able to use each other's
constructs. So you have to come to some
balance between these things and ultimately
you have to make the strains available.

How EXPENSIVE IS IT FOR A LAB TO ACQUIRE THE
TECHNOLOGY TO START A SMALL ARCHIVE OF
ONLY THEIR OWN?
It is very expensive in terms of personnel,

because you need to have somebody
dedicated to this. The equipment needed is
expensive as well, and if there is limited use,
it is a problem because your personnel need
to have the routine. This is only one of many
arguments to be made for archiving. On a
broader level, the kind of functional genomics
studies that people are envisioning - the very
useful, medically-oriented types of work will require a broad access to mice and an
exchange of strains.
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Exporting the technology of biology
A scientist's take on technology transfer at EMBL, Heidelberg
is Coordinator of the
Developmental Biology Programme and head of
the EMBL Technology Transfer Committee.

STEVE COHEN

How

DO YOU SEE TECHNOLOGY TRANSFER
DEVELOPING AT EMBL?

We spend public money. We have a
responsibility to help the technology that
might spin off of our work reach the public
sector. Effective technology transfer depends
on EMBL generating patents on its
Companies interested in
technology.
developing that technology need to be able to
take proprietary positions to encourage them
to spend money to develop an idea into a
product. I think that we have a responsibility
to actively support patents and that there is
certainly an outside interest in seeing EMBL
do so.
It seems to me that the idea that science
makes technology and that this results in jobs
has been accepted by the voting public in
North America for longer than it has in
Europe. This perception is gaining ground in
Europe as people see more evidence that the
money they spend on basic science ends up in
industry, in jobs. It is very important that

people understand that basic science makes
jobs. We need to be active in promoting this
bottom-up view, in contrast to the top-down
view that public funds should go into applied
science. The top-down approach tends to be
less effective.
Do YOU

SEE ANYTHING WITHIN THE LAB
CHANGING TO ACCOMMODATE EMBLEM, THE
TECHNOLOGY TRANSFER OFFICE AND THE
COMMITTEE?

Basic science at EMBL is our first priority.
Participation by individuals or groups in
technology transfer is optional. Our goal is to
facilitate this for those interested in pursuing
it. In doing so, we recognize that the scientific
culture of a basic science lab is different than
that of a company. There are good reasons
why this should be so. We need to understand
these differences and facilitate interactions
while minimizing the potential for culture
clash. I believe that the cultures can co-exist
comfortably.

STEVE COHEN
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Watching technology transfer evolve
Steve Ferris is EMBL' s Technology Transfer
Officer, and Peter Wenzel-Constabel is Head of
Human Resources
SF The major landmark of 1999 was the
setting up of EMBLEM Technology Transfer
GmbH. Peter Wenzel-Constabel deserves the
lion's share of the credit for doing the legal
groundwork and getting the company
registered. It became operational at the end of
May 1999, and as of January I, 2000 EMBLEM
will exclusively manage EMBL's intellectual
property. The company was set up to put
technology transfer at arm's length from
EMBL, which has numerous advantages.
First and foremost it keeps the basic research
nature of EMBL intact. It also clearly separates
the tax-free status accorded to the Laboratory
and the activities of EMBLEM, which is fully
liable to German legislation, operating as a
national German company.
The technology transfer office at EMBL will
continue to monitor research activities here,
look for patentable inventions, assist the staff
in deciding what is patentable, filing patents,
and maintaining them. EMBLEM will have its
own managing director and staff and will
have a major role in taking results from the

Laboratory, the patents, and doing a thorough
job of marketing them to pharmaceutical
companies. It will also take the lead in the
formation of start-up companies. There will
be a close relationship with the technology
transfer office here and EMBLEM.

How

DOES THE PROCESS OF TRANSFORMING A
PIECE OF RESEARCH INTO MARKETABLE PROPERTY
WORK?

PWC A patent idea is first brought to the
technology transfer office and is evaluated. If
it shows promise it will go to the technology
transfer committee, which meets once a
month. The inventor will make a short
presentation, and the committee will discuss
and vote on it. If it looks commercially viable
then it is sent to a patent lawyer to be written
up and formally filed. If an idea is declined by
EMBL, the inventor has the right to file an
application on his or her own. It becomes
their intellectual property, and they would
have to pay to maintain it and do all the
licensing.
SF With increasing frequency, scientists have
had the idea of forming a stand-alone
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company. However, very rarely is an
invention so good that it could form a
company all by itself. Usually you have to
bundle it with other technology from EMBL,
or perhaps from outside institutions. That is
what is happening in some cases and it is
likely to be a great formula for success. When
you combine forces you have that many more
resources and people. Start-ups can grow
very rapidly - even to the point of doubling
their size in a year.
Giulio Superti-Furga, Angel Nebreda,
Rudiger Klein, Peer Bork, Bertrand Seraphin,
Matthias Wilm and Gitte Neubauer, for
example, have founded a company called
CellZome. They are bringing broad expertise
to bear on protein complexes, disentangling
the components using advanced mass
spectrometry techniques. This holistic or
high-level approach is extremely timely and
they are at the leading edge of thinking when
it comes to protein complexes and how they
are expressed in different cells, as well as in
diseased states. CellZome is among the very
few companies in the world with a medical
focus on the role of protein complexes. It is
catching on and they are growing rapidly.
Is THERE A PROTOTYPE PATENT THAT EXEMPLIFIES
THE SUCCESS OF TECH TRANSFER INITIATIVES AT
EMBL?
SF There has been a great deal of
licensing activity around several of
Francis Stewart's patents, both
issued and applied for. The
issued one is called rec lbd and
in 1999 it was licensed to a
biotech company that focuses on
animal transgenics with the
ultimate
view
of
drug
discovery. Another part of
that technology is being
issued in 2000 in plant

transgenics. The goal is to develop plants as
bioreactors. You can take a potato and
produce proteins that are medically
important to cheaply harvest huge quantities.
These potatoes aren't used for food; they're a
sort of vector. The transgenic technology from
EMBL is already participating in that.
Bioinformatics is another very active area for
licensing, and here the issue is copyrights. We
licensed GeneQuiz to LION - that was the first
successful notable package of bioinformatics.
SRS from Thure Etzold was then licensed to
LION and this has surely contributed to their
success. SwissPROT was licensed jointly by
EMBL and the Swiss Institute of
Bioinformatics -- joint owners of the copyright
to SwissPROT -- to a Swiss company called
GeneBio. That has been a hugely successful
programme as far as income is concerned. We
have also written licenses at the EBI for Liisa
Holm's FSSP. Toby Gibson has ClustalW,
which is very popular. We still write
GeneSkipper licenses from the Ansorge group
and SMARTAfrom Peer Bork. Also, wARP 5.0
and 5.1 by Victor Lamzin at Hamburg and
Anastassis Perrakis at Grenoble has been an
extremely successful licensing programme.
We have done over a dozen licenses. This has
allowed money to come in than can be

PETER
WENZELCONSTABEL
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returned partially to the programmes to
improve the software. The same goes for
SwissPROT. It has been agreed that all
proceeds will go back to the EBI to maintain
and improve the SwissPROT database.
WE KNOW THERE IS NOT AN UNLIMITED GROWTH
POTENTIAL FOR THIS KIND OF ACTIVITY. ON THE
OTHER HAND IT LOOKS LIKE IT IS JUST STARTING.
How IMPORTANT CAN THIS BECOME FOR THE LAB
IN TERMS OF AIDING ITS FINANCIAL SITUATION?
SF In most institutions, technology transfer
income is not usually more than a small
percentage of the research budget.
Nevertheless it is significant income and it
can and does flow back to EMBL through
EMBLEM. This income can be reinvested.
PWC Another important point is that EMBL
can take shares in start-up companies. The
first example of this was LION Bioscience, a
start-up company totally based on EMBL
technologies that began operations in 1997.
They have grown from a handful of people to
200, with subsidiaries in the UK and the US.
They will soon go public and the shares of the
EMBL are likely to become valuable and this
will be a considerable return. This will
represent significant income, which can then

STEVE
FERRIS

be reinvested. The hope is that this trend will
continue with other start-up companies in
which we currently have holdings. With the
companies in the pipeline and the expected
income, we have established two plans: one is
to establish a fund that can be used to support
the early stages of company formation, which
means further development of technologies to
make them patentable, screening of
technologies, getting business advice -- which
is very important in the early stages -- setting
up companies, formally writing business
plans, etc. We are also planning the
construction of incubation space on the
premises. Demand from companies has
already been overwhelming, and the
projected space is basically overbooked.
How WILL TECHNOLOGY TRANSFER ACTIVITIES AT
EMBL H EIDELBERG BENEFIT THE MEMBER STATES?
PWC
One important feature of our
incubation concept, including the fund, is that
EMBL is an international organization and the
benefits should go into all the member states.
Some companies, or perhaps just concepts,
will be developed here with the intention of
locating them elsewhere in the member states.
A large part of service space in the incubator
will be available for companies and company
ideas that come from other institutions, which
will hopefully increase their chances for
survival. The companies here will generally
leave after two years move on to other parts
of Europe. Their location here is understood
as a temporary arrangement so they can
benefit from the fertilization that the
EMBL network can give in terms of
seminars, scientists, the library, and
other services.
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Many see the ALMF as a model to be followed
by other EMBL services in the future.

Breaking the light
barrier in European
.
mIcroscopy
The Advanced Light
Microscopy Facility helps
create a European network
Industry supplies the equipment, putting it in
an environment where it will be tested as it is
applied to the most current biological
questions ... Researchers have access to stateof-the-art instruments which they can learn to
use with expert assistance before ordering
equipment of their own ... Scientists actively
engaged in research provide the expertise ...
Out of this simple formula, the Advanced
Light Microscopy Facility (ALMF) has rapidly
grown into an extremely useful and
productive interface between research,
cutting-edge instrumentation, and industry.

"The equipment that we use is entirely
donated by industry," says Rainer Pepperkok,
team leader in charge of the facility. "The
sponsors have realized how beneficial it is to
place a state-of-the art instrument into an
environment such as EMBL. Aside from the
obvious marketing aspects - the number of
in-house scientists and visitors who become
familiar with the instruments and will
eventually buy them - there are lots of other
advantages. We develop the expertise to train
representatives of the companies while doing
real science. And the equipment will be put to
use in really exciting experiments. This
automatically pushes development, because
people are always trying things that are at the
limits of the instruments." This partnership
gives manufacturers the best possible picture
of where the science is going, Pepperkok says.
"The benefit for some of the companies is that
we are able to tell them exactly what we need,
make suggestions on what they should
change and this helps them further develop a
system. We also develop software that they
can distribute to other users. There have been
cases in which our input allowed the
manufacturer to redesign an instrument to
target a new market that they hadn't thought
of."
The timing is ideal because methods
developed over the last few years, such as the
capacity to attach fluorescent markers to
proteins, have created a boom for light
microscopists and have made them active
players in the growing fields of proteomics
and functional genomics. Researchers have
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Three-dimensional reconstruction of a developing fly
wing, from Suzanne Eaton's group and the ALMF

new means to determine where proteins are
active in the cell, and techniques under
development by new group leader Philippe
Bastiaens and others have provided a method
of getting a direct look at protein interactions.
Currently the list of contributors to the facility
includes Zeiss, Leica, Olympus, Nikon,
Evotec, Biorad, Improvision, Eppendorf, Till
Photonics, Perkin Elmer, Omichron, Bitplane
and Silicon Graphics. The instruments
currently available include four confocal laser
scanning microscopes, a two-photon
excitation confocal laser scanning microscope,
a realtime-confocal microscope, two fast,
multipectra13D time-lapse microscopes and a
scanning nearfield optical microscope
(SNOM) . A microinjection setup has been
supplied by Eppendorf and Microfluidics by
Evotec. The list is growing with the planned
addition of a total internal reflection
microscope from TILL/Olympus and another
two-photon instrument from Biorad in 2000.
Several software packages and three offline
computer stations for the tracking of
fluorescently labelled structures in timeseries, 3D reconstruction and deconvolution
of image data and the quantification of
fluorescence at different colours are also
available.
Now Pepperkok and his colleagues are taking
the next logical step of reaching beyond
EMBL, helping to create a collective effort
among Europe's light microscopists. They
have helped to launch the European Light
Microscopy Initiative, a network of facilities
that can promote exchanges of personnel and
expertise. There is hope that the EU will

encourage such efforts. Through an EU grant
under the title "Access to research
infrastructure of the Improving Human
Potential Programme," the ALMF is already
able to support visitors from all EU and
assocated countries for periods of training
and work of up to two months. These users
have access to the very broad palette of
advanced instrumentation and software
packages available at the ALMF and obtain
guidance and help from experienced EMBL
staff.

EMBL 1999 ANNUAL REPORT

The structural underpinnings of life

THE STRUCTURAL UNDERPINNINGS OF LIFE

from sequences and folds
to pathways and cells
Structural biologists sometimes seem almost
uncomfortable with the idea of an organism, even of
a cell - these vast structures inspire the kind of awe
that one might feel after spotting the Alps from afar
and walking for days and days, only to find that the
closer one gets, the higher and more inaccessible the
mountaintops become. The feeling is understandable, considering that structural biology has
been hard at work sorting out the n nuts and bolts n
of molecular biology, dealing with the physics of life
and providing the raw numbers upon work with
higher-level phenomena is based. (Purely from the
point of view of scale, events for structural
biologists usually start to get interesting below the
level of 10 Angstroms, which is one-tenthousandth of the size of a lymphocyte.) But just as
developmental biologists are being challenged to
look into biochemistry and protein structures,
structural biologists are increasingly able to extend
their findings to the level of cellular processes and
organisms. As the catalogue of protein structures
gets thicker, what used to be a largely descriptive
science is speaking more loudly about higher-level
themes.
Early on there were hopes that when the structure
databases got full enough, and when the computers
got fast and large enough, brute computation
would provide a set of rules to explain why a given
protein sequence adopted a specific folding pattern.
This would be the key to predicting its interactive
potential, its localization, its function . The dream
hasn't been abandoned, and the biocomputing
units have been able to wrest key information out of
the data, such as sequences that cue the sorting of
molecules to particular locations in the cell, but
reaching the next step is turning out to be an
incredibly complex enterprise. This is in spite of the
fact that databases now hold over 11,000 threedimensional protein structures - a number which
is increasing at a spectacular pace: 10,000 of these
have been deposited within the last decade.
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"Whereas great progress has been made in
predicting how protein sequences will fold into
small structures," says group leader LUiS
SERRANO, "moving up to predictions about larger
proteins is still beyond our grasp." Lacking such a
method, sequences will simply continue to pile up
in the databases, standing in line to be attacked
with methods such as protein crystallography.

If answers are to come, Serrano believes, they will
arise from a rich interplay between computation,
modeling, and experiments that aim to explain
protein folding and function but also reach for
higher-level questions about biological systems.
"The ultimate goal of understanding these things
in quantitative terms," Serrano says, "is to
develop computer algorithms that can be used to
design and engineer biological networks. "
The forays that ERIC KARSENTI and his colleagues
have made into systems modeling have been
heavily dependent on biophysical information
about the mechanical behavior of molecules, and
the type of modeling that Serrano has in mind will
require input from the entire spectrum of
structural biology and biocomputing, as well as
information about molecular functions.
More and more techniques are supplying the basic
facts needed to attain this goal. New developments
in standard methodology such as protein
crystallography are speeding up the process of
obtaining protein structures and increasing the
number of structures that can be solved per year.
Some of this progress has been the direct result of
input from other areas of biology. For example, an
increased understanding of biochemistry has
completely changed the way researchers go about
getting the proteins they need. "Max Perutz talks
about how he and John Kendrew used to have to go
to the freezer, where they had a big chunk of whale
meat," says MATTI SARASTE, coordinator of the
Structural Biology and Biocomputing Programme. "They would saw off the kilogram or so

that they needed to get enough myoglobin for their
structure studies. And we used to go to the
butcher's market and buy cow hearts." Today,
most of the proteins needed for structure studies
are made in colonies of bacteria, and a deeper
understanding of how bacteria synthesize these
molecules has allowed researchers to enlist the
organisms in making alternate forms of proteins
that are taking some of the pain out of the difficult
craft of making crystals.
Increasingly, high-resolution information is being
combined with that attained with lower-resolution
techniques, such as electron microscopy. STEPHEN
FULLER'S group, leaving EMBL at the end of200l,
submitted the first single particle, cryo-EMderived structure to a protein structure database
this year. Another method, in use at the beamlines,
is low-angle scattering (X-ray studies on proteins
and large complexes in solutions rather than
crystals). 1999 saw a major advance in
determining the structure of the ribosome, which
required piecing together countless pieces of
structural information, many of which were
obtained at the synchrotron beam lines of the
EMBL Outstations in Hamburg and Grenoble.
Important benchmarks for much of this work had
been established in earlier ribosome studies on
Grenoble's neutron beamline.
New methods in protein crystallography,
engineering solutions at the front-end of the
synchrotron beamlines, improvements in X-ray
and neutron detectors, and leaps forward in
analytical software have all combined to smoothen
and speed up the transition from a biological
sample to a near-atomic-Ievel structure of a protein
or a molecular complex. The section below on
activities centered around MAD in Hamburg and
Grenoble provides case studies on how biology can
very effectively drive technology developments,
and vice-versa, if the right kinds of teams are put
In
close proximity. Visitors to EMBL's
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Outstations repeatedly stress the importance of
combining all these activities directly at the
beamline sources.
Bioinformatics is continually finding ways to
make optimal use of sequence and structure
information in predicting biological functions. The
combination of these techniques is increasingly
yielding direct applications for medical and other
uses. Information about the folding and binding
properties of proteins is permitting researchers to
create artificial molecules or engineer existing
ones, to create new biosynthetic materials, to
pinpoint the weak points of viruses, and to begin to
model pathways and" circuits" within organisms.
These advances, particularly in the efficiency of
solving protein structures, have made structural
biology an active partner in the genomics

PAUL YOUNG &
JARI YLANNE

revolution. Individual projects are being drawn
into" structural genomics" initiatives, which aim
to systematically explore large numbers of proteins
from a family of genes, a metabolic or signaling
pathway, or an organism. Since structures are the
link between sequence and junction, this type of
program is the best strategy to getting the most
out of ever-increasing genomic information, at
least until computing solutions are found.
EMBL structure groups and their collaborators are
investigating a vast number of different types of
molecules. This report features four main themes
as examples of important ongoing work: studies of
folding and the generation of artificial molecules,
mechanical/structural studies of proteins involved
in the cytoskeleton and muscle, structures of
protein-RNA complexes, and research into viral
structures.
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protein unfolds at a certain temperature; the
rest unfolds at higher temperatures. When the
temperature is lowered again, they may be
able to refold. This was the case with ADA2h,
and it gave the researchers an important clue
as to the mechanics of amyloid formation.
Some mutant forms folded differently than
the normal version of the protein, and this
corresponded to increases in beta-sheet
structure and amyloid formation .
"We concluded that this type of aggregation
takes place under conditions where the
protein is at least partially unfolded - as in
some hereditary amyloidosis diseases, where
mutations in amino acids affect the stability of
the
proteins,"
Serrano
says.
"This
destabilization increases the population of
unfolded and partly-folded molecules,
enabling aggregation to take place. Unfolding
in itself isn't enough to generate the fibers,
though, because if something stabilizes the
helices, the amyloidogenesis doesn't happen."
The implication is that amyloid fibers form as
the result of a competition between internal
molecular features and external ones: partial
unfolding has to happen, but it has to be of a
particular type. The aggregation of ADA2h
depends on a fragile helix which can be
convinced to snap into a beta form .
Stabilizing this structure prevents the
formation of fibers, even when events
conspire to unfold the protein. "So to explain
the process of some of these diseases, you will
look for mutants which do more than cause a
general instability in the protein," Serrano

LUIS SERRANO

says. Such mutations have been found, for
example, in prion diseases.
"With ADA2h we have shown for the first
time that amyloid ogene sis can be prevented
by making changes in a protein without any
other effects on its function, structure, and
stability," Serrano says. "This suggests a
strategy which may be helpful in combating
diseases - rather than attacking the process of
aggregation, which is an effect, gene therapy
could be used to strengthen the protein
culprits. This approach could also be taken to
hinder unwelcome fiber formation that often
happens in the process of producing
polypeptides of medical or industrial
importance, such as insulin and calcitonin."
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The minimal beta-sheet
Two years ago, Serrano's group designed a
small artificial peptide called betanova - a
minimal molecule that folds into a beta-sheet
form. Now Maria Macias, a staff scientist in
MICHAEL SATTLER'S group, has designed an
artificial domain containing a beta-sheet. She
collaborated with the group of Hartmut
Oschkinat, an EMBL alumnus, now at the
Research Institute for Molecular Pharmacology in Berlin. While doing structural work
on WW, the smallest structured protein
domain, found in numerous signaling and
regulatory proteins, she began to wonder
what the minimal requirements were for
establishing the beta-sheet form of the
domain. A comparison between the sequences of various WW domains suggested
that only 37 amino acid subunits should be
sufficient to establish this structure. However,
the first structure of this domain, solved by
Macias contained twenty more than that.
"Even this molecule wasn't stable on its own,"
she says. "It only remains momeric and folded
during our NMR studies when it was bound
to its peptide ligand."
MARIA MACIAS
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She compared 63 different WW domains and
selected three representative sequences to
study their folding properties by NMR and
biophysical techniques. "A comparison of two
new naturally-occurring WW domains
revealed that the structure required 35 amino
acids to remain stable without ligands, ions,
or disulfide bonds," she says. The next step
was to create constructs that combined the
properties of different elements and to use
these chimeras to design and test the
principles of beta-sheet formation. The
stability of the resulting constructs showed
the researchers the extraordinary plasticity of

this scaffold and allowed the design of a new
sequence, the WW prototype that folds into
the characteristic beta-sheet structure.
"What is fascinating," Macias says, "is how
even such a small, independently-folding unit
can tolerate so much sequence variability
without its three-dimensional structure being
disrupted. The plasticity of this scaffold will
open new avenues in the field of protein
engineering with different applications, such
as the de novo design of sites that bind with
high affinity to drugs or peptides of
pharmacological interest."

Uncoiling
cellular
.
sprIngs
From a purely mechanical point of view, a cell
might look like a flexible box stabilized by
bars and held together with string, glue, and
chewing gum; it holds springs and reels and
chain-making machines and drawstrings,
sometimes pistons. These components have
to have a certain strength and elasticity to
perform their functions .
Muscle cells have to cope with the stress of
stretching and relaxation. Blood cells have to
be elastic enough to be squeezed through
narrow passages. These characteristics arise
from the cytoskeleton, and Pierre-Fran<;:ois
Lenne, of HEINRICH HORBER'S group, points
out that many of the proteins that make up
the cellular scaffold have a modular structure
- they consist of many repeated copies of very
similar domains. "This is true of one of the
most abundant components of the
cytoskeleton, a protein called spectrin," Lenne

says. "In blood cells, they help form a net-like
structure with actin filaments, and we think
that these repeated domains lend the cell
special elastic properties."
In recent years, new methods including atomic
force microscopy (AFM) have been brought to

bear on the physical aspects of protein
structure. The AFM can be thought of like a
record player, with a long arm that holds a
sharp tip that travels over a surface. Bumps
cause the tip to jump, and this motion is
recorded and then translated into a picture of
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By stringing identical subunits together into an artificial
molecule, Lenne had a system that could be used to look for
sub-stages in the process of protein unfolding and folding.

the surface. But bumps and valleys aren't the
only influences on the motion of the tip. The
molecular surfaces that it travels across carry,
for instance, electrostatic charges created by
the pattern of atoms that compose them. The
AFM is so sensitive that it can even measure
the forces caused by the thermal motion of
molecular structures. Sometimes it gets stuck
to molecules on the surface and must be
pulled free. The force that has to be exerted to
do so is measured, giving researchers a
picture of the forces at work on the molecular
level.
The method can be used to study the
mechanical properties of single molecules as
well as surfaces. One area of investigation has
been elasticity: proteins like titin or alphaactin in, found in muscle, need to contract and
relax to carry out their functions. This
elasticity may be due to the ability of single
domains to unfold. By attaching one end of a
protein to a surface and the other to the tip of
the AFM, then pulling on the arm, the
molecule can be pulled to more than ten times
its length without breaking. When the force
that is exerted is mapped, the chart bears a
sawtooth pattern: more force must be exerted
until a domain unfolds, then there is a slack
area that can be pulled until the chain has
reached its maximum length without another
domain unfolding.

"Studies so far had implied that under direct
mechanical stress, proteins unfold one
domain at a time, and each of them comes
undone in an all-or-nothing fashion," Harber
says. Spectrin behaved this way in AFM
studies. But the work had been done on
natural proteins, which was not ideal for the
study of single domains. The repeats that
make up spectrin or titin are so similar that
they have undoubtedly evolved through the
duplication of parts of genes. Over time, each
of these repeats has differentiated. So the
AFM was pulling on a chain where each
subunit had slightly different characteristics,
and this might obscure information about the
subtleties of the process.
Lenne decided to tackle the problem much
more carefully, using recombinant DNA
techniques to create an artificial spectrin
molecule in which all the repeats were
identical. More precise measurements might
reveal sub-stages in unfolding: some parts of
domains might come "unhinged" more
readily than others. "Pulling apart a molecule
structured in this way allowed us to multiply
the unfolding features of a motif - you could
use a number of unfolding measurements to
study a single frame of one repeat," Lenne
says. "And for the first time, we saw that
single protein domains may unfold in a more
complex way. There appears to be at least one
intermediate phase between the folded and
completely unfolded states."
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The two steps within domain unfolding can
be described in terms of length and force: first
there is a short extension equal to half the
contour length of the domain, followed by a
similar extension which requires more force
and extends the domain to its fully-stretched
length. Members of MICHAEL NILGES' and
MATTI SARASTE'S groups had solved the
structure of the individual domains using
NMR in 1997, revealing that each domain
consists of three alpha-helices joined by short
linking chains, like a letter N. The researchers
are cautious about guessing which part of the
structure is unfolding in the two phases; there
are at least two scenarios which could explain
the experimental results. Lenne and his
colleagues are trying to distinguish between

PIERRE-FRANc;OIS LENNE

them with computer programs that simulate
molecular dynamics.
Interestingly, when force on the fullyextended molecule is slowly relaxed, allowing
the protein to refold, the same stages of force
and length are observed; presumably,
mechanical folding and unfolding follow the
same steps. Interestingly, refolding seems to
take longer. Shortening the relaxation time
beyond a certain limit leads to domains that
don't refold.
"The molecular complexity of unfolding
pathways can be very high," Harber says.
"What this work shows is that the
combination of protein engineering and AFM
is a fruitful method can be systematically
applied to such problems in the future."
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Simulating protein
folding ...

As well as developing methods to determine
protein structures by nuclear magnetic
resonance (NMR), MICHAEL NILGES' group is
actively doing theoretical work aimed at
understanding protein folding and dynamics.
"The folding of small proteins can be viewed
as a two-step process: first the chain-like
molecule collapses into a compact state, and
then it establishes its typical conformation as
contacts are juggled around, like snapping the
pieces into a puzzle," Nilges says. The process
is incredibly complex and little is known
about how its works at atomic detail. "Some
information has been gained from unfolding
simulations, but molecular dynamics
simulations with atomic-level information
take an incredible amount of time, even for
very small proteins."
The group has now developed a new method
called PCR-MD which is approximately a
hundred times faster than ordinary molecular
dynamics simulations. "We have taken a new
approach in developing the method," Nilges
says. "Studies of protein structure have given
us information that has been useful in

simulations that try to describe their
dynamics. Certain types of folding impose a
structure on a molecule's movement and
dynamic activity. So if dynamic behavior is a
sort of fingerprint of a particular structure, we
might be able to use information about
dynamics
to
reproduce
lower-level
structures."
The group has used PCR-MD to analyze the
final stages of folding of a common type of
protein domain called SH3. The method
successfully refolded the molecule after its
typical folded state had been disrupted by
heating.

.. .and protein interactions
On the computer screen, two molecules jiggle
frenetically, diffusing towards each other, and
when they have achieved the right contacts,
they associate. Tiny flashes reveal that this has
happened. In the simulations, the encounters
are brief: virtually as soon as the molecules
have touched, the contact is broken again.
Molecular biologists often deal with events
that take place on a scale of time and space
that cannot be directly seen and which do not
follow the rules that apply to objects in our
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everyday experience. Many of the molecules
under study exist for very short periods of
time and their interactions take place at such
high rates that they would be difficult to
observe experimentally in real time - after all,
a single thought consists of thousands or
perhaps millions of such interactions.
Researchers such as REBECCA WADE have been
simulating these events on the computer to
try to break down molecular encounters into
steps which can be described and tested.
"There are different types of models designed
to look at various aspects and levels of these
interactions," Wade says. "Some of these deal
with the process of diffusion, which can bring
two molecules close enough to each other to
interact and can be simulated by the
Brownian dynamics methodology. If you
want to study the micro-adjustments that
have to take place to properly align them so
that they can form a fully docked complex,
you usually need a different strategy; we are
employing molecular dynamics simulation
approaches for this which permit treatment of
molecular flexibility. This is also crucial for
doing simulations to understand how small
ligands penetrate proteins to reach buried
binding sites".
The Wade group has studied electrostatic and
hydrophobic field patterns surrounding the
surfaces of proteins to make predictions about
the way molecules interact with others. The
folding of the molecule pushes particular
atoms to the surface, where they create a
pattern which determines what other
molecules a protein can interact with. R.
Gabdoulline and other members of Wade's
group developed a strategy they call Protein
Interaction Property Similarity Analysis, with
Niklas Blomberg and Michael Nilges, which
they used to classify 104 homology models of
PH domains. Subsequently, F. de Rienzo, a
visiting student to the Wade group from the
University of Modena, used this analysis to
classify the interaction properties of the ca. 35
structurally-characterized cupredoxin proteins
with their electron transfer protein partners.

The Wade group has also developed the
MolSurfer software to explore protein
interfaces and their properties such as
electrostatic potential and mobility. In 1999,
postdoctoral fellow R. Gabdoulline expanded
MolSurfer, which was originally designed to
analyze protein - protein interfaces, to look at
interfaces between proteins and DNA or
RNAs.
Another project was to use molecular
dynamics simulations to investigate the
factors affecting the stability of WW domains,
small, beta-sheet structures.

see related
story, p. 110

/

"Two of these structures were solved by NMR
by Maria Macias and Hartmut Oschkinat at
EMBL; they have very different stability
characteristics experimentally," Wade says.
"In the simulations that G. Ibragimova did,
the less-stable one consistently disintegrates
under standard simulation conditions,
enabling us to identify a distinct
conformational change by which unfolding
begins. Based on the simulations, we
predicted mutations that would stabilize the
structure. Maria did experiments with
mutated proteins, and measured stabilities in
accord with the predictions of the
simulations."
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Structure by
mIcroscope

The protein crystals needed for high-resolution X-ray
studies form slowly in solution. This makes it difficult to
crystallize large, dynamic protein complexes or proteins
embedded in membranes, where they weave in and out
of oily lipid surfaces. A partial solution to the problem has
come from cryo-electron microscopy (cryo-EM), combined
with image analysis techniques that combine hundreds or
thousands of images to discriminate between "noise" and
the real features of a microscopic object.
"EM can capture large structures in a variety of dynamic
states, without their activity being disturbed by the
process of crystallization," says BETTINA BOTTCHER, who
joined EMBL as a group leader in 1999. "The drawback is
that it offers lower resolution than crystallography
studies, but we can compensate a great deal by fitting
smaller pieces of data from structure studies into pictures
of wholes generated by EM."
One focus of Bottcher's group has been proteins that help
channel energy - in the form of protons or electrons
extracted from compounds outside - into the cell. These
channels often form gradients between the two sides of
membrane. A protein called H +-ATPase from E. coli
bacteria channels protons inwards and thus gains energy
to drive chemical reactions using ATP, an important
"energy currency" of the cell.
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Jacques Dubochet
EMBL alumnus Jacques Dubochet is a cheerful,
energetic man with bright eyes and a mane of
white hair. He is Professor of Biophysics at the
University of Lausanne, head of his department,
and in recent years has become heavily engaged in
issues related to science and the public. Recently
he participated in a dialogue with Jeremy Narby,
author of The Cosmic Serpent, DNA and the
origins of knowledge, a curious attempt to link
the structure of DNA to shamanistic traditions of
the western Amazon. The dialogue has appeared in
book form in French and German.

I recall an afternoon when we were trying to
learn how to deal with water in the electron
microscope. We were learning to freeze
biological specimens decently, and one day
my colleague Alastair McDowell did a small
change in our procedure and we saw
something in the microscope we had never
seen before: vitreous water. We could easily
show that this was what it was, and as far as
we knew, this was the first time that it had
been seen in the electron microscope. We
didn't know at that time that we were not the
first; someone in Austria had already
accomplished this, but it doesn't matter. After
that the method developed nicely.
I remained at EMBL until 1987 or 1988, and
then I was appointed in Lausanne. In some
ways I hate competition - I like competition
with myself, but not with other people. So
when a lot of people went into the field of
cryo-electron microscopy, I tried to move
from it and since that time we have been
working on things where there are not many
people. We are now working on DNA
molecules and on vitreous section; these are
difficult domains which have not yet been
found attractive by other groups. I believe we
are getting somewhere.

I decided to become a scientist when I was
about five because I was afraid of many
things in life and the right way to control that
fear is to understand them. And I decided to
study physics because I wanted to
understand biology. After I completed my
biophysics studies in Basel I applied for a
position as group leader at EMBL. John
Kendrew hired me, with the plan of
developing a method of cryo-electron
microscopy. I was put officially in charge of
the so-called laboratory for Electronmicroscopy Applications, a big name for a
small thing. We wanted to develop methods
for very, very low-temperature electronmicroscopy, which was not a success, but
much less sophisticated methods were a
success. The biggest part was when we found
out that it was possible to vitrify water.

****

I am presently chairman of the biology
department in Lausanne and as such I am
very busy with another type of activity:
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interactions with the public. In fact, for a long
time I have been interested in biological and
medical ethics and also in the communication
between science and society. I believe that the
matter is extremely important. I would not be
surprised if we soon see a major clash
between the general population and modern
biology, and I think that scientists are very illprepared for it. We spend perhaps thirty-tofifty per cent of our scientific effort informing
other scientists about what we are doing; if
we would spend a small part of that trying to
speak with the public, things could change a
lot. And I think we should. Of course we
know more about what genomics is and what
molecular structure is, but we don't know
better than anyone else what the most
desirable future for our lives is, and in this
respect anyone else has just as much to say as
I do. It is only on this modest basis that we
have a chance to explain to people what
science is good for.

We have to express ourselves in public. Not to
teach, but to participate in the democratic
debate. Sometimes it is said that war is too
important to be left to Generals. Science is too
important to be left to whom? to scientists?
Certainly yes, and also to politicians. I don't
know of any other solution than the
democratic one.

****

** **
I hope that if there is a special flavor for
molecular biology in Europe, a part of it will
be a better connection between the human
sciences and hard science. In Lausanne we
have plans to make a big new effort in biology
and I hope that we can keep the human
sciences very, very close as we do it. It
shouldn't be allowed for a scientist today just
to hide out and do business in his laboratory.

Some years ago I had an interesting
encounter. I met a guy who was a social
scientist and who had developed an
incredible theory about DNA and shamans'
knowing everything and "vibrations" and
many other fantastic things. His name is
Jeremy Narby. His books have been received
with great enthusiasm and he got his story
with full-page spreads in all the popular
newspapers. I was jealous. I fought with him,
but he is a good person and we became good
friends. And I have learned an enormous
amount from him. How to deal with people
with opposing views. We had a book together
on the debate between hard science and the
social sciences and now we continue to meet
frequently. I learned how far we have to go to
remain open-minded. Most people are not so
interested in what we call scientific truth.
They like what is appealing to them. For most
scientists, the normal reaction would be
simply to fully reject such misconceptions.
But that's not the right way.
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Pulling on
muscular
pistons
When proteins
take flight
KEVIN LEONARD & FRIEND

If you pass the reception desk on the third

floor, find your way past offices and electron
microscope rooms, then take a left at just the
right place, you may come face-to-face with a
startling sight: a group of giant Siamese water
bugs, perched on a w ire mesh just under the
lid of a (firmly) closed aquarium, as if
engaged in a committee meeting. In the water
below, a small fleet of goldfish go innocently
about their business, just as outside the
aquarium, the structural biologists go about
theirs. At first glance the three species seem
happy, as if they have achieved a state of
peaceful coexistence. But about once a month,
a bug will reach down and grab an unwitting
goldfish and make it his meal, and from time
to time, a biologist will harvest a bug - for
experiments, not for food.
When John Kendrew used to take a saw to
frozen meat from a sperm whale in his freezer,
he was after myoglobin, and when KEVIN
LEONARD and his colleagues grab a Lethocerus,
they want muscle tissue. Every school child
has heard that bumblebees should not be able
to fly - it may be the only thing they
remember from physics class - and the fact
that insect muscles must have extraordinary
properties to launch their owners into flight is
what has caught the interest of structural
biologists.

Kevin Leonard's group has been using
electron microscopy to study the proteins that
permit movement and flight in insects and
vertebrates - complexes that regulate
contraction in muscle tissue. Under the
electron microscope, striated muscle appears
as long rows of bundle-like sarcomeres, pistonlike structures consisting of a thick central
filament of myosin surrounded by regularlyspaced thinner filaments of actin. The thick
filaments slide back together, sheath-like,
when the muscle contracts. This happens
when myosin pulls itself along actin, like a
centipede crawling along a piece of string. In
muscle, this flurry of legs is represented by
molecules that span the gap between the
filaments.
One of the parties involved is a regulatory
complex consisting of tropomyosin and three
troponin subunits; the whole is bound to the
actin filament at regular intervals. So far,
crystallography studies have produced a
structure of one of the troponins, TnC - a
subunit which can bind to calcium.
Researchers have shown that calcium plays a
key role in governing the behavior of the
muscle, but there is no complete picture of
how this happens, because there are still gaps
in our structural knowledge of how the
tropomyosin-troponin complex works.
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"The structures of actin and myosin have been
solved at high resolution," Leonard says.
"Small-angle
scattering
and
neutron
experiments have shown us that the TnC
binds to the inhibitory troponin subunit,
called TnI, which in turn is bound directly to
actin. But the picture of the interactions
involving calcium is still very unclear."
Some clues have been gleaned from
biochemical analysis of the water bugs and
sequence information from Drosophila. In
insects, the troponin complex has three
subunits as well. While there are considerable
differences between this and the vertebrate
complex, the ensemble has a similar
sensitivity to calcium, and biochemically it
behaves in a similar manner. The researchers
already knew that the complex docks onto the
actin filament with higher regularity in
insects than in vertebrates.

This regularity was important because
Leonard and graduate student Thomas
Wendt were attacking the structure with
electron
microscopy.
Attaining
high
resolution depends on being able to find a
large number of proteins lying in the same
orientation, and in insects the actin filament
serves to line the troponin up in regular
patterns. The linkage is much less regular in
vertebrates. The result of this work has been a
model that shows how the complex's
components are arranged when the assembly
docks onto the surface of an actin filament.
"There is really only one angle at which the
model fits on the thin filament," Leonard says,
"which is suggestive about the interactions
that are involved in calcium regulation. The
way the complex lies reveals an intriguing
extension which may form a connection to the
many other components that make up
sarcomeres."
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Nuts and bolts:
kettin and alphaactinin in the Z-disc

Sarcomeres have clearly-visible borders: thick, dark bands
shared by neighboring compartments. Called Z-discs, these
bands anchor the long actin filaments that extend half-way
into the sarcomere on either side, so the Z-disc is a zone
somewhat like the meeting of the teeth of a zipper. Here the
filaments don't directly interlace, however; they are held in
formation by a mesh-like lattice of proteins. Two projects by
EMBL groups have given a boost to our knowledge of how
this lattice is constructed.
A protein called kettin, found in the Z-disc of insects, has
been the focus of Belinda Bullard and colleagues in the group
of Kevin Leonard, collaborating with SIEGFRIED LABEIT and
Vladimir Benes to combine immuno-electron microscopy and
genomic DNA sequencing. "In insects the Z-disc is
exceptionally resistant to mechanical disruption," Leonard
says, "which reflects the stresses that these muscles are
subjected to. Kettin underpins the integrity of the Z-disc
lattice." The group's electron microscope and biochemical
studies suggest that the unusual stability of the Z-disc in
flight muscle is mainly the result of the binding between
kettin and actin filaments, and has given hints to how the
complex structure of the sarcomere develops.
A paper by MATHIAS GAUTEL, Kristina Djinovic-Carugo, and
members of the group of Matti Saraste had just shown that
alpha-actinin's function is to cross-link the actin filaments of
adjacent sarcomeres. While both kettin and alpha-actinin are
necessary in arranging the actin filaments within the disc,
enzymes that break down kettin destroy the Z-disc as well,
leaving alpha-actinin intact. The proteins don't compete in
order to bind to the filaments, which means they probably
fulfill different functions in the lattice.

Adjacent sarcomeres are joined by
structures called Z-discs (dark bands).
There, overlapping actin filaments (red)
are cross-linked by a lattice of alphaactinin and other proteins.
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Recently the group of MATTHIAS WILMANNS, Head of the
Hamburg Outstation , solved the structure of the first
immunoglobulin-like domain (/1) of a part of the titin molecule
called the I-band. Wilmanns has been involved in a longterm collaboration with Matthias Gautel and other EMBL
groups to unveil the structure and functions of this molecule,
the largest known human protein. Its position within the
sarcomere - connecting all of the major structural elements
- suggests that titin plays a key role in the development of
this structure.
Wilmanns points out that slight differences in each of the Ig
repeats could be important. Titin's 11 domain seems to be
more similar to Ig repeats located in another part of the
sarcomere, which could have a functional significance.
"Surprisingly, the structure of this domain reveals an internal
disulfide bridge, a very rigid structure like a chain with two
ends that form a lock," Wilmanns says. "Other protein chains
do not have this lock, and it hasn't yet been found in any
other Ig domains from muscle proteins. This unexpected
structural result is very suggestive about the protein's
function ."

Kettin does prevent tropomyosin from binding to filaments,
however, and vice-versa; whichever molecule is there first
grabs onto actin filaments and impedes the other. By chasing
tropomyosin out of certain areas, kettin may be determining
where the Z-disc will form. "Once they have become
anchored in the Z-disc, the filaments begin to extend towards
the center of the sarcomere," Leonard says. "Kettin binds to
actin filaments which grow in opposite directions. In vitro, the
next step may be that it bundles these filaments together; they
are cross-linked by alpha-actinin, and then the filaments
begin to grow out on either side, into adjacent sarcomeres,
through the addition of actin subunits."
Like several other molecules found in muscle, notably the
giant titin protein which stretches half the length of the
sarcomere along the myosin filament, kettin is built from a
number of repeated subunits. The molecule investigated by
Bullard and her colleagues has more than thirty
Immunoglobulin (Ig) domains, like beads scattered along
string-like linker domains. Another question raised in the
studies was how this structure links to the actin filament.
Simple measurements of the molecule's length suggest that
each Ig domain should fit neatly onto a repeated twist on the
surface of the actin filament. Such an arrangement suggests
high stability, which could well explain the Z-disc's ability to
respond to unusual forces, helping waterbugs - and
bumblebees - to fly.
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The molecule that dances with two left feet
Andy Hoenger's group takes a fresh look at
motor proteins and creates a new model of
how they walk down microtubules
Is it a jig? A shuffle? A waltz? Among the most
important dances in cells are those of motor
proteins as they carry their cargoes along the
outer surfaces of microtubules, whether they
are pulling chromosomes apart to make two
new daughter cells, holding organelles in
their places, or carrying vesicles laden with
supplies into axons so that a neuron can reach
out and touch a distant partner. These motors
move on polar micro tubules in a distinct
direction on "feet" which must release the
surface and then be set back down in a new
position. But despite years of work with Xrays and cryo-EM, despite good structures of
both the feet of the motors and the
microtubule dance floor, no one has
definitively determined the choreography.
"The current interpretations of threedimensional maps of domains in the motor
protein kinesin bound to the alpha-beta
tubulin heterodimer are still quite

controversial," says group leader ANDY
HOENGER. "Researchers have put forth
incompatible models of how the kinesin
motor units should dock onto the microtubule
surface." Hoenger's group has found ways to
use cryo-EM to capture snapshots of different
stages of the process, like examining pictures
that have been taken of dancers w ith a strobelight, but the movement has remained
elusive.
The members of the Kinesin superfamily
come in several forms: among the most
common ones are the "two-footed" forms
which are created when two copies of the
molecule dimerize. However, "one-footed"
motors have recently been described as well.
The "two-footed" motors are believed to move
in a walking pattern, putting one foot down
while lifting and moving the other to a new
location. Interestingly, while most kinesins
with N-terminal motor domains walk

EMBL 1999 ANNUAL REPORT

A glimpse at
RNA/protein
complexes

The chief characteristics of the messenger of the Roman
god, Mercury, were swiftness and elusiveness, and the
same has proven true of the cell's "messenger" molecules.
RNA is structurally more versatile than DNA and has
more diverse biological roles. It is not only an
informational molecule, serving as genetic material as
well as the mediator of genetic information from DNA to
protein, but also plays a key role in many
ribonucleoprotein particles and, as is now widely
appreciated, can itself have catalytic activity. "Whereas in
the hypothetical 'RNA world' (which some people
postulate to have preceded the current protein-RNADNA world), RNA would have acted unaided by other
macromolecules," says STEPHEN CUSACK, Head of the
Grenoble Outstation, "in modern organisms RNA almost
invariably functions in association with RNA-binding
proteins." RNA molecules can be classified into various
types based on their function or localisation: transfer
RNA (tRNA), messenger RNA (mRNA), ribosomal RNA
(rRNA), viral RNA (vRNA), small nuclear RNA (snRNA)
or small cytoplasmic RNA (scRNA). A wide variety of
RNA-binding proteins are associated with each type,
acting to stabilise and protect RNA, mediate RNA
interactions with other macromolecules or act
catalytically on RNA (cutting, unwinding, modifying,
replicating etc). Unlike proteins, however, relatively few
structures of RNA or RNA-protein complexes have been
glimpsed because RNA molecules are usually degraded
quickly, they have great structural flexibility, and they
have been less easy to produce in the high, pure
quantities needed for crystallization experiments.

Sequences of an RNA molecule blocked by an interacting protein
cannot be digested by enzymes; this reveals the sites at which a
particular molecule docks to the RNA.
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Some progress has been made, however, largely due to
the more widespread application of a method using a
molecular machine that can synthesize large RNA
molecules in the test tube: T7 bacteriophage RNA
polymerase. The bricks out of which RNAs are made,
called ribo-NTPs, are added to an in vitro system
containing the polymerase and the parent DNA sequence
of the RNA that one wants to produce. A special sequence
that the polymerase recognizes (the promoter) is tacked
onto this DNA template upstream of the coding
sequence; another sequence (the hammerhead ribozyme,
catalytic RNA) can also be added which cuts the product
at a very precise position and thus avoids ragged ends to
the transcribed RNA. This procedure gives researchers
enough material to try to tease RNAs or their complexes
into crystal form.
The groups of Stephen Cusack, Head of the
Grenoble Outstation, and IRMI SINNING in
Heidelberg have used this method to obtain key
pieces of the structure of a protein-RNA
complex called the Signal Recognition Particle
(SRP) as part of an ED-funded collaboration.
The SRP plays a key role along the protein
synthesis route; it is essential for the recognition
and sorting of proteins that will be secreted
from the cell or inserted into membranes. Its
importance and early evolution is shown by the
fact that it is found in all living cells in all
branches of life.
In addition to the RNA, the common building
blocks shared by SRPs in bacteria, eukaryotes,
and archaea are homologues of a protein called
SRP54. In bacteria, this molecule is called Ffh
and is the only protein bound to the RNA; in
higher vertebrates, there are five more proteins
in the complex. As part of their work on the
structure of protein transport, Sinning and her colleagues
obtained a structural picture of Ffh using the selenomethionine method and MAD.
Sinning wanted to compare the bacterial SRP structure to
a similar structure in archaea, one-celled organisms that
are thought to be ancestral to the three major branches of
life today. While little is known about the SRP in archaea
species, the recent completion of some of their genomes
has turned up SRP54 homologues. One of the protein's
domains, called G, is a GTPase that regulates the way the
complex binds to proteins and transports them to the
membrane. It accomplishes this by changing states
depending on whether it binds GTP or GOP. Sinning and
her colleagues crystallized this domain from the archaeal
protein and obtained a structure which revealed
interesting differences from the bacterial and eukaryotic
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Structures and viruses:
from basic shapes to molecular medicine
In his book Guns, Germs, and Steel, Jared
Diamond suggests that the open geography
of Europe and Asia and the domestication of
animals have played a decisive role in the
outcomes of many "disease wars" which have
occurred throughout history. Encounters
between
long-separated
populations
inevitably result in the transfer of
microorganisms which may be annoying to
one population, fatal to the other. Why were
millions of native Americans very quickly
killed by the arrival of germs carried by
Spanish explorers, rather than the other way
around? Diamond proposes that Europeans
had stronger immune systems, hardened by
continual exposure and adaptation to new
infections. These had entered the population
by jumping across species (most frequently
from domesticated animals) or spread by
human carriers - the lack of serious
geographical obstacles between Europe and
Asia promoted wider human contact and thus
exposure to more diseases than in America .
Diamond's argument shows that as well as
being the bearers of bad tidings, infectious
agents have caused adaptations in their hosts.
Viruses and cells are, quite literally, made for
each other - so much so that extracellular
viruses are often not even considered to be
"alive". The same qualities that make

smallpox infectious have allowed a related
virus, Vaccinia, to serve as a mode of
immunization against it. From the point of
view of research, studies of how viruses so
efficiently hijack the cellular machinery have
led to deep insights into cellular processes
such as molecular sorting, signal cascades,
and vesicle formation.
Now the first attempts are being made to
enlist viruses in the fight against genetic
diseases and cancer. Curing such diseases
may depend on the ability to deliver new
genes, RNA, or proteins to large numbers of
cells, a task which viruses have mastered.
Before viruses can be engineered for medical
use, however, researchers need a thorough
understanding of their structures and
"building codes." Over the past few years, this
has become a major focus of research groups
at the Grenoble Outstation. The combination
of research activities, structural biology
expertise and services have made the
Outstation the natural focal point of a number
of important collaborations, particularly with
the Institute of Structural Biology (IBS) in
Grenoble as well as industry partners. One
outgrowth of this active network is a plan by
the French to create an Institute of Virology in
Grenoble.

Upon the approach of a vaccinia virus, the cell extends long protrusions which playa role in the virus' entry into the cell.
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Adenovirus knocks
on the CAR

A viral invasion usually begins when a protein on the surface
of the virus binds to a receptor on the outer membrane of the
cell. These receptors presumably have other functions in the
day-to-day life of the organism, but often these tasks have not
yet been identified. The initial contact is a prerequisite for
infection, so it is an obvious target for anti-viral therapies: a
molecule that effectively blocked this contact would prevent
infection. Thus one focus of structural work has been to
analyze the contacts between viral and cellular proteins.
The Grenoble groups of ROB RUIGROK and Stephen Cusack are
taking part in a collaborative project to study proteins in the
adenovirus, which infects humans and numerous animal
species. "It causes diseases which are relatively mild in the
Western world, but also a viral diarrhea that kills many
young children in the third world," Ruigrok says. "For a long
time we have had a collaboration on adenovirus with French
groups from Grenoble which yielded fruit in 1999 and which
may well develop into a European initiative on the structural
and functional genomics of the adenovirus."
Work with Anna Mitraki, of the Institut de Biologie
Structurale (IBS) has resulted in a biochemical description of
the adenovirus fiber, a protein that protrudes from the viral
surface and permits its attachment to cells. "Adenoviruses are
being used as vectors for gene transfer - they can introduce
foreign genetic material into cells," Ruigrok says. "There is
hope that they may one day be safely used in human gene
therapies." Unlike other potential gene therapy viruses (such
as retroviruses), which can only invade cells as they divide,
the adenovirus can enter any cell which bears the appropriate
receptor (called CAR, for Coxsackievirus and Adenovirus
Receptor). Furthermore, the genetic material that the virus
contains is not taken up and integrated into the cell's own
DNA, which means that an infected cell will not pass this
material on to its offspring every time it divides. Genetic
engineers have managed to produce versions of the virus
which do not replicate, which means that once such a
modified adenovirus enters a cell and delivers its contents, its
life-cycle is over.
The studies revealed that the surface fiber, which is woven
together from three identical proteins, ends in a knob whose
stability is crucial to the assembly of the ensemble. Cusack's
group, in collaboration with the IBS and a company called
Transgene, managed to get a look at the structure of this knob
with crystallography. The picture revealed grooves between
the three parts of the fiber where the CAR receptor binds.

Adenovirus fibres are formed when three
identical proteins fold into a long strand with
a knotted head.

"The adenovirus' strength is also its weakness in this respect,"
Cusack says, "because it can bind to almost any cell. An
effective gene therapy will make use of viruses which only
bind to particular types of cells. The main question is whether
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the fiber can be engineered so that it will bind to other more
specialised receptors instead of CARs." Such attempts have
been made in the past, resulting in adenoviruses which can
bind to other proteins, but these forms bind to CAR as well.
Armed with the structure of the fiber head, researchers now
have a better picture of how to engineer the protein.
"Our paper in the journal Virology describes the positions of
the amino acids which help bind, we predict, the head of the
adenovirus fiber to CAR," says Mark van Raaj, a postdoctoral
fellow in Cusack's group who worked intensively on the
project. "Most of these were clustered at the base of the fiber
head, in a particular loop structure, and we were able to
propose some mutations to the biotech company Transgene
that should abolish CAR binding without otherwise affecting
the way the fiber is put together." According to Cusack,
Transgene has now tested forms of the adenovirus with
specific mutations restricted to this loop. These have greatlyreduced capacity to infect cells, a sign that the fibers aren't
binding to CAR, and the company and EMBL have now
taken out a joint patent on the modified strains.
Transgene is now going on to the next logical step: further
alterations of the fiber to give it the ability to bind to other,
specific proteins on cell surfaces. Cancer cells and other types
of cells often have unique surface proteins; if these can be
identified, and the fiber can be engineered to bind to them,
researchers will be well on their way to developing a viral
package that can one day deliver healthy genes to damaged
cells.

Some viruses carry minimal information and depend heavily
on the cell to do most of the work involved in their
reproduction. Others arrive carrying most of what they need.
This is the case with the influenza virus. Enclosed in its outer
shell is an RNA divided up into eight negative-sense segments
- which must be rewritten "backwards" into mRNA before
they can be copied to make proteins that the virus needs.

Adenovirus

Curing a polymerase
of its stutter

"There are a number of devastating negative-strand viruses:
influenza, Ebola, rabies, measles," says Rob Ruigrok, "and
unfortunately, we have a poor understanding of their
structures." In the past, his group has focused mainly on
proteins on the viral surface which permit contact and
binding to cells, but recently the group has turned its
attention to nucleocapsids - the inner core of the virus that
holds RNA and proteins - and how the RNA is copied.
The virus carries along an impressive toolbox of helper
proteins, including a polymerase that performs this reverse
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transcription. The same molecule produces
copies of the full-length RNA that will be
included in new copies of the virus.
Reproducing the complete strand is a crucial
stage in the viral life-cycle, but it only
happens in the presence of another protein
from the virus, called the nucleoprotein (NP).
Unless the newly-copied RNA is bound to NP,
the polymerase "stutters" - it breaks off
copying the molecule and produces eight
separate mRNAs.
The question is how the same polymerase can
do two different things to the same RNA
molecule - sometimes copying only part of it,
sometimes the whole molecule. ''The
difference is the presence of the NP," says
Florence Baudin, a staff scientist in Ruigrok's
group. "NP somehow prevents the stutter in
the process of copying."
Baudin wanted to get a look at how the NP,
the polymerase, and the RNA bind to each
other, as well as how NP changes the RNA's
conformation. RNA is extremely difficult to

crystallize, however, so she tried another
approach, a method called footprinting .
"The purpose of this technique is to tell us
where the NP binds to the RNA," Baudin
says. "It won't give us a three-dimensional
picture of how the two molecules interact, but
it will tell us which sequences in the RNA the
NP binds to." Often such findings can be
combined with other information, such as
lower-resolution electron microscope images,
to produce the next-best thing to a structure.
The analysis revealed that what NP seems to
be doing is dissolving a loop-shaped structure
that hides some of the RNA from the
polymerase. Interactions between the
nucleotide subunits of the original RNA
creates panhandle-shaped "joints" just where
the polymerase breaks off its transcription of
one mRNA to start creating the next. But in
RNA bound to NP, the panhandle disappears.
''The RNA seems to be wrapped around the
outside of the NP, which unties the
panhandles," Baudin says. "Everything
becomes easily accessible to the polymerase."

the sequence puzzle
Normally, finding the sequence of an RNA molecule is like the early methods of sequencing
DNA: enzymes that cut molecules at a specific nucleotide are allowed to chop the RNA into
small pieces, and these fragments are "measured" to plot the positions of each of the four
bases in the sequence. Imagine cutting a string with four pairs of scissors. The string is
striped, in four colors, with the colors arranged randomly. Each pair of scissors can only cut
the string at one color, for example, only at a red stripe - but it won't cut every red stripe; it
will miss some. This process is repeated with thousands and thousands of identical strings.
All of the fragments cut by the red scissors are put into a pile, and then the process is
repeated on an identical string with scissors that only cut green stripes. In the end, there are
four piles, containing strings of different lengths. What a sequencing machine does is to
measure the length of each fragment of string. Because it knows which pile each fragment
came from, it can say, "This is a fragment that begins and ends in red, and it is 14 stripes
long." After measuring all of the fragments from all of the piles, and armed with only a single
piece of additional information - the order of a few stripes at the beginning and end of the
original string - software can puzzle the whole sequence together.
Footprinting generates a sequence of RNA that has been bound to a protein, such as NP, and
this blocks some of the binding sites so that they can't be cut. Now the puzzle has pieces
missing: the points of contact between the two molecules.
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ROB RUIGROK &
FLORENCE BAUDIN

When a German tourist recently returned home from
Africa with a serious, undiagnosed illness, the popular
press generated a minor panic by suggesting he might be
infected with the Ebola virus. Among viruses, which
already have deservedly fearsome reputations, Ebola
conjures up a impressions of an almost supernatural evil.
It has beaten out horror titles to top the Times best-seller
list. Every few years, the virus emerges from an unknown
host and begins a rampage - fortunately so far, these
biological wildfires have been short-lived and locally
constrained. The tourist's disease turned out to be yellow
fever, but the spectre had been evoked.

The building plans
of a nightmare

Molecular biologists have been working on Ebola since its
first recorded outbreak in 1967. In 1999, WINFRIED
WEISSENHORN of the Grenoble Outstation, with the help of
collaborators from the Clinic of Phillips-University in
Marburg, Germany, obtained a crystal structure of the
most abundant protein found in the virus, called VP40.
"Patients who develop antibodies against VP40 early in
the course of an infection have a higher chance of
survival," Weissenhorn says. Although no one knows
why this happens, the fact suggests that VP40 might be a
weak link in the virus that could be exploited in strategies
to counter the disease.
"Ebola seems to enter cells by making contact with an as
yet unknown receptor on the outer surface and then
being pulled in through endocytosis," Weissenhorn says.
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"In the process it is unwrapped, exposing its cargo of
RNA and proteins." One of these is VP40, a matrix protein,
which in the mature, infectious virus takes up residence
just under the surface of the outer membrane. Its role
seems to be to lend stability to the virus' outer structure.
"Other matrix proteins have been shown to play an
important role in the assembly of a virus and the budding
process by which the viral membrane is pinched off from
a part of the cell's own membrane," Weissenhorn says.
"Through a series of contacts with viral glycoproteins and
possibly cellular proteins, viral molecules like VP40
become clustered ... this is one of the events that triggers
the construction of a new particle."
With Rob Ruigrok's group, the researchers identified a
specific amino-acid sequence in VP40 that makes or
breaks the protein's ability to associate with membranes
in the test tube. If the sequence is missing, VP40 clumps
into ring-like structures that can be seen under the
electron microscope. Using the MAD crystallography
technique, the researchers were able to obtain a threedimensional structure of VP40 and provide strong
evidence that the protein can exist in separate
conformations which may affect the construction of new
virus particles. The two VP40 domains are not packed
against each other tightly, which makes the conformation
of the whole molecule relatively easy to disrupt in the test
tube and probably in the cell. The researchers also
observed that it is relatively easy to cut the molecule in
half.
WINFRIED WEISSENHORN

"This flexibility is very reminiscent of something
suggested for both influenza and VSV, " Weissenhorn
says, "where we think it helps the matrix protein to
perform many different tasks during the virus life-cycle."
On the basis of the VP40 structure, the researchers
propose that upon contact with membranes, the protein
leads to the assembly of a lattice-like structure that will
help to build the new virus. They think they can paint an
accurate picture of the steps involved. A therapy that
interrupted any of these steps might be enough to disrupt
the formation of new, infectious offspring - and any
approach which accomplishes that will signify the
beginning of the end of Ebola's horrible reputation.
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Cryo-EM revisited

Zooming in on whole viruses
One application of cryo-electron microscopy
has been to capture the highest resolution
images so far attained of complete viruses.
These viruses are particularly interesting
because they combine a membrane, the
envelope, with proteins and nucleic acid.
Optimally, structure studies try to attain a
resolution of one Angstrom, the level at which
single atoms can be distinguished from each
other. "Numerous attempts to crystallize
whole viruses have resulted in crystals that
diffract to worse than 30 Angstroms," says
STEPHEN FULLER, group leader in Heidelberg.
Using cryo-EM, Fuller and his colleagues had
been able to obtain intermediate-level
pictures between 22 and 35 A of a number of
enveloped viruses. In 1999, Fuller and his
colleagues used cryo-EM to pin down the
structure of the entire Semliki Forest Virus
(SFV) at 9 A resolution.

"Semliki Forest virus and other alpha viruses
are among the best-characterized enveloped
viruses," Fuller says. "There is a long history
of work on them at EMBL; Kai Simons and
colleagues used SFV over 20 years ago to
discover many of the principles of membrane
fusion and traffic." A feature that makes SFV
attractive to electron microscopists is
symmetry: their components are arranged
"icosahedrally" in regular, repeated structures, like the surface of a soccer ball. An EM
picture of a field of viruses, isolated from
infected cells, provides a set of images of the
virus structure from different angles. The
symmetry allows imaging software to
identify the views and combine them to
reduce noise and reveal the true features of
the virus in high-resolution images.
In 1995 the group obtained a 22 A-resolution
picture of SFV that revealed functionally-

see related
story, p. 110

STEPHEN FULLER

important features of the virus. During the
process of synthesis and assembly, the spikelike proteins that stud the surface undergo
dramatic conformational changes. If this
process does not happen correctly, the spikes
will not be "activated" and they will be unable
to fuse properly to receptors on the surfaces of
other cells - the virus will not be infectious.
Understanding these events, which are the
result of multiple protein interactions,
demanded a clearer view of viral structure.
"Extensive studies have failed to clarify
simple issues such as the boundaries between
the protein subunits that make up the virus,"
Fuller says. "We expect higher resolution
structural information about the subunits to
be available soon, but we'll still need to see
how they fit into the whole."
The image analysis techniques used by Fuller
and his colleagues are demanding; they
depend on an initial screening of EM
photographs to find virus particles that are
aligned as similarly as possible. The selection
process was guided by higher-resolution
information, derived from structure studies of
a single protein. The detailed structure was
overlaid onto the EM pictures; where it fit, the
particle was deemed useable. "Only 5276 of
the 9950 particles we initially processed were
used in the final reconstruction," according to
Erika Mancini, the graduate student who
determined the structure.
The major jump in resolution was achieved
when the researchers combined a large
number of images using the symmetry and
the model of the structure to define their
orientations and exclude poor images. This
combination allowed a use of images from a
range of "defocuses" to be used, each of

which accentuated a different resolution
range in the structure. Previously, the strategy
had been to take several defocuses of a single
particle to provide the range of resolutions.
Since electron bombardment is destructive,
this
process
simultaneously
erased
information while trying to obtain it. In this
study, the researchers applied a single
defocus to each particle, and then combined
the images of different particles at different
defocuses.
Fifty images had been combined four years
earlier to obtain the 22 A structure; the new
study used 5000. "This hundred-fold increase
doesn't alter the overall features of the
structure," says Erika Mancini, "but it
uncovers a lot of buried details. The spikes
and the regions around them are more
convoluted, suggesting protein domains. You
can see the complex internal organization of
the structural proteins, the lipid bilayer and
the viral RNA. It also reveals the image of
paired single-spanning membrane regions for
the first time." The new picture revealed
features of SFV and its class of viruses that
had never been observed before while
revealing that portions of the virus are less
well-ordered than others.
"There are two main lessons to be learned for
higher-resolution studies," Fuller says. "The
first is that you can use the highly-ordered
regions of a structure to align particles so
precisely that you get a much clearer view of
the regions that are less organized. And
secondly, the 'divide-and-conquer' approach
of plugging in atomic-level information about
small pieces of the structure can help us to
understand other parts."

Structure of the
Semliki Forest Virus
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Cut-away view of the
surface structure of the
Semliki Forest Virus,
resolved by high-resolution
cryo-EM studies

Making symmetry out of chaos
These detailed images of Semliki Forest Virus
fold of this protein which has recently been
have only been achieved because of the
confirmed through X-ray analysis. The
highly-symmetrical building plan of the
known structure of the core and the high
virus. But what can be done with particles
symmetry of the assembly can be used to
that do not form symmetric arrays like
align structures of the whole complex and
determine the structure of the unknown part.
viruses? Bettina Bottcher has tried to solve the
problem through engineering. "In col"We tested this approach using the fluorescent
laboration with the group of Michael Nassal
protein CFP, which has a lucid green color,"
at the University of Freiburg, we are making
Bottcher says. "The green part of the sample is
chimeric proteins
very easily detecwhich assemble
ted and its structo form symmetture is known.
ric shells," she
The question we
says. "The chihad was whether
mera combines
CFP would fold
an unknown procorrectly when
tein domain with
hooked up to the
a portion of a
core protein, and
virus
capsid
we found that it
known to form
was at least 40 per
symmetric shells.
cent of the time."
We're using the
hepatitis B core
If it is possible to
protein, which
work single comcan be expressed
ponents into such
Reconstruction of chimeric GFP-Hepatitis B core-protein particles.
in E. coli and
strucartificial
crea tes
shells
tures without a
loss of their natural folding patterns, then
built of either 180 or 240 copies." Bottcher
used this complex to achieve the record (7.6
cryo-EM image processing techniques can be
A) mark for a single particle reconstruction in
extended to determine structures of any
1997. Previous cryo-EM studies of this core
protein domain using the ordered portion as a
framework.
have been highly successful in defining the

137

Getting MAD
at the beamlines

Sitting in a yellow, shed-like office alongside
Beamline 14 in Grenoble, one of the world's
most powerful sources of X-rays available for
biological experiments, A NDY THOMPSON is
speculating on the future of synchrotron
studies. ''The pace of developments has been
amazing," he says. "It's entirely conceivable
that in a very short time, non-specialists will
be able to come here with a single very small
crystal of their protein, mount it in place, and
obtain enough data in a single reading to
completely solve the protein's structure."
What crystallographers want to know is how
the individual atoms that make up a protein
are folded into three-dimensional shapes,
because this shape determines a molecule's
ability to interact with other proteins and thus
its biological function. In a crystal, multiple
copies of a protein are stacked into a three
dimensional, lattice-like arrangement, and
bombarding the formation with intense Xrays can yield an image of its structure. In the
past, this meant long, frustrating attempts to
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"But even if the path was now open for a direct structure determination of
haemoglobin and myoglobin, there was still an enormous amount of data
to be processed. Myoglobin, the smaller of the two molecules, contains
about 2,600 atoms, and the positions of most of these are now known. But
for this purpose, Kendrew had to examine 110 crystals and measure the
intensities of about 250, 000 X-ray reflections. The calculations would not
have been practicable if he had not had access to a very large electronic
computer. The haemoglobin molecule is four times as large, and its
structure is known less thoroughly. In both cases, however, Kendrew and
Perutz are currently collecting and processing an even greater number of
reflections in order to obtain a more detailed picture.
"As a result of Kendrew's and Perutz' contributions it is thus becoming
possible to see the principles behind the construction of globular proteins.
The goal has been reached after twenty-five years' labour, and initially with
only modest results. We therefore admire the two scientists not only for the
ingenuity and skill with which they have carried out their work, but also for
their patience and perseverance, which have overcome the difficulties
which initially seemed insuperable. We now know that the structure of
proteins can be determined, and it is certain that a number of new
determinations will soon be carried out, perhaps chicfly following the lines
which Perutz and Kendrew have indicated. It is fairly certain that the
knowledge which will thus be gained of these substances which are so
essential to living organisms will mean a big step forward in the
understanding of life processes. "
from the Nobel Award presentation speech by Professor G. Hagg,
member of the Nobel Committee for Chemistry of
the Royal Swedish Academy of Sciences, 1962
© The Nobel Foundation

form sizeable crystals of proteins (an effort
which could take months or years) - of
measurements that might take days or weeks,
requiring several near-perfect crystals - of
fussing with a crystal's position in a mount, or
the focus of the X-ray beam - of intensive
hands-on support at the beamline that may
make or break a visitor's project... Those days
are not yet completely over, but Thompson
and his colleagues see light at the end of the
tunnel. Ongoing improvements in detectors
that capture data from experiments as well as
the software needed to interpret it have vastly
reduced the time needed to collect and
analyze results.

STEPH EN CUSACK

flOur goal," says Ehmke Pohl, who does
similar work at the Hamburg Outstation, "is
for researchers to finish experiments that used
to take days in single sittings, to analyze the
results in what would have been an incredibly
short time just a few years ago, and for them
to leave w ith a finished structure." This isn't
making qualified biological and technical
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support at the beamlines obsolete, Pohl says;
instead, these accomplishments are making it
possible for researchers to deal with more
complicated structures and more complex
biological questions. Doing so will require the
coordinated efforts of scientists working on
focusing the X-ray beams, automating the
way crystals aligned, developing new, faster
detectors, improving the software that
generates a structure from diffraction
patterns. On the side of the biology labs, new
methods have been developed to create
crystals, and exploiting these has involved a
concerted effort on the part of all the other

teams;
conversely,
further
beamline
development will make it possible to collect
better data faster, from smaller crystals. The
fact that EMBL supplies support in all of these
areas means that new developments, which
sometimes require a hand-in-hand evolution
of hardware and biology, can be rapidly
integrated.
It has been a long, hard road getting to this

point, and both Thompson and Pohl are in a
good position to appreciate the significance of
what this means for biology. They occupy a
critical juncture between the cutting edge of
beamline technology, protein crystallography,
and a growing number of users with new
demands. Both the Outstation in Hamburg
and that at the European Synchrotron
Radiation Facility (ESRF) in Grenoble, France,
have provided thousands of visiting scientists
with biological, technical, data collection and
analysis support.

see interview,

p. 230

The Hamburg outstation was the
location of the first experiments to
determine protein structures at a
synchrotron; Ken Holmes' pioneering
work convinced the EMBL member
states to establish an Outstation on the
site shortly after the Laboratory was
founded in 1974. Years later, the ESRF
was fortituously placed in Grenoble
alongside the Institut Laue Langevin,
where EMBL had already established
an Outstation to use beams of neutrons
diverted from a nuclear reactor to study
protein structures. EMBL was ideally
placed to bring expertise gained at the
ILL and its Hamburg Outstation to the
new ESRF beamlines. The Laboratory's
ability to offer biological and technical
expertise has made slots at the EMBLrun beamlines particularly attractive to
scientists from Europe and the rest of
the world , and the two stations have
been extremely important centers of
training for crystallographers and
beamline designers throughout the
world .
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Enlisting bacteria to
solve the phase problem
The field is now jumping ahead because new
developments, particularly in a technique called multiwavelength anomalous diffraction (MAD), are solving the
phase problem, which has plagued crystallographers since
X-rays were first used to analyze protein structures.
"In the past the method of choice, called MIK has
modified the diffraction signature of a sample by soaking
a heavy metal atom into the crystaV Thompson says.
"You hope that the atoms will be taken up and assume
regular positions without disturbing the organisation of
the crystal. It's often hard to make such crystals, but once
you have several of them, you can get phase
information." Some perturbation to the crystal structure is
always caused by the presence of a heavy atom, so any
structure based on phase information from several
"heavy atom derivatives" is subject to errors caused by
combining information from several slightly different
crystal structures.
But when exposed to different, carefully-chosen wavelengths of X-ray radiation, a heavy atom will contribute
in a different way to each wave diffracted from the
crystal. Combination of these multiple wavelength
(MAD) measurements thus gives a basis from which to
calculate phases and understand the rest of the crystal
structure. Since these MAD phases are now based on a
single heavy atom form of the crystat there is now no
additional error on combining information.
In search of a way around this problem, researchers have
gone looking for molecules other than metals which can
be used for MAD. Even the normal components of
proteins, such as sulphur, give off distinctive signatures
when subjected to appropriate X-ray wavelengths, but
they can only be observed with much lower energy Xrays and are thus very hard to measure.
Researchers have recently developed an alternative to
forming a heavy atom derivative, which is steadily
gaining popularity - in just a few years, it has risen to
account for nearly half of the structures determined
annually by MAD. "This method takes advantage of the
way bacteria synthesize proteins from mRNA molecules/'
says Stephen Cusack, Head of the Grenoble Outstation.To
translate messenger RNA into proteins, organisms have
an "adaptor plug" mechanism called tRNA that has to
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The MIR method hasn't lost its attractions, however,
because some proteins or protein complexes of great
interest can't be grown in bacteria, and thus the
selenomethionine exchange can't be used. Now PAUL
TUCKER'S group in Hamburg has received extensive EU
support to further develop a technique based on the gas
xenon. Like selenomethionine, xenon gives an anomalous
signal that varies with wavelength. "It has an enormous
advantage over the metals as a so called 'derivative' in
that it interacts only weakly with proteins," Tucker says,
"so it can often be introduced into existing crystals
without changing the conformation of the biological
molecule. One reason for this is that heavy metal atoms
are charged, which strongly links them to the exterior of
a globular protein and
penetration of the interior is unfavourable.
Xenon is hydrophobic,
which means that it
prefers to bind in hydrophobic cavities in the
protein interior or at
intermolecular hydrophobic patches." Pressure is required to force it
into the crystal, and
Tucker and his colleagues have developed
a new type of chamber in
which this can be done.
Varying the pressure
may result in different
numbers of xenon atoms
being bound within the
protein structure, which
facilitates the phasing
procedure. The technique can be extended to
other gases.

MIR with xenon

ROELOF VAN SILFHOUT

Roelof van Silfhout, a member of CHRISTOPH HERMES'
instrumentation group at the Hamburg Outstation, has
played a key role in the design and construction of new
X-ray beamlines tailored to the specific needs of the
growing number of scientists making use of anomalous
scattering methods. MAD measurements require
beamlines that allow the wavelength of the X-rays to be
defined quickly and very accurately. Such measurements
are performed at or near the absorption edge of the
included heavy atom, be it the Selenium - in
selenomethionine - or Xenon. For Xenon, the absorption
edge is at a smaller wavelength compared to Selenium or
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other commonly-used heavy atoms. This small
wavelength (or higher energy) of the X-rays presents a
potential problem: higher-energy X-rays are more
difficult to filter out of the poly-energetic synchron X-ray
beam (monochromatize) and to focus. "These technical
difficulties have now been overcome through a
combination of innovative designs and high-precision
engineering," van Silfhout says.
Kristina Djinovic-Carugo, a staff scientist in Matti
Saraste's group who has now left to take up an
independent position in Trieste, heard about the method
and immediately applied it to a crystal she was working
on with a Japanese collaborator. The structure was solved
with MAD on Beamline 14 in Grenoble. "Not only was
this the first use of xenon for MAD studies," she says, "it
gave us the first look at a structure in a family of proteins
that may be involved in blocking protein synthesis." The
protein, called PSP, has been shown to block translation in
vitro by disassembling polysomes (like ribosomes). PSP is
found in mouse kidney and liver tissue, but is related to
a family of small proteins that are found in all types of
cells, from bacteria to eukaryotes. This high conservation
points to an important biological function.

Transport carrier importin-beta
wrapped around a small part of a
protein called importin-alpha (green)

Monitoring the X-ray energy. ..
Working with selenium had already required a number of creative manipulations at the
front end of the beamline, because getting an anomalous signal requires excellent
stability in the selected energyduring the measurement period. At Hamburg, the normal
flux available from the DORIS ring typically requires measurements at one particular
energy/wavelength lasting from a few hours to as much as one day.
This energy is produced by positrons - the positively-charged counterparts to electrons
- as they flow in a narrow beam through the circular synchrotron. "Roughly every half
day the ring has to be 'refilled,' which means that new particles have to be injected into
the synchrotron," says Staff Scientist Ana Gonzalez. "This often happens during the
course of an experiment, and it can cause a change in the selected wavelength which
is outside the level that has to be maintained for an optimal MAD experiment." A similar
effect can occur when the monochromator experiences variations in the heat load.
The group solved the problem by adding a silicon crystal that constantly monitors the
wavelength of the incident beam . By monitoring the intensity of reflections from this
crystal, at the wavelength of interest, it is possibe to correct for shifts and hence
stabilise the energy. "There would be a clear advantage to adding such devices to other
MAD beamlines to ensure that the anomalous signal don't get lost because of X-ray
wavelength changes caused by heating or synchrotron instabilities" Gonzalez says.
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A beautiful structure
bound for the cell
nucleus

see related
story, p. 80

The MAD technique permitted CHRISTOPH MULLER'S
group to get the first look at the structure of importin-beta
and importin-alpha, which work together to import
molecular cargoes into the cell nucleus. Their work
depends on a molecule called Ran, which is capable of
converting between a low-energy GDP form and a higher
energy GTP form. When importin-beta is bound to the
GDP form of Ran in the nucleus, it can use importinalpha as an "adaptor plug" to latch onto a protein cargo.
Inside the nucleus, Ran is converted to its GTP form, and
this triggers a conformational change in the carrier
molecule that causes it to release the cargo.
Muller needed MAD because of the small size of the
crystals that formed from the importin-beta molecule.
The picture that predoctoral student Gino Cingolani and
postdoctoral fellow Carlo Petosa obtained showed a
helical structure like a snail shell: importin-beta wrapped
closely around the importin-alpha plug. "Importin-alpha
is completely surrounded by the carrier, and this means it
must undergo a large conformational change in order to
be released," Muller says.
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Neutron beams
On the same site, Dean Myles is working with EMBL's other Grenoble
partner, the Institut Laue Langevin, to improve neutron beamline studies.
"It's true that work with neutrons hasn't developed as quickly as with
synchrotron beamlines," he says, "because the beam that you get from a
nuclear reactor is much less intense." This makes experiments achingly
slow; studies of a single crystal can last several weeks or more. Myles and
his colleagues, Clive Wilkinson and Florent Cipriani, have been able to
design new cylindrical detectors - replacing flat image plates - that
capture far more data from the same experiments, resulting in ten to onehundred-fold increases in the speed at which information can be
measured. There are only three institutes in the world capable of highresolution neutron studies, and the EMBL/ILL neutron beamline is
currently the most efficient.
Despite these improvements, neutron
studies are still comparatively very slow,
and they require large crystals.
Nonetheless, says Outstation Head
Stephen Cusack, "Neutron studies are
important because they provide a piece of
the biological puzzle that can't be
obtained by any other means." X-rays
diffract because they interact with
electrons in the crystal, and this highlights
the heavier atoms in a protein because
they host vast clouds of many electrons;
the smallest atoms, like hydrogen, are
usually invisible. A neutron beam, on the
other hand, interacts with the atomic
nuclei in the sample, and hydrogen atoms
can be seen just as well as any other atom.
"Whenever you have a problem where
hydrogen is particularly important, such
as in certain enzymatic reactions," Cusack
says, "this is vital information to have."
Neutron beamlines can be used at low
resolutions (with a method called contrast
variation) to tackle problems such as
studying arrangements of lipids and
detergents in crystals of membrane
proteins. And many years ago a
revolutionary low-resolution technique
called triangulation was used to map the
relative positions of proteins in the ribosome, a huge collection of tens of
proteins and large RNA molecules. The method depends on making
multiple images of the same complex in which different pairs of proteins
are highlighted.
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"The principle is the same as the way that MAD studies switch methionine
with selenomethionine," Myles says. "But here you grow bacteria in
cultures with heavy water instead of normal water, and the bacteria build
proteins with heavy hydrogen, or deuterium, rather than ordinary
hydrogen. A specific protein will then be labeled
with deuterium, and while the formation of the
crystal is not affected, it diffracts neutrons
differently." By contrasting two versions of parts of
the same complex - one labeled with hydrogen, the
other with deuterium - researchers can create threedimensional maps of the positions of proteins even
in complexes as monstrous as the ribosome, by
bringing different parts of the structure into and out
of focus .
Hundreds of measurements were required over a
period of several years to obtain a complete picture
of the ensemble; subsequent X-ray studies
continually referred back to this map to fill in the
details. The picture was completed in August 1999
with the (non-EMBL) publication of the complete
ribosome structure; many of the X-ray measurements leading to these breakthroughs were made in
Hamburg and Grenoble and further measurements
are continuing now to get an even higher resolution
X-ray picture of the ribosome.
WOJCIECH RYPNIEWSKI

Wojciech Rypniewski is coordinating an EU-funded meeting of
synchrotron experts from throughout the world who will meet in
his native Poland to consider synchrotron use on a European
scale in the year 2000. "There are many synchrotrons in
Europe," he says, "and up to now, they have operated
independently, often in competition . Now we are asking whether
we can't achieve more by working together."
Crystallographers could use synchrotrons in tandem to study
the structures from a whole genome - or as many proteins from
a particular metabolic pathway as can be crystallized - perhaps
providing a new level of answer to particular biological
questions. Synchrotron facilities in the US have begun similar
initiatives, but the Poland meeting will represent the first time
that researchers have actively tried to do coordinate beamline
activity at this scale in Europe.
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Automated model-building
The last step along the way to a finished
structure is model-building. "Currently most
structures are being solved by X-ray
crystallography," says VICTOR LAMZIN, head of
a research group and Deputy Head of the
Hamburg Outstation. "It's likely to remain
that way in the near future, and there is a
bottleneck at the stage where diffraction
patterns are translated into models. This is
still a labor-intensive step, and it requires
specialists. All of the other steps of
crystallography are becoming automated and
accessible to non-specialists, in light of the
huge amount of sequence data becoming
available, and this has led us to try to
automate model-building as well."
In collaboration with Anastasios Perrakis,
from the Grenoble Outstation, Lamzin's
group has produced a software package
called ARP /wARP which does just that; the
technique is faster, more objective and more
reliable than traditional methods. As of the
end of 1999, the packet was in use in more
than 230 laboratories world-wide. "The
process can be reduced from several mandays or even man-months to a few CPU hours
on inexpensive workstations," Lamzin says.

ARP /wARP is innovative because it
approaches the problem of building a model
of a molecule from a different point of view
than other programs. In "textbook" chemical
models, atoms are assigned fixed positions on
a three-dimensional map of a molecule. Thus
many modeling programs take a deductive
approach, where the known chemical
structure of the protein is used to interpret
what is observed in a diffraction pattern.
In living cells and crystals, however,
molecules show a great deal of fluctuation there might be free atoms which can't be
strictly assigned to a particular location. So
the alternative, Lamzin says, is an inductive
approach where one might pretend not to
know anything at all about the chemistry of a
protein. This creates a much different picture
of the molecule - atoms are allowed to fall
wherever they seem to be, rather than
pushing them into particular locations based
on a rigid model.
"What ARP /wARP does is to put these two
pictures together," Lamzin says. "If they agree
very strongly, there is no problem. But if there
is disagreement, there has to be a 'discussion'
between the two pictures until we get an
optimal picture of the structure."
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Building ladders
to reach geno111es
Infrastructures with an emphasis
on quality and analysis will be
the key to understanding and
using genomic data

Incredible sums of money have been spent throughout the world
to assure that sequence data from genome projects becomes a
part of the public domain, accessible to researchers in academia
as well as industry. The ultimate goals of the Human Genome
Project - such as the potential to put this information to use in
the medical field - have been widely discussed in public and
political forums . However, the behind-the-scenes work that will
be required to get the most out of all of this raw genomic data
has received less attention. While a major bioinformatics effort
is still required to give researchers the analytical tools they
need, it will be relatively inexpensive in comparison to what has
been spent on sequencing. Without such an effort, researchers
will find themselves standing in the midst of the richest library
in the world - where all the books are on shelves too high to
reach, and no one has thought to provide a stepladder.
The "genomic revolution" has been built on a foundation of
technology - the automated machines that analyze fragments of
DNA and the software that weaves the resulting information
into coherent sequences, then into genomes. The next step is
called 'junctional genomics": methods to use all of this
information in understanding complex biological processes.
Predictions made on the basis of data offer immense shortcuts
for research - often they suggest approaches to problems that
researchers wouldn't have dreamed of as studies in the earlier
parts of this report demonstrate. As Alan Blensby, Head of
Proteomics Applications at the Human Genome Mapping
Project at Sanger Centre has said, "In biology, a couple of
months spent at the lab bench can easily save you a couple of
minutes on the computer. "
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How useful the raw data is depends on developing
tools to use genomes cleverly. As Graham
Cameron, one of the Heads of the EBl says, "The
naked genome sequence is not of much use. What
you want is biological understanding attached to it
in an organised way." While major genomes are
not yet complete, what is already in the databases
holds the answers to a fascinating range of
questions, provided researchers know how to use
it.
Alongside the progress of sequencing efforts,
technologies are being developed to look at living
cells in a holistic way - DNA chips can take a
snapshot of the activity of an entire genome in
terms of the RNA that has been produced, and
researchers hope to accomplish the same type of
thing at the protein level.
Managing the data that is created by such
experiments is a great challenge. A single
experiment can shed light on many others,
provided that the results are accessible in the right
way. Most of the work discussed in this report
contains an aspect of reasoning by analogy: trying
to decipher what happens in one organism, or one
type of cell, based on what happens in another.
This may be on the smallest structural level -

XIXUE LI

trying to determine how a catalytic switch works
inside a particular enzyme - or on a much higher
scale, such as attempts to explain human diseases
based on animal models.
Bioinformatics is usually the source for such
analogies, and more and more, experiments are
being based on hypotheses promoted by
bioinformatics. When trying to determine what a
molecule does, or how it works, the first line of
attack is usually to search for other proteins with
similar sequences or structures. Enormous effort
has been invested in creating software that is
maximally flexible in finding such similarities,
while applying biologically appropriate criteria.
The greatest challenge in the face of the oncoming
data explosion is to store information in such a
way that it can be accessed and understood, and to
create clever tools that integrate it in a reliable
way.
"Data analysis will become more and more
important, overshadowing data production,"
predicts Peer Bork. "The real challenge will be to
integrate your personal data with what is out in
the world, which is tough because it is a huge data
jungle out there. "
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The EMBL database
GUNTER STOSSER: "In recent years the EMBL database has doubled in size nearly every year and
on December 3, 1999, it contained over 5.2 million entries representing over 4.5 Gigabases of
nucleotide sequence. Database statistics are available (URL: http://www3.ebi .ac.uklServices
I DBStats/). The last three years have seen a phenomenal increase in the amount of data
submitted by genome sequencing centres and a substantial increase in the number of new and
completed genome projects. During the first 8 months of 1999 over 1.6 million new entries (1.3
Gigabases) were made public, an average of 6400 entries (5.4 Mbases) per day."
"The project includes a comprehensive sequence-based collaborative taxonomy aimed at
achieving a centralized classification system for all of the species whose sequences appear in the
database. It currently includes over 50,000 different species. The top five organisms in September
1999, in terms of numbers of sequences in the database, were : Homo sapiens (53.4%), M.
musculus (8.9%), Drosophila melanogaster (5.5%), C. elegans (5.2%), and A. thaliana (4 .3%)."

GUNTER STOSSER
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Sampling the quality of the human
genome database
data contamination from bacteria
may provide a yardstick of
.
The complete human genome sequence will
sequenczng accuracy
be available soon, and how well researchers
can use this information in forseeable
medical,
pharmaceutical
and
other
applications will directly depend on the
accuracy of the data. Concerns have been
raised because errors can be made during the
process of sequencing - establishing the order
of the four base pairs that make up DNA.
"While the First International Strategy
Meeting on Human Genome Sequencing set a
goal of one error or less per ten thousand
bases, it is difficult to say whether this goal is
being achieved," says Fergal Hill, Staff

Scientist in the group of WILHELM ANSORGE.
Hill and members of the Ansorge group,
along with the group of TOBY GIBSON, have
discovered a new way to test the genome's
accuracy - based, ironically, on a DNA
sequence from bacteria that has found its way
into the databases by mistake.
The genomes of humans and other species are
being pieced together like great puzzles, and
to obtain each individual piece, researchers
make millions of copies of a limited segment
of the entire DNA molecule. The most
common method to do this is to clone the
segment in E. coli bacteria, which can be
convinced to adopt foreign DNA and copy it
faithfully, just as if it were their own, every
time they reproduce. Over a short time, a
single bacteria will multiply into a huge
colony, and at this point the necessary
quantities of the human DNA can be
extracted, purified and then analyzed by
sequencing machines. Errors can occur at
many steps - sometimes during the physical
process of sequencing, but particularly at the
analysis stage where longer stretches of DNA
are pieced together by lining up smaller
segments and figuring out where the ends
overlap. Another source of error is
contamination, when bits of genetic material
from E. coli get mixed into the human
sequence, and Hill and his colleagues have
now found one case where this has turned out
to be a blessing in disguise.

see related
story, p. 72
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the latest, five-laser version of the ARAKIS DNA sequencer

When genes jump
"Specialized strains of bacteria have been constructed specifically to do
cloning," Hill says. "A new strain is assembled by incorporating genes from
other bacteria, and initially capturing these genes involves adding a DNA
marker called TnlO . The marker is carried over when the gene is transferred
into the new strain, but it is taken out again before the bacteria is used for
cloning."
The removal of TnlO may not be completely successful, however, and here a
potential problem for the human genome project arises. The beginning and
ending segments of TnlO are special sequences called transposons - pieces of
DNA that sometimes jump randomly to new locations in the bacterial
genome. TnlO carries two readily-identifiable transposons (one at either end,
identical except that they are mirror images of each other) called ISIO - a
sequence that is 1,329 base pairs in length. When the Tn10 is moved into a new
strain of bacteria, a transposon may jump away to another spot, and it will
stay behind as the remaining TnlO is removed. When human DNA is put into
this contaminated E. coli for cloning, there is a chance that the 1510 sequence
will jump again - possibly landing in the middle of the human sequence.
"Fortunately this happens at a low frequency," Hill says, "but if it does, 1510
will be in the human sequence when you extract the clone; during analysis it
will be interpreted as a part of the human sequence, and thus it gets added to
the genome database."
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A blessing in
disguise

This is not the first time that genetic information from E. coli has been
observed creeping into human sequence data. Nearly ten years ago, Tom
Kristensen, a former member of Ansorge's lab who is now at the University of
Oslo, undertook a systematic study of how often this had happened and found
a surprisingly high number of contaminations.
Hill and his colleagues' search of genome databases turned up twenty-eight
cases of contamination by ISla, twenty-four of which are found in the human
genome. "Contamination in itself doesn't pose a real problem," says Toby
Gibson, "if a proper annotation is made when the data is submitted to the
database." Sequences can be entered accompanied by explanatory
commentary. But this has only been done in a few of the twenty-eight 1510
contaminations, and in some cases the wrong annotations have been made.
Sequences that naturally appear many times in a genome often have a
biological significance, and the presence of several copies of ISla could easily
be misleading.
Paradoxically, ISlO has also provided researchers with a yardstick to measure
the accuracy of genome projects. The sequence of the transposon is known,
and if the genome were free of errors, this sequence would be identical
everywhere in the genome database. "Some normal variation was found, but

BUILDING LADDERS TO REACH GENOMES

there were no errors in any sequences coming from genome projects, and that
amounts to a total of 38,541 base pairs," Hill says.
This high accuracy might be due to the fact that 1510 might be unusually easy
to sequence, so the groups looked at information that had come from sources
other than genome projects. Three database entries had been made by largescale sequencing projects, and these were perfect, but two other entries
contained errors. The researchers concluded that 1510 was a good control
element to test the overall accuracy of existing genome data.
"So if 1510 is giving us an accurate picture, the error rate in existing sequences
of the human genome is lower than the limit set at the International Strategy
Meeting," Hill says. A third of the genome has been completed; as more
sequences are finished, the degree of accuracy can be determined more
precisely.
Ansorge's group has gone on to look at other incomplete genomes; they have
found 47 examples of 1510 contamination in the fruit fly genome, which has
nearly been completed. Once the complete DNA molecule for a species has
been sequenced, the researchers hope that 1510 can be used to calculate the
accuracy of the whole, making the sequence into a sort of universal yardstick
to study the quality of sequencing.
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Putting genomes to use
EMBL on a chip

the Ansorge group gears up to make
designer microarrays for gene
expression experiments

Microarrays are clusters of molecular probes mounted on a tiny surface, able to take a biochemical
snapshot of gene activity as extracts from cells are washed by. Usually the probes are cDNAs "footprints" of genes made from RNAs - or oligonucleotide sequences which bind to specific
RNAs. By measuring which probes have caught a binding partner, researchers can tell which RNAs
have been produced in cells. In just a few short years, the concept of such a "lab on a chip" has gone
from a dream to a practical technology which transforms genomic information into concrete
experimental data.
A number of successful chips have already been produced in labs in the United States and
elsewhere, including micro arrays which contain probes for all of the genes in yeast, yet there is still
room for great improvements in the technology. Probes have to be mounted on a surface such as
glass efficiently and with high quality. Better methods to scan the probes, to see which have
acquired "hits", must be developed - hopefully producing reliable quantitative information about
how many RNAs have been detected. Much can be done to make better, cheaper chips which
would then be available to researchers everywhere. And microarray experiments generate huge
amounts of data which must be recorded, plugged into a database, linked to a biological context,
and queried.
"We are making a contribution in all of these areas," says Wilhelm Ansorge, whose group has
developed prototype chips that have been used in preliminary experiments, as well as new
software to evaluate the data. They have also participated in the effort to develop international
standards for the micro array database, spearheaded by ALVIS BRAZMA and ALAN ROBINSON at the
EBI, in collaboration with colleagues at the German Cancer Research Center (DKFZ) in Heidelberg
and other institutes. EMBL is also participating in efforts to develop chips that can support fulllength cDNAs from the human sequence, as well as expressed sequence tags (ESTS) - partial
sequences which contain enough information to capture the products of single genes.
Scientific Coordinator lAIN MATTAJ points out that even when gene chips for several different
organisms become available on a wider commercial scale, laboratories will need the capacity to
produce their own. "This custom technology is necessary to answer questions which are directly
generated at EMBL," he says. "For projects such as MATTHIAS HENTZE'S work on iron metabolism, or

WILHELM ANSORGE
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Learning to speak
the language of
genomes

"Comparisons of the 'complete' genomic sequences of the
yeast Saccharomyces cerevisiae, the nematode C. elegans and the
insect Drosophila melanogaster have confirmed what we have
known for some years - Nature is very conservative," says
MICHAELASHBURNER, Joint Head of the EBI. "Unfortunately, so
are many biologists." He calls the Gene Ontology project,
which he helped to found, "a radical effort to transcend this
innate conservatism." With colleagues from FlyBase, the
Berkeley Drosophila Genome Project, the Saccharomyces
Genome Database in Stanford, and the Mouse Genome
Database at Jackson Laboratory, Ashburner has been
developing a unified vocabulary to talk about gene products
in terms of their molecular function, the biological processes
they participate in, and their cellular locations.
When researchers access databases of genomes or the
databases that are being built around micro array (gene chip)
experiments, they are usually looking for information about
other molecules that will help shed light on the functions of a
gene that interests them. Whether they find it or not may
depend heavily on how well the GO project has been able to
define basic biological terms. "The three categories now
include a total of just over 4,500 terms, and about 18,000 links
to genes have been established so far/' Ashburner says."
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"Michael Ashburner developed FlyBase,
the most
comprehensive genomic database and the only one to contain
bibliographic references dating back to 1684! In Michael's
opinion Drosophila is the most (if not the only) interesting
organism as it is much more complex than mere mammals such
as Humans. After all, we don't have wings, we lack antennas
and have only one pair of legs!"
- Amos Bairoch

The GO has an interface to the three collaborating
databases that can answer questions like, 'How many
genes have this particular molecular function? How
many playa role in the same process, or are a part of the
same cellular structure?'"
The vocabulary is already being used to describe data
from micro array experiments in yeast - a company called
Spotfire Inc. has developed a browser which scans
experimental results based on the GO terminology. "The
Stanford group has shown just how useful it can be to
attach GO annotations to clustered expression data,"
Ashburner says.
The terms were also extensively used to annotate the
"complete" Drosophila genome, at an "annotation
jamboree" held in November at Celera Genomics. The
sequence was completed as a joint effort of Celera and the
European Drosophila Genome Project (EDGP), an ECfunded international collaboration in which the groups of
Ashburner and FOIlS KAFATOS have participated.
Ashburner has been involved in FlyBase since its
inception, and a current project is to ensure that the
quality of annotation of the fly genome is as high as
possible. "One concern that has been raised about
programs that attempt to analyze the sequence and
predict which segments represent genes has been that
there are different programs to do this, and there have
been few objective tests to compare their performance,"
Ashburner says. His group collaborated closely in such a
test run by the Berkeley Drosophila Genome Project, in
which the annotation of a region of the Drosophila
genome was kept secret to allow other groups to try their
own analytical methods. Twelve groups collaborated,
and the results will be published this year.

161

EMBL 1999 ANNUAL REPORT

Preparing for the flood
International standards
for the Microarray
Database are being
signed and sealed

In the Japanese game called go, players lay down white or
black stones in alternation on a grid-like board until all
the space on the board has been mapped out. Each stone
has a tactical significance, but it can do nothing on its
own. Its meaning is only definitively determined when
the whole game has been played, based on the position of
every other stone. Beginning players must learn to keep
one eye on single events while never losing track of the
whole.
The same type of problem is evolving as whole genomes
take shape, and chip experiments aim at studying
patterns across an organism's entire set of genes: single
genes or pathways will have to be reinterpreted to fit into
the whole. "But what does it mean to understand a gene
regulatory network of hundreds or thousands of genes?"
asks Alvis Brazma, who heads the EBl's Microarray
Database initiative with Alan Robinson. "Even finding a
way to describe such a network will be a great challenge."
Brazma, Robinson, and collaborators across the world are
bracing for a deluge of data as more and more micro array
experiments are performed. A major effort is required to
find a way to store the output of different kinds of
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experiments that use a variety of types of chips
containing different sets of biochemical probes,
investigating different organisms, under very different
conditions.
"There are many labs across the world that have already
begun to use microarrays; in general, each has had to find
a solution to fit its needs," Brazma says. "But getting the
most use out of this information will require general
standards so that tools can access the information." In
November, 1999, the EBI sponsored a meeting in which
representatives from dozens of institutes and companies
gathered to establish protocols and confront other
problems which will arise as data from past and future
experiments are linked. Basic guidelines outlining the
minimal information required by the database were
established and working parties were formed to tackle
more specific issues; if all goes well, the plan will be
finalized in a meeting at the German Cancer Research
Center (DKFZ) in Heidelberg in May, 2000. This will
hopefully permit the database to be launched at the end
of 2000.

The European Bioinformatics Institute in Hinxton, UK

Parallel to the database, tools are being developed which
are capable of integrating many different types of
information. This requires Brazma and his colleagues to
think far ahead, to new types of questions that molecular
biologists may want to ask. "Scientists at the Institute on
Aging at the University of Wisconsin have done studies
of how gene expression changes in the same types of
skeletal cells at different ages of mice," he says. "There
were strong patterns in which some genes were
expressed twice as strongly in older mice, others twice as
weakly with increased age. And a study in a recent issue
of Nature has compared expression patterns among two
types of tumor cells - in lymphocytes - and discovered
that what has been considered a single type of tumor
should be divided into two classes. These cells have gene
expression patterns that are linked to two different
phases of B-cell differentiation. And what was very
interesting was that they the two types are very strongly
correlated with different survival rates of patients."
"Another point is that nobody really knows how many
different types of cells exist in the human body," he says.
"Current 'low-resolution' estimates lie at a few hundred
different types. But by studying microarray data, we will
discover new sub-classes that express distinct sets of
genes. If such patterns occur, we will know to look for
functional differences as well."
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Assembling the puzzle of the human genome with
Ensembl, an automatic sequence annotation system
The first sight that greets visitors to the Sanger Centre in
Hinxton, one of the world's most productive sources of
sequence information from human and other genomes, is
a green fluorescent ticker-tape on which the letters A, C,
G, and T fly by almost
too rapidly to be seen.
These letters show an
actual flow of data
from the Centre's
sequencing machines
into the databases of
the EBI. N ow a
unique collaboration
between
these
neighboring institutes
has
achieved
a
landmark: using a
new
method
of
automatic sequence
analysis
called
Ensembl, a group of bioinformaticians have confirmed
RICHARD DURBIN
& EWAN BIRNEY the location of more than 35,000 genes in the human
genome and have identified a further 150,000 potential
gene fragments. The researchers have begun to provide
Ensembl data and tools for free to all users via the World
Wide Web.
'The 'working draft' of
the human genome
sequence, which will be
completed soon, has
already proven its
value, but its usefulness
to researchers will be
enormously enhanced
by a tool such as
Ensembl," says EWAN
BIRNEY, who heads the
initiative from the EBI
side. "An automated
tool had to be created to
identify
genes,
to
correctly map new sequences onto their locations in the
genome, and to link them to whatever information is
available about the functions that genes have in cells and
organisms." The result is a highly-organised database that
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will permit researchers to make maximum use of
sequence data. It will also vastly speed up applications
such as identifying new targets for drug development.
What scientists hope to learn from the human genome is
how information encoded in genes is used to synthesise
proteins, the workhorse molecules that carry out most of
the activity in cells and whose disruption is often the
cause of disease. While in many simple organisms, a high
proportion of the DNA encodes protein, genes make up
less than two per cent of human DNA. The function of the
rest is unknown; in some cases it is simply background
"noise." One challenge confronted by the project is simply
to find the genes among the noise.
"Early in 1999, the partners in the Human Genome Project
significantly increased their DNA sequence output to
reach the landmark of the working draft," Birney says.
"This means that DNA databases are being flooded with
tens of thousands of sequences each month that are in a
less organised form than originally planned."
So much information is being produced that it would take
researchers years to add even a minimal amount of
biological information ("annotation") to sequences, if they
had to do it by hand. The aim of the team is to automate
this process as much as possible.
Adding this valuable understanding to raw sequence
data consists of a number of complex steps. Cells have
machinery which recognizes specific DNA sequences,
triggering the transcription of a gene into the RNA that
will then be used to synthesise proteins. This RNA
undergoes further processing - it may be cut and pasted
in a variety of ways to achieve mature "messenger" RNA
forms that ultimately produce different proteins.
Computer tools have been created which can simulate
these steps. This is necessary because most of the
information about the biological function of genes is
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person's genome varies from this sequence. Variations
may involve a change in a single base pair (the smallest
building block of DNA). These are called single
nucleotide polymorphisms, or SNPs, and may be widely
spread throughout the population. Most SNPs are
harmless, but some of them have been linked to
inheritable diseases.
"At the moment information about SNPs is stored in
about 150 data collections throughout the world," Birney
says. "Obviously, it is of extreme interest to the
b iomedical community to be able to access this
information." The SNP Consortium Ltd., a collaborative
effort to create a freely-available map of variations for the
whole genome, recently announced the release of a total
of 100,000 SNPs. Forty-five per cent of these have been
contributed by the Sanger Centre.
Tim Hubbard, who heads the Ensembl initiative from the
Sanger side and wrote the first versions of software that
have inspired Ensembl, emphasizes that from the
beginning, the approach of the team has been to make
everything free and accessible to the widest public
possible. "This will go far to encourage worldwide
collaboration in genomic annotation/ he says. "The
model is similar to that used to develop the popular
LINUX computer operating system. Both data and the
program source code are free."
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Tracking human
variations and mutations
Scattered throughout the world is a lot of
information about sequence variations known mutations or other types of alterations
in genes - that would be useful to have linked
to databases of gene sequences. "In reality,
these data are scattered in various databases,
usually maintained by a researcher who
collect and annotate all the mutations known
for the particular gene they happen to be
interested in," says Heikki Lehvaslaiho, a staff
scientist in Michael Ashburner's group at the
EBI. Some of these contain vital information
linking mutations to specific phenotypes, and
the Human Genome Project has started a a
project to coordinate their classification.

ftp:/ /ftp.ebi.ac.uk/pub/databases/variantd
bs/hgbase/

A more formal approach is being taken by
Lehvaslaiho and collaborators including PEER
BORK at the Heidelberg Laboratory and Tony
Brookes' group at the Karolinska Institute in
Sweden. Brookes had begun a collection
called HGBASE containing human SNPs,
collected from public databases and
publications. The researchers are extensively
annotating entries and then making them
available on the EEl FTP site at

Peer Bork adds, "An extensively-curated,
high-quality database such as the HGBASE is
extremely useful for further analysis of SNPs.
We were able to take many of the SNPs and
map them onto known three-dimensional
protein structures, and this is enabling us to
understand their consequences. This is crucial
in order to move towards the ability to make
predictions about the effects that specific
SNPs will have on cells and organisms."

"This effort is necessary because many SNPs
have been related to disease, and these
sequences can be used to study human
variation
and
evolutionary
issues,"
Lehvaslaiho says. "Even in the case of the
best-known protein linked to tumours, p53,
there exist two huge collections of data which
are not cross-referenced, making comparisons
extremely difficult." The researchers have
created a new database called p531ink, also
available via the EEl website, which
integrates the information and eliminates
red undancy.
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SWISS-PROT
the database with
a human touch
Amos Bairoch is a reluctant visionary. "When
people leave for awhile, they usually come
back," says the man who can be considered
the father of protein sequence databases.
"People who work at SWISS-PROT tend to get
stuck here." The rule certainly holds true for
Bairoch. Although he has totally devoted the
last twenty years of his life to developing the
highest-quality protein database anywhere in
the world, he claims that SWISS-PROT is the
result of a series of "serendipitous unplanned
events" rather than a deliberate plan.
Although he has considered turning the
project over to someone else on several
occasions, it has never quite happened much like a person who can't quite make up
his mind to board a train.

AMOS BAIROCH
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People who have watched the evolution of
SWISS-PROT can't really imagine the project
without Bairoch, who has personally
reviewed everyone of more than... protein
sequences in the database. He feels a deep
connection to the dozens of bioinformaticians
who have been involved in the project since
its genesis. "I feel privileged to have met and
collaborated with many researchers whose
work has been instrumental in the emergence
of the field of bioinformatics... They are
friends scattered around the world but united
by a common passion: uncovering the
meaning of genetic information."
A few days before I traveled to Geneva to
meet Bairoch, he sent me an article bye-mail
that has now
appeared in a
special
h istory
issue
of
the
journal Bioinformatics. The article
is a detailed personal account of
the projects he
has nurtured over
the years. EMBL
figures prominently in this history,
largely due to the
efforts of GRAHAM
CAM E RO N ,
Patricia
Kahn,
and Lennart PhiThe Swiss Institute of Bioinformatics,
lipson. Very early
on, EMBL made a
deep and sustained commitment to a
partnership between its data activities and the
fledgling protein database. The history makes
fascinating reading, both as a personal story
and one which tracks the evolution of a
project which has become central to
molecular biology.
In the mid-1980s, Bairoch launched the
database himself because an earlier project in
the United States called the Protein
Identification Resource (PIR) wasn't doing
enough quality control. "I took their data,
reformatted it, found a number of problems,
including proteins that didn't have any

information about functions . I kept writing
them letters about things that needed to be
changed or updated, even simple mistakes,
and never got an answer. Then I met some of
them and they said they didn't have time to
correct the mistakes. My response was simply
to make corrections in PIR, but a number of
users became very interested and wanted a
version not tied up with the sequence analysis
software I was developing (PC/Gene)."
"I approached EMBL in 1986 to ask them if
they were interested in distributing SWISSPROT," he says. "They invited me to come,
and I arrived in the office and there was
Graham, with Greg Hamm - who headed the
group but was leaving - and Patricia. I
remember
Greg saying,
'This is something that we
should
do,
not only distribute
the
database but
participate in
making it...
Should we do
it together?' I
said
that
would be fine
because I was
doing
software
development and
Geneva, Switzerland
didn't really
want to devote myself to a database. Maybe I would do
the first release and three-quarters of the
second release, with EMBL taking over a
quarter, and by release four I would bow out."
He laughs. "So I was supposed to finish
working on SWISS-PROT at the end of 1987."
I ask him how many people were involved in
the beginning. "Patricia Kahn was first
involved directly. She hired two students ROLF ArwEILER, who is now the head of the
project at the EBI, and Brigitte Boeckmann
who still works with SWISS-PROT in
Geneva."
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From the start, SWISS-PROT was manned
almost entirely by biologists, rather than
computer specialists. "We needed to have
people who knew about proteins," Bairoch
says. "Now we need more and more
computer experts to build tools around
SWISS-PROT and TrEMBL - because we're
confronting the flood of genomic sequence
data." The project has also hired a lot of
people with children - a satisfactory
arrangement from both sides, because until
recently the majority of the staff worked parttime, often from home. Rather than lose touch
with the project, some of them have even
taken the job with them to places like Bolivia
or Guatemala.
In terms of funding, SWISS-PROT has not
always had the happiest stories, to tell;
Bairoch admits that there have been phases of
deep frustration. Despite SWISS-PROT's
universally-acknowledged importance, it has
struggled through a number of crises, usually
because of a tendency for international
European projects to fall into a funding crack.
They are often considered ineligible for
national funding - or are continually
forgotten when funding policies are revised.
On the international level, they are challenged
to justify their existence over and over again
because of the lack of a mechanism to provide
sustained funds for infrastructures such as
databases.
recounts the chicken-and-egg
SituatIon of not being able to acquire funding
from Switzerland without EU backing, and
not obtaining EU backing without sufficient
local or national support. In the end, the Swiss
scientific funding agencies declared that a
long-term solution to funding ought to be
found. The ultimate result was the creation of
the Swiss Institute of Bioinformatics (SIB), a
conglomerate of five important centers, and
one of its central components is SWISS-PROT.
Bairoch doesn't want to dwell too long on
funding issues. I remember a statement from
the beginning of his personal history where
he had mentioned being interested in space
exploration and the search for extraterrestrial
life. "Was there a phase in which you had a

fascination
for
protein
themselves?" I asked.

sequences

"Well, there is a fascination for proteins in
general. By putting together 20 amino acids,
you can do so many different things. For me it
is like Legos ... Give me 20 Legos and you can
create the entire biosphere. When you think
about it, that's incredible. You might think
that the DNA base is even more incredible there are only four Legos, and structurally
these are organized into a binary code, so it is
to think that the whole biosphere
anses out of a binary code ... But I am more
interested in proteins, where you create threedimensional structures. You can create the
whole scaffold of everything which is alive
thanks to proteins. In a way, DNA is an
information problem; proteins are a structural
problem."
The data explosion is changing things for
bioinformaticians on many levels. 'There are
so many things you can do now with these
data," he says. "The field has suddenly
become so data-rich that it is attracting
computer people who formerly were not at all
interested in bioinformatics. They can think of
new algorithms, data mining, a lot of things.
It is exciting because so many people are
working on it."
"It is also nice to have a group that has grown
together. Both the group in Geneva and the
group at the EBI are good-spirited groups,
where people not only work together but are
friends. And we also have a lot of contact with
people outside like Peer. I am lucky because
there are so many friends and people I have
met who are so interesting, people like Chris,
Peer, .Patricia, they are all incredible people in
all different aspects. It is nice to have this
constellation of wonderful people all over the
world."

At some point, Bairoch says, he really will
take a step back and stop reviewing everyone
of the new protein entries. But as I watch him
step out of the office, glance toward a curator
and her computer screen, and spot an error in
a single line of a SWISS-PROT entry
practically from across the room, I somehow
can't believe that he ever will.
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Beefing up the
structure database
"Currently about 12,000 protein structures are
known," says GEOFF BARTON, who heads the
European
Macromolecular
Structure
Database (EMSD) team at the EBI, "and about
2,500 new protein and nucleic acid shapes are
worked out every year." Most of these
structures come from X-ray crystallography
and NMR. Increasingly, high-resolution
electron microscopy techniques have become
a source of structures. "Although the numbers
don't sound high compared to submissions to
sequence databases, data about structures are
considerably more complex and provide a
rich source of functional information that will
be of use in both basic research and
applications such as drug design," Barton
says.

data. Just as Ensembl is needed to annotate
sequence information, a solid database and
efficient tools will be required to help
biologists make the most out of structural
information.

For several years, Barton's group has run the
EMSD as a pilot project funded by the EU and
the Wellcome Trust. The techniques and
expertise developed so far will be essential for
structural genomics initiatives, and the
infrastructure is needed now more than ever
to allow scientists to rapidly integrate
structural information with other biological

This fits well with the EBl's overall emphasis
on curation, data quality, and integrating
different types of information. EMBL leapt
into SWISS-PROT when the project was still
in its infancy, and played an essential role in
bringing it to maturity. Software called SRS,
developed at EMBL, was one of the first tools
developed which could take a single request

"The project must now be upscaled by
providing the first large-scale deposition and
search tools for macromolecular structure,"
Barton says. The database will be closely
integrated with SWISS-PROT and other EBI
databases to increase the amount of
functional information that can be accessed
through data searches. Another plan is to
include "volume data" - lower-resolution
information about basic molecular shapes that are acquired from methods such as
electron microscopy.

"In the long run, the organization of the protein universe will serve as an
invaluable dictionary for biological research," says LIISA HOLM, group leader at the
EBI. Aiming at the ultimate goal of describing all protein structures, her group
provides a growing battery of tools for linking protein sequences to structures.
They maintain the following databases:
DSSP - the database of secondary structures;
HSSP - protein structures derived by homology;
DALI - families of protein structures aligned in three dimensions
PSSP - multiple alignments of protein families.
In collaboration with EMBL alumnus Chris Sander, the group has worked
extensively to develop classification schemes for protein families and is
developing tools to help researchers find protein structure homologies and
internal repeats in sequences, and to compare newly-solved structures with the
contents of the Protein Data Bank.

see related
stories,
p. 116, 180
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Towards the
proteome
A new screening
method

Many proteins are active only in specific regions of the
cell, where they have important duties. Discovering a link
between a protein and a location provides an important
clue to its function. A number of methods have been
developed to uncover these connections. CAYETANO
GONzALEZ'S group has developed a new method to
identify localized proteins and clone them based on the
insertion of a marker, such as the green fluorescence
protein (GFP), into the genome. A visual screen of cell
lines reveals when the marker has attached itself to a
protein active in a specific area, because the location is
highlighted in fluorescence.
Formerly, isolating localized proteins usually depended
on a technique called cell fractionation, where the contents
of cells are "squeezed out" and allowed to settle in
different locations of a solution based on their general
biochemical properties. Fractionation is a lengthy process
that suffers from a number of problems, including a bias
towards certain types of proteins and regions of the cell;
these are circumvented by protein traps. "Our new
method isn't biased by any particular features of a protein
- its abundance, physiological role, or location," Gonzalez
says. "Using the Motif Trap has allowed us to identify
proteins localized in each major organelle and
compartment. Some of these have been well-known
proteins and targeting signals, which verifies the success
of the method; others are new."
Identifying and cloning the gene for a marked protein,
which is necessary for further research into its function,
can now be performed in a number of straightforward
steps. Because any protein found now contains a known
sequence - that of the GFP marker - it is easy to fish for
RNAs containing the sequence and use biochemical
procedures to run off large numbers of copies of the DNA
sequence.

protein trap
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Another use of the method is to decipher targeting
signals themselves. By hooking GFP up to small DNA
sequences cut up almost randomly, the researchers could
watch where the resulting proteins ended up. "In one
study we found that about fifteen per cent of these
fragments ended up in the mitochondria," Gonzalez says.
'That number is too high - surely not all of those
sequences are localization signals. But all of them very
precisely fit the profile that has been developed for
mitochondrial pre-sequences."
Many proteins, therefore, contain short sequences that
look like localization signals; normally they are "silent",
Gonzalez says, because they are hidden within a folded
protein and inaccessible to the machinery that scans and
delivers proteins. There may also be competition within a
protein which contains numerous signal-like sequences;
other signals may be more dominant. But by taking
signals out of their natural context, and hooking them up
to GFP, researchers can get a handle on the nature of the
signals themselves.
There are numerous other potential applications. The
Motif Trap can be used as a high-throughput method to
determine cellular localizations for the many new
sequences derived from genome projects. It could be used
to track proteins whose localization patterns change as a
result of environmental stress or infections. It may also
help researchers to dissect organelles and cellular
subcomponents more clearly, by identifying subdomains
populated by particular proteins. Gonzalez's group is
using the approach to study centrosomes, structures which
playa key role in cell division and the organization of the
microtubule cytoskeleton.
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Predicting protein interactions
CHRISmS OUZOUNIS' group at the EBI has found a way to
predict whether two proteins will interact based on searching
genome databases for related proteins. For some time the
researchers have been studying genomic maps, which plot
the actual physical locations of genes in an organism's DNA
molecule. "As DNA is copied prior to cell division, mistakes
can occur, moving apart genes which have previously been
neighbors," Ouzounis says. "This can be harmful, because a
gene's position may be crucial to its proper function." There
are cases, for example, where a row of genes is activated one
after another, like a line of falling dominoes, when proteins
must be produced in a precise sequence during the
development of an embryo.

Recently, bioinformaticians have shown that proteins which
physically interact with each other within cells seem to profit
from keeping their genes close to each other over the course
of evolution. But Ouzounis says that caution must be
exercised in drawing such conclusions - the effect isn't that
strong, and it results in too many false predictions.
"We decided to look at what you might call the ultimate sort
of gene proximity: cases in which separate genes have
actually fused into one, resulting in a single protein," he says.
Over time, it could well be in a cell's best interest to fuse
separate proteins which constantly need to interact into a
single molecule. It might prevent the loss of one of the
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partners when DNA copying errors are made. It would also
be a way to avoid the damaging effects of mutations which
might permanently inactivate one of the genes or hide it from
the machinery which transcribes DNA into RNA.
"There are several cases where multiple functional parts of a
composite protein are known to have relatives which are
separate proteins in another," Ouzounis says. "We created an
algorithm which can scan for cases where separate proteins
may have fused in another genome. We limited our test to
three complete genomes; we found 215 proteins involved in
88 fusion events. A quarter of these are false predictions - a
much lower rate than other methods produce; of the rest,
forty per cent of the separate proteins are known to be
involved in the same protein complex or biochemical process,
and the rest are good candidates that can be tested.
Intriguingly, most of them are metabolic enzymes."
Nearly three per cent of all the proteins the group
investigated had fused counterparts in another species, and
the study produced a number of hypotheses which can be
readily tested. Ouzounis says that the study can be extended
to larger, more complex organisms. A group in the U.S. has
used a similar technique to propose that nearly a sixth of the
proteins in E. coli should interact.
Finding new proteins used to be difficult; large-scale DNA
sequencing projects have now produced so many sequences
that researchers don't know what to do with them all.

Researchers are now looking for approaches to uncover
protein functions more rapidly. The Motif Trap from
Gonzalez's group may be able to provide one of the keys their locations - reliably, and on a large scale. Ouzounis' work
suggests ways of predicting the second dimension: their
interactions with other molecules. Now BERTRAND SERAPHIN'S
group has developed a method which is allowing researchers
to verify protein interactions biochemically, in an extremely
efficient way.

The art of gently
snatching proteins
and their partners

"One problem has always been purifying significant
quantities of proteins, and there is no generic method to do
this - we have had to tailor-make new biochemical tools for
each protein we want to study," Seraphin says.
Purification has usually relied on techniques which force cells
to produce extremely high quantities of the protein in
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question - perhaps tens or hundreds of times more than the
quantities normally found in a cell. "Then it is likely that these
molecules no longer behave normally," he says. "They may
clump together in complexes which never occur under
normal circumstances." Additionally, purification usually
relies on genetic engineering techniques which add an extra
tag to a molecule. The contents of cells are passed through a
trap where biochemical agents, usually antibodies, grab onto
the tag and don't let go as everything else is washed out. The
problem is that such traps nearly always grab unwanted
molecules.
Seraphin's group has developed a method called tandem
affinity purification (TAP) which is sensitive enough to detect

proteins at their normal cellular levels, and which has solved
the problem of contamination. The TAP method involves
creating proteins with multiple tags that can be taken through
a series of purification steps. The challenge for Guillaume
Rigaut, a biotechnical engineer in the group, was to find just
the right combination of tags, specific enough to grab even
very low numbers of molecules. Further the steps had to be
gentle enough to keep complexes intact - any proteins that

Oynabead images courtesy of Oynal A.S.
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BERTRAND SERAPHIN & MATTHIAS WILM

might be clinging to the target molecule should be retained
while extraneous is washed away. TAP accomplishes all of
these goals.
In yeast, the successful combination turned out to be a
protein from bacteria and a sequence of amino acids that
binds to a protein called calmodulin; these tags are separated
by a sequence that can be cut by a protein-digesting enzyme.
In the first purification step, the bacterial tag binds to a bead
that is covered with antibodies for it. The bead also captures
some contaminants. When everything else is washed away,
the enzyme is used to cut the sequence that joins the tags,
washing off the target protein and leaving the contaminants.
The freed molecule (and any partners attached to it) is now
snatched in a second purification step that binds the sequence
to beads covered with calmodulin.
The method has been quickly adapted to other organisms,
such as Drosophila and mice, and is currently in use in over
150 labs world-wide. It is fast becoming another standard
component in the molecular biologist's arsenal, providing a
means to turn genomic information into real biological
knowledge. It is also one of the most powerful tools available
to purify whole assemblies containing multiple proteins.
More and more, biologists are recognizing that key cellular
functions are carried out by assemblies rather than individual
molecules.
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Combining sequence and
structure data to predict
functions
The ideal of predicting protein functions from
their sequences has not been given up;
sequences of entire genomes are permitting
scientists to determine definitively what the
most closely-related proteins in two different
species are, and these homologues often share
functions.
There
have
been
great
improvements in the programs that are used
to align these sequences and to statistically
determine which amino acid positions have
been preserved over the course of evolution.
Still, according to MICHAEL NILGES, many of
the existing programs are deficient, because
they don't take into account structural
information about the proteins.
"If one or more sequences in a multiple
alignment have known structures, then this
information can generally be applied to the
rest," Nilges says. "Even approximate
information about structures contains
valuable functional information."

The group has investigated a common protein
domain called PH and found that although
structures are generally more conserved
across evolution than sequences, some
biophysical properties form exceptions to the

see related
story, p. 92
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rule. And the farther a homologous sequence
is from the model sequence for which a
structure is known, the greater chance there is
that there will be structural variations as well.
Nilges and his colleagues are merging pure
sequence comparisons with structural and
function predictions by expanding a tool
called SequenceSpace, originally developed
by Chris Sander's group. They are now
applying the method to well-known test cases
like SH2 and SH3 domains, and investigating
RNA-binding motifs with MICHAEL SATTLER'S
group.
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Towards the big picture:
a new view of genomes
Whole genomes and evolution
In a sense, our DNA is our history: a study of
variations in DNA sequences can trace
familial relationships across an entire species.
(A few years ago, scientists used sequencing
to help puzzle together tiny fragments of
ancient parchment from the Dead Sea Scrolls,
reasoning that each section of a scroll was
likely taken from a single sheep. By
identifying individual sheep, they could
"number the pages" and narrow down the
number of places a fragment might fit into the
whole.)

Sequence comparisons can also be used to
trace lineages between species. Until recently,
researchers attempted to construct such
genealogies based on variations in single
genes. Depending on which gene was used as
a starting point, researchers found themselves
drawing different trees - because genes had
sometimes been transferred between different
species, rather than being passed along only
by inheritance. (Some viruses are known to
import foreign DNA that works its way into a
species' genome, for example.) Originally this
sparked a debate about whether the question
of phylogeny could ever be solved with
genomic data, because some researchers
painted a picture of genomes as flood plains
which might be continually inundated with
foreign genes, making their basic identity
difficult or impossible for researchers to sort
out over time. But new analyses based on
information from complete genomes suggest
that this picture doesn't describe the process
of evolution.
"In the history of language you sometimes see
cases where two languages have been
merged," says Martijn Huynen, a member of
Peer Bork's group. "This turns out not to be
the case with genomes - it's more like a
situation where an established language
borrows individual foreign words. So there's
hope that we can use complete genome
sequences to determine things like evolution
rates and just how much lateral gene transfer
has happened."
Berend Snel and Martijn Huynen, of Bork's
group in Heidelberg, have created maps of
"distances" between species based on global
comparisons of the complete content of their
genomes. They used this to redraw the
phylogeny of twenty-three genomes from E.
coli bacteria to yeast. "A simple formula gives
us similarity values for organisms: the
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number of genes that two organisms have in
common divided by the total number of
genes," says Berend Snet a member of Bork's
group. "The first surprise was that in general,
analyses of whole genomes correlate quite
well with hypotheses that have been made on
the basis of single genes." The findings shore
up the traditional view that Eukarya, Bacteria
and Archaea constitute three distinct
branches in the taxonomy of life; they also
provide strong statistical support for theories
about sub-groupings within these branches clusters of species that are more closely
related than others.
If a great deal of gene transfer had taken
place, the researchers say there should have
been discrepancies between the picture
provided by gene sequences and a more
holistic analysis of which genes were present
at all in genomes. (New, unexpected genes
would have popped into an organism's
lineage, providing false clues as to the
heritage of all of its ancestors. The study
suggests that this was a rare event.)

Christos Ouzounis at the EBI and collaborator
Nikos C. Kyrpides, of the University of
Illinois at Urbana-Champaign (USA) have
used
whole-genome
comparisons
to
undertake a complete inventory of the
transcription machinery in the three main
taxa of life: eukaryotes, bacteria, and archaea.
"The machinery itself is made of a complex of
proteins which varies depending on the gene

and the organism," Ouzounis says. "So we
found over 4000 proteins in the databases
associated with transcription in either
bacteria or eukaryotic cells."
They used this list to search for related genes
in the four archaeal genomes that had been
completed up to that time. They found 280
genes in Archaea that could be associated
with transcription. 168 of these have relatives
only in bacteria, while 51 are related to
eukaryotic genes. The rest have relatives in
both organisms. "In contrast, there is very
little overlap in the machinery shared by
bacteria and eukaryotes," Ouzounis says.
"The only viable explanation is probably that
transcription existed in archaea before
bacteria and eukaryotes were 'invented' by
evolution - and that modern archaea have
preserved more of the original machinery
than either of the two later branches."
Earlier theories had painted a picture
whereby archaea and eukaryotes descended
from bacteria, based on studies showing that
bacterial genes had undergone a greater
degree of mutation (implying that they were
"older"). But Ouzounis points out that strains
of bacteria simply evolve more quickly.
"Archaea live under such harsh conditions
that they may evolve slowly," he says. And
the only sure method of reconstructing such
ancient evolutionary relationships is through
a broader look at genomes.

BUILDING LADDERS TO REACH GENOMES

Redrawing family trees by comparing
metabolic pathways
When NASA scientists design probes to look
for life on Mars, they create miniature
automated laboratories that look for signs of
metabolism - the transformation of food, in
its widest biochemical sense, into energy and
raw materials to supply a living organism,
and the production of waste products. Certain
types of metabolism are so basic to life that
most researchers have expected to find their
molecular components in all species, highly
conserved throughout the course of
evolution.

But by integrating data from entire genomes
with a wealth of experimental information
about biochemistry, Peer Bork's group is
painting a different picture of how metabolic
pathways have evolved. Rather than focusing
on single molecules, the researchers are
comparing whole networks of activity across
species. They are discovering that metabolic
processes are not as fixed as biologists have
believed across species, that there are many
deviations from "textbook" schemes, and that
there is flexibility even within genomes.

MARTIJN HUYNEN
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During 1998 and 1999, the group analyzed the

citric acid cycle, the second stage by which all

types of cells produce energy from glucose,
and then they turned their attention to the
first stage: the glycolytic pathway. Each of
these steps consists of interactions between
more than a dozen enzymes.
"This wasn't easy because the entire pathway
has been traced out in very few species - in
fact, most glycolytic enzymes from
completely sequenced organisms have not
been biochemically characterized in any
detail," Bork says. "Most of the evidence that
particular enzymes are performing particular
jobs is indirect. This is especially true of
parasites which are difficult to cultivate in
vitro - when you look at them in host cells,
their metabolism has to be studied against the
overwhelming background of the host cell
metabolism. "
The group's approach combines biochemical
evidence from experimental data and
literature, extensive cross-comparisons
between
genomes to more precisely

identify all of the glycolytic enzymes, taking
into account gene duplications, variations
that have developed through evolution, and
the locations of single genes in the genome which has been shown to have functional
implications.
The glycolytic cycle begins with glucose and
in a number of steps converts it into pyruvate,
which is then further processed by the citric
acid cycle. While most cells are capable of this
conversion, some species lack well-known
enzymes from the middle of the route, raising
the question of which other molecules might
compensate for them. Bork's group compiled
lists from seventeen organisms, representing
the three main branches of life (archaea,
bacteria, and eukaryotes), mapping the
presence or absence of 24 enzymes that make
up the "classical" glycolytic pathway. Of the
17 organisms, only E. coli contained all 24.
And only two species - closely-related
Mycoplasma - have precisely the same subset.
"Even the simple and basic pathway of
glycolysis has a high plasticity and versatility,
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both in a multi-species comparison and
within a species itself - there may be multiple
alternatives within the pathway," Bork says.
"This means that antibiotic strategies that
work by blocking a central enzyme of a
parasite may not be effective, because
organisms may have alternate routes. On the
other hand, if there are weak points that can
be blocked with drugs, this kind of study can
bring them to light."
The bacteria H. pylori, for example, takes up
residence in the highly-acidic environment of
a mammal's stomach. This is an unfriendly,
destabilizing place for a glycolytic enzyme
called pyruvate kinase; acid destabilizes it. But
the kinase's functions can, for example, be
taken over by a PEP synthase. And while H.
pylori contains no pyruvate kinase, it does
have a homologue of PEP synthase.
Collecting the basic biochemical data for these
comparisons was a difficult task, and Bork
points out that a mechanism is needed
whereby metabolic experiments
tracked more easily. "It would

plug new information into the chart faster," he
says, "and information would thus acquire a
greater value, because it conceivably has
implications for all the other species on the
chart."
This type of study may serve as a preview of
how components and pathways will be
understood in the "post-genomic" era.
Comparisons between species, which are
much more useful when whole genomes are
on hand, can be very informative about the
"meaning" of an element of any type of
pathway, whether it has a metabolic or
signaling function. As more genomes are
completed, researchers will obtain an eversharper view of pathway evolution.
Remnants of older forms of glycolytic
mechanisms may serve as backups to more
newly-evolved systems. When information
about a pathway in a
organism is
missing, the complete
picture
the gaps.
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GeneQuiz: the
bioinformatician 's
personal agent

Doing a full-scale analysis that compares entire genomes,
the kinds of studies that have become standard fare for
the groups of Christos Ouzounis and Peer Bork, requires
a special set of bioinformatic tools. The most powerful of
these - at least in the public domain - is a system called
GeneQuiz, conceived in the EMBL Biocomputing Unit
nearly ten years ago, and launched on a web server in
1999.
Before the ground had begun to tremble under the weight
of approaching genomes, researchers in the group of
Chris Sander decided to tackle the problem of improving
the annotation of a chunk that had been completed: the
third chromosome of yeast, completed in early 1992. After
that, a set of computer scripts by graduate students
Reinhard Schneider and Michael Scharf were reorganized
into a larger tool called GeneQuiz. Georg Casari and
Miguel Andrade arrived at EMBL and took over
responsibility for the project in the Sander group.
Over time, the original participants in the project went
their varied ways: Sander took the system to the newlyfounded EBI, later moving on to the company
Millennium in the U.S.; Peer Bork opened a "visiting
group" at EMBL in 1994, which has now become a
mainstay of the Biocomputing Unit; Christos Ouzounis
was appointed group leader of a research unit at the EBI.
Schneider and Casari moved to the start-up company
LION, which is based in Heidelberg, launched with
heavy input from EMBL sequencing machines and
bioinformatics tools. (Miguel Andrade has provided a
more detailed map of the career history of the
participants, which appears as a case study in the Alumni
section of this report.)
"At that time each group had to design its own tools to do
studies that compared lots of genes or proteins across
several organisms," says Miguel Andrade, who jumped
aboard the project in its early days as a member of the
Sander group. "First of all, DNA databases were much
more fragmented, not nearly as well-linked as they are
today. So one set of tools had to be designed simply to run
through them all and put the data together."
The next step, analyzing all of the information for
patterns that might help to determine a molecule's
function, was much more complex because it demanded
both huge amounts of information and careful human
evaluation. A typical database search may turn up dozens
of homologues (relatives) for a protein in question. Which
of these sequences are relevant is a judgment call that has
to be made on the basis of a variety of different types of
information. Sequence comparisons are one type, but
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MIGUEL ANDRADE

others are necessary. A strong similarity in the threedimensional structure of two proteins may clearly
demonstrate that the two molecules share a function,
even though they have very little sequence similarity.
"All of this search and analysis takes many steps,"
Andrade says, "and it is an immense job to do on a large
scale. So GeneQuiz is an attempt to make an expert
system that takes over as many of these tasks as possible.
It has a module called GQreason that evaluates the
findings in a transparent and reproducible way."
The researchers soon expanded on the original base by
creating methods to classify proteins into their major
functional classes and the species in which they could be
found. This led to another level: the ability to compare
entire genomes, as Ouzounis and Bork have done in the
analysis of metabolic pathways and trying to determine
the features that must have been present in the common
ancestor of all living cells. Parts of GeneQuiz have now
been made accessible via the World Wide Web.
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lain Mattaj
EMBL's next five years: a conversation over coffee
WHAT TRENDS DO YOU SEE DEVELOPING AT EMBL
THAT WILL ASSUME A MUCH GREATER
IMPORTANCE OVER THE NEXT FIVE YEARS?

One obvious trend at EMBL is a move
towards functional genomic approaches.
There are projects throughout much of the lab
that reflect this. One of the most exciting of
these is being done in Tony Hyman's lab on C.
elegans, going systematically through an
entire chromosome and looking for genes
which specifically affect aspects of very early
development: the first cleavage. They are
moving on to analyze the whole genome now.
This study provides a good example of how
genome-wide approaches to answer even
relatively specific questions have become
feasible.
Genomics approaches are being adopted in
most of the Programmes. In Development,
Dirk Bohmann's group is getting the tandem
affinity purification technology developed by
the Seraphin group to work in multicellular
organisms. This has been a non-trivial step, to
purify protein complexes cleanly from cells
that express many times more different
proteins than yeast. There are other people
working along the same lines - but
Bohmann's group is perhaps the farthest
along.
Another area is DNA chip studies; among the
several groups that are exploiting this
technology in particular are Fotis' lab with the
mosquito, Matthias Hentze's lab with yeast
and mammals and also Juan Valcarcel's and
Riidiger Klein's groups with mammalian
cells. They have worked together with
Wilhelm Ansorge's group in Biochemical
Instrumentation to get DNA array technology
up and running. The protein analysis
techniques required for the tandem affinity
approach depend on Matthias Wilm's lab in
Biochemical Instrumentation. They are
actively involved in trying to increase the

throughput of their Mass Spectrometry
technologies to help meet the enormous
demand for protein identification. My feeling
is that EMBL is in the forefront of aspects of
functional genomics technology, while in
other aspects we need to learn and profit from
what has been done elsewhere. Genomics is
being done at multiple levels; it is a way of
thinking that is permeating in the lab. We
have the ability, because of the turnover
system, to move into exciting areas rather
quickly.
With DNA arrays, a critical new technology
for functional genomics studies, there have
been successful pilot projects. The importance
of having this capability is that for many of the
experiments you would like to do, you need
to design your own DNA chips. For some
experiments it would be possible to buy
existing chips - that would be the case, for
example, for some of the work that Matthias
Hentze's lab is doing on yeast. But other
projects, such as their work on genes which
are regulated by iron, looking at human cells
or mammalian cells, benefit if you can design
your own chip. In species where there is no
extensive DNA sequence yet, such as
mosquitoes, you not only need to design your
own chip, you need to get your own
sequences before you design it. And there are
many other projects for which you would
need to make your own chips, looking at
mRNA precursors, for example. There would
simply be no large-scale commercial benefit
from making such a chip - the experiments
they are designed for are far too specific - you
would not be able to buy one. So developing
this custom technology is necessary to answer
questions which are generated here in the
labs. Wilhelm Ansorge's group has made
some changes and improvements to
technologies for attaching DNA to glass, for
example. The hybridization is working, the
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sensitivity of detection seems to be in order.
As I said, these are pilot experiments that
have been done so far. Everything seems to be
in place to begin to do serious projects and
experiments. There now seem to be no
technical barriers to moving forward with
array projects.
WHAT ARE THE BURNING QUESTIONS THAT CHIPS
WON'T ANSWER?

Most of the chips currently being designed
are aimed at revealing levels of RNA
expression. There is a considerable difference
between RNA expression and protein
expression, both because there are specific
forms of post-transcriptional regulation
which would control the amount of protein
produced to cellular conditions, but also
because there are intrinsic differences in RNA
translation. You can't simply say that if you
find ten times as many RNA molecules of one
type than another, this will yield ten times as
many protein molecules. The transcriptional
level is an extremely important level of control and just having that information will be
enormously useful, but it is not the
end of the story.
One possibility is
to take a model
organism, then to
do thorough quantitative studies of
amounts of transcription and all
types of regulation, and try to
ERIC KARSENTI & lAIN
find indirect ways
to deduce rules for calculating protein
expression levels. This is a kind of experiment
that hasn't been possible without large-scale,
high-throughput
technologies.
It
is
impossible to tell if it will work, but Matthias
Hentze's group is trying to do this in yeast. It
may be that you will eventually be able to
look at the sequences and structures of the
messenger RN As and determine from this
data alone how efficiently a given messenger

will be translated into protein in different
experimental conditions. Since that type of
experiment has not been doable previously,
it's impossible to predict whether it will work
or not. It needs to be tried, however, because
ultimately what biologists would like to be
able to do is to take the DNA sequence of an
organism - which is comparatively easy to get
- and make the maximum number of possible
predictions directly from that without having
to do experiments. Many of the projects that
are being planned in the EMBL are geared
towards questions about whether specific
aspects of gene expression are deducible from
sequence information or not.
On quite a different level, the Ensembl
approach to annotating the human genome,
being developed by Ewan Birney at the EBl,
Tim Hubbard at the Sanger Centre and their
colleagues, is an approach to having a large
community of biologists collaborate to extract
the maximum amount of information from
the human genome in a minimum time. This
means adding functional information to the
genome project and is arguably the most
important
project going on
in biology right
now.
Do YOU

EXPECT
BIG SURPRISES
FROM ARRAY
EXPERIMENTS OR
JUST AMORE
DETAILED PICTURE
OF FAMILIAR
PHENOMENA?

I
confidently
expect surprises.
One of the nicest
experiments that has been done - quite
iconoclastic in its outcome - was carried out
by Pat Brown and his colleagues, looking at
what is called the immediate early response of
cells in culture to the addition of serum.
Serum contains lots of growth factors and
when you add it to cells that were quiescent
they start to grow. This has been studied over
a couple of decades, by many people. If you
look at individual genes which are affected,
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you find a lot of genes involved in moving a
cell from one stage to the next in the cell cycle,
so people have thought of the response to
serum as a complicated mixture of growth
control and cell cycle control. Brown's group
looked at this response globally. And from the
total pattern of changes, they got a radically
different picture: the immediate early
response looks very much like a woundhealing response. Looking back, this is
perfectly logical - after all, under what
physiological conditions does serum pour
onto cells? But even though dozens of groups
had looked at genes one at a time, adding
them all up, they couldn't see the global
pattern. With the whole picture, you saw the
response in a different biological framework,
one that just wasn't visible with the gene-bygene approach.
So global comparisons in gene expression
between different types of cells will be an
extremely useful way to do things - between
a cell which is normal and one which has been
transformed, or one which has been
stimulated by a certain agent, or one which
has been infected. Seeing the totality of the
response will give us a more profound insight
into what is changing, and conceivably
enough insight to begin to manipulate things
in a meaningful way.
MORE AND MORE BIOLOGICAL EVENTS ARE BEING
SEEN TO DEPEND ON RELATIVE LEVELS OF GENE
EXPRESSION RATHER THAN ALL-OR-NOTHING
EXPRESSION. HOW DO YOU THINK BIOLOGISTS WILL
DEAL WITH THINKING ABOUT THINGS OF THAT
COMPLEXITY?

I believe that there are many cases where
there are multiple factors in producing a
particular response and that the levels of
those factors as well as their presence are
important. It will only be possible to make
predictions for behaviour by modeling those
systems. This is related to the kinds of modeling experiments that people like Eric Karsenti
and Luis Serrano are trying to do. Luis has
started to look at the stability of patterns. He's
trying to look at things which stabilize levels
of gene expression, regulatory loops which
result in stability under different sets of

conditions, or in the presence and absence of
different regulators of a complete regulatory
loop - a gene expression loop. In relation to
the expression of a gene or genes in bacteria,
what components do you need to allow a
robust regulatory loop to be established? This
is related quite closely to the work that Stan
Leibler has done on signal transduction: how
can bacteria respond in a robust way across a
large range of stimulatory concentrations?
Essentially the requirement is to have a
mathematical model which includes
responses to changes in levels or changes in
presence of multiple elements - it's the same
type of mathematical model that Eric
Karsenti's group is trying to develop for
spindle formation.
Modeling has in the past had a mixed
reputation in biology, but I think this will
change. It will need to change because our
view of biological phenomena as a series of
onloff switches is found wanting as we
realize the complexity of the regulatory
phenomena that we are studying, signal
transduction pathways and their cross-talk,
for example. It is inconceivable that they will
be understandable without complicated
mathematical models of inputs and outputs
and responses. There are just too many ways
to affect the final output for it to be
understandable as a series of pluses and
minuses. These will need to be modeled in a
careful mathematical way.
WILL THERE NEED TO BE A HUGE JUMP IN
COMPLEXITY IN MODELING BEFORE IT BECOMES A
POWERFUL BIOLOGICAL TOOL?

The remarkable thing is that even when a
model deals only with four things - for
example, Eric Karsenti's work on spindles the outcomes that occur are completely nonpredictable - not something you would
intuitively deduce from first principles. Even
with this simple number of variables, they are
actually getting information back from their
program that they can feed back into
experiments and shed a new light on what
they see. In the past, modeling hasn't had that
great a reputation because it has been distant
from experimentation. The connection has to
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be tight enough so that experiments provide a
way to check your model - not modeling just
for the sake of creating beautiful models.
The obvious difficulty with moving upwards
is that if we try to plug in a hundred variables,
then we can build more models than there are
atoms in the universe and so on. How
complexity will feed into model-building and
whether models will more generally be
predictors or descriptors is not yet so clear.
That's down the line, but I think it is
interesting. You already hear comments like,
"The fact that a computer can give you the
right answer doesn't mean you understand
the phenomenon that you are looking at."
That's correct, but if the reason that something
can't be understood is that there are a
hundred variables and nobody would be able
to make predictions from them, it doesn't
seem to be a valid criticism. There are things
that are too complex for us to get our heads
around. If you can make a robust model that
tells you the outcome of changes in those
hundred variables, then you have achieved
something and probably understood
something.
WHAT SPECIFIC DIRECTIONS WILL THE GEN E
EXPRESSION PROGRAMME BE TAKING?

I hope that we will be able to capitalize on the
work from Peter Becker's group on chromatin
reorganization and remodeling, which is an
extremely interesting area. The question of
how large protein complexes manage to
remodel a gigantic substrate is beginning to
be understood at a reasonably simple level.
How remodeling is regulated and whether
individual complexes have biological
specificity for one or more processes - for
DNA replication or gene transcription or
DNA repair - is really an open question. What
do the different complexes consist of? Are
there differences in the way they function, or
all they all simply the same kind of machine?
This is a large area and I think a very
interesting area, and intellectually it's not
distant from another major interest in gene
expression programme which is the
remodeling of RNA complexes.

Chromatin interaction with membranes is
another area that we are very interested in.
There is some evidence that nuclear envelope
proteins interact with chromatin during
nuclear assembly. Jan Ellenberg is working
hard in this area. He is setting up experiments
on exactly this question, with some of the
interactions that are known to occur between
chromatin proteins and nuclear envelope
proteins in vitro, and has started to study the
dynamics of these interactions in vivo. In this
way he can determine whether they are
important
in
membrane
assembly.
Developing methods to study nuclear
organization in vivo is an area where I expect
that Jan's expertise will instruct those of us
who are interested in RNA processing and
nucleo-cytoplasmic transport because I think
those are processes that have to be seen
within the context of nuclear structure. New
methods are critical to follow RNA processing
and transport in vivo in real time.
Is THE TIME RIGHT TO START WORKING
CHROMATIN LEVEL ISSUES?

ON SUPER-

The time is very right for several reasons. We
are beginning to understand biochemically
some of the machineries that are involved in
chromatin and chromosome organization.
Secondly, we're beginning to understand
some of the interactions that are involved in
mutually
orgamzmg
the
peripheral
chromatin and the nuclear envelope as the
nucleus reforms. And the technologies that
have been developed for looking at
interactions between components in vivo in
the light microscope are very suitable for
looking at these types of problems. There is
new technology which has to be exploited as
well as a background of potentially
interesting molecules which are likely to be
involved in aspects of this. There is a lot yet to
do - I can't think, for example, of a way which
it would be easy to study nucleo-cytoplasmic
transport of RNA in relation to nuclear
envelope or nuclear pore complex structure. I
don't think there is enough of a concrete
framework to think about that in the same
obvious way as you can think about
interactions between nuclear envelope

193

VIEWS OF THE FUTURE

Bioinformatics is an essential and growing
component of experimental biology. It is not
separate
from
experimental
science.
Everything Gert Vriend was doing in trying to
predict structures was directly giving rise to
experimental tests, suggesting mutations that
would test his models. Some of the things that
Peer Bork has been doing have been exactly
like that; an example is his collaboration with
Elisa Izaurralde. They make this fantastic
series of leaps in the computer on the basis of
experimental data that she had generated at
that point and the predictions that came from
Peer's group on the structure of the messenger
RNA transport protein she was working with.
Toby Gibson has collaborated with many
different people in a way that is very much
directed toward defining good subjects for
detailed study and designing good
experiments. Peer and Christos Ouzounis
have done work on metabolic pathways and
are finding that many organisms just don't
have parts of those pathways. I think this is
quite stunning. We previously believed that
these pathways would probably be universal.
Finding out how organisms do without those
components will be extremely interesting.
Having a bioinformatics unit here in
Heidelberg has been invaluable, and links
between Hinxton and the other EMBL units
need to be nurtured. Biology is no longer
imaginable without Bioinformatics.
HAS THERE BEEN A QUALITATIVE SHIFT IN THE
ABILITY TO TRANSFER THE RESULTS OF BASIC
MOLECULAR BIOLOGY RESEARCH INTO
APPLICATIONS?

I think so. This is a product of two things.
Everybody who does basic research is now
aware of the capacity for application, and in

addition, there are lots of people who are
scouting for applications to develop. People
simply think about it more. Secondly, the tools
for understanding biology are now powerful
enough that they can be used to study things
that go wrong in infections and disease very
directly. It is natural that people who are doing
basic research on a particular topic have a very
strong interest in anything in their area that
might have to do with health and disease. This
doesn't necessarily mean that the time frame
between a discovery in the sort of basic biology
done at EMBL and applications to health and
disease is short.
WHAT ARE THE GOALS OF THE NEW PROTEIN
EXPRESSION AND PURIFICATION UNIT?

Essentially the expression of any protein at the
moment is still done by trial and error. There
are different expression vectors, there are
different strains of each organism that you
might use, and there are different organisms
that are used for expression. There is no
general agreement about even basic issues,
such as whether prokaryotes or eukaryotes
provide better expression systems. In some
cases one organism works, in another case
another. There is no systematic predictable
way to express a protein. So what these people
are doing is collecting a set of vectors, a set of
conditions for growth, a set of organisms,
which will make it possible to put a protein
through a series of standard tests to find the
best way to express your favourite protein.
This has a service component; at the same
time, they want to do systematic analysis to
determine basic principles that will help to
rationalise protein expression experiments
further.
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Luis Serrano
From protein folding studies to
understanding entire biological systems
The expanding horizons of structural biology

WHAT ARE THE MAJOR PROBLEMS YOU ARE
CONFRONTING AT THE PROTEIN LEVEL?

Can you predict a three-dimensional protein
structure from a sequence without any
structural information? We have modified
some algorithms produced by other groups
and seen that we could predict the folding
pathway of three small proteins. If you know
this pathway, you can find which points are
the blocks or the bottlenecks and then design
mutations which will alleviate them. I think
there is going to be a significant revolution in
protein folding in the next 2-3 years, based on
this type of approach.
I'm sure that in a few years we will be able to
predict the structures of small proteins; the
problem with larger ones is that you need
chaperones to fold them. There are too many
acids; the chances that something will go
wrong is very large. I don't know if
computers will be able to make any shortcuts
to finding solutions for things like this. For
proteins with fewer than 200 amino acids, I
am confident that sooner or later, we will get
something; for proteins above 400 amino
acids, I am more doubtful.

How DO YOU COMBINE YOUR INTERESTS IN SUCH
"LOW-LEVEL" PHENOMENA WITH PROBLEMS
RELATED TO COMPLEX BIOCHEMICAL NETWORKS
AND WHOLE ORGANISMS?

I think the same philosophy backs
topics, and it involves experiments
theory. The challenge is always to look
small system. Make a model, in one
folding a small protein, in another
something that happens at the level

both
and
for a
case
case
of a

whole organism, such as a circadian rhythm.
Design it or make it from scratch and then
make a computer program that will predict
what will happen with it and then do the
experiment and test what happens. The two
levels are different because in the latter case
you need to know about transcription,
translation, degradation, et cetera, but the
philosophy is the same.
In any case I think that the future of biology
will be to understand biological systems. We
are going to have I don't know how many
genomes, and will have structural genomics
and chips and two-hybrid screen systems. We
have the technology, so essentially we have all
the information, and then you need to put it
together and doing that means understanding
how complex systems work. Instead of saying
A leads to B which leads to C, the kinds of
questions that must be asked are, "If I increase
the level of factor A, what will be the final
result at the end?"
What is still missing is that all the
components of the metabolic pathways aren't
understood. That makes the results hard to
understand. You get situations where
someone tries to increase the production of an
antibody by expressing five times the amount
of what they thought was a critical enzyme.
Then in the end, the production of antibodies
turns out to be the same as it was before. This
is difficult to understand until you know how
the system operates.
You want to be able to predict how a whole
system reacts when you modify it. What you
would like to do is design the networks in the
same way that we are designing proteins, and
if you want to be very ambitious you design a
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whole process - conceivably even a whole
organism. We no longer want to mutate one
gene, or we don't want to eliminate
something or represent a pathway - we want
to really understand how the whole thing
really works.
BUT TO START CREATING A MODEL YOU MUST
HAVE SOME REPRESENTATION IN MIND ...

Of course; you can't make models if you don't
truly know the elements. That's why our
approach at the moment is to create things
from scratch. We use our own proteins, our
own genes, our own systems. You take a
repressor from some bacteria and put it in E.
coli and then put in a protein not found in E.
coli and then you have made your own gene
network... Like when you are designing a
protein from scratch rather than simply
modifying existing molecules. And then you
study the properties of this system to
understand how it behaves - if it is resistant
to biological noise, if it oscillates, whatever it
does.
ARE YOU GOING TO MOVE BEYOND E. COLI?

My philosophy is always start with
something simple and then go on to
something complicated later. We have
worked with E. coli and now we are planning
to work with yeast, because it is easy to
replicate the chromosome of DNA. People
who have been working in protein-folding
with proteins above 300 amino acids have
produced rubbish, essentially; all the major
advances have been with people working
with proteins smaller than 60 or 80 amino
acids. For questions about networks at the
level of whole organisms, the only way you
can learn is by using simple model organisms
and simple model gene networks. Otherwise
you won't won't understand things like
anterior and posterior development in
Drosophila. It's impossible if there are too

many components; it's a different level of
understanding. Ideally what we would like to
have someday is all the information to
simulate a whole cell.
The kinds of questions we are asking are what
the role of a negative/positive regulatory
feedback is. When you have 3 proteins that
repress each other, what will be the outcome?
What is the role of protein diffusion in the
cell? in a single transaction? How long does it
take? Does diffusion playa role or not? I don't
think we have reached anywhere at the level
of starting to predict things. That is the future.
WILL WE EVER REACH A COMPLEXITY BARRIER? A
SORT OF UPPER LIMIT, A "SPEED-OF-LIGHT" FOR
UNDERSTANDING COMPLEXITY?

I don't know. I still don't know if it will be
possible to really understand complex
biological phenomena. Perhaps life will be too
complicated; I'm not sure. But people are
asking these things. What I would like to do is
like protein design; instead of doing 20
million combinations, you use your computer
and do five combinations and get the right
answer. People will need to be doing both the
modeling and the testing.
IN SOME COMPLEX SYSTEMS - SOME
DEVELOPMENTAL EVENTS, FOR EXAMPLE, YOU
HAVE WHOLE ROWS OF INHIBITORS WHOSE ONLY
FUNCTION IN LIFE SEEMS TO BE TO INHIBIT THE
NEXT MOLECULE IN THE CHAIN. How DO SUCH
THINGS EVOLVE?

This is like protein folding - on the one hand
it is too difficult for us. On the other hand it
may be very simple. Otherwise organisms
wouldn't evolve. My feeling is that the way it
works is that you have sequences of whatever
number of proteins, so that essentially the
interactions are around the quantities, there is
an input and an output, you can duplicate it.
And then, essentially what you do is you
change the input and output, but the
components are the same.
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Matthias Wilm
Advances in proteomics
M.W.: Proteomics technology is currently
going from high sensitivity but limited
throughput to high sensitivity plus high
throughput. We are currently crossing over to
massive
delivery
in
highly-complex
situations. What mass spectrometry has been
able to cope with in the past is proteins that
are well-separated and which are reflected in
protein databanks. That's fine, but for real
"global" investigations, you need high
throughput But the vast majority of proteins
are not in the databases or are not annotated.
If you go into a genomic database of a higher
eukaryote, you cannot annotate the protein
sequences because you don't know what are
introns and what are exons. So you need to
search genetic libraries. This can only be done
if you have a better sequence level. Just
working with what we call a fingerprint, the
mass of the peptide, is not good enough
anymore. Mass spectroscopy is able to acquire
that quality of sequence, and this has enabled
us to contribute to so many biological
projects, but not with high throughput which is a must to work on most interesting
projects. This combination of sequence
information and high throughput essentially
is the beginning of real proteomics. Within the
next few months we hope to see the shift to
high throughput for sequence information in
our laboratory. This means that we can
approach projects that are more globally,
rather than very specifically, defined.

Performance
Liquid
Chromatography
system, which is a liquid-phase-based
separation system for peptides. It's necessary
to cope with the complexity of so many
peptides and proteins, because so many
people are starting to purify proteins now. We
can't cope with the flow. So the entire issue is
to set up these HPLC systems linked to this
mass spectrometer which will be able to cope
with these large numbers of samples.

How HAS THIS HAPPENED? WHAT

I can make a statement about this which
comes from one of the people in the United
States who is current cultivating this HPLC
technique. There is one hurdle we can't
overcome yet: dynamic range. We are still an
order of magnitude away from the level that
the gene chip people are at, even with the
most sophisticated chromatography systems
for proteins. The dynamic range for mRNA,

BREAKTHROUGH DID YOU HAVE?

More than a year ago we bought a machine
that was tuned to complete automated data
acquisition - the quadruple time-of-flight
mass spectrometer, or QTOF. This machine
allows us to do this kind of analysis. We need
to implement a much more sophisticated
sample introduction tool, the High

With this machine, you do not run a gel any
longer; you make an affinity purification, and
get anything between 1 and 150 or 200
proteins. You may run a small aliquot on a gel
just to see what you get, but we digest all the
proteins at once, and then separate the
peptides out in time. You don't separate the
proteins, you separate the peptides because
they can be separated much more easily than
proteins, with liquid chromatography
systems. Each peptide gives you a protein
identification when you have its sequence.
You redundantly identify all the proteins that
have been purified, and this in 2 hours. So
what we needed a week for, or more - a
month - we project that it will be done in one
afternoon. That is the difference. The manual
input is that you simply inject the sample and
walk away.
WILL IT EVER BE POSSIBLE TO SIMPLY STICK A CELL
IN A MACHINE AND SAY, "TELL ME ALL THE
PROTEINS IN IT?"

EMBL 1999 ANNUAL REPORT

We are currently limited by analysis, because
with the protein complexes separated on a
gel, we have to investigate all the individual
proteins. Now that we have the
chromatographic system linked to the mass
spectrometer and everything working, we
run the entire complex through. Again, the
key is purification.
I am optimistic that we can cope with the
protein complex problem. At the same time,
with more bioinformatics, we will be able to
cope with quantitation problems. This is all
heavy on data, so we need a machine, a
computer programme running through the
data, which is precisely tuned to your
purposes. Currently you can get commercial
tools identifying all these proteins, but you
don't get commercial tools for quantification
yet, because you would need to tune it
precisely to that.
What I call the "many sample problem" hasn't
really been solved. It can only be solved by a
MALDI machine. The one that we have can
only measure peptide masses and is too weak
for complex situations. But there are now
MALDI machines that can go a certain way
towards defining the protein sequence. The
sequence that is produced is much more
difficult to recognize, it is not systematic, so
the database search is more difficult. But it is
the only hope. They need more sophisticated
software tools to be certain about the
sequence coming from these kind of
machines. But it is on the horizon, and
something will come up.
There are plans to buy this kind of machine at
EMBL within the next year, to solve the "many
samples problem." And then we are
unlimited: these machines are tuned for an
enormous throughput.
This technology is driving proteomics. In
genomics it was clear: throughput is
everything. The shotgun sequencing yielded
the throughput. In proteomics, there's a
different situation. Throughput alone doesn't
make it. You must have throughput coupled
to the right biology behind it.

How WOULD YOU ESTIMATE EMBL'S
CONTRIBUTIONS TO THIS FIELD, WORLD-WIDE?
EMBL'S own creations were very, very
important, because there was dedication from
Matthias Mann, saying we must use mass
spectrometers for protein sequencing. He
made this statement at a time when we
couldn't do it, and everybody said, "You're
crazy, spectrometers will never sequence a
protein." It was like saying, "I can used my car
to cut the grass in front of my house." There
was no real data to indicate that we could do
it. Then they discovered that it's enough for
mass spectrometry to identify proteins, and
now they can even sequence. A crazy
statement that came true, and now in practice,
it has simply eliminated the sequencing
alternatives.
EMBL supplied the protein identification
algorithm, and it is still the algorithm with the
highest specificity to identify proteins. The
second contribution was the nanoelectro spray which delivered for the first time
on sensitivity, and going to such high
sensitivity was of enormous value to biology.
It is a manual technique, and of course
everything is going towards automation, but
it is still the method of choice throughout the
world.
ARE YOU WORKING ON AUTOMATING THE
PROCESS?

Yes, it's the reason I bought the mass
spectrometer... so I am eliminating my own
contribution to the field ... That's normal for
somebody who creates something. He knows
its limitations, and if something comes up to
challenge it, he is the first to recognize this.
WHAT WERE THE MOMENTS LIKE, WHEN WISHFUL
THINKING BECAME REALITY?

For protein sequencing it was when we
identified the first proteins. When we started
on the process, we tried to use synthetic
peptides - over and over again - and on
synthetic peptides the method doesn't really
work because the fragmentation data is too
complex. Then Roland Canna, of our protein
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according to specialists at Stanford University
is three orders of magnitude. This means that
the difference in abundance between various
types of mRNAs is less than a thousand-fold.
So your analytical technique must cope with
the difference in dynamic range of 1000, not
more, because that's what's in the cell. Even if
your analytical capabilities increased five-fold
in magnitude, it wouldn't matter very much.
You don't need to go up five-fold, even if you
have a technique covering three orders of
magnitude. That is very, very different for
proteins, where the projected dynamic range
for a normal cell is projected to be 100,000.
Five orders of magnitude must be detected,
minimum, for a global protein survey. The 2D
gel, a current technique, permits us to analyze
a dynamic range of about 100. In absolute
terms, it means that the lowest abundance
spot in a 2D gel we can still analyse has about
100 proteins in it, otherwise you can't analyse
it. If the spot has more than about a hundred
times that much in it, it smears, and you can't
analyze it well. The two dimensions of the
gels are molecular weight and PH. You can
increase dynamic range by doing multiple
gels for one experiment, spreading the pH,
but only in a linear fashion, and it is an
enormous amount of work.
To catch proteins which have a lower
abundance, you have to do pre-purification,
but by definition, a global analysis wouldn't
do this. Alternatives to gels have been
explored, but nobody has come up with
anything better. So the next step has been to
go on to the peptide level - instead of
separating all the proteins, you digest all the
peptides, with the liquid chromatography
approach, and you identify the proteins on
the basis of the peptides.
Now the linear chromatographic system we
are setting up allows us to cover an estimated
dynamic range of 500. This is a onedimensional column and it is already better.
The person who cultivated this approach is
now doing a two-dimensional chromatographic system by using two systems based
on different separation principles - two
dimensions - and he can boost the dynamic
range to 5000. This isn't bad, but he needs to

go another order of magnitude, 50,000 or
100,000 to be really global. He claims that he
can't see any good principle allowing us to go
for a second order of magnitude, but maybe
somebody will come up with a good thing.
Going to peptides was actually a clever way
to go, because it is much easier to handle
peptides than to separate proteins. So that is
the "state of the art."
To DEDUCE RULES ABOUT TRANSLATION RATES

FROM MRNAS, YOU'LL HAVE TO BE ABLE TO MAKE
PRECISE QUANTITATIVE MEASUREMENTS OF
PROTEIN LEVELS. HOW IS THAT DONE?

If the protein itself can be resolved on a 2D gel
system, and there is nothing overlapping with
it and you know where it is, you can use a
pure 2-D gel to quantify it. But this is for
specific, individual proteins. There are
alternative approaches. This brings us back to
the liquid chromatography approach, which
gives you a bigger dynamic range globally.
And there was the revolution I would say,
because the principle here is that the
quantification is done by isotopic label. You
grow a control group in isotopically-enriched
material - N15, which is built into every
protein, all the time. The experimental group
is grown on normal medium, and you mix the
same amount of cells, and now you can do
everything you want: affinity purifications,
global analysis, digesting the proteins. There
will be differences from protein to protein, but
each individual isotopically-labeled protein
and its normal counterpart will always have
the same losses and gains throughout the
purification system and throughout the
digestion system. Then if you push
everything through the mass spectrometer,
you have two intensities
a clean
quantification. A relative one of course: but a
clean one. Simultaneously, for everything you
can see, with the dynamic range we just
discussed: 500 for a linear chromatographic
system, 5000 for a double chromatographic
system.

How WILL THE ISSUE

OF PROTEIN COMPLEXES BE

RESOLVED?
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sequencing facility, or maybe Matthias Mann
said: "Let's digest a protein, instead of these
synthetic peptides." By pure luck we used a
standard enzyme that happens to have a very
favourable digestion pattern for mass
spectrometry. Suddenly, the fragmentation
spectrum changed from being very complex,
to being very simple. Just by going from
synthetic peptides to triptych peptides. When
we looked at these spectra for the first time,
we thought "Wow, is this easy." I didn't want
to believe it; I thought it was just coincidence,
because I had tried so many synthetic
peptides. Now it looked so easy. We tried one
after the other, and they were all similar.
The simple fragmentation pattern generated
the idea of the sequence tag approach,
because it was so easy to read a partial
sequence, which had been impossible from
synthetic peptides. That was the moment.
With nanospray, there were two levels of
discovery. I was a student in Munster and I set
up an electro spray system for surface
preparation. It wasn't working well, we had
poor glass needles, big meters. It was
spraying big bumps of material on the
surface, not a smooth thin layer of sprayed
material on a surface, which is what we
hoped to have. I investigated the theory of the
process and found out how to make the
preparation thinner, then I needed weeks to
get the capillary, and then I used it for the first
time. It was like this: you switched on the
instrument, you started to spray and
normally you saw the first precipitating
material. With the new setup I switched it on,
sprayed, looked through the microscope and
nothing happened on the surface. Absolutely
nothing. There was no precipitating material
because there was too little to be seen. So we
waited, and waited. Two hours, three hours.
And then finally you saw the first white
shimmer of material It was very thin.

finally somewhere around midnight pressing
the button "draw". If the layer were
monomolecular, there would be a linear
graphic. Anything else would say that the
layer was thicker. The graph turned out
perfectly linear. I was so excited that I
switched off the screen and walked through
the institute in the middle of the night, I was
the only one there. Just extremely excited,
because I knew what this meant. For these
moments I am a scientist.
Finally, a year and a half later, I came here and
advocated it. I still had only a concept,
experimentally proven, but only a concept. It
had never been interfaced to mass
spectrometry. I didn't know how it would
perform in mass spec. Even though the theory
looks right, you never know if it will actually
work on the spectrometer. I had to show
Matthias the experiments and I spent three
months building the thing before I was
allowed to build it on the mass spectrometer.
Everybody was standing around the machine.
I injected a myoglobin sample, switched on
this thing, set it on standard voltages, and it
didn't work. Everyone started to turn around
to leave - it didn't work. I will never forget the
minute that it took me to realize that there
was a mistake, that I was too far away from
the count electrode, that I had to use a higher
electrical potential. It took me a minute to
realize this... I increased the voltage, you
could see it starting to spray, and we got
immediately a wonderful myoglobin
spectrum. The first day, the first hour, a
fantastic spectrum.
The final design has never changed, we used
the first source for years. We still use it. What
we have now is probably the second or third
reworking from the mechanical workshop,
but it is still the same old system.

And then I had the first idea. This could make
a perfect ionometer. And I launched a series of
experiments to prove this. It took weeks to get
it done, because it was very hard to prove that
the layer on the surface was a monomolecular
layer, rather than thicker. It came down to
typing some numbers into a spreadsheet and
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Graham Cameron
Weathering the storm of European
science funding at the EBI

It's been a bit of a truism that bioinformatics
was going to consume more and more
resources in biology as time went on. At the
EBI we have always known that. In
Framework Four, we were dependent on the
European Commission for a large fraction of
our budget, and even our total budget was
clearly inadequate to the tasks we were trying
to carry out. We had hoped that the funding
available in the EU Fifth Framework would
allow a significant, a quantum leap in terms
of bioinformatics funding. We were already
struggling before the beginning of the 5th
framework programme. But the year 2000 is
the year of the Genome, the year that the
human genome comes out, and the winners at
this stage are going to be the ones who do the
bioinformatics well. If you look at Celera, for
example - Craig Ventor has stated quite
unequivocally that Celera is an information
company. They know very well that the
product they're selling and making the money
on is information.
It was clear that we needed very substantial
increments in resources, it was clear that there
were ways of interpreting the EU workprogramme that would not make those
resources available. We said, "Okay, we've got
to make clear, we've got to write the proposals
that reflect the true requirements of the EBI."
In a sense the rest is history. We wrote
ambitious proposals, but what we thought
were very realistic proposals for what we
wanted to do. The Commission basically
turned them all down and in a sense because

they deemed them out of scope of what they
were going to fund.
We were in a situation where we had to ask
the EMBL Council for some extra money, and
they went and got what was a substantial
sum of extra money at a very short order. I
think it was very heroic of them to manage to
do that. I also like to think that it was a vote of
confidence in the EBI, the fact that they were
saying, "Okay, we definitely do need to put
this money into the EBI." Objectively, what
the Council was able to do was stop our
funding from dropping, but not actually
increasing the total budget.
The question is whether Europe really wants
the EBI or does it not want it? What kind of
mandate does it want the EBI to have? We
have asked for more money, and I don't think
it's reasonable for anyone who runs
something to expect to be given money
without the request being carefully
scrutinized. This is what is happening.
Whenever we had the argument, "Look here's
an important project, it's going to fail, it needs
money," people would evaluate it and say,
"Yeah, you're right, it is an important project
and it does need money but no one could
work out who should fund it." So there has
been sympathy for particular projects as well
as underlying sympathy for the cause.
The problem is, in a sense, that we don't have
a mechanism in science for doing this kind of
thing. The idea that science is funded by
research grants, grants for research projects
and you have the institutions that have
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institutional funding and so on has been set
up by history. The notion that there were
resources, that you needed centralised
resources to do science, has not been a feature
of science.
In a sense, you could say, for the biologists to

set up the DNA database and the EMBL data
library 20 years ago, really showed amazing
foresight. To grasp the idea that early on that
it was worth coordinating the information
was interesting, and to let it all fall to pieces at
this stage just seems insane. So there is all that
kind of argument. But in a sense, the driving
force is the science, and the magnitude of the
value that the electronic information
resources provide is just mind-boggling. Alan
Blensby had this lovely quote - he said that in
biology, 6 months spent in the lab can easily
save you an afternoon on the computer! If you
are trying to work
out the function of a
gene, you know you
can get a good
handle of it in half an
hour in front of a
computer. If you are
going to use laboratory methods to do
that, it may take 6
months or a year. So
there's no question to
the value of that.
It's the year of the
genome and the
decision by US and
EU funding agencies
to pursue a project
which would put the
human genome into
the public domain depends now on doing the
bioinformatics well. There is a clear challenge
from the private sector. At the end of the day,
the utility of the information will depend on
how well it's analysed, how well it's
presented and so on and so forth. If we have
basically spent probably something like 500
million dollars on sequencing the human
genome, something of that order, and we
don't actually provide first rate services on
the information, then de facto, the genome will

be in the private sector. If a company can offer
substantially
better
services,
then
pharmaceutical companies and everybody
else will pay for them.
Aside from all that, chip technology is
basically starting to connect this genome
information to real biology. In addition to the
pressing importance of genome information,
there is all the expression information, which
is going to be a major challenge. There's also
all the variation information we are collecting
on the genome. And while all this is
happening, the other information-intense
parts of biology are not standing still.
Biological structures are being determined at
an ever-accelerating rate. So there is all this
information which has got to be dealt with,
and high-quality services layered on top of it.
It's clear that we are
in a kind of science
where the products
and the findings of
much of the research
are
stored
in
electronic form. Databases
and
their
exploitation depend
on computer methodologies. Do we want
public resources for
that information or
do we not? We have
behaved thus far, as if
the provision of such
a resource was like
the equivalent of a
good library. No one
would say that you
could do decent
scientific research unless you had a decent
library. Everyone knows you have to have
access to the information of science in order to
do your research. Also no one would suggest
that when you wanted to look at something in
the library, you had to pay some going rate for
everything you looked at. They wouldn't say
this poor graduate student has to come in
here and pay the same rate as a
pharmaceutical company or whatever. The
notion of a public library of scientific
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The other aspect of this is that there are all
sorts of things that scientifically can come
across as incredibly boring, but actually
matter a lot in terms of maintaining the
integrity of the information. For instance, if
you look at the database and you find a
particular sequence of interest, you'd like to
be able to find the same sequence again 6
months later. That means you need some
system of identifying things, like the
accession numbers in our databases. Let us
imagine two scientists send us slightlydifferent sequences of a single gene, which
means we have an identifier for that gene and
two variants on it. What do you do when two
years later, somebody discovers that actually
those two people who thought they were
looking at the same gene were looking at two
different genes? You've got something sitting
in your database, which used to be one object,
it's now become 2 objects. You want to have
all your identifiers in the database behave
correctly over that perturbation. I know that
the detail is incredibly tedious, but "the Devil
is in the detail." I could give you a dozen
other examples of things like that, that
complicate the life of somebody running a
database our of all proportion, but yet are
probably completely invisible to biologists.
There are a large number of databases and
that's partly what makes our lives so
complicated. At the most simplistic level,
when we started this activity, there was DNA
sequencing going on and it was being
reported in scientific reports . We were
building a database of scientific reports. In
other words, we weren't building a database
of genomes, we were saying that this
scientific paper presents this kind of
sequence, and research presents this
information about that sequence. As we've
progressed towards more and more complete
genomes, we realised that actually different
views about the information. In a sense, you
start off naively saying, "Let's put these
scientific reports into a database." And then
you find that some body comes along and has
evidence that contradicts one of the scientific
reports. So in your early bout of naivety, you
say, okay, if that was wrong, let's correct it and
update the database. But then you discover

that actually there's evidence in both
directions and indeed it may be that both
variants exist. So you realize that you've made
a mistake because you've thrown away your
database of scientific reports. What you
realise is that actually the representation of
the genome is a different representation of the
scientific report. You need both. You can't say
to put both in the same database. There's that
aspect of it and as we were talking earlier
about annotation and I'll come back later on
that. I think we probably invented the term
annotation actually. What we mean by that is
the biological understanding attached to the
sequence.
In the database we effectively are dealing
with three conceptions of genome sequence.
We have the sequences. Secondly, as the
human genome is coming out, it's clear that
largely, the annotation will be done by
computer methods which analyse the genome
and attempt to attach a meaning to it based on
what we know about other genomes. So then
we see the utility of saying, "Well, let's try a
consistent, across-the-board annotation of the
human genome." And so the Ensembl project
is born. Then thirdly, there are genes in the
genome which have actually been studied;
they are interesting; they are connected to a
biological process, and are associated with
disease states or something. What you'd like
to do is dig out all the knowledge from
scientific literature and attach it to that gene.
That is, in a sense, a very heavily curated kind
of information. The notion there would be
that you are adding immense value to the
genome by going in and looking at what's
what. And that knowledge will very often
become available subsequent to the
sequencing. So basically you will have the
human genome fairly soon, but for decades
more there will be more information that can
be hung on it.
All of this is adding immense value to the
genome, because each piece of functional
information may help to explain something
else by analogy. But doing this requires heavy
curation and nobody's doing it for human
data. A good example can be drawn from the
Flybase database. One of the failed projects
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that we put into the EU is for that kind of
activity.
So much will depend on curation and
annotation. It makes possible comparative
genomics - reasoning by extension, and if it's
done right it is going to tell us an unbelievable
amount of completely unexpected stuff. I'll
give you an example - if we look at the mouse
sequence and the human sequence, they are
pretty much similar, and there are lots of
genes that are, to all intents and purposes,
identical. Evolution is a random process. If a
sequence didn't matter, it would have
changed; if it remains pretty much the same,
you can be sure that it's doing something
important. Now it's often asserted that only

about 2% of the sequence is in sequences
coding for genes, or something like that, and
the other 98% has been described as junk
DNA and so forth. Now, certainly, it's quite
likely that a large fraction of that 98% is
indeed junk; it's just hanging around there
because evolution didn't do anything to it, it's
not doing any harm, like the unread books on
your shelf. But what happens if you scan the
non-coding DNA and find regions in it that
have been conserved? Then they're doing
something, you can be pretty damn sure. I
think we're going to find out enormous
amounts of stuff that we can't find until we
have two mammalian genomes. Once we
have those, we will really find out interesting
things by analysing them side by side.
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Peer Bark
On the one hand, bioinformatics is fueling biology with a
rich harvest of predictions to be tested by experiments. On
the other hand, it is confronted with basic problems such
as database formats and annotation and curation ...

WHAT DO YOU THINK THE WORLD IS GOING TO BE
LIKE IN A FEW YEARS, IN TERMS OF YOUR WORK?

I take a rather conservative view based on the
history of our field. You can't predict
everything; you have to be very cautious.
There are lots of different technologies now
emerging which produce lots of data. The
chip data are about to come flooding in, and
the whole world is talking
about it, but it won't solve
basic problems. Take, for
example, the issue of data
quality, which you get by
putting all kinds of
technologies into place and
creating high synergies
between them. The input
comes from the key fields
of chip data, proteomics,
and bioinformatics. There
are wonderful, useful
predictions being made
from sequences which are
wrong;
there
are
proteomics
initiatives
which
are producing
wrong data. Error margins
in an original analysis
often do not make it into
current public databases and the source of the
information put there is often not traceable
anymore. Terms and semantics vary and, and,
and... Thus you might derive conclusions
which are far from reality. Take the current
estimates for the number of human genes,
published by serious groups in serious
scientific journals. They range from 30,000 to

140,000. Although some of them pretty
obviously must be wrong, it will take years to
decide who is right... For a few years it will
remain hard to define, identify and
characterize the genes. In any case, large-scale
analysis requires the ability to distinguish
between clean and noisy data. This can be
done if all the components are in place. The
best way is to organize
and
standardize
the
information in each lab
before the data go public.
I worry a bit about
digesting the upcoming
data because people are
not really knowledgeable
across the board in all of
these new fields, so if you
combine
different
information technologies,
even if you are an expert
in one, you are new in the
others. On top of that, you
have to be an expert in
your biological questions
- after all you want to
derive biological value
out of data, not just data
itself. So what I see is a
need for a kind of integration which we
already see growing in different corners of
EMBL -- technologies have been coupled
more strongly, and more and more time will
go into data-analysis at different levels. I am
not sure whether we are really prepared yet
for that kind of view. There is a need for more
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trained people: not only bioinformaticians
but people doing lab work with a more dataanalysis world view. Data analysis will
become more and more important than data
production. And you have to integrate your
personal data with what is out in the world,
which is also tough because it is a huge data
jungle out there. There are no good filters.
From our point of view, the major problem in
the next 5 years will be to get that done,
within each lab. The cycles in science are
going faster and faster. To do what people call
functional genomics, an integration of
different types of technology will be very
important, requiring several people in a lab
who contribute and have their eyes open to
that kind of problem. Each group needs
people devoted to that kind of task. Luis
Serrano is a good example of someone who
has heavily integrated the approaches.
We need to make the move from quality
predictions to quantitative simulations. So far
our knowledge may be too limited to be very
successful in the simulations, but certainly
that's a way in which we will see in the next 5
If
EMBL
manages
to
get
years.
experimentalists to take advantage of all the
technologies, and they ask the right types of
questions, and have people who are able to
understand what is going on, that would be a
great thing to achieve in the next five years.
WHEN PEOPLE BEGIN TO FOCUS ON GLOBAL
PATTERNS, TRYING TO MAKE PREDICTIONS, RATHER
THAN ANALYZING SINGLE THINGS IN GREAT
DETAIL, WILL THEY BE CONFRONTED BY A
COMPLEXITY BARRIER?

You have to compromise, you have a very
deep knowledge in a particular area, and a
superficial knowledge in lots of different
things. In the last 5 years or so, everyone has
been focusing on high throughput, meaning
lots of superficial but not much deep
knowledge. We need people connecting these
two levels. If you go for a large scale, you
should have always some corner in your lab,
one pet project that you can boil down and
keep your feet on the ground. Lots of people
have tons of nice numbers, but in themselves
they are meaningless.

How IMPORTANT DO YOU THINK IS THE BASIC
SET-UP OF THE DATABASE THAT HANDLES ALL OF
THIS INFORMATION?
It's very important, because it will require
good ways to integrate things. Each
individual database should be in a very good
state; I think that is the thing to focus on, very
good individual databases, because then you
can have systems on top it which can put the
information together very cleanly. Otherwise,
it will lose information and it's not really
integration, it's information loss basically.
Every lab should think about it - they should
organize things the way they organize the
probes they keep in the fridge. I mean, if you
set up a company these days the first thing
you set up is a laboratory information
management system. That way you have the
labs connected to the computers.
THERE'S AN UPCOMING MEETING WHICH WILL TRY
TO GET A STRUCTURAL GENOMICS INITIATIVE
GOING AMONG EUROPEAN SYNCHROTRON
SOURCES. IF YOU COULD GIVE THEM A TIP, WHAT
WOULD BE THE MOST INTERESTING THING FOR
YOU, THE MOST INTERESTING SCALE STRUCTURAL
PROJECT IN TERMS OF YOUR WORK TO TAKE ON?

We will be involved in some of those projects.
Many structural biologists are interested in
going for a sort of encyclopedia of novel folds,
folds that can't be predicted. This is
interesting: when you look at a sequence
whose folding can't be predicted, either you'll
find a new fold - which is interesting in itself
- or you'll find an old fold that couldn't be
predicted, which is also interesting. Still, I
don't think it's the most clever way of doing
things, because after all you don't learn about
what the power of structures really is:
explaining and quantifying interactions. I
would go for dissecting limited pathways
where you have a known interaction, but no
support from structural information -- getting
it done, getting the whole structure done by
pathway and organisms, to see how the finetuning is, it's really understanding
interactions. What we are doing with the
computer and the shift towards proteomics is
predicting lots of functional interactions, but
there's not really a good structural basis for
those predictions yet. We could tell a lot if you
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take all the proteins you don't know too much
about, and predict how they would interact
with something else that's structurally
unknown, construct the 2 things and see how
they combine. You might be able to model
whole cascades. Of course there will be limits
- not everything will crystallise, there will be
trans-membrane proteins involved, etc. There
are so many things out there that are
presumed to interact because of biochemistry
or genetics, but there is no structural basis for
that. And those kinds of projects I would
favour if you have structures there.
WHERE IS THE REAL CRUX OF THE ACCURACY
PROBLEM?

We are still in a collection stage, to get the
basic information done. What you have to
realise is that literature is full of inaccuracies
and it gets into the databases. You have to rely
on what you grab from the database, and
when you retrieve it, you have 70% accuracy
mixed in with junk.
LET'S SAY YOU'RE INTERESTED IN A FEEDBACK
LOOP WHICH IS DEPENDANT ON, FOR EXAMPLE,
LEVELS OF EXPRESSION AND YOU WANT TO START
MODELLING THIS. WHAT KIND OF EXPERTISE DO
YOU NEED TO BRING IN ?

Well, statistics is turning out to be more and
more important in expression studies; it is
very important to be on solid ground.
Knowing about statistics and applying them
to daily experiments in a more stringent way
would be a huge benefit because then you do
not have to take a step back all the time to
take a few steps forward and continue to be
on solid ground. It's necessary because your
current hypothesis about something may be
based on a sequence analysis that, if you trace
it back in the literature, was made ten years
ago and hasn't been thought through since. I
think statistics will become more and more
important in bioinformatics, also in any kind
of lab as we go to high throughput. You have
to control the data.
Chip set-ups have to be prepared very
carefully in advance in terms of statistical
background. Which I think people have to

learn about. If you ask for the key issue,
statistics comes in as a very important
discipline which we have under-estimated as
well for quite some time, doing things right.
How ELSE DO YOU SEE BIOINFORMATICS

COEVOLVING WITH EXPERIMENTAL SCIENCE?

There is still a huge gap between what we can
predict and experimentalists being able to
functionally analyze things. Recently we
found 30 new human homologues of Rab
proteins - the family that Marino Zerial is
working on. I think only 28 had been
identified so far. We were very proud of
ourselves and thought this was very exciting
when we went to tell him. He wasn't that
excited at all because he said, "Just to crack
one of these guys takes me two postdoc
years." There is a huge amount of information
out there, but there is still and enormous gap
to the next functional analysis of things,
which is still done by classical means; it's a
gap in technology as well as large-scale
biochemistry, large scale molecular biology.
Just solid information you have in terms of
functional proteomics is so little in a way.
30 Rabs is one thing; we had already found
more than 1000 novel human signaling
proteins, in months of work. We had to go out
in the world and find some partners to show
that these predictions were true, which means
months and months of work. So we have
extremely interesting information in terms of
data mining, whereas the bridge to the
classical labs is still not really there in many
cases.
Is THERE A DANGER THAT ALL OF THE CHIP

EXPERIMENTS ARE GOING TO PLUNGE A LOT OF
LABORATORIES INTO PURELY DESCRIPTIVE WORK?

I think a nice analogy is that we are
developing a picture of life which is like a
huge puzzle. Now we have unordered pieces.
We've managed to get genomes - whole
collections of pieces of single puzzles - into a
single box. The challenge is how to get the
biological context out, and here I see a major
bottleneck. That brings us back to the point
about
a
better
integration
with
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experimentalists. An example is our recent
project with Elisa Izarraulde's group on an
mRNA export protein. That was a case where
a computer-generated hypothesis was tested
experimentally, opening a new cycle of
hypothesis-making and testing. This is the
way of the future, this is where the real impact
of bioinformatics is going to be felt.
Biological functions depend on the
environment, on tissue. When you look
through the lens of your eye, you are looking

through metabolic enzymes that in the lens
have to be put together like glass; elsewhere
they are soluble enzymes. I think this level of
context is necessary to achieve even the most
basic understanding of molecular features,
and it will come from a combination of
experimental work and biocomputing. The
genome context is coming now; the protein
context is coming. B ioinformatics is evolving
from an early emphasis on information
transfer into a strong predictive tool that will
be as essential for each lab as biochemistry.

VIEWS OF THE FUTURE '

EMBL's molecular medicine initiative
a talk with Matthias Hentze,
Riidiger Klein, and Jochen Wittbrodt
MOLECULAR MEDICINE IS AN IMPORTANT THEME IN
THE DRAFT PROPOSAL FOR EMBL'S NEXT FIVE-YEAR
PROGRAM.

How

DID THE MOLECULAR MEDICINE

INITIATIVE GET STARTED?

M.H. An institute like the EMBL, with the
projects that are going on here, and the
multidisciplinary environment lends itself to
such an enterprise. About a year to a year and
a half ago, some of us were having
discussions with Fotis and from that a
decision was taken to pursue this idea more
intensively, and Rudiger and I decided to try
to bring together a group of scientists here at
EMBL who are interested in Molecular
Medicine, and who are the co-founders of this
initiative. I think we were all quite pleased to
see both how many groups at EMBL
identified themselves with the topic in terms
of seeing some of their projects within their
scope of projects that have a medical interface
-- and letting us know -- and participating in
the group in principle. It was also good to see
that all EMBL sites were represented. Clearly,
molecular medicine is an excellent theme that
unites all the EMBL sites.
RK.
One key event was the group leaders'
retreat in February, 1999. I gave a five-minute
presentation of why I thought molecular
medicine needed some initiative. Part of the
problem I saw at the time was that for us nonclinicians, it is very hard to read the
appropriate literature and understand it.
Getting clinically-oriented people together
with us basic scientists seemed to be a good
way to bridge that knowledge gap. Another
issue is that people who deal with medical
problems in humans need to find treatments,
whereas we are thinking about the
mechanisms of development - how the
disease arises, and which molecules go
wrong.

J.W.
In the long term this approach offers
the possibility to design treatments and
drugs. If you know the mechanism, you have
new options for treatments. Maybe in the end,
that's where both directions will merge.
M.H. The important intermediary in this
communication process are the human
biologists. Here at EMBL we work on model
systems that exclude humans - mice,
Drosophila, fish, C. elegans, tissue culture cells.
By approaching colleagues who are interested
in related questions in the human body, we
could go a long ways towards bridging the
communication gap. While we haven't
intensively approached such colleagues in the
past, I think it is important for us to do so.
One of the things that we are planning for the
future is to have medical fellows to be at
EMBL and spend some time here to do
research. I think that is going to be a big help.
WHAT WILL THE APPLICATION PROCESS LOOK
LIKE? HAVE THERE BEEN ANY APPLICANTS SO FAR?

RK.
We have just submitted a grant
application to the German Research Council
for a medical doctor who wants to spend two
years in my lab looking at tissue samples from
human patients with certain malformations.
We will be using reagents which were
generated in my lab to see whether some of
the molecules we study are misexpressed in
human malformations. This is one way of
getting medical fellows here.
WHAT KIND OF BACKGROUND WOULD A
MEDICALLY-TRAINED PERSON NEED TO FIND THIS
USEFUL?

RK.
The person should have done some of
the techniques that the program requires, but
not all of them. The project that I just
mentioned will be done by staining, and this
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person has training in handling tissue
sections, but not in molecular biology. We
have the molecular probes ready to be used.
M.H. Generally speaking, I think it will be
important for the person who comes to have a
defined research question in mind. If the
question is something of mutual interest, and
the person is lacking some of the technical
skills, there will be a way to bridge those
gaps. From the Leibniz award funds I have
hired one person who is a clinician
who works jointly
in my group and in
the
internal
medicine
department,
who
identifies
patients
with
interesting
disturbances in iron
metabolism in that
department, and then
transfers some of that
information
and
material- mostly DNAup here for molecular
analysis. So many of us
have begun individual
initiatives to bring in this
type of person. But for the
programme to become
meaningful within EMBL,
and to have a medical
fellows programme that is
worth talking about - it will
be
important
for
the
Laboratory to provide a
funding mechanism. The
scientific proposal aims at
funding ten fellows per year. Ten would be
one person per unit per year, so that all the
units have a chance to be exposed to these
new colleagues and vice versa.
WHAT ARE THE OTHER COMPONENTS OF THE
PROPOSAL?

There is going to be a series of 4 minisymposia on different medically-relevant
topics. 2 this year and 2 next year. We will also
have a seminar series.
RK.

M.H. By and large the initiative is really
aiming at the next budgetary cycle, from 2001
to 2005. If this is endorsed by Council, we will
go ahead with the medical fellows
programme, the mini-symposia, the seminar
series. Institutional partnerships could
develop. Our PhD programme is also willing
to take in MDs who want to do an MD /PhD
for their PhD work.
MATTHIAS' WORK ON IRON
METABOLISM AND RUDIGER'S
WORK ON RECEPTORS THAT
INFLUENCE THE DEVELOPMENT OF
CELLS AND TISSUES HAVE RATHER
OBVIOUS LINKS TO MEDICINE;
WHY ARE PEOPLE FROM A MORE
BASIC DEVELOPMENTAL
BACKGROUND BECOMING
INVOLVED IN MOLECULAR
MEDICINE?

J.W. For example, I am
studying the development
of the eye. Rudiger and
Matthias
want
to
understand diseases by
understanding
the
process. At the moment
I am more interested in
using information that
comes from the study
of human diseases as a
way to understand
the principles of
development. With
the eye we have
contact with clinicians
that have big collections of hereditary
eye diseases. Of course the human population
is a very, very big pool that people are
screening very intensively, and mutations
become obvious. Quite a lot of people who are
coming to the first minisymposium are
working on human diseases that affect eye
development. In the beginning our work is a
more basic topic, it's not directly connected to
clinical work. But of course I hope this will
then feed back into medicine, to be instructive
about how to treat diseases.

VIEWS OF THE FUTURE

WHAT KIN D OF CONTRIBUTIONS TO MOLECULAR
MEDICINE CAN EMBL BE EXPECTED TO MAKE ONCE
THE PROGRAM GETS UP AN D RUNNING?

J.W.
One point that is obvious for all of us,
but perhaps not to the outside world, is the
fact that most of the work done by people
here ultimately has some relation to
molecular medicine. A significant part of the
basic research we are doing is related to
molecular medicine.
M.H . EMBL is about to contribute to a
process that is already underway. Our work
has already given us promising contacts and
the more people involved, the more
contributions there will be. With this project
EMBL is not going to be rehashing what other
people are doing or have already done. We
are not redefining the Laboratory from a basic

science institution to an applied science
institution. We want to realize added value
that is there but that hasn't been capitalized on
- both to the benefit of the scientists working
here as well as those outside.
Another possibility is to hire good
molecular biologists who are working on a
disease gene or a medically-relevant topic;
that could catalyze the growth of molecular
medicine very effectively.
R.K.

M.H. There have been excellent examples of
that at EMBL in other areas. The inter-unit
initiative on RNA is an example where there
has been a recognized strength and additional
people have been hired to further enhance the
strength; the same approach could be applied
to molecular medicine.

Turning theory into practice
Siegfried Labeit's group establishes a link between EMBL and the Faculty
of Clinical Medicine in Mannheim
"EMBL has an outstanding record in molecular biology, whereas our faculty is active in
clinical research," writes Klaus van Ackern, Medical Director of the University Hospital
Mannheim. "These two institutes offer very complementary, synergistic opportunities that
could be used to develop molecular medicine."
In May 1999, the institutions signed a letter of intent for a series of cooperative projects to be
initially focused around the group of Siegfried Labeit (Structural Biology). The Labeit group has
officially moved to Mannheim. Several grants from the German Research Council (DFG) now
fund collaborative studies of the Mannheim and EMBL teams. Recently, a DFG Emy-Noether
fellowship was awarded to Claudia Muhle, also in support of her interdisciplinary work at
EMBL. The collaboration has given both institutes a foot in the door to molecular medicine.
Research projects underway include work to understand the role that the titin/nebulin filament
systems might play in human diseases. Genetic studies carried out in Finland (Carina Wallgren,
Helsinki; Bjarne Udd, Tampere) and France (Ketty Schwartz, Paris) have shown that mutations
in titin and titin-associated proteins lead to severe muscle diseases, but a better understanding
of the underlying mechanisms will be a prerequisite towards the development of therapeutic
interventions. The groups of Siegfried Labeit, Matti Saraste, Irmi Sinning and Michael Way are
involved on the EMBL side. Part of the project is also aimed at developing microchips for use in
medical diagnosis, which would be of interest to both EMBL and researchers at the Mannheim
Clinic.
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Julio Celis
Departing President of the EMBL Council

I have been a delegate to Council for 6 years
now, the latter two serving as President. I
have also been a member of EMBO for many
years, and have run courses that have had
some connection with the EMBL. I have had a
close contact for many years with Wilhelm
Ansorge as well as with members of the Cell
Biology Program, and have had students
there.
Scientifically, my main interest for many years
has been applications of proteomic
technologies in cell biology, in particular in
cancer research. For 20 years, people have
been thinking about proteomics. In that time,
the technology of protein identification has
changed dramatically from immunoblotting
in the 1980's to predominantly mass
spectrometry today.
WHAT ARE THE DUTIES OF THE PRESIDENT OF THE
COUNCIL? WHAT ROLE DO YOU PLAY IN THE
DEVELOPMENT OF THE WHOLE INSTITUTE?

The role of the President is very important
because the Council meets only twice a year.
As a result he or she has to establish a close
working relation with the Director General,
who usually consults the President on
important matters that require urgent
decision. Often, one has to be prepared to
make quick decisions on behalf of the Council
and therefore establishing close relationships
with all of the delegations is essential. As
President, you represent both the interests of
the Council and of the laboratory. Frequently,
the President is chosen from a small Member
country, as these countries are very
supportive of the EMBL activities,
particularly training. Last year we changed to
a large country as we are going through a
very critical transition time, that is the new
indicative scheme 2001-2005.

IT MUST BE INCREDIBLY COMPLICATED TO BE
INVOLVED IN A TIME-CONSUMING JOB IN THE
ADMINISTRATION OF SCIENCE AND ALSO TO DO
SCIENCE YOURSELF.

It is very demanding. The science component
is very important and therefore you have to
learn how to balance research work and
administrative duties. The job is much easier
if you have experience on E.u. policy, your
national councils as well as on other
international organisations, as you may have
acquired an overview of how European
science works and whom to contact when
problems arise. When we failed to get the EU
grant for the EBI, we did not know exactly
where to go and how to proceed from there.
One learns from these situations, next time
around we will be better prepared, as all the
links will be established.
I N EU COMMISSIONER BUSQUIN'S "WHITE PAPER"
ADDRESSING THE NEED FOR A EUROPEAN REGION
FOR SCIENCE, IT LOOKS AS IF THE
INFRASTRUCTURE IS BEING ADDRESSED IN A VERY
SERIOUS WAY RIGHT NOW.

The fact that the 5th Framework situation has
affected the EBI - which is of such great value
has actually
to European science
encouraged a lot of people, including the EU,
to think about the consequences of such
policy decisions. Also, because of this
decision scientists realized that they must
create a vision for the life sciences in Europe.
Once this is achieved, it should be possible to
establish the research priorities necessary to
keep Europe at the forefront of research in this
millennium; infrastructures are clearly central
to any competitive endeavor. We very much
hope that Commissioner Busquin will
readdress the problem in due course.
WHAT POSSIBILITIES ARE THERE FOR OBTAINING
FUNDING FOR THE EMBL AND THE EBI?

JULIO CELIS

In my opinion, the main EBI funding should
come from the Member countries, as this will
provide much needed stability for the
Outstation. The existence and development of
the EBI is crucial for the competitiveness of
the life sciences and the industry in Europe.
Stability is a must if one considers the high
demand for people trained in bioinformatics
as well as the lack of expertise in the area. The
ED has to consider the importance of
infrastructures in Europe and together with
the individual countries should provide at
least a partial solution to the problem in the
6th framework program. It's not clear to me
how the problem will be solved; we need to
create a vision and consider the social and
economic consequences.
IN DENMARK, HOW MUCH AWARENESS IS THERE
OF WHAT'S HAPPENING IN THE LIFE SCIENCES?

Maybe because of genetically modified
organisms there is in general a negative
attitude towards biotechnology in the
population. We as scientists need to foresee
the consequences of the research we do, and
accordingly must increase our efforts to

educate the public. People want to see
benefits right away but they must understand
what it takes in terms of human and economic
resources. We must be transparent so that the
public trusts us. In Denmark we don't spend
enough time informing society, so people only
know science through the newspapers, which
are usually sensationalized.
Is THE SOLUTION FOR A LOT OF INSTITUTES TO PUT
EFFORT INTO PROMOTING THEMSELVES?

Absolutely, as they know better than anyone
else what they want to achieve and where the
problems lie.
WHAT DO YOU SEE AS EMBL'S GREATEST
CHALLENGES IN THE NEXT FEW YEARS?

I think the greatest challenge for the EMBL
will be to keep at the forefront of research in
such difficult funding times. The laboratory
needs to develop in close contact with
scientists in the Member Countries, as it plays
a central role in the development of molecular
and cellular biology in Europe.
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because they had a lot of input to shape the
reviewing process, to shape the criteria.
Additionally, the EU has come up with
networking programs. I do have some
critique as far as the transparency and
sometimes unfortunately, the quality of the
reviewing process is concerned. The EU
would have been well advised, in my mind,
to go out and look at the international
research agencies. Every country has
established mechanisms as to how scientific
projects are being evaluated. My feeling is
that the EU could learn a lot from the
individual nations and adopt some of the
procedures that are working well for decades
in their own reviewing processes. That would
certainly help science as a whole. Coming
back to your question, I still believe that the
EU program as a whole can be viewed
positively in the sense that it fostered the
international or transnational interactions.
Furthermore, and this implies no ranking, I
wish to mention
that EMBO, which
was one of the
founders of highquality support for
young scientists. It
stood at the base
and had, to me, a
tremendous impact
because it is being
viewed
as
a
prestigious award.
It still remains to
this day, despite the
fact that there are
many more competitors now than there
were 10-15 years
ago.
To conclude this question, many positive
actions have been taken to foster the
internationality of European science, but
there is still plenty of room for more activities.
Do YOU AGREE THAT

THE UNIFICATION OF
SCIENCE IN EUROPE IS NOT PROGRESSING WITH
THE SPEED THAT A LOT OF PEOPLE WOULD HOPE THAT IT IS CERTAINLY NOT PROGRESSING WITH THE
SPEED THAT WAS HOPED FOR WITH THE FOUNDING

OF EMBL? HOW DO YOU SEE EUROPE'S ROLE IN
RELATION TO THE UNITED STATES IN THE COMING
YEARS?

As I just pointed out, the speed of unification
could indeed be improved. Let me therefore
now address the second part of your question.
The United States have established an
excellent science funding system. NIH, NSF
and Howard Hughes Funding and not to
forget the many charities that support certain
areas of research carry the major load of the
funding of the biological research in the US.
With organizations such as the NIH it was
also possible to establish large programs that
serve the entire community. I would just like
to mention the Human Genome Project as one
example. Given the size and the scope of such
programs, it needs a substantial financial
influx in order to make it work well. This is
one of the problems we face in Europe. Since
the European science is a conglomerate of the
national science structures, it has been
comparatively
more difficult to
start
similar
programs here.
There are, of
course, valuable
initiatives, such
as the Sanger
Centre, largely
financed through
the Well come in
the
Genome
Project area. This
just serves as an
example
that
unless we work
harder on the
establishment of
structures
that
will enable us to do this large-scale biological
science, most of this research will be beneficial
to the United States. This obviously includes
not only the research, but also the commercial
benefits that come out of this research, either
publicly or privately funded. It is my firm
belief that these areas provide amply
opportunities for the EU to fund and thus also
harvest the fruits both of basic research as
well as on the commercial level. In more

PETER GRUSS

general terms, I indeed think that all efforts
should be made to improve the interactions of
the national research structures in order to
facilitate the initiation and the running of
programs that are of key importance for the
future of the European sciences.
JULIO CELIS HAS SAID THAT HE BELIEVES THAT IN
THE US, IT DIDN'T HAPPEN OVERNIGHT, THERE
WAS A LOT OF GROUNDWORK LAID FOR IT. WHAT
DO YOU THINK CAN BE DONE IN EUROPE TO
PREPARE SUCH A GROUNDWORK?

I think he is right in a sense. What he may
have meant - and I think this is where the
European mentality basically differs from the
mentality in the U.s. - is that people in the
United States are used to lobbying. If they
have a special interest, they form interest
groups and try to lobby in order to have an
impact on policy shaping. The European
mentality is different. Europeans think that
the government should take the initiative.
Here is the basic problem. We have to learn to
go out earlier. In biology, almost every other
week something new happens which gives
you a lot of reasons to talk to the policy
makers in science, or rather the politicians, to
help them ease the way with respect to these
findings or the technology transfer of these
findings. Just look at the discussion on
embryonic stem cells, which is a perfect
example. In the U.S, they have not decided on
the public funding so far, but they could do
the research. They work on it under certain
restrictions. In Germany, we have a law that
was made at a time when no one could
foresee that possible benefits were being
outlawed alongside the problems. That's
another criticism: sometimes there is a
tendency to over-regulate. Once you have a
law, of course, it is more difficult to retract it
as opposed to shaping a new one at a later
time. We are sometimes too much
government-oriented. We feel that in the end
the government will take care of us. That's
true at all levels.
You HAVE BEEN HEAVILY INVOLVED IN THE
PROGRAMME FOR JOURNALISTS AND ONE OF THE
GOALS OR PRODUCTS OF THAT WILL BE MORE

PUBLIC EDUCATION OF SCIENCE. DO YOU THINK
THAT'S ALSO A CRITICAL STEP?

I couldn't agree more. Looking at my own
interactions with journalists, I frankly admit
that I have failed here in the past. I valued the
time dedicated to an experiment much more
than the time spent on talking to a journalist,
which would have helped us to get across
ideas with conflict potential. Looking back on
the past five years in Germany, I think there is
a markedly changed attitude for one and also
a markedly changed interest. The frequency
of press coverage of science has changed.
Now virtually every large TV channel has a
science program at least once a week. The key
point is, given the complexity of biological
science, it requires a good training of the
journalists that are involved in covering it.
Reinhard Jahn, a colleague of mine, is running
a program called EICOS at the Max-PlanckInstitute that can serve as an example. The
goal of this program is the education of
journalists. Journalists from all over the world
are invited to visit and take part in practical
courses and lectures in order allow them a
deeper insight into some of the central
problems of biological sciences. This program
was very well received. It can lead to a better
understanding of the mutual problems
existing. It will help the journalists to see how
science is being run, but it will also help
scientists to recognize what it takes to actually
talk to the public. I am positive that more
programs of this sort will lead to a better
mutual understanding and will ultimately
result in an acceptance of new and beneficial
therapies resulting from these studies.
WHAT CAN EMBL DO? WOULD YOU HAVE ANY
ADVICE FOR US?

The press releases are very important. I
recently saw a flyer for genetically modified
organisms coming out of EMBO, and I think
this is very helpful. One should take a stand
here and not shy away from topics with high
conflict potential. One should try instead to
be as clear as possible, to address the scientific
components and also the benefits for society,
not disregarding the ethical issues - engaging
experts to consider them. We need a closer
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interaction with people trained in ethics,
trained to think about these types of
problems. They can make you aware where
they see the problems. Only by laying open
both components the public will be able to
make an educated decision. This has been
lacking in the past. On the one side, the issues
we are addressing are complicated so we have
to work on the presentation, on the other side
they want to see a balance between how far
you want to go in ethical terms and what will
be missing, if something is not done.
As SOMEONE WHO IS INVOLVED IN SHAPING

THE
LABORATORY'S FUTURE, AND WHO HAS BEEN FOR
A NUMBER OF YEARS, HOW DO YOU SEE EMBL
EVOLVING IN THE FUTURE?

It is my goal as the president of the council

and also as a scientist to see that EMBL
maintains its position in the international
consort of excellent institutions. I do realize
that the things are more difficult than they
were, for a number of reasons. For one,
ironically, because of the leadership that
EMBL played over the decades, there is now a
broader platform of institutions that work in
the field of molecular biology. This
technology is now widely available in
Europe. So what one needs then is really an
excellence, a value. This high degree of
excellence has to be maintained at all costs. It
should remain an internationally leading
institution and a jewel in the European crown.
Furthermore, it is inevitable, and for Europe
of extraordinary benefit, that in addition to

high level research, also vital services are
being provided. The EEl, for example, is an
extremely important institution for all of
Europe. The Outstations in Hamburg and
France are important for structural biology
and in very high demand.
What I hope is that in the context of the next
indicative scheme coming up, EMBL will get
the funding to maintain that level of
excellence.
ON NEW YEAR'S EVE, IN BERLIN ALONE THE
GOVERNMENT SPENT 18 MILLION MARKS FOR 15
MINUTES OF FIREWORKS, AND OTHER COUNTRIES
SPENT COMPARABLE SUMS. IF THE EBI HAD THAT
18 MILLION MARKS ... IS THERE A CHANCE THAT
PEOPLE CAN BE MADE TO REALIZE WHAT A SUM
LIKE THIS MEANS IN TERMS OF COSTS AND
BENEFITS?

Well, I think this example is already a good
way to convince them that they are not
spending enough on the EMBL. The only way
to do this is to make the public aware of the
benefits. Political pressure must come from
the people. Most of the impact comes from the
evocation of incurable diseases. If we are able
to advocate without exaggeration, without
raising false hopes, with a realistic view of
what science can do, I think one could put
pressure on the governments. The more
magazines, newspapers, TV stations, discuss
this topic, also with the aspect of "if we have
more, we could do more" then that would be
a way to change the allocation of funds.

Science & Society
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Wolfgang van den Daele, Wissenschaftzentrum
Berlin fUr Sozialjorschung, "Risk prevention
and the political control of genetic
engineering"
Is there a way to develop a rational debate on
the social theme of genetic engineering?
Wolfgang van den Daele conducted a social
experiment to answer this question.
Participants opposed to the development of
herbicide-resistant plants initially claimed
that such plants pose particular risks. Over
the course of the study, their argumentation
shifted to the claim that there was no
acceptable social need for herbicide-resistant
plants, since better alternatives were
available. This shift seemed to indicate that
the real issue behind the conflict over genetic
engineering is not the prevention of risk, but
the quest for more democratic control of the
dynamics of technology innovation. The
critics refused, however, to ratify this finding
as a result of the dialogue and this avoided
the redefinition of the conflict in the public
agenda.

SCIENCE

& SOCIETY

In 1999, EMBL continued its activities aimed at bringing a
variety of social issues into the Laboratory through the Forum
on Science and Society, organized by Halld6r Stefansson. In
2000, EMBL and EMBO will host a major conference in
Heidelberg called "Developing a New Dialogue." The meeting
will take place from November 10-12, 2000. More information
is available on the EMBL Science and Society homepage:
www.embl-heidelberg.de / Conferences / SciSocOO /

Jesus Mosterin, Inst. Philosophy, Spanish
Research Council, Madrid, "Changing roles of
chance and decision in matters of birth and
death"
Darwinian evolution is based on two
mechanisms: (1) a random generator of
variability (mutations, sexual recombination,
drift) and (2) a non-random filter (natural
selection). Together, they produce adaptation
to the environment. There is nothing optimal
about this adaptation. Natural selection acts
on available alternatives, and av ailable
alternative solutions to problems are just a
few of the possible solutions, and usually not
the best (from an engineering point of view).
Evolution is a shoddy process.
Culture has interfered with nature through
the domestication of certain groups of plants
and animals, and now in the form of genetic
engineering and the production of transgenic
organisms. Traditional moral doctrines are illequipped to deal with this new situation,
particularly regarding the potential for
engineering humans, which should not be
feared, but explored and made the most of.
The progress of medical technology is making
the time and method of dying increasingly a
matter of conscious choice. We are playing the
role of the sorcerer's apprentice. What are the
risks and the potential rewards of this
apprenticeship?

Walter Dorfler, Dept. Genetics, Univ. K6ln,
"Foreign DNA in mammalian systems: facts
and apprehensions"
Does it ever happen that a cell takes up
genetic material randomly from the
environment? And if so, will a fraction of this
be permanently integrated into the genome
and therefore propagated to the progeny of
the cell? And what are the effects of such
potentially hazardous mixing of genetic
information? Could it be advantageous?
Information on the quantity and quality of
horizontal gene transfer has a tremendous
impact not only on the paradigms that govern
our view of the world, but also on issues of
more practical consequences. Professor
Dorfler is regarded as an expert in this area
and has summarized the results of his team's
studies in the book "Foreign DNA in
Mammalian Systems" (Wiley-VCH, 1998).
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Walter Zimmerli, Dept. Philosophy, Philipps-Universtiit Marburg, "Philosophical problems of the life
sciences"
In our days the philosophical discussion over the scientific use of living organisms has finally started
taking place on a somewhat more neutral and sophisticated level, focusing preeminently on
epistemological, ethical, and ontological issues connected with life sciences. The talk developed the
notion of technological meta-paradigm of life sciences, followed by a picture of the background of
today's biological activities in research and development (synthetic biology). In dealing with
questions originating from the fields of plant breeding as well as of human genes and animals on the
one hand, and from the policy fields of Novel Foods and Patenting on the other, the lecture then
delineated some of the most prominent ethical problems. Finally, the ontological implications of
biological epistemology were taken into consideration, through a critical discussion of E.O. Wilson's
work on the unity of knowledge.

Susan Lindee, Dept. History and Sociology of
Science, Univ. Pennsylvania, "DNA as sacred
text"
This lecture explored the seductive narratives
of contemporary natural theology, focusing
on how stories in both high and low culture
construe DNA as a sacred text and a source of
moral guidance. Historical tensions have
shaped the elevation of DNA to its high
cultural status in the late twentieth century,
and modern narratives of morality and
biology can be compared to the stories in late
eighteenth century texts of natural theology,
and to the early Christian stories of bodily
integrity and immortality. Lindee emphasized
the spirituality of contemporary molecular
genetics as a cultural enterprise, and
suggested that DNA now functions in many
settings as the equivalent of both the human
soul and the Christian Bible. Such allusions
are not coincidental or trivial. By attending to
their power and resonance, Lindee proposed
that we can develop a better critical
understanding of the role of scientific
knowledge (scientific truth) in late twentieth
century political culture.

Jiirgen Mittelstrass, Director, Center for
Philosophy of Science, Univ. Konstanz, "The
impact of the new biology on ethics"
Modern biology teaches us not only what our
biological nature is, but also how to change it.
The possible production of human clones was
discussed as an example. Here boundaries are
crossed that seem to be set by nature itself. It
is, however, made clear that such boundaries
are always due to ethical considerations
without recourse to individual intuitions or
ideological prejudices. For Man is a being
without measure who can only live under
measures set by himself. Mittelstrass called
for a bioethics and a physiocentric ethics and
put forward arguments in favour of a
properly understood anthropocentrism in
ethics.

SCIENCE

&

SOCIETY

Panel Discussion "Commercialization of the
Human Genome: repercussions, advantages and
apprehensions", Stephen Hi/gartner, Dept.
Science and Technology Studies, Cornell Univ.,
Gisli Palsson, Institute of Anthropology,
University of Iceland, Reykjavik, Julian
Kinderlerer, Sheffield Institute of Biotechnological
Law and Ethics, University of Sheffield

Ortwin Renn, Center of Technology Assessment
in Baden-Wiirttemberg, "Public perceptions of
biotechnology in Europe"
Attitudes towards genetic engineering are
more negative in Germany than in most other
European countries, especially in the field of
applied genetic engineering in agriculture,
food production and animal breeding.
Medical applications, however, are highly
appreciated by most European societies.
The skeptical attitudes of the public are often
considered a result of an irrational animosity
towards technology. Empirical results show
that, on the contrary, the concerns are specific
about selected technologies and selected
properties of these technologies. Renn's
research into this topic incorporated public
surveys, in-depth interviews, and systematic
observations.

The monumental expansion of the application
of intellectual property rights to new areas
and of their protection in patents reveals a
disintegration of the conventional boundaries
between the worlds of basic life sciences
research and industrial applications.
Conventionally, the world of science has been
idealized as being open with a free flow of
information, and the world of industry and
commerce has been depicted as fragmented
and closed, made of self-serving entities
dependent on a highly secretive use of
information.
This
overly
simplistic
perspective might suggest that a massive
introduction of commercial patenting in basic
research could seriously subvert its culture. A
far more sophisticated analysis is needed to
apprehend the consequences of an increased
application of intellectual property rights to
the products of the biological sciences in
recent times.
Two of the panelists were social scientists who
have done in-depth studies, and the third was
a biologist and legal expert.
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Lennart Philipson
Director General of the EMBL from 1982 to 1994
I was Professor of Microbiology at the
Uppsala University between 1968 and 1982. I
was a delegate of the Swedish delegation to
the EMBL Council during Sir John's period for
two years, and during this time I proposed
that interdisciplinary programmes required a
senior coordinator. The job of this person
would be to help recruit the right
constellation of physicists, cell biologists and
molecular geneticists together in one area. I
was even willing in 1978 to come down as a
coordinator for molecular and cell biology to
establish a structure, in fact similar to the one
we later introduced. The scientific advisory
board supported that idea but Sir John never
came back with a proposal.
When I was approached by the Council as a
candidate for the directorship, there was a
discussion about whether Sir John was going
to leave at sixty-five or whether he should
receive an extension. I had stated that I
would, of course, be perfectly willing to come
down and try to structure the EMBL. They
had the money, they had the resources, the lab
had been built, but they lacked some coherent
internal structure. The scientists needed a
framework in which they could feel
independent and grow and become
reasonably well established before they had to
leave. I thought that it
was
a
marvelous
opportunity to create
something
on
the
European level. It was
necessary to do this as a
European
initiative
because most countries
had not yet developed
their molecular biology
facilities in 1981. Europe
really needed a central
catalyzing facility.
The first .thing I did,
together
with
John
Tooze, was to prepare a
draft of a scientific
programme structuring
the
EMBL
into

programmes, identifying senior coordinators
that could help in creating focused areas in an
interdisciplinary manner. And so John and I
worked on an outline of this programme and
then I came down to Heidelberg and talked to
all the senior scientists and tried to present it
and see if we could get their support. Most
importantly, before we started the
programmes, we called together expert
panels to advice us about different
programme alternatives - for instance, should
we go for developmental biology or should
we start with differentiation? Should we go
for biological instrumentation or should we
change it into gene expression? We had very
profitable discussions with these panels. I
remember that one panel proposed that we
select
differentiation
instejld
of
developmental biology because Christiane
Niisslein-Volhard and Eric Wieschaus in
Drosophila had just left the EMBL and the
oncogenes looked promising. So in fact, we
decided on differentiation, but we were
always flexible. We started with biological
instrumentation but we changed to gene
expression soon thereafter.
Our most important mission at EMBL was
probably the training opportunities - whether
it was training at the graduate, the
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postdoctorate or the group leader level. The
hard-core
instrumentation
for
the
synchrotron sources, both in Hamburg and
the connection with neutrons in Grenoble,
eventually the ESRF, was also important for
the Member States. The whole idea for a
mouse facility was important and discussed
at an early stage but
it was first my
successor
who
managed to establish
the
center
in
Monterotondo. We
had some foresight
in
creating
the
biocomputing
programme leading
to
the
Hinxton
center, which was
the last thing that I
did. The good thing
about Hinxton was
that you had a strong
genome project next
door which could
give
them
an
influence and ideas
on how to improve
the EBL So in short, I
thought that I could
provide
an
alternative structure
to the EMBL, that I
could with quite a
lot of backing from
the senior scientists,
and the scientific
community at large, create something that
might work. And looking back the Laboratory
expanded quite a lot, but it also became
recognized throughout the world.
My feeling about the programmes is that one
should have loose structures because the
initiative should ideally come from below.
You have to encourage collaborations by
making people enthusiastic about them. You
have to let them be absolutely independent,
help them to work out ties both within and
between programmes, to give them a
corporate identity so that they can identify
themselves with a we, instead of an 1. From

the leadership side, you shouldn't do very
much more than to give them the ground to
stand on, to find partners, and to develop
their skills. It's like bringing up children. You
should not in a hierarchical way sit on them,
or push them in one direction or another; it
has to come from within themselves.
I N THE INITIAL
AGREEMENT TO
FOUND THE EMBL,
THERE WAS ALREADY
A STATEMENT THAT
PEOPLE SHOULD
RETURN TO THE
MEMBER STATES. DID
THAT POLICY FIRST
GET FORMALIZED
DURING YOUR
ADMINISTRATION?

During Sir John's
period there was a
recruitment phase,
and to get the first
people on board he
had to give fairly
liberal contracts
because this was a
completely new
institution. What
the next person
could do was to
lay down the rules.
had
to
You
evaluate what is
good and what is
mediocre, to have
reviews at regular intervals involving the
scientific advisory board quite extensively.
WHAT WAS IT LIKE TO LEAVE EMBL?

I've always said that ten years is about the
time it takes to give as much as you can give.
And I think that one should shift position
every ten years. I stayed fourteen years as a
professor at Uppsala; we started from scratch,
and we were one hundred and sixty when I
left. I came here and there were some three
hundred people, I believe in total, and there
were eight hundred and fifty when I left. And
then I came to New York starting from scratch
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again and there are three hundred people
there now. Obviously I am a builder.
SO WHEREVER YOU GO THEY NEED A LOT OF
SPACE.

Right now I have passed my 70the birthday so
I have received an emeritus position. I'm still
functioning as a kind of sounding board with
younger people. We initiated recently a
programme in gene therapy, which I think
will be important within the next ten years.
And I would like to start another programme
on organogenesis. I enjoy tremendously
walking around, and talking to the young
scientists and prospering from their ideas,
their fresh minds and their different way of
looking at problems.
I think the role of the leadership is to be
altruistic and humble towards one's own role
and to provide real support for the gifted
young scientist. This is the way to get optimal

return out of the people. You have to
communicate with everybody. I walked
around at the EMBL before this interview and
I talked to everyone. We had and still have a
good relationship.
During my time the senior scientists met once
a month, to discuss recruitments and science.
As you know, we introduced graduate
studies, and that was a case of necessity,
because in the beginning we had trouble
attracting good students. John Tooze started
the graduate programme, and he did a
wonderful job. And now EMBL can grant its
own degrees.
The selection was as good as I've seen at MIT,
or Harvard. When you look at the people
coming back now for the alumni meeting the kinds of people who have been here, and
the things they have done - you have to say
that EMBL has been a success.

KEN AND MARY HOLMES I

A talk with Ken and Mary Holmes
Ken Holmes has played a very important role in EMBL's history because he performed the first biological
experiments with synchrotron radiation at the DESY, leading to the decision to establish an Outstation in
Hamburg. The existence of the facility was crucial in convincing the EMBL member states to sign the
agreement ratifying the Laboratory, after so many years of negotiations. Ken later became Acting Head of the
Outstation for a two-year period. His wife Mary was EMBL's librarian from 1974 until her retirement in
1998, working under three Director Generals and supervising an extensive process of growth and
modernization that has made EMBL's Szilard Library one of the Laboratory's most appreciated resources.

Ken Holmes
On Sept 5the 1968 my wife Mary, our three
children and I arrived in Heidelberg; I was to
run a Biophysics department in the MaxPlanck Institute. At the same time the
negotiations for EMBL were starting, and
John Kendrew was already heading the
laboratory project. At that time the countries
who were discussing EMBL were seriously
worried that a big lab would be competing
w ith their national labs for money and
prestige, so EMBL had to be given a very
special raison d'etre. The remit was that it
should do technological development on a
scale that could not be run by national labs like CERN, we would have to become
something like a big physics institute. Though
I think the situation has changed for EMBL
today.
One morning I was awoken at 6.30am by a
call from elderly Professor Bauer, retired
Clinic chief and ex-Rector of the University of
Heidelberg, who was head of the German
Cancer Research Foundation. In addition to
asking why I was not yet at work, he also
said, "You can tell your Dr. Kendrew that if he
wants three hectares close to the university
we can give it to him." This was a
tremendously good offer, but John said it was
too close to the university and that is why
EMBL is up on the hill now!
The agreement for EMBL was signed in 1974
and originally there were three temporary
sites, in the German cancer research center
and a second in the Akademiestrasse in
Heidelberg, in a laboratory purported to have
been used by Bunsen. There was still a large
old laboratory under the roof with long teak

benches and huge glass flagons of chemicals.
The EMBL library was also first housed in this
building. John started in a hut in the
Kernphysik on the hill that he quite liked - he
had started his career in similar huts in
Cambridge and he felt huts were the right
sorts of place to do research.
In the meantime, when I came here in 68/69,
we were working on recording diffraction
patterns of muscle at high speed to establish
whether the cross-bridges between the
filaments that made up muscle were actually
moving during a contraction. Measurements
needed to be taken in a matter of
milliseconds. The cross bridges are what you
see sticking out sideways from the myosin at
a regular interval of about 145 Angstroms.
The intensity of the cross-bridge reflexions
decreases quite a lot during a contraction. If
you put ATP on it or take it off you can
observe great changes in these reflexions. We
had observed this in static systems much
earlier on in insect flight muscle, which is
why we were so particularly interested in this
system.
To get a diffraction pattern from a living
muscle in two or three milliseconds requires a
lot of X-rays. It became clear we were never
going to be able to do this through
conventional sources. Even in 1963 I had been
thinking about high-energy synchrotrons, like
DESY in Hamburg, which were just being
built then, as X-ray sources. The theoretical
formula for working out the X-ray intensities
from such machines had already been
developed by Julius Schwinger in his 1953
Nobel prize work. Fortunately, Gerd
Rosenbaum came to work with me at the end
of 1969. He had already worked at the DESY.
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I had been in previous contact with DESY, and
had asked about doing some X-ray work
together, but at that time it was a bit difficult
because I was living in England and there was
a language barrier and so on. Having got here
it was a lot easier, and because Gert
Rosenbaum had hands-on experience at
DESY, he said let's go there and try it out. So,
we set up some apparatus there and managed
to obtain diffraction patterns from a muscle. It
showed that there was going to be quite a lot
of intensity and there was a future there.
Synchrotrons were getting bigger and better,
so it became a much more open-ended
development than fiddling around with X-ray
tubes.
We started to talk with
the DESY directors.
Hugh Huxley and John
Kendrew were also in on
this, and amazingly, I
managed to get two
people funded by the
DFG . Daisy built a
bunker for half a million
marks and we provided
some apparatus that we
built ourselves at a cost
of about DM 100,000. All
this
was
just
of
speculative planning,
based on the hope that
EMBL might one day
come into existence and
take it over; it was all too
much for our little
department at the MaxPlanck
Institute
to
handle on the side.
In 1971 when there was still opposition to
EMBL, at a crucial meeting in the parliament
building in Bern, I formally suggested there
should be an outstation. Because of the
physics and instrumentation issue this was
crucial for the foundation of the Laboratory.
There was also the Grenoble outstation where
John wanted to establish an outstation to
support the neutron project.
By about 1972, it was clear things were going
all right and we had customers coming in to

use the facility - the first X-ray diffraction
facility ever. In 1974 it became an official
EMBL outstation. We were working on a
shoestring; our total optical bench, which we
used for 4 or 5 years, cost DM 50,000.
Nowadays they reckon two million, five
million dollars for a beamline.
So, we had the first beam-line running on the
DESY synchrotron, although because a
synchrotron only runs at high energy for 1520% of the total time there were still
limitations on the intensity. Electron storage
rings, including that at Stanford, which run at
high energy all the time, looked a much better
bet. Plans were made almost immediately to
construct a dedicated Xray lab on the storage
ring DORIS then just
being built at DESY.
Already in 1974/75 the
folk at Stanford were
doing
experiments
successfully
taking
diffraction patterns from
protein crystals. We had
done such experiments
about the same time but
with DESY as a source
nobody was really very
interested because we
only had a gain of about
a factor of 10 over the
standard rotating anode
tube. People were not
prepared to invest that
much time and effort for
a factor of 10. What we
missed, but realized later,
was that there was a far superior signal-tonoise ratio, which meant that the quality of
the data would be much better
Then the project moved to the new DORIS
storage ring. That became the EMBL
outstation and I took over as acting head of
the outstation for 1975-76. I was head of the
MPI at the same time, so I was only half-time
at the outstation, and I couldn't do it for more
than a limited time. So I did it for about a year
and a half, in a crucial period, to help John
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while they were looking for someone
permanent to come.
Later on, Keith Wilson came and turned it
into a real going concern for protein
crystallography. Keith did a really great job.
From the mid-80s onwards, the Outstation
has been an absolutely indispensable
institution, a very active and useful facility
now. Synchrotron radiation is now such an
important method that it is difficult to
imagine structural molecular biology without
it. 80 or 90% of all protein structures are now
determined by synchrotron radiation and it
will soon be near 100%.
WHAT KIND OF DETECTORS WERE YOU USING?

The very first was film but soon afterwards
we used wire detectors. Gas detectors with
delay line read-out were then being used at
CERN and we lured down Andre Gabriel
from CERN to the outstation to build his
delay-line counters which we used a lot. His
one-dimensional delay-line counters became
our bread and butter. The 2-D counters were
difficult, as the counting rate for anyone spot
is low. The development of counters was at
that time in the hands of Jules Hendrix, whom
I also hired. Jules later went back to looking at
imaging plates, which were ideal for the
protein crystallography, quite good for static
fibre work (because of low background
noise), but not so good for dynamic stuff due
to read-out problems. So it didn't help the
muscle project much, but it helped everything
else

One of John's other developments was to get
cryo-microscopy off the ground, which was a
very important development, and that
happened in the main lab. That fit into the
instrumentation scheme well - some people
went so far as to regard the biologists as only
being there as an interface to technology.
Electron microscopy and synchrotron
radiation were complementary. Synchrotron
radiation increased the speed with which you
could collect X-ray diffraction data. Its
brilliance gives much shorter exposures and
the collimation gives much cleaner data. We
were interested at that stage in both
collimation and brilliance because the
diffraction patterns from muscle fibres give a
lot of background scatter and you get a much
cleaner picture with the synchrotron
radiation. But ultimately you have to record a
diffraction pattern in a couple of milliseconds.
Hugh eventually achieved this in 1980 using
DORIS.

A key background person in all of the
technological development was of course
Gerd Rosenbaum, who built a lot of the
equipment in Hamburg, and who has now
built the world's best beam-line ever at
Argon, at station ID19. He was well-advised
by Paul Sigler (recently deceased) who was a
wonderful crystallographer from Yale. This
beam-line is absolutely superb and should be
used as a standard for all other beamlines.
WHAT OTHER BIG PROJECTS WERE GOING ON AT
EMBL AT THE TIME?

Ken Holmes during the days of his early experiments.
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However, the resolution available from these
low-angle fibre scattering experiments was
not very high. Nowadays the most important
use of synchrotron radiation is for protein
crystallography where good crystals give
very high (atomic) resolution.
Electron microscopy doesn't usually aim to
get atomic resolution but it can get good
results from non-crystalline objects and even
from single particles. Therefore, it is
complimentary to protein crystallography.
Cryo-EM lets you get photos without any
stain so that the image is free of artifacts.
Cryo-EM, interestingly enough, is limited by
the fact that in the image you get there is only
phase contrast and essentially you see just a
bright field. If you go to under-focus, then
you introduce contrast from under-focus. This
is the technique used today - with cryo-EM,
you photograph 5-10microns out of focus. But
by doing so, you lose resolution. The
resolution limit typically is of the order of 30
Angstroms. Nowadays electron microscopes
are being improved a lot. We are doing a lot of
work in our lab to improve resolution and we
are getting down to 10-15 Angstroms even
with muscle fibre specimens now. We use all
sorts of tricks including quarter-wave phase
plates, which are now becoming possible with
EM. It's a crying shame that EMBL decided to
get out of EM instrument-development just
when it's getting exciting, especially after
EMBL contributed so much to the birth of
cryo-EM and helped lay the groundwork for
what's presently happening.

Mary Holmes
I used to be a librarian in London University,
and then in Boston University Library when
Ken was a post-doc at the Children's Hospital
in Boston. I stopped working when we came
back, after the birth of our first child, as one
did in those days. We returned to Cambridge.
John Kendrew wanted someone to do copyediting for the Journal of Molecular Biology.
Ken told John that I would do it and I told
Ken, "You must be absolutely out of your
mind, I cannot copy-edit anything scientific as
I don't know anything about science." I had
heard Ken talking about Angstroms and
rotating anode tubes, but most of it had gone
in one ear and out of the other. Anyway, John
said he didn't want a scientist - he had
enough of those - he wanted somebody who
could write English. So I would sit down after
putting the kids to bed and plough through
the papers. I remember reading a paper of
Monod and Jacob in volume six, and being
struck at how beautifully written it was. Then
I had to do the index for the new volumes. So
I suppose with reading all those papers
something goes into your head, even if you
do not know what you are reading about half
the time.
So we came to Germany and I didn't really
have the intention of becoming a librarian
again. When it was decided that EMBL was
coming to Heidelberg, John Kendrew came
around for a meal and said, "I want you to be
the librarian." I said I was sorry that I hadn't
worked for about ten years and I didn't know
anything about computers, and I had 4 small
children. I just couldn't do it. But he refused to
take no for an answer. Then Jack Embling, one
of the early EMBL administrators, called me
up and said, "John tells me you are going to be
the librarian. We haven't got any scientists but
we have got some money, can you spend it?"
At that stage I hadn't been offered a contract
or a job officially, but my youngest daughter
had just started kindergarten, so I looked at
what EMBL was going to be specialising in
and thought if I could take out subscriptions
to 30 journals such as PNAS, Science, Nature,
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with back numbers for five years, I couldn't
really go wrong.
In October 1974 I started a survey of all the
libraries in Heidelberg including the DKFZ,
and MPI, and I also went to the WHO and the
Biozentrum and asked them all about what
they did and who their suppliers were? What
I did discover, which was a great relief to me,
was that very few libraries used computers. I
had been reading the Library Association's
Record which gave a different impression.
John himself did not want a computerised
library. He was very keen on libraries, it was
one of his things. He loved libraries.
K. H. He was very keen on punched cards
and all sorts of things wasn't he? He was
interested in those special systems with
needles, using knitting needles in punched
cards for organizing reprint collections?

M. H . I started working in the DKFZ. When
everything began to arrive, Mr Embling said I
could buy some cupboards and he let me
have a desk in a corner of his room. I went in
perhaps two mornings a week, and the
journals began to arrive. Then gradually the
scientists came, Ulrich Plagens and Kai and
his groups. After about six months Hanns
Weiss was appointed but the DKFZ wouldn't
allow him to work there because he was
working on Neurospora Crassa. He set up a lab
in the Alte Biochemie in the Akademiestrasse
and I moved the library in there. We went in
and found masses and masses of stones in
boxes and drawers. A professor of
archaeology had taken over the space for her
collection so there was a little bit of a hiatus in
getting her out. Waltraud Ackermann politely
convinced her to move out all the stones.
To add to the library John Kendrew sent over
all his journals from Cambridge, the
Weizmann Institute in Rehovot gave us some
journals and I bought Analytical Chemistry and
FEBS Letters from Professor Weiland. There
were three little rooms, I started with one and
then took over the next one and then John
decided it would be a good idea to have a
weekly internal seminar and that it should be
in one of these rooms. So I had to get a
projector and some curtains and chairs, and

then the scientists would take it in turns to
give a lecture on what they were doing - it
was not so easy for all the scientists to meet
for discussions because everybody was so
separated. The library got bigger and bigger (I
was working part-time then) until December
1977, when we moved into the new building.
When John showed me the plans for the
library I told him that the space provided
wasn't big enough, so the architects planned
and built the library store underneath and put
in a little lift so we could take books up and
down. There was no staircase; to get there you
had to go through a door in the lower floor.
This area later became the Personnel
Department. Lennart Philipson agreed to put
in a staircase after a funny thing happened Personnel used to lock the door at four o'clock
on Fridays. One time Michael Beer, a scientist
on Sabbatical, asked if he could go down to
look at the Chemical Abstracts we used to have
down there. He went down, and they locked
him in. I can't exactly remember how he got
out. I know he was coming around to us that
evening with his wife, and they were late, but
he did get out. I think he said he could have
jumped out of one of the windows if he had
really had to, it wasn't that high off the
ground. Anyway, someone found a key
eventually.
We have these lovely films, they were the
Christmas party films, and Gareth Griffiths
used to make them with Graham Warren.
They had a lovely one of the library. The
periodical racks used to be all in a row and on
them they laid a whole lot of people and
covered them with white sheets. These were
people whose contracts had run out and then
Kai and somebody else came along and
picked them up and somehow they managed
to make it look as if they were putting them in
the book lift....just sort of sending them off to
the underworld ...
It was so interesting and such terrific fun for

so many years and I was so lucky that John
Kendrew pushed me into that job, when you
consider that I originally thought I just
couldn't possibly take it on.
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Riccardo Cortese
Programme Coordinator, Gene Expression 1980-1991
Before I joined the EMBL, I was a staff
scientist at the LMB in Cambridge. At the
LMB they had a lot to say about how the
EMBL was designed and built, because John
Kendrew had come from there, and the spirit
of the LMB was still lingering at the EMBL.
Basically the simple, core notion was "let the
lab scientist work." With expertise ranging
from genetics to structures, sharing common
rooms and a cafeteria and so on. EMBL was
presented to me as something like that, with
the possibility of my even playing a role in its
further development. The international
interactions, people coming from all over was
a cultural "added value" very attractive to me.
So instead of going back to Italy, I decided to
go to EMBL. I thought it would be a relatively
short time of 2 to 3 years, but then I stayed.
After four years I went from a group leader
position with a relatively small lab, to a
position of higher responsibility, as
coordinator of the Gene Expression
Programme. This is my pride and satisfaction.
It is one of the programs still in existence; I
recruited lain Mattaj and Matthias Hentze.
These were years of growth at the EMBL, so
the possibilities compensated for any possible
flaw or shortcoming that might have been
beneath the surface. It was a period of great
excitement, because we had the possibility to
see through projects and ideas without
limitations of space, time, and even political
challenges. In my opinion the idea that EMBL
is a place where you can come and develop
yourself and then move on is a good one. I
was in favour of a relatively long-term stay,
like ten years or something, but when I left
after about eleven years, it was time. I left
taking with me quite a lot, actually. Not only
what I'd learnt and what I liked about the way
a lab is run and is organized, but also a lot of
personal contacts. During the time that I was
at EMBL, there was lot of friendly
competition between nation states. I looked at
this with a degree of amusement as well as
interest. It was a challenge in a way - whether
we liked it or not, Italians do not have a
reputation for being good organizers, good
technical people. They are classified rather as
people that know how to cook or tell a joke,

but not things concerned with the lab. So that
was a challenge.
One very important thing was our
collaborations within EMBL. In Gene Expression we had benefited a lot from the possibility of working with other programmes.
Two major parts of EMBL were very relevant
to my activities. One was mouse genetics, collaborations with Thomas Graf's programme,
in particular with Erwin Wagner and others.
Another major asset of EMBL at the time was
the emphasis put on biocomputing. Very
early on, in the eighties, this became part and
parcel of what we were doing. In fact, in 1982
I conceived a programme that was heavily
based on Bioinformatics. Which was a bit
ahead of its time because we did genomic
research. Our discovery strategy was heavily
based on sequencing and matching sequences
in the computer.
How DID YOU DEVELOP A SYSTEM TO DEAL WITH
THAT INFORMATION?
One area of research that was particularly
attractive at the time was the molecular basis
of tissue-specific gene expression. Fifty years
of hard core biochemistry before this
programme had focused on proteins that
were present in plasma. That was the easiest
source of proteins. A lot of information was
available in biochemistry. That suggested that
to study tissue-specific gene expression, the
hepatocyte was a good system. A lot of the
gene products, the final differentiated
repertoire of gene expression was largely
known. A lot of structural information as well,
for instance primary sequences of proteins.
What we did was use that information to
clone the corresponding genes. At the time
people were cloning genes the hard way,
purifying the protein and then deriving a
partial amino acid sequence and so on. So
what we did was adopt a shotgun strategy to
clone cDNA libraries from liver into a vector
that at the time was particularly interesting,
Entertine, which I had helped develop while
at the LMB, and these libraries were
sequenced randomly. Sequence information
was fed into a primitive database, a protein
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sequence database, mostly plasma proteins.
So that was the match. The informatics was
really elementary. We found a lot of genes.
The woman who was doing this for me, Lydie
Bulgare, who has since ended up in France,
was good at this. I was skeptical about the
whole approach. I asked her one day if she
had found anything and she said she had
found a lot. She came up with 20 genes that
we identified in one go. It took longer to set
up, with the sequencing and everything
which had to be done by hand. It was, at the
time, a very new strategy. We had a real
harvest that day - the gold mine from which
we got the structure of the genes. This led to
the development of our programme which
was to understand the molecular basis for
which these genes
were expressed in
some types of cells
and not in others. I
think it would have
been impossible to
do this elsewhere; it
hadn't been done
before this. You read
today
of
global
approaches to gene
expression.
Some
people appreciated
my work a lot at the
time; others missed
the point completely,
even good people.
They thought, what is he doing? He's sequencing bits and pieces of things. For what
purpose? That brought us at the time to the
front in of this type of research.
WHAT DID YOU TAKE WITH YOU IN TERMS OF
IDEAS FOR RUNNING A LAB? THE CAFETERIA AND
THE COFFEE MACHINE AT THE END OF THE HALL
SEEM FAMILIAR ...

These things are the spiritual components ...
But also the infrastructure, the way it is
organized. We try to create a structure that
mirrors the way EMBL operates, including
the social interaction.
I brought ideas on how to build a lab which
we didn't believe were concretely possible
here - for instance, a multidisciplinary
environment with a wide spectrum of
expertise, with a hands-on group leader who
conducts research. Within limits, I think I was
able to achieve at least part of this
programme. Additionally, prior to my leaving

EMBL, I had built up an Italian community,
large especially at the level of post-docs.
When I came here, that was regrettably going
to be dismantled. So I brought along seven or
eight people, now at senior level, who were at
EMBL during my time there, and they are
now staying here for good.
I am also proud of the fact that during the
eleven years that I was with EMBL, I saw
many scientists that have since come back to
Italy and are now in leading positions. I could
name at least 30 professors who were either
post-docs or senior scientists at EMBL.
WHAT KINDS OF TECHNICAL KNOWLEDGE AND
EXPERTISE DID YOU BRING WITH YOU?

RICCARDO CORTESE

Our work here is a
lot more goalorientated. The lab
has many groups
and departments
with
specific
goals, like the
discovery of new
strategies to cure
disease. It is based
in a range of technological approaches, including informatics.

We have everything going from
mouse genetics to bioinformatics; early on we
regarded a relatively strong bioinformatics
group as crucial. I recruited Anna Tramontano, who was at EMBL at the time. For a
long time this was the place in Italy where
such things were done, in my opinion. Then
there was an explosion such that our limited
size means we have to tap into elsewhere for
this type of expertise.
We put a lot of emphasis on structure. I put a
strong investment into obtaining threedimensional structures through NMR. Not
neglecting the other aspects that we have had
for a long time, facilities for transgenic and
knock-out mice. Every programme here was
conceived a bit like at EMBL, the groups were
relatively small because they could rely on the
availability of a real backbone of a lab, where
everything was available.
ARE THE GROUP LEADERS AT THE IRBM RELATIVELY
AUTONOMOUS? CAN THEY PURSUE THEIR OWN
PROJECTS?
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This is a place where there is a strong
centralized drive due to its being a private
institution. The autonomy and independence
of the group leader is countered by the
necessity to focus on a common goal. Still,
within the pharmaceutical industry this is a
unique place. Small groups contribute to a
final goal. The challenge is to import the spirit
of autonomous enterprise to an industrial
setting.
HAVE YOU HAD LIMITATIONS MOVING INTO
INDUSTRY?

We are lucky
because this place
is considered to be
a real pilot place
for the industry.
Nobody expected
much
at
the
beginning, so we
weren't asked to
do much. My goal
was to create a
center of excellence. Limitations
typically are encountered in an
industry were less
so here in the first 6 or 7 years. It was a
gradual evolution, so that we didn't have a
major strong impact of a different philosophy
of science at the beginning. The major
characteristics were the kinds of things that
EMBL offered, that perhaps other Italian
institutions didn't. I could freely recruit,
which was unusual, and still is even today in
Italy, due to financial limitations. We got very
strong financial support, both from the Italian
government and our sponsors.
WHAT ABOUT COLLABORATIONS BETWEEN
UNIVERSITIES AND CENTERS IN ITALY? IS THE IRBM
A FOCAL POINT?

Certainly, we have a PhD programme carried
on in collaboration with institutions, like the
way it has been at EMBL. We do the same
thing with the universities here in Italy, in
Rome, Perugia, Naples. We have made welldrafted agreements with these universities;
we contribute financial support, and their
students do their PhD thesis here, within the
institute. We have about 20 PhD students here
at anyone time, 6 or 7 new ones per year.

WHAT KIND OF CHANGES HAVE YOU SEEN AT THE
EMBL SINCE YOU WERE THERE?

A couple of times. Not too often. When I was
there, there were about two hundred people,
and now there are maybe seven or eight
hundred. That happened gradually, but suddenly you realized that the situation was very
different. The sheer number of people
unavoidably changes the spirit of the
community. The first year after I left I woke
up wondering what had I done, why I had left
EMBL. There were personal reasons; I wanted
to go back to Italy. I missed EMBL for a long
time afterwards, I
had a strong feeling of homesickness. I had left
Italy in 1968 and I
came back in 1990
or 1991, so I considered
myself
somewhat of a
foreigner really.
Coming back here
to live was a major
event in my life.
But now it seems
like I never left.
YOU'VE CREATED A SORT OF HOME AWAY FROM
HOME HERE.

Yes, EMBL was a real fundamental
experience. Everything I know how to do, or I
think I know how to do, somehow is related
to that experience ... Both scientifically and
socially. The scientific enterprise is based also
on the existence of a community that interacts
socially as well as professionally. That was my
experience at EMBL.
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0
0
0
0
0
0
0
0
0

25
47
31
29
149
354
20
26
71
64
20
11
62
62
44
203
165

1.8
3.4
2.2
2.1
10.7
25.6
1.5
1.9
5.1
4.6
1.5
0.8
4.5
4.5
3.2
14.7
11.9

OVERALL

511

64

718

90

0

1.383

100.00

Collaborations in 1999
Member State

EMBL
EMBL
EMBL
Heidelberg Outstation Outstation
Grenoble
Hamburg

EBI
EMBL
Hinxton Monterotondo
Programme

Total

%

9
5
16
9
25
63
93

4
0
0
1
2
0
0
0
0
4
1
10

1
5
1
1
4
46
1
0
8
5
0
0
2
4
2
18
28

1
1
1
5
32
22
1
4
14
7
4
0
7
4
4
47
49

0
0
0
0
1
1
0
0
2
0
0
0
1
0
2
0
3

5
12
11
11
89
183
7
6
49
27
13
5
26
17
37
129
183

0.6
1.5
1.4
1.4
11.0
22.6
0.9
0.7
6.0
3.3
1.6
0.6
3.2
2.1
4.6
15.9
22.6

434

37

126

203

10

810

100.00

Austria
Belgium
Denmark
Finland
France
Germany
Greece
Israel
Italy
Netherlands
Norway
Portugal
Spain
Sweden
Switzerland
United Kingdom
Others

3
6
7
5
39
110
5
2
24

OVERALL

13

0
0
2
0

13

FACTS

&

FIGURES

GROUP LEADERS,
TEAM LEADERS,
STAFF SCIENTISTS

Rolf Apweiler (EBI Service Programme)
Geoff Barton (EBI Service Programme)
Peter Becker (Gene Expression)
Ewan Birney (EBI)
Bettina Bottcher (Structural Biology)
Dirk Bohmann (Senior Scientist,
Developmental Biology)
Peer Bork (Senior Scientist, Structural Biology)
Tewis Bouwmeester (Developmental Biology)
Andrej Chevchenko (Biochemical Instrumentation)
Elena Conti (Structural Biology)
Jose Luis de la Pompa (Mouse Biology Programme)
Kristina Djinovic-Carugo (Structural Biology)
Hans Dobbeling (Computer & Networking Group)
Carlos Dotti (Cell Biology & Biophysics)
Suzanne Eaton (Cell Biology & Biophysics)
Jan Ellenberg (Gene Expression)
Anne Ephrussi (Senior Scientist,
Developmental Biology)
Thure Etzold (EBI Research Programme)
Ingeborg Feil (Hamburg Outstation)
Ernst-Ludwig Florin (Cell Biology & Biophysics)
Stephen Fuller (Senior Scientist, Structural Biology)
Andre Gabriel (Grenoble Outstation)
Frank Gannon (Senior Scientist,
Additional Research Activities and
Special Advisor to the Director-General)
Toby Gibson (Structural Biology)
Ana Gonzalez (Hamburg Outstation)
Cayetano Gonzalez (Cell Biology & Biophysics)
Gareth Griffiths (Cell Biology & Biophysics)
Matthias Hentze (Senior Scientist, Gene Expression)
Christoph Hermes (Hamburg Outstation)
Andreas Hoenger (Structural Biology)
Heinrich Harber (Cell Biology & Biophysics)
Liisa Holm (EBI Research Programme)
Anthony Hyman (Cell Biology & Biophysics)
Elisa Izaurralde (Gene Expression)
Petteri Jokinen (EBI Central Support)
Ulrich Kalinke (Mouse Biology Programme)
Rudiger Klein (Developmental Biology)
Michel Koch (Hamburg Outstation)
Heikki Lehvaslaiho (EBI Research Programme)
Kevin Leonard (Structural Biology)
Maria Macias-Hernandez (Structural Biology)
Wolfram Meyer-Klaucke (Hamburg Outstation)
Marek Mlodzik (Developmental Biology)
Christoph Muller (Grenoble Outstation)

Florence Muller (Grenoble Outstation)
Dean Myles (Grenoble Outstation)
Angel Nebreda (Developmental Biology)
Michael Nilges (Structural Biology)
Tommy Nilsson (Cell Biology & Biophysics)
Christos Ouzounis (EBI Research Programme)
Rainer Pepperkok (Cell Biology & Biophysics)
Anastassis Perrakis (Grenoble Outstation)
Ehmke Pohl (Hamburg Outstation)
Alexander Popov (Hamburg Outstation)
Gert Rapp (Hamburg Outstation)
Bjarne Rasmussen (Grenoble Outstation)
Nicole Redaschi (EBI Service Programme)
Adam Richman (Additional Research Activities)
Alan Robinson (EBI Industry Support Programme)
Patricia Rodriguez-Tome (EBI Service Programme)
Pernille R0fth (Developmental Biology)
Robert Ruigrok (Grenoble Outstation)
Wojcieck Rypniewski (Hamburg Outstation)
Michael Sattler (Structural Biology)
Klaus Scheffzek (Structural Biology)
Hans Scholer (Gene Expression)
Bertrand Seraphin (Gene Expression)
Luis Serrano (Senior Scientist, Structural Biology)
Michael Sieweke (Developmental Biology)
Irmgard Sinning (Structural Biology)
Ernst Stelzer (Cell Biology & Biophysics)
Francis Stewart (Gene Expression)
Peter Stoehr (EBI Service Programme)
Guenter Stoesser (EBI Service Programme)
Dietrich Suck (Senior Scientist, Structural Biology)
Giulio Superti-Furga (Cell Biology & Biophysics)
Dimitri Svergun (Hamburg Outstation)
Andrew Thompson (Grenoble Outstation)
Paul Tucker (Hamburg Outstation)
Michail Tukalo (Grenoble Outstation)
Juan Valcarcel (Gene Expression)
Roelof van Silfhout (Hamburg Outstation)
Isabelle Vernos (Cell Biology & Biophysics)
Gert Vriend (Structural Biology)
Rebecca Wade (Structural Biology)
Michael Way (Cell Biology & Biophysics)
Winfried Weissenhorn (Grenoble Outstation)
Matthias Wilm (Biochemical Instrumentation
Jochen Wittbrodt (Developmental Biology)
Shoshana Wodak (EBI Research Programme)
Marino Zerial (Cell Biology & Biophysics)
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EMBL COUNCIL CHAIRS
Chair: Julio E. Celis (Denmark)
Vice-Chairs: Glenn Bjork (Sweden), Carlos Martinez-A. (Spain)
Chair of the Finance Committee: Sakari Karjalainen (Finland)
Vice-Chair of the Finance Committee: Diane McLaren (United Kingdom)
SCIENTIFIC ADVISORY COMMITTEE
Martino Bolognesi (Genova)
Margaret Buckingham (Paris)
Antoine Danchin (Paris)
Carl-Henrik Heldin (Uppsala)
*David Hogness (Stanford)
Leroy Hood (Seattle)
Louise Johnson (Oxford)-(Chair)
Robert Kaptein (Utrecht)
Ronald Laskey (Cambridge)
Hartmut Michel (Frankfurt)
Juan Modolell (Madrid)
Kim Nasmyth (Vienna)-(Vice-Chair)
Christiane Niisslein-Volhard (Tiibingen)
*Hugh Pelham (Cambridge)
Ueli Schibler (Geneva)
Joel Sussman (Rehovot/Brookhaven)
*) rotating off at the end of 1999

SENIOR MANAGEMENT
Director General
Fotis C. Kafatos
Scientific Coordinator
lain Mattaj
Administrative Director
Barton Dodd
PROGRAMME COORDINATORS
Wilhelm Ansorge (Senior Scientist, Biochemical Instrumentation)
Michael Ashburner (Senior Scientist, EBI Research Programme)
Christian Boulin (Senior Scientist, Coordinator of Major Facilities, Heidelberg)
Graham Cameron (Senior Scientist, EBI Service Programme)
Stephen Cohen (Senior Scientist, Developmental Biology)
Eric Karsenti (Senior Scientist, Cell Biology & Biophysics)
lain Mattaj (Senior Scientist, Gene Expression)
Klaus Rajewsky (Senior Scientist, Mouse Biology Programme)
Matti Saraste (Senior Scientist, Structural Biology)
Kai Simons (Senior Scientist, Coordinator Emeritus)
Walter Witke (Deputy Coordinator Mouse Biology Programme)

HEADS OF OUTSTATIONS
Michael Ashburner (Senior Scientist, Joint Head of Hinxton Outstation)
Graham Cameron (Senior Scientist, Joint Head of Hinxton Outstation)
Stephen Cusack (Senior Scientist, Grenoble Outstation)
Victor Lamzin (Deputy Head Hamburg Outstation)
Matthias Wilmanns (Senior Scientist, Hamburg Outstation)

FACTS

&

FIGURES

Facts and Figures 1999
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Students in the International PhD Programme in 1999

PhD-Students in 1999
by Research Programmes

PhD-Students in 1999
by countries

Member State
Austria
Belgium
Denmark
Finland
France
Germany
Greece
Israel
Italy
Netherlands
Norway
Portugal
Spain
Sweden
Switzerland
United Kingdom
Others
OVERALL

PhD Students

%

9
3
3
3
20
59
4
0
27
8
3
7
4
2
1
7
31

4.7
1.6
1.6
1.6
10.5
30.8
2.1
0
14.1
4.2
1.6
3.7
2.1
1.0
0.5
3.7
16.2

191

100.00

Funding in 1999
EMBL
66 %

EU

7%

Others
27%

Research
Programme

PhD
Students

%

Biochemical
Instrumentation

4

2.1

Cell Biology &
Biophysics

36

18.8

Developmental
Biology

40

21.0

Gene Expression

25

13.1

Structural Biology
(incl. Biocomputing Unit)

34

17.8

Additional Research
Activities

4

2.1

Grenoble Outstation

10

5.2

Hamburg Outstation

18

9.4

Hinxton Outstation

13

6.8

Mouse Biology Progr.amme
Monterotondo

7

3.7

191

100.00

OVERALL
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PhD Theses 1999

Agianian, B. (Heidelberg) Structural and func-

tional modularity of the Drosophila GAGA factor

Boutros, M. (Heidelberg) Dishevelled mediates

specificity in Wnt-Frizzled signaling pathways

Bruckner, K. (Heidelberg) Regulated tyrosine

phophorylation and cytoplasmic interaction partners of transmembrane ephrinB ligands

Modis, YE. (Leeds) Structural studies of

enzymes in the beta-oxidation pathway of fatty
acids
Nardi, F. (Grenoble) Etudes par dynamique
moleculaire et spectroscopie RMN de la structure

locale des petits peptides en solution aqueuse mettant en jeu des residus aromatiques
Rodgers, S.J (Heidelberg) Structural and func-

Caspary, F. (Heidelberg) Characterization of the
U2 snRNP in Saccharomyces cerevisiae

tional studies on the bacterial cytochrome bel
complex from Rhodovulum sulfidophilum.

Cingolani, G. (Grenoble) Biochemical and crys-

RoUger, S. (Heidelberg) Dissecting the actinbased motility of vaccinia virus

tallographic analysis of the human Importin
alphalbeta complex

De Gregorio, E. (Heidelberg) Role of eukaryotic

Tavosanis, G. (Heidelberg) Functional charac-

initiation factor (eIF)4G in translation initiation

terisation of gamma-tubulin in drosophila development

Domingues, H.M. (Utrecht) Rational design

Tomancak, P. (Heidelberg) The role of DEAD-

strategies to improve cytokine foldability and minimization of a functional motif: the IL-4 case

Fanto, M. (Heidelberg) The establishment of

planar polarity in the Drosophila compound eye

Ferrer i Oliveras, E. (Heidelberg) Sintesi i

propietas d' oligonucleotids i acids nucleics peptidics que contenen derivats de les pirimidines

Iseni, F. (Paris) Etude des proteines et des com-

plexes moleculaires impliques dans la transcription et la replication des rhabdovirus

Kockel, L. (Heidelberg) Genetic analysis of
D14-3-3 and D-jun in Drosophila
Le Bot, N. (Paris) Characterisation structurale et
fonctionelle d'une proteine de la famille des
kinesines, Xklp3
Merendino, L. (Heidelberg) Mechanism of

splicing regulation of msl-2 pre-mRNA by the
protein Sex-lethal

box RNA helicase Vasa in the establishment of
anterior-posterior and dorsal-ventral polarity of
the Drosophila oocyte
Vangelista, L. (Heidelberg) Molecular and

structural characterization of key elements of the
type I allergic reaction: allergens, IgE and the
high affinity FcE receptor
Ventzki, R.R. (Heidelberg) Development of a

high-performance system for automated DNAsequencing with laser-induced fluorescence of
multiple dyes

Vitale, G (Heidelberg) Isolation and characteri-

zation of an effector molecule of the small GTPase
Rab5
Weichenrieder, O. (Heidelberg)

Characterization and crystallization of the Alu
domain of the signal recognition particle
Zeitlinger, J.B.E. (London) A functional analy-

sis of Fos in Drosophila development

FACTS

&

FIGURES

EMBL LecturesSpecial Seminars in 1999
Howard Berg
Dept. of Molecular and Cellular Biology, Harvard
University, Cambridge, MA, USA

"Motile behavior of bacteria"

Richard Henderson
Medical Research Council, Cambridge, UK
"Electron crystallographic investigation of the bacteriorhodopsin mechanism"
Eddy M. De Robertis
Howard Hughes Medical Institute,
University of California, Los Angeles, CA, USA
"Patterning of frog and mouse embryos by secreted growth
factor inhibitors"
Janet Rossant
Samuel Lunenfeld Research Institute,
Mount Sinai Hospital, Toronto, Canada

"Signalling pathways in early mouse development"

Harold E. Varmus
National Institute of Health, Bethesda, MD, USA

"Using an Avian virus receptor to generate mouse models of
human cancer"
Eric Olson
Dept. of Molecular Biology and Oncology, UT
Southwestern Medical Center, Dallas, TX, USA

1st EMBL MOLECULAR MEDICINE SEMINAR
"Transcriptional control of cardiac development"
Tom Pollard
Salk Institute for Biological Sciences, La Jolla, CA, USA
"Regulation of actin filament dynamics in motile cells by
Arp2/3 complex"
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EMBL alUlllni:
a grovving hUlllan resource
for Europe's future
EMBL was conceived at a time when Europe was experiencing a significant
scientific "brain drain" to the United States. The founders of the Laboratory
realized that a country's most important scientific resource is the quality of its
individual scientists, and one of the rationales for creating a central European
laboratory was to attract talented young researchers and give them an
opportunity to establish themselves in a European scientific context. A nontenure policy was put into place in hopes that the staff would then move on to
positions in member states.
In 1999 EMBL undertook a self-evaluation of its impact in this area by making
an effort to locate more than 1,500 scientists who have worked at EMBL and
departed over the past 25 years. At present, 874 alumni have been located to a
reasonable degree of certainty, and an effort continues to find the rest, as well
as to locate former non-scientific personnel. An invitation was extended to
alumni to attend a meeting in celebration of the Laboratory's twenty-fifth
anniversary, held in Heidelberg in October. There the participants decided to
found a formal EMBL Alumni Association, which will be officially established
in 2000. A newsletter called EMBL &cetera was launched for distribution to
current and former staff, in hopes of strengthening our contacts with a group
of very interesting people who have, for the most part, gone on to assume
leading positions in European science.
This appendix rounds out and complements data that can be found in the
Draft Proposal of the EMBL Scientific Programme for 2001-2005. In that
document, a list was presented bearing names of alumni, their countries of
origin and current locations, as well as information about the positions they
currently hold.
The updated statistics, here presented as a graphic overview, clearly
demonstrate that EMBL serves as an important portal for attracting scientists
and launching them into further European careers. Many of these researchers
were originally recruited from the United States; upon leaving EMBL, the
great majority (at present, 76%) obtain positions in the national systems of
member states.
Noteworthy is the fact that while EMBL has always hired staff solely on the
basis of individual merit, rather than national or other types of quotas, the
member states have generally benefitted from the export of alumni in a
manner consistent with their contributions to the Laboratory. Where there
might be minor discrepancies - particularly among the smaller member states
- it should be noted that each country benefits in a variety of ways from
EMBL's existence. One may receive a larger number of departing staff, while
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EMBL ALUMNI

another may take more advantage of the Visitors Programme, or services at a
beamline or the EBI, or have profited more from technology transfer.
These figures are even more impressive for high-level faculty (group leaders
and above). 81% have settled in member states. Of the mere 11% who have
taken positions in the U.S., many are U.s. nationals or researchers who do not
yet hold tenured positions.
Charts and tables on the following pages break this information down by a
variety of criteria. One analysis that is included is a summary of the types of
positions that EMBL alumni have gone on to assume. These figures may be
useful to individual member states because, for example, they reveal
interesting variations in the types of alumni who have been attracted to
positions there. To take a single example: Italy has attracted 16% of the total
number of alumni who have moved to member states, but this distribution has
not been equal at all levels. Over 20% of EMBL's former postdoctoral fellows
currently reside in Italy, but only 10% of the former predoctoral fellows live
there - even though students from Italy are the second-largest contingent in
our PhD Programme, creating a valuable pool from which Italy could draw in
the future.
"Brain drain" is not a problem that can be solved once and for all, and the
movement of EMBL alumni will be well worth keeping an eye on in the near
future. A recent document from Philippe Busquin, the EC's new
Commissioner for Research, points out that there is a continual evolution in
support for science. There are wide differences in between investment in
science within Europe, and very recently there has been a dramatic upswing
in support in the U.S. and Japan. In this context, it is critical that institutions
such as EMBL retain their competitiveness. Furthermore, European countries
must continue to provide excellent later opportunities for the many scientists
who have profited from their support while at EMBL.
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What are the nationalities of EMBL's alumni?
Note: figures represent nationalities of the
staff, and not the countries from which
they were recruited.

Chartl

other

USA

3.7 /0

UK

Germany
19.8%

Alumni countries of origin
(793 identifications)

France
Denmark Finland
2.7%

6.6%

Austria
15 / 4.gt/u

Belgium

Italy

Switzerland
2.0%

Sweden
2.8%

Spain
3.9%

13.9%
Norway
1.4%

EMBLAlumni
Countries of origin
Austria
Belgium
Denmark
Finland
France
Germany
Greece
Israel
Italy
Netherlands
Norway
Portugal
Spain
Sweden
Switzerland
UK
other Europe
USA
others
TOTAL

Netherla nds
4.2%

15
10
10
21
78
157
24
1
111
33
11
2
31
22
16
111
29
52
59
793

Greece
3.0%
Israel

0.1 %

82.3%

Total member states:

653

Other Europe

29

3.6%

Total U.S.

52

6.6%

Other

59

7.5%

EMBL ALUMNI

Where are they now?
Austria
2%
Others
7.2%

Belgium
<1%

USA
15%

Denmark
1.2%
Finland
2.1%

France
10.3%

Germany
16.9%
other
Europe
1.5%

UK

13.5%

5%

Sweden
3.8%

Portugal
Netherlands
< 1%
2.9%
Norway
1%

Spain
2.1%

Italy
12.4%

Israel
< l'/'o

Where are different categories of scientists now?
EMBLALUMNI
current countries
of residence
Heads of Outstations
Programme Coordinators
f--Senior Scientists
Group Leaders
Staff Scientists
Postdoctoral Fellows
Predoctoral Fellows
Total

- 2

- 2

1
-

1

- 1
3

1

1

1

9 2
-3- 1
16

1

1 6 19

3

1 13 25

4 11 44 62
2 4 16 26

1

1
1

6

1

2

-

1

-

2

-

1

4'
5 74

6

7

2

-

-

3

2

5 10

-

8

3

- 11

2

-

-

2

2

4 19

1

8 18 114'

8
1

1 67 14 7 2 12 19 23 46 10 68 29 438
- 11 5 -1- - -- - '6- 6 25 1 32 3143

5 10 17 81133 13

-

-

1 97 23

8

2 17 30 39106 12118 57 785
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What titles (positions) do EMBL alumni
currently hold?
EMBL ALUMNI - CURRENT POSITIONS
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What types of positions do they have?
EMBLAlumni

Group Leaders
(81 ident.)

Unknown
39.5%

Research

Other sciencerelated activity
8.7%

Industry
4.9%

EMBL ALUMNI

EMBLAlumni
Staff Scientists
(47 ident)

Unknown

2.1%

EMBLAlumni
Postdoctoral Fellows
(166 ident.)

Other
4,8%

Unknown

1.7%

Research
80.7%

EMBLAlumni
Predoctoral Fellows
(63 ident.)

Unknown

1.6%
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The career paths of the alumni of Gene Quiz:
a case study prepared by Miguel Andrade
Nearly ten years ago, the group of Chris Sander initiated an ambitious project
called GeneQuiz, an expert system designed to compare large numbers of
genes across several organisms (see story on page 186). In the intervening
years, many of EMBL's bioinformaticians have had something to do with the
project. "If you look at what all of these people have gone on to do, it makes a
fascinating map of the bioinformatics world," says Miguel Andrade, who
joined the project early on. Andrade has stayed in touch with many of the
participants and prepared this "career map" as a case study of EMBL alumni.
It would be possible to draw similar, and equally interesting, charts for many
other projects that have been carried out at EMBL.

How to read the chart:
Dates across the top show the time period from 1992, when GeneQuiz was
launched, to present.
Small boxes contain the names of participants (e.g., "c. Ouzounis"). The
first time the name appears it is written out; thereafter it appears as initials
("C.O."). Lines and arrows follow the person's movement across time.
If a box "stops" - if there is no arrow off to the right, for the future, it means
that the person is still at that institution.

The large blue box represents EMBL Heidelberg's Biocomputing Unit; the
green box shows the EBI.
Names of firms/institutes across the top are connected to individual
names, for individual periods of time; they should not be understood as
"column references," the way that the dates appear. (For example,
M . Scharf was the only person on the list at "Takefive" Heidelberg during
1994.)
Otherwise, abbreviations for institutes and companies are as follows:
EMBL

EBI
MRC

Medical Research Council

RG Univ

Robert Gordon University

SRI

the company SRI

IRBM

Istituto di Ricerche di Biologia Molecolare

CAB

Centro de Astrobiologia

LBRI

Lion Bioscience

CNB

Centro Nacional de Biotecnologia

EMBL ALUMNI

1992

1993

1994

1995

Takefive,

R.G. Univ

1996

1997

1998

1999

2000

EMBL, Heidelberg

Lion

Heidelberg

Millennium, Boston
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