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Preface

Every five years, the EMBL submits to its governing Council pro-
posals for the Scientific Programme to be pursued in the following
quinquennium, and for the associated budgetary ceiling (Indicative
Scheme). Decisions on these two items are the only ones for which
the EMBL Council must achieve unanimity of the member states
that are present and voting.

EMBL considers these decisions very important not only for the
obvious pragmatic reasons, but also because they represent the
blueprint according to which we will operate over five years - a
very long time for molecular biology! Consistent with the princi-
ples that I set as the foundation of my tenure when I was elected
Director-General in 1993 (the triad "excellence - cooperation -
inclusiveness"), I take the responsibility of planning very seri-
ously and conduct it as a collaborative exercise, both within the
Laboratory and in the member states.

This draft Scientific Programme proposal was formulated within
the EMBL in intensive discussions and drafting over eight months
(late February to mid-October, 1999). We began with an exciting
two-day retreat of all the group leaders and team leaders, during
which 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 that we invited to consul-
tations in Heidelberg for this purpose - all the members of our
standing scientific Advisory Committee (SAC), and an approxi-
mately 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 came (and who sent follow-up comments; participants
are listed in the Annexes; of course not everyone who was invited
was able to come).



The Scientific Coordinator of EMBL, Dr. lain Mattaj, played a
leading role in the preparation of the proposal - for which I am
grateful. He and I worked on drafts concerning the Units that
were prepared by their heads, and drafts of other sections that we
wrote ourselves and then exchanged or passed by others in the
Laboratory. We are thankful for valuable strategic advice (and
some writing) provided by Dr. Denis Prager, and for editorial
suggestions by Russ Hodge. Russ and his colleagues in the Office
of Information and Public Affairs were responsible for the Annexes;
Volker Wiersdorff designed the cover and the layout of the docu-
ment.

The proposal does not end here. It will be widely circulated among
our Alumni and all members of EMBO with a request for feedback.
It will be sent to the policy-makers in the member states, and will
be discussed with EMBL Council as the proposal evolves further.
I will visit each of the member states to meet with high-level pol-
icy-makers and the scientific experts to whom they will turn for
advice on our proposal. We want to engage in a dialogue which -
based on the experience of five years ago - we expect to be help-
ful and constructive. Ultimately, it will be voted on by Council -
along with the Indicative Scheme proposal that will be formulat-
ed together with the Administrative Director, Barton Dodd.

This is a drawn-out process - but I am convinced that the serious-
ness of the effort, and the receptiveness to dialogue, will generate
a blueprint that will be approved and will permit EMBL to flour-
ish, in support of European Molecular Biology.

EMBL Scientific Programme
2001-2005

11 October 1999 Fotis C. Kafatos

Director-General
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I.
The l11ission,

•unIqueness
and added value

ofEMBL

The central mission of the European Molecular Biology Laboratory
(EMBL) is to promote the development ofmolecular biology throughout
Europe.

In the 25 years of its existence, EMBL has addressed this mission
admirably and achieved a major impact disproportionate to its
modest size. Because it was designed as a flexible organization with
uncompromising standards of quality, it continues to adapt to
changing needs and to be recognized as a world-class center, a
show-case for European science. It is a cohesive and distinctive
focus of excellence, but it builds substantial synergies with the
research communities of the member states. Its focus is basic
research, but it is active in transferring technology to enterprises.
Without the EMBL, Europe would be much less prepared than it
is now to exploit the tremendous opportunities in biology, bio-
medicine and biotechnology at the start of the new millennium.
These opportunities also represent great challenges: to overcome
the fragmentation, the structural problems and the underfunding
that still confront basic and applied molecular life sciences in
Europe. EMBL continues to have major tasks in the coming era.



EMBL is a unique institution with an impressive international
scientific community engaged in a distinctive mix of top-quality
activities.

• Distinctive combination of activities: The activities at EMBL
are diverse but remarkably integrated. An essential foundation
is leading-edge research in selected major areas of structural,
molecular, cellular and developmental biology. This foundation
supports flourishing activities that are of direct consequence for
the member states, namely the development of novel tech-
niques and instrumentation; extensive training at multiple lev-
els; provision of essential services to the scientific community
through major infrastructure facilities; and intensive outreach
activities such as hosting visitors and holding an impressive
range of practical courses and scientific meetings. The quality
of the individual activities is recognized as excellent. Their
mix is unique and mutually reinforcing.

• The EMBL structure and policies are flexible and support
excellence: The policies of EMBL create exceptional flexibility,
and are central to its success. Appointments are made exclu-
sively on individual merit, not by national quotas. They are not
permanent, as EMBL enforces rapid turnover of personnel as an
aspect of its training function: contracts are for fixed terms, up
to nine years, and the small minority of personnel who are
needed for continuity have rolling tenure that can be terminated
with appropriate notice. The faculty is clustered in Units
(Programmes and Outstations). These lack fixed intellectual bor-
ders/ take advantage of turnover to evolve their focus contin-
uously/ and periodically are reorganized more dramatically to
meet new needs. A policy of sharing facilities and equipment
maximizes the cost-effectiveness of the investment. The evo-
lution of the Laboratory is governed by the EMBL Council,
consisting of member state delegates; it is guided by the inde-
pendent Scientific Advisory Committee (SAC); and it is direct-
ed by the Director-General. A lean administration, not
encumbered by excessive rules, focuses on how to serve science
best.

EMBL Scientific Programrne
2001-2005
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• The EMBL scientific community: No scientific institution is as
international as EMBL, with a resident community where no sin-
gle nationality predominates. Despite the absence of quotas, the
representation of member states is reasonably balanced when
all categories of personnel are considered; approximately 20%
of the personnel are from outside the member states. Most of the
faculty are young, outstanding Europeans, hired immediately
after postdoctoral training, frequently from positions in the
USA. EMBL attracts them to Europe, nurtures them as inde-
pendent investigators, and then usually "repatriates" them
elsewhere in Europe as recognized scientific leaders. In a recent
survey with 74% response rate, we identified 157 former EMBL
faculty who currently hold positions across Europe. An even
larger resource is the pipeline of former postdoctoral fellows and
PhD students who are returning to positions in the member
states. The current postdoctoral fellows and the exceptional
students of our International PhD Programme are important
contributions to the exciting and unique international culture
of the Laboratory. By design, the EMBL community is also
diverse in terms of scientific discipline both within and outside
Biology; it includes engineers, informaticists, mathematicians,
chemists and physicists. These features foster interdiscipli-
narity, make the EMBL community exceptionally collabora-
tive, and promote networking with external colleagues.

EMBL provides substantial added value to the member states.

As a result of its distinctive mix of activities and mode of operation,
the EMBL provides remarkable added value. As will be explained
later, it richly compensates the member states for their invest-
ment in the Laboratory through a broad range of benefits that
include:

• Scientific breakthroughs
• Conceptual and technical leadership in introducing new fields
• Development of enabling technologies
• Provision of essential services through powerful infrastruc-

tures
• Provision of a distinctive multidisciplinary environment
• Outstanding training
• Seeding of exceptional scientists throughout Europe
• Serving as a physical focus for outreach activities



II.
The vision
for the next five years

The next five years at EMBL will be marked by programmatic
ferment coupled with continuity in strategy and the organiza-
tional framework.

The central thrusts of our research and technology development
plans will be oriented towards understanding biology through
functional genomics, and towards the interface between biology
and medicine (molecular medicine).

These plans will require continued critical mass in our existing
Units, which have been reconfigured recently in preparation for our
planned Scientific Programme. To stay abreast of scientific devel-
opments and to reinforce our competitive advantage, the activities
of the Units will continue to be refocused through turnover, accord-
ing to priorities that are spelled out below. While these priorities
will serve as guides in recruitment, we will continue to place our
primary emphasis on choosing outstanding young investigators
whose scientific independence will remain guaranteed.

An important new mechanism to pursue our plans will be inter-
Unit initiatives that bring together groups from across the Units of
the Laboratory and can capitalize fully on our interdisciplinary
strength. These are consistent with the transition of biology to a
more integrative phase.

Scientific Programme
2001
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We will continue to build onto our research and technology base
an active programme of training, service and outreach. Our
renowned advanced training activities will continue. We will seek
the resources necessary to substantially enhance our well-appre-
ciated service activities, including a step change in the support of
databases and related services.

Outreach activities based on an active Visitors Programme will
remain a high priority. We will further develop the necessary
dialogue with the outer world through our new Office of
Information and Public Affairs. We wish to develop novel
partnerships with institutions in the member states, with the
ambitious ultimate goal of helping to develop a network of
internationally-oriented and collaborative institutions across
Europe.

We will accelerate our technology transfer activities through a
wholly-owned commercialization arm, EMBLEM.

The scientific Units, the inter-Unit initiatives and the various other
categories of activities that the EMBL expects to pursue in the
next five years are listed below. They are described in the next chap-
ter of this document, the OUTLINE PROPOSAL, which also
includes an indication of the related resource needs. Further infor-
mation is presented in a later chapter, DETAILED PROPOSAL.
Finally, ANNEXES summarize some data on the past performance
of the Laboratory.



III.
Sum.m.ary
of proposed activities

A. Safeguarding the Foundations:
Research and Technology Units

The ten Units of the Laboratory (Research Programmes and
Outstations) will continue to operate in five European locations, as
follows:

• Headquarters Laboratory (Heidelberg)
Structural Biology Programme
Gene Expression Programme
Cell Biology and Biophysics Programme
Developmental Biology Programme
Biochemical Instrumentation Programme
Additional Research Groups

• Mouse Biology Programme (Monterotondo)
• European Bioinformatics Institute, EBI (Hinxton)
• Grenoble Outstation
• Hamburg Outstation

B. Building Bridges: New Inter-Unit Initiatives

• Bioinformatics
• Functional genomics and proteomics
• Molecular interactions and complexes
• The intracellular RNA world
• Biological systems analysis
• Molecular medicine

Efv1BL Scientific Programme
2001-2005
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C. Expanding the Impact: Training, Services and Outreach

• Advanced Training
- International PhD Programme
- Postdoctoral fellows
- Medical fellows
- Young faculty
- Visitors

• EMBL: A Meeting Place
- Visitors Programme
- Practical courses
- Workshops
- Other scientific meetings

• Scientific Services
- Public domain databases at the EBI
- Structural biology beamlines at Grenoble and Hamburg
- Existing facilities in Heidelberg
- Proposed facilities at Heidelberg and Monterotondo

• Proposed Institutional Partnerships
• Other Outreach Activities

- Collaborations
- Seeding of Alumni
- Industry Associates
- Technology Transfer
- Information, Public Affairs and Social Issues
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I.
The scientific context

Biology, an accelerating revolution

In the second half of the 20th Century, Biology has undergone
one of the greatest scientific revolutions of all times. As a result, for
the first time in history we are beginning to understand the fun-
damental 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 technologi-
cal revolution is gathering pace in medicine, agriculture and indus-
try.

In the current period, Biology is being transformed into an infor-
mation 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 com-
plexes, 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 sci-
ences.

Modern Biology increasingly depends on novel methods, new
equipment and large-scale facilities, both physical (e.g. synchro-
trons) 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.



II.
The European context
Challenges and opportunities
for Biology in Europe

Europe has a strong tradition and continued strength in the life sci-
ences. However, this strength is endangered. Serious challenges for
Europe loom in the future, because of rapid advances in Biology,
in conjunction with our relatively inflexible scientific systems,
the delayed development of biotechnology and the traditional
isolation of medical research. The dangers are greatly magnified by
a substantial underfunding of the life sciences relative to the
investment made in other major centers in the world: the USA and
more recently Japan.

At the turn of the millennium, in an historic era of continental uni-
fication, Europe owes it to itself (and to its future) to rise to the chal-
lenge. We cannot afford to lose out in what promises to be the major
scientific and technological revolution of the 21st century. On the
structural side, we must improve the performance of our scientific
system. This will require paying greater attention to scientific
education at all levels; increasing the flexibility of academic and
research institutions; ensuring the independence of our young
investigators; continuing to stimulate the mobility of our scientists
and further internationalizing our system; taking better advantage
of our collaborative culture and of the opportunities for long-
term projects that institutional support provides. On the financial
side, we need a substantial commitment to shoring up our infra-
structure and to providing sustained investment in biological and
biomedical research, at least to the level of the other major centers
in the world. In addition to structurally improving an.d adequately
supporting our science base, we will need parallel measures to
enhance the interaction between basic biology research, clinical
research and the biotechnology industry. The measures needed for
stimulating biotechnology do not belong primarily to the realm of
science policy; in much of Europe, action is still necessary to
remove legal and fiscal barriers to technology transfer.

Scientific Programme
2001-2005
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III.
The EMBL context

After an incubation period beginning in 1962, EMBL was estab-
lished formally in 1974, with the mission to promote the devel-
opment of molecular biology throughout Europe. Currently, its 16
member states include most ofWestern Europe and Israel. Over the
past 25 years, EMBL has become a widely recognized center of
excellence, well appreciated (abroad as well as in Europe) both for
its quality and for its added value. In summary, this added value
includes:

• Scientific breakthroughs, the most notable being the first sys-
tematic genetic analysis of embryonic development in the fruit
fly.

• Conceptual and technical leadership in introducing new fields
in Europe, including molecular cell biology and bioinformatics.

• Development of enabling technologies, including the use of
synchrotron radiation in structural biology, cryoelectron
microscopy, advanced light microscopy, automated cell microin-
jection, DNA sequencing instrumentation, and the use of mass
spectrometry for protein identification and sequencing.

• Provision of essential services through powerful infrastruc-
tures, including structural biology beamlines at synchrotrons,
as well as major databases of DNA sequences, protein
sequences, and macromolecular structure.

• Creation of a distinctive environment (international, multi-
disciplinary, youthful, and insistent on the highest standards of
performance) that shapes research, technology development and
training activities.

• Outstanding training addressed to multiple levels: PhD stu-
dents, postdoctoral fellows, young independent investigators,
and numerous visitors.



• Seeding exceptional scientists throughout Europe, who have
been shaped by working at EMBL and then move on as a result
of the unique turnover policy of the Laboratory.

• Serving as a physical focus for outreach activities, including
hosting visitors for working visits at EMBL, as well as for par-
ticipation in a rich programme of practical courses, workshops
and conferences, analogous to that of the Cold Spring Harbor
Laboratory in the USA.

It must be stressed that the remarkable value of EMBL lies not in
isolated (however excellent) functions, but in the integration of a
distinctive mixture of top quality activities which reinforce each
other and make the EMBL a truly unique place.

The critical mass of the Laboratory and the integrity of its programme are
vital for its continuing success in the future.

The Annexes to this proposal provide documentation concerning
the past performance of the Laboratory. Here we wish to further
explain a critical feature of EMBL: the nature of its scientific com-
munity, and its pervasive culture, and their relationship to the
fundamental structure and policies of the institution.

The Laboratory's success derives from its unique culture, structure
and community. As expressed by one of the leading figures in
science whom we consulted in preparing this proposal, the
Laboratory "is the great training center for biological science in
Europe, not because there are no other good places but because it
has a youthful, non-hierarchical, even iconoclastic structure in
which people from allover the world work on hard and important
problems with uncompromised standards and a minimum of
bureaucracy./I

The community is indeed youthful, vibrant, collaborative and
truly international, with no nationality predominating. These fea-
tures arise out of the emphasis on training activities and a recruit-
ment policy that is inclusive in offering equal opportunity and
searching widely for candidates, but also firm in offering positions
based on individual merit, without national quotas. An essential

EMBL Scientific Programme
2001-2005
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basis and safeguard of these same features is a unique personnel
policy that deliberately aims at rapid turnover. With a few excep-
tions (to provide continuity), EMBL faculty members (group lead-
ers, team leaders and staff scientists) as well as other staff members
are hired on fixed-term contracts, renewable up to nine years in
total. The few exceptions beyond nine years are given rolling-
tenure (open-ended) contracts, which can be terminated according
to the changing needs of the Laboratory. A by-product of the inter-
national recruitment and temporary career structure is extra finan-
cial costs needed to compensate people for consequent dislocation
and losses; but in 1997 the member state delegates of the EMBL
Council concluded, on the basis of an exhaustive study by its
Working Party, that the terms and conditions of employment at
EMBL are fully justified.

An additional policy that reinforces the youthfulness and vibrance
of the EMBL community is the guarantee of independence. Once
hired, even if they come directly from a postdoctoral position,
faculty members are given complete scientific independence, their
own laboratory, and a guaranteed budget; this allows them to
pursue their ideas without delay, and to set ambitious longer-
term goals. Naturally this policy is attractive to young, self-con-
fident scientists, for whom such opportunities are limited in much
of Europe. Indeed, EMBL has a remarkable record of recruiting out-
standing young Europeans from the United States, where they
would probably have remained otherwise.

In this setting, collaborations among peers develop naturally, and
are the norm. Few institutions in the world approach the level of
interactiveness that is typical of EMBL. Important related conse-
quences are that the community easily accepts and helps a large
number of visitors, attracts high-quality technical staff and fellows
from throughout Europe, and is very active in international col-
laborative research networks. The collaborativeness of EMBL sci-
entists is further reinforced by a policy of sharing equipment
throughout the Laboratory; by the non-hierarchical nature of our
operational Units, the Research Programmes and Outstations; by
a policy against large group size; and by the multidisciplinarity of
the institution. Frequently, projects are conceived and pursued
by scientists with different specialities, who combine their expert-
ise - for example those who develop novel methods and those who



can use them on demanding biological problems. Interdisciplinarity
is such a vital feature of EMBL that to ensure its preservation
under tight budgetary conditions, we have reserved positions for
interdisciplinary appointments, and we conduct all searches
through committees that represent more than one Unit. In the
next five-year period, positions that have remained vacant in
Heidelberg for budgetary reasons will all be added to the inter-
disciplinary pool, and these will be used to reinforce the inter-Unit
initiatives that we are proposing.

Finally, a major benefit of the turnover system is that it permits
EMBL to remain flexible and to adjust its scientific programme con-
tinuously within the broad planning approved every five years by
the EMBL Council, the delegates of the member states. Even at
steady state, EMBL is able to recruit anew for almost 10% of its
group leader positions every year. During this process, valuable
advice is provided by our standing committee of external experts
(the Scientific Advisory Committee, or SAC), a very influential
body that is elected by the Council and advises both the Council
and the Director-General. SAC offers advice on the appointment
of all group leaders and on all major scientific issues. It also con-
ducts intensive quadriannual external reviews of each research Unit
and every group or team leader. This permits the Laboratory to cap-
italize on its flexibility in an optimal manner.

The EMBL currently has laboratories at five European sites.
Heidelberg is home to the headquarters and central laboratory.
Outstations are major specialized facilities that combine scientif-
ic service, research and training activities; they are located in
Hamburg at the DESY synchrotron, in Grenoble on the common site
shared with ESRF and ILL, and in Hinxton on the Wellcome Trust
Genome Campus. Finally, a Research Programme is located in
Monterotondo on the Adriano Buzzati-Traverso Campus.
Outstations and Programmes are the Units of EMBL. The
Heidelberg Laboratory has five Programmes, which will be dis-
cussed separately below, as well as the Additional Research Groups
of the Director-General of EMBL and the Executive Director of
EMBO. The Hinxton Outstation, the European Bioinformatics
Institute (EBI), has distinguishable service, research and industry

EMBL Scientific Programme
2001-2005

c.

The current
EMBL Units

15



B. Outline Proposal

D.

Changing
priorities to meet
new challenges:
The recent past

16

programmes, and these will be discussed together below. Thus, the
Scientific Programme proposal will consider the following ten
Units:

• Headquarters Laboratory (Heidelberg)
Structural Biology Programme
Gene Expression Programme
Cell Biology and Biophysics Programme
Developmental Biology Programme
Biochemical Instrumentation Programme
Additional Research Groups

• Mouse Biology Programme (Monterotondo)
• European Bioinformatics Institute, EBI (Hinxton)
• Grenoble Outstation
• Hamburg Outstation

Each Unit is headed by a Coordinator (or Head of Outstation)
who, in a collegial setting, administers the budget, minds the
infrastructure, provides continuity, chairs the respective search
committees, and mentors the young scientists while respecting their
independence. Together with the Director-General and the
Scientific Coordinator of EMBL, the heads of the Units constitute
the senior scientific management of EMBL.

EMBL's system of turnover provides significant flexibility for
moving rapidly into new research fields. To some extent, howev-
er, the turnover system also obscures the extent to which the
Laboratory does change its priorities and recycles resources,
because these changes are not accompanied by the removal of
staff from permanent positions but instead by the arrival of new
group leaders in place of those departing. However, such replace-
ments are not the only way that EMBL changes. Decisions are fre-
quently made that either reduce, or stop altogether, EMBL's
activities in particular fields. The major changes that have taken
place in Heidelberg during the 1996-2000 Scientific Programme are
a case in point.

As approved, that Programme envisaged for Heidelberg the estab-
lishment of a new albeit small Developmental Biology unit,



enhancement of the Visitors Programme, reserving three group
leader positions for interdisciplinary work and some capital expen-
ditures/ all within a constant budget. The Developmental Biology
and Visitors Programme were indeed started through the recycling
of resources. When the Coordinator of the Differentiation Pro-
gramme (T. Graf) stepped down, that Programme was terminated
although it had been reviewed very favourably less than two
years earlier by SAC. Most of its resources were used to build up
the Developmental Biology Programme. The rationale for this
was to enable a change in focus away from studies of signaling
pathways in cultured cells to the related but considerably more
complex problem of the role of signaling and other mechanisms in
pattern formation and morphogenesis of organs and whole organ-
isms. SAC agreed with us that this shift in priority towards the
study of development at the multicellular level was scientifically
justified.

The highly-regarded activity of EM instrumentation development
in the Cell Biophysics (Physical Instrumentation) Programme was
also terminated, because its benefits were marginal for biology.
When K. Simons stepped down as Coordinator of Cell Biology, that
Programme fused with Cell Biophysics to form Cell Biology and
Biophysics. The main rationale for the fusion was to ensure the opti-
mal integration of technology development and top-quality cell bio-
logical research; the fusion was also a first step toward the goal of
refocusing part of the new Programme toward systems analysis and
cell morphogenesis. To make way for this change, a corresponding
decrease in the previously dominant studies on membrane traf-
ficking will be required. In Gene Expression, the analogous change
has been toward studies of macromolecular complexes involved in
chromatin remodeling and RNP metabolism in their cellular con-
text/ at the expense of some of the previous research activity in the
field of basic transcription mechanisms. In this Unit in particular,
a change towards genome-wide analysis is required and planned.

The Heidelberg Structural Biology Programme has reduced its
activity in the fields of NMR and is planning to phase out molec-
ular dynamics in order to concentrate more on methods suited to
the analysis of large molecular machines, and to retain some activ-
ity in bioinformatics (Biocomputing Unit) which we consider
essential for the entire Heidelberg Laboratory. These changes

EMBL Scientific Programme
2001-2005
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occurred in the context of a considerable reduction in the total num-
ber of groups in this Programme. The reduction was in part due to
a consolidation of EMBL's efforts in Structural Biology between
Heidelberg and the two synchrotron-associated Outstations, and
to the start-up of the EBl. While the Scientific Programme 1996-2000
was approved enthusiastically as proposed in 1995, the funding
provided was at the lowest of three financial planning proposals
("worst-case scenario"). Predictably, we were not able to do every-
thing that was approved and that was necessary. The shortfall
affected all Units of the Laboratory, but was particularly strongly
felt in Heidelberg and (for a different reason) at the EBl. We put
more resources in the EBI than were planned, but these were not
sufficient to build up the research programme adequately, or to
cope with the dramatically increasing needs for bioinformatics
services; this must now be set right. In Heidelberg, we were forced
to cut back the support we could give to each group leader, and to
keep group leader positions unfilled, even below the level envis-
aged in the "worst-case scenario". Heidelberg had 55 group leader
positions filled in 1993, and 53 in 1995, including that of the
Director General. The "middle-level scenario" of the 1996-2000
Scientific Programme, which we were asked to implement with
"worst-case scenario" funding, authorized us to fill 53 group
leader positions by 2000, but because of the budgetary limits we
will only be able to have 48 groups in place. As will be described
later, we seek funds to be able to restore the Heidelberg positions
to the previously authorized level. This will safeguard the con-
solidated five Programmes at their present reduced level of staffing
but will allow us to use the rest of the positions to deliver on the
new inter-Unit initiatives, thus capitalizing fully on the interdis-
ciplinarity of the Laboratory.



Aside from preventing us from moving quickly into the new
research areas described throughout this document, the financial
shortages, if not corrected, will compromise EMBL's ability to
usefully serve the member states. A critical mass in research is
essential if we are to support our training programmes, our capac-
ity to run up-to-date courses and workshops, our service activities,
our technology development, and our Visitors Programme. The
EMBL structure is a very dynamic and resilient one. The multiple
ongoing changes in the activities of the Laboratory result from a
constant examination of directions and priorities. However, a sub-
stantial and well-supported core of basic research activity is essen-
tial if the rest of the edifice is to be maintained.

EMBL Scientific Programme
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EMBL Scientific Programrne
2001-2005

IV.
The Research and Technology
Progra111111e
2001-2005

The statutory mission of EMBL recognizes advanced research and
technology development as important elements, alongside
advanced training and provision of services to the member states.
This section deals with the first two elements.

A.
The plans of EMBL for 2001-2005 are based on a judicious combi-
nation of organizational stability and programmatic ferment. They
grow out of current activities while moving the Laboratory in
new directions.

The current Units will continue as our fundamental organiza-
tional entities, to secure continuing strength in structural, molec-
ular/ cellular and developmental biology, in instrumentation and
in bioinformatics. In them, core research will underpin our tech-
nology development, service, training and outreach activities.
Internally, the Units will permit mentoring of young faculty, effi-
cient scientific administration and effective sharing of equipment
and other resources. Importantly, the Units will ensure sufficient
diversity for the future and reinforce bottom-up planning: spe-
cially-talented individuals who wish to pursue creative ideas
unanticipated in our present planning will be as welcome as in the
past. Furthermore, in pursuing the plans we will not deviate from
the fundamental commitment of EMBL to hire the very best young
group leaders and to give them scientific independence. However,
the core activities of the Units will be focused and reoriented as
described below.

The overall
concept
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We will introduce a novel feature in this Scientific Programme: care-
fully selected inter-Unit initiatives, which will develop impor-
tant themes cutting across the Units. The resulting close integration
of the Units' activities will capitalize on and reinforce our key
strengths of collaboration and interdisciplinarity. It will also pro-
mote the new, more integrated view of biology, transcending bor-
ders between disciplines and discontinuities between levels of
biological organization. By nature, the Inter-Unit initiatives will
have areas of overlap with work that is at the core of various
Units (and this will be reflected in the description of Unit and
inter-Unit activities. However the inter-Unit initiatives are special
in that they require close collaboration across disciplines. In gen-
eral, we see the inter-Unit initiatives as gathering strength through
attracting the interest and involvement of existing EMBL scientists;
through pertinent new appointments made catalytically in reserved
interdisciplinary positions (which will then be affiliated with at
least two Units); and through replacement appointments resulting
from turnover in the Units (of course the latter searches will also
consider the core needs of the Units). Stronger than the sum of its
parts, the highly integrated EMBL that we foresee will be able to
address the central challenges of the times.

In the coming five years a major theme of the Laboratory as a
whole will be Functional Genomics. By the time the new Scientific
Programme begins in January 2001, finished or 1/draft" genomes of
several multicellular genomes (including that of humans) will be
available as well as a plethora of finished microbial genomes. At
the start of the 21st century, Biology will be faced with the enor-
mous task of understanding genomic function: how the entire
information of the genome results in 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 cul-
ture with an exceptional blend of great strength in basic biologi-
cal 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 support of the structure
and function in the living cell, 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 organization, but the converse is also true: the biol-
ogy of the molecules of life can ultimately only be understood 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 orga-
nizational entities within a coherent whole, the Units will pool their
complementary expertise towards shared goals and create a pow-
erful center for functional genomics in Europe.

A second major opportunity that fundamental Biology already
faces is to become more integrated with Medicine. The interface -
Molecular Medicine - is exciting both in intellectual terms and in
terms of its social importance for disease prevention and treatment.
EMBL already has a large number of groups that work on projects
pertinent to medicine. Our inter-Unit initiative on Molecular
Medicine aims to accelerate this internal evolution, and to begin a
process leading to fruitful direct interactions with medical and clin-
ical institutions and scientists.

The main themes of the inter-Unit initiatives and of the Units
themselves are summarized below. A fuller treatment will be
found in the next chapter, the DETAILED PROPOSAL.

EMBL Scientific Programme
2001-2005

23



B. Outline Proposal

B.

Plans of
Inter-Unit
Initiatives
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Bioinformatics
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Strengthening both research and training in bioinformatics per se
and its integration with experimental biology; emphasis on train-
ing experimental biologists in bioinformatics.

• Huge waves of biological data are now appearing in succession:
genomic, eDNA and protein sequences, sequence variations,
macromolecular structures, expression patterns, images. These
data can only be accessed and used by the academic and indus-
trial research communities with the help of bioinformatics.

• As the dedicated Bioinformatics Unit of EMBL, the EBI has a
crucial role to play in the provision of information resources, in
information integration, and in the development of sophisti-
cated services that allow the user to easily access and fully uti-
lize these integrated resources. However, even in this core
mission, the EBl's work will be greatly facilitated by interaction
with experimental biologists such as those in Heidelberg.
Conversely, interaction with the EBI will help experimental
biologists and instrumentation specialists to design their tools
and experiments for optimal data capture and analysis.

• An example is the collaboration between Heidelberg groups in
Gene Expression, Developmental Biology and Biochemical
Instrumentation, with EBI data mining experts. This collabo-
ration aims to optimize microarray methods for experimen-
talists, as well as methods to analyze the data and to make
them accessible through a robust public database.

• As bioinformatics research expands at the EBI, it will continue
to be strongly synergistic with the adjacent core information
resource activities. Similarly, the bioinformatics/biocomputing
research in Heidelberg closely interacts with "wet" biologists,
to mutual benefit. Bioinformatics researchers at both sites can
provide a crucial link to facilitate the necessary integration of
computational and experimental biology across a continuum
that stretches from experiments to databases and vice-versa.

• This link will be invaluable in promoting training in bioinfor-
matics directed towards biologists. The Hinxton - Heidelberg
interaction in this area can serve as a pilot phase for expanding
the bioinformatics training of visiting and resident biologists at
the EBl.



Collaboration between biologists, technology developers and data
mining experts to develop tools and databases for the use of bioin-
formatics in support of research in functional genomics; similar col-
laboration between bioinformatics/biocomputing experts,
structural biologists and a protein expression team; extension of
genomic expression analysis to the level of proteins and their
modifications.

• Genomics and proteomics research continues to expand, and at
the same time is shifting from description to functional analy-
sis. This shift requires a major enrichment in the approaches and
tools to be used. Functional genomics starts with DNA
sequences and bioinformatics, but also requires numerous
additional methods, and thus the involvement of instrumen-
tation experts and biologists.

• EMBL intends to become a major center for genome expression
analysis. We envisage a closely integrated effort that includes
global scale (systematic) biological experimentation, instru-
mentation and methodology development, optimization of
analytical bioinformatics procedures, and the development of
a robust expression database for the public sector (see above).
We will use our strength in biology to push the new evolving
technologies and analytical procedures to the limit, through
novel and challenging experimental projects as described below.

• Our strong expertise in mass spectrometry will extend the
qualitative and quantitative analysis of genomic expression to
the ultimate level of proteins and their modifications.

• In the context of collaborative efforts with others, we will tack-
le the problem of high-throughput mass spectrometry, in the
framework of developing systematic procedures for protein
analysis, including technologies such as protein chips.

• Structural genomics will be an important component of func-
tional genomics. Our activities in this area will involve our
bioinformatics/biocomputing expertise, a protein expression
and purification team, and the diverse expertise and large-
scale facilities at our Structural Biology Outstations.

EMBL Scientific Programme
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The intracellular
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Focus on multimolecular machines as mediators of biological
function; methods for isolation and characterization of function-
al complexes in terms of composition, structure, biochemical mech-
anism and in vivo function (within cells and in response to
intercellular signals in development).

• Biology is moving in the direction of understanding function-
al subcellular units in their context. An important recent insight
is that, in general, cellular function is implemented through
multi-component molecular machines.

• EMBL intends to perfect methods for the gentle isolation of func-
tional complexes, and will utilize these methods to address
major biological phenomena, from chromatin remodeling to sig-
nal transduction, at the levels of composition, mechanism and
in vivo function in cells and organisms.

• EMBL will use its breadth in structural biology to develop and
apply methods for solving the structure of such complexes.
The approaches will include high-resolution electron
microscopy, especially for single particles; X-ray analysis of
small crystals and crystals with a large unit cell, at state-of-the-
art synchrotron sources; and a combination of other methods
including biochemistry, biocomputing, NMR and small-angle
scattering of large dynamic particles.

Post-transcriptional gene expression as a mechanistically-inte-
grated process of RNA remodeling; its regulation in cell function
and development; structural analysis of post-transcriptional com-
plexes.

• Multiple and important regulatory events occur during gene
expression, between RNA synthesis and its ultimate translation
into protein. These events exemplify the importance of multi-
molecular machines (see previous section). For the study of
these processes, several different EMBL Units have accrued
considerable strength and a critical mass of researchers with
complementary expertise.



• The future emphasis will be to understand the multiple steps in
post-transcriptional gene expression as a mechanistically inte-
grated process in which RNPs are continually remodeled from
one step to the next, and which is regulated within the cell.

• Structural analysis of these post-transcriptional complexes will
be pursued. Their mechanistic analysis will be coupled with the
study of their biochemical functions in vitro and of their in vivo
significance. The aim is an integrated understanding of how
post-transcriptional regulation helps generate the complex
phenotypes of cells and developing organisms.

Use of quantitative experimental analysis, in conjunction with
modeling and new inputs from chemistry and physics, to elucidate
the systems properties of complex biological phenomena that are
fully characterized in terms of components and reactions; empha-
sis on regulatory and signaling networks, as well as morpho-
genesis.

• Early molecular biology used simple organisms to elucidate the
fundamental concepts of genetic information and its expression
and regulation. Later, recombinant DNA and sequencing meth-
ods made possible the fruitful molecular analysis of higher
organisms including humans; in this phase, biology became
increasingly data-driven. Most recently, genomics and bioin-
formatics have accelerated this descriptive trend, but also set the
stage for renewed emphasis on general concepts, albeit at a
higher level of complexity.

• Reductionism has served biology well for half a century. Now,
amidst the flood of data, we perceive the challenge ahead: to
exploit quantitative data in a synthetic approach that aims to
comprehend the systems properties of progressively more com-
plex living entities. For this we need to develop a new way of
thinking about biology, in terms of whole systems instead of
individual components, reactions or pathways.

• The cell cycle, the life cycles of viruses and parasites, intracel-
lular signaling networks, and the morphogenesis of cells and
organisms all exhibit systems properties: for example bista-
bility, oscillations, redundancy, robustness, or evolvability. The
basis of these properties is poorly understood, but is likely to
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6.

Molecular Medicine
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be of fundamental importance in the normal and abnormal
physiology of cells and organisms! and for their evolution.

• Building on current strengths! we will analyze the systems
properties of biological phenomena suited to our expertise.
These include regulatory and signaling networks! as well as
morphogenesis.

• Systems analysis is best attempted in extensively character-
ized and manipulable systems. It will require incisive experi-
mentation that integrates approaches from molecular! cellular
and developmental biology! in combination with bioinformat-
ics and modeling. It will also be aided by new inputs from
physics and chemistry into biology.

• The next challenge will be to proceed from understanding the
principles of such systems to their engineering! both to sharp-
en that understanding and to explore the breadth of their rel-
evance to biology and medicine.

Enhancing the interface of EMBL research with medicine; seminars
and mini-symposia on molecular medicine; opportunities for
MD jPhD students in the EMBL PhD Programme and for Visiting
Medical Fellows; collaborative links and partnerships with clini-
cal research institutions in the member states; neurobiology focus
group.

• The molecular life sciences and clinical medicine have pro-
gressed to a point where numerous opportunities exist for
cross-fertilization. This potential is enhanced by interdiscipli-
nary approaches! such as those that are a hallmark of EMBL.

• Many EMBL groups currently address problems in molecular
biology that are medically relevant. Although the Laboratory is
oriented towards basic research! its structure permits it to
develop links with medicine.

• We aim to forge tighter links with the medical research com-
munity! through harnessing the relevant expertise of the
Laboratory in Molecular! Cellular! Developmental and Struc-
tural Biology! as well as Bioinformatics and Instrumentation.
This process will occur in steps in the context of an Inter-Unit
initiative in Molecular Medicine.

• We will establish a series of seminars and mini-symposia on per-
tinent topics in Molecular Medicine.



• Across the Units of the Laboratory, we will make our facilities
available to visitors for collaborative research on medical prob-
lems. In particular, we intend to expand the Mouse Biology
Programme in Monterotondo to serve as a European center
for collaborative research on mouse models of human disease.

• We will initiate a Visiting Medical Fellows Programme, and on
a case-by-case basis we will provide opportunities for PhD
training of MD jPhD candidates.

• Ultimately, we aim to forge partnerships and collaborative
links with clinical institutions in the member states, which
may involve personnel exchange, joint workshops and joint
research activities.

• The Molecular Medicine initiative will also include the forma-
tion of a neurobiology focus group to reinforce and augment our
existing activities in neurobiology, with the perspective of cre-
ating a Neurosciences Unit in the future.
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Structural Biology

2.

Heidelberg:
Gene Expression
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Biology-driven analysis of macromolecular machines using all
available structural techniques; single particle analysis focusing on
membrane proteins; structural principles of macromolecules.

• We will undertake a concerted structural analysis of macro-
molecular machines involved in intracellular traffic. To answer
biology-driven questions in this area will require that we com-
bine information from all available techniques: bioinformatics,
NMR, X-ray crystallography and high-resolution electron
microscopy.

• We intend to develop methods of single-particle analysis and
apply them, in particular, to solving the structures of membrane
proteins.

• We will pursue the integration of structural data with com-
parative and phylogenetic analysis of sequence information
to improve our understanding of the structural principles of
macromolecules.

• Protein production often represents the rate-limiting step for
current projects in structural biology and structural genomics.
We will establish a team to systematically investigate the pro-
duction of recombinant proteins and macromolecular com-
plexes for structural analysis.

Shift to analysis of genome expression; gene expression as an inte-
grated process involving continuous remodeling of chromatin
and RNP complexes; understanding nuclear structure and real-time
gene expression through advanced light microscopy.

• We wish to study gene expression as an integrated process
rather than as a series of unconnected steps. We will characterize
activities involved in the remodeling of DNA-protein (chro-
matin) and RNA-protein complexes, and will examine both
their mode of action and their biological function.

• The events leading to the expression of genes occur in macro-
molecular complexes. In order to gain a molecular under-
standing of selected complexes we will need to prepare them in



a manner that permits structural as well as biochemical analy-
sis.

• New methods in bioinformatics and functional genomics allow
us to analyze genome expression rather than gene expression.
We will apply these methods to challenging topics such as the
regulation of splicing of mRNA precursors and the determinants
of translation efficiency of mRNAs.

• We will use advanced light microscopy methods to deepen
our understanding of the underlying structure of the nucleus as
well as to permit the analysis of the events of gene expression
in real time and space within the cell.

Processes that confer identity to membranous compartments; gen-
eration of cell asymmetry; microtubule- and microfilament- based
morphogenesis; advanced light microscopy to study molecular
events within cells in real time; integration of experiments and
modeling to understand how dynamic molecular assemblies result
in cellular structure.

• Building on the considerable experience in the Programme in
membrane trafficking, we will initiate studies to elucidate the
processes that confer identity on membranous compartments
like the Golgi apparatus.

• We will examine the role of microtubules and microfilaments in
generating the form and shape of membranous organelles, and
more generally in generating asymmetry within the cell.

• We will study the properties and dynamics of microtubule-
based structures with the mitotic spindle as a primary example.

• We wish to understand how collections of macromolecules,
which interact with each other in a highly dynamic and (in
terms of an individual macromolecule) transient manner, can
nevertheless give rise to robust sub-cellular compartments
and, ultimately, an entire cell. This will require close interaction
between mathematical and physical modelers, biochemists and
cell biologists who will join forces to analyze the properties of
sub-cellular assemblies.

• As part of our effort to integrate more closely biological research
with technology development, we have assembled a group
dedicated to developing advanced light microscopy methods for
analysing molecular events occurring within cells and organ-
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4.

Heidelberg:
Developmental

Biology
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Heidelberg:
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Instrumentation
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isms in real time. The associated Advanced Light Microscopy
Facility will provide access to and advice on light microscopy
to scientists, both in house and in the member states.

Developmental signaling processes analyzed by genome-wide
expression patterns, biochemistry of protein complexes, and light
microscopy of real-time signaling; asymmetry in single cells relat-
ed to asymmetry of cell populations; mouse genetics in the study
of brain signaling.

• To examine how cell-cell interaction can lead to the generation
of organs and tissues of defined size, shape and organization,
we will employ light microscopic methods to study signaling
processes in developing tissues in their temporal and spatial
context.

• In parallel, we will apply newly-developed methods for the
purification of protein complexes to study the composition
and biochemical properties of ensembles of proteins engaged
in signaling processes.

• Genome-wide gene expression patterns will be analyzed to
attempt to decipher how individual cells respond to complex
combinations of incoming signals in developing systems.

• Mouse molecular genetics will be employed to address signal-
ing processes in the brain that are of interest in the context of
neurobiology and also have potential medical relevance.

• We are gaining partial understanding of how asymmetry is
generated in certain single cells. This problem will be studied
to a deeper level. We will also relate cellular asymmetry to the
generation of asymmetry in populations of cells.

Automation of purification methods leading to high-throughput
mass spectrometry; emphasis on targeted proteomics and collab-
orative efforts in global proteomics; DNA and protein microarrays;
technology improvements for medium-scale DNA sequencing
projects.

• Our pioneering achievements in developing effective and sen-
sitive methods for protein analysis by mass spectrometry (MS)
will be complemented by approaches to increase the through-



put of MS methods. We will automate purification methods for
preparation of protein complexes, proteins and peptides and
couple these automated procedures to MS analysis.

• We have begun to introduce and further develop the new meth-
ods of DNA microarray production and analysis. A comple-
mentary effort to develop protein microarrays will be
undertaken.

• We will pursue improvements in DNA sequencing technology
and will collaborate with researchers in EMBL and the member
states in medium-scale sequencing projects, including genom-
ic expression analysis by the SAGE method.

This organizational Unit includes two research groups. That of the
EMBL Director-General (F.C. Kafatos) studies innate immunity
as related to the interaction between the malaria parasite and the
vector mosquito; mosquito genetics, genomics and functional
genomics; and transcription factors in Drosophila development.
The group of the Executive Director of EMBO (F. Gannon) focus-
es on the estrogen receptor: its promoter, alternative splicing,
mode of action, gene targets, and implications for medicine.
Because of the senior management roles of these investigators, it
would be inappropriate to integrate them administratively in one
of the other Units. However, both groups have close scientific
interactions with several Units of the Laboratory.

• Kafatos Group: Transcription factors in Drosophila develop-
ment; innate immunity and the interaction between mosquitoes
and malaria parasites; an EST approach to mosquito gene dis-
covery; Anopheles genome project; use of molecular genetic
markers to study the field biology of Anopheline mosquitoes.

• Gannon Group: The estrogen receptor (ER) in humans and
other vertebrates; ER isoforms and their generation from mul-
tiple promoters and alternative splicing; mode of action of ER;
signal transduction regulation of ER, and its downstream tar-
gets.

EMBL Scientific Programme
2001-2005

6.

Heidelberg:
Additional Research

33



B. Outline Proposal

7.
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8.

Hinxton:
The European
Bioinformatics

Institute
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Use of regulated gene deletion to analyze cell and tissue differ-
entiation, and to generate models of acquired as well as inherited
diseases; expansion of the Programme to reach critical mass and
support visitors using regulated gene knock-out strains (Cre-Zoo).

• We will use our ability to generate gene deletions in the mouse
in a temporally regulated and cell-specific manner to pursue the
analysis of cell biology and tissue differentiation.

• These methods are also singularly well-suited to the generation
of models of acquired as well as inherited diseases. We will pur-
sue such studies.

• We will pursue the analysis of the role of actin-based motility
systems in the inflammatory response.

• We intend to examine virus-host interactions using mouse
genetic models, in particular examining the roles of interferons
in antiviral defense mechanisms.

• We will expand our library of mouse strains that enable the gen-
eration of gene knock-outs in a temporally and spatially regu-
lated manner (the so-called Cre-Zoo), intending to make these
strains available to the European mouse-user community.

• We will have to expand our activities in mouse genetics in
Monterotondo to ensure that the Research Programme reaches
critical mass and that the infrastructure is sound enough to
support service activities.

Emphasis on the essential service mission centered on the macro-
molecular information databases; expansion of services to include
genomic annotation, genomic expression data, and data on meta-
bolic or signaling pathways; optimization of user interfaces and
interoperability of databases; significant expansion of the research
programme, which will also underpin development of future serv-
ices and train young scientists in bioinformatics; collaboration
with EMBO and others to provide the biological sciences literature
electronically (E-biosci).



• Our core service mission as a European center is to generate and
maintain complete and robust databases that store the ever-
increasing amounts of biological information, and to make this
information available to the scientific community. We will pur-
sue this essential mission, which often involves intercontinen-
tal or intra-European partnerships.

• We will develop methods for the electronic representation and
storage of new kinds of data, for example of genomic expression
data or information on flux through and interactions between
metabolic or signaling pathways.

• We will intensify efforts to render our databases optimally use-
ful by improving the ease of interaction with our user interfaces
and by making curated databases interoperable. When entire
complex genomes (e.g. human) are deposited, genome anno-
tation will be a particularly necessary form of database curation;
developments in this area will be a high priority.

• We wish to substantially expand our bioinformatics research
programme; this will also contribute to a suitable environment
for the development of service functions and to opportunities
for training young scientists in this critical but underdevel-
oped field.

• Given the severe shortage of trained experts in bioinformatics,
we will need to develop imaginative training programmes to
serve the biological community. Apart from training doctoral
students and postdoctoral fellows, we must develop short
teaching courses for academic and industrial scientists, for sci-
ence teachers and in particular for students from biology,
mathematics, physics and computer science interested in enter-
ing the bioinformatics field.

• We will continue our non-proprietary support for the industrial
research community through the Industrial Associates
Programme.

• Given the rapidity with which information storage and dis-
semination is being converted to an entirely electronic process,
EBI intends to collaborate with EMBO and others to become a
provider of the electronic record for biological and biomedical
science (E-biosci).
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9. and 10.

The Hamburg
and Grenoble
Outstations
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Emphasis on the core mission of providing state-of-the-art beam-
lines for the user community in collaboration with ESRF and
DESY/HASYLAB respectively; provision of new detectors and
upgrading of beamlines in Hamburg; purchase of a MAD beamline
in Grenoble; collaborations to develop automated methods and
increase sample throughput; participation in structural genomics
initiatives of medical relevance; research on macromolecular com-
plexes and on structural biology methods.

• We will continue to serve our core mission of providing state-
of-the-art synchrotron radiation beamlines that are required by
the biological user community, in collaboration with ESRF and
DESY/HASYLAB.

• To this effect, we will provide new detectors and upgrade or
reconstruct the beamlines in Hamburg to ensure optimal data
collection. We also wish to purchase a Multiple Autonomous
Distortion (MAD) beamline from the ESRF in Grenoble to
ensure that it is maintained as a top-quality resource for the bio-
logical community.

• We aim to develop automated methods to increase sample
throughput. This includes methods for sample handling as
well as for generation of structure models from primary X-ray
diffraction data.

• We will support and participate in structural genomics initia-
tives, specifically in projects involving microorganisms of med-
ical relevance.

• Building on our present strengths, we will participate in the
structural analysis of macromolecular complexes. This research
ensures that we will be maximally involved in methods devel-
opment and the improvement of our instrumentation.



Although the detailed request for resources will be presented sep-
arately, as the Indicative Scheme proposal, it is appropriate to
touch upon the resources implications of this Scientific Programme,
here and in following sections. We expect to request some off-
baseline (non-recurrent) funds for capital equipment (e.g. upgrad-
ing the Hamburg beamlines). Other major needs in the various
Units are as follows:

• EBI: Major increase in funding for the core services and the
understaffed Research Programme; the budget needs to grow
progressively towards parity with NCBI.

• Monterotondo: Three additional research groups and ancillary
facilities, to achieve critical mass.

• Heidelberg: Return to the number of research groups (53) that
were authorized in 1995 for implementation by 2000, with the
restored positions being added to the interdisciplinary pool
to support the inter-Unit initiatives.

• Hamburg and Grenoble: No additional groups, but more rea-
sonable staffing levels for the beamlines.

Scientific Programme
2001-2005

A note
concernIng
resources

37



B. Outline Proposal

38



EMBL Scientific Programme
2001·,2005

v.
Plans for
training, service and outreach
2001-2005

Internal research and technology development at EMBL underpin
and are closely integrated with activities that address broad needs
of the scientific community: advanced training, provision of sci-
entific services and other types of outreach.

Like research and technology development, these additional areas
of activity are part of the statutory mission of EMBL. The
Laboratory has achieved an impressive record in these areas
through the years, and in particular during the current Scientific
Programme 1996-2000. We expect to surpass this record in the
next five years, as described below, assuming the necessary
resources are available. EMBL has a strong and growing commit-
ment to these activities, which make it unique as an outwardly-ori-
ented scientific center of excellence, and represent remarkable
added value for the member states.
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40

The multifaceted training programme of EMBL is renowned in
quality. It includes:

• A fluorishing degree-granting International PhD Programme
• International and interdisciplinary training of postdoctoral fel-

lows
• Mentoring of young faculty as they establish their first inde-

pendent group
• Training of visitors (see next section)

In the next five years the EMBL wishes to strengthen its PhD pro-
gramme in the Units outside Heidelberg, as well as to offer collaboration
and training in molecular biology to medically-oriented fellows (both as
MDjPhD candidates and as visitors experienced in medical research).

EMBL is a focus of activities directed at the external scientific
community, a meeting place where both young and more mature
scientists feel at home and profit from the accumulated expertise,
the facilities and the various types of scientific meetings organized
by the Laboratory. In particular, the Laboratory offers:

• Opportunities for numerous visitors who come to EMBL as
research collaborators, trainees, sabbatical visitors, or users of
facilities.
An organized and active Visitors Programme is a feature of all
EMBL Units except for the newest one at Monterotondo, where
it is proposed to be introduced as part of the next Scientific
Programme (see sections on Monterotondo and Molecular
Medicine). Participation of all the member states in the Visitors
Programme is well balanced (see Annexes). The mix of activi-
ties at each site depends on its specific features. The Heidelberg
Laboratory offers a broad and balanced range of opportunities,
as outlined above. Its formal Visitors Programme was initiated
during the current Scientific Programme 1996-2000, and has
heavy participation: more than 300 visitors spend approxi-
mately 2000 visitor-weeks per year, accounting for ca. 11% of
EMBL scientists at anyone time. In Hamburg and Grenoble, the
Visitors Programme largely revolves around the scientific serv-



ices provided by the large infrastructures, the synchrotron
beamlines. These two Outstations together are visited by much
of the European structural biology community (especially in
crystollagraphy) every year. In particular, Hamburg receives
approximately 700 individual visits from 170 different research
groups per year; in addition to beamline visits, Grenoble hosts
an increasing number of visiting scientists for research collab-
orations and training. EBI operates a huge virtual visitors pro-
gramme, through remote access to its databases by scientists
from throughout the world (30.000 to 100.000 hits per day,
increasing by ca. 15% per month); it also has a visitors pro-
gramme for collaborators and trainees.

• Participation of visitors in an extensive programme of advanced
practical courses, workshops and conferences or symposia,
which is unmatched by any other European institution in
Biology.
Many of these are funded by EMBO, on a competitive basis, but
draw heavily on the know-how, the facilities and the personal
effort of the EMBL groups who organize them. The advanced
practical courses are intensive and demand heavy commit-
ments from organizers. Currently almost half of the practical
courses sponsored by EMBO are organized by EMBL.
Workshops are intensive and size-limited specialty meetings,
whereas conferences and symposia are larger and longer meet-
ings broader in coverage. While most of the courses and vari-
ous meetings are held in Heidelberg, the Outstations also are
active in this programme. In particular, the EBI organizes a
large number of workshops for its Industrial Associates.

EMBL would need strengthened infrastructure to buttress and expand
its programmes for visitors and courses or meetings.

Etv1BL Scientific Programme
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On behalf of the scientific community, the EMBL operates a num-
ber of large infrastructures that are unique in Europe, or unique in
terms of the number of remote accesses and international visi-
tors who use them. These include:

• The large collection of public domain macromolecular databases
at the EBI, the largest of which (NuEMBL, MSD) are European
components of global collaborations, and others are European
collaborations (SWISS-PROT)

• Its own beamlines for structural biology at the DESY synchro-
tron in Hamburg

• The structural biology beamlines at the third-generation syn-
chrotron of the ESRF in Grenoble, which are developed and
operated collaboratively by ESRF and EMBL through their
Joint Structural Biology Group

Our experience is that it is of the utmost importance to embed serv-
ice activities in a high-quality research environment, which keeps
services stimulated, challenges them with demanding problems
and keeps them abreast of challenges yet to corne. This integration
of service and research is the recipe we firmly uphold, both in
Heidelberg and in the Outstations.

In the next five years the EMBL needs to invest considerably in the
large existing facilities, especially at the EBI, to meet the challenge of rap-
idly accumulating data and the increasing demands for use. It also wish-
es to add new types of databases as required by the advent of the
post-genomic era.



Furthermore, EMBL welcomes visitors to medium-scale facilities
that are established primarily for use by its own scientists, but
which prove to be of interest to other users, or which help support
external training activities. Recent examples in Heidelberg have
included:

• DNA sequencing facility
• X-ray crystallography facility
• NMR facility
• EM facility
• Supercomputing facility
• Biocomputing unit
• Advanced Light Microscopy Facility (ALMF)

The ALMF has been established recently and is attracting considerable
interest. New investment, especially in equipment, would be necessary
to increase the attractiveness ofother facilities, to establish potential new
facilities for mass spectrometry and DNA microarrays, and to add a
conditional mouse mutant collection for visitors at Monterotondo.

In a new step change of its outreach activities, EMBL wishes to con-
tribute its accumulated expertise and international standing by
developing significant partnerships with institutions in the mem-
ber states during the next five years. Local funding will be need-
ed for bilateral partnerships to avoid detracting from EMBL as a
joint project of all the member states. Some of the ideas include:

• Collaborations centered on facilities, by investment to expand
EMBL facilities in return for guaranteed access; by help from
EMBL in setting up facilities in the partner institutions.

• External sponsorship of groups at EMBL, followed by the
group's moving to the partner institution.

• Broader institutional affiliations, in which EMBL might help by
recruiting international groups to the partner, by establishing
of an international advisory system, planning or granting recip-
rocal access to facilities, or through the development of sus-
tained collaborations.

EMBL Scientific Programme
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• Establishment of a local EMBL Unit for a limited period of
time, after which the unit would become part of the national sys-
tem (but could retain EMBL partner status).

The rationale of this new type of important and cost-neutral outreach
activity is to contribute towards overcoming the fragmentation of science
efforts in Europe. Partnerships would eventually generate a network of
internationally-inclined institutions in the member states, which, through
their mutual relationship with EMBL, would also be encouraged to
cooperate with one another.

The following additional elements of outreach are important and
represent long-term benefits. The first two have been well-known
features of EMBL for a long time, while the rest represent deliberate
actions initiated during the current Scientific Programme.

• Collaborations. A direct consequence of the collaborative cul-
ture of the Laboratory is exceptionally active external collabo-
rations. A very high number of collaborations with external
scientists are sustained by EMBL scientists every year. (A com-
prehensive list can be found in the annual EMBL Handbook of
Statistics. )

• Exporting Alumni. The large number of PhD and postdoctor-
al fellows and the turnover policy for staff generate a very
large number of alumni, most of whom ultimately end up in the
member countries. Having been shaped by the culture of the
Laboratory, they sustain our outreach activities while at EMBL,
and then take the networking tradition home with them, thus
amplifying the direct benefits that their repatriation brings to
the member states. The number of EMBL scientific alumni is cur-
rently ca. 1500, and will increase over time.

As in the case of training, courses or meetings and services, the benefits
derived from EMBL collaborations and alumni obviously depend on the
size of EMBL and the resources made available to it.



• Industry Associates. This type of outreach activity was pio-
neered by the EBI, which now runs an industry club to help the
private sector in the area of bioinformatics. The core activity is
provision of training through workshops. Information tech-
nology assessment is also provided, and opportunities exist for
industry sponsorship of generic technical developments.

• Technology Transfer. Over the last three years, EMBL has
developed an active programme of technology transfer. The fun-
damental rationale is to return concrete benefits to the societies
that support the Laboratory, in terms of improved quality of life
and economic prosperity. Subsidiary goals are to further devel-
op and make widely accessible the inventions and tools devel-
oped at EMBL, to reward the scientists involved, and to secure
a fair return to the Laboratory in support of its activities.
Towards these ends, EMBL has

developed guiding policies and procedures;
established a technology transfer office to work with EMBL
scientists to protect and commercialize their inventions;

- begun a pro-active programme of licensing the intellectual
property of the Laboratory, including contributing to the for-
mation of new companies;

- begun accumulating equity in companies that licence EMBL
intellectual property;

- built incubator space to be rented to companies launched
around EMBL intellectual property;
established a wholly-owned subsidiary - EMBL Enterprise
Management (EMBLEM) - to serve as the Laboratory's com-
mercialization arm in the future.

It is expected that in this manner, technology transfer activities will grow
substantially in the next five years, capitalizing on and bringing to use
the discoveries made at EMBL without disrupting the basic research
focus of the Laboratory.

Scientific Programme
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• Information and Public Affairs. Biological research is having
increasingly profound effects on society. Biology has become a
frontier of science, whose discoveries are applicable. Therefore,
it is essential for laboratories to develop a mature dialogue
with the outer world. The Office of Information and Public
Affairs (OIPA) was created in 1997 and assigned both inward
and outward responsibilities.

Responsibilities in-house include bringing societal issues into
the Laboratory through a Science and Society programme,
including:

seminars by external speakers, discussion forums and a
major conference planned together with EMBO for Autumn
2000;
discussion groups;
a multi-media Science and Society library;
seminar discussions on bioethics and Science and Society
issues included in the PhD core course;
a scientific communication unit in the PhD core course.

The outwards responsibilities of OIPA include:
production of Annual Reports that place the work of the
Laboratory in context and make it accessible to a non-spe-
cialist audience;
editing other central EMBL publications (Research Reports,
PhD Programme brochure, newsletter, and web site);
reporting on EMBL discoveries to the European press, and
liaising with journalists interested in EMBL;
introducing EMBL to visitors.

The OIPA would like to expand its work with the press by offering jour-
nalists the possibility of doing extended practical internships in the
Office and in the Laboratory.
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I.
The Research and Technology
Program.m.e
2001-2005

A. Inter-Unit Initiatives

1. Bioinjormatics

Abstract: Strengthening both research and training in bioinformatics per se and its integration with
experimental biology; emphasis on training experimental biologists in bioinformatics.

Bioinformatics can be used to mean several different things. For the purpose of this doc-
ument we use the term to cover: i) the design, maintenance and provision of electronic data-
bases to the biological user community, and the integration of these databases; ii) research
whose goal is to improve information retrieval from databases and to advance the theoretical
understanding of biological processes and their evolution; and iii) the application of i) and
ii) to the design, analysis and interpretation of biological research projects.

One objective of this initiative is to establish close interaction between a growing bioin-
formatics research programme at the EBI, and that in Heidelberg. Linkages between these
two entities will facilitate the broader objective of the initiative: to thoroughly integrate bioin-
formatics and experimental biology across the units of the Laboratory, in a continuum
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from experiments to databases, in both directions. This integration will also involve the other
three sites of the Laboratory, taking into account the importance of bioinformatics in struc-
tural biology and in mouse biology.

Biological databases are becoming an indispensable tool for all experimental biolo-
gists, both in academic research and in industry. By setting up both the first DNA database
and one of the first programmes in Biocomputing research, EMBL has been a world-pioneer
in this area. At a stage in which the incorporation of electronically stored information into
biological experimentation needs to be developed, the Laboratory has important new roles
to play. The contact of other EMBL scientists with our experts in bioinformatics and bio-
computing is mutually enriching. The biologists learn how to make use of the information
resources and to apply them optimally to their research projects. The bioinformaticians
receive expert advice with respect to functional information on the genes, proteins and organ-
isms they are studying, as well as feedback on how to make their software and databases
more informative and more user-friendly to the biological community. This type of col-
laboration needs to be strengthened and extended throughout EMBL, providing a pilot proj-
ect for the necessary integration of bioinformatics with "wet" biology.

During the current scientific programme we experienced an enormous acceleration in
the generation and use of biological information that is only accessible in an electronic form.
To illustrate this, the DNA sequence database at the EBI, EMBL's Hinxton Outstation, now
receives a new submission once every minute. An increasing number of these submis-
sions now contribute to an entire genome; indeed the draft human genome is predicted to
be incorporated into the database during the preparation of this document. There are
approximately 30-100,000 accesses to the DNA databases at the EBI every day, and use is cur-
rently increasing at roughly 15% per month. Technical advances are leading to the collec-
tion of data that, because of their bulk and complexity, can only be stored and examined
electronically. This applies not only to the existing sequence databases and the protein struc-
ture database, but also to new databases under development at the EBI, designed to accom-
modate genome-wide gene expression data and intraspecies variation data, for example the
presently scattered data on human disease-related mutations. Global information on pat-
terns of gene expression or protein-protein interactions poses new challenges in bioinfor-
matics. Previous ways of dealing with data item-by-item are no longer sustainable and must
be replaced by network approaches. Meeting these challenges will create new opportuni-
ties to extract biological knowledge by computational approaches. Although large bodies
of data and the means to analyze them are made available commercially, it is of the utmost
importance that similarly powerful resources be available to basic researchers in the pub-
lic sector; otherwise, publicly-funded research will become marginalized.

The availability and use of this enormous quantity of information is changing the way
biology is being done. Through the EBI, EMBL is playing a critical role in the storage and
provision of these data, and the service side of this effort needs to be increased. This
increase is in part necessary because of the pace of data submission; more important still 49
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is to continue to improve existing and new databases so as to make them maximally use-
ful to the biologists. Here, close interaction with an experimental biology community will
be a valuable stimulus, quality control steps, and source of expert advice. The Swiss-
Prot/TREMBL database is the world's leading example of a highly curated public sector biol-
ogy database. Here, the biologist finds not only the sequence of the protein of interest but
also a wealth of information on the function of the protein, the identity of related proteins,
and access to the primary literature on the protein. This kind of at-source curation of data-
bases is the best way of increasing their usefulness. Curation becomes both more useful and
even more necessary when talking about entire genomes rather than individual genes.
Flybase, the D. melanagaster database, provides the current paradigm here, even if it devel-
oped before the Drosophila genome project was completed. Databases also need to be inter-
operable: it should be possible, for example, to go directly and smoothly from a protein
sequence to its structure, the organization and characteristics of its gene, the spatial and tem-
poral patterns of its expression in the organism, etc. Making databases interoperable will
be a major service-related research effort at the EBI in the coming years.

The use of sequence comparison and structural prediction methods based on the infor-
mation in the structural databases, and homology modeling is now pervasive within
EMBL. Ideas for new structural projects spill out of biocomputing research that seeks and
analyzes relatedness between proteins, as will be expanded upon in the next section of this
document. Structural genomics will look to biocomputing to define the most interesting tar-
gets for structural determination and for information on the boundaries of domains that are
to be studied by structural methods. But the change brought about by the creation of large-
scale databases also has many less-obvious benefits. For example, the tremendous advances
in the use of mass spectrometry to identify proteins from biochemical samples, which
were achieved by scientists in Biochemical Instrumentation in the last few years, relied not
only on the technical breakthroughs made in that group but also on the existence of large
sequence databases: now a protein can often be unambiguously identified in silica on the
basis of the sequence of a few short peptides, if the corresponding gene or cDNA is repre-
sented in the databases. Successful collaborations within the EMBL in several of the above-
mentioned areas have underlined how the interactive structure of the Laboratory provides
optimal conditions both for the development of bioinformatics tools and their application
by groups working in other disciplines. This synergy will greatly expand as the bioinfor-
matics research programme at the EBI grows.

The coming ubiquity of bioinformatics in biology means that the few institutes that are
now training people in this discipline will be forming a generation of scientists whose role
will be critical in allowing the biology community to operate, whether in basic biology, in
biomedicine or in pharmaceutical and biotechnology research. This will be an important mis-
sion for EMBL, involving bioinformaticists at both the EBI and the Heidelberg Laboratory.
An increase in the number of PhD and Postdoctoral fellows receiving training in bioinfor-
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matics is essential for the health of European biological research. This is not the only level
at which EMBL will participate in bioinformatics training, as will be described in more detail
in the section devoted to the EBI below.

Topics of future research and training in bioinformatics will include the development of
tools for "mining" the databases and for predicting both structure and function from
sequence, as well as the tools that will be needed in new areas like genome organization and
evolution, and in the analysis of intraspecies sequence variation and its consequences.
These fields of study are just opening up because of newly-accumulated data sets. Ways will
have to be found to allow the databases to store information concerning the context of indi-
vidual macromolecules, e.g. the other proteins with which a given protein interacts phys-
ically and functionally. Such information will be essential, for example, for evolutionary
comparisons of activity networks. Similarly, databases that can cope with the coming flood
of information on genome expression are essential if these data are ever to be analyzed and
understood properly.

Bioinformatics, for all the reasons discussed above, is an area in which EMBL must invest
heavily if we are to fulfil our mission on behalf of European molecular biology.

2. Functional Genomics and Proteomics

Abstract: Collaboration between biologists, technology developers and data mining experts to
develop tools and databases for the use of bioinformatics in support of research in functional
genomics; similar collaboration between bioinformaticslbiocomputing experts, structural biolo-
gists and a protein expression team; extension ofgenomic expression analysis to the level of proteins
and their modifications.

Converting information into knowledge

One of the major factors driving the current revolution in biology is the fact that we now
possess the complete genomic sequences for several prokaryotic organisms as well as one
unicellular and one multicellular eukaryote. We will soon know the full genomic sequence
of a wide range of multicellular species, including humans. Rapid advances in bioinformatics
are yielding new ways of analyzing this information and are providing a view of life that
transcends individual genes, organisms, and species. Genomic sequencing will continue
apace in the next five years. Simultaneously, genomics will be passing from a largely
descriptive phase to a phase where information can be directly transformed into experiments
which will yield a new level of understanding. Methods are being developed which reveal
how the information encoded in the genome is translated into biological processes that range
from single events within cells to the formation of organs and entire organisms.

Historically, researchers have focused on individual genes which happened to have been
isolated and which were suspected of having important functions. Major new technologies
are now being developed based on eDNA or oligonucleotide microarrays (a type of biosen- 51
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sor that is often called "chips"), which look at the expression of entire genomes rather than
of single genes. In addition a variety of recently-developed methods will allow the analy-
sis of protein-protein interactions on a global scale. This is influencing not only the way that
experiments are performed, but also the kinds of insight that can be gained about how a cell
responds to changes in its environment, to its changing context within an organism during
development, and to events such as infection. The new technologies will yield a global pic-
ture of the coordinated way that whole classes of genes and proteins respond to such
changes. These developments have a great potential to revolutionize basic biology and more
applied fields like molecular medicine, but taking full advantage of them will require an inte-
grated effort in bioinformatics, biology, and biochemical instrumentation, three areas in
which EMBL has a history of strong, tightly-integrated work.

EMBL is helping to set the stage for these developments in Europe on several fronts, from
the bioinformatics support which will permit researchers to make maximal use of this
information, to developing the prerequisite biochemical instrumentation. The latter is par-
ticularly important because this is an area in which custom instruments will have to be
designed based on specific biological and experimental needs. The following sections will
briefly outline the contributions that EMBL is making in this area, the role that it can play
over the next five years, and the need for close interaction between the software and hard-
ware specialists and the members of the programmes in structural, molecular, cellular
and developmental biology at EMBL.
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Genomics of mRNA expression

In the past, gene expression has been measured by determining the expression of spe-
cific proteins or specific RNAs within cells; now DNA chip technology promises to meas-
ure "genome" expression, providing a global view of gene activation in cells in response to
signals, developmental stimuli, infections, drugs, etc. The fact that this technique will
alter our view of biological problems is illustrated by one of the few examples already pub-
lished. The "immediate early" response of eukaryotic cells to serum or to growth factors has
been intensively studied in many laboratories, including EMBL, over the last two decades.
By looking at the complete response of the genome, instead of that of individual genes, Pat
Brown and his colleagues realized that this early response was actually a wound-healing
response, rather than an aspect of cell cycle regulation, as had been previously thought. By
providing a global view of the response, one experiment thus changed the researchers' views
on a topic that had spawned hundreds, if not thousands, of published papers. Systematic
global analysis represents a major change in approaches to biological problems. Some
examples of research planned for EMBL's next quinquennium, discussed below, are illus-
trative of this change.

Existing chips focus on the expression of mRNAs. This type of analysis is well suited for
many studies in Developmental Biology. Questions that will benefit from analysis at the
genome level include the following: What is the basis for the different responses of specific
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cells to one and the same external signal and how can the same signal transduction path-
ways elicit a different response within the same target cells in a context-dependent way? In
Drosophila, it is possible to constitutively activate or inactivate a specific signal transduc-
tion pathway in a defined population of cells, while at the same time driving the expression
of a marker protein in these cells that enables them to be purified in a cell sorter, with sub-
sequent analysis of their gene expression pattern. This methodology will, for example, be
applied in EMBL to the study of the JNK kinase pathway. In an analogous fashion, differ-
ent compartments (anterior, posterior dorsal, ventral) of the developing Drosophila wing will
be marked, separated and analyzed. In this way genes involved in cell fate determination
and compartment - specific behaviour should be identified.

Chips that measure mRNA are also well suited to investigating the changes that
pathogens induce in their hosts, a topic of interest to groups in Heidelberg and
Monterotondo. In Heidelberg, the host organism under study is the mosquito, from which
to date only a few genes or cDNAs have been sequenced. It is now feasible to carry out a
medium-sized systematic cDNA sequencing project to generate the necessary probes that
will allow tailor-made chips to be constructed. The Biochemical Instrumentation Programme
is continuing to develop technology to support medium-scale sequencing projects such as
this one, and we foresee that numerous research projects will require this technology.

Other important problems cannot rely on existing types of biosensor chips for their solu-
tion; they will require collaboration between groups in Biochemical Instrumentation and,
e.g., Gene Expression, for their solution. These include questions related to RNA process-
ing. Changes in pre-mRNA splicing, for example, are very hard to measure by looking at
mRNA levels. Current estimates indicate that roughly 100 proteins are involved in the splic-
ing process. Many of these are encoded by essential genes in the yeast, S. cerevisiae.
Interestingly, however, individual splicing factors are often only required to remove a
subset of introns. Tailor-made chips will reveal which introns require which splicing fac-
tors and, in so doing, help reveal the detailed mechanistic function of each splicing factor.
A related problem in multicellular eukaryotes is that of alternative, or regulated, splicing.
This represents a mechanism by which a single gene can be used to produce more than one
functional protein product in a temporally or spatially-regulated manner. In almost all the
cases studied so far, splicing regulation involves multiple RNA sequence elements that inter-
act with a variety of nuclear proteins. We know the general classes of protein involved,
hnRNP proteins and SR proteins, but little about their individual functions. A combination
of the analysis of expression of both of these regulatory proteins and of the splicing patterns
of regulated pre-mRNAs in time and space and correlating these patterns with the sequences
of alternatively spliced pre-mRNAs is a logical first step in searching for underlying pat-
terns and thereby in elucidating mechanisms of splicing regulation. The ultimate goal of this
research is to enable us to predict complex splicing patterns directly from gene sequence.
This is a good example of the requirement for extensive input from both the group gener-
ating the data and the computational experts in Bioinformatics. 53
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All experiments of this type, whether using standard or non-standard techniques, gen-
erate enormous amounts of data. In 1999/ EMBL scientists at the EBI began to develop a data-
base to store and software to analyze genomic expression data. Normalization procedures
and standards for data comparison will need to be developed in parallel, through a concerted
effort of microarray laboratories and bioinformatics groups. EMBL is well placed to lead a
consortium of European laboratories towards this goal. Success in these efforts will be crit-
ical for the biological research community. First, they will enable the results of experiments
to be compared, even if performed on different experimental platforms, and a wide user com-
munity to "mine" the abundant data without having to duplicate the experiments themselves.
Progress towards establishing satisfactory software and hardware solutions is rapid, and
we are confident that the database will be successfully launched in the near future. Fast action
to establish a database is also important, as it will alert researchers to the necessity of
storing their data in standard or at least interoperable forms. A drawback to setting up ear-
lier complex databases, like that for protein structures, was that when they came into
being different researchers were already utilizing incompatible data storage methods. By
striking before the iron is hot, we will help to avoid this problem. Just as with the other data-
bases mentioned above, curation of the genome expression databases will be essential to
make them widely useful. This and the quantity of data expected to be produced, ensures
that the expression database will need to grow substantially in the next five-year period.

Microarray technology is certainly within grasp in the coming years, and it will be best
developed within the context of a laboratory such as EMBL, with strongly-linked pro-
grammes of research in gene expression, biochemical instrumentation and bioinformatics.
New instruments almost always produce experimental results which suggest refinements
to the instruments. In the case of gene expression experiments, chips will have to be tailor-
made to answer specific biological questions. It will be essential for EMBL to have the capac-
ity to produce such chips both for in-house research and for visiting collaborators from the
larger European biological community. It is important that public sector developments in
the hardware and software of this technology allow basic researchers to operate competi-
tively in the field. Currently, the use of chip techniques is unnecessarily expensive and both
the software and hardware require further optimization, a task for which the Biochemical
Instrumentation Programme is well suited. DNA chip technology will playa major role in
molecular, clinical and diagnostic medicine in coming years, and EMBL/s initiative in
genome expression analysis will further encourage the emergence of molecular medicine
as a research theme within the Laboratory.

Proteomics

54

The above discussion concerns genome expression at the RNA level. In almost all cases,
however, proteins are the effectors of function. It is therefore essential to develop methods
analogous to microarray technology to systematically look at genome expression at the pro-
tein level. This is much more difficult than looking at RNA expression for two main reasons.
First, proteins are expressed over a greater dynamic range than RNAs, as can be seen in the
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difference between the levels of expression of structural proteins and regulatory proteins.
Second, because of the much greater chemical complexity of protein surfaces, it is much more
difficult to quantify them by specific recognition. DNA-RNA or DNA-cDNA hybridization,
used for RNA chips, is both highly specific and, to a great extent, sequence independent.
Although specific recognition of proteins is technically straightforward, for example using
antibodies, these reagents have a much greater range of interaction affinity than DNA-RNA
or DNA-DNA pairs. Although this may make global analysis of protein levels difficult to
achieve, the promise of protein chip methods for more limited analysis of protein expres-
sion means that this is a technology that EMBL cannot ignore, and the Laboratory should
do what is necessary to optimize methods for protein chip production.

The best current method of proteomic study, 2D gel analysis, is very powerful. Compared
to DNA chip techniques, however, it is both expensive and labour-intensive, features that
make 2D gel analysis unattractive as a major project for EMBL, given its structure of small
labs and its system of turnover. EMBL's efforts in proteomics in the next period will there-
fore initially be concentrated on a subset of potential approaches, while contributing
expertise to other approaches via collaborative efforts.

One of the directions that EMBL will emphasize can be called focused proteomics. A gen-
erally applicable technology for tagging proteins in a way that allows their purification by
very gentle methods has just been developed in EMBL. This method has up to now been very
successfully applied to the purification of multiprotein or RNP complexes from yeast cell
extracts. The components of such complexes can then be identified by mass spectrometry.
There is no obvious reason why this method cannot be used in any type of cell or organism.
Currently, many laboratories in the Gene Expression, Cell Biology and Biophysics and
Developmental Biology programmes are generating the requisite tagged genes to apply the
method to their specific problems. By repeated use of the method, the goal is first to puri-
fy proteins as part of the complexes in which they function, and second to "bootstrap" from
one component involved in carrying out a particular function to all of the other effectors
involved.

Even at this focused level, proteomics should be quantitative rather than qualitative, how-
ever. Fortunately, the approach described above lends itself superbly to combination with
recently-developed methods of accurate protein quantification by mass spectrometry based
on 15Nitrogen labeling. Using this method, the expression levels of all the proteins of a com-
plex in any cell type can be determined under any given set of conditions. For example, the
amount of specific proteins in a growth-factor stimulated cell can be compared with those
in a control cell.

Developments in peptide separation technology and the availability of a Q-TOF spec-
trometer are expected to greatly increase the throughput of samples for mass spectromet-
ric analysis. With these advances and EMBL's experience in pioneering mass spectrometry
developments in biological research, we will be in a good position to engage in collabora-
tive efforts with other laboratories experimenting with systematic proteomic methods. 55
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In conclusion, there might be a method to at least partly circumvent the difficulties of
the direct measurement of protein levels. Since all proteins are made from RNAs, their abun-
dance can be deduced by measuring two parameters: the stability of the proteins and the
rate at which their mRNAs are translated. The first can be determined relatively easily. The
latter, although clearly highly variable, is very poorly understood. A systematic analysis of
the sequences of mRNAs as a function of their translation rates will be undertaken in
EMBL to examine whether predictive rules of translation efficiency as a function of mRNA
sequence can be deduced.

Structural genomics

The next funding period will coincide with the international development of "structur-
al genomics" projects. The idea behind these projects is to generate structural information
on a wide variety of differently folded proteins, perhaps including examples of all protein
folds. Among many benefits that would accrue from such a project are that structure, and
possibly function, will be better predicted from the sequence of any newly examined pro-
tein.

EMBL will participate in at least three activities that will contribute to the success of struc-
tural genomics initiatives. First, the strong commitment to bioinformatics means that
EMBL groups are well-placed to provide advice on which targets to choose for such proj-
ects. Biocomputing groups are already generating lists of proteins that are likely to exhib-
it previously determined folds and, conversely, those proteins whose structure is predicted
to be of a novel type. The structural database at the EBI already receives 30% of all new struc-
tures solved, and will be invaluable in dealing with the expected considerable increase in
structure determination and in the need to store and access the resulting information.

Second, the service facilities for biologists wishing to use synchrotron radiation at
Grenoble and Hamburg will be invaluable in dealing with these efforts and will obvious-
ly require expansion to do so.
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Finally, EMBL groups will concentrate on the current rate-limiting steps of structural biol-
ogy. The first is expression and purification of recombinant proteins. This is currently an
extremely hit-or miss process. EMBL will set up a group in Heidelberg specializing in
streamlining and optimizing protein expression and purification, in the process applying
these advances to in-house research. The second step, at least for crystallographers, is the
generation of a model from the collected data. A collaboration between the Hamburg and
Grenoble outstations has led to the development of wARP, which is currently the most suc-
cessful software for automated structure modeling. Improvements in this software will be
actively pursued.
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Conclusions

EMBL's previous activities in bioinformatics, gene expression biology, and biochemical
instrumentation have optimally poised the Laboratory to take advantage of extremely
important recent developments in functional genomics. We have strengths in the areas of
searching and analysing vast amounts of information (bioinformatics); the strength in
biology to be able to analyze the meaning of a finding in a variety of systems; and strengths
in the development of methodologies and instrumentation. EMBL is well-placed to make
important contributions in this field. The goal of the Laboratory is to reinforce its invest-
ments in each of the components which make this integrated approach possible. Concretely
this will entail:

• Tightening the links between bioinformatics and experimental biology;

• Developing DNAmicroarrays which will permit "designer" analysis of genome
expression;

• Developing technologies for a direct analysis of expression at the protein level
focusing on complexes, macromolecular machines, etc.;

• Providing infrastructure and bioinformatic coordination for structural genomics;

• A long-term goal of much of this systematic analysis is to reduce as much
biological problem-solving as possible to the level where answers can be
obtained directly from primary sequence information.

3. Molecular Interactions and Complexes

Abstract: Focus on multimolecular machines as mediators of biological function; methods for iso-
lation and characterization offunctional complexes in terms ofcomposition, structure, biochemical
mechanism and in vivo function (within cells and in response to intercellular signals in development).

Among the most important insights gained in molecular biology over the last decade is
that many facets of cellular function take place within large, multicomponent molecular
machines. In eukaryotic cells, this can be illustrated by many examples. The basal tran-
scription machinery that assembles on every promoter consists of well over 50 individual
polypeptides. These interact not with naked DNA, but with a chromatin template consist-
ing of histones as well as many abundant non-histone chromatin proteins, chromatin
remodeling complexes, and so on. Once transcribed, the mRNA precursor is coated in
abundant nuclear RNA-binding proteins (hnRNP and SR proteins) giving rise to large
RNPs, the equivalent of chromatin for RNA. These are the substrates for pre-mRNA pro-
cessing. Removal of each intron requires five trans-acting RNA species (U snRNAs) and prob-
ably more than 100 proteins. These recognize the RNP substrate to initiate splicing, then 57
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participate in a cascade of dynamic interactions during which large groups of these trans-
acting factors interact with, act upon, and dissociate from the pre-mRNA in turn. Likewise,
3' end formation on pre-mRNAs involves upward of 20 polypeptides, or over a megadal-
ton of protein.

After processing of the RNA, the RNP becomes a substrate for transport to the cytoplasm,
again a process involving large transport-mediating complexes of protein that ferry the RNP
through the 125 megadalton nuclear pore complexes to the cytoplasm. Once there, and fol-
lowing remodeling (see next section), the RNP is translated. This involves not only inter-
action with ribosomes, the most abundant of the cell's stable large complexes, but also a host
of translation initiation and elongation factors, translational regulators and mRNA pack-
aging proteins.

Even processes recently thought to take place as a series of bimolecular interactions, like
signal transduction, are now believed to frequently involve adapter-protein mediated
assembly of large complexes consisting of transmembrane signal receptors as well as, for
example, transducing and effector kinases and in some cases even substrates.

As mentioned in the section on proteomics, recent developments in protein tagging meth-
ods introduced in EMBL are allowing efficient purification of large protein complexes by
non-disruptive methods. These will be further improved and applied to complexes involved
in chromatin remodeling, RNA-protein complexes and signal transduction components for
both functional and structural study. The second of these, RNP complexes, will be discussed
in greater detail in the following section. Characterization of the composition of such par-
ticles will be a necessary first step towards their in vitro reconstitution and mechanistic analy-
sis of function, as well as guiding in vivo disruption experiments that will address ultimately
the question of function in living cells and organisms.

Against this background, there will be a shift in emphasis in structural biology. Clearly,
if biology takes place in multi-component machines, elucidating the structure of these
complexes rather than of individual proteins will become the goal of structural biologists.
EMBL is well-placed in this area. It has a tradition of using electron microscopy for the study
of both membrane proteins and virus particles, although there have been financial constraints
on EMBL scientists in this area that have compromised their ability to purchase state-of-the-
art equipment in recent times. EMBL nevertheless participates actively in this field. In
particular, our research effort is expected to move toward studying single particles. This will
probably be essential if large, dynamic and even transient complexes are to be studied.

In parallel, EMBL's expertise in pushing the limits of structure determination by syn-
chrotron radiation at both the Hamburg and Grenoble Outstations puts the Laboratory in
an excellent position to optimally study large complexes. Highly collimated, extremely bril-
liant X-ray sources are essential for such projects, and several concrete examples related to
RNA metabolism will be described in the following section. Another major area in which
progress is required is that of membrane proteins, which provide a particular technical chal-
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lenge for structural biologists. EMBL has a tradition in this area which it will build upon
through continued analysis of membrane receptors and bioenergetics, as well as in the new
area of membrane transport.

At the other end of the scale, it will still be essential to understand the interactions, sta-
ble as well as transient, that hold these complexes together and mediate their function. It
has turned out that interaction domains are often conserved within, or even between, fam-
ilies of proteins. The sensitive tools developed by our biocomputing group and team lead-
ers have proven invaluable in identifying these domains and their boundaries. Their advice
has instructed structural biologists using both NMR and X-ray crystallography who have
gone on to solve the 3-D structure of these domains and, in some cases, of the complex
between such domains and their ligands. This invaluable structural catalogue is by no means
exhausted, and will be an aspect of our structural studies in the next period. Before mov-
ing on to discuss RNPs in the next section, it is also important to state that NMR has been,
and still is, the method of choice for solving the structure of many RNA-protein interaction
surfaces.

The concepts introduced in the last section and in this one are complementary. Biology
is moving in the direction of understanding functional units of the cell in context. Subcellular
biology consists of networks of physical, functional and regulatory interactions. EMBL's
future programme is aimed at defining such networks, and moving towards understand-
ing them at all their functional levels, from their molecular structures to their role in the gen-
eration of phenotype (see also the section on Biological Systems Analysis).

4. The Intracellular RNA World

Abstract: Post-transcriptional gene expression as a mechanistically integrated process of RNA
remodeling; its regulation in cell function and developments; structural analysis of post-tran-
scriptional complexes.

A further topic of research that cuts across programme boundaries can be summarized
as gene expression at the level of RNA metabolism. Since RNA metabolism is the focus of
many aspects of the regulation of gene expression, it represents a central aspect of Molecular
Biology. Furthermore, it is not a straightforward task to evaluate the steps of RNA-based
regulation with current methods of functional genomics. Therefore, a deeper understand-
ing of RNA-based regulation is required in order to allow the construction of an overall pic-
ture of cellular function. At EMBL, aspects of RNA metabolism, particularly the processing
of messenger RNA precursors (pre-mRNA), have been studied in the Gene Expression
Programme for some time. However, the fact that the life of an mRNAmolecule from its tran-
scription to its translation consists of an orchestrated and integrated series of coupled
events, many of which are subject to regulation in generating phenotype, has led to this topic 59
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being pursued in various Units of EMBL. This aspect of EMBL's research provides a par-

ticularly good illustration of the principles outlined in the previous section, that cellular

metabolism consists of pathways of interactions between large and dynamic multimolec-

ular machines acting in series.
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As it is being transcribed, the pre-mRNA is assembled into a large and complex ribonu-

cleoprotein (RNP) particle. This RNP is the substrate on which processing steps, transport

from the nucleus to the cytoplasm, often localization within a specific area of the cytoplasm,

and ultimately translation into protein occur. This means also that the target of post-tran-

scriptional regulation is not RNA but a complex RNP. Specific proteins that are under

study by groups in the Gene Expression and Developmental Biology Programmes have been

found to play roles at more than one stage of RNA metabolism, e.g. both in intron splicing

and nuclear export, or in translation regulation and cytoplasmic localization. Combined bio-

chemical, genetic, and structural biology methods will need to be focused on these proteins

in an effort to understand their multifunctionality.

As the RNA moves through the stages of its life-cycle, its composition is altered. During

and after splicing, and during transport from the nucleus to the cytoplasm, the RNP is remod-

eled. Although we know something about these changes in composition, we do not know

what brings them about. What is the composition of the remodeling machines, how do they

operate, and where in the cell are they located? We can compare RNP remodeling to the ener-

gy dependent manipulation of chromatin by the remodeling machines that provide access

for transcription and replication activities, as successfully studied in EMBL in the last

five-year period. These recent findings in the chromatin field will provide an intellectual

framework for the study of RNP remodeling, but there is no guarantee that the machiner-

ies will be closely related. There are currently few candidates for RNP remodeling activi-

ties. The exceptions to this rule are some of the proteins involved in nuclear export-related

remodeling/ and these are becoming natural topics for study by structural biology groups

in Grenoble and Heidelberg.

The goal of these studies is to provide an integrated view of the multiple steps in gene

expression and their accompanying regulation; a view that ranges from the atomic struc-

tures of the components to their organization within the context of the cell. To achieve the

latter, the tools generated by biochemical analysis of RNP function will need to be adapt-

ed for quantitative analysis of RNPs in living cells in real time. The planned develop-

ments in light microscopy in the Cell Biology and Biophysics Programme are well suited

to helping achieve this goal.
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5. Biological Systems Analysis

Abstract: Use ofquantitative experimental analysis, in conjunction with modeling and new inputs
from chemistry and physics, to elucidate the systems properties ofcomplex biological phenomena that
are fully characterized in terms ofcomponents and reactions; emphasis on regulatory and signaling
networks, as well as morphogenesis.

The maturation of Biology from reductionism to system analysis

In its early phases, from the 1940s to the 1960s, molecular biology dealt with fundamental
concepts and central issues: What is life? What is the gene? How does the genetic code work?
It employed the simplest possible systems that were amenable to study, viruses and a sin-
gle bacterial species, and it used a relentless reductionist approach to elucidate these con-
cepts in molecular terms.

From the 1970s on, as molecular biology gained the tools to study complex higher
organisms in a similar manner, the reductionist approach persisted, but the focus shifted
from the general to the particular. Like children in a toy store, we were fascinated with the
endless opportunities to discover new genes and new steps in the metabolism and regula-
tion of macromolecules, or to describe events in living cells and developing organisms in
exquisite and previously unimaginable molecular detail. Gradually generalities emerged,
such as those concerning the dynamic state of subcellar molecular assemblies, signaling
between and within cells, or widely conserved molecular mechanisms underlying devel-
opmental decisions. A large vista opened up for exciting applications in medicine and for
biology-based technologies. Biology became the most rapidly advancing field of science. But
it has to be said that biology became increasingly more data-driven, rather than concept-
driven.

In the last decade, genomics and bioinformatics accelerated this descriptive trend, but
paradoxically also created the conditions for a new beginning. Now that the full cata-
logue of component macromolecules in key model species is known, or is rapidly becom-
ing available, we can no longer savour the excitement of discovering new genes and
proteins. New steps in signaling or developmental regulation are still being discovered, but
are beginning to seem repetitive. Biotechnology and molecular medicine have taken on their
own life as applied fields. But in fundamental biology, we are actually being forced to turn
our attention again to concepts, albeit at a higher level of complexity than those addressed
a generation ago. Macromolecular assemblies, living cells and developing organisms are com-
ing into a new focus as modular systems that operate at multiple, successively more com-
plex and interconnected levels of organization. Evolution is now seen not only as generator
of variation, or as a tinkerer creating new processes and new living forms from old com-
ponents: it is also a provider of mechanisms such as redundancy that assure the stability of
living systems as well as their continued evolvability. 61
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In the midst of wave upon wave of data, we are beginning to see the great challenge
ahead: to shift from our comfortable reductionist approach to a more synthetic view, so as
to understand the systems properties of life. It will not be easy for us to have to measure our
success by new concepts rather than by more data, but such a shift will represent an impor-
tant new phase in biology.

A concrete example of biological system analysis is the discovery of S. Leibler and asso-
ciates that in bacterial chemotaxis adaptation is robust (mutation-insensitive). E. coli cells
swim in random walks consisting of straight "runs" that last approximately 1 seCt alternate
with local "tumbles", and are followed again by runs in a neWt random direction. The
alternation of runs and tumbles results from the bacteria flagellar motor reversing the
direction of its rotation. In turn, the frequency of motor reversal depends on the activity state
of a transmembrane receptor that binds attractants such as the amino acid aspartate. As the
bacterium encounters aspartate, the frequency of tumbles decreases and the bacterium makes
longer runs, on the average up the concentration gradient towards the source of the attrac-
tant; if it moves to an area of lower concentration, the tumbles become more frequent until
the bacterium again encounters a high concentration. However, the bacterium also adapts,
gradually returning to a state of high frequency tumbling in the presence of the attractant.

Genetic analysis has defined all the molecular components of chemotactic behaviour,
which need not be discussed in detail here; they include the receptor and several intracel-
lular enzymes (allosteric kinase, phosphatase, methylase, demethylase etc). The connectivity
of the underlying regulatory network is also known (interconnections or loop reactions
between pathways, and their inhibitory or activating nature). Interestingly, variations of one
to two orders of magnitude in the level of activity of chemotaxis-related genes can change
correspondingly the rate but not the precision of adaptation: the time to achieve adaptation
can vary by as must as two orders of magnitude, but the frequency ultimately returns to its
initial level +/ - 10%/ whatever the mutation. It is proposed that during evolution, precise
adaptation has been co-selected with the connectivity of the amplification mechanism of
chemotactic signaling, which is inhibition - driven and ensures high gain with wide dynam-
ic range. Robustness may prove to be one of the "design principles" of a class of biological
networks. A contrasting principle would be evolvability. In the case of chemotaxis, the lack
of robustness of the rate of adaptation may actually permit evolutionary change in the meta-
bolic requirements for the attractant.

In general, the analysis of network properties will consist of four major efforts: to iden-
tify the "parts list" of proteins that carry out and regulate the reactions in the network; to
understand the connectivity (positive or negative) of its linked reactions; to discover the for-
mal principles of the behaviour of the network as a whole; and to produce logical and quan-
titative network models with predictive power about what the outcome of experimental
disruptions of individual components and reactions will be. Experimental in vitro evolution
of selectable network properties, and the deliberate genetic engineering of network prop-
erties/ will prove powerful tools for deepening our understanding of the network.
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Networks that will be most suitable for systems analysis will be those in which the parts
list and connectivity are substantially known, in organisms for which the genomic sequence
is available and can be searched with bioinformatics tools, and where genetic selection as
well as gene replacement methods are very easy. Initially these requirements will dictate the
use of model bacteria, yeast and the worm C. elegans. It will be interesting to extend this type
of analysis to networks regulating multicellular development.

Another area in which systems analysis will be fruitful is morphogenesis. Acquisition
of structured form that permits function is a central aspect of biology, from the molecular
level to that of the organism. At the molecular level, a well known principle is formation of
complexes by direct stereo-specific binding interactions between molecules (see "Molecular
interactions and complexes"). However, this alone cannot account for the large scale
dynamic functions of living cells. A second principle involves energy-dependent assemblies,
in which molecules or sub-cellular complexes dynamically interact through dissipation of
energy. Operating within cells, such processes can generate asymmetries, inhomogeneities
and intracellular gradients of regulators of interaction and assembly. This is key to under-
standing how asymmetries are generated in various cellular compartments, ranging from
the nucleus to the dynamically trafficking membrane system and the cytoskeleton. Such
processes are highly relevant for understanding function at the interface between the
molecular and cellular scales.

The cellular scale is of great significance because it is at this level that one must try to
understand how mixtures of biological molecules, interacting collectively in a world dom-
inated by thermal motion, finally generate multimolecular machines in vivo. It is also at this
level that one can study how asymmetries are generated and maintained. Morphogenetic
gradients which were initially postulated to explain pattern formation during embryoge-
nesis are now known to exist inside cells and are now amenable to study. The involvement
of multimolecular machines and morphogenetic processes in cell structure and function are
areas of central interest in the Cell Biology and Biophysics Programme at EMBL; they are
also areas of fruitful collaboration with the Gene Expression Programme. For example, such
a collaboration recently led to understanding how the asymmetric distribution of a critical
regulatory factor leads to regeneration of the nuclear envelope after mitosis, forming a
boundary and a mediator of directional transport between the nuclear and cytoplasmic com-
partments. In order to understand the identity of and transport across other subcellular com-
partments, these must also be re-examined from the same perspective.

Internal molecular inhomogeneities can polarize cells and lead to their asymmetric
divisions. Asymmetric signaling between the resulting disparate cells, and with their
neighbours, can then stabilize the supracellular asymmetry, leading to multicellular mor-
phogenesis and pattern formation. This principle, that multicellular complexity emerges from
intracellular inhomogeneities, is thought to be general; but its understanding in concrete
molecular terms is only now becoming accessible. This is an area for future interaction 63
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between the Cell Biology and Biophysics Programme and the Developmental Biology
Programme, where the study of cellular asymmetry in the oocyte and morphogenetic gra-
dients in development are areas of strength.

The study of morphogenesis is not yet ready for the level of formal systems analysis that
is possible in the case of regulatory networks. However, important principles are already
emerging, such as dynamic instability (as in the case of microtubules), or the formation of
intracellular compartments as a result of the asymmetric distribution of regulatory com-
ponents. Further progress in understanding will come from a judicious combination of genet-
ic, biochemical and quantitative morphological analyses, especially in easily manipulable
cell extract systems. Advanced visualization methods are being further reinforced in the Cell
Biology and Biophysics Programme and will be highly useful. Furthermore, EMBL is inter-
ested in attracting new faculty who are trained in chemical biology (e.g. for the design of
new in vivo probes, or for combining combinatorial chemistry with in vitro biological selec-
tion methods); also in recruiting amongst the presently small number of scientists who have
training in physics and expertise in modeling, and who are prepared to work in close inte-
gration with biological experimentation.

In summary, against the background of extensive knowledge of cellular components
which results from the advances in genomics, proteomics and bioinformatics, the time is right
to undertake the elucidation of the systems properties of regulatory networks, and the under-
standing of morphogenetic principles in favourable systems. This will require a close inte-
gration of effort between molecular, cellular and developmental biologists, together with
bioinformaticists, physicists and chemists.

6. Molecular Medicine
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Abstract: Enhancing the interface ofEMBL research with medicine; seminars and minisymposia on
molecular medicine; opportunities for MDjPhD students in the EMBL PhD Programme and for
Visiting Medical Fellows; collaborative links and partnerships with clinical research institutions in
the member states; neurobiology focus group.

EMBL's proposed focus on functional genomics will provide an opportunity that should
not be missed: to galvanize progress at the interface with clinical medicine. These two broad
fields have some common features: their multidisciplinary nature, the necessity ofem-
ploying cellular and animal model systems, and their use of tools from molecular biology.
Medicine is already being heavily influenced by the first examples of applying molecular
approaches to clinical problems. This includes the practice of molecular approaches to
diagnosis and genetic counseling, the emergence of recombinant proteins as novel thera-
peutics and vaccines, and the diagnosis and monitoring of patients with cancer or persist-
ent infectious diseases. The integration of functional genomics and medicine will
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revolutionize clinical practice in the 21st century. For example, the search for better molec-
ular understanding of common and complex multigenic diseases, such as cardiovascular
and degenerative disorders, remains a formidable challenge but now seems an approach-
able path towards future intervention. Here, we use the term Molecular Medicine to cover
research into the fundamental aspects of human disease in model systems (such as mice, fish,
flies or indeed yeast) using approaches that are often multidisciplinary (e.g. including
bioinformatics and the development of new methodologies and instrumentation); and the
application of the derived knowledge to clinical research and practice.

EMBL has a strong scientific foundation that will enable it to contribute to the Molecular
Medicine revolution. As detailed in Table I, numerous projects of medical relevance are
already ongoing in some 30 research groups across all EMBL Units. Molecular Medicine
hence represents an ideal theme for an inter-Unit initiative. However, the Laboratory cur-
rently lacks two critical components for it to playa significant role in Molecular Medicine:
an internal framework to encourage work in this direction, and strong ties with the med-
ical community. As detailed below, we plan to establish both the required internal frame-
work and external collaborative partnerships, laying the foundation for much broader
contributions from EMBL to research in Molecular Medicine in Europe. Moreover, EMBL's
experience and commitment to providing training for scientists of its member states will
guarantee that newly developed methodologies will rapidly be transferred to the research
community. The rationale for the Molecular Medicine initiative is dual: i) to stimulate in the
Laboratory the awareness of medical opportunities arising from ongoing research, and ii)
to raise the interest of the European medical research community in Europe for the research
and training opportunities that exist at EMBL.

The Inter-Unit Initiative as an Internal Framework for Molecular Medicine

In a first step towards this initiative, we have established a Molecular Medicine Focus
Group to co-ordinate action and stimulate a vibrant inter-Unit exchange of ideas and infor-
mation in this area. The Focus Group plans to organize regular seminars on pertinent
themes in Molecular Medicine, to further foster existing interest within the Laboratory and
to reach out into the clinical community. Furthermore, a series of one-day mini-symposia
will be launched, focusing on themes in Molecular Medicine that relate to ongoing research
activities within the Laboratory (e.g. genetic diseases, host-pathogen interactions, structural
and bioinformatic approaches to disease, cancer). This should bring together EMBL scien-
tists and external experts, including clinicians, for discussion and information exchange. The
seminars and mini-symposia will involve all sites of the Laboratory.

Within the existing structure of the Laboratory, future search committees for group
leaders and team leaders will be mindful of the desirability of strengthening this inter-Unit
initiative. 65



C. Detailed Proposal

EMBL is (and will remain) an institution with a primary focus on basic research in the
life sciences, and as such it is not currently associated with a particular hospital. However,
research with medical implications is distributed across all Units and sites of EMBL, creating
the opportunity for close interactions with neighbouring medical centers in the four largest
member states. Interactions will not be limited to these states, as collaborations can be pur-
sued at a distance, facilitated by the existence of the EMBL Visitors Programmes, and pro-
moted by our new emphasis of developing institutional partnerships (see section: Training,
Service and Outreach). Across the Units of the Laboratory, we will allocate existing or
upgraded facilities for collaborative research on medical problems. For the most part, this
can be achieved with limited additional resources beyond what will be needed for other activ-
ities described elsewhere in this proposal.

Significant new investment is planned for the Mouse Biology Programme in
Monterotondo (see also the section on the plans of that Programme). Provided that expand-
ed research and animal house space is made available by the host country, the EMBL
Monterotondo Programme will be well positioned to expand into a European center for
research on mouse models of human disease. This will be facilitated if the adjacent European
Mutant Mouse Archive (EMMA) comes fully into operation with adequate support. To make
Monterotondo a center useful to the European medical research community,three new
groups should be added to the existing three, and the facilities should be upgraded for vis-
itors, both in terms of space and equipment. Monterotondo already has state of the art P2
facilities for research on infectious diseases. This infrastructure should be complemented
by fully-equipped facilities for mouse pathology and immunohistochemistry. The
Programme intends to host a wide collection of mouse strains ("ere-Zoo") with which
gene deletions can be generated in a specific cell lineage or at a specific stage in develop-
ment. It will have dedicated visitor space to facilitate the generation and analysis of such
mouse models, which are relevant for both inherited and acquired diseases.
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Outreach to the European medical community

As an effective means of building ties with the medical community, we will initiate an
EMBL-wide visiting Medical Fellows programme. This programme is intended to bring fel-
lows who are committed to and experienced in some aspect of medical research into close
collaborative contact with research groups at the EMBL. Selected by a committee from the
Molecular Medicine Focus Group, up to ten fellows per year will be able to spend a sig-
nificant amount of time (3-12 months) doing research in the appropriate unit of the
Laboratory and gaining deeper familiarity with the opportunities arising from the work of
their host group and Unit. Similarly, we expect the host groups to gain an increased aware-
ness of how their research might be, or might become, of practical application and benefit
in a clinical setting. After these initial collaborative contacts, we will seek to actively main-
tain the links forged through the Medical Fellows programme, through bilateral collabo-
rations between the individuals and, if appropriate, between their home institutions.
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EMBL is specifically interested in progressively developing partnerships at the institu-
tionallevel with medical institutions in the member states. Provided that sufficient common
interest are demonstrated through bilateral contacts and initial collaborations between
individual scientists, institutional partnerships could develop to facilitate personnel
exchange, joint workshops and joint research initiatives, with the ultimate goal of moving
lab bench results into clinical practice. For EMBL scientists, the partner institutions could
provide access to and expertise in methodologies which the Laboratory does not have
which have specifically related to medical research. Conversely, the partner centers could
gain access to systematic training in areas in which the EMBL is particularly strong. Thus,
through institutional partnerships and the Medical Fellows programme, the EMBL wish-
es to establish strong, active and mutually beneficial ties with the clinical community.

In addition to the Medical Fellows programme, we will offer the possibility of joint
MDjPhD degrees with partner institutions through the EMBL International PhD Programme.
EMBL is already authorized to grant the PhD, alone or jointly with institutions in the
member states. Although it would be premature to launch a separate, full-scale MD jPhD
programme, recent medical graduates or advanced medical students with a particular
aptitude for research in Molecular Medicine could perform their PhD research requirements
at the EMBL as members of the International PhD Programme, on a case-by-case basis. These
students would receive their PhD jointly from the EMBL and the partner institution, from
which they have obtained or are in the process of obtaining their medical degree.

Neurobiology

EMBL is fully cognisant of the immense importance and breadth of the Neurosciences,
a dynamic and innovative field that ranges from molecular neurobiology to the cognitive
sciences. A number of research groups are already pursuing research in molecular, cellular
and developmental neurobiology, in different Units of the Laboratory (Table 2). The respec-
tive faculty are important participants in the Molecular Medicine Focus Group. EMBL
intends to highlight, reinforce and gradually expand these activities, through the formation
of a parallel, Neurobiology Focus Group.

The Laboratory would wish to become more broadly engaged in the Neurosciences,
including the study of brain functions that capitalizes on novel imaging methods, and extend-
ing into the cognitive sciences. However, in the near future we see no realistic prospects that
we could gain the substantial additional resources required for such a broad effort. Certainly
we could not mount that effort and simultaneously provide the urgently required rein-
forcement of EMBL's current strength, so as to meet the challenge of functional genomics.
We are mindful of the responsibility of programmatic planning, which involves not only set-
ting ambitious goals but also making hard choices.

Therefore, in the absence of sufficient resources, we set a modest goal for the neurosciences
at EMBL in the next five years: consolidating and gradually expanding the current nucle-
us of research in molecular, cellular and developmental neurobiology. Continued affiliation 67
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with the existing Units will be optimal for these neurobiology groups to continue to prof-
it from the strength of the Laboratory in the respective generalist disciplines. At the same
timet formation of a Neurobiology Focus Group with activities such as special seminar series
and symposia, will raise the profile of the neurosciences at EMBL, encourage the recruit-
ment of neuroscientists in the existing Units, and prepare the ground for establishing a future
Neurosciences Unit at a more propitious timet hopefully on the occasion of the next five-
year Scientific Programme.
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Table 1: Current EMBL groups and research projects with medical implications

Name (Unit) Project

Ansorge, w. (BI) 1) Genetic markers for colon carcinoma and other
diseases
2) Diagnosis of p53 gene mutations (sequencing + PCR)

Apweiler, R. (EBI) The Human Proteomics Initiative
Ashburner, M. (EBI) Human sequence variation database
Barton, G. (EBI) Bioinformatic analysis of SNPs relevant to human

disease
Bottcher, B. (SB) Structure of the Hepatitis B core protein
Bork, P. (SB) Bioinformatic analysis of known disease genes/proteins
Cohen, S. (DB) Mechanism of action of the Drosophila homolog of the

LMO oncogene
Cusack, S. (GR) Aminoacyl-tRNA synthetases as targets for anti-

infectives
Dotti, C. (CBB) Cell biology of Niemann Pick disease type A and

Alzheimer's disease
Gannon, F. (AR) The role of the estrogen receptor in bone,cardiovascular

disease and cancer
Gonzalez, C. (CBB) Role of the centrosome in malignancy
Hentze, M. (GE) 1) Role of iron/oxidative stress in tissue degeneration

and injury
2) Genetic disease: hereditary hemochromatosis
'nonsense- mediated decay' in genetic disorders

Kafatos, F.C. (AR) Interactions between the malaria parasite, Plasmodium,
and the disease vector mosquito Anopheles gambiae

Kalinke, U. (MR) Band T cells in antiviral defenses
Klein, R. (DB) 1) Neural plasticity, nerve degeneration and regeneration

in mouse models
2) Angiogenesis defects in ephrin deficient mice, anti-
angiogenic tumor therapy

Mlodzik,M. (DB) Function of the Drosophila tumor suppressor Expanded,
a protein that interacts with the Neurofibromatosis-2
homologue

Muller, C. (GR) 1) TBX5 in patients with limb and heart abnormalities:
3D-structure of Xbra mutants affecting DNA-binding
2) Structure of STATs, NF-kB and interaction partners as
targets for drug design.

69Nebreda, A. (DB) Non-genomic effects of steroids



Rajewsky, K. (MR)

Ruigrok, R. (GR)

Seraphin, B. (GE)

Serrano L. (SB)
Sinning, I. (SB)

Stewart, F. (GE)

Superti-Furga, G. (DB)
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Table 1 (continued)

Name

Way,M.

Weissenhorn, W.

Wilm, M.

Wilmanns, M.

Witke, W.

Wittbrodt, J.
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(Unit) Project

1) Mouse model for Hodgkin's disease
2) IkB kinases in inflammatory reactions
Structural work on influenza, rabies, VSV and Epstein-
Barr virus
Characterization of the SMN protein involved in Spinal
Muscular Atrophy in model organisms
Design of SH3 antagonists and IL-4 antagonists
1) G-protein coupled receptors as targets for drug design
2) Role of the mitochondrial ADP / ATP carrier in
mitochondrial myopathy and cardiomyopathy
Molecular mechanisms underlying leukemias caused by
MLL mutations, a mouse model for MLL
Molecules modulating the activity of non-receptor
tyrosine kinases in cancer, inflammation and bone
formation

(CBB) The role of the cytoskeleton and signal transduction
pathways in the entry and spread of intracellular
pathogens (Listeria, Shigella, Yersinia and vaccinia virus)

(GR) 1) An HIV vaccine based on env gp41
2) Virus host cell interaction of Ebola virus

(BI) Interactions between the non-structural proteins NS3 and
NS4 of the hepatitis C virus and cellular proteins

(HH) Structural work on Epstein Barr Virus proteins that
interact with Notch

(MR) Transgenic models to study inflammation, cell migration
(metastasis) and immune responses

(DB) Analysis of mutations in Six3 in human holo
prosencephaly. "Synteny analysis" of medaka and human
eye mutations
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Table 2: Current EMBL groups and research projects in neurobiology

Klein, R. (DB)

Treier, M. (DB)

Wittbrodt, J. (DB)
Mlodzik/M. (DB)

Bohmann, D. (DB)
Harber, H. (CBB)

Name

Dotti, C.

(Unit) Project

(CBB) Neuronal maturation; rafts, cholesterol, the formation of
amyloid deposits; axonal pathfinding; cytoskeleton and
growth cones; localization of untranslated mRNAs in
neurons
Tyrosine kinase receptors and neural development:
neuron survival, differentiation, plasticity
Pituitary gland organogenesis
Vertebrate brain patterning and eye development
Cell-cell interactions and signaling mechanisms in eye
development
Signaling mechanisms in eye development
Studies of stimulation & electrical potentials of
mechanosensory cells in the inner ear (collaboration)
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B. The Units of the Laboratory

1. Heidelberg - Structural Biology

Abstract: Biology-driven analysis ofmacromolecular machines using all available structural tech-
niques; single particle analysis focusing on membrane proteins; structural principles of macro-
molecules.

Molecular information is required for the understanding of any higher organization in
a cell or an organism. The converse is also true: The biology of the molecules of life is ulti-
mately understood only in their cellular context.

Structural biology will be an integral part of the rapid expansion that molecular biolo-
gy will undergo during the first decade of the 21st century. It will provide three-dimensional
information on gene products, both RNA molecules and proteins, which will constrain and
make more reliable research hypotheses and predictions of structure and function. The exper-
imental technologies used by structural biology (X-ray crystallography, NMR spectrome-
try and high-resolution electron microscopy) are developing rapidly and provide tools that
can be employed in a flexible and creative manner to study molecular processes within and
between cells. In addition, accumulating genomic data and a growing gallery of three-dimen-
sional structures provide a rich resource for theoretical analysis and modeling of biologi-
cal systems.
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A trend in present-day structural biology is to understand how macromolecules inter-
act to form complex functional machines that perform cellular processes. The availability
of complete genomes allows a more systematic analysis of networks of interacting macro-
molecules at the structural, biochemical and cellular level. The strength of the Programme
is in such a multidisciplinary, integrated approach to molecular biology through close
contacts with the other scientific programmes in the main EMBL Laboratory in Heidelberg.
The current and projected research projects will involve all three major physical tech-
niques (X-ray, EM, NMR) supported by strong expertise in biochemistry and molecular biol-
ogy. In addition, the interdisciplinary Biocomputing Unit provides vital input from the broad
area of bioinformatics. The Programme that is associated with this Programme provides a
key link between the "wet biology" research in Heidelberg and Monterotondo on one hand,
and the structural and bioinformatics Outstations in Grenoble, Hamburg and Hinxton.
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Biocomputing and theoretical studies

The success of biocomputing in Heidelberg reflects its interface with experimental
research in the main Laboratory. The current key activities such as the development of
improved methods for homology searches, annotation of genomic data, building scenarios
for molecular evolution, mapping of protein domains and comparison of metabolic path-
ways are either driven by biological questions (often posed collaboratively), or are provided
as a service to the direct needs of experimental groups. In these areas, the Programme has
links and opportunities for mutual reinforcement with the EBl.

Knowledge of gene structures needs to be complemented by an understanding of the
structural principles of macromolecules - a theory of proteins that addresses folding mech-
anisms, architectural rules and evolutionary relationships. Research in bioinformatics - a
new wave of theoretical biology - faces the enormous task of digesting the genomic data and,
eventually, must develop and foster a global picture of the macromolecular universe.
These theoretical studies need to be interfaced with experimental research on protein fold-
ing and design, on mechanisms of macromolecular interaction and on the dynamics of bio-
logical systems. For instance, in the effort to functionally classify homologous protein
domains, large-scale modeling exercises will gain value from their experimental testing.

Structural biology of cellular processes

Several groups in the Programme are engaged with problems related to intracellular traf-
fic. Their topics focus on nuclear transport, signal recognition particles and motor proteins.
Studies on molecular motors and structural aspects of the cytoskeleton are crucial for
understanding basic mechanisms in morphogenesis and the dynamic behaviour of cells. In
all these areas, research in the Programme has links with the activities in the other Heidelberg
Programmes as well as those in the Grenoble and Hamburg Outstations. In particular, the
Outstations are vital for the crystallographic studies by the Heidelberg groups, as they pro-
vide unique opportunities for the use of synchrotron radiation. Access to these facilities
allows determination of three-dimensional structures of large macromolecular complexes,
and encourages difficult projects in which the quality and/or size of crystals would be lim-
iting in a conventional laboratory.

Collaborative interests also flavour research on interactions of nucleic acids and proteins,
as well as on studies of large assemblies such as viruses. Protein/RNA interactions form a
vibrant niche of structural research. Here, multi-dimensional NMR spectrometry is a cen-
tral tool, as it can address questions of dynamics, conformational change and ligand inter-
actions in solution in a manner much more reliable than X-ray crystallography.

Membrane proteins and electron microscopy

Genome projects have revealed the wide representation and diversity of membrane
proteins, which play vital roles in the life of a cell. The Programme has considerable expert-
ise in the technically demanding membrane protein research, which will be maintained and 73
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in part focused on new biological questions. The studies on respiratory enzymes and ATP
synthase will be complemented with research on transport across membranes and on
membrane-bound receptors. In this work, high-resolution electron microscopy is a very valu-
able tool that complements crystallographic studies and NMR spectrometry. Two of the
recently recruited groups (Bettina Bottcher and Andreas Hoenger) mainly use this technique
for analysis of single particles and two-dimensional crystals. The studies on single particles
are not restricted to assemblages that have internal symmetry factors (viruses), but are
increasingly used in structural analysis of asymmetric entities. Therefore, single particle
analysis has high potential to become a key method in viewing cellular constituents at the
supramolecular level.

Infrastructure

Modern structural biology requires a large tool chest of complementary methods.
Whether in the context of large-scale structural genomics initiatives or for the study of dif-
ficult membrane proteins, the effective, rapid and professional production of recombi-
nant proteins remains a bottleneck in structural biology. The Programme will establish a small
Protein Production facility to develop and maintain state-of-the-art methodology in expres-
sion and purification of proteins, as part of the functional genomics infrastructure at
EMBL. In particular, this facility will speed up projects in the NMR laboratory and will sup-
port large-scale expression of proteins in eukaryotic host cells. The current infrastructure
includes three experimental facilities (EM, X-ray and NMR) and the support provided by
bioinformatics and computational activities. The availability of all these methods and
approaches makes the Programme unique in the European context.

2. Heidelberg - Gene Expression
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Abstract: Shift to analysis ofgenome expression; gene expression as an integrated process involv-
ing continuous remodeling ofchromatin and RNP complexes; understanding nuclear structure and
real-time gene expression through advanced light microscopy.

As will be evident from the preceding sections on inter-Unit activities, the Gene
Expression Programme has become very centrally involved in EMBL's reorientation towards
interdisciplinary research. Work in the Programme on germ cell differentiation and chro-
matin remodeling, as well as on RNA splicing, transport and translation, has forged natu-
rallinks to groups in structural biology, cell biology and developmental biology, some of
which are described in other sections. Others will be outlined briefly here.
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Gene expression at the genome level and in the cellular context

Probably the most fundamental differences in orientation that will affect the Programme
over the next five years will be i) Examining gene expression at the level of the genome rather
than of the individual gene and ii) Examining the events of gene expression in three dimen-
sional space and in real time within cells. We see both these developments as challenging
opportunities. As described in detail in the section on genomics and proteomics several of
the existing groups intend to collaborate with the Biochemical Instrumentation Programme
to study gene expression in a global context. They will examine diverse questions: translation
efficiency of mRNAs; the regulated or alternative splicing of pre-mRNAs; and the mecha-
nistic roles of specific pre-mRNA splicing factors that are required for the removal of
some, but not all, intron sequences. These are all questions that can be approached in a new
and promising way by looking globally at patterns of gene expression, and the latter two
examples will stretch the current limits of microarray methodologies, hopefully leading to
technical improvements of general usefulness. In terms of proteomics, the methods devel-
oped in the Programme and in Biochemical Instrumentation for the gentle purification and
subsequent analysis of large macromolecular complexes are being used to identify com-
ponents of chromatin remodeling machines, as well as several complexes involved in
aspects of RNA metabolism.

Our most recently arrived group leader (Ellenberg) is a joint appointment with the Cell
Biology Programme. His interest is in the nuclear envelope and its associated proteinaceous
structures, as well in the dynamics of their disassembly and reassembly at mitosis. Major
tools in his repertoire are cutting-edge methods in light microscopy (FRET, FRAP, FCS). Aside
from having a fundamental interest in the questions he is studying, we are sure that his pres-
ence will encourage other groups in the Laboratory interested in e.g. nucleocytoplasmic trans-
port/ cytoplasmic RNA localization or nuclear organization to adapt these new
methodologies to their problem. Close links to Cell Biology and Biophysics, and in partic-
ular to the Advanced Light Microscopy Facility, have already been forged thanks in part to
the interdisciplinary nature of his appointment.

At a lower, but still complex, level of organization, a group on the Programme (Mattaj),
in collaboration with Karsenti/s group in Cell Biology and Biophysics, recently demonstrated
a role for the GTPase Ran in the chromatin - induced formation of a spindle during mito-
sis. The mechanism by which this occurs is still obscure, but will be pursued in both
Programmes as a collaboration. A major challenge here is to visualize the proposed dis-
continuity in the concentration of Ran in the GTP-bound state (as opposed to the GDP-bound
state) near chromosomes. The new light microscopy techniques described under Cell
Biology and Biophysics will be brought to bear on this problem. 75
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Post-transcriptional regulation

Sex determination occurs by surprisingly diverse mechanisms in different organisms,
although a frequent observation is the involvement of post-transcriptional regulatory
mechanisms. In D. melanogaster, a cascade of alternative splicing events is involved, where-
as in C. elegans specific regulation of both nuclear mRNA export and mRNA translation is
required. In fact, this example currently provides the only well-documented example of reg-
ulation of export of a cellular mRNA. Study of sex determination in these two organisms
involves a "whole organism" approach to gene expression, combining genetic and bio-
chemical techniques. In part because of this, both topics have strong links to Developmental
Biology. We currently have one group working on sex determination in Drosophila, and are
in the process of making a joint appointment with Developmental Biology of a new inves-
tigator (Goodwin) studying the problem in nematodes. This appointee will have obvious
ties to both Programmes through her interest in germ cell development (Ephrussi) translation
regulation(Henzte, Ephrussi), sex determination (Valcarcel), and nuclear RNA export
(Izaurralde, Mattaj). Therefore the appointment helps to further strengthen the basis of the
cross-Programme initiative on the intracellular RNA metabolism.

Studies of RNA export link naturally to cell biology. At the other end of the scale,
progress in understanding nucleocytoplasmic transport over the last five years has led to
the molecular identification of transport mediators and their regulators. Work in the
Programme has contributed considerably to this, particularly in the field of nuclear export.
It has been discovered that the directionality of transport is caused by a series of regulat-
ed conformational changes in the transport mediators that allow the assembly and disas-
sembly of transport complexes in the appropriate cell compartment. This is a fascinating topic
for structural biologists and groups in the Programme will pursue it energetically togeth-
er with Muller and Cusack in Grenoble and Conti in the Heidelberg Structural Biology
Programme.
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Remodeling of chromatin and RNP

As discussed in under the inter-Unit initiative on the intracellular RNA world, a con-
ceptually new area for RNA study is the question of RNP remodeling. In this, we follow the
example of the plethora of recent studies on chromatin remodeling. Important contributions
to the latter topic, at very different levels, have come from the Becker and Stewart groups
in the Programme. These two groups will leave EMBL before the start of the new Scientific
Programme. This exciting field however remains of great interest in the Gene Expression
Programme.

This interest arises in part because chromatin rather than DNA is the template for tran-
scription/ DNA replication, DNA repair etc. As such, experiments on chromatin templates
allow study of these processes in a more physiological setting. In addition, chromatin
remodeling provides an excellent illustration of a "molecular machine" (Section IV B 3) in
action. The complexity of the substrate alone exceeds all current levels of detailed structural
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study. There are at least two major questions in chromatin remodeling that have, as yet, to
receive complete answers. The first is: What do chromatin remodeling activities actually do
to chromatin? Answering this will require detailed biochemical, and possibly structural, char-
acterization of the template before, during and after remodeling. The second stems from the
identification of multiple chromatin remodeling complexes that have similar activities in
vitro, and is: What are the in vivo substrates of chromatin remodeling complexes and how
is specificity achieved? This question is probably best approached initially by genetic
analysis, with subsequent mechanistic studies involving biochemistry.

Future proposal

In the next two years, Gene Expression should be able to make two or three new appoint-
ments because of natural turnover. Although, as always, we will be ultimately guided in our
choice of group leader by the quality of the individuals who apply, we see two areas in which
we would particularly search for applicants. The first, for the reasons outlined above, is in
chromatin or chromosome remodeling. This field is not only intellectually exciting as a par-
adigm for studies on large multimolecular complexes but also, because of its scale, will help
make the link between molecular events and the large-scale organization of the nucleus in
three dimensions. The second, as repeatedly described throughout this document, is the area
of genome expression and functional genomics. Although the research of several of the exist-
ing groups will move in this direction, a further appointment here would be useful in
accelerating, by example, the utilization of these new intellectual and experimental
approaches to biological problems throughout the Laboratory.

3. Heidelberg - Cell Biology and Biophysics

Abstract: Processes that confer identity to membranous compartments; generation of cell asymme-
try; microtubule- and microfilament- based morphogenesis; advanced light microscopy to study molec-
ular events within cells in real time; integration of experiments and modeling, to understand how
dynamic molecular assemblies result in cellular structure

This Programme was established in 1998, by the fusion of the large Cell Biology and small-
er Cell Biophysics/Physical Instrumentation Programmes. The rationale was to better
integrate and mutually stimulate cell biology research with the development of pertinent
methodology and instrumentation. The plans for the next five years represent our com-
mitment to this vision, and to its updating through an emerging emphasis on morphogenesis
and systems analysis in Cell Biology.

The scale at which cell biologists try to understand living matter is particularly mean-
ingful because it corresponds to a scale transition: a transition that lies at the interface
between the sub-microscopic world, where thermal fluctuations dominate, and our macro- 77
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scopic every day life world, dominated by highly deterministic laws. In order to understand
how this scale transition occurs, it is necessary, but not sufficient, to study the properties
of individual macromolecules and their localization and function in the cell. One has also
to study their dynamic and collective behavior to try to understand how this can result in
the formation of durably organized, functional sub-cellular systems. Finally, we need to
address how these sub-systems interact with each other in order to generate the function-
al whole that a cell is. In effect, we are dealing here with morphogenesis at the ground level
and with its relationship to biological function.

We still do not have the proper intellectual tools and methodological approaches to
address morphogenesis, but EMBL is presently one of the few places where this can begin
to be addressed. The essence of the problem requires new and strong interactions between
physicists, computer scientists and biologists. Through normal turnover, the Cell Biology
and Biophysics program will progressively reorient towards this topic in the coming peri-
od, as the conceptual background progresses. Furthermore, morphogenesis relates to other
aspects of biology ranging from gene expression to developmental biology, creating natu-
ral opportunities for interfaces with other programmes.
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The biological problems

Broadly speaking, in a eukaryotic cell there are five important sub-systems:

• An information storage system (the nucleus and protein synthesis machinery)

• A boundaries system (membranes and membrane trafficking)

• A tracking system (microtubules)

• A motility and sensory system (microfilaments)

• An energy production system (metabolism)

Each system is composed of two kinds of elements: structural (including the "actors" of
each system) and enzymatic (the "regulators" of the organization and activity of each sys-
tem). In addition global integrative systems, such as the cell cycle or circadian clocks, con-
nect the various sub-systems together. Each sub-system seems to be able to function on its
own, but can also interact with the others to generate the behavior of the whole cell. Each
sub-system can be studied independently to some extent following a reductionist approach.
However, reaching a global understanding of the rules that govern the formation and
function of cellular sub-systems is still far beyond our capacity.

Given the present composition of the Programme, the overall EMBL context and the tech-
nological context in the scientific community at large, Cell Biology and Biophysics at
EMBL should focus on three of these sub-systems. We should look at the morphogenetic prin-
ciples underlying the assembly and function of the boundaries, the tracking and the motil-
ity systems. Membrane trafficking, the microtubule system and the microfilaments system
are all very flexible, and reorganize in response to internal and external regulatory signals
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to determine important aspects of the function of differentiated cells. Considerable knowl-
edge of the molecules that compose these systems has already been acquired, and is being
further enriched with input from genomics and proteomics. The time is approaching to
address the fundamental rules that govern the assembly of these molecules into macroscopic,
functional sub-cellular systems, that interact with each other. This will provide a perfect
framework to begin to address the question of how the transition from the thermal noise
world to the deterministic world occurs and generates stable, functional cellular shapes.

The Boundaries System

The plasma membrane and the secretory pathway playa very important role in cellu-
lar life. First, without the plasma membrane, there would be no cell at all. .. Most importantly,
the plasma membrane is the site of communication between the inside of the cell and the
surrounding environment, including both medium and other cells. The static picture of bio-
logical membranes, as seen by electron microscopy, has been changed dramatically with the
advent of new light microscopy methods of observation. It is becoming clear that the
whole pathway from the endoplasmic reticulum to the plasma membrane, including the
Golgi apparatus, represents a continuous dynamic system involving the steady-state seg-
regation of lipids and proteins. Understanding the principles involved in the morphogen-
esis of this membrane system is of fundamental importance for the understanding of how
signaling pathways work and how cell polarity is established and maintained.

The Programme will work on the following aspects of membrane trafficking:

• Morphogenesis of the Golgi apparatus. It has long been thought that proteins
are segregated between the various compartments of the membrane traffick-
ing system using a postal address system, but this raises a difficult "chicken and
egg" problem, since it is not clear what the "address" initially consists of. It is
possible that self-sorting of lipids and proteins through the membrane traf-
ficking network generates the steady state distribution of molecules, along the
pathway from the endoplasmic reticulum to the plasma membrane. Work in the
Programme is directed towards elucidation of the molecular and physical
principles that may be at work, by studying how specific protein and lipid mol-
ecules become segregated to form the Golgi apparatus.

• Membrane trafficking and cell asymmetry. It will be important to understand
the mechanisms of targeting of specific molecules to subcellular domains
which, in the end, results in the generation of cellular asymmetry and cell
differentiation.

• The role of microtubules and microfilaments in the overall organization of the
boundaries system. Although membranes are thought to self organize into
compartments to a great extent through their intrinsic dynamic properties, it
is important to pursue the growing evidence that the cytoskeleton contributes
to the organization of these membranes in three dimensions. 79
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The study of the boundaries system will create strong links between the Cell Biology and
Biophysics Programme and other Units in the Laboratory. Many diseases are associated with
membrane traffic malfunction. The concepts and tools developed to study membrane traf-
ficking from the point of view of cell asymmetry will strongly bear on questions addressed
in the Developmental Biology Programme. There will be also collaborations with the Gene
Expression Programme concerning the dynamics of membrane organelle morphogenesis and
nucleocytoplasmic transport.
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The Tracking System

Microtubules are rigid but highly dynamic rods. Their dynamics and movements are now
very well described and we know some of the important molecules involved in their reg-
ulation in three dimensions. These structures are essential in cell morphogenesis as they can
self organize into large three dimensional arrays that in turn are used to transport cellular
components and localize them through the action of motors. They play an essential role in
organizing the boundaries system in three dimensions, in the establishment of cell axes and
polarity, and in mitosis. This field has reached a stage where two major efforts should be
pushed ahead.

• The identification of enzymatic and structural regulators of the organization of
microtubules in three dimensions. Understanding the morphogenesis of the
mitotic spindle and other large-scale structures requires the identification of the
molecules that regulate microtubule dynamics and movements. This includes
motor molecules, MAPs and enzymes, as well as detailed biochemical study of
their functional effects .. This information will be critical for the development
of artificial in vitro systems and the modeling effort described below.

• The modeling of the generation of three-dimensional patterns by micro-
tubules. The precise mechanisms that drive the self-organization of micro-
tubule-motor mixtures in three dimensions are still unclear. As in other systems,
there seem to be at least three principles at work. The stereo-specific interac-
tion of various molecules, the energy-dependent assembly of complexes and
the coordination and regulation of these processes by enzymes (small G-pro-
teins and phosphorylation-dephosphorylation reactions). Experimental and
computer models will be developed to address the question of the relative con-
tributions of these principles to the morphogenesis of large scale shapes made
of microtubules, like large polarized arrays in cells and the mitotic spindle.

Understanding the basic molecular and physical principles involved in the organization
and function of the tracking system will illuminate not only cellular organization as a
whole but also important processes like organogenesis and organ function, including that
of the brain. This work will therefore lead to strong links with the Developmental Biology
Programme. At the other end of the scale, the analysis of the role of microtubule-depend-
ent motors in spindle assembly and membrane trafficking will link with efforts in the
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Structural Biology Programme, where the structures of motors are studied. The possible con-
nection between molecular structure and large-scale organization is intriguing/ and it will
be interesting to relate the 3D structure of motors with their effect on microtubule organi-
zation in three dimensions.

The Motility and Sensory System

The microfilament system superficially resembles the microtubule system/ in the sense
that it is composed of tracks (of actin) and motors (myosin) that move along the tracks.
However, this system has intrinsic physical properties fundamentally different from those
of the microtubule system. Microtubules are rigid rods with a persistence length of mil-
limeters/ whereas actin is a very flexible polymer that can form gels with viscoelastic prop-
erties that are related to the motility and sensory functions of the system. Actin gels change
consistency dramatically in response to pressure/ tension or chemical signals. If enzymes
are associated with the filaments, their local activity in the cytoplasm can change radical-
ly in response to such transitions. The possibility that actin gel transitional properties may
be related to sensory functions in the cell is intriguing. Just as in the case of the microtubule
system/ it is important to understand how the actin system becomes organized in three
dimensions to control cell shape and function. The Programme will therefore focus on the
following problems:

• Understanding global and local regulation of actin assembly and organization
in differentiated cells (nerve cells and muscle cells).

• Identification of enzymes involved in signal transduction and associated with
the actin system. The function of such enzymes in directed cell motility and cell
organization will also be studied.

Addressing these problems will require strong interactions with physicists and groups
developing new fluorescence methods. These problems bear strongly on questions addressed
in the Developmental Biology Programme associated with the cellular basis of organogenesis.

The technological approach: new global fluorescence methods and biophysics
methods to determine physical parameters of important bio-molecules

The biological projects exposed above will require the development and use of new meth-
ods. New molecules will be discovered through large scale sequencing projects/ but the iden-
tification of which of these molecules participate in the organization and function of
sub-cellular systems will require specific interaction screens. The Cell Biology and Biophysics
Programme will develop various rapid and versatile light microscopy techniques to screen
libraries for interacting molecules/ e.g. expressing eDNA clones in reticulocyte lysate in the
presence of a fluorescently labeled "bait molecule".

Similar methods will also be developed to study protein-protein interactions and post-
translational modifications in vivo or in complex extracts. One essential aspect of the new
cell biology will be to study where and when in the cell two or more molecules interact with 81
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each other or are modified post-translationally. In order to generate spatial order over
tens of microns of distance there is a need for local enzymatic activities and gradients of reg-
ulatory factors. For example, there must be phosphorylation and other post-translational
modification gradients in the cell that signal where and when myosin and actin will inter-
act and generate tension or relax. Similarly, there must be regulatory gradients of microtubule
dynamics and of motor activities, which determine how microtubules are organized in three
dimensions. In membrane trafficking, it seems that there are similar problems of local and
global regulation of protein-protein interactions to generate specific sub-cellular and sub-
organellar compartments. Presently there are very few applicable methods, but Fluorescence
Energy Transfer (FRET), Fluorescence Correlation Spectroscopy (FCS) and FLIM
(Fluorescence Life time Imaging) combined with new microscopy techniques like Total
Reflection Microscopy should provide powerful tools to address these questions. The Cell
Biology and Biophysics Programme is perfectly prepared to enter rapidly and efficiently in
this new field and promote its development in Europe.

There will also be a need for expertise in the determination of the physical constants of
bio-molecules, like the rigidity of filaments, the physical properties of motors and the dif-
fusion characteristics of membrane molecules inserted in lipid bilayers.
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The integrated approach: new computer aided analysis of complex systems

Biologists will continue to provide important data and intuitive conceptual under-
standing of the complex systems described above. However, a more global and quantita-
tive study of the systems will require the use of computer simulations and quantitative
modeling based on experimental data. The microtubule and actin fields have already
reached a state of sophistication in terms of knowledge of the physical properties of the sys-
tems that computer simulations can be made in a meaningful way. One recent good exam-
ple is the study of how several molecular gradients as well as motors help microtubules
become organized into a bipolar figure during spindle assembly. Genetic experiments and
depletion experiments in complex extracts have led to models of how this happens.
However, in order to determine the minimum principles required to generate a bipolar spin-
dle it would be necessary to purify all components and try to put them back together- a
daunting task when one knows that each enzyme and motor should be present at a given
concentration in the correct place... Because we know pretty well the physical properties of
most components of the system, it is now possible to simulate numerically such experiments
in the computer. All parameters can be varied and although each simulation still takes some
timet thousands of experiments can be done when only a few would be realized in the test
tube. This kind of approach, which is routinely used in physics even for fairly complex sys-
tems/ is the only one that will allow us to explore the minimum constraints and principles
involved in most of the morphogenetic events described in the previous sections. Therefore,
this approach will be strongly developed in the program. In addition quantitative computer
analysis of processes such as phosphorylation gradients described by the new microscopy
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techniques will be essential to understand the spatial regulation of structural events by enzy-
matic networks. Predictions could be made from in silico models that could then be tested
by reduced experimental efforts.

Beyond these practical implications, it is hoped that such approaches could lead to the
identification of the basis of the principles of regulatory logic involved in pattern formation
in general, from the cell to the multi-cellular organism.

Service to the community

Because Cell Biology makes an enormous use of light microscopy methods, this
Programme has taken the lead in developing an Advanced Light Microscope Facility for use
by EMBL scientists in all Units, as well as by visitors. Under the direction of Rainer
Pepperkok, who has been hired recently, this facility has taken off in an impressive man-
ner. Already there is a large flow of visitors who come to do experiments or get advice.
Companies have seen the benefits of placing their microscopes in such a facility which so
many European scientists use. Indeed, companies regularly use data obtained in EMBL for
advertisement.

The hope is that this facility will turn into a "European Plaque Tournante" for the prop-
agation of advanced microscopy and the development of new instruments in close collab-
oration with industry.

4. Heidelberg - Developmental Biology

Abstract: Developmental signaling processes analyzed by genome-wide expression patterns, bio-
chemistry of protein complexes, and light microscopy of real-time signaling; a symmetry in single
cells related to asymmetry of cell populations; mouse genetics in the study of brain signaling.

Developmental Biology is concerned with the organization of multicellular embryos and
their progression to become fully functional organisms. How do groups of cells organize
themselves to generate the body pattern during development of the embryo? How are many
different types of cells generated from a single egg cell? How are cells organized into tis-
sues and organs? How are the sizes, positions and specific functions of tissues and organs
integrated to produce an organism? The emergent properties of multicellular systems
depend on cell architecture, cell interactions and the coordinated behavior of cell popula-
tions.

Cell architecture and cell behavior in development

The architecture of single cells is fundamental to the organization of cell groups. As dis-
cussed elsewhere in this document, how asymmetry in the developing egg is generated is
a fundamental problem of cellular morphogenesis. The molecular mechanisms responsible 83
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for generating this asymmetry depend on subcellular localization of specific RNAs and local-
ization-dependent regulation of their translation. These questions are being actively stud-
ied by groups in the Cell Biology and Biophysics, Gene Expression and Developmental
Biology Programmes using a combination of genetics, biochemistry and advanced light
microscopy.

The organization of cells into tissues, and the morphogenetic movements that shape the
embryo, depend on coordinated changes in cell architecture and cell behavior. Importantly,
the polarity of individual cells is translated into the polarity of tissues. Understanding tis-
sues and morphogenetic tissue movements, including cell migration and axonal pathfind-
ing/ requires understanding how cell communication impinges on cell behavior. Cells in the
developing embryo use secreted and membrane-bound proteins to communicate with one
another. Signaling proteins are produced by specific populations of cells and are used to
instruct nearby cells about their prospective developmental program. Each of these signaling
proteins has a complementary receptor protein (or protein complex) on the surface of
responding cells; the receptor is activated by ligand binding and transduces this informa-
tion into the cell, ultimately effecting changes in gene expression and/ or organization of
structural elements inside the cell. Responses to such signals can be varied: depending on
context they can lead to changes in cell growth and proliferation, specification of cell fate,
alteration in cell polarity, cell migration, axon guidance. At present, most of what is known
about cellular responses to signals in development is based on indirect methods that visu-
alize the consequences of signal-dependent cell fate specification events. Groups in the Cell
Biology and Biophysics and Developmental Biology Programmes are exploring the possi-
bility of applying advanced microscopic methods to image signal transduction in living tis-
sues. These methods hold the possibility of bringing us to a new level of understanding how
cells exchange and use information as development proceeds.
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Signal transduction pathways in development

Signal transduction pathways can be thought of as cascades of protein interaction.
Interaction between individual component proteins may occur transiently. Specific protein
interactions can be facilitated or inhibited by changes in post-translational modification to
regulate the flow of information through the system. Understanding how cells exchange
information requires a complete description of the components of these multi-protein
complexes and the dynamics of their interactions. Signal transduction proteins have been
identified in various ways. One successful approach has been to begin with genetic analy-
sis of embryonic development in simple model systems such as the fruit fly Drosophila and
the nematode C. elegans. Of the genes identified by mutations that cause developmental
defects, many were subsequently found by molecular and biochemical analysis to encode
signaling proteins or the components of the intracellular molecular machinery that trans-
duces these signals. In an alternative approach proteins have been identified first by molec-
ular interactions and their in vivo function analyzed subsequently using genetics. Bringing
the two approaches together has been extremely valuable but has often been difficult
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because of the need to use different model systems. A method for purification of protein com-
plexes, developed recently in the Gene Expression Programme at EMBL, can be coupled with
protein identification by mass spectrometry in the Biochemical Instrumentation Programme,
and promises to provide the means to combine the best features of genetic model systems
with biochemistry. Several groups in the Developmental Biology Programme have begun
to apply this system to the isolation of protein complexes involved in signal transduction
in Drosophila development. In the coming five years, we expect to see an increasing focus
on the possibilities offered by combined biochemical and molecular genetic approaches to
this critical, but extremely complex, research area.

Cells live in complex micro-environments and can receive information through sever-
al pathways concurrently during development. Proliferation may be an appropriate
response to one combination of signals, whereas programmed cell death or a morpho-
genetic rearrangement might be triggered by a different combination. Individual cells
need the means to interpret the information that they receive from multiple concurrent inputs
and to respond in a manner appropriate for their context. The advent of new methods to ana-
lyze genome expression profiles, combined with the traditional methods of developmen-
tal genetics, will provide a new means to address such complex problems. As indicated
elsewhere in this document, groups in the Developmental Biology programme are active-
ly collaborating with groups in Biochemical Instrumentation to bring these methods into
routine use.

Activating a signal transduction pathway in a given cell can have diverse consequences
in vivo. To unravel how different cellular responses can be elicited by a given signal requires
understanding in detail how activation of a receptor impacts upon the cell. The Klein lab
makes use of the sophisticated possibilities of protein engineering in vivo to address this ques-
tion. Using mouse molecular genetics, subtle mutations can be introduced into receptor pro-
teins that alter their ability to interact with a particular intracellular effector protein while
leaving other functions intact. Thus, it is possible to dissect in exquisite detail how partic-
ular cellular responses are elicited. The application of this methodology in combination with
the possibilities of tissue specific gene inactivation (see Monterotondo Prgramme) allows
a new depth of understanding gene activities during development of vertebrate embryos,
particularly in later-developing organs such as the brain.

Future prospects

Application of sophisticated genetic methods to study vertebrate development will be
an increasing focus in the Developmental Biology Programme over the next five year peri-
od. Areas of particular interest will include analysis of morphogenesis, organogenesis and
neurobiology. A basic understanding of the development of organ systems and their phys-
iology may lead to the development of animal models of clinically important diseases. The
Developmental Biology program will playa central role in the interdisciplinary focus on
molecular medicine at EMBL. 85
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EMBL provides a special environment in which to pursue an interdisciplinary approach,
with collaborations between groups of different expertise significantly enhancing our
research possibilities. The Developmental Biology Programme makes full use of this excep-
tional opportunity, both in the context of inter-unit initiatives and on a bilateral basis.
Examples include (1) a joint project by the Ephrussi and Hentze groups on the localization-
dependent regulation of protein translation in the developing oocyte, which is important
for the development of the germ line and of the anterior /posterior embryonic axis; (2) a joint
effort between the Mlodzik and Eaton groups on the cellular basis of planar polarity that
imparts orientation in developing tissues; (3) projects by the Bohmann, Cohen and Mlodzik
groups for purification and analysis of signaling protein complexes, using new technolo-
gies developed by Seraphin's group in Gene Expression and Wilm's in Biochemical
Instrumentation; (4) projects of the Klein, Nebreda and Superti-Furga groups that study pro-
tein kinases in development in an integrated manner, from the level of protein structure and
function to the level of neuronal connectivity and memory; (5) projects using advanced micro-
scopic methods to visualize gradient formation and the activity of signal transduction
pathways in developing limb primordia in vivo by the Cohen, Pepperkok and Bastiaens' labs,
and to visualize directed cell migration in vivo by the R0rth and Pepperkok labs. As these
examples illustrate, the prospect of addressing in a novel manner questions that bridge across
levels of organization is coming within reach.

5. Heidelberg - Biochemical Instrumentation

Abstract: Automation of purification methods leading to high throughput mass spectrometry;
emphasis on targeted proteomics and collaborative efforts in global proteomics; DNA and protein
microarrays; technology improvements for medium-scale DNA sequencing projects.
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Genomics, functional genomics and proteomics, with their enabling technologies (instru-
mentation, automation techniques and databases), are revolutionizing research in basic biol-
ogy, as well as in the pharmaceutical and medical fields. The Biochemical Instrumentation
Programme will continue to develop enabling technologies for the characterization of
genes and proteins, building on its present strengths, and providing them to research
groups in all other Programmes at EMBL, to external groups, and to industry via technol-
ogy transfer. Given the small number of groups in the Programme, and the fact that they
are interacting with the rest of the Laboratory in the development of functional genomics,
this section necessarily covers some of the same topics dealt within the inter-Unit initiative
on Functional Genomics and Proteomics, but in more detail from the perspective of
Instrumentation.
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Development of Mass Spectrometry for biological research

EMBL has pioneered this technique, with innovative additions for very sensitive and fast
characterization of proteins. Future applications of the recent Quadrupole - Time of Flight
instrument should result in higher speeds and better data quality. Software developments,
one of the proven strengths of EMBL in this area, will be needed for faster data analysis and
protein identification in databases, and will also result in faster and reliable de-novo pep-
tide sequence determination. The combination of mass spectrometric protein characterization
with specific and effective protein affinity purification techniques, like the successful TAP
tag method developed in Gene Expression, will result in a remarkable increase in the abil-
ity to capture and analyze networks of functionally correlated proteins. Another important
area may be the use of mass spectrometry as a tool for analysis of quaternary structure infor-
mation (e.g. protein-protein interaction studies). Future efforts will concentrate on increas-
ing the automation of protein sequencing, and on improved characterization of secondary
protein modifications.

Global Proteomics

The ability to visualize global changes in mRNA expression over time is becoming a real-
ity (see below). Developments are also taking place in the field of global analysis of gene
expression at the protein level. As discussed in the inter-Unit initiative on Functional
Genomics and Proteomics there are two broad strategies that can be followed. Global pro-
teomics, which has the goal of displaying and quantifying the complete protein content of
a cell - an important undertaking with formidable technical obstacles; and targeted pro-
teomics, directed towards the characterization and quantitation of functionally interacting
ensembles of proteins. The latter strategy, thanks to technology development that has
occurred at EMBL in both protein purification and mass spectrometry over the last five years,
is now feasible and will be widely employed throughout EMBL, as discussed elsewhere.

However, given the potential of global proteomics, it would certainly be a mistake not
to contribute to developments in this area where possible. At present, two basic technolo-
gies are envisaged in this field. The first is to utilize 2-D gel separation of proteins coupled
to analysis of the individual protein "spots". The second is to develop non-destructive
methods for protein attachment to inert surfaces, to enable manufacture of "protein chips".
These would be used for attaching probe proteins, e.g. antibodies, that would then act as
detectors for specific proteins in complex mixtures. Here, the Programme intends to inves-
tigate methods for attaching proteins to glass, in a manner analogous to that used for
nucleic acids (see below). High throughput protein analysis by mass spectrometry will be
an essential adjunct to global proteomic projects, whether carried out primarily by 2-D gel
electrophoretic separation, by protein chip analysis, or by newly developed techniques. This
is because of the requirement in all of these approaches to identify or to quantitate the indi- 87
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vidual proteins being detected. EMBL intends to participate in global proteomics projects
being undertaken throughout Europe by contributing its expertise in this field, as will now
be described in detail.

High throughput protein sequence analysis techniques

Since the sensitivity and accuracy of protein analysis by mass spectrometry have now
reached a satisfactory level, development efforts will be concentrated on increasing through-
put. The high throughput mass spectrometric technique currently available at the EMBL is
matrix-assisted laser desorption mass spectrometry (MALDI). Proteins are identified by pep-
tide mass mapping. This technique is restricted to proteins whose complete sequence is con-
tained in the database and which are well separated. Experience shows, however, that
even with proteins from completely sequenced organisms peptide mapping is often insuf-
ficient on its own. About 30% of proteins remain unidentified due to their limited quanti-
ty or small size.

The alternative protein analytical technique is electrospray tandem mass spectrometry.
Proteins are identified by partial sequence read outs from fragment spectra of individual
peptides. This technique is optimized for sensitivity and accuracy, and routine de-novo
sequencing of proteins is also possible. Throughput is limited because of the manual oper-
ation of the technique at the data acquisition and data interpretation stages. Recent improve-
ments in technology allow a more automated approach to electrospray tandem mass
spectrometry.

In the last year the first nano-high performance liquid chromatographic system (nano-
HPLC) with a flow rate of 50-100 nl/min has appeared on the market. In combination with
resins specifically developed for peptide mixtures this is the first chromatographic system
which approaches the sensitivity of the nano electrospray MS-based analysis. Protein mix-
tures, e.g. protein complexes, can be digested as a whole, the peptides separated with the
nano-HPLC system and then analyzed by tandem MS in one experiment. This is a major
source of improved throughput for electrospray tandem mass spectrometry because a
large number of proteins (20-30, sometimes more depending on their relative quantities) can
be analyzed in one experiment. A separation method is still a prerequisite for utilization of
this approach, but many approaches to separating complex mixtures of proteins into
groups of maximally 20-30 can be envisaged.

Again, the TAP purification technique and other related tagging and purification pro-
tocols will be an important complement to this method since contaminating proteins are a
major obstacle for the direct analysis of protein complexes, since they are often more abun-
dant than the relevant proteins, thus preventing them from being found in the investiga-
tion.
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High throughput analysis of differential gene expression at the mRNA level is fast

becoming a powerful tool with applications in molecular cell biology, development, dif-
ferentiation and molecular medicine. The techniques that will be used by the Biochemical
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Instrumentation Programme are comparative expressed sequence tag (EST) sequencing, seri-
al analysis of gene expression (SAGE), and mRNA hybridization to cDNA or oligonu-
cleotide arrays, on miniaturized DNA chips. These methods are used to identify genes that
are critical for a developmental process, or genes that mediate cellular responses to chem-
ical or physical stimuli, or to understand the molecular events affected by mutations in a
gene of interest. In molecular medicine they are used for identification of molecular mark-
ers for various diseases, and in pharmacogenomics for elucidation of drug targets and of
the molecular events associated with drug treatment.

Although several concrete applications of the DNA micro-array technique are already
published, there is still clearly room for technical improvement and for increasing the
public sector availability of both the software and the hardware necessary for its widespread
use. EMBL, with its combination of expertise in understanding biological processes and tech-
nique development aims to make important contributions in this field. Several projects are
already underway in the Programme including technology development. A patent has
been filed describing a new method for the covalent attachment of probe cDNAs to glass
at intermediate density levels, and developments in DNA labeling technology are being pur-
sued.

In the genomic, as well as in the post-genomic era, techniques for high fidelity and high
throughput DNA sequencing (several BACs per day) will be required. The accuracy of draft
genomes will not be as high as needed for precise analysis, and researchers will both have
to carry out partial de novo sequencing as well as re-sequencing their regions of interest. The
performance of capillary technology still needs to be optimized, and the EMBL multiplex-
dye system ARAKIS seems competitive. With better accuracy, longer reads, lower price per
base, automated loading and potentially higher throughput (the next generation being devel-
oped should approachone megabase per day) this system will be of interest for industrial
production. The system is being applied to ESTs, cDNAs, SAGE, detection of mutations and
single nucleotide polymorphism (SNPs) with a clinical group, to mapping studies, and to
genome sequencing projects. Demand for long and accurate sequencing runs is particularly
important in SAGE projects. We are pursuing such projects on Drosophila (with
Developmental Biology), on E. coli (with Structural Biology) and on mouse (with LION
Biosciences, a dynamic company launched with considerable input from EMBL).

Automation and Robotics. Expertise in the programme will be applied to automate
some processes, like the DNAmicro-array technique, mass spectrometric protein sequenc-
ing and partial protein purification. It has already been applied to the full automation of DNA
purification and sequencing reactions. A non-gel based technique for the detection of SNPs
is being developed. The newly acquired nano-robotic system will be used for small-scale
sample preparation and handling, as well as for small-scale oligo-synthesis on DNA chips. 89
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6. Heidelberg - Additional Research Groups

This organizational Unit includes two research groups. That of the EMBL Director-General (F.e.
Kafatos) studies innate immunity as related to the interaction between the malaria parasite and the
vector mosquito; mosquito genetics, genomics and functional genomics; and transcription factors
in Drosophila development. The group of the Executive Director of EMBO (F. Gannon) focuses on
the estrogen receptor: its promoter, alternative splicing, mode ofaction, gene targets, and implica-
tions for medicine. Because of the senior management roles of these investigators, it would be inap-
propriate to integrate them administratively in one of the other Units. However, both groups have
close scientific interactions with several Units of the Laboratory.

Kafatos Group

Abstract: Transcription factors in Drosophila development; innate immunity and the interaction
between mosquitoes and malaria parasites; an EST approach to mosquito gene discovery; Anopheles
genome project; use ofmolecular genetic markers to study the field biology ofAnopheline mosqui-
toes.

This group works on two different research themes: one is Drosophila development and
the other is innate immunity, genetics and genomics of the malaria vector mosquito,
Anopheles gambiae. In addition to extensive external collaborations, the group interacts
with the Gene Expression and Developmental Biology research communities at EMBL, and
is or has been involved in collaborations with groups in Biochemical Instrumentation,
Grenoble Outstation and Hamburg Outstation.
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(i) Transcription factors in Drosophila development

This activity is currently centered on the study of the development roles of two tran-
scription factors, encoded by the genes spalt (sal) and spalt-related (salr). Both genes encode
similar zinc finger proteins which are evolutionarily related, overlap in function, are
expressed in multiple tissues, and have important roles during development; they are
members of a family that is also important in vertebrate development. One main interest
is how they are themselves controlled by upstream regulators. Transgenic analysis has
revealed extensive and modular regulatory DNA regions which appear to be partly shared
by the two genes. The modules integrate both positive and negative effects of several
known and unknown regulatory factors; they result in highly localized patterns of expres-
sion in specific tissues, where they are essential for normal development. We are most inter-
ested in the pattern of sal and salr expression and function in two types of tissues. First, the
imaginal discs of the wing and other appendages, where the genes are components of reg-
ulatory pathways involved in patterning the appendage. Second, the central and periph-
eral nervous system where these genes are expressed in very specific cells and are necessary
for normal organization of the system.
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(ii) Innate immunity and malaria: mosquito interactions

Defense reactions against microorganisms and other invading agents are an ancient evo-
lutionary invention. Recent studies have highlighted how crucial "innate immunity" is, in
both vertebrates and invertebrates, in responding rapidly and protecting the body effectively
from invaders. Unlike adaptive immunity, a more recent invention of vertebrates based on
immunoglobulin superfamily receptors and effectors, innate immunity recognizes common
molecular patterns that decorate various kinds of microorganisms - not highly specific epi-
topes that correspond to individual macromolecules. However, innate immunity in specific-
enough to discriminate between gram-negative bacteria, gram-positives or fungi. In ver-
tebrates, it acts as a first line of defense that is followed days later by the adaptive immune
response; furthermore it appears that innate immunity actually serves to stimulate the onset
of adaptive immunity. Remarkably, the innate immune responses of all multicellular ani-
mals that have been studied are based on shared families of molecules (receptors, regula-
tors and effectors). Some similarities are even apparent with plant defense reactions.

We are studying innate immunity in the African mosquito, Anopheles gambiae, the most
important vector of malaria in the world. Malaria is one of the most important and persistent
scourges of humanity, ranking with HIV and tuberculosis in the front ranks of infectious dis-
eases. Transmission by the mosquito is an obligatory step in the natural transmission of
malaria. Yet different mosquito species, and even genetic strains, differ widely in their capac-
ity to transmit the parasite. For example, refractory mosquitoes may lyse or encapsulate in
melanin-containing capsules the parasite at specific stages of its development in the mos-
quito. We are studying the molecular and cellular basis of refractoriness. In so doing, we have
characterized a variety of molecules that take pert in the immune response, such as microor-
ganism-binding proteins, complement-like molecules, receptors, signal transduction com-
ponents, transcription factors and effectors such as antimicrobial peptides or
melanin-producing enzymes. Using these molecules as tools we have demonstrated that the
invading parasite elicits a succession of immune responses as it crosses various epithelia dur-
ing its development in the mosquito. Notably, we have demonstrated that the gut and sali-
vary glands - key organs in the transmission cycle - mount immune responses that may be
associated with substantial losses of parasites, as do hemocytes and the fat body (the
insect liver). We are trying to dissect specific pathways of immune response, ultimately to
identify those molecules that are crucial in refractoriness. In particular, we are pursuing the
very earliest stages of the immune response, where discrimination of the "non-self species"
takes place. A valuable tool developed in the group is immune-responsive cell lines (prob-
ably derived from hemocytes), which permit the study of the immune response in an in vitro
culture system.

(iii) Mosquito genomics and genetics

In parallel with the above molecular and cell biological studies, we have begun to take
a functional genomic approach to understanding mosquito immunity. A pilot expression 91
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sequence tag (EST) project has yielded approximately 2500 unique EST clusters, which are
now beginning to be studied in terms of the temporal and spatial distribution of expression,
and in terms of their involvement in immune-responses. This is the first time that a systematic
molecular genetic analysis of an insect other than Drosophila is being undertaken (at least
in the public domain). We expect that this study, one example of the type of functional
genomic analysis that the Laboratory wishes to pursue, will shed completely new light on
mosquito immunity, and ancient innate immune responses in general.

In parallel, we are pursuing the genetic analysis of refractoriness. To this effect, we con-
structed a detailed genetic (recombintional) map of the mosquito based on microsatel-
lites. This allowed localization of one major and two minor "Plasmodium encapsulation genes"
(quantitative trait loci, Pen 1 - 3). We are pursuing the positional cloning of Pen 1 based on
a combination of genetic and physical maps (BAC library). This has led us to develop a WHO
- endorsed master plan of Anopheles genomics for consideration by the scientific commu-
nity and funding agencies. Implementation has begun, and we expect it to gather speed in
the coming years.

The microsatellite markers that we developed for these laboratory studies have become
the favourite markers for phylogenetic and population studies of the mosquito in the
fields. Controlling malaria requires knowledge of the population dynamics of the vector as
well as the parasite. We are pleased by this demonstration of the continuity between basic
research and field - based "applied" research - as well as the relevance of basic research to
tackling one of the major diseases of humanity.

Gannon Group

Abstract: The estrogen receptor (ER) in humans and other vertebrates; ER isoforms and their gen-
eration from multiple promoters and alternative splicing; mode ofaction ofER; signal transduction
regulation of ER, and its downstream targets.

It has been a very good tradition that the Executive Director of EMBO has also been an
active scientist. EMBL has facilitated this by the provision of support and laboratory space
to the person whose primary task is to direct EMBO and happily this tradition is planned
to be maintained for the forthcoming five years by the incorporation of the research group
of Frank Gannon into the EMBL programme. Scientifically the research falls within the
domain of the Gene Expression Programme (predominantly) and the Molecular Medicine
initiative.
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The activities of the Gannon group focuses completely on the estrogen (steroid hormone)
receptor (ER). The start question for the group was how do different cells achieve the
delivery of the correct level of the estrogen receptor at the right time in the development of
a particular tissue? Presented in this way, the question would appear to be a simple search
for transcription factors that activate the estrogen receptor promoter. The data obtained by
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the group to date however, show that the reality is much more complex. Of particular sig-
nificance is the fact that there are several promoters for the same ER gene, that there is a sig-
nificant level of alternative splicing and that some of the consequences of this alternative
splicing give rise to new isoforms of the estrogen receptor.

The data which have been obtained from the studies of the estrogen receptor in bone in
some ways encapsulate these findings. Estradiol is known to be an important factor in the
well being of bone tissue, with osteoporosis being a major and disabilitating disease in many
post menopausal women. The exact role of the estrogen receptor in these events remains
unclear however. By improving detection methods, the Gannon group showed that one spe-
cific promoter was responsible for the majority of the estrogen receptor expression in bone
and that 50% of the receptor which was present is, as a result of alternative splicing, a short-
er isoform of the ER alpha. Similar data have been obtained from other tissues, human, mouse
and chicken. The overall picture that emerges is that the standard estrogen receptor which
had been defined as that which is predominant in the much studied breast cancer cell line
MCF 7, is not the only or indeed the major receptor in most human tissues. By maintaining
close contacts with the medical community and obtaining profiles of the receptor protein
and transcripts which are present, the group faces the next five years with a greater aware-
ness of the complexities that occur in this apparently simple system. The work which will
be performed will include, in the near future, a full description of the different transactivation
capabilities of the different isoforms of the estrogen receptor using a variety of cell types
and promoters (the data to date show that the cellular and promoter context are both very
relevant and give rise to often contrasting results). This work leads the group to a better
understanding of the actions, not only of the estrogen receptor but also of a variety of phar-
maceutically important estrogen analogs.

Although, the group emphasises the wealth of information which it can obtain from
human samples, many of the experiments which are necessary are precluded if only this
material is used. As a result/ the group will continue its work on mouse ER as this has proven
to be very fruitful in the past and the information which is obtained from the mouse (or chick-
en) is often giving rise to interesting questions which can then be tested in a more limited
manner using human material.

Given that the different isoforms arise from alternative splicing, which in turn occurs in
a tissue and physiological state dependent manner, the group will work towards obtaining
a greater understanding of the mechanisms which are inherent in these splicing choices.

The original task of describing how the expression at the level of transcription is controlled
by the estrogen receptor will also be completed using the range of promoters that have been
defined and again using systems which reflect a full range of physiological options avail-
able in different tissues.

The details of the action of the estrogen receptor is one which is a major area of research
for many groups. The focus of attentions of these groups to date has been on the hormone 93
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binding domain. This is reflected, for instance, in the fact that the crystal structure of the
hormone binding domain is available. Working with groups in structural biology, it is
hoped that the structure of the N terminal region and ultimately of the total protein will also
be obtained within EMBL

The estrogen receptor is of course just one component in the multiple signaling activi-
ties within a cell. Whether it is pivotal to these activities or expressed as a reaction to them
remains unclear. The interconnections between signal transduction pathways and the
estrogen receptor will be examined by the group with the expectation that some of the pro-
moter activity of the estrogen receptors will be dependant on signals that come through other
pathways, whereas others will be a consequence of the receptor acting on targets down-
stream.

Currently our knowledge of the genes, the expression of which is influenced by the estro-
gen receptor, is minimal. Early within the five year period, the group will initiate studies
using SAGE or DNAmicroarray techniques (in collaboration with other groups at EMBL)
in order to identify the genes which are the next step in the cascade of events which are trig-
gered by the estrogen receptor.

It is clear from the above outline, that the Gannon group fits not only into the Gene
Expression world, but also into aspects of Developmental and Structural Biology. With an
increasing awareness of the interplay between signal transduction and the receptor and
indeed the cellular location where this interplay is important, the group will also require
interactions with the Cell Biology Programme.

Finally, the availability of Mass Spectrometry and SAGE and array technology in the
Biochemical Instrumentation Group is essential to obtain rapid responses to some of the long
standing questions in this area. When integrated, the outcome will have a direct influence
on medicine both by providing a scientific context for the actions of the estrogen analogs
which are used in a range of conditions from the treatment of cancer through osteoporosis
to well being in general.

7. Monterotondo -Mouse Biology

Abstract: Use of regulated gene deletion to analyze cell and tissue differentiation, and to generate
models ofacquired as well as inherited diseases; expansion of the programme to reach critical mass
and support visitors using regulated gene knock-out strains (ere-Zoo).
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New Mouse Genetics in Perspective

Gene targeting technologies in combination with transgenic genetic switches are now giv-
ing us the unique opportunity to analyze gene function in the mouse in vivo, by mutating,
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deleting or activating genes in a targeted and temporally / spatially controlled fashion.
This has opened a new chapter in biological and medical research.

Through conditional and in particular inducible mutagenesis, gene targeting now
allows us to approach gene function in vivo not only in development, but also in differen-
tiated cells, permitting a genetic analysis of the differentiated state. This is of crucial
importance in the analysis of complex cellular systems, like those that constitute the cen-
tral nervous system or the immune system. It is also of crucial importance in medical
research, for the construction of mouse models of acquired, in addition to inherited diseases.
Examples are cancer, neurodegenerative and infectious diseases, i.e. major areas of medical
research now and in the future. It should be kept in mind in this context that inducible gene
inactivation or activation is a direct approach to drug target discovery.

Mouse Genetics and Molecular Medicine at EMBL, now and in the future

Mouse genetic research at EMBL is of high quality but limited in scope. The facilities in
Heidelberg can only accommodate two groups that work primarily in this field and several
occasional users; the maximum capacity will be reached shortly. Establishing the Mouse
Biology Programme at Monterotondo has offered the possibility to strengthen this field at
EMBL. This Programme consists presently of two established groups, a staff scientist and
a transgenic service which, together will the small service unit in Heidelberg, aims to sup-
ply all of EMBL with transgenic animals. The research groups at Monterotondo work on cell
motility and immunology, and we will soon complement these activities with a group
working on development.

Where to go from here? There can be little doubt that mouse genetics is going to be an
essential element in basic research on the in vivo function of genes in the mammalian
organism in health and disease in the future. There is simply no way to understand the func-
tional behavior of complex cellular systems without the help of genetics, and our ability to
target mutations in the mouse to particular cell types at any time during ontogeny places
the mouse as an experimental animal right in the center of functional genomics in mammals.
This includes of course wide areas of medical research in which the analysis of gene func-
tion in vivo and drug target discovery are of critical importance. EMBL with its unique
strength in molecular, cellular, and structural biology (and a variety of groups already inter-
facing with medicine) would be an ideal place to capitalize on the opportunities opened up
by mouse genetics, and to become a major player in Molecular Medicine (see above).

We envision the Monterotondo Programme as playing a central role in EMBL/s mouse
work in the future, including the generation of mouse models of human disease. As almost
any work in mouse genetics, the activities of the groups presently working at Monterotondo
already have a medical connection: cell motility in inflammatory reactions (Witke), the role
of type I interferons in viral infections (Kalinke) in the Immunology group, and Mouse model
for Hodgkin's disease plus 1 kb kinases in inflammation (Rajewsky). It is clear, however, that
the present operation is much too small in terms of critical mass and technical facilities to 95
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allow it to evolve to what it should be, namely a center in Europe where advanced gene tar-
geting approaches in the mouse are exploited for medical purposes. The future of the
Monterotondo Programme thus relies on a significant expansion of the activities. As also
specified in the description of the inter-Unit initiative on Molecular Medicine, we would like
to increase the number of groups working at Monterotondo from three to six. We also
plan to establish a visitors' programme allowing European and other scientists to come to
Monterotondo in order to use the systems of conditional gene targeting (the "Cre-Zoo") and
other genetic in vivo switches, on which we intend to concentrate much of our efforts, for
their purposes. This could make Monterotondo a meeting place of scientists from allover
Europe working in this area.

Clearly, such a development will require the establishment of technical facilities allow-
ing the in-depth analysis of mutant phenotypes and a significant increase in laboratory and
particularly mouse space. The (host) CNR Cell Biology Institute under G. Tocchini-Valentini
is in principle willing to support such a development from the Italian side. Additional lab-
oratory space is already available in the building in which the EMBL Programme is locat-

EMBL has begun to explore the Roman scene for sites of potential interactions with
medical institutions.

It will be essential to facilitate and encourage the interaction of scientists at Monterotondo
and the molecular, cell and structural biologists in the other EMBL Units. Only with such
interactions can EMBL emerge as a stronghold of Molecular Medicine in the future. The new
Molecular Medicine focus group is envisioned to playa major role in integrating and coor-
dinating the medically oriented activities at EMBL, including those at the Monterotondo
mouse biology programme and corresponding, complementary activities at Heidelberg and
the Outstations. This initiative reflects EMBL's determination to address problems of
Molecular Medicine in a concerted, interdisciplinary fashion, capitalizing on the traditional
strength of collaborative research activities at EMBL, at a time in which molecular biology
and genetics are in the process of revolutionizing medical research and practice.

8. Hinxton - The European Bioinformatics Institute
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Abstract: Emphasis on the essential service mission centered on the macromolecular information data-
bases; expansion of services to include genomic annotation, genomic expression data, and data on
metabolic or signaling pathways; optimization of user interfaces and interoperability of databases;
significant expansion of the research programme, which will also underpin development offuture
services and train young scientists in bioinformatics; collaboration with EMBO and others to pro-
vide electronically the biological sciences literature (E-biosci).



EMBL Scientific Programme
2001-2005

1. Introduction

Biological research is now elucidating molecular information - for example on sequence,
structure and function - which can only be usefully reported in electronic form. Researchers
are now as dependent on electronic information resources as they are on the scientific lit-
erature. Computational methods to analyze, explore and mine this information are today
a crucial part of the toolkit of research, powerful in their own right, and often complementary
to the advancement of understanding by experimental approaches. This current wave of
bioinformatics is typically molecular in emphasis. But there is an advancing tide of com-
putational and information-based research throughout biology; exploiting, for example,
images of cells, maps of brain activity, or indeed of whole organisms, as well as the com-
plex information documenting the diversity of life. An ambitious programme in bioinfor-
matics would expand into such topics.

Although one may be skeptical that biology will develop the type of theoretical/ exper-
imental dichotomy seen in chemistry and physics, there is no doubt whatsoever that exper-
imental work will increasingly be driven by computational analysis. Concrete examples from
EMBL are discussed in the Cell Biology and Biophysics and Gene Expression Unit section,
as well as in several of the inter-Unit initiatives. Biologists have a massive task ahead to even
begin to understand the wealth of DNA sequence data, let alone the predicted flood of struc-
tural data on individual proteins and protein complexes. The methods we have today to ana-
lyze sequences (even with respect to protein coding regions), to analyze structures, to
organize and integrate data from diverse sources are primitive and totally inadequate to the
task.

All of this creates new imperatives in the support of biological science. The informatics
and quantitative skills necessary to interpret and exploit the wealth of information need to
be available in all aspects of the science, and at all levels of its practitioners. This will involve
a significant change in emphasis in research and training. The optimal benefit from this
information intensive biology will also depend on first rate information resources.
Organizations such as the EBI will be crucial in collecting and curating the public body of
information and in building user services which enable researchers to make best use of it.
They will also be crucial in the development of new technologies and in the training of both
specialists and general biologists. This is doubly challenging in an era when the commer-
cial potential of the information is only too obvious. Without public services which are func-
tionally competitive with commercial services, there is a real danger that the primary
sources of information will develop in the private sector, leading to unhealthy protection-
ist policies, and resulting in services tailored to the highest bidder.

The proposed EBI activities that are outlined below are necessary to realize the poten-
tial of bioinformatics and to release the wealth of knowledge which can be mined from the
information gathered today and in the future. Without these activities we will miss much
of the benefit of information which we have invested so much to amass. 97
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2. Information Resources

The key to any use of the information now coming from the biological sciences is the avail-
ability of the data in open and well designed databases. The EBI is committed to this
objective, within the broad domain of molecular biology. Its major efforts to date are in data-
bases for nucleotide sequences, protein sequences, and protein structures. These three
areas will remain central to the mission of the EBI, and significant new efforts will build on
these core resources.

2.1. Nucleotide Sequences

2.1.1. The Nucleotide Sequence Database(NuEMBL)

The single biggest database run by the EBI is the Nucleotide Sequence Database. This is
an autonomous European resource which shares all its information on a daily basis with
GenBank in the USA and the DNA Databank of Japan (DDBJ). Established in 1980/ it was
historically tightly coupled to the scientific literature, but quickly electronic communica-
tion of submissions became the norm. Nowadays, in sheer volume, direct transfer of data
from major sequencing centres, such as the Sanger Centre, overshadows all other input.
However, one should not underestimate the need for careful curation of individual
sequences discussed in the scientific literature. It is such sequences which have often been
the subject of experimental research elucidating features and function. Features of data from
mass sequencing efforts are typically inferred by analogy to an alarmingly small number
of experimentally characterized sequences. The task of running such a database is large in
terms of data volume (a new sequence once a minute) and complexity.

2.1.2. Annotated Genome Reviews

Historically the DNA databases have concentrated on archiving the scientific record rather
than the representation of genomes. That is, the databases have been organized around indi-
vidual submissions of data and have done little to assemble them into a meaningful whole.
This is changing, and needs to change faster. The robust basic archive is essential to the sci-
entific record, and any interpretive genome annotation is dependent on it. However, the
assembly, annotation and presentation of whole genomes will be an essential part of the task
if we are to continue to serve science well.

98

The "annotated genome" of an organism would include not only features directly com-
putable from the sequence, but also those determined experimentally by the scientific
community. These include, for example, transcription factor binding sites, alternatively
spliced transcripts (and their protein products), features of transcripts that affect their
stability or translation, sites (and consequences) of mutations, expression patterns etc.
Gene "function" must be consistently annotated, as determined both by computation and
by experiment. Many of these data classes must be captured from the literature, by experts
in the particular organism, and must be closely tied to the relevant genetic databases. The
data must be organized so as to allow analyses at both "gene" and "genomic" levels.
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Clearly this is a task which must be undertaken for the human genome, and for key model
organisms. The EBI is well placed to do such annotation, with its close relationship with the
Sanger Centre and its involvement in FlyBase. The EBI began in 1999 a new project
(EnSEMBLE) jointly with the Sanger Centre to present an annotated view of the "draft"
human genome sequence now being determined by the "GS" sequencing groups. This will
be the forerunner of a major new project to develop annotated "reviews" of the genomes of
sequenced model organisms. These "reviews" will have the same relationship to the under-
lying sequence archive as does, for example, a review in the conventional scientific litera-
ture to the primary research papers. One very important aspect of the Genome Reviews is
that they will allow computational analyses of genomic sequences, without, as is now the
case, the need for very extensive (and time consuming) data "cleaning".

2.1.3. Gene Index

The information resources for DNA sequence, protein sequence and protein structure are
crucial for biological research. But in some senses they miss a crucial element: the gene. As
our understanding of genomes deepens we find an astounding similarity between the
genes of different organisms even when their evolutionary relationship is really quite dis-
tant. The evolution of genomes is also reflected in similarities between genes within the same
organism. Our understanding of how genes function would be enhanced by what we think
of as a gene index. The goal would be to document the universe of genes, indicating the role
of their protein products and relationships within and between species. This vast information
space, which can only be filled in as we gather genome and other information, will in turn
enable the annotation of new genome features. We view this as an essential first step
towards building the Genome Reviews.

Early exploitation of incomplete human genome information can be enabled by extract-
ing all possible knowledge from existing sequences, particularly those of ESTs. Clustering
of that information and investigating the relationship of hypothetical products to sequences
in SWISS-PROT and TrEMBL can already add huge value to the data, and the EBI already
has a research and development interest in this topic. We will both take this to the stage of
a production database and extend it to model and other organisms being sequenced in full.
This will enable us to document the genes, their functions, and their interspecies relation-
ships. As the diverse genome projects progress, a substantial effort of cross genome com-
parison will enable us to store and present the updated understanding of genes in a
database designed for this purpose.

2.2. SWISS-PROT/TrEMBL

Following the vision which established the EMBL Nucleotide Sequence Database, EMBL
began a collaboration in 1987 with the University of Geneva on the SWISS-PROT protein
sequence database. This was an attempt to provide a complete but non-redundant, carefully
annotated database of protein sequences, and to link it to other biological databases in a way
which recognized the true interconnectedness of the biology. While other similar efforts were 99
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underway in 1986/ Amos Bairoch of the University of Geneva felt that there was much room
for improvement, and in collaboration with EMBL built what is now recognized as the pre-
mier world resource of protein sequences.

SWISS-PROT is without question one of the highest quality databases in biology. But its
very virtues threatened it: the high standards of annotation and curation required labour-
intensive scientific work on every sequence. It was impossible to keep up/ and SWISS-PROT
soon developed a backlog. Faced with this problem, the EBI developed a solution.
Translations of protein coding regions in the EMBL Nucleotide Sequence Database (in any
case the main raw fodder for SWISS-PROT) were annotated by similarity to already char-
acterized sequences to form a supplementary database - TrEMBL (Translations from EMBL).
This process is largely automatic. It uses similarities to already understood sequences, the
occurrence of motifs characteristic of particular functions, and family-like clusters of
sequences, to suggest functions for sequences and minimize the human annotation task. The
task is limited by the ingenuity of the methods to discover similarities, the computational
power brought to bear, and the population of already characterized sequences. Already
SWISS-PROT + TrEMBL form a very reliable and high value collection. The beauty of the
TrEMBL approach is that it naturally gets better with time. Improved methods and com-
puters/ and a larger population of understood proteins enables TrEMBL entries to be ever
nearer to SWISS-PROT quality, rendering them more useful, and minimizing the hands-on
work necessary to bring them to SWISS-PROT standards.

A new EBI project which will both enormously help in the automatic annotation of
protein sequences for TrEMBL and itself be a most valuable community resource is called
INTERPRO. This project (initiated in 1999) brings together in a single resource the now sev-
eral and independent protein "motif" databases, such as PROSITE, BLOCKS, PFAM and
PRINTS. All of these projects attempt to classify sequence patterns within proteins, using
a variety of different algorithms. In the INTERPRO project these different databases will share
documentation and resources, presenting to the community a single database of protein
motifs. This will be very valuable for the rule-based prediction of function of novel proteins.
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2.3. Macromolecular Structure DataBASE (MSD)

The oldest molecular biology database deals with the three dimensional structure of bio-
macromolecules. X-ray crystallography is nowadays supplemented by nuclear magnetic res-
onance spectroscopy and high resolution electron microscopy as a method for determining
such structures, and there is a global collection of some 10/000 structures. For almost 20 years
the single repository for such information was the Protein Data Bank (PDB) located at
Brookhaven National Laboratory in the USA. With the establishment of the EBI, the deci-
sion was taken to establish a European wing of this activity, and, with two posts funded by
the Wellcome Trust and two by the EU, a small group has been established. Meanwhile rec-
ompetition of the project in the USA has resulted in the American resource being run by the
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Research Collaboratory for Structural Biology (RCSB) spearheaded by Rutgers University
and involving the San Diego Supercomputer Centre and the National Institute of Standards.
Thirty percent of the world's structures are now deposited at the EBI.

Having developed a sophisticated schema for the structure database, the EBI's macro-
molecular structure database team has visions for new search and retrieval services.

Already under way are:

• Substantial improvements to the legacy data in an intensive "clean-up" project.
This included updating thousands of bibliographic records to provide better
links to the literature, as well as checks on scientific consistency, such as match-
es between sequence and structure information.

• Ingenious algorithmic work to present quaternary structure information show-
ing multimeric molecules as they are likely to occur in nature, rather than as
deposited.

• The development of data acquisition methods to ensure that, during the long
process of deriving a structure from raw data, intermediate information is
stored to allow its harvest at deposition time. This approach, which has
required careful cooperation with software developers, will hugely simplify the
data deposition task while improving data quality.

2.4. DNA Chip Expression Data

The exciting potential of integrating genome information with biological processes is well
exemplified in the ability globally to explore gene expression using DNA chip technology.
In the commercial sector the potential is well recognized, with companies such as Affymetrix
and Synteni enjoying a booming trade. We are in an era where such concerns jealously guard
their intellectual property, and the insight gained by its application is also often not shared.
There is a serious academic interest in these approaches to understanding expression,
with yeast and other expression data generated at Stanford University and MIT providing
a useful starting point. There is an obvious need to create a public information resource for
the results of such experiments. Indeed the EBI has already announced its intention to do
so. The motivation is multifaceted:

• The optimal benefit from this information will result from its widespread
availability. Given the novelty of the technique, the different approaches, the
statistical properties of the data, and the variety of possible methods, the ben-
efits of sharing experience at this stage will be enormous. The creation of a pub-
lic domain ethos at this stage is a challenge. The public "right-of-way" to
sequence data was created at a time when there was little awareness of the com-
mercial potential. Today biomolecular information is big business. We contin-
ue to espouse the view that scientific openness will benefit mankind best. Our 101
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insistence that people deposit their data in the public domain depends on the
existence of a public domain resource to receive, curate and disseminate the
data.

• A related motivation stems from the relationship with the scientific literature.
Expression data are destined to be the subject of much discussion. An impor-
tant principle with sequence and structure data has been established: scientific
journals will not entertain discussions of data unless they have been deposit-
ed in the public domain. This must also happen for expression data. Clearly we
cannot exhort journal editors to insist on the deposition of such data unless we
have created a mechanism for their deposition.

• Intellectually, the EBI staff is highly motivated to create such a collection. Its role
in linking genes and genomes to real biology will render it of great value.
Algorithmically it is exciting, particularly at this early stage. There is enormous
enthusiasm from our data mining experts, who see the opportunity to bring their
tool set to bear to great effect.

The time to do this is now. Our strong commitment to the creation of a public resource
for this information is receiving widespread support, with even US groups excited to see
the EBI taking the initiative.

2.5. Genome Variation Data

The value of understanding the relationship of genome variation to disease has long been
recognized, with Victor McKusick's "Mendelian Inheritance in Man" being a crucial source
of information, first as a handbook and then as a database. Historically however, the data
have been scanty, with a tiny fraction of the genome sequenced and little of its variation
explored. There are dozens of islets of information - data on the variation of single genes,
or on particular inherited conditions - assembled by topic-oriented scientists throughout
the world. At least 200 such collections exist. As a research project, the EBI has created a sys-
tematic framework for human variation information, attempting to allow individual
researchers to maintain their collections in a way that also allows them to be viewed as a
whole.
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More recently the role of single nucleotide polymorphism (SNP) information in geno-
typing has been recognized, and we have extended the database framework which we have
created to store SNP information too. The systems we have implemented are thus far pop-
ulated with human data, but their applicability to other organisms is clear. We now propose
to turn the fruits of this development into a comprehensive information service with a long-
term commitment.
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2.6. Metabolic and Regulatory Pathways

The complexity of the biomolecular world cannot be understood at the level of single gene
products or single molecules, no matter how well we understand the path from gene to pro-
tein to structure to function. Biochemical processes typically involve many molecules, all
of which need to be available at the right time, interacting in an intricate choreograph of reac-
tions. Documenting the processes which regulate the production of the necessary molecules
and the nature of their interactions is one of the biggest database challenges of bioinformatics.
But we cannot ignore it: to fail to understand it is to fail to understand biology. At the EBI
we have begun, using some of our industry funding, to build data structures designed to
represent pathway information. It is representationally challenging, and the available
information is limited. However, in collaboration with groups at the Universities of Brussels
and Cologne, we already have made some exciting progress. It is our intention to develop
these tools and to offer them to the community over the next two years.

In addition, we are spear-heading a Consortium of three genomic databases (FlyBase,
Mouse Genome Database and Saccharomyces Genome Database) to develop a consistent way
to describe "gene function" (in all of its ramifications) in macromolecular and genomic data-
bases. We fully expect this consortium will soon be joined by other communities (e.g. C. ele-
gans, zebra-fish and Arabidopsis). We see this as being a very important tool to allow
biologists to be able to query genomic databases in a consistent way.

3. Integrating biological information

The historical existence of the many kinds of biological information as distinct databases,
each with its own representations, methods of access and update cycles belies the intertwined
nature of biological systems. All of the information on sequence, structure, function, cellular
processes, and the biology of whole organisms is intricately interrelated. It is important that
the information systems reflect these relationships, allowing the exploration of a research
problem to access all kinds information - including the scientific literature - without end-
less struggles with different database systems. The EBI has taken a pioneering role in such
information integration. Its Nucleotide Sequence Database and SWISS-PROT led the world
in cross-referencing information, which in turn allowed systems like SRS to achieve their
power. Information integration will remain high on the EBI's priorities in future, with
three fundamental approaches to the problem:

• Computational derivation of relationships. Given a diverse set of information
sources, one can automate the discovery of relationships by analysing the
content of the data. Similar sequences are liable to be related, as are similar struc-
tures. Sequences which could plausibly form a given structure may be related
to a known structure. Entries in databases or literature which use similar lan-
guage are likely to be related. This approach is exemplified by NCBI's Entrez
system, and recent work at the EBI applies powerful methods developed for the
analysis of literature on financial markets to biological literature. Although all 103
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analyses of natural language are necessarily imprecise/ these newer methods
are more linguistically sophisticated than those of Entrez/ and our early results
show promise.

• Data warehousing. Where information sources have a well defined syntax/ one
can build indices on the content of well defined data items (e.g./ database
cross-references or gene names)/ and use them to link databases. SRS (Sequence
Retrieval System)/ developed by EMBL is probably the best of these systems.
SRS provides sharper links than Entrez-like systems/ but may miss subtle rela-
tionships discovered by the more sophisticated analysis of whole datasets.
SRS is now being developed as a commercial product by Lion Biosystems/
but will remain freely available to academic users. cross-appointments
of staff/ and continuing SRS-related research in collaboration with Lion/ the EBI
remains committed to the development of SRS/ and will be able to offer the best
possible SRS service to its users.

• "Designed-in" interoperability. Interoperability is the jargon word for the
ability of elements of information systems to work together/ and modern tech-
niques allow the design of information resources which anticipate links to
each other. This requires a common method to specify linkable data and serv-
ices. The Common Object Request Broker Architecture (CORBA)/ promoted by
the "Life Sciences Research Task Force" of the Object Management Group/ is one
such system. The EBI/s Radiation Hybrid database (RHdb) is based on this tech-
nology/ and has provided a robust service to genome researchers. Prototype
CORBA systems to access the nucleotide sequence database allow rich queries
to access the relational database directly/ and will be offered as a service after
the next upgrade of our relational system. This work will generalize to SWISS-
PROT easily/ and with some work to the Macromolecular Structure Database/
allowing our services to offer a tightly integrated view of these information
sources.

An increased commitment to sophisticated services which access diverse information will
exploit all three of the above threads. This will include enhanced SRS services/ as well as
CORBA-based clients to provide a user-friendly front-end giving seamless access to the var-
ious information sources.

4. Informatics infrastructure
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The informatics infrastructure - computers/ networks/ software and support staff - to pro-
vide healthy information services and allow good research is complex and expensive.
Desktop machines with the power to support high quality user tools for accessing the
information are required on almost every desk. Servers which support huge and complex
databases are top-of-the-range hardware/ and the software licenses for industrial-strength
database systems cost hundreds of thousands of Euros. The most sensitive comparison algo-
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rithms for sequences and structures are computationally expensive. And we must apply those
algorithms to compare whole genomes and databases with each other. Not only that, we offer
services which allow thousands of researchers around the world to do this task every day.
The EBI services presented on our web pages see 30-100/000 accesses each day from up to
10/000 unique users. The highest speed network connections are necessary to support
these users.

5. Services

Bioinformatics support for research must involve the provision of a range of databases
accessible through an integrative interface combined with the latest search algorithms
and visualization tools. The EBI has developed some extremely creative solutions to serv-
ice provision, particularly in the area of sequence searching and visualization, and must ded-
icate substantial resources to future service provision. This is necessary to ensure that
users gain the maximum benefit from the databases which have cost so much to build and
maintain.

The development of the EBI as a European service centre reflects a transition from the
"fend-for-yourself" days of small databases and simple systems to the modern world where
dozens of information sources interact with complex software. In the early days of a few
small databases, limited methods and modest computer systems, there was a tendency to
simply give the information to the scientists, and let them fend for themselves in exploring
it. Widely used software, born in the academic sector, migrated to the private sector (e.g.,
Intelligenetics, GCG/ Oxford Molecular), and served research reasonably. Nowadays serv-
ice centres such as the EBI in Europe, NCBI in the USAf and the CIB in Japan are a crucial
resource. With biologists depending on a plethora of databases which are updated asyn-
chronously/ not to say the operating systems and hardware, the task of service provision is
complicated and resource consuming.

Service provision by the EBI has been resource-limited, and support for it must be
enhanced by building a small team dedicated to this task. These activities are, of course, com-
plementary to the services provided by other European centres, and the EBI should also work
to develop "model solutions" designed to be exported to user sites. Appropriate recipient
sites already exist, in the form of national bioinformatics centres and the service units of major
research institutes. Indeed, already in 1988 EMBL recognized the importance of a balance
between central and distributed services and took the lead in establishing a network of rec-
ognized nodes, EMBNet, which now plays an important role in local service provision in
over 20 countries, partly through databases and service systems developed at the EBI.
Investment at the EBI on the development of services and model solutions for user support
will add value to the national investment in local bioinformatics units. 105
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6. Research

An active research community is very important for the EBI for a number of reasons. One
is that research is an essential part of the mission of a European centre in this field. Second,
if the EBI is to provide state-of-the-art services in bioinformatics it needs to be kept fully in
touch with the cutting edge of bioinformatics research, and to be challenged with the ideas
and requirements of first rate research groups in house. This was recognized by the advi-
sory expert group that helped plan the EBI in 1993-94/ and strongly advocated the estab-
lishment of a Research Programme, complemented by an active programme of visitors
working at the EBI. Third, the Research Groups also playa vital role in training, both of grad-
uate students and postdoctoral fellows, as well as providing in house expertise for cours-
es. There are three general areas of bioinformatics which will be the focus of research
activities at the EBI.

106

• Nucleic acid. Underlying this programme is an inter-related series of big ques-
tions: how did the genomic sequences of living organisms evolve? how do these
sequences encode function? what is the relationship between genome structure
and function? We use the term function in its broadest sense, to mean not
only the protein (and RNA) coding function of sequences but also the infor-
mation in the sequence that determines the structure and properties of chro-
mosomes. We are not of the view that these questions can be answered solely
by scientists sitting at a computer terminal; but such work will be an absolute-
ly essential handmaiden of experimentalists. Some aspects of these problems
are really quite pressing, an example is the need for further development of
methods to reliably predict protein coding genes. Our inability to do this with
anything like the desired combination of accuracy and speed is, of course,
partly a reflection of our lack of understanding of the syntax of genes. To give
an example: 5' and 3' untranslated exons are virtually impossible to predict with-
out experimental evidence (that is without EST or eDNA sequences). But they
are a very common feature of eukaryotic genes and, in many cases, we know
that they are important for gene function or regulation. Still, we cannot gen-
eralize from these data to a prediction method. Addressing this type of prob-
lem must be a major general area of research for the EBI, it is simply too
important to ignore. At the practical level there are many valid approaches, rang-
ing from algorithm development to the phylogenetic approach of evolutionary
biology. Whatever approach is used, it must inform the experimentalist.

• Protein. Proteins face bioinformatics with many deep problems. The difficul-
ty of predicting three dimensional structure from one dimensional sequence is
well known, and will remain an active and valid research programme.
Understanding the evolution of proteins in terms of their structure, rather
than just their sequence, is an equally important problem. From the perspec-
tive of the "post-genomic" world the prediction of what a protein does, its
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function, from its known or.putative primary sequence, is probably one of the
greatest of challenges. The main methods in use today are those based upon pri-
mary sequence similarity. This is clearly inadequate and a major priority must
be to integrate structural and functional predictions for proteins. Proteins, of
course, do not function in isolation: they function as components of complex-
es with other proteins and with other classes of molecule, including RNA,
organic ligands, ions and water. It will not be enough to understand the terti-
ary structure of individual proteins; we must also understand their quaternary
associations. The computational analysis of proteins must be an equally impor-
tant strand in the research profile of the EBI in the future.

• Informatics. By this term, in this context, we mean two things: data mining, and
the organization of information so as to maximize its use by biologists and by
computational scientists. In the post-genome era raw genome data will be
accompanied by information on gene expression patterns and molecular inter-
actions on a genomic scale. Traditional ways of dealing with data item by
item will no longer be sustainable. This data flood creates new opportunities
to discover biological knowledge in silica by data mining and automated data
analysis. Data mining is "exploration and analysis by automatic and semi-
automatic means, of large quantities of data in order to discover meaningful pat-
terns and rules". The development of new computational methods, algorithms
and software for mining and analysis of biological data, in particular microar-
ray based gene expression data, will be a major focus in the EBl. Constructing
regulatory networks from complete genomes and genome wide gene expres-
sion data will rely heavily on such methods. In addition, a major challenge of
the next few years will be how to organize genomic information in a meaningful
manner. This programme has many aspects, which range from the design of suit-
able databases, interfaces and visualization tools, to the development of a
syntax and semantics for describing this information in a rigorous and consistent
way. This problem is sometimes described as the problem of data "integration",
but it is actually a deeper problem than this, because we are far from convinced
that we have a suitable conceptual model of the information that we wish to rep-
resent. The applied nature of these problems does not render them any less chal-
lenging than pure biological research.

A particular challenge at the EBI is to ensure that research in bioinformatics remains close-
ly linked to hypothesis driven science. The EBI has benefited enormously in its first five years
from its close association with the Sanger Centre, which has been at the forefront of large-
scale genomic sequencing. Two developments in Hinxton are favourable for the develop-
ment of the crucuial interface betweeen bioinformatics and bench biology. These are the
changes in direction at the Sanger Centre which we expect to see over the next few years
towards "post genomics" research; the other is the development of our second sister insti- 107
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titute, the MRC's Human Genome Mapping Programme Resource Centre, from a service
provider to a more research based unit, a development now underway following the
appointment of a new Director last year. In addition the EBI needs to forge closer links than
hitherto to the bench scientists in Heidelberg, Hamburg, Grenoble and Monterotondo.
Although there are already close links between the informatics staff of the five parts of the
EMBL system, stronger links with the "wet" experimentalists need to be forged, overcom-
ing the physical distances which separate us.

7. Training
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The biggest threat to the exploitation of today's biological information is lack of expert-
ise. The demand for mathematical, computational and information management skills
outstrips supply alarmingly. Bioinformatics needs transcend its current status as a specialist
discipline, and permeate biology, becoming part of the skill-set of any competent researcher.
This challenge must be addressed at all levels. We need to attract doctoral students from other
disciplines to the exciting challenges of modern biology. We need to convey an image of biol-
ogy as a quantitative discipline, and reflect that in the content of undergraduate courses.
We need to provide short courses in all aspects of bioinformatics to bring existing biolog-
ical researchers up to speed. In addition, short courses could aim to recruit mathematicians
and computer scientists by introducing them to the challenging problems of biology and
familiarizing them with the current approaches taken by bioinformatics. The EBI needs to
intensify its current involvement in training at a number of levels:

• Doctoral students: The EBI now accepts three-to-four students per year, and
has had some success in attracting students from disciplines such as comput-
er science and physics. This programme must expand.

• Postdoctoral fellows: The EBI is, and will remain, an important centre for
postdoctoral fellows in bioinformatics. In particular we would like to build on
the limited success we have had so far in converting to bioinformatics scientists
from other disciplines, such as mathematics.

• Short courses: We already deliver about 15 such workshops (two-to-four
days each) a year, largely funded by and provided for our industry partners.
These need to expand, both in their number and in their constituency.

• Visitors: The EBI supports an active visitors programme, with both short and
long term visitors at varying levels of seniority. For long term visitors the EBI
offers facilities, for example, to academics on sabbatical leave; at the other
end of the spectrum the visitors programme offers opportunities for graduate
students to spend a few weeks at the EBI working with particular members of
staff. The visitors programme has considerable scope for expansion.
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• Visiting students: There is a growing number of courses in bioinformatics in
European universities; this has created a demand for facilities for student
placement. The EBI is well placed to playa key role, by offering facilities for stu-
dents to spend part of their time working at the EBI. Indeed this is already hap-
pening, but is resource limited. The EBI can also playa key role, at the European
level, in establishing standards in the formal teaching of bioinformatics.

• Summer schools: Clearly there is scope on the Hinxton Campus for first-rate
Summer Schools in Bioinformatics (possibly in collaboration with the Sanger
Centre) and particularly aimed at those from mathematics, physics and com-
puter science.

• The University of Cambridge and its associated institutes: Links with the
University and its associated institutes (e.g. the MRC's Laboratory of Molecular
Biology) are strong in parts, but need to be broadened. One of the problems has
been the lack of any real focus for bioinformatics in the University, but there are
positive signs of change, with the foundation of the Unilever funded chemical
informatics group in the Department of Chemistry and the current plans by the
Computer Laboratory for a new Chair in Bioinformatics. Links have also been
strengthened at graduate student level as a consequence of a recent policy deci-
sion to register the EBI PhD students at Cambridge, which means that they
become members of a University department. In addition, this means that
these students have University supervisors, and an interesting development on
which we will build is the recruitment of these from departments in the phys-
ical sciences and engineering. The University are now planning to upgrade their
supercomputer resources with a teraflop machine and this will add to oppor-
tunities for collaborative research with the supercomputer group in Physics and
Applied Mathematics.

8. Industry

The techniques of bioinformatics developed in the academic sector have largely been tai-
lored to the needs of basic research, recognizing their origins and reflecting an era in
which the commercial opportunities were not obvious. Today the commercial sector makes
wide use of bioinformatics, typically using the same kinds of information and methods as
academics, but with some differences in emphasis. The EBI's commitment to supporting the
widest possible exploitation of biological information extends to the private sector, but does
not involve proprietary or contract research, or confidential information. With this in
mind, and with encouragement from its funders, the Institute now runs an industry club.

The main work has been:

• The provision of training workshops

• Technical development (e.g., a metabolic pathway database) 109
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• Information technology assessment - comparison of different computers sys-
tems, etc.

• Communications, e.g., newsletters, mailing lists.

By demand, the workshops have developed into the most significant and popular
aspect of the Industry Programme, and we are determined to extend these and offer more
to the academic sector.

9. Broader Bioinformatics

Whilst the achievements in the informatics of macromolecules are impressive, one
should not lose sight of the biology of cells and organisms, whose understanding it must
support. The application of information technology is burgeoning throughout biology.
Neurobiology is now capable of generating fine grain three dimensional maps of neural activ-
ity - information which must be crucial to the understanding of the nervous system and
brain, but which is challenging to store, analyze and understand. Today's methods in
microscopy build images of cells and sub-cellular constructs which offer the chance to form
a bridge to molecular information, but which pose further computational challenges.
Documenting the diversity of life, a massive information project, will be crucial to our under-
standing of the biosphere. International organizations such as the OECD have already
begun to stress the importance of neurobiology and of biodiversity information. These
domains lie on the periphery of the expertise and mission of the EBI as seen at present, but
they do offer exciting opportunities to contribute to the biological information revolution.
To be served adequately, they would eventually require either doubling the size of the EBI
or their own comparable organization. For now, ways should be devised for the critical mass
on information expertise amassed at the EBI to be brought to bear on these and other new
areas.

10. The Electronic Scientific Record
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Our databases are only part of an electronic revolution. The electronic record of science
is becoming crucial in the same sense as the printed record. Journals are going electronic,
and librarians as well as library users spend as much time with computers as books. In
physics the Los Alamos electronic archive is at least as important as the journals. The life
sciences are next, and they pose special challenges such as the size and diversity of the sci-
entific community, the intellectual property value of the information, and the intense pub-
lic interest in certain types of information (e.g. clinical data and safety issues). As we move
into this electronic era, it is clear that the US has institutions like the National Library of
Medicine well tooled-up to exploit the medium. Europe needs to develop a concerted
effort to hold its own and to participate as an equal partner in international collaborations
for electronic access to the scientific literature. The pertinent model is provided by the inter-
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national collaborations on biomolecular databases, which is both invaluable and cost-
effective. Not to participate actively is to run the risk of having to buy (even our own) infor-
mation from the USA.

EMBL and EMBO have each responded with interest to the proposal presented by Dr.
Harold Varmus, the Director of the NIH, for an electronic archive of reports in biology and
medicine (E-biomed), in some ways comparable to but also going beyond the Los Alamos
electronic service for physics. With their respective expertise in peer review and high qual-
ity editing (EMBO), and in implementation of information resources (EMBL/EBI), these two
international organizations have the potential of anchoring the European contribution to
a co-ordinated world-wide effort. Internal discussions, consultations with European editors,
publishers and scientific societies that publish journals, and discussions with Dr. Varmus
and others, are clarifying the way forward. Wide agreement is crystallizing in support of
the concept of unhindered electronic access by all biological scientists in the world to the
entire literature, deposited in a common resource (E-biosciences or E-biosci) and fully
searchable in a personalized manner through the provision of powerful search engines. It
is important to find solutions that safeguard the high quality refereeing and editing system
which has served well our science through journals, while fully exploiting the opportuni-
ties for electronic use of the literature and for complementing it with layered deep access
to data that are valuable and yet not accessible through traditional publishing. One inter-
esting concept that is emerging is voluntary deposition of the published journals for free
access through E-biosci, after a modest period of a small number of months following
publication, during which direct access to the journals (in print or electronically) would
require payment. Widespread deposition in a well supported database would serve the addi-
tional purpose of providing secure electronic archiving, at a considerable saving for both
journals and libraries (and therefore also research funders).

Clearly, the concept will evolve in the corning months, after an international governing
board is constituted. Important details about the scope and funding of E-biosci will need
to be put in place rapidly. EMBL/EBI is prepared to play its appropriate role in construc-
tively contributing to the development of this concept and to its technical implementation.

9. Grenoble Outstation

Abstract: Emphasis on the core mission of collaborating with ESRF through Joint Groups to devel-
op/ maintain and support usage of the state-of-the-art protein crystollagraphy beamlines at ESRF;
purchase of the MAD beamline BM 14 to maximize its availability to biologists; collaborations to
develop automated methods and increase sample throughput; research in the structural biology of
cellular processes, including macromolecular complexes. 111
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During the previous EMBL Scientific Programme, the Grenoble Outstation expanded its
staff and infrastructure in response to the new opportunities for structural biology opened
by the establishment, on the same site, of the European Synchrotron Radiation Facility
(ESRF), the world's first third generation synchrotron X-ray source. The enlarged Outstation
now has critical mass to fulfill its dual major tasks of (a) providing state-of-the art syn-
chrotron radiation facilities for European structural biologists in close collaboration with
the ESRF, and (b) undertaking in house research in the structural biology of cellular process-
es. To a much lesser extent the Outstation collaborates with the Institute Laue-Langevin in
providing instrumentation for high and low resolution neutron crystallography of macro-
molecular crystals and user support for neutron users. To achieve these aims the Outstation
is organized into, on the one hand, a large instrumentation-orientated group which is the
major interface with the ESRF, and four research-orientated structural biology groups,
although the overlap between these two activities is considerable.
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Advanced synchrotron facilities

X-ray crystallography, the most powerful atomic resolution structural tool, will continue
to be a central technique in structural biology and about 150 groups in Europe are engaged
in this activity, many requiring frequent access to advanced synchrotron radiation facilities.
The ESRF, the world's first third generation synchrotron source, provides high brilliance X-
ray beams of a quality and intensity that permit challenging experiments to be done that can-
not be done elsewhere, notably in time-resolved crystallography, on very large unit cell
crystals, on micro-crystals and on large systems with many anomalous scatterers. The
EMBL and ESRF now have a well-established and robust working relationship, through the
Joint Structural Biology Group (JSBG) and Joint Instrumentation Group (JIG), to respond
to this demand, in terms of technical developments, maintenance and user support. During
the coming period, the JSBG will be responsible for at least five full-time undulator beam-
lines for protein crystallography. These are the four end-stations of IDI4, all now operational,
and the new MAD beamline ID29 which will start operations in 2000. The future of the cur-
rent bending magnet MAD beamline, BMI4, is unclear but there is a strong case for EMBL
to buy and operate this very successful beamline (see below). In addition, EMBL has a strong
collaboration with ESRF scientists running the microfocus beamline ID13 to develop pro-
tein microcrystallography.

Future developments will be focused on efficient use of intense beamlines with the
emphasis on data quality and the capability to handle the most challenging crystallo-
graphic problems. High speed CCD detectors permit high throughput data collection but
this is only efficient if all links in the chain are automated as much as possible: beamline align-
ment, automatic sample changing of frozen crystals, automatic crystal centering, user
friendly software for quantitative assessment of diffraction quality, strategy for data col-
lection, data processing, structure solution and structure refinement. The user should
arrive in the morning and load up 20 or so crystals in the sample changer and then not have
to go into the hutch again until he/ she has finished. An 'intelligent' interface will guide
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him/her through the data collections, requiring only the occasional scientific decision.
Robust user-friendly automation is also one response to reducing the high load user sup-
port puts on local staff.

Fulfilling this programme is the task that the JSBG has set itself, and work has already
begun on automatic beamline alignment, construction of a specialized goniometer for
microcrystals and the design of an automatic sample changer for frozen crystals. The
microcrystal goniometer, designed by EMBL staff, is at the prototype stage and introduces
several novel features such as very high precision (one micron), powerful co-axial crystal
visualization to avoid parallax and automatic crystal alignment in the microbeam. In the near
future this should allow routine measurements on microcrystals down to a few microns in
size, although radiation damage from the intense beam (even with frozen crystals) will
undoubtedly imply the need for multiple crystals to obtain a dataset. Indeed one of the tech-
nical areas of research being carried out at the Outstation that could prove very important
for advanced synchrotron radiation sources is concerned with a detailed analysis of X-ray
induced radiation damage and possible ways around it.

Very successful software developments at the model building and refinement end of this
process are being made by collaborating scientists from both the Hamburg (Lamzin) and
Grenoble (Perrakis) Outstations. These programmes, (notably WarpNtrace), already permit
fully automatic model building and refinement of structures where there are initial phas-
es (either experimental or molecular replacement) and data to better than about 2A reso-
lution. The challenge is to extend these algorithms to work with lower resolution data
(2.5-3.2A). Combined with automatic structure solution programmes such as SOLVE,
developed elsewhere, these powerful computational tools will permit crystallographers to
concentrate more on the biology part of structural biology!

The overall need for beamlines, in particular those with MAD capability, in Europe is
strongly coupled to how many large-scale structural genomics projects develop in Europe.
The Outstation itself is keen to contribute to externally co-ordinated structural genomics proj-
ects in providing infrastructure for structure determination using synchrotron X-ray crys-
tallography and discussions to this effect are currently taking place.

Beamlines for MAD

The MAD (multi-wavelength anomalous dispersion) method uses anomalous scatterers,
such as biologically incorporated selenium, in protein crystals to solve the crystallographic
phase problem. This efficient method of structure determination is increasingly popular
amongst structural biologists and will be the method of choice for structural genomics proj-
ects. BM14 is an ESRF bending magnet beamline dedicated to and optimized for MAD which
has been in user operation since September 1995. Although it does not own BM14, EMBL
has been very closely associated with its design, construction and running, largely through
the fact that the EMBL scientist Andrew Thompson has until recently been responsible for
the beamline. Thompson is now responsible for the new MAD beamline, ID29, as well as 113
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being head of the EMBL-ESRF Joint Instrumentation Group. BM14 is currently the respon-
sibility of an ESRF scientist, but it is run under the auspices of the EMBL-ESRF Joint
Structural Biology Group.

The current ESRF plan for public protein crystallography beamlines involves ceasing to
operate the current bending magnet MAD beamline BM14 when the new undulator MAD
beamline ID29 has been commissioned i.e. from about the end of year 2000. The ESRF is there-
fore seeking to sell BM14 as a eRG beamline for an initial investment cost of about 16 MFF.
It is expected that there will be several competing offers for BM14, not necessarily keeping
it in the public domain nor as a beamline for protein crystallography.

The case for EMBL to make a bid to buy BM14, in summary, rests on the following points:

1) BM14 has a demonstrable record as one of the most successful MAD beamlines
in the world, not only in terms of important structures solved but in permitting
technical developments and training in the MAD method.

2) Although up to ten MAD beamlines in Europe will be available in Europe
from year 2000, only those on undulator sources on 3rd generation sources
(notably at the ESRF itself and eventually on Diamond from 2005) will be sig-
nificantly superior to BM14.

3) The demand for beamlines capable of MAD experiments is likely to continue
increasing and could become very high indeed if large structural genomics proj-
ects are funded in Europe. BM14 can still playa very important role in fulfill-
ing this need for the vast majority of routine to challenging MAD projects, while
the most challenging projects will be the priority of the new undulator MAD
sources.

4) EMBL would benefit from the flexibility and visibility of ownership of its own
beamline in Grenoble and in being able to respond to the needs of the European
user community particularly in providing rapid access. EMBL would have
the option of playing a major role in European structural biology projects.
EMBL would also have free access to BM14 for in house research and test
experiments.
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Visitor programme

The Outstation, through its collaboration with the ESRF, has direct contact with sever-
al hundred biologists per year, mostly from Europe and most of whom come for protein crys-
tal data collection, but some of whom require the more sophisticated biochemical facilities
available at the Outstation as well. Funding by the ED under the TMRAccess to Large Scale
Facilities programme, has permitted the Outstation to host a number of visitors in addition
to those directly invited by the ESRF, particularly for test experiments with microcrystals.
Apart from these short-term visitors, we encourage longer-term visitors, particularly
young scientists, who can benefit from the Outstation's unique combination of very active
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biochemical and molecular biology laboratories coupled with direct access to the best syn-
chrotron radiation facilities on the same site. In the last year! a number of post- or pre-doc
scientists have come for three-month visits to benefit from this stimulating environment!
also funded by the ED grant. This grant has recently been renewed for a further three years
under Framework 5 and we hope to develop the programme of 3-month training visits. The
allocation of a significant amount of beamtime by the ESRF to EMBL! which has recently been
implemented! and in particular the proposed acquisition of BM14 by EMBL would make this
visitor programme even more extensive.

The Outstation will continue to hold regular workshops on subjects such as the MAD
method! crystallographic computing or the structure determination of protein-nucleic acid
complexes.

Structural biology of cellular processes

Structural biology plays an essential role in providing detailed structural information
permitting a better understanding of the mechanism of action of biological molecules. As
in other fields of molecular biology! the trend is towards tackling how macromolecules inter-
act to form complex functional machines which perform cellular processes and EMBL is com-
mitted to developing cross-programme themes to tackle such important biological problems
in an integrated way. Building on the existing interests of the Outstation groups and ongo-
ing collaborations with EMBL programmes in Heidelberg we plan to fully participate in sev-
eral EMBL inter-unit themes on complex systems! notably on RNA metabolism and
nucleocytoplasmic transport.

There are currently four research groups at the Outstation which cover a variety of
topics although a common theme is systems involving protein-nucleic acid complexes on
the one hand and viruses on the other hand. The four groups are concerned with structure-
function relations in protein-RNA complexes and viral proteins (Cusack)! protein-DNA com-
plexes and nucleocytoplasmic transport (Muller)! negative-strand virus structure and
replication (Ruigrok) and viral and cellular membrane fusion proteins (Weissenhorn).
Since the systems studied often involve re-constitution of several protein or nucleic acid com-
ponents from eukaryotic organisms! the full range of biochemical and molecular biologi-
cal techniques are employed for protein expression and purification followed by structural
and functional studies. This requires a well-equipped biochemical infrastructure and a crit-
ical mass of wet lab experience which it is essential to maintain! in addition to the expert-
ise in structural methods.

The Cusack group will continue to study aminoacyl-tRNA synthetases and their tRNA
and aminoacid complexes. Current work is focusing on the tyrosyl- and leucyl-tRNA syn-
thetases! which in the case of certain mitochondria are involved in essential splicing activ-
ity. In addition leucyl-tRNA synthetase has an editing activity to avoid mischarging of similar
hydrophobic aminoacids. The use of aminoacyl-tRNA synthetases as drug targets for path-
ogenic organisms is actively being pursued. Work on the mammalian signal recognition 115
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ribonucleoprotein particle, which targets nascent secretory and membrane proteins to the
ER membrane, will also continue with the aim of pursuing structural studies on fully
reconstituted particles. A number of proteins interacting with mRNA and involved in
translational regulation and nucleocytoplasmic transport are also being studied in collab-
oration with the Hentze and Mattaj groups from the Gene Expression programme in
Heidelberg. The context of this work within the cellular RNA world is described else-
where. Concerning viral proteins, the Cusack group is working on the adenovirus penton
which contains two proteins involved in primary and secondary cellular receptor interac-
tions. Understanding of these interactions could be useful for targeting recombinant ade-
noviruses in gene therapy applications.

The Muller group works on eukaryotic transcription factor-DNA complexes, a recent suc-
cess being the first Stat/DNA complex. In the future the group plans to work on chromatin
remodeling complexes in collaboration with the Becker group (Gene expression) and also
on sub-complexes of the yeast polymerase III. Another interest of the Muller group is
nucleocytoplasmic transport, a recent spectacular success being the structure of importin-
b complexed with a peptide from importin-a. This work is now being extended to exportins
in collaboration with the Mattaj group in Heidelberg.

The Ruigrok group aims to combine high resolution (X-ray crystallography) and low res-
olution (EM reconstructions of complexes) structural information with biochemical data
(enzymology and RNA structure probing) into a model for negative strand RNA virus
replication and transcription. The viruses being studied are influenza virus, rabies virus and
Sendai virus. The work on the structure of the viral RNA inside the RNA-nucleoprotein tem-
plate for transcription and replication will be extended to studying contacts that are made
or broken between the RNA and the viral polymerase during initiation and elongation of
the polymerization process. This biochemical work will be combined with structural data
from (cryo)EM and X-ray studies on the nucleoproteins and functional parts of the poly-
merase(s) which should lead to a comprehensive model of virus transcription and replication.
A parallel interest is in the budding process of these viruses, in particular in the role that
is played by the viral M(embrane) protein in linking the components of the replication
machinery with those of the transport and cell-entry processes (the lipid membrane and the
receptor-binding/fusion proteins). Collaborations with the Weissenhorn group have start-
ed on the membrane fusion processes of these and other viruses as part of the cell entry mech-
anism.
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The Weissenhorn group began in late 1998 and is focusing on proteins involved in
membrane fusion. Besides its ongoing effort to study viral fusion molecules (notably HIV
gp41) and the mechanism of virus glycoprotein induced membrane fusion (in collaboration
with the Ruigrok group), the group has started to elucidate the role of ADAM family pro-
teins in myoblast fusion during muscle cell development. Another interest of the group is
the structural basis for the regulation of the SNARE complex formation in vesicle fusion
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processes. The group has started to work on the interaction of a secl family molecule with
its cognate t-SNARE, a process which is thought to prime the t-SNARE to form the SNARE
complex, involved in the fusion process.

Future initiatives

In the context of new recruitments a number of new initiatives could be envisaged. The
Outstation could provide a framework for a structural genomics program relevant to
molecular medicine. This would require to set up a protein expression facility which would
centralize the effort of expression and possibly purification of "all" proteins from a chosen
pathogen. Groups at the Outstation could then work on proteins within their interests
from the chosen pathogen and provide other proteins for interested structural groups allover
Europe. Such a project could greatly benefit new efforts towards drug design or the under-
standing of pathogen/host interactions. Discussions on such a programme on adenovirus
are underway, with support from the local French scientific community.

10. Hamburg Outstation

Abstract: Emphasis on the core mission ofproviding high quality, well-supported beamlines for biol-
ogists at DESY/HASYLAB; provision ofnew detectors and further upgrading of beamlines; devel-
opment of structural biology methods; reserach closely integrated with activities in othet Units of
EMBL; advanced training.

1. Introduction

X-ray crystallography remains the tool of choice for elucidating the three-dimensional
structures of biological macromolecules in atomic detail. The results lead to a rationaliza-
tion of data from almost every field in molecular and cellular biology, as well as having
unparalleled predictive power. In the foreseeable future, crystallography will provide an
atlas of protein folds, which might even reach completeness for soluble proteins. The chal-
lenges of the immediate future, however, are at the supra-molecular and sub-cellular lev-
els where structural elucidation of large multiprotein complexes will be important.

The impact of X-ray crystallography can be measured by the near exponential growth
of new structures deposited in the Protein Data Bank. Of the structures solved using syn-
chrotron radiation (SR) in recent years, more than 10% world-wide and 30% in Europe result-
ed from data collected at the EMBL Hamburg Outstation. The increasing use of X-ray
crystallography in the structure determination of large protein-protein complexes and
integral membrane proteins as well as novel applications in molecular medicine and
biotechnology clearly indicate that further growth should be expected. Many of the more
challenging projects are supported by the Hamburg Outstation, which minimally pro-
vides facilities and scientific support for data collection but increasingly advises on sub- 117
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sequent steps in structure determination. Given the complexity of most current structural
biology projects, it is not surprising that today synchrotron radiation is used for data
acquisition in nearly every X-ray crystallographic project, compared to about 30% of all proj-
ects five years ago and less then 10 % ten years ago. Synchrotron facilities therefore have
substantial responsibility for the success of structural biology research in many universi-
ties and research institutes especially for experiments that absolutely require synchrotron
radiation such as phasing using the Multi-wavelength Anomalous Diffraction (MAD) tech-
nique.

The EMBL Hamburg Outstation is one of the three biggest providers of synchrotron beam-
lines for structural biology in Europe. The other two are the ESRF (Grenoble, France)
which collaborates with the EMBL Grenoble Outstation and the SRS (Daresbury, UK). The
role of the Hamburg Outstation is triple: to provide service to the international scientific com-
munity in structural biology, to develop structural biology methods for further improve-
ment of the facilities provided, and to engage in a research programme that is integrated
into the overall research objectives of EMBL. During the next Scientific Programme the prin-
cipal goal will be to maintain and enhance these activities. This will require an improved
infrastructure and significant investment in terms of beamline equipment and support.
Ultimately it will also require upgrading or replacement of the current dedicated storage
ring facility operated by the local partner DESY.

2. Current status
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2.1. Synchrotron beamline facilities

Currently, the Hamburg Outstation provides and supports six beamlines for experiments
carried out by the international scientific community. Four beamlines are for X-ray crys-
tallographic experiments: two have fixed energy radiation whereas the other two are tune-
able in energy and therefore suitable for MAD experiments. Such experiments, often
combined with modern molecular biological techniques, allow rapid structure amplitude
phasing and result in a high throughput of X-ray structures. The remaining two beamlines
are used for experiments on biological samples in solution, in particular using Small Angle
X-ray Scattering (SAXS) and X-ray absorption spectroscopy (EXAFS). These methods pro-
vide important complementarity to other, more widespread methods such as X-ray dif-
fraction, NMR spectroscopy or electron microscopy.

There are two further beamlines at the Outstation. One is currently being converted into
a protein crystallography beamline, which will be funded and largely used by academic and
industrial investors. The second one is currently used in the development and testing of opti-
cal equipment by the EMBL instrumentation group, but is projected to become available as
an additional tuneable beamline for protein crystallography.
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2.2. Beamline experiments by visiting scientists

Currently, about 400 scientific projects from 170 different research groups are carried out
at the Hamburg beamline facilities annually, and the number of individual visits is about
700. Eligible users (about 60 % of all users) have obtained financial support for travel and
accommodation under the previous Access to Large Scale Facilities Programme of the
European Union. This support will continue under the 5th Framework Programme of the
EU. This massive Visitors Programme requires a substantial administrative and scientific
infrastructure at the Outstation. The major tasks are the organization of the proposal eval-
uation system (with a 12-membered International Priorities Committee), the scheduling of
beamline experiments, the scientific and administrative management of each beamline
experiment, and the continuous control and maintenance of the beamline and ancillary equip-
ment. Each of the external experiments is directly supervised by a local scientist of the
Hamburg Outstation, requiring scientific support and on-call availability around the clock
and through seven days per week, for 30-35 weeks per year.

2.3. Research programme

The research programme at the Hamburg Outstation has naturally evolved around
methodological developments that optimize the use of the SR beamlines. For example, the
first European detector based on image plate technology was designed and built at the
Outstation and subsequently commercialized by the offshoot company, X-RAY RESEARCH,
which has now become one of the world leaders in the development, manufacture and sales
of 2-dimensional X-ray sensitive detectors. Another example is the development of time
resolving, multiple wire gas-filled detectors in a tripartite collaboration (Grenoble, Hamburg,
Heidelberg). Software developments for automation of data interpretation have also been
widely recognized (see also below). A number of biological research projects at Hamburg
are well integrated with the scientific objectives of other EMBL research units. These proj-
ects concern signaling pathways, the filamentous molecular architecture of muscle cells, and
the machinery of transcriptional control and DNA replication. The recently started improve-
ment of the local facilities for protein expression, purification and characterization, is
essential for these research projects.

3. Aims for the time period of the next Scientific Programme

3.1. Beamline facilities

The Hamburg Outstation has increased the number of experiments carried out at its beam-
lines by about one order of magnitude over the last ten years. This primarily results from
the full dedication of the DORIS ring to SR experiments in the early nineties, by the addi-
tion of two wiggler beamlines for protein crystallography, by improvement of various
DORIS ring parameters and by the installation of imaging plate scanners on all protein crys-
tallographic beamlines. These upgrades have led to a major improvement in data quality,
in the attainable resolution and in new phasing possibilities (e.g. MAD). Although the 119
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DORIS ring does not (yet) have the parameters of a third generation machine, there are still
considerable possibilities for further improvement in the efficiency of data acquisition, in
data quality, in multiwavelength phasing experiments, in experimental automation, in
user friendliness and in remote experimental control.

3.1.1. Efficiency

Improvement in data recording is a cost-effective route to increased efficiency. Many data
collection experiments at third generation synchrotrons are carried out with an attenuated
beam in order to reduce the rate of radiation damage to some extent. We are aiming to equip
all protein crystallography beamlines with CCD detectors where the fast read-out times allow
a shorter duty cycle and minimize the instrument dead time. The use of these detectors can
increase the speed of data collection by up to a factor of ten. Hence, the installation of CCD
detectors must be accompanied with a substantial upgrade of the local computer facilities
in terms of CPU, networking and disk requirements, to ensure subsequent data processing
and utilization at sufficiently high speed.

3.1.2. Data quality

Many of the optical elements on existing beamlines need to be replaced or upgraded. For
example, the outdated segmented mirrors should be replaced by continuous mirrors, and
double focusing monochromators should be installed on the tuneable beamlines. These
upgrades will result in higher brilliance, leading to better statistics and greater efficiency.
In addition, we are planning to equip some beamlines with 3-circle crystal goniostats to allow
more flexible data collection strategies and the possibility of reducing systematic errors. A
further goal is the installation of automatic and remotely controlled crystal centering
devices to allow the optimization of the use of the "best" fraction of the crystal for X-ray data
acquisition.

3.1.3. Tuneable beamlines

The current shortage of SR beam time is particularly acute for MAD and similar exper-
iments. These experiments take longer and have an absolute requirement for wavelength
tuneability, which is only possible on certain SR beamlines. The Hamburg Outstation plans
to add a third MAD beam (X12) to its currently existing MAD beamlines (X31, BW7A). The
other two MAD beamlines will be upgraded with equipment to facilitate MAD experiments.
Wavelength calibrators for improved energy stability and user friendly data collection
strategy software are the primary goals. Older optical elements on the X31 beamline will need
to be replaced.

3.1.4. Automation
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We have experienced a small but increasing number of X-ray structures being solved on-

the-fly, that is during the period of data collection at the Hamburg Outstation. The goal for
the next years is to further automate the data collection, processing and phasing infra-
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structure to the extent that these steps can be routinely performed during the visit. The aim
is to provide a platform for the user community to return from their visits with atomic co-
ordinates rather than raw X-ray data. This will require development of efficient graphical
user interfaces.

3.1.5. Advanced training

Efficiency and the resulting quality of each SR data acquisition experiment crucially
depend on the scientific and technical expertise of the visitors. Many of them are at an early
stage of their career, and, as a drawback of the widespread automation in X-ray crystal-
lography techniques, have rather little experience. Therefore, advanced training is an
essential element for the visitors, and is in the interest of the Outstation because it reduces
the amount of individual training required during the experiment. With support from the
European Union, the Outstation is currently offering several training courses per year
and will continue its course programme. Because of the wide international interest in the-
ses courses, only 10-20 % of the applicants could be accepted in recent years.

3.1.6. Necessary infrastructure improvement

To achieve these goals, the infrastructure needs to be extended considerably, in terms of
hardware components (see previous sections) as well as the human support infrastructure,
which has remained at an unchanged level in recent years despite the increase the number
of beamline experiments by one order of magnitude. In our opinion, each beamline must
be served by a minimum of two scientists to ensure the quantity and quality of support that
is required for efficient and high quality throughput of experimental X-ray data. This
should be complemented by an appropriate administrative infrastructure where the major-
ity of time is devoted to the daily user support.

3.2. Storage ring facilities

The current developments in molecular medicine, biotechnology, and functional/ struc-
tural genomics lead to the anticipation of a sharp increase in demand for SR beamtime.
Therefore, it is not surprising that the national and European provision of SR beam time for
biological experiments is under almost constant debate. Apart from the ESRF, the EMBL
Hamburg Outstation is currently the only facility that offers, on a large scale, SR beam time
for structural biology to a mostly European, international community. Last year's ESF
Review of the needs for European synchrotron and related beam-lines for biological and bio-
medical research described the Hamburg Outstation as an "outstanding example of a suc-
cessful eRG (collaborating research group, with the local SR provider DESY) in structural
biology". To maintain and further improve this performance, a substantial improvement of
the current parameters of the DORIS storage ring will be required, ultimately leading to a
SR facility like those of the third generation. The aim will be to achieve an order of magnitude
increase in X-ray brilliance, which will allow demanding crystallography experiments
such as data collection from very small crystals, crystals with very large unit cells like virus- 121
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es or time resolved crystallography. Together with its user community and other local
institutes (Max Planck and HASYLAB, a daughter organization of DESY), the Hamburg
Outstation has started putting together the scientific case for such an upgrade.

At the same time DESY is planning a 500 GeV linear collider for high-energy physics
experiments. This facility will integrate a Free Electron Laser (PEL) within the hard X-ray
regime (around 1 A), which could potentially permit novel experiments in structural biol-
ogy. The specific characteristics include brilliance (thirteen orders of magnitude higher than
current third generation synchrotron sources at the laser lines), short time structures (fs) and
spatial coherence. A recent EMBO funded workshop organized by the Outstation has
helped to identify "hot" scientific areas in the fields of X-ray microscopy, time resolved dif-
fraction studies, single particle diffraction studies and holographic experiments. Although
the technical details that would make the experiments feasible are still under discussion,
such an X-FEL in Hamburg (another X-FEL is planned at Stanford, USA) could revolutionize
structural biology, as indeed was the case when the first SR diffraction experiments in struc-
tural biology were carried out by Ken Holmes and co-workers thirty years ago at what
became the EMBL Outstation at DESY.

3.3. Research programme

The local research programme is an essential element of the Hamburg Outstation, pro-
viding a scientific context that complements and helps optimize service provision, which
is necessarily carried out by highly qualified structural biologists. The main research areas
will be in beam line instrumentation, methods development, the structural basis of molec-
ular complexes within the cell, and structural genomics. Many research projects are col-
laborative with other EMBL units, (e.g. collaborations with the Grenoble Outstation on
methods and instrumentation development projects, as well as interdisciplinary collabo-
rations with Units from the main Laboratory in Heidelberg). Collaborations with users also
take place, when warranted by the degree of involvement of Outstation staff in specific proj-
ects.

3.3.1. Beam line instrumentation
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The Outstation's Instrumentation Group (Christoph Hermes) is critical for the design,
construction and maintenance of the beam line end-stations. During the next scientific pro-
gramme the group will pursue the construction of a new beam line (X12 for MAD experi-
ments) and the conversion and/or upgrade of existing beam lines. In addition there will be
increasing focus on the development of specialized end-station equipment, which has
potential for commercialization as well. One example will be the ongoing development of
the 2D gas chamber detectors by the group of Michel Koch (in collaboration with groups at
the Grenoble Outstation and the Heidelberg Laboratory, with funds from the European
Union). We are also aiming to collaborate with Grenoble on developments in hardware com-
ponents leading to further automation of data acquisition in X-ray crystallography.
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3.3.2. Methods development

The automation of object recognition is essential for improving the efficiency of data inter-
pretation. There are already two successful developments at the Hamburg Outstation,
each of which is recognized as a seminal contribution to their respective disciplines. One
is in the field of molecular shape determination from small angle scattering data (Dimitri
Svergun) and the other is polypeptide chain recognition in electron density maps from x-
ray crystallographic experiments (Victor Lamzin in collaboration with Anastassis Perrakis
at the Grenoble Outstation). These projects will be pursued. Another area will be the exten-
sion of MAD technology using gases such as xenon (Paul Tucker). An RTD project has been
proposed with participation of three European synchrotron facilities (ELETTRA, Trieste;
LURE, Paris; EMBL, Hamburg). This project will also include the development and evalu-
ation of the probable next generation of two-dimensional detectors (pixel detectors).

3.3.3. Structural basis of molecular complexes

At the Outstation, there are two research groups that, apart from their involvement in
the management and supervision of the Hamburg Outstation as an SR beamline facility, are
interested in structural studies of particular molecular complexes within their cellular
environment. The group of Matthias Wilmanns is focused on signaling processes involving
protein kinases and other signaling protein modules, the cellular organization of large pro-
teins in myocytes, and proteins from hyperthermophilic bacteria. Building on its recent struc-
ture solution of the protein kinase of the giant muscle protein titin (which led to the
elucidation of the functional role of titin in muscle development), the group aims to study
the structural basis of the complex activation mechanism of this kinase and other family
members, using X-ray crystallography of multiprotein complexes. The group of Paul
Tucker aims to understand the structural basis of the DNA replication machinery of human
double-stranded DNA viruses, especially in order to be able to identify molecular surfaces
that are essential for viral replication and therefore potential targets for viral replication
inhibitors.

3.3.4. Structural genomics

The EMBL Hamburg Outstation is an attractive facility to host structural genomics
projects, which offer unique opportunities in the context of the current accumulation of data
from various genomes. The contribution of the Hamburg Outstation could be three-fold: (i)
by provision of its SR beamline facilities for external structural genomics projects, (ii) by
incorporation of methods that it is developing and (iii) and by active participation in high
throughput structural genomics projects. The Hamburg Outstation is currently in the
process of identifying suitable projects in these three areas for potential participation. One
collaborative effort with the synchrotron facilities at the Brookhaven National Laboratory
(Upton, USA) has recently been started, to promote development of m-ethodology and
software for high throughput structure determination. Another proposal is emerging on the
rather small genome of the Epstein-Barr virus. EBV is a human double-stranded DNA 123
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virus responsible for infectious mononucleosis and two cancers, Burkitt's lymphoma and
nasopharyngeal cancer. The 172 kb genome codes for over 75 proteins, not all of which have
an identified function. The choice of this virus has the advantage that two groups (Wilmanns,
Tucker) already work on some of the proteins and have, therefore, established collaborators
who would be important for success of the project.
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II.
Training, service and outreach

Internal research and technology development at EMBL underpin and are closely integrated with
outward-directed activities: advanced training, provision ofservices and other types ofoutreach. These
interconnected activities are central to the mission ofEMBL. they are direct by-products of the research
and technology development activities of the Laboratory, and many are specifically designed to sup-
port external scientists. Together, these activities make EMBL unique as an outwardly-directed sci-
entific center ofexcellence, and represent remarkable added value to the member states. EMBL intends
to expand on its stellar record in these areas, and proposed a new type ofoutreach, institutional part-
nerships. .

A. Advanced training
Training of young scientists - whether staff, fellows, or visitors - is a central function of

the Laboratory, renowned in quality. In fulfilling this role, the Laboratory:

• Operates a flourishing International PhD Programme. It is carefully organized,
highly monitored, and attracts an international blend of outstanding students.
Recognizing this quality, in 1997 the EMBL Council conferred authority on the
Laboratory to award its own PhD degree. The Statutes of the EMBL PhD
Programme are included as an Annex to this document.

• Provides broad research training to an international body of post-doctoral fel-
lows, coming from diverse disciplines. Recent PhDs come to EMBL to hone their
research knowledge and skills in a top-quality international European envi-
ronment that promotes interdisciplinary research. There are few places in
Europe equal to EMBL in terms of the range of competence that is easily avail-
able to fellows outside their own laboratory group.

• Nurtures the development of its young faculty as independent investigators (see
Section V of the Outline Proposal).

• Provides an active and diverse programme for training visiting scientists (see
below).

Training at EMBL is conducted in an environment which: has available the latest molec-
ular biological expertise and techniques; stresses interdisciplinary approaches to the solu-
tion of complex scientific problems; and exposes all trainees to an active stream of 125
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distinguished scientists who visit the Laboratory Units from allover the world. The latter
aspect is reinforced by the numerous convening activities that bring a broad range of
instructors and speakers to the Laboratory's Units for advanced practical courses, special-
ist workshops, symposia, and conferences.

In the next five years the EMBL wishes to strengthen further its PhD Programme in the Units out-
side Heidelberg; and to offer training in molecular biology and collaboration to medically-oriented
fellows (see section on Molecular Medicine).

1. EMBL International PhD Programme

The purpose of the EMBL International PhD Programme is to provide advanced, inter-
disciplinary training in molecular biology and related disciplines, through theoretical and
practical training and research, conducted under the direct supervision of an EMBL facul-
ty member and monitored annually by a Thesis Advisory Committee (TAC) that includes
external member(s).

Admission to the Programme is highly competitive, based on criteria related to quali-
fications and scientific potential. Overseen by the EMBL Graduate Committee and the
Dean of Graduate Studies, the Programme comprises: (i) a Predoctoral Core Course in
Molecular Biology, involving over 350 contact hours of lectures, student seminars, and hands-
on laboratory activities; (ii) submission and defence of a proposal for the research project;
(iii) annual meetings with TAC; (iv) submission of a written thesis reporting on the research
conducted; and (v) successful completion of an oral examination.

In establishing its own PhD Programme, EMBL also created the opportunity to award
the doctorate degree jointly with national universities, as a means of reinforcing the links
with the academic communities of the member states. Joint degree agreements have begun
to be made. Beginning with the 1999 entering class EMBL PhD students will be able to obtain
degrees in three ways: (i) solely from a national university; (ii) solely from EMBL; or (iii) joint-
ly from EMBL and a national university.

In 1998, 162 individuals participated in the EMBL International PhD Programme, 139 from
the member states and 23 from elsewhere. Approximately two-thirds of the students are given
stipends by EMBL (which also provides the laboratory expenses of the entire student
body).

126 EMBL wishes to expand the number of PhD students doing their work in the Units outside
Heidelberg.
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2. Postdoctoral Fellows Programme

Most fellows work at the Laboratory for at least two years, with many staying for three-
to-four years, which allows them to pursue relatively long-term, innovative research proj-
ects/ rather than more certain but often mundane shorter-term ones. Fellows leave EMBL
with: (i) broad knowledge in the field of molecular biology; (ii) experience in applying the
latest scientific techniques and technologies; (iii) the contagious interdisciplinary and col-
laborative culture that permeates the Laboratory; (iv) the self-confidence it takes to move
on to an independent research position in a national university, research institute or indus-
try; and (v) a network of colleagues with whom they will interact, and sometimes collab-
orate/ throughout their careers.

On average, 80% of fellows receive funding through competitive programmes operat-
ed by national and international agencies, including EMBO, the EU, and the HFSP. EMBL
supports the remaining 20% (largely those who work for new group leaders or who need
bridging support between fellowships). Importantly, EMBL also provides the laboratory
expenses for almost all the fellows.

3. Medical Fellows

As discussed in the section on Molecular Medicine, during the next Scientific Programme
EMBL wishes to devote increased energy to strengthening the linkages between its research
and medicine. As part of our inter-Unit Molecular Medicine initiative we wish to create
opportunities for PhD work at EMBL combined with medical training in another institution
and resulting in MDjPhD degree(s). We also wish to offer opportunities for Visiting
Medical Fellows (already trained in medicine and ideally with clinical research experience)
to work in close collaboration with EMBL basis scientists, for 3-12 months periods. For both
MD jPhD and Visiting Medical Fellows we would favour projects that not only introduce
the Fellows to molecular biology research, but also show potential for applications to
improve human health, diagnosis and treatment of disease.

An important benefit of this programme will be the contacts created by the Fellows dur-
ing their sojourn in the Laboratory. EMBL would strive to maintain and nurture those
contacts when the Fellows leave, creating a network for future collaborations among indi-
viduals/ and potentially partnerships with institutions active in clinical research (see
Section D.)

EMBL suggests aflexible number ofMDjPhD Fellows and a target of tenVisiting Medical Fellows. 127
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B. A meeting place

1. Visitors Programmes

• The EMBL Outstations in Hamburg and Grenoble are known internationally for
their Visitors Programmes, through which they provide support and service to
visiting structural biologists. The Visitors Programme in Hamburg, where
EMBL operates the beamlines on its own, is especially streamlined and active.
The DNA and protein sequence databases maintained by the European
Bioinformatics Institute at the Hinxton Outstation are used widely by Scientists
from around the world on a daily basis. There are approximately 30-100/000 EBI
web-site hits from up to 10/000 unique users of the DNA databases, and use is
currently increasing at roughly 15% per month. Hinxton also operates an on-
site Visitors Programme (exact numbers unavailable at the time of printing). In
1998/ the Visitors who came to Grenoble totaled 82 and in Hamburg 508.

• The Laboratory in Heidelberg has hosted visitors from its inception. However,
the Visitors Programme was expanded and formalized in 1997/ when space was
released with the completion of the C. Nusslein-Volhard/E. Wieschaus
Extension Building. A Visitors Programme Committee was established to coor-
dinate and oversee this activity, and to provide contacts for those who need
them; a brochure was published to help introduce the Programme to the
European scientific community, and a registration procedure was established
. to help keep statistics on visitors.

• The Visitors Programme in Heidelberg includes four activities that bring sci-
entists to the Laboratory for periods of time that range from a week to a year
(averaging more than six weeks per person in 1998). Visitors participating in
these activities include:
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Scientific collaborators - scientists visiting the Laboratory in order to join
a research team for the purpose of performing joint experiments, or
arranging collaborative projects.

Trainees - students or junior scientists, other than EMBL doctoral stu-
dents/ who are pursuing time-limited projects in the laboratory of an
EMBL group leader.

Facility Users - visitors to the Laboratory for the purpose of using exist-
ing EMBL facilities for a specific period of time.
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Sabbatical Visitors - Established scientists who participate in one of the
EMBL's research programmes while on sabbatical leave from their pri-
mary position.

In 1998: The Heidelberg Laboratory hosted 314 visitors in these four cate-
gories, for a total of 1992 visitor-weeks, a substantial increase over previous
years. These activities were very inclusive in terms of participation: all mem-
ber countries were well represented, with about 20% coming from non-mem-
ber countries.

The Visitors Programmes are approaching the limit ofwhat can be reasonably accomodated with the
present size and facilities of the Laboratory. They can grow proportionately as support for the
research programme and the infrastructure increases.

2. Courses and Meetings for Visitors

The Heidelberg Laboratory is also a meeting place for the molecular biological sciences
in Europe, in a second sense: in hosting an impressive number of practical courses, specialist
workshops and other meetings such as Conferences and Symposia on a wide range of
topics. Some of these activities are funded on a competitive basis by EMBO, other organi-
zations or EMBL, and by registration fees.

Practical courses organized and hosted by the EMBL involve scientists and trainees who
come to the Laboratory for hands-on experience with the latest in scientific methodologies.
In 1998, 188 scientists participated in seven practical courses presented by the Laboratory
on topics ranging from methods for transfecting cells to supercomputing resources for molec-
ular biology. The advanced practical courses are intensive and very labour intensive, and
they demand heavy commitments from organizers.

The Heidelberg Laboratory also sponsors a number of meetings, ranging from intensive
workshops to large conferences and symposia. Sixty such events have been held in
Heidelberg since 1996. These meetings put numerous visitors into contact with EMBL and
its scientists, and often are useful for arranging future research visits and collaborations. An
additional benefit of these convening activities, for both our European and non-European
colleagues, is that they tend to have a higher proportion of participants from non-member
states than do other EMBL activities. Currently such broadly international meetings of high
quality tend to be concentrated in the USA, creating an imbalance in terms of opportuni-
ties for full participation of Europeans, especially the young. 129
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EMBL Outstations also organize courses and meetings, but these are naturally not as
numerous as in Heidelberg. Because of its Industrial Associates programme, the EBI holds
a substantial number of workshops (30 since 1996) addressed to that clientele. Because of
the demand for bioinformatics training, its programme of courses and meetings has con-
siderable scope for expansion

The extensive programme of practical courses, workshops and other meetings organized by EMBL
is unmatched by any other European institution in Biology, and is analogous to that of the Cold Spring
Harbor Laboratory. Moreover, it represents amajor outreach contribution ofEMBL scientists in the
training ofnew generations ofmolecular biologists, and in providing to European molec-
ular biologists ameeting place where they can feel at home interacting with each other and with over-
seas colleagues. There is scope for expanding these activities, to the extent that human resources and
infrastructure in the EMBL laboratories permit.

c .Scientific service
EMBL has an exceptional record of developing and providing for use by the scientific com-

munity specialized research facilities. These include large infrastructures that are either
unique in Europe, or provide a unique level of access to international visitors. These are dis-
cussed more in the section concerning the respective EMBL Units, and will only be sum-
marized here.
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• The large public domain databases at the EBl. They account for a major part of
the total remote access to the EBI databases. The biggest are the Nucleotide
Sequence Databases (NuEMBL), the protein sequence databases (SWISS-PROT
and TrEMBL), and the Macro-molecular Structure Databases (MSD). NuEMBL,
the world's first DNA sequence database (initiated in 1980 in Heidelberg) is a
long-standing EMBL service activity, an autonomous European resource that
participates in a tricontinental partnership (with Gen Back and DDBJ). SWISS-
PROT is produced since 1987 through an equal partnetship with Amos Bairoch's
team (now at the Swiss Institute of Bioinformatics) and is the premier expert-
ly annotated protein sequence database in the world; it is supplemented by
TrEMBL, a largely automatically annotated complement produced by the EBl.
Finally, MSD was developed by the EBI and is the European wing of a collab-
oration with the Protein Data Bank (PDB) in the USA; 30% of the world's
structures are now deposited at the EBl.

• Numerous other public domain databases at the EBl.
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• EMBL's own beamlines at the Hamburg Outstation in DESY/HASYLAB, which
are the basis of a massive Visitors Programme (currently approximately 700 indi-
vidual visits from 170 different research groups working on 400 projects per
annum).

• The ESRF structural biology beamlines which are developed and operated
through the Joint Structural Biology Group, and ESRF/EMBL collaboration.

The databases of the EBI are growing very rapidly in volume, and new ones must come on stream
without delay to provide essential support for the work ofall academic and industrial researchers in
the biomedical sciences. Some of the new ones are in areas where the EBI is taking the leadership world-
wide (DNA chip expression data, annotated genome reviews). Even with external grant support from
the EU (which is not stable), the EBI is nearly 2.5 x underfunded relative to the NCBI. Filling this
gap will be the top priority of EMEL in its request for resources in 2001-2005, and is more urgent
than these dates imply.

EMBL will also request resources for upgrading the beamline infrastructure in Hamburg; for pur-
chasing the MAD beamline BM14 in Grenoble.; and for the development ofa significant visitors pro-
gramme at Monterotondo, centered on the use ofconditional gene targeting (Cre-Zoo) and other in
vivo switches.

Part of the Visitors Programme in Heidelberg relates to the use of facilities that have been
established originally for internal use, but proved of interest to external users. Such facil-
ities also help support training activities. Recent examples have included:

• DNA sequencing facility

• X-ray crystallography facility

• NMR facility

• EM facility

• Supercomputing facility

• Biocomputing unit

• Advanced Light Microscopy Facility (ALMF)

The attractiveness of these facilities obviously depends on the quality of the infra-
structure, and varies over time. For example, the ALMF has been established recently, is well
equipped (mostly with donated or lent equipment), and is attracting considerable interest.
On the other hand, the NMR facility currently has limited external use, as it has limited capac-
ity and is not in the forefront of instrumment development.

In prioritizing its request for major equipment in Heidelberg, EMBL will also take into account the
usefulness of the equipment for the Visitors Programme. 131
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D. Proposed institutional partnerships

The preceding three types of outreach activity are well established as substantive con-
tributions of EMBL. The time has come to explore a new type of outreach: partnerships with
institutions in the member states. This has been raised as a possibility a number of times,
but is now becoming timely, in the context of the increasing integration of Europe at the eco-
nomic and progressively the political level. Establishing successful partnerships would be
a visionary step - change towards creating new synergies between the national and inter-
national science system in Europe, in a manner that acknowledges, respects and reinforces
the contributions of both.

Science-driven institutional cooperation fits well with the mission of EMBL as a European
laboratory. Such partnerships could involve EMBL's peers in terms of quality so as to
build synergies of intellectual and technical critical mass, complementarity of coverage and
efficient use of infrastructure. Partnerships could also involve institutions which are at an
earlier stage of development, but have compatible orientation towards internationality, inde-
pendence of young investigators, and high standards of quality promoted by stringent peer
review. Current ideas about partnerships include:

• Collaborations centered on facilities. In the context of a close collaboration,
a partner institution may wish to invest in expanding an EMBL facility, beyond
what the member states as a group can provide, so as to secure some additional
dedicated timet or to obtain in exchange substantial help in setting up a relat-
ed facility in its own laboratories.

• External sponsorship of groups at EMBL. The facilities of the EMBL labora-
tories are the joint property of the member states. To the extent that space and
other facilities permit, new research group of appropriate quality and specialty
may be recruited at EMBL jointly with a partner institution, which would
cover the costs and appoint the group leader to its own staff beginning with a
specified date in the future. Effectively, EMBL would function as a recruiter and
direct incubator of a new group for the partner institution, which would have
benefited by the EMBL environment and established contacts there.
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• Broader institutional affiliation. This type of partnership would be more
global and far-reaching, but also variable in coverage. For example, EMBL
could be involved in setting up the advisory system of the partner institution
(SAC analogue) or its scientific management; could help recruit locally fund-
ed international groups at the partner institutions in appropriate fields; could
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help organize an international PhD programme; could plan with the partner
institution development of complementary and reciprocally accessible facili-
ties; could be involved in short-term personnel exchanges; or could develop a
number of complementary collaborations (e.g. in molecular medicine, with insti-
tutions that have a clinical component).

• Establishment of local EMBL Units. If a partner institution wishes to establish
a new Unit 9programme, Department etc) in a field in which EMBL has expert-
ise, EMBL could establish and operate such a Unit at the partner institution, with
local funding. After a limited and pre-agreed time, the unit would be completely
transferred management by the partner institution (but could retain another type
of partnership with EMBL, if appropriate).

EMBL is aware of the risks of diluting its efforts of appearing to encourage "a la carte"
or "variable geometry" options (which we totally oppose with respect to a country's mem-
berships in EMBL), and of appearing to provide alternative paths to gaining the benefits of
EMBL memberships. As a safeguard, partnership would be only open to partner institutions
in the member states (and not to governments). We are also aware that an EMBO Young
Investigator Award scheme is under discussion (partly derived from the concept of EMBL
Regional Groups that we proposed six years ago) - a scheme in which EMBL would have
a role as a "reference laboratory"; we wiew the proposed partnerships as complementary to
that scheme, in that they would be institution-to-institution relationships, using directly
EMBL's expertise in running high quality international laboratories and facilities.

One cardinal principle for all potential partnerships is that they must be cash neutral, if
not net contributors of resources to EMBL (the latter would help provide similar support
to others into the future, and would be justified insofar as EMBL contributes to the part-
nership its accumulated expertise and international standing). It would be against the
fundamental nature of EMBL as a joint initiative of the member states if bilateral projects
were to become net consumers of EMBL resources.

Why is EMBL interested in partnerships? Partly because would contribute substantial
new benefits to the member states, reinforcing the value of EMBL as a whole. More fun-
damentally, because partnerships could contribute towards overcoming the fragmentation
of science efforts in Europe, and thus to fulfilment of our fundamental mission of promot-
ing molecular biology in Europe. Our vision is that partnerships would eventually gener-
ate a network of internationally inclined institutions in the member states which, through
their mutual relationship with EMBL, would also be encouraged to cooperate with one
another. 133
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E. Other outreach activities

1. Research Collaborations

EMBL is characterized by a remarkably open, collaborative and hospitable spirit, active-

ly cultivated by organizational design and culture, and enhanced by the relatively small size

of the research groups, the youthfulness of the faculty, and their rapid turnover. Because

small, transient groups cannot hope to solve alone the complex biological problems they tack-

le, they naturally turn to colleagues for complementary expertise, advice, facilities, and meth-

ods; they reciprocate with offering their own contribution in the form of training and

collaborations - both in house and outside.

Thus, while at EMBL, our faculty and trainees become accustomed to and come to

value working in an international and collaborative culture as a way of life; they also see

this as a normal way of facilitating achievement of ambitious research goals. When they leave

the Laboratory, they take with them this experience and commitment to collaboration,

along with contacts and relationships that constitute a European network in the molecular

sciences.

In 1998, alone, EMBL investigators in Heidelberg and the other four sites participated

in nearly 600 collaborations with scientists from member countries, other countries in

Europe, and countries abroad.

This is a science-based networking activity that works well, should not be forced, and scales with the
size of the Laboratory.

2. EMBL Alumni: Repatriation through turnover
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A major function of EMBL is to serve as a challenging and international training ground

for molecular biologists, providing its faculty with independence, an excellent environment,

guaranteed support for a limited period of time, and advanced technical, methodological,

and organizational skills so that they can go on to become leading scientists in national uni-

versities and academic or industrial research laboratories throughout Europe.
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The great majority of faculty come to the Laboratory immediately after finishing post-

doctoral training, hold fixed-term appointments, and stay for a relatively short time - a max-

imum of nine years and an average of seven-to-eight for group leaders. In essence, EMBL

intentionally forces top quality scientists "out of the nest" in order to advance molecular biol-

ogy throughout Europe.

Further, most of these new faculty are Europeans working in the US at the time they are

recruited to the Laboratory. In this way, EMBL serves as an important gateway for "repa-

triation" of highly qualified young scientists back to Europe, where, after their stint at the

Laboratory, they usually move to positions in the national systems.

The mobility provided by this turnover system: (i) assures a constant influx of fresh ideas

to the Laboratory; (ii) allows for flexibility in adapting quickly to new scientific trends; (iii)

provides a significant number of independent positions in Europe, to help reverse the

trans-Atlantic brain drain; and (iv) creates a highly trained pool of molecular biologists for

Europe. A partial list of EMBL alumni compiled in 1997 reported that more than 220 former

EMBL group leaders, staff scientists, pre- and post-doctoral fellows held independent

positions in institutions in 16 European countries (the list can be found in the brochure

"EMBL: 20 Years On" and updated on page six of the 1997 Annual Report). EMBL is currently

establishing a tracking system for its more than 1,500 scientific alumni; detailed informa-

tion will be provided in the 1999 Annual Report, and an interim analysis is included in the

Annexes to this Scientific Programme Proposal.

To reinforce its links with the alumni, EMBL will host an alumni meeting and scientif-

ic symposium in October, 1999. The last such event was held in celebration of the

Laboratory's 20th anniversary in 1994; further meetings will be held every five years.

This is a major benefit to the member states. The system works well, will be maintained, and
scales with the size of the Laboratory.

3. Industry Associates

This type of outreach activity was pioneered by the EBI, which now runs an industry club

to help the private sector in the area of bioinformatics. The core activity is provision of train-

ing through workshops. Information technology assessment is also provided, and oppor-

tunities exist for industry sponsorship of generic technical developments. 135
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4. Technology Transfer

• EMBL is significantly intensifying its efforts to transfer knowledge and tech-
nology emerging from the basic research underway in its research laboratories
and facilities to industry and clinical medicine. We see these efforts as a way
to return concrete benefits to the societies that support the Laboratory, in
terms of improved quality of life and economic prosperity.

• Basic biological research is propelled by our need to understand the nature of
the fundamental processes that underlie life. However, it is also the ultimate
source of the new knowledge and tools we apply to improving our health
and well-being.

• Technology and method development has been a strong component of the
EMBL programme from the very beginning, representing one of the four ele-
ments of its initial mission. More recently, advances in molecular biology and
genetics have: (i) accelerated the rate of discovery of new knowledge and
technologies with potentially important applications in industry and clinical
medicine; and (ii) shortened the distance between knowledge development and
its practical application. These developments have made it imperative that the
Laboratory formalize its technology transfer policies and procedures, and
strengthen its efforts to promote and benefit from the commercialization and
use of the fruits of its research and development activities.
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• Toward this end, EMBL has:

Established a technology transfer office staffed by a full-time professional
to: (i) help in the identification of research results that represent intel-
lectual property with practical and commercial value; (ii) facilitate the
process through which such intellectual property is patented or copy-
righted; and (iii) facilitate the process of commercializing EMBL intel-
lectual property through licensing agreements or through the spinning
off of new companies.

Developed and implemented policies and procedures that guide how the
Laboratory deals with intellectual property arising out of the research it
conducts, pursues commercialization in a mannter that assures the wide
accessibility of the technology, and rewards the scientists involved.

Received approval from its governing body to receive equity interest in
companies established to commercialize intellectual property devel-
oped by Laboratory scientists.
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Established a wholly-owned subsidiary - EMBL Enterprise Management
(EMBLEM) - which in the coming five years will serve as the Laboratory's
technology commercialization arm, including managing all EMBL intel-
lectual property and licensing agreements.

• In addition, the EMBL proposes to significantly enhance, over the next five
years, its efforts to strengthen the linkages between the research conducted by
Laboratory scientists and its application to addressing the most difficult chal-
lenges of clinical medicine.

5. Information, public affairs, and social issues

Science is the outgrowth of mankind's innate fundamental curiosity, and thus scientif-
ic knowledge should be regarded as a cultural treasure just as art is. Only recently has the
depth and detail of scientific knowledge consigned it to the realm of specialists (rather than
of amateurs, or theologians); a hundred years ago, it was no rare thing for "hobby" scien-
tists to make real contributions to a field. Unfortunately, today's scientists (like many
other specialists) are perceived as belonging to a separate culture - it has a separate status
even within academia. It has become hard for the general public to understand scientists
who, as a rule, are not trained to talk to non-specialists about their work. Journalists and
others who try to "translate" scientific work frequently misunderstand itt overstate itt fail
to put it into context, or warp it to fit some type of agenda. Scientists often fail to realize why
they have been misunderstood or misrepresented and they may simply withdraw from the
dialogue. This is all the more unfortunate because as scientific research has an increasing
impact on our daily livest there is growing public sentiment that scientific research should
be subject to democratic control. In 1998, when Switzerland held a referendum on genetic
engineering, the direction to be taken by scientific research was suddenly submitted to a pub-
lic vote. This raised an alarm among the scientific community: if scientists fail to educate
the public as to the nature of their work, the freedom of scientific enquiry may one day be
curtailed out of fear or simply a lack of information.

These factors have made it essential for laboratories to develop a mature dialogue with
the outer world, and EMBL formalized its activities in this area in 1997 by creating an Office
of Information and Public Affairs (OIPA). The office has been given specific responsibilities
directed both inwards and outwards. Towards the member states and the broader European
Community, OIPA is charged with

• producing timely Annual Reports which put EMBL/s scientific work into the
broad context of current molecular biology and make this work comprehensi-
ble to a wide, non-specialist audience;

• reporting regularly on interesting EMBL work to the European press; 137
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• editing EMBL's major publications (Research Reports, PhD Programme
brochures);

• serving as an interface between scientists and journalists and other interested
parties;

• welcoming all types of visitors and introducing them to the EMBL;

• launching a new EMBL Web Site (Autumn 1999).

The second major area of responsibility involves bringing societal issues into the
Laboratory and providing an open forum for a dialogue between scientists and the rest of
our community, as a step towards encouraging our scientists to reach out to the wider pub-
lic. Responsibilities in this domain include

• raising awareness about the social implications of scientific work through

seininars given by external speakers (a regular Science and Society sem-
inar series and a major conference planned for the year 2000). In the first
year (1998), five forum seminars were held. In 1999, there will have
been eight by the end of the year;

regular discussions organized by the Science and Society Officer, to
which the entire staff (including non-scientists) are invited;

discussion seminars on Science and Society taught within the PhD
Programme;

the development of a multi-media Science and Society library;

• encouraging scientists to develop better communication skills: a scientific
communication course is an important component of the PhD course;

• regularly informing scientists within EMBL about important European issues.

To improve EMBL's information infrastructure, the office produces a newsletter which
has increased communication between the Laboratory's five sites and has helped to spread
information about EMBL science, services, science and society events, administrative
issues, related organizations, etc. OIPA has also been heavily involved in creating a network
of EMBL alumni. EMBL's former scientific staff has gone on to fill important positions in
European science, and such a network could be of service to the Laboratory and European
science, as well as maintaining contact throughout the growing community of people who
have been or still are at EMBL.

An education initiative
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Science's increasing impact on society as a whole has sharpened the need for much

broader science education programmes in Europe. OIPA's work has inevitably brought the
office into contact with this theme. While some member states have done a great deal, on
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the whole, science education and public awareness of science could be vastly improved
throughout Europe. There are several levels at which this should happen:

• improving the frequency, range and quality of science coverage in the daily
media;

• keeping high school (gymnasium) and university instructors up-to-date on
recent developments in the sciences;

• making science a more important component of education at all levels, includ-
ing early education and non-scientific degree programmes at universities;

• getting scientists more involved in science education.

Some countries have had an easier time implementing such programmes for several rea-
sons: there is a long tradition of public science education; universities put a great empha-
sis on the pedagogic skills of their staff; communication training is a standard component
of undergraduate and graduate degree programs; university students are required to take
introductory science courses even when pursuing non-science degrees; the university
structure encourages a great deal of contact between students in different fields.

EMBL's global commitment to training and its contacts with the European press, uni-
versities, and a large number of people involved to some degree in science education sug-
gest that it would be a natural host site for a European center for outreach programmes in
these areas. To date, OIPA has given a hands-on, European-wide workshop for university
press officers entitled "Developing a common language for science and the press;" the
office has conducted workshops in scientific communication at the University of Heidelberg
and other institutions; we have also started to develop presentations based on EMBL work
to introduce molecular biology to groups ranging from small children, to university students,
to the general public. We are investigating the way laboratories throughout the world
have tackled these issues, and plan to invite journalists and educators from throughout
Europe to a conference on this theme in the year 2001. The office would like to expand its
work with the press by offering journalists the possibility of doing extended practical
internships in the OIPA.
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D. Annexes:
Supplelllental DOCulllentation

I. EMBL Alumni

II. Visitors and users ofmajor facilities

III. Courses and workshops at EMBL (1996-1999)

IV Technology Transfer

V Scientific Consultations

VI. Sample of statements about EMBL

VII. "Challenges for European Biology," by Fotis C. Kafatos (reprinted)

VIII. "Will biomedicine outgrow support?" by Max Perutz (reprinted)

IX. The Statutes of the EMBL International PhD Programme
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General Introduction

EMBL adds value to European molecular biology in many ways and this remains one of
the principal justifications for its existence. The following annexes hold information that
demonstrates just how profound the Laboratory's impact has been over its 25-year histo-
ry. Each member state profits from EMBL in its own ways - one country may receive a large
number of departing, highly-trained staff while another makes more use of the Visitors
Programme; others have benefitted more from technology transfer, or profited heavily
from services such as support at synchrotron beamlines. And the EBI has made biological
databases and the tools to access them equally available to scientists throughout Europe and
the rest of the world, with the number of users rising daily.

What these figures cannot document is the fact that a strong programme of basic
research is of immeasurable value in itself. On numerous occasions, EMBL's reputation has
secured a voice for Europe in shaping large-scale international projects which otherwise
might have been launched unilaterally in the United States or elsewhere. An example was
the development of standards for protein and DNA sequence databases in the 1980s.
EMBL's involvement set an important precedent which has influenced later initiatives, such
as the current effort to develop a gene expression database. And recently, when the U.S.
National Institutes of Health proposed sweeping changes in the way scientific information
is disseminated - changes which may soon have a great effect on scientific publishing in
Europe - EMBO and the EMBL could step up to the table as respected partners in the dis-
cussion.

At its inception, the Laboratory was charged with providing a number ofconcrete benefits to its mem-
ber states. The following sections demonstrate that it has admirably fulfilled this mission.
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I. EMBL AluInni
Seeding Europe with highly-trained scientists

Since the creation of the Laboratory, EMBL's policy of staff turnover has provided
Europe with a continual flow of highly-qualified scientists. Many of these have been
recruited from the United States; upon leaving EMBL, the great majority obtain important
positions in the national systems of member states. This annex documents the trend on such
a large scale for the first time. The statistics plainly show that EMBL has more than fulfilled
its mission of exporting talented scientists primarily to the member states.

A total of 1501 scientists (fellows and staff) left EMBL between 1974 and 1999. 843 of these
have been tracked with a reasonable degree of certainty, and the following statistics are based
on what is known of their current whereabouts.

The great majority (643 scientists, or 76.3%) of the 843 alumni now hold positions in the
EMBL member states. Tables 1a/b/c and d show their locations broken down by country.

• Table la shows totals for specific countries. The numbers of alumni in mem-
ber states (643) vs. non-member states (200) appear as subtotals.

• Table Ib gives a more detailed look at the same information, presenting the
types of positions that alumni held while at EMBL.

• Table Ie repeats this information in terms of percentages of the total number
of alum,ni: e.g., "11.9% of EMBL/s alumni currently reside in Italy."

• Table Id shows percentages relative to the total number of alumni living in
member states: "15% of the alumni who now live in member states live in
Italy."

• Table Ie groups alumni into two categories (fellows and faculty) to demonstrate
differences in trends between these two groups.

• Table 1£ shifts the grouping of alumni into categories of "fellows and staff sci-
entists" compared to "group leaders and above" to demonstrate differences in
trends between these two groups.

• Table 2 is a master list of names of the alumni currently residing in member
states, broken down by country of residence. Included is the best information
available about the current position held by each person. Where OIPA has no
current information, blanks appear.

• Table 3 lists the countries from which scientists were recruited for the years 1997/
1998 and 1999.

• Table 4 shows the nationalities (not current location) of students who have par-
ticipated in the EMBL PhD Programme to date.
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Other countries 200
other Europe 11
US 138
other 51

Austria 18
BelQium 4
Denmark 10
Finland 18
France 92
Germany 143
Greece 12
Israel 2
Italy 101
Netherlands 24
Norway 7
PortuQal 2
Spain 19
Sweden 27
Switzerland 43
U.K. 121

Table la: Current locations of EMBL alumni in absolute numbers.
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843

Number of
Alumni

643 (76.3%)Subtotal Member States

Total

Member State



Other countries 37 100 27 90 18 200
Other Europe 1 8 1 0 1 11
US 33 65 18 11 11 138
other 3 27 8 7 6 51

Austria 3 9 1 4 2 18
Belgium 1 1 0 1 1 4
Denmark 1 5 2 1 1 10
Finland 3 11 1 1 2 18
France 16 45 14 8 9 92
Germany 22 57 26 19 19 143
Greece 1 8 2 1 0 12
Israel 0 1 1 2
Italy 9 64 10 13 10 101
Netherlands 4 13 1 2 4 24
Norway 1 5 1 7
Portugal 0 2 0 2
Spain 1 12 2 3 1 19
Sweden 4 16 2 3 0 27
Switzerland 5 24 5 6 3 43
U.K. 23 46 17 16 16 121

Table lb: EMBL alumni by current location and position while at EMBL

843

643

Total

88

70

Other

19

7284

111423

32394

131

Predocs Postdocs Staff Group
Scientists Leaders and

above

Country
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Other countries 28.1 23.7 24.4 20.1 20.5 23.7
Europe 0.8 1.9 0.9 0 1.1 1.3
US 25.1 15.4 16.3 12.3 12.5 16.4
other 2.2 6.4 7.2 7.8 6.9 6

Austria 2.2 2.1 0.9 3.3 2.3 2.1
Belgium 0.8 0.2 0 1.1 1.1 0.5
Denmark 0.8 1.2 1.8 1.1 1.1 1.2
Finland 2.2 2.6 0.9 1.1 2.3 2.1
France 12.2 10.6 12.6 8.9 10.2 10.9
Germany 16.8 13.5 23.4 21.1 21.6 17
Greece 0.8 1.9 1.8 1.1 0 1.4
Israel 0 0.2 0 0 1.1 0.2
Italy 6.9 15.4 9 7.8 11.5 12
Netherlands 3.2 3.1 0.9 2.2 4.5 2.8
Norway 0.8 1.2 0 0 1.1 0.8
Portugal 0 0.5 0 0 0 0.2
Spain 0.8 2.8 1.8 3.3 1.1 2.3
Sweden 3 4 1.8 4.4 0 3.2
Switzerland 3.8 5.7 4.5 6.7 3.4 5.2
UK 17.6 11.3 16.2 17.8 18.2 14.4
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100

76.3

% all

100

79.5

Other

100 100 100 100

71.9 76.3 75.6 79.9

Predocs Postdocs Staff Group
Sdentists Leaders

and above

Country

Table lc: EMBL alumni living in member & non-member states (%)

Total

totals
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Table ld: Analysis of EMBL alumni living in member states (%)

Member
States

Predocs Postdocs Staff Group Leaders
Scientists and above

Other % all

Austria 3.2 2.8 1.2 4.2 2.9 2.8
Belgium 1.1 0.3 0 1.4 1.4 0.6
Denmark 1.1 1.6 2.4 1.4 1.4 1.6
Finland 3.2 3.4 1.2 1.4 2.9 2.8
France 16.9 13.9 16.7 11 .1 12.9 14.3
Germany 23.3 17.6 30.9 26.3 27.1 22.2
Greece 1.1 2.5 2.4 1.4 0 1.9
Israel 0 0.3 0 0 1.4 0.3
Italy 9.6 20.1 11.9 9.7 14.3 15.7
Netherlands 4.3 4 1.2 2.8 5.7 3.7
Norway 1.1 1.6 0 0 1.4 1.1
Portugal 0 0.6 0 0 0 0.3
Spain 1.1 3.7 2.4 4.2 1.4 3
Sweden 4.3 5.3 2.4 5.6 0 4.2
Switzerland 5.3 7.4 6 8.3 4.3 6.7
UK 24.4 14.9 21.3 22.2 22.9 18.8

Total
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Table Ie: Trends for combined groups: fellows compared to faculty

Table If: Trends for combined groups: fellows & staff scientists compared to
group leaders & above
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Group leaders
& above

Faculty
(staff scientist & above)

Fellows

Fellows
& Staff scientists

Member States 501 (75.3%) 72 (80%)
Non-Member States 164 (24.7%) 18 (20%)

Europe 10 (1.5%) 0
U.S.A. 116 (17.6%) 11 (12.2%)
Other 38 (5.7%) 7 ( 7.8%)

Member States 417 (75.3%) 152 (77.2%)
Non-Member States 137 (14.7%) 45 (22.9%)

Europe 9 (1.6%) 1 (0.5%)
U.S.A. 98 (17.6%) 29 (14.4%)
Other 30 (5.4%) 15 (7.4%)
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Brief discussion
EMBL was conceived at a time when Europe was in great danger of a scientific "brain

drain" to the United States. The founders recognized that a country's most important sci-
entific resource is the quality of its individual scientists, and one of the rationales for cre-
ating a central European laboratory was to attract talented young researchers and establish
them in a European context. The non-tenure policy was established in hopes that scientif-
ic staff would then leave EMBL for positions in member states.

The statistics presented above demonstrate that EMBL has done exactly this. A large pro-
portion of our scientists (four fifths of whom are Europeans) are originally recruited from
non-member states; upon leaving EMBL, most of them assume important research positions
in Europe. They do so in spite of very attractive working conditions that can be found in the
U.S. and other parts of the world.

This trend is even stronger for faculty at the highest levels. At the level of Group Leader
and above, an even higher percentage of alumni remain in member states (80%). Of the mere
12% who have taken positions in the United States, many are either U.S. nationals or
researchers who do not yet hold tenured positions; if the European alumni who are there
now follow the current pattern, many of them will eventually return to accept more senior
positions in Europe. The creation of a formal EMBL Alumni Association (planned for Fall,
1999) will permit a more in-depth analysis of this trend.

EMBL is also delivering high-level staff beyond the borders of Europe; 6% of our alum-
ni have relocated to countries other than Europe or the United States. This includes a
number of moves to Canada and Asia; it will be interesting to see whether the latter group
becomes involved in current plans to establish an EMBL-like Laboratory for the Pacific Rim.

The tables above may provide useful information to individual member states in that they
reveal variations in the types of alumni who have been attracted to positions there. This may
say something about a particular national system and suggest areas for that country to
emphasize in future recruitments. To take a single example: Italy has attracted 15% of the
total number of alumni who have moved to member states, but the distribution has not been
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equal at all levels. Over 20% of EMBL's former postdoctoral fellows currently reside there,
but only 9.7% of the former predoctoral fellows - yet PhD students from Italy are the sec-
ond-largest contingent in our PhD Programme, creating a valuable pool from which Italy
could draw in the future.

EMBL has performed a unique service in providing its member states with so many sci-
entists of the highest caliber. Although the daily practice of science is becoming increasingly
international, the systems by which scientists are educated in many parts of Europe tend
to demobilize researchers themselves. Most institutes hold onto, rather than cut loose,
their most talented researchers; the higher a scientist rises along the ladder of independence
and responsibility, the less likely he or she is to leave a position.

A questionnaire designed to gather detailed information on post-EMBL careers has
been distributed to all of the alumni we have located; the majority have completed and
returned it. Information gleaned from this survey will be included in the 1999 Annual
Report, to be published in spring, 2000. By that time we hope to have located most of the
remaining alumni, and this will permit a large-scale, in-depth analysis of the career tracks
of a highly-selective group of European scientists.
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Table 2. Names of alumni, with countries of current residence and positions.

Current location Position at EMBL Last name First name Current position if known Current institute Nationality
Arqentina Staff Scientist Iribarren Adolfo M. Investiqador Adiunto (?) INGEBI-CONICET Arqentina
Australia Programme Jones Arthur V. Australia

Coordinator
Group Leader Stanley Keith K. Director of Research St. Vincents Inst. of United Kingdom

Med. Res.
Staff Scientist Dunn Ashley R Associate Director, Head of Ludwig Inst. for

the Molecular Biology Cancer Research
Laboratory (?)

Staff Scientist Parker Michael W. Principal Fellow and Associate St. Vincents Inst. of Australia
Professor Med. Res.

Staff Scientist Parton Robert G. Associate Professor (?) University of United Kingdom
Queensland

Staff Scientist Williams Lindsay Ludwig Institute for United Kingdom
Cancer Research

Postdoc Bagley Christopher The Hanson Centre United Kingdom
for Cancer Research

Postdoc Gouqh Nick United Kinqdom
Postdoc Lock Peter Research fellow Royal Melbourne Australia

Hospital
Postdoc Talbo Gert Denmark
Predoc Metz Thomas Walter & Eliza Hall Germany

Institute
Technician McDowall Alasdair W. Associate Professor University of United Kingdom

Queensland
Austria Group Leader Beuq Hartmut Senior Scientist IMP Germany

Group Leader Frischauf Anna-Maria Universitat Salzburq Austria
Group Leader Wagner Erwin F. Senior Scientist and Deputy IMP Austria

Director (?)





Staff Scientist Fujinaqa Masao Research Associate (?) University of Alberta Japan
Postdoc Brook William University of Calqary Canada
Postdoc Brukner Ivan Research Associate Institut du Cancer Yugoslavia

de Montreal
Postdoc Li Yun China
Postdoc McNagny Kelly M. University of British United States

Columbia
Postdoc Melancon Paul University of Alberta Canada
Postdoc Pantopoulos Kostas Associate Professor McGill University Greece
Predoc Steele- Olivia University of British United States

Mortimer Columbia
Unknown Kind of Blencowe Benjamin J. Assistant Professor University of United Kingdom
Fellow Toronto
Unknown Kind of Sensen Christoph W. Research Officer National Research Germany
Fellow Council of Canada

Young Xema K. United Kinqdom
China Staff Scientist Kim Lock-Sonq Academia Sinica China

Postdoc ChanQ Jiin-Ju Academia Sinica China
Croatia Postdoc Tomic Sanja Yugoslavia
Cuba Postdoc Chinea Gray CIGB Cuba

Postdoc Rodriquez Rolando Cuba
BrinQas Ricardo Cuba

Denmark Group Leader Mann Matthias University of Odense Germany
Staff Scientist Grimmelikhuijz Cornelius J.P. Full Professor and Chairman University of Netherlands

en CopenhaQen
Staff Scientist Kenney John Guest Lecturer (?) University of Aarhus
Postdoc Borkhardt Bernhard DIPS Denmark
Postdoc Etzerodt Michael Associate Professor University of Aarhus Denmark
Postdoc Nerlov Claus Denmark
Postdoc Nielsen Jorgen University of Denmark

CopenhaQen
Postdoc Palmgren Michael G. Professor Royal Vet. & Denmark

AQricult. University
Predoc Mitchelmore Catherine postdoc The Panum Institute United Kingdom
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Group Leader Pattus Franc Director of research, Head of ESBS France
UPR 9050 CNRS

Group Leader Reggio Hubert (?) Universite de FRANCE
Montpellier II

Staff Scientist Albrecht Michele CNRS FRANCE
Staff Scientist Bentley Graham Arthur Head of Unit Institut Pasteur New Zealand
Staff Scientist Chretien Denis Group Leader Universite de France

Rennes 1
Staff Scientist Chroboczek Jadwiqa IBS POLAND
Staff Scientist Davoust Jean Centre FRANCE

d'immunologie
Marseille Luminy

Staff Scientist De Mey Jan Institut Jacques Netherlands
Monod

Staff Scientist Freeman Robert ESRF United Kinqdom
Staff Scientist Herzog Florence FRANCE
Staff Scientist Hollecker Michelle CNRS
Staff Scientist Lepault Jean CNRS FRANCE
Staff Scientist Lewit-Bentley Anita Research Director Centre Universitaire United Kingdom

Paris-Sud
Staff Scientist Nalis Dominique FRANCE
Staff Scientist Olivo-Marin Jean Christophe Institut Pasteur France
Staff Scientist Simpson Karl Consultant and owner of Benezech-Simpson U.K., France

Benezech-Simpson
Postdoc Anqrand Pierre-Oliver Postdoc IGBMC France
Postdoc Arce Vilma Institut Jacques Costa rica

Monod
Postdoc Astier Chantal CNRS
Postdoc Bally Marc Researcher UMR 6540, Station FRANCE

Marine d'Endoume
Postdoc Baudet Sylvie Pitie-Salpetriere

Hospital
Postdoc Berqes Thierry IBMIG
Postdoc Boleti Haralabia postdoc Institut Pasteur Greece





Postdoc Quivy Jean-Pierre France
Postdoc Ribes Veronique CNRS FRANCE
Postdoc Roche Serqe Group Leader INSERM, Montpellier France
Postdoc Romeo Giovanni IntI. Agency for Italy

Research on Cancer
Postdoc Royet Julien Matires de Conference Universite de France

Strasbourg
Postdoc Salamero Jean CNRS FRANCE
Postdoc Tosi Mario
Postdoc Trave Gilles Ecole Superieure de France

Biotechnoloqie
Postdoc Vaqner Stephan INSERM Germany
Postdoc Vannier Christian (?) Ecole Normale France

Superieure
Postdoc Vesque Christine INSERM FRANCE
Postdoc Vix Oliver United States
Postdoc Weijland Albert IGBfv1C Netherlands
Predoc Blocker Ariel postdoc Institut Pasteur France
Predoc Bossi Lionello CNRS
Predoc Burmeister Wilhelm P. Beamline Scientist ESRF Germany
Predoc Butor Cecile
Predoc Cosson Pierre CNRS FRANCE
Predoc Coudrier Evelyne France
Predoc Darqent Benedicte INSERM France
Predoc Eisele Jean-Luc
Predoc Ewbank Jonathan Group Leader Centre United Kingdom

d'immunologie
Marseille Luminy

Predoc Felix Marie-Anne (?) Institut Jacques France
Monod

Predoc Ferlenghi lIaria ItalY
Predoc Foote Alison
Predoc LeBorgne Roland CR-2 Institut de Biologie France

de Lille
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Group Leader Kuhlbrandt Werner MPI fUr Biophysik Germany

Group Leader Langowski J6rg Head of Division DKFZ Germany
Group Leader Lehrach Hans MPI fuer Molekulare Germany

Genetik
Group Leader Muller Rolf Professor of Mol. Bioi Universitat Marburg Germany
Group Leader Oschkinat Hartmut FMP Germany
Group Leader Provencher Steven W. MPI fUr United States

Biophysikalische
Chemie

Group Leader Renz Manfred Co-Founder, Co-Director Insl. Immunol. and Germany
Instil. of Immunol. and Mol. Mol. Genetics
Genetics (?)

Group Leader Ruther Ulrich Professor Heinrich-Heine- Germany
Universitat

Group Leader Sproat Brian S. Innovir GmbH United KinQdom
Group Leader Weiss Hanns Full Professor Heinrich-Heine- Germany

Universitat
Staff Scientist Bartunik Hans Dieter Senior Research Scientist and I'vA3 Germany

Group Leader
Staff Scientist Bastian Thomas Global Access

Telecommunications
, Inc.

Staff Scientist Betzel Christian DESY Germany
Staff Scientist B6hm Michael Germany
Staff Scientist Frank Rainer 2MBH Germany
Staff Scientist Gausepohl Heinrich Abimed Analysen- Germany

Technik GmbH
Staff Scientist Gerdes Hans-Hermann Group Leader and Universitat Germany

Hochschuldozent HeidelberQ
Staff Scientist Hage Matthias Merck KGaA Germany
Staff Scientist Jackie Herbert Professor MPI fur Germany

Biophysikalische
Chemie

p
»
:::l
:::l
<D
X
<D
C/)





o
:t>
::J
::J
CD
><CD
(f)

Postdoc Brake Brigitte Bundesinstitut fO r Germany
Arzneimittel

Postdoc Braunshausen Gerhard Germany
Postdoc Breunig Karin retired (?) Martin-Luther- Germany

UniversiUit
Postdoc Casari GeorQ LION Bioscience AG Austria
Postdoc Chabanis Sophie UniversitiH France

Heidelberq
Postdoc Cid-Arregui Angel Universitat Spain

Heidelberq
Postdoc Dabauvalle Marie-Christine Senior Committee Member Universitat France

WOrzburg
Postdoc Damm Klaus Laboratory Head Boehringer Ingelheim Germany

Pharma KG
Postdoc de Hoop Meltsje Head of Laboratory Hoechst Marion Netherlands

Roussel Deutschland
Postdoc Eberle Wolfgang Germany
Postdoc Eckert Rolf Germany
Postdoc Faust Nicole Germany
Postdoc Flachmann Ralf University of Germany

HeidelberQ
Postdoc Friedrich Karlheinz Universitat Germany

WOrzburQ
Postdoc Frishman Dimitrij Russia
Postdoc Greulich Karl-Otto Prof. Biophysics Institut fO r Germany

Molekulare
Biotechnologie

Postdoc Gundelfinger Eckart D. Head of Department Leibniz Institute for Germany
NeurobioloQY

Postdoc Gunkel Niki Group Leader Agrevo/H872N Germany
ForschunQ

Postdoc Hamann Ute DKFZ Germany
Postdoc Hansen Silke Boehringer Germany

Mannheim GmbH





Postdoc Sodeik Beate Staff Scientist and Group Medical School Germany
Leader Hannover

Postdoc Stabel Silvia Germany
Postdoc Thiesen Hans-Jurgen Germany
Postdoc Thomas Leo Laboratory Head Boehringer Ingelheim Germany

Pharma KG
Postdoc Toschi Luisella Schering AG Italy
Postdoc Tronche Francois DKFZ FRANCE
Postdoc Twamley Geraldine ZI\I1BH Ireland
Postdoc Ullrich Oliver Research Group Leader Universitat Mainz Germany
Postdoc Wacker Irene MPI fuer Germany

medizinische
Forschung

Postdoc Zenke Martin Group Leader Max-Delbruck- Germany
Centrum

Predoc Alexandrov Kirill Russia
Predoc Baeuerle Patrick Chief Scientific Officer Micromet GmbH Germany
Predoc Bier Frank F. Group Leader Institut fur Germany

Biomedizinische
Technik

Predoc Blank Thiemo Germany
Predoc Bohmann Kerstin MPI fur Germany

Entwicklungsbiologie
Predoc Brehm Alexander Germany
Predoc Fuhrmann Ulrike Schering AG Germany
Predoc Guichet Antoine Postdoc Universitat Koln France
Predoc Hardon Elisabeth M. Patent examiner European Patent Netherlands

Office
Predoc Helms Volkhard Group Leader MPI fur Biophysik Germany
Predoc Herrmann Bernhard D. Germany
Predoc Hille-Rehfeld Annette Lecturer Georg-August- Germany

Universitat
Predoc Kogi Manfred Group Leader LION Bioscience AG Austria
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Zeidler Rolf Forschungszentr.
fuer Umwelt u.
Gesundh

Zimmer Klaus Peter Universitatskinderkli
nik Munster

Bookkeeping Manser- Petra LH Wiesloch Germany
Assistant Schmidt
Bookkeepinq Clerk Becker Daniela HOM Germany

Greece Group Leader Georqatos Spyros D. Associate Professor University of Crete Greece
Staff Scientist Papavassiliou Athanasios Associate Professor University of Patras Greece
Staff Scientist Petratos Kyriacos Researcher IMBB, Crete Greece
Postdoc Averof Michaelis Younq Career Investiqator IMBB, Crete Greece
Postdoc Bolshakov Siava Research Associate IMBB, Crete Russia
Postdoc Goulielmos George Lecturer of Genetics Agricultural Greece

University of Athens
Postdoc Kletsas Dimitris Greece
Postdoc Kokkinidis Michael Associate Professor University of Crete Greece
Postdoc Murphy Carol Research Scientist University of Ireland

loannina
Postdoc Papamarcaki Thomais Faculty University of Greece

loannina
Postdoc Politou Anastasia S. Faculty University of Crete Greece
Predoc F\'rpasopoulou Athina University of Crete Greece

Hungary Postdoc Bbsze Zsuzsa Senior research Scientist, Agricultural HUNGARY
Programme Leader Biotechnology

Center
Postdoc Erdelyi Mikl6s Biological Research HUNGARY

Center
Ireland Postdoc Cudmore Sally Research Scientist Trinity College Ireland

Postdoc Guenebaut Vincent Software engineer Machine Vision France
Technology, Ltd.

Predoc O'Brien Sinead Ireland
Unknown Kind of Twanley-Stein Geraldine
Fellow
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Postdoc Bagni Claudia Universita di Roma Italy
'Tor Verqata'

Postdoc Baldari Cosima T. Assistant Professor Universita di Siena Italy
Postdoc Barone Vittoria Italy
Postdoc Beltrame Monica Universita di Milano Italy
Postdoc Bensi Guiliano Italy
Postdoc Bond Heather Universita di Napoli United Kingdom

Federico II
Postdoc Bordo Domenico Senior Research Associate University of Genoa Italy
Postdoc Bozzetti Maria Pia Istituto di Genetica Italy
Postdoc Braqhetta Paola Universita di Padova Italy
Postdoc Brambilla Riccardo Group Leader DIBIT Italy
Postdoc Bucci Cecilia Universita di Napoli Italy

Federico II
Postdoc Calvio Cinzia Universita di Pavia Italy
Postdoc Cardinali Beatrice Staff Scientist CNR Italy
Postdoc Castagnoli Luisa Universita di Roma Italy

'Tor Verqata'
Postdoc Ciana Paolo Italy
Postdoc Civitareale Donato CNR Italy
Postdoc Colantuoni Vittorio Universita di Napoli Italy

Federico II
Postdoc Colombo Maurizio
Postdoc Colonna Francesco Paolo IGCEA-eNR Italy
Postdoc Damante Giuseppe Universita di Udine Italy
Postdoc De Curtis Ivanmatteo DI8IT Italy
Postdoc De Felice Mario Italy
Postdoc De Francesco Raffaele Head of Biochemistry Dept IRBM Italy
Postdoc De Vendittis Emmanuele Universita di Napoli Italy

Federico II
Postdoc Dominquez Jorqe Spain
Postdoc Felici Franco
Postdoc Fogolari Federico University of Verona Italy
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Postdoc Riccio Paolo Professor University of Italy
Basilicata

Postdoc Rosa Patrizia Researcher University of Milan Italy
Postdoc Santoro Claudio Universita degli Italy

Studi di Torino
Postdoc Sollazzo Maurizio Senior Scientist IRBM Italy
Postdoc Spena Anqelo Full Professor Universita di Verona Italy
Postdoc Stouten Pieter Pharmacia & Upjohn Netherlands

AB
Postdoc Tomei Licia Scientist IRBM Italy
Postdoc Tripodi Marco Universita di Roma Italy
Postdoc Turco Emilia
Postdoc Zacchetti Daniele Italy
Predoc Camilloni Giorgio Universita 'La Italy

Sapienza'
Predoc Casini Tullia Istituto Europeo di Italy

Oncologia
Predoc Lahm Armin staff scientist IRBM Germany
Predoc Matteoni Rafaele O\R Italy
Predoc Orioli Donata IGBE-GNR Italy
Predoc Paonessa Giacomo IRBM Italy
Predoc Rubino Mariantonietta Italy
Predoc Vitale Gaetano postdoc Universita di Padova Italy
Predoc Zacchi Paola Italy
Technician Dathan Nina Univ. degli Studi di United Kingdom

Napoli Federico II
Technician Telford John L. Senior Scientist Chiron Corporation United Kinqdom
Visitinq Scientist Bonatti Stefano Full Professor Universita di Napoli Italy
Visiting Scientist Gabrielli Franco Full Professor Universita Degli Italy

Studi di Pisa
Constanzo Francsco Universita Federico II Italy
D'Ursi Anna-Maria Italy
de Bellis G. Consiglio Nazionale Italy

delle Ricerche
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Postdoc De Vlieg Jacob Unilever Research Netherlands
Laboratories

Postdoc Distel Ben University of Netherlands
Amsterdam

Postdoc Hooft Rob Netherlands
Postdoc Meijers J. H. Carel Netherlands
Postdoc Rottier Peter J. M. University of

Utrecht
Postdoc Swart Guido W. Associate Professor of University of Netherlands

Biochemistry NijmeQen
Postdoc Thompson Joanne Leiden University United Kingdom

Medical Center
Postdoc Van der Sluijs Peter University of Netherlands

Utrecht
Postdoc Venema Jaap Staff Scientist University of Netherlands

Amsterdam
Postdoc Zuniga Aimee postdoc University of FRANCE

Utrecht
Predoc Braliou Georgia PhD student University of Greece

Nijmeqen
Predoc Gawlas Katrin University of Germany

Nijmegen
Predoc Mariani Celestina (Titti) Professor of Botany University of Italy

NijmeQen
Predoc Rijkers Tonnie Leiden University Netherlands

Medical Center
Unknown Kind of Loeffen PaulL. United Kingdom
Fellow

Dux Petra Utrecht University
Luirink Joen Vrije Universiteit Netherlands
Mellema Jan E. Netherlands

New Zealand Group Leader Metcalf Peter Associate Professor University of New Zealand
Auckland

Norway Postdoc Aasland Rein University of Bergen Norway





Postdoc Alonso Maria Teresa Universidad de Spain
Barcelona

Postdoc Barettino Dominqo Cientifico Titutlar CSIC Spain
Postdoc Bernues Jordi Staff Scientist CSIC Spain
Postdoc Camps Marta Universidad de Spain

Barcelona
Postdoc Lim Filip Australia
Postdoc Munoz Alberto Professor CSIC Spain
Postdoc Paricio Nuria Spain
Postdoc Salgado- Josefa Research Fellow (?) Universidad di Spain

Garrido Navarra
Postdoc Santisteban Pilar CSIC Spain
Postdoc Schimmang Thomas postdoc-Iecturer Universidad de Germany

Valladolid
Postdoc Valencia Alfonso scientist-Group Leader CSIC Spain
Postdoc Veqa Maria-Carmen Spain
Predoc Labrador Juan Pablo Spain

Vallejo Carmen G. researcher Universidad Spain
Autonoma de Madrid

Sweden Director General Philipson Lennart Director and Professor--NYU Karolinska Institute Sweden
Med Center, Professor
Emeritus--Karolinska Institute

Programme Edstrom Jan-Erik Research Associate - University of Lund Sweden
Coordinator Professor Emeritus
Group Leader Garoff Henrik Professor (?) Novum Finland
Group Leader Vennstroem Bjorn Professor and Group Leader Karolinska Institute Sweden

(?)
Staff Scientist Darby Nigel J. Astra Hassle AB United Kinqdom
Staff Scientist Kvist Sune Karolinska Institute Sweden
Postdoc Berkenstam Anders Karolinska Institutet Sweden
Postdoc Berrez Jean-Marc Senior researcher University of South FRANCE

Stockholm
Postdoc Egelrud Torbjorn Umea University





Group Leader Gruenberg Jean Professor and Director of University of Geneva Switzerland
Biochemistry Department

Group Leader Pirrotta Vincenzo Universite de Italy
Geneve

Group Leader Winkler Fritz K. Departmental Head F. Hoffmann-La Switzerland
Roche Ltd.

Staff Scientist Adrian Marc Universite de FRANCE
Lausanne

Staff Scientist Banner David W. F. Hoffmann-La United Kingdom
Roche, Ltd.

Staff Scientist Burckhardt Jean Blutspendedienst Switzerland
SRK

Staff Scientist Helenius Ari Professor ETH Finland
Staff Scientist Pieles Uwe Ciba Geiqy Ltd Germany
Postdoc Alonso Gema FMI Spain
Postdoc Barabino Sylvia (?) Biozentrum Basel Italy
Postdoc Brandli Andre W. Principal Investigator Swiss Federal Switzerland

Institute of
Technoloqy

Postdoc Constable Anne
Postdoc Diamantopoul Giorgos University of Geneva Greece

os
Postdoc Fumagalli Stefano Friedrich Miescher Italy

Institute
Postdoc Harder Thomas Switzerland
Postdoc Henniq Michael (?) Hoffmann-La Roche Germany
Postdoc Hobohm Uwe Bioinformatics scientist F. Hoffmann-La Germany

Roche, Ltd.
Postdoc Izaurralde Elisa Group Leader (EMBL) Universite de Uruguay/Switzerland

Geneve
Postdoc Kobayashi Toshihide University of Geneva Japan
Postdoc Kovacs Helena Applikationswissenschaftler- Spectroscopin AG Sweden

Kundenberatunq
Postdoc Masson Daniele University of Geneva Switzerland

o
»
::J
::J
(l)
X
(l)
(J)





.......
-.....J
00

Head of Outstation Zanella Paolo Professor Synomics I Italy
University of Geneva

Programme Bordas Juan (?) University of ANDORRA
Coordinator Liverpool
Programme Wilson Keith S. Professor (?) University of York United Kingdom
Coordinator
Senior Scientist Leberman Reuben
Senior Scientist Murray Sir Kenneth University of United Kingdom

Edinburqh
Group Leader Lamond Angus I. Principal Research Fellow University of United Kingdom

Dundee
Group Leader Lesk Arthur M. Senior Research Associate University of United Kingdom

Cambridge
Group Leader Marvin Don A. University of United States

Cambridqe
Group Leader Moody Michael University of London United Kingdom
Group Leader Omond Roy A. UKDCS U.K.
Group Leader Pastore Analisa fv'FC Italy
Group Leader Pettifer Robert Senior Lecturer University of United Kingdom

Warwick
Group Leader Tollervey David Wellcome Prinicpal Fellow University of United Kingdom

Edinburgh
Group Leader Vaux David J. University of Oxford United Kinqdom
Staff Scientist Connolly Bernard A. University 0 f United Kingdom

Newcastle upon
Tyne

Staff Scientist Dainton Diana M. University of United Kingdom
Liverpool

Staff Scientist Fowler AlanG. Liverpool United Kingdom
Polytechnic

Staff Scientist Frampton Jon John Radcliffe United Kingdom
Hospital

Staff Scientist Heringa Jaap fv'FC Netherlands
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Postdoc Davey John University 0 f
Warwick

Postdoc Devaney Eileen University of United Kingdom
Glasgow

Postdoc Dupree Paul Lecturer University of United Kingdom
Cambridge

Postdoc Eisenmenger Frank University College Germany
London

Postdoc Featherstone Carol Information specialist Wellcome/Cancer United Kingdom
Research Campaign
Institute

Postdoc Garcia- Custodia Spain
Jimenez

Postdoc Gohlke Ulrich Birkbeck College Germany
Postdoc High Stephen University of United Kingdom

Manchester
Postdoc Hughson Elaine United Kingdom
Postdoc Kaiser Kim United Kingdom
Postdoc Kambach Christian Iv'FC Germany
Postdoc Karecla Paula Senior Postdoc The Babraham United Kingdom

Institute
Postdoc Lafontaine Denis FRANCE
Postdoc Lange Gudrun University of York
Postdoc Lewis Joe University of United Kingdom

Edinburgh
Postdoc Luzio Jean Paul University of

Cambridge
Postdoc Lygerou Zoi Imperial Cancer Greece

Research Fund
Postdoc Marsh Mark Group Leader University College United Kingdom

London
Postdoc Mitchell Philip Germany
Postdoc Morrissey John P. Sainsbury Ireland

Laboratory
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Predoc Griffin Caroline Ireland
Predoc Hamm J6rg University of Germany

Dundee
Predoc Haramis Anna-Pavlina G. postdoc University College GREECE

London
Predoc Heck Margarete Senior Research Fellow University of United States

Edinburqh
Predoc Hubbard Simon UMIST United Kinqdom
Predoc Hurtley Stella M. Science Europe United Kingdom

Office
Predoc Hyv6nen Marko Finland
Predoc Kypta Robert M. University College Austria

London
Predoc Mayes Caryl United Kinadom
Predoc Merdes Andreas Group Leader, Wellcome University of Germany

Senior Research Fellow/ Edinburgh
Predoc Notredame Cedric I\tfC France
Predoc Palacios Isabel postdoc Wellcome/CRC Spain

Institute
Predoc Parry Huw University of United Kingdom

Newcastle upon
Tyne

Predoc Queally Sharon Imperial Cancer United States
Research Fund

Predoc R6misch Karin Senior Wellcome Fellow University of Germany
Cambridqe

Predoc Stinchcombe Jane United Kinqdom
Predoc Tews Ivo NIMR United Kinadom
Predoc Verde Fulvia Italv
Predoc Vivanco-Ruiz Maria del Mar Institute of Cancer Spain

Research
Unknown Kind of Flores Tomas United Kingdom
Fellow
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Group Leader Hamm Greg Merck Research
Labs.

Group Leader Howell Kathryn Professor of Cell Biology University of United States
Colorado

Group Leader Meyer David I. Professor and Sr. Assoc. Dean Univ. of California, United States
of Graduate Studies Los AnQeles

Group Leader Strausfeld Nick J. University of United Kingdom
Arizona

Group Leader Warren Graham Professor Cell BioloQY Yale University United KinQdom
Group Leader Wieschaus Eric Princeton University United States
Staff Scientist Abagyan Ruben New York University Armenia

Medical Center
Staff Scientist Brizuela Leonardo Mitotix, Inc.
Staff Scientist Emmert David Harvard University
Staff Scientist Geiger Gad MIT Israel
Staff Scientist Gounari Fotini Instructor Dana Farber Cancer Greece

Institute
Staff Scientist Hopfer Ulrich Case Western

Reserve Univ.
Staff Scientist Kahn Patricia Associate Editor IAVI United States
Staff Scientist Ladner Jane E. University of United States

Maryland
Staff Scientist Ladner Robert C. Protein Engineering United States

Corporation
Staff Scientist Matlin Karl S. Harvard Medical United States

School
Staff Scientist Ness Scott A. Assistant Professor Northwestern United States

University
Staff Scientist Rosenbaum Gerd Argonne National Germany

Laboratory
Staff Scientist Stewart Colin NCI Canada
Staff Scientist Wang Da Neng Assistant Professor New York University China

Medical Center
Staff Scientist Wild David Salk Institute United Kingdom





Postdoc Gray Nicola K. University of United Kingdom
Wisconsin

Postdoc Gumbiner Barry Staff Member (Scientist?) Sloan-Kettering United States
Cancer Ctr.

Postdoc Gunderson Samuel Rutqers University United States
Postdoc Hauptle Marie-Therese University of Texas Switzerland
Postdoc Heald Rebecca Assistant Professor Univ. of California, United States

Berkeley
Postdoc Herrera Rafael Euqenio
Postdoc Herz Joachim University of Texas Germany
Postdoc Ho-Spaide Wai Chang Research Assistant Retina Research United States

Foundation
Postdoc Izpisua- Juan Associate Professor Salk Institute Spain

Belmonte
Postdoc Keaveney Marie Scientist Millenium Ireland

Pharmaceuticals
Postdoc Khazaie Khashayarsha Instructor Dana Farber Cancer United Kingdom

Institute
Postdoc Kozlova Tatjana University of Utah Russia
Postdoc Leblanc Benoit Canada
Postdoc Lim Filip Harvard Medical Australia

School
Postdoc Lou Jueren Assistant Professor Washington China

University
Postdoc Ludwiq Thomas Columbia University Germany
Postdoc Mehta Perdeep Kumar Centers for Disease India

Control and Prevo
Postdoc Melton Douqlas A. Harvard University
Postdoc Menetret Jean-Francois UMMS FRANCE
Postdoc Milligan Ronald A. Professor The Scripps United Kingdom

Research Institute
Postdoc Neugebauer Karla Assistant Professor University of United States

Washington





Postdoc White Judith Miriam Full Professor University of Vir[:linia United States
Postdoc Williams John Columbia University United States
Postdoc Williamson Edward University of United Kingdom

Chicago
Predoc Auer Manfred Guest Investigator Skirball Institute of Germany

Biomolecular Medic
Predoc Baraldi Elena Salk Institute Italy
Predoc Buchholz Frank postdoc Univ. of California, Germany

San Francisco
Predoc Bugge Thomas H. Children's Hospital Denmark

Research Foundation
Predoc Burmeister Margit Senior Associate Res. Sci. University of Germany

MHRI and Asssociate Professor Michigan
Psychiatry and Human
Genetics

Predoc Hortsch Michael Assistant Professor University 0 f Germany
Michigan

Predoc Huovila Ari-Pekka Univ. of Virginia Finland
Health Sciences
Center

Predoc Kouklis Panos The University of Greece
Chicago

Predoc Kulessa Holqer Germany
Predoc Lecuit Thomas Princeton University France
Predoc Logie Colin University of Belgium

Massachusetts
Predoc Luukkonen Mattias RW. Johnson Sweden

Pharmaceutical
Research Institute

Predoc Markussen Finn-Hugo University of Norway
Wisconsin

Predoc Mize Nancy K. Genentech Inc. United States
Predoc Pascual Jaime The Scripps Spain

Research Institute
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Unknown Kind of Morin Paul J. United States
Fellow
Laboratory Sundt Thoralf Associate Professor Barnes-Jewish United States
Assistant Hospital
Other Oi Tommaso Matteo Italy
Other Shomer Bennv CuraGen Corp
Other Sierakowska Halina Postdoc, Research Associate University of North Poland

(?) Carolina
Theurkauf William E.

Sabbatical Professor Storrie Brian Virginia Polytechnic United States
Inst.





Tewis Boumeester (NL) GL, Developmental Postdoctoral Fellow, UCLA USA
Bioloqy

Suzanne Eaton (USA) SSci, Cell Biology Postdoctoral Fellow, EMBL EMBL
Heidelberq

Thure Etzold (0) GL, EBI Hinxton Ssci, EBI Hinxton D
Ingeborg Feil (D) SSci, Hamburg Guest Scientist, University of USA

Washinqton
Liisa Holm (SF) GL, EBI Hinxton SSci, EBI Hinxton EMBL
Michael Sattler (D) GL, Structural Postdoctoral Associate, Abbot USA

BioloQV Laboratories
Johan Schultz (8) Ssci, Structural Postdoctoral Fellow, FMP, Berlin D

Bioloqy

* GL = Group Leader **S.Sci = Staff Scientist

D. Annexes

Country of
Previous
Post

Previous PostPosition and
Programme at

EMBL

Name

Table 3a: EMBL Faculty recruitments in 1997

Recruitment of EMBL faculty:
Case studies from 1997 - 1999
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Bettina Bottcher (D) GL from 1 May 1999 Research Associate, 0
Structural Bioloqy University of Freiburq

Elena Conti (I) GL from 1 April 1999 Postdoctoral Fellow, USA
Structural Biology Rockefeller University,

New York
Jose de la Pompa (E) GL from January Researcher, Amgen Institute, CAN

1999 Toronto
Monterotondo

Ernst-Ludwig Florin (D) SSci from 1 January Postdoctoral Fellow, EMBL
1999 EMBL Heidelberg
Cell Biology &
Biophvsics

Ehmke Pohl (D) SSci from 1 January Senior Fellow, USA
1999 University of Washington
Hamburq

Alexander Popov (RUS) SSci from 1 January Postdoctoral Fellow, EMBL
1999 Hamburg Outstation
Hamburq

* GL = Group Leader **S.Sci = Staff Scientist

Table 3c: EMBL Faculty recruitments in 1999

Country of
Previous
Post

Previous PostPosition and
Programme at EMBL

Name
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Location Organizer(s) Total
I Date Title I Speaker(s) Number

December 2-12, 1998 Methods in genome sequenc- W. Ansorge, V. Benes, C.
ing and analysis Schwager, J. Zimmermann

September 13-23, 1998 Cryo-electron microscopy and S. Fuller, M. Radermacher,
three-dimensional image W. Kuhlbrandt, J. Dubochet
Reconstruction

June 17-26, 1998 Current methods in membrane I. Sinning, M. Saraste
protein research

June 1-6, 1998 Microinjection and Detection of W. Ansorge, G. Neuhaus, R.
Probes in Cells Saffrich, M. Trendelenburg

March 25-April 5, 1998 Analysis of RNA Protein B. Seraphin, J. Valcarcel
Interactions

November 12-22, 1997 DNA Sequencing: Advanced W. Ansorge C. Schwager, H.
Approaches, Automated Vos, J. Zimmermann
Methods and Analysis

October 10-18, 1997 Advanced Methods in M. Mann
Biological Mass Spectrometry

Sept 20-29, 1997 Methods in Cell Biology C. Dolli G. Griffiths

May 26-31, 1997 Microinjection, Electroporation W. Ansorge, G. Neuhaus, R.
and Particle Transfection of Saffrich, M. Trendelenburg
Cells

October 5-11, 1996 Advanced methods in biologi- M. Mann
cal mass spectrometry

September 10-21,1996 Cryo-electron microscopy and S. Fuller, K. Leonard, M.
three-dimensional image Radermacher
reconstruction

July 14-20, 1996 Refinement techniques and P. Tucker, D. Suck, R.
map interpretation Wierenga, I. Sinning, P.

Metcalf

June 26-July 6, 1996 Current Methods in Membrane M. Saraste, I. Sinning
Protein Research

June 3-8, 1996 Microinjection, Electroporation W. Ansorge, G. Neuhaus, R.
and Particle Transfection of Saffrich, M. Trendelenburg
Cells

January 15-25, 1996 Protein-DNA interactions: P. Becker, H. Scholer, A.
advanced approaches Papavassiliou

EMBO workshops 5

Sept 30-0ct 3, 1999 Axon Guidance and Neural R. Klein, J. Flanagan
Plasticity
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Location Organizer(s) Total
/ Date Title / Speaker(s) Number

January 21-22, 1997 WWW interface to GCG and
development and integration of
additional sequence anaysis
tools

EMBL Workshops 3

August 3D-September 3, WHAT IF Course B. Altenberg-Greulich, G.
1999 Vriend

November 10-14,1997 User course for the WHAT IF G. Vriend
protein modelling and visuali-
zation package.

May 3-6, 1996 Prediction and modelling of C. Sander, G. Vriend
protein structures

206

Science &Society 13
Seminars

November 30, 1999 "Changing roles of chance and Jesus Mosterin
decision in matters of repro-
duction and death"

October 4, 1999 Panel Discussion: Stephen Hilgartner,
"Commercialization of the Department of Science and
Human Genome: Technology, Studies, Cornell
Repercussions, Advantages University, USA
and Apprehensions"

Gfsli Palsson, Institute of
Anthropology, University of
Iceland, Iceland

Julian Kinderlerer, Institute of
Biotechnology, Law and,
Ethics, Sheffield University,
U.K.

September 13, 1999 "The Impact of Modern Biology Jurgen MittelstraB, University
on Ethics" of Konstanz, Germany

July 19, 1999 "Sacred text: DNA and narra- Susan Lindee, Univ. of
tives of timelessness and Pennsylvania, USA
immortality"

June 15, 1999 "Philosophical problems of the Walther Ch. Zimmerli,
life sciences" Philipps-Universitat,

Marburg, Germany
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Location Organizer(s) Total
/ Date Title / Speaker(s) Number

September 3, 1998 Fractals and Scaling in the Benoit B. Mandelbrot,
Sciences and beyond Abraham Robinson

Professor of Mathematical
Sciences, Yale University,
New Haven, Connecticut,
USA

April 22, 1998 "Conservation and Marc Kirschner, Department
Evolvabilityll, Part 1: liThe of Cell Biology, Harvard
cellular basis ll Medical School, Boston,

USA

April 22, 1998 IIConservation and John Gerhart, Department of
Evolvability", Part 2: liThe Molecular and Cell Biology,
developmental basis ll University of California,

Berkeley, USA

April 23, 1998 liThe Structure of the Tim Richmond, ETH Zurich,
Nucleosome Core and its Institut fOr Molekularbiologie
Implications for Chromatin" und Biophysik, ZOrich,

Switzerland

May 6,1998 Vesicle Pools and Ca++ Erwin Neher, Dept. of
Microdomains: Two Concepts Membrane Biophysics, Max-
in Current Research on the Planck-Insitut fOr bio-
Release of Neurotransmitters physikalische Chemie,
and Hormones G6ttingen, Germany

May 20,1998 Gene Therapy: Trials and Inder Verma, The Salk
Tribulations Institute, Laboratory of

Genetics, La Jolla CA , USA,

June 10, 1998 Fluorescence Imaging of Roger Tsien, Howard
Protein Interactions and Gene Hughes Medical Institute,
Expression in Live Cells University of California San

Diego, La Jolla, USA

June 18, 1998 How ATP is made John Walker, Medical
Research Council, Lab of
Molecular Biology,
Cambridge, UK

July 23, 1998 Perspectives in Jean-Marie Lehn, College de
Supramolecular Chemistry: France, Paris and,
From Molecular Recognition Universite Louis Pasteur,
towards Self-Organization Strasbourg, France

October 15, 1998 EMBLGENERALMOTORS Gerald M. Rubin, Howard
CANCER LECTURES: Hughes Medical Institute,
The Drosophila Genome University of California at
Project - A Progress Report Berkeley, USA

October 16, 1998 EMBLGENERALMOTORS Gerald M. Rubin, Howard
CANCER LECTURES: Hughes Medical Institute,
Signal Transduction down- University of California at
stream of Ras in Drosophila Berkeley, USA
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Laboratoire Europeen de Biologie Moleculaire
European Molecular Biology Laboratory
Europaisches Laboratorium fiir Molekularbiologie

STATUTES OF THE EMBL INTERNATIONAL PhD PROGRAMME

Aims of the EMBL International PhD Programme

The EMBL International PhD Programme provides advanced, interdisciplinary training in Molecular
Biology and its associated scientific disciplines. University graduates admitted into the Programme ("PhD
students") receive theoretical and practical training, and conduct a research project under the supervision
of an EMBL faculty member, monitored by a Thesis Advisory Committee. After the successful completion
of his/her research project, the PhD student submits a written thesis. Following Committee approval of
the thesis and successful completion of an oral examination, the candidate receives the degree of "PhD".
Where possible within the national university systems, EMBL PhD students may co-register with a
national university to obtain a joint EMBL/University doctorate (see: Statutes for Joint Degrees).
Alternatively, EMBL PhD students can opt to obtain their doctorate degree solely from a national
university, or to receive a PhD from EMBL without linkage to other systems.

Admission to the EMBL International PhD Programme

Application Procedure

Admission is competitive and is achieved through the selection procedure for the EMBL International PhD
Programme. Applicants must hold, or anticipate receiving before enrolment, a university degree that
would formally qualify them to enter a PhD or equivalent programme in their home country. Applications
are made to the EMBL International PhD Programme on forms that are available from the Graduate Office
or from the Internet.

Evaluation ofApplications

All applications are evaluated solely on the basis of qualification and scientific potential. In general,
applicants are expected to be among the top of those qualified to enter a PhD Programme in their home
country. All applications that have been received by the publicised deadline(s) are subjected to a multi-
step evaluation procedure by EMBL faculty members. The first assessment is carried out by a faculty
member who is familiar with the applicant's national education system and also will ensure that the
applicant has achieved the common standard for entry. Subsequently, the application is reviewed by the
faculty members of the EMBL Scientific Programme(s)/Outstation to which the candidate applied. Finally
the EMBL Graduate Committee (which is composed of the Director-General, Directors and Dean of
Graduate Studies together with representatives of each Scientific Programme/Outstation of EMBL) short
lists those candidates that will be invited for interview, taking into account proposals from the Scientific
Programmes/Outstations, and an overall evaluation that they have adequate qualification to undertake
PhD studies at EMBL.
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Exceptionally, students already enrolled in another doctoral programme who are to accompany newly
appointed members of the faculty to EMBL, may be accepted into the EMBL PhD Programme as students
following consideration of their files by the Director-General.

Student Progress and Submission of Thesis

The progress of the work is monitored by the Thesis Advisory Committee, to which Annual Reports are
submitted. The Committee meets annually with the student to evaluate his/her progress, future plans and
priorities, and to provide to the Dean of Graduate Studies comments accompanying the student's report.

The student is also expected to receive additional training and to practice scientific writing and oral
presentations, as well as to participate in journal clubs and seminars.

The duration of the PhD studies is normally 3.5 to 4 years. Following the formal declaration by the PhD
student's supervisor and the additional EMBL faculty member(s) of the Thesis Advisory Committee that
a sufficiently demanding research project has been successfully completed by the PhD student, he/she
may submit an "Application for the Evaluation of the PhD Thesis and the PhD Examination" to the
Graduate Office. This application must be accompanied by:

• Four copies of the thesis (in English). The thesis is organized into a short "General Summary", a
scholarly "Introduction" to the field of research, substantial scientific publications which can be
already published, submitted or in manuscript, and a final general "Discussion and Perspectives".
Alternatively, a monograph format can be followed, with sections of "Materials and Methods"/
"Results" and "References" replacing the publications/manuscripts. In case of multiauthorship of
publications, the PhD student identifies in a footnote his/her contributions.

• Copies of the approved"Annual Reports to the Thesis Advisory Committee"

• The certificate to indicate the successful completion of the EMBL Predoctoral Core Course in
Molecular Biology.

Evaluation of Thesis and Examination Procedure

The "Thesis Examination Committee". After an "Application for the Evaluation of the PhD Thesis and the
PhD Examination" has been submitted, the supervisor is asked by the Graduate Office for nominations for
the Thesis Examination Committee. The Thesis Examination Committee is appointed by the Dean of
Graduate Studies and consists of at least three members:

• A scientist (preferably an EMBO or EMBL SAC member) who had previously no contact with the PhD
student's work, and who is an expert in the area of the student's research field.

• Two members of the Thesis Advisory Committee, including at least one member of the EMBL faculty
(other than the thesis supervisor who sits in on the oral examination only as an observer). One of these
two scientists acts as the chairperson.

Evaluation of the PhD Thesis. The thesis is evaluated in terms of scholarly criteria by each member of the
Thesis Examination Committee. One criterion is the likely acceptability of the thesis work for publication
in quality, international peer-reviewed journals. A decision is delivered by the Chair of the Thesis
Examination Committee on the basis of the committee members' written reports. The PhD Thesis can be
accepted for defense, or revisions can be requested. Following no more than one round of revision, a
decision on acceptance for defense or rejection is taken.





D. Annexes

STATUTES
OF THE EMBL INTERNATIONAL PHD PROGRAMME

FOR

JOINT PHD DEGREES WITH NATIONAL UNIVERSITIES

Aims of Joint PhD Degrees with National Universities

The EMBL wishes to contribute to the internationalization of academic degrees and to mutually beneficial
co-operation with the national universities. The EMBL International PhD Programme has been granted the
right to award the Ph.D, by its Council representing the Member States. On the basis of this right and in
the spirit of co-operation with national universities, the "Statutes of the EMBL International PhD
Programme" provide the possibility of awarding PhD degrees jointly with national universities.

Procedures for Joint PhD Degrees

On the part of the EMBL, successful candidates will receive a PhD certificate to indicate the joint

EMBL/University doctorate.

Louise Johnson

Professor, Oxford University

Chair

EMBL Scientific Advisory Committee

Oxford, on

Director-General

EMBL

Professor

Fotis C. Kafatos

Heidelberg, on

The procedures may be adapted as necessary to take into account the procedures of the respective national
university. In particular, the Evaluation of Thesis and PhD Examination procedures of the respective
national university may be followed, provided that EMBL faculty members participate in the evaluation
and examination process.

When PhD students of the EMBL International PhD Programme register with a national university to
obtain a joint EMBL/University doctorate, the principal standards and procedures defined in the "Statutes
of the EMBL International PhD Programme" are maintained.
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