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PREFACE 

In its third decade, EMBL wishes to develop its plan of activities in close 
consultation with its scientific advisors, the member states, their scientific 
communities, and in general those who are potentially interested in our work. This is 
a strategic decision, related to the Laboratory's explicit policy of inclusiveness. It also 
reflects our belief that increased consultation will be mutually beneficial. It should 
bring valuable external viewpoints into the Laboratory's process of scientific 
planning, while also pointing out better the needs of the community that supports 
us. Conversely, it should help disseminate information about what EMBL does, and 
in so doing stimulate participation in our activities. 

The following draft of EMBL's next five-year Scientific Programme is the product of 
extensive in-house discussions and contributions from many EMBL scientists. It is 
presented in draft form rather than as a finished document, specifically to invite 
feedback. A set of questions in the last chapter may be helpful in highlighting areas 
in which external input would be especially valuable. For example, while we have 
some clear ideas about the natural evolution of our research and training 
programmes, we certainly need feedback on how the scientific communities of the 
member states may wish to strengthen their interface with EMBL. Similarly, 
strengthening the interfaces with the European Union, industry and medical 
research seems clearly desirable, but it represents significant evolution of the 
Laboratory's past practice and therefore would benefit from external input of ideas. 
This novel procedure of developing EMBL's Scientific Programme, with broad 
consultation, does not mean that the Laboratory will shirk its responsibility to 
formulate a coherent vision and to propose priorities. It means that we will 
discharge this responsibility with the full benefit of the thoughts, concerns and 
initiative of our partners throughout Europe. 

We hope to receive your views on H.is draft proposal, and any additional 
suggestions you may wish to make, no later than 30 November, 1994. In the case of 
delegations from the member states, earlier written responses would be appreciated, 
to facilitate discussion at the scheduled meetings of the EMBL Council (15 to 17 
November and 12 to 13 December, 1994). Our intention is to collect a broad spectrum 
of views relating to our scientific goals and their relative priorities, as well as views 
on science policy issues, induding concerns and proposals that might be voiced by 
individual member states. After careful consideration of the external input, the 
EMBL will then develop, by the end of March 1995, our final documentl which will 
be discussed and ultimately voted upon by EMBL Council in mid- to late 1995. 
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I. SUMMARY 

MISSION 
EMBL's mission - established far-sightedly in the founding Agreement - is to promote 
European research cooperation, provide facilities not readily available at the national 
level, develop instrumentation and technology, and provide advanced training and 
teaching. This mission will be pursued in a manner responsive to the changing 
conditions, by building on proven strengths and introducing timely new activities. 

CONTINUING AIMS 

• EMBL will continue to make a major investment in interdisciplinary predoctoral, 
postdoctoral and faculty research training, with important benefits for forming, 
retaining and repatriating outstanding scientists for key positions throughout 
Europe. 

• EMBL will seek to maintain its posithm among the very top institutions in basic 
biological research world-wide. 

• Both in its Outstations and in the Heidelberg Laboratory, EMBL will continue to 
provide major service facilities and to develop techniques and instrumentation for 
the research community. 

• EMBL will preserve its distinctive features: 
- a truly international laboratory with a collaborative and multidisciplinary culture 
- commitment to scientific merit and peer review as over-riding criteria in decision 

making 
- a broad set of interconnected scientific Programmes, evolving through a 

continuous democratic planning process that is enriched by emphasis on young 
independent investigators and made more flexible by staff turnover 

- commitment to inclusiveness through the maintenance of national diversity, and 
increasingly the promotion of excellence in neglected quarters, and the enhanced 
presence of women in the faculty 

FUTURE DIRECTIONS 

EMBL's blueprint for the future recognises the need to: 

• Take full advantage of the collaborative and interdisciplinary nature of the 
Laboratory for solving problems of increasing biological complexity. To this effect, 
some concerted projects cutting across Programme boundaries are envisaged. 

• Strengthen specialised infrastructural facilities such as those represented by the 
Outstations. 

• Maintain the critical mass and coherence of the Heidelberg Laboratory, recycling its 
resources in evolving directions. 

• Further strengthen the training programme, enhancing its contribution to the 
development and nurturing of a European community of innovative scientists. 
Some expansion is envisaged in the programme of courses, symposia and 
workshops and in the pre doctoral and postdoctoral programme; a new scheme is 
proposed for training junior Career Development Investigators by using recycled 
resources. 

2 



• Devote increased effort to achieving organic integration of the Laboratory's work 
with that underway at national level. Possibilities for strengthening the interface 
with member states include: 
- Enhanced programme of short-term visitors to EMBL 
- Sabbaticals and visiting group leaders at EMBL 
- EMBL faculty sabbaticals to member states 
- Arrangements to facilitate repatriation 
- Cooperation agreements with specialised national facilities 
- Upgrading of specialised service facilities in Heidelberg as well as the Outstations 
- Regional EMBL/EMBO groups 

• Promote and facilitate the applicability and exploitability of the Laboratory's 
research, by strengthening its industrial and medical interfaces. 

• Develop a close partnership with the European Union, while preserving the 
distinct features of each organisation 

THE LABORATORY'S COMPONENTS AND THEIR MAIN ACTIVITIES 

• Heidelberg Headquarters Laboratory (steady state) 
Structural Biology: A broad methodological repertoire applied to elucidating 
principles of protein structure as well as solving the structure of important 
proteins and dynamic structures and assemblies. 

Gene Expression: Studies of the major steps of eukaryotic gene expression, with 
emphasis on transcription in chromatin, the snRNP world and RNA transport. 

Cell Biophysics: Development by physicists and engineers of sophisticated 
instruments in close interaction with biologist users. Activities in advanced light 
microscopy, scanning probe techniques, electron microscopy, microcomputing 
and data acquisition. 

Cell Biology: Studies on the molecular principles of cellular organisation, with 
emphasis on membrane dynamics, cell polarity and cytoskeletal dynamics. 

Differentiation: Studies of signalling processes involved in normal and abnormal 
growth control and differentiation, being extended into the study of cell cycle 
control and apoptosis. 

Developmental Biology: A new Programme using recycled Heidelberg resources. 
Emphasis on development of cell aE·ymmetry, cell interactions that sharpen 
developmental patterns, and multicellular morphogenesis. 

Biochemical Instrumentation: Development of techniques and instrumentation, 
especially for high throughput DNA sequencing, improved nucleic acid 
synthesis, and protein sequencing by mass spectrometry. 
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• Synchrotron-Associated Outstations 

Hamburg (steady state): High throughput, high resolution protein 
crystallographic research, complemented by time-resolved studies on non-
crystalline systems and detector development. Service to a large number of 
external biologist users of the DESY synchrotron. 

Grenoble (significant growth): Collaboration with ESRF to develop unparalleled 
high brilliance beams for biologists. Provision of biological laboratory facilities 
for users of ESRF and ILL instruments. Research emphasis on complex 
macromolecular assemblies and particularly protein-RNA complexes. 

• European Bioinformatics Institute 
Cambridge (significant growth): Extending the mandate of the EMBL Data Ubrary 
for provision of multiple information services to European academic and 
industrial research in biology and biotechnology. Service complemented by 
research and development, including a small but vigorous basic research 
programme. 

• European Centre for Mouse Genetics 
Current discussions with the EU and others about creating a much-needed 
repository of mouse mutants. If established in Italy, as is likely, expected 
invitation to EMBL to complement the repository by using previously committed 
resources for research groups on mouse genetics. 
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II. INTRODUCTION 

Development of the next five-year Scientific Programme for EMBL comes at a 
significant juncture: the beginning of the third decade of the Laboratory, and the 
arrival of its third Director-General. This occasion represents an important 
opportunity both to reflect on the past and to formulate a blueprint for the future. 

In the short time of its existence, the EMBL has achieved what its founders had 
hoped, and more. It has served as an important pole for the development of modern 
biology in Europe, and is currently recognised as one of the major research centres in 
the world. In the Laboratory's founding Agreement, its fundamental mission - to 
promote the development of molecular biology throughout Europe - is specified in 
terms of a fourfold role: to carry out and to promote European cooperation in 
fundamental research; to provide facilities not readily available at the national level; 
to develop instrumentation and technoloby; and to provide advanced training and 
teaching. As discussed below, the Laboratory has been successful in all four of these 
activities, although the various roles have been emphasised to different extent. Of 
course much has changed since the Laboratory was first established: biology has 
been transformed by the integration of molecular approaches in virtually all its 
disciplines, and has moved to centre stage among the fundamental sciences; in often 
unexpected ways, basic research has spawned biotechnology, with important 
applications in agriculture, medicine and the pharmaceutical industry; new 
challenges have arisen from differences in the support of molecular biology in 
different parts of the world. While remaining true to the original mission, it is critical 
that the plan for the future of the Laboratory profit from experience, recognise the 
changes, and respond accordingly. 

The draft plan that the Laboratory has developed has as its major theme continuity 
with change. The successful programmes of the recent period are to be sustained 
and strengthened, while de-emphasising specific activities within these programmes 
that are currently less appropriate or productive. Carefully selected new activities in 
developmental biology, bioinformatics and structural biology are to be added, so as 
to maximise the Laboratory's quality, productivity and relevance well into the 
future. One of the great strengths of the Laboratory, interdisciplinarity, is to be 
explOited to full advantage. The importance of appropriately interfacing this basic 
research centre with industry and medical applications is to be recognised. In 
research, service and training, collaboration with the European Union and with the 
scientific communities of the member states is to be promoted. 

Programme development must be firmly based on knowledge of the institution as it 
now exists. Moreover, even though detailed budgetary projections are to be 
presented elsewhere, planning inevitably entails consideration of institutional 
resources as well as policies. Therefore, this document will begin with a discussion 
of EMBL as it has developed over the last twenty years and as it now exists. It will 
summarise our projections of the renewed mission and of the necessary organisation 
and resources for the next five years, and then it will describe in detail the scientific 
programme itself. It will consider the interfaces of the Laboratory with the external 
world. Finally, it will end with some questions on which the EMBL would 
particularly appreciate feedback from its partners, before it finalises its Scientific 
Programme proposal. 
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III. EMBL: THE FIRST TWENTY YEARS 

1. GENESIS, ORIGINAL RATIONALE AND A BRIEF HISTORY OF THE LABORATORY 

The EMBL developed from the bottom up, as a project of scientists. It originated as 
an idea in late 1962, twelve years before its establishment as a legal entity. Leo 
Szilard, the Hungarian-born American physicist-turned-biologist had returned to 
Europe because of his fear of nuclear war triggered by the Cuban missile crisis. In 
Geneva, he and his fellow reverse-expatriate, Victor Weisskopf, the Austrian-born 
American physicist who had returned to direct the European nuclear research centre 
(CERN), were discussing the fact that the world scientific centre seemed to be 
shifting westward across the Atlantic. As an institution embodying continent-wide 
collaboration, CERN had kept Europe competitive in nuclear physics, but other 
sciences had not benefited from the same foresight. Szilard suggested that the 
Europeans harness CERN's international format to the exciting new discipline of 
molecular biology. They discussed the idea of establishing the molecular biologists' 
CERN with James Watson and John Kendrew, who visited Geneva that December 
after the Nobel Prize ceremonies in Stockholm. After further discussions with others, 
the idea was presented, and was enthusiastically received, at an international 
summer school in Ravello, Italy, where many of Europe's most prominent molecular 
biologists were teaching (September 19[,3). The Ravello discussions added two 
complementary proposals: a competitive programme of European research grants, 
and a programme of European fellowships and advanced courses. The participants 
formed a new professional association to promote these projects: the European 
Molecular Biology Organisation (EMBO). 

While the fellowship and course programme was established quickly (with funds 
largely from the Volkswagen Foundation, and also Interpharma and the government 
of Israel), the considerably more expensive Laboratory project had a long gestation. 
Nevertheless, it was pursued assiduously and with clear vision. The founders' 
rationale is presented lucidly (although in the then universal gender-biased 
language) in EMBO's first report (April 1966): 

liThe case for a European Laboratory of Molecular Biology. 

The essence of Molecular Biology is that it is multidisciplinary. The important 
advances have come about through the interaction of biologists with chemists, with 
physicists, and with mathematicians - by the application of quantitative 
physicochemical techniques to biological systems not hitherto thought amenable to 
this approach. Experience has shown that advances are most likely to occur if a 
substantial number of research workers, usi:1g diverse approaches and techniques, can 
be located together in a single laboratory or group of laboratories. Such groupings lie 
outside the traditional pattern of university biological departments. 

There are good reasons for establishing large laboratories in fundamental biology, 
both in the interests of good research and in the interests of good training in the 
methods of research. In this field everyone is a specialist in some particular area of 
technique; the real advances come from cross-fertilisation among specialists, from 
understanding other people's ideas and techniques, and from day-to-day exchange of 
ideas - in short, from the interaction of differing attitudes and skills - and all of these 
are best achieved by propinquity, by talking to experts in fields other than one's own 
working down the corridor. As to training in research, it may well be argued that at the 
pre-doctoral stage the scientist should often concentrate rather narrowly on acquiring a 
particular set of skills, but after the PhD, when he should be forming his own ideas 
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and developing an independent research programme. the young post-doctoral fellow 
needs to be in a large laboratolY where work is going on in many aspects of the field. 
He will not be so well served by working in a small one active in only a few areas. 
Thus an increased scale of SUppOlt for national. and therefore generally small, 
biological laboratories, while doing nothing but good and in many European countries 
evidently very urgently needed, will not of itself be sufficient to give the needed 
impetus to the subject 

The argument for large institutes of fundamental biology is not the same as that in the 
case of high-energy physics, where the neerl (now satisfied by CERN) was for a very 
powerful and expensive machine which could only be provided in a central institute; 
in biology the essential 'plant' is, rather, an interacting group of differing techniques 
and talents, each only moderately expensive by itself. but in sum costing so much as to 
be beyond most national resources. financial or - especially - human. Quite apart from 
financial considerations there is not a single European country, with the possible 
exception of the United Kingdom, which could at the present time muster the human 
resources and skills needed for such an interdisciplinary institute even if the staff of its 
existing laboratories were totally exploited. As things stand today, no European 
laboratory, or group of laboratories, covers more than about a third of the field; there 
are only two or three which do as much as this. In America, on the other hand, there 
are a number of excellent examples, for at present it is only in America that it is 
possible to muster the necessary resources of money and talent on a national basis. 
This is the reason why almost all promising young men in the field want to go to 
America as post-doctoral fellows, and why many European counuies are suffering a 
serious permanent loss of more senior workers to America. 

The present proposal is to establish an International Laboratory of Molecular Biology 
(or Fundamental Biology) in Europe, large enough to satisfy the criteria just outlined, 
and with the possibility of expanding into new fields as they develop. In summary, the 
case for such a laboratory is that it would enable Europe to regain initiative in a field 
to which its contributions in the past have been so great, and which holds immense 
promise for the future of increases in human knowledge, or greater understanding of 
health and disease, and of economic benefit. In the first place, it would provide a 
centre at which high quality research would be done. In the second place, it would 
bring more of the ablest young scientists of Europe into the field; at present talent is 
recruited into fundamental biology on a much greater scale in America, largely owing 
to the presence there of many flourishing inter-disciplinary centres which have a 
powerfully atu·active effect. In the third place, it would offer post-doctoral training 
facilities at present hardly available in Europe, and both by this means and by 
attracting senior visitors for short peliods would help to improve the mobility of 
scientists from one European country to another. Finally, it would by its example 
stimulate the universities of Europe to establish posts and departments in which these 
men could find permanent employment. (It has been the experience of CERN that 
European physics has been stimulated in many ways, direct and indirect, by the 
presence of an intemationallaboratOIY at Geneva; some pessimists had predicted that 
it would starve the universities of good physicists, but in fact the reverse has 
occurred). " 

The EMBO report proceeded to outline an ambitious scientific programme and 
organisational principles for EMBL, many of which have survived to the present. In 
subsequent years there were debates about the cost and scope of the project. The 
plans were revised in some details (for example by planning a phased-in growth for 
financial reasons, and by adding a strong instrumentation development 
programme), but the central vision remained intact. Following the establishment of 
the European Molecular Biology Conference (EMBC), an association of governments 
to support the fellowship and training programmes of EMBO, planning continued 
for EMBL as a "special project", with J. Kendrew as leader. By 1971, Heidelberg had 
been selected as the site for the Laboratory. The idea of an Outstation at the DESY in 
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Hamburg took shape as a result of K. Holmes' demonstration, as part of the EMBL 
project, of the value of synchrotron radiation for X-ray diffraction studies in biology. 
The founding Agreement for the Laboratory was drafted, and approvals by 
individual EMBC member states were obtained until, in July 1974, the necessary 
majority was reached and EMBL was born formally. Ever since it has been an 
independent international organisation, supported by member states (which are 
represented by delegates to the governing Council), and managed by its Director-
General. 

As the first Director-General, J. Kendrew successfully established the Laboratory and 
led it until 1981. Many of the distinctive features of EMBL that are discussed below 
and several lasting scientific activities were established under his leadership. The 
Heidelberg headquarters building was constructed, and a second Outstation was 
added in Grenoble, to take advantage of the unique neutron source at ILL for studies 
of biological structures. Under the second Director-General, L. Philipson (1982-1993), 
the Laboratory grew significantly and came into its own as a widely recognised 
research centre. Notable advances of the Philipson era were the organisation of the 
Laboratory's activities into several coherent Programmes, the firm establishment of a 
staff turnover system, the addition of a very successful pre-doctoral programme, and 
major expansion of postdoctoral training; at the very end the decision was taken to 
construct a third Outstation in Cambridge, the European Bioinformatics Institute. 
The third Director-General, F.C. Kafatos, was appointed in April 1993 and assumed 
his full duties in February 1994, after a transition during which J. Tooze, the 
Executive Secretary of EMBO, served as Associate Director. 

2. EMBL AND ITS CONTRIBUTIONS TO THE DEVELOPMENT OF 
EUROPEAN MOLECULAR BIOLOGY 

Consistent with the founding Agreement, EMBL has made and continues to make 
important contributions to the advancement of molecular biology in the member 
states: by wide-ranging training activities and the impact of repatriated scientists, by 
its example of organisation and research productivity, by the development of new 
technologies and instrumentation, by the operation of specialised facilities used by a 
very large number of external scientists, and by a growing network of external 
research collaborations. It functions as: 

• A major European training centre: The Laboratory, which is not part of a 
university, devotes an extraordinary amount of effort to training of European 
scientists. Training through research operates at three levels: predoctoral, 
postdoctoral, and young faculty. The predoctoral programme, currently with 
112 students, effectively is a highly successful international graduate school. 
Outstanding students from throughout Europe (both from the scientifically 
advanced and from the less favoured regions) are accepted competitively, are 
taught in a fixed programme of intensive courses, and do research under close 
supervision in well equipped international laboratories with an unusual 
breadth of expertise. The EMBL is also one of the largest single centres for 
postdoctoral training in molecular biology in Europe, currently offering unique 
opportunities for high quality, international and interdisciplinary career 
development to 126 fellows. At the third level, staff scientists and group leaders 
are trained for independence from a young age, while simultaneously being 
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tested for what they can deliver. Many of these faculty (academic staff) have 
been recruited to the EMBL among Europeans working in the United States, or 
have been kept in Europe because of the attractiveness of working at EMBL. 
Thus, EMBL is an effective springboard for retaining and ultimately 
repatriating outstanding scientists to leading positions in Europe. It has an 
impressive record of nurturing young investigators to the pOint that they are 
recognised by the national systems and are recruited to leading positions in 
Universities or Research Centres of the member states: more than 170 EMBL 
scientists (faculty and fellows) have moved on to Professorships or other 
leading pOSitions at European institutions in the short time of the Laboratory's 
existence (Annex I). Finally, the Laboratory plays an important role in training 
visitors from throughout the continent: through short-term fellowships 
(internal, from EMBO or from other sources) and sabbaticals to work in EMBL 
laboratories, through the organisation of advanced practical courses (an 
average of eight per year, most of them sponsored by EMBO), and through the 
hosting of the annual EMBO Symposium and specialised international 
meetings (Oncogenes and Growth Control, Mouse Molecular Genetics, 
Transcription, Structural Biology). 

• A centre of excellence in research: There is potential contradiction between the 
personnel turnover that is related tti the training function of EMBL, and the 
Laboratory's role as a centre of research excellence. Biologists rarely do their 
very best work in the 6-7 years following postdoctoral training; their research 
programme usually comes to fruition later, as their initial insights are 
elaborated over a number of years with the assistance of a growing number of 
associates. Yet EMBL's first priority is to train young independent investigators 
at an early age; the vast majority of its group leaders start their independent 
career at EMBL but have to move elsewhere in less than 9 years, and in actual 
practice do so in 6-7 years (see below). EMBL aims to produce excellent 
scientists even more than excellent science. It does both very well. 

Annex IT reprints a graph from Science, which documents the ranking of EMBL 
among the very top institutions in basic biology world-wide in terms of 
citations and publications. EMBL is third in the world in terms of mean citations 
per paper, and ties the Laboratory of Molecular Biology in Cambridge for first 
place in terms of total number of citations (number of papers published times 
mean citations per paper). As discussed in greater detail later, at least one third 
of the papers published from EMBL appear in the eight most highly cited 
biology journals. The list of EMBL's research accomplishments is long; a 
selection is presented in Annex III. That Annex also discusses four top 
accomplishments, which illustrate in qualitative terms the diverse ways in 
which EMBL has a major impact on science. Vitrification of specimens was a 
new method developed by Jacques Dubochet, which led to cryo-electron 
microscopy and its numerous applications in many other laboratories. Ken 
Holmes' use of synchrotron radiation for biological structure determination was 
a novel use of large physical instrumentation, leading to a revolution in 
structural biology. The genetic screen that identified most of the genes 
responSible for embryonic pattern formation in Drosophila, a collaborative 
effort of two young independent investigators, Janni Niisslein-Volhard and Eric 
Wieschaus, has led to much of our current understanding of developmental 
mechanisms in higher animals. Finally, the line of work pioneered by Kai 
Simons is an example of how a new field (molecular cell biology) can emerge in 
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a collaborative and multidisciplinary setting, and be widely propagated as 
successive generations of trained young independent investigators move to 
important positions in the national research systems. 

• A centre for service, and development of techniques and instrumentation: The EMBL 
serves the broader community by giving access to well-run facilities crucial to 
large numbers of external scientists. The major facilities of the Hamburg and 
Grenoble Outstations provide access for crystallographers and other structural 
biologists to the synchrotron radiation facilities of DESY and ESRF, respectively. 
Hamburg has been the most productive synchrotron-associated biological 
facility world-wide, and Grenoble now provides the highest brilliance beams in 
the world. In Grenoble specialised structural studies have access to the high flux 
neutron beams of the ILL. The third major service facility, the EMBL Data 
Library, which pioneered the development of nucleotide sequence databases 
world-wide (beginning in 1980), is currently encompassed in the Cambridge 
Outstation (the European Bioinformatics Institute). It is the European partner in 
a tri-continental collaboration, together with NCBI (USA) and DDBJ (Japan), 
which makes available to the world molecular biology community the rapidly 
accumulating macromolecular sequence data. Besides access to specialised 
facilities, the broader community is served by the development of techniques 
and instrumentation (Annex III). These developments occur both in the 
Outstations (e.g. imaging plate scanner detectors in Hamburg, multiwire 
proportional counter detectors in Grenoble) and in the Headquarters 
Laboratory in Heidelberg (e.g. cryo-electron microscopy, novel confocal 
microscopes, automated cell microinjection system, DNA sequencers, design 
and synthesis of novel RNA analogues). 

• A model of scientific organisation: As discussed in the next section, EMBL is a 
model of scientific organisation unusual in Europe. The model is geared to the 
young scientist and, although not applicable to all circumstances, it 
complements the national systems by its example of an environment that 
emphasises early independence, non-hierarchical structure, great mobility, and 
collaborations. This model is increasingly emulated in many member states. 

• A birthplace of research collaborations: An additional contribution to the member 
states is through a growing network of external research collaborations (listed in 
EMBL's Annual Reports). Some of these begin at EMBL before the partners 
move to new positions. Others are established with national or international 
funding (European Union, Human Frontiers Science Programme), directly 
between EMBL groups and laboratories in the member countries. 

3. THE DISTINCTIVE FEATURES OF EMBL 

The major contributions to European molecular biology that EMBL has made in the 
two decades of its existence have been facilitated by unusual and even unique 
features of organisation and goals. These are the main features: 

• A truly international laboratory: EMBL has succeeded in building a truly 
international research community, unique in Europe. It currently operates 
international facilities in three countries and collaborates with many national 
laboratories. Approximately 85% of the staff members, fellows or visitors are 
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nationals of the 15 member states, in proportions that are roughly within a two-
fold range of the levels of the respective financial contributions (Annex IV). The 
remaining 15% come from 26 additional countries. More remarkable than the 
numerical diversity is the complete integration of all nationalities in the daily 
life of the Laboratory, which can only be appreciated on site. 

• Hiring by merit - attention to inclusiveness: The fundamental personnel policy of 
the Laboratory was succinctly stated already in the 1966 EMBO report, outlining 
the proposal for "a European Laboratory of Molecular Biology": 

"Scientific merit should be the over-riding consideration in the appointment of 
staff. In an international laboratory sponsored by national governments some 
regard must inevitably be paid to considerations of national representation, but 
these should be subsidiary to considerations of merit and the problem of 
geographic representation should not be allowed to interfere with securing the 
highest quality research workers. It would be fatal to impose any kind of 
geographical quota system ... ". 

This fundamental policy is equally valid now. Under the new Director General, 
the EMBL remains committed to individual excellence as the paramount 
criterion for hiring and promotions decisions. It is also committed to 
inclusiveness through the search for and promotion of excellence in neglected 
quarters: this is clearly necessary for enhancing the presence of women in the 
faculty, and it will also be important for maintaining and improving upon 
EMBL's historically excellent record in national diversity. 

• Young independent investigators. The backbone of EMBL, and its most important 
product, is the faculty or academic staff (currently 102 Group Leaders and Staff 
Scientists), which largely consists of young independent scientists, typically in 
their early thirties. The group leaders are completely free to pursue their 
scientific projects and ideas, working with relatively small groups of 
pre doctoral and postdoctoral fellows and technicians (on the average 6 persons 
per group in Heidelberg). This structure is very unusual in Europe, but has 
substantial benefits. Early independence promotes creativity, as these scientists 
are fully motivated to do their personal best. 

• The turnover SlJstem: An essential corollary of youthfulness is rapid turnover. 
With very few exceptions (currently ca. 10% of the personnel), EMBL employees 
including the group leaders serve for no more than nine years. In actual 
practice, the average stay of fixed-term EMBL faculty is 6-7 years. Turnover 
gives EMBL an enormous amount of flexibility in defining and pursuing 
scientific goals, maximises the chances for new generations of scientists to 
participate, and creates a large body of highly trained and successful leaders, 
accustomed to working in an intensive international environment, who can 
enrich the national research systems upon return. 

• A collaborative culture: EMBL is characterised by a remarkably open, 
collaborative spirit. A tradition of spontaneous collaborations was established 
by design from the very start, and is enhanced by the relatively small size of the 
groups, the youthfulness of the faculty and their rapid turnover. Each small and 
transient group cannot seek to become completely self-sufficient, but turns to 
colleagues both in-house and outside for complementary expertise and advise. 
Collaborations among the groups is the norm, rather than the exception. 
Examples are given in Annex V. 
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• The Programmes and continuity of major themes: Despite this highly fluid system, 
there is continuity and planning, based on the organisation of groups into 
Programmes. While each Outstation typically functions as one Programme, six 
different Programmes now exist in Heidelberg, averaging 8 groups per 
programme (range 3 to 17). The programmes have minimal hierarchy. Each has 
a Coordinator (not a Department Chair) and usually one other Senior Scientist. 
These are the only faculty that have open-ended contracts (even they can be 
terminated with several years' notice, according to the "rolling tenure" system). 
The senior scientists represent continuity and therefore have a significant long-
term influence on the direction of the Programmes. However, they do not 
dictate what research others will do. Research themes are defined by the 
selection of the faculty and by their independent decisions and voluntary 
interactions once they are here. After a search is authorised by the Director-
General, all the existing faculty of a Programme play an active role in the 
selection process. Input from other Programmes is ensured by the inter-
Programme composition of search committees, and especially by the review of 
proposed appointments in the Senior Scientists' Committee. Thus, the 
Programmes tend to evolve by a continuous democratic planning process, with 
input from their own scientists as well as from the scientific direction of EMBL. 
Coupled with the personnel turnover, this system permits the Laboratory to 
achieve simultaneously flexibility, diversity, and critical mass in selected areas. 

• Multidisciplinarity: Despite its relatively modest size, the EMBL is 
extraordinarily diverse in terms of disciplines. It includes biologists (structural 
and functional), chemists, physicists, engineers, and mathematicians. In 
addition to the "wet" biology Programmes (Cell Biology, Gene Expression, 
Differentiation), the Heidelberg laboratory has a very broad structural biology 
Programme encompassing biochemistry, electron microscopy, X-ray 
crystallography, NMR and biocomputing. It also has two active Programmes of 
instrumentation and methodology development (Biochemical Instrumentation 
and Cell Biophysics). The coexistence of so many diSciplines under one roof, 
and the tradition of collaboration both within and between Programmes, create 
unusual opportunities for interdisciplinary innovation and training. 

• Peer review: The scientific quality of the Laboratory is continuously peer 
reviewed through the Scientific Advisory Committee and specialist panels for 
each Programme or Outstation. SAC members are outstanding scientists from 
Europe and elsewhere, who are selected by the EMBL Council for 3-year, once-
renewable terms, each from a list of three candidates independently nominated 
by the EMBO Council. SAC makes recommendations on all scientific policy 
issues and other matters of scientific import, including proposals for 
appointment of new group leaders. It also works with the specialist panels, 
which are appointed by the Director General with the approval of the Chair of 
SAC, to review on site and in depth each of the Programmes or Outstations, on 
an approximately 4-year cycle. The panels are free to make any 
recommendation that they consider justified, and also respond to critical 
questions posed by the Director General. The written reports of the panels are 
considered and commented upon by SAC and the Director General and are 
communicated to Council, together with information on implementation 
decisions made by the Director General. In recent years, this process has led to 
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Programme reorganisations, scientific refocusing, changes in leadership, 
promotions of individuals to senior scientist status, or terminations. 

Of course the features that make EMBL successful also have their costs. 
Increased personnel costs are associated with international recruiting and rapid 
turnover (see Section IV. 2d). The service and training activities make 
substantial demands on many fa cult y who have a limited number of years to 
prove themselves as independent researchers. The turnover system of young 
faculty means that usually other institutions reap the benefits of work that was 
begun here. This, of course, is a prime contribution of EMBL. However, before 
orderly peer review procedures were established, decisions about personnel 
were subject to mistakes - such as the early departure of C. Niisslein-Volhard 
and E. Wieschaus, two young collaborating group leaders whose work at 
EMBL, from 1978 to 1981, lies at the root of much of our current understanding 
of basic developmental mechanisms. Despite the costs and occasional mistakes, 
the fundamental features and policies at EMBL are now appropriate for an 
international laboratory of molecular biology, and help account for its 
successful record. They will be preserved in the next five-year period and, as 
discussed later, they will be developed further, in those cases where their full 
potential has not yet been realised. 
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IV. EMBL TOMORROW: MISSION, ROLE, ORGANISATION 
AND RESOURCES 

1. THE CHANGING ENVIRONMENT AND EMBL'S EVOLVING MISSION 

EMBL was established at a time when the field of molecular biology was still young, 
strong national capacities were yet to be developed, and there was a legitimate fear 
that, with fragmented efforts, Europe would not be able to compete internationally. 
The establishment of a research centre devoted to the development of European 
molecular biology, and to the integration of Europe's molecular biology community, 
was an act of vision arising from the bottom up. As outlined in the previous section, 
the Laboratory has more than met its founders' expectations. Through its integrated 
research, training and technical development programmes, its commitment to 
strengthening national capabilities, and its role in creating or sustaining international 
collaborative networks, EMBL has been a significant contributor to the major 
progress of European molecular biology over the last two decades. 

However, in formulating a blueprint for the future, it is important to recognise in 
what ways the environment within which the Laboratory operates has changed, and 
in what ways it has not. For only in this way can one determine what the future 
challenges will be; what Europe will need in the future, to be at the forefront of 
molecular biology; and what distinctive role EMBL should play in filling the needs. 

Over the years since the laboratory was established much has changed: 

• Molecular biology has come to maturity. Molecular strategies have transformed 
virtually every subdiscipline of biology, coming to dominate the emphases of 
research programmes and funding institutions, and the contents of leading 
journals. 

• Important new tools have emerged in a variety of fields, such as recombinant 
DNA, bioinformatics, structural biology and genetic manipulation, creating 
unprecedented opportunities to deepen our understanding by novel 
combinations of approaches. 

• On the strength of this "molecular revolution", biology has become the focus of 
greatest excitement, intellectual and technical ferment, and promise among the 
fundamental sciences. 

• With molecular strategies and techniques firmly established, the road is open for 
applying them to biological systems of increasing complexity. We can now look 
forward to understanding how events at the molecular level determine the 
integrated or abnormal functions of cells and organisms, including humans. 

• A whole new commercial sector - biotechnology - has been spawned by basic 
molecular biological research; while still in its infancy, this industry has already 
made Significant contributions to pharmaceuticals and agriculture. 

• The input of molecular and, most recently, cellular biology has had a profound 
effect on medical practice, including prediction, diagnosis and treatment. The 
growth of "molecular medicine" is accelerating, especially in the fields of genetic 
and viral diseases. 
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• Strong, productive national research capacities have been, or are being developed 
in EMBL's member countries. A significant transnational programme largely 
oriented towards applications has been developed by the European Union. 

• While Europe has been establishing strength in molecular biology, the rest of the 
world has not stood still. The U.s. remains at the forefront in many areas, 
reflecting the advantages of an open and flexible system, unimpeded mobility, a 
strong tradition of peer review and substantial investments in both the public and 
private sectors. Japan is investing heavily in basic biological research, attempting 
quickly to make up for its previous narrow focus on applied work, and has 
recently launched an international programme for collaborative innovation in 
basic biology (Human Frontiers Science Programme). The other countries of the 
Western Pacific rim are now developing national capacities (Taiwan, Singapore, 
South Korea, China, Australia), and there is renewed discussion there of forming 
"AMBL", modelled on EMBL. Despite the economic difficulties, efforts in 
molecular biology are either underway or can be foreseen elsewhere (India, 
Mexico, Brazil, Eastern Europe). 

On the basis of a careful analysis of these realities in the changing environment, a 
blueprint for European molecular biology in the next decade might envisage: 

• Recognition that the future challenges for molecular biology will require enriched 
scientific environments in which interdisciplinary collaborations can flourish; 
settings conducive to research that relates molecular processes to biology at the 
cellular level and ultimately to the level of the organism; continuous 
development of new and more sophisticated instruments and methods; and 
provision of access to these instruments and methods for the wider community. 

• Significantly greater investment in both the public and private sectors, coupled 
with sharper emphasis on peer review. 

• Synergistic coupling of national and international efforts, so as to avoid the 
dangers of over-centralisation while reaping the benefits of operating in a larger 
framework. 

• Increased flexibility and mobility in the research system, with greater emphasis 
on young independent who should be able to do. their work 
anywhere in Europe, with ease comparable to that of Americans (and indeed 
Europeans) working anywhere within the United States. 

• Continued formation of a cadre of innovative scientists, broadly knowledgeable 
about the many aspects of molecular biology, able to apply the latest technical 
methods and instruments to solving diverse and increasingly complex problems, 
experienced in interdisciplinary collaboration, and well integrated into networks 
across Europe. Continued development and nurturing of a truly European 
scientific community capable of transcending geographic and political 
boundaries, in such a way as to assure the free flow of ideas and capabilities 
among the community of scientists pursuing shared goals. 
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• Substantial improvements in communication between basic research efforts and 
efforts in applied research and development, including industry, medicine and 
agriculture; recognition that such communication is mutually beneficial, that the 
time from basic discovery to application is very short in this field, and that 
applied goals can spur development of new tools and understanding; and 
appreciation of the strategic of stemming the flow offshore of the R & 
D efforts of certain sectors of European industry, such as the pharmaceutical 
industry. 

Such a blueprint highlights the continuing importance of a truly European 
laboratory, operating with a broad mix of nationalities and dedicated to front-line 
research, technical development, the provision of crucially needed facilities and 
services, and advanced training. The fundamental four-fold mission of EMBL will be 
just as pertinent in the future as it has been in the past. We believe that had EMBL 
not been created earlier, it would now need to be invented, to do much of what it has 
been doing and thus to help catalyse an effective European response to the 
challenges of the future. However, it is equally true that the challenges have 
changed, and the Laboratory must adjust accordingly. Specifically: 

• Greater emphasis must be placed on taking full advantage of the interdisciplinary 
nature of the Laboratory and on solving problems of even greater complexity. 

• Increased effort must be devoted to achieving a truly organic integration of the 
work of EMBL with that underway at the national level, and to creating and 
sustaining networks of collaborating scientists from all member states. 

• Without detracting from the critical mass and the coherence of the Headquarters 
Laboratory, specialised infrastructure facilities such as those represented by the 
Outstations must be strengthened and made easily available to a wide range of 
scientists from throughout Europe. 

• While reinforcing the basic research mission of the Laboratory, linkages must be 
developed with industry and medicine, to promote and facilitate the flow of 
concepts and technologies from the bench to the bedside or the factory. 

2. CONTINUITY WITH CHANGE: EMBL'S PLANNED 
ORGANISATION AND RESOURCES 

This section summarises our projections for the research, training and technology 
development activities of the Laboratory's component parts. The EMBL wishes to 
maintain the operations of the Headquarters Laboratory in Heidelberg and the 
Hamburg Outstation at steady state; to expand significantly the Grenoble and EBI 
Outstations, circumstances permitting; and to add a cluster of research groups on 
mouse genetics as its contribution to a European Centre for Mouse Genetics that is 
currently being planned. Thus, if increased resources are made available, EMBL's 
growth in the next five years will be concentrated in the Outstations, while in 
Heidelberg the emphasis will be on internally redeploying available resources to 
follow new scientific opportunities and to achieve even greater value for money. 
Some ideas for increased outreach to the member states are discussed in Section VI.I; 
the additional resources that would be needed can only be estimated after the 
Laboratory receives feedback concerning priorities. 
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(a) The Core EMBL Laboratory in Heidelberg 

At a time when modern biology is expanding rapidly, the central Laboratory cannot 
shrink in size without risking marginalisation. Currently several member states have 
research centres significantly larger than EMBL - even in Heidelberg itself. A certain 
critical size, in conjunction with top quality and interdependence of the Programmes, 
is necessary for EMBL to have a significant impact in the field. As already noted in 
the 1966 EMBO report, critical mass is especially important because of the thematic 
breadth and multidisciplinarity of the institution. In turn, breadth and 
multidisciplinarity under one roof are amongst the most unusual features and a 
strong rationale for the Laboratory; they are essential if EMBL is to continue its 
highly successful training activities on an adequate scale, including preparation of 
future leaders for the national research systems. 

However, EMBL does not confuse critical mass with gigantism. The personnel at the 
Heidelberg Laboratory has now achieved a size which should be maintained, not 
expanded in the next five years. In particular, our plans call for this personnel to 
remain constant at the 1992-1993 level except for the addition of 5 predoctoral 
students. A dynamic steady state is to be established whereby the resources for 
personnel will be partially redeployed within Heidelberg, according to the goals of 
this Scientific Programme (Section V.I) and according to performance. Similarly, the 
operating costs of the Headquarters Laboratory are to be maintained at the level 
approved for 1994, adjusted for inflation. Increased resources will be sought only for 
capital expenditures. Although recently the Laboratory has invested in NMR and 
modem electron microscopes, much of its basic equipment is now 10 to 15 years old 
and needs extensive replacement. An important non-recurrent item will be a modest 
addition of laboratory space and related renovations. This investment, which we 
hope can be funded mostly by voluntary contributions, is essential to relieve the 
current congestion of the Laboratory, pzrmitting rational rearrangement of the 
scientific groups, further improvement in the training activities and an enhanced 
programme for visiting scientists from the member states. 

A certain level of crowding is often beneficial in scientific institutions, but the 
Heidelberg Laboratory is beyond that level. Contrary to his expectations, the new 
Director General has discovered that current space is so fully utilised that 
adjustments for increased interfacing with the member states, for rewarding success 
in research or for reshuffling researchers to attain intellectually beneficial 
contiguities, are out of the question. Necessary renovations are hindered by the 
absence of flexible space into which current activities can be moved temporarily as 
their space is improved. Certain types of space, such as seminar rooms and quiet 
space for writing, are in critical shortage. It would be completely impossible to 
expand training courses and access to visitors, as desired (Section VI.l), without 
additional space. Finally, the new Scientific Programme goals for Heidelberg include 
replacing certain computer-intensive activities (EMBL Data Library and part of 
Biocomputing) with wet biology (Developmental Biology Programme); this requires 
more and different space (laboratories rather than offices). Because of the strong 
interfaces that are desirable for the new Programme, attention needs to be paid to its 
physical location. Realistically, contiguity with the Differentiation, Cell Biology and 
Cell Biophysics Programmes should be sought. To accomplish these aims, a coherent 
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space plan is being developed that includes one-off addition of ca. 1100-1300 m2 
(gross) of laboratory space and remodelling, mostly of office and conference space in 
vacated areas, without increased personneL 

(b) The Current Outstations 

The Outstations will be where EMBL's personnel growth will take place in the next 
five years, circumstances permitting. This growth is fully justified, because the 
Outstations represent an invaluable infrastructure for the European community of 
academic and industrial researchers in molecular biology and biotechnology. The 
oldest Outstation (Hamburg), a veritable workhorse of synchrotron radiation 
facilities, will be maintained at steady state at the 1992 personnel level, so as to meet 
a substantial part of the expected high demand in a user-friendly manner. Grenoble 
will grow to take full advantage of the unique facilities at ESRF and ILL, including 
the ESRF beams which have the highest brilliance in the world and are especially 
favourable for solving very complex structures. Immediate additions to the 
personnel of this Outstation, and doubling by the year 2000, would be desirable. The 
Cambridge Outstation, the European Bioinformatics Institute (EBI), will also need to 
grow rapidly, to keep pace with the mushrooming demand for bioinformatics 
services and related research. Its core component, the EMBL Data Library, is 
significantly underfunded (by a factor of two) relative to NCBI, its US equivalent, 
and has been unable to keep up with the demand for increased services, because of 
lack of resources. To achieve parity, add the necessary network and user support, 
provide advanced training and establish a small but vigorous research component 
from the outset (as in the other Outstations), the EBI will need to reach double the 
size of the 1992 Data Library personnel by the end of 1996. Thereafter, growth within 
the limit of the EBI building will depend exclusively on external funding. 

(c) A European Centre for Mouse Genetics 

As will be discussed in greater detail below, European molecular biology urgently 
needs a stable repository of mouse mutants, notably those that are being generated at 
an unprecedented rate by transgenic and knockout transformation procedures. The 
plea for such a facility, originating with the scientific community (see Nature 369 p. 
12, 1994), has been extensively discussed by science advisors to the Commission of 
the European Union and has received favourable attention at the highest level. It is 
very likely that in 1995 a European centre for mouse genetics will be created, with a 
mutant archive or repository funded by the EU as its centrepiece. The scientific 
experts have pointed out clearly that such a repository can only succeed in the long 
term if it is closely associated with a high quality research activity, which will keep 
the repository technically up to date and focused on the evolving needs of the users. 
This, of course, is also the fundamental concept that has made the EMBL Outstations 
so successful over the years. Depending on the location of the mouse repository, 
EMBL may well be invited to contribute to its success by installing, in association 
with it, a small but high quality research component. The projection is that four 
research groups would be a satisfactory contribution. 
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(d) EMBL's Size, Resources and Efficiency 

To support the proposed Scientific Programme, increased resources will be necessary 
for the EMBL as a whole. This subject be treated more fully elsewhere, in the 
Indicative Scheme 1996 - 2000. In outline, the necessary increased funds will be 
sought partly from member states and partly from the European Union in the 
context of a collaboration on providing infrastructure for European molecular 
biology and biotechnology (Section VI.2). Some contributions can also be expected 
from industry, but our planning for increased interface with industry (Section VI.3) is 
directed more to technology transfer than to fundraising. External funding from 
public and private (Section VIA) sources of external fellowships and research grants 
is desirable to a point, and will continue to be pursued. However, one of the 
important competitive advantages for recruiting to EMBL, counterbalancing such 
disadvantages as transient appointments, is institutional support; this should not be 
undermined by over-reliance on external research funding sought by individuals. 

Pertinent to the issue of resources are the questions of EMBL's size and efficiency. 
The growth of the last decade was considerable but justified. It was consonant with 
the vision of the founders, and more importantly it was propelled by the growing 
needs of the field. As discussed above, the impressive advances of biology in the last 
two decades rapidly changed the scene within which EMBL operates. The 
proliferation and growth of biological research centres, most obvious in the United 
States, is also notable in Europe. Most member states have expanded their 
total national facilities (publicly and privately funded) more rapidly than EMBL has 
expanded. 

Moreover, to understand past growth one must note the shifting balance rather than 
merely the total number of personnel (Annex VI). EMBL's growth has been 
propelled largely by the increased emphasis on training. The number of pre- and 
postdoctoral fellows has more than doubled since 1985, with the predoctoral 
programme now containing 112 students, and with 126 postdoctoral fellows 
currently in training; the number of visitors has also increased rapidly in recent 
years. Technical support has increased more modestly. By contrast the number of 
faculty has been held to the level reached in 1988. The administration has remained 
lean, showing no increase in staff members since 1980 despite the increase in 
scientific and laboratory staff and in predoctoral and postdoctoral fellows. 
Additional growth in Heidelberg is accounted for by social services: canteen and 
cafeteria, guesthouses, child-care facilities. These are absolutely essential because of 
the isolated site and large population of transients in this international laboratory. 
The Headquarters laboratory is located on a hill 6 km from the centre of Heidelberg, 
without nearby eating facilities or accommodation (unlike the Outstations); the 
national child-care system is inadequate fc.r permitting both parents of families with 
young children to work, which is common in several member states and important 
for gender equality in science. These services are largely supported by the users, 
receiving only a modest subsidy. The essential social services of the Laboratory are 
now largely staffed by locally recruited supernumeraries, who tend to be more 
transient and whose costs are lower than internationally recruited staff members. 
Some supernumeraries also contribute to the research, support services and 
administration, permitting the increased activity of the Laboratory in the face of only 
very gradual growth in staff members. 
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Finally, growth has been accompanied by a considerable increase in cost-
effectiveness. EMBL was privileged in its early years by resources abundant for its 
start-up size, but it has adjusted to operate with resources that have decreased 
relative to its activities. One measure of cost-effectiveness is the growth in 
publications as compared to the EMBL budget. As John Tooze has calculated (Annex 
VII), in the ten years between 1983 and 1992 the number of refereed papers 
published by EMBL scientists per year rose by 164%. Consistently, at least one third 
of this output has been published in the eight most highly cited molecular biology 
journals. During the same decade, the member states' ordinary contributions only 
rose by 41.3% in constant prices, and this increase included the added contributions 
of five new member states. In the last few years external grants and fellowships are 
bringing in additional support, but not sufficient to change significantly the estimate 
of EMBL's cost-effectiveness (they currently account for 5 % of the Laboratory's 
income). One limit to efficiency is rapid turnover. For example, turnover increases 
the personnel costs for staff members, which are necessarily high in an international 
organisation. Premium salaries are necessary to attract top quality scientists in non-
permanent pOSitions outside their home country, and must be competitive with 
those for excellent jobs in the best-paying member state. This is also true to some 
extent for high quality technicians and other support staff. Besides salaries, the 
personnel costs include expenditures related to the necessary mobility, transient 
domicile and lack of security of the personnel (portable pension contributions, 
installation and removal costs, non-resident allowance, modest subsidy to social 
services). Moreover, the rapid turnover necessitates recurrent start-up costs for new 
research groups, and these must be covered by EMBL funds almost invariably, as 
EMBL's group leaders are unusually young and not yet well established. On the 
other hand, the per capita running costs and capital expenditures of the Laboratory 
(Annex VITI) are now comparable to those of many other top quality laboratories in 
Europe, and the space per scientist is very limited. Wide sharing of equipment and 
centralised services permit EMBL to continue to function well despite the relative 
shrinking of resources, further attesting to the cost effectiveness of the Laboratory. 

The next decade will mark a transition for EMBL, from a period of rapid overall 
growth to a period of consolidation and targeted growth for selected, clearly justified 
activities such as the Outstations and ol.1.treach to the member states. The EMBL 
management is committed to continuous critical assessment and quality control of 
the scientific activities of the institution, and to the persistent pursuit of 
administrative efficiency, leading to even greater value for money. 
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V EMBL TOMORROW: SCIENTIFIC PROGRAMME 

1. THE HEIDELBERG PROGRAMMES: FROM THE MOLECULE TO THE ORGANISM 

Over the last decade, the Programme system of the Heidelberg Laboratory has 
proven highly successful for organising small clusters of independent research 
groups into intellectually coherent administrative units. This system will be carefully 
preserved in the next five years. Six existing programmes will be continued but their 
themes will evolve. Based on continuous peer review and critical assessment by 
management, their most successful and forward-looking activities will be 
encouraged, while less successful or dispensable activities will be discontinued 
through turnover. Inter-Programme interactions will be emphasised. One major 
programme, the EMBL Data Library, will have fully moved to the EBI by the 
beginning of this period together with part of Biocomputing; Biocomputing will also 
be maintained in Heidelberg within Structural Biology, but will undergo contraction 
through turnover, and will increasingly emphasise interaction with other groups and 
Programmes. Without changing the overall size of the personnel in the Heidelberg 
Laboratory, resources released by relocation or quality control will permit the build 
up of a new programme in Developmental Biology. Its themes will be designed so as 
to make novel contributions in synergy with existing strengths of the Laboratory, 
and will represent a bridge to organismal biology. The Heidelberg programmes are 
described below in sufficient detail to permit evaluation of the choices (EMBL's 
Research and Annual Reports give additional information). In each case, a brief 
overview is followed by a capsule description of the major themes; keywords in bold 
face are meant to facilitate readability. 

(a) Structural Biology 

(i) Overview 

It is no exaggeration to say that no biological phenomenon is understood until 
the structures of its components are known. At the origins of what is now called 
molecular biology was the realisation that it was possible to determine the 
atomic structure of the components of biological systems and to envisage the 
possibility of defining their interactions at the molecular level. Early examples, 
such as the description of the double helix structure of DNA, also pointed to the 
fact that knowledge of structure was often needed for understanding of 
function. It was natural therefore that the founders of EMBL included a strong 
structural biology core in the Laboratory. The Programme has evolved and 
grown to have expertise in all the major techniques, both experimental and 
theoretical, to determine and analyse protein structure from the level of atomic 
detail to supramolecular assemblies. At the start of this five year plan the 
Structural Biology Programme is ready for a more forthright role as a primary 
generator of molecular information using its particular reductionist vision of 
biology, while continuing to collaborate actively with a wide range of groups in 
other programmes. The focus of the programme will remain on protein 
structure, but the emphasis will change to seek a fuller understanding of the 
relationships between structure and function, and to move from the description 
of molecules as static objects to dynamic functiOning multimolecular systems. 
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(ii) Major Themes 

- Principles of protein structure. 
Much of the task of comparing and interpreting the primary sequence data of 
nucleic acids or proteins has recently transferred to the EMBL Outstation at 
Cambridge (EBI). The Programme will now build on its past success and 
continue to work, in partnership with the EBI, on the major goal of inferring the 
three dimensional structure of a protein from its amino acid sequence. This will 
take advantage of the existing strength in experimental and theoretical 
molecular biology in Heidelberg. Por example, the development of new 
algorithms, particularly for the identification of structural homologies, will be 
informed by experimental data on the secondary structure of short peptides in 
solution. An essential aspect of the task of predicting protein structure is the 
need for a greater understanding of the rules and interactions that take place in 
protein folding. This is being obtained at an accelerating rate and the 
Programme will continue its important efforts on this theme, coupling them 
with the understanding being obtained by cell biologists on the steps occurring 
immediately after translation of a polypeptide chain. 

-Protein structure determination: 
The direct determination of the structure of proteins has always been rewarding 
in terms of information obtained and will be continued but with two important 
qualifications. (1) The Programme has now in place a complete repertoire of 
techniques including X-ray crystallography (supplemented by the facilities of 
the Hamburg and Grenoble Outstations as necessary), NMR spectroscopy, 
electron microscopy, computer modelling and a range of optical spectroscopic 
methods; as in the recent past, emphasis will be placed on using appropriate 
combinations of techniques to solve complex structures. (2) There will be 
greater selectivity in the proteins will be chosen for analysis, with priority 
being given to proteins of central biological interest. One example is the work 
on the structure of membrane components such as pore forming proteins and 
the light harvesting complex from plants; another is the work (in collaboration 
with the Differentiation Programme) on the structure of components of a 
tyrosine kinase involved in signal transduction. 

-Dynamic structures and assemblies: 
As indicated earlier, the major challenge for this Programme will be to describe 
the structures and functions of proteins in their natural dynamic states. There 
are already increasing examples of the study of proteins as they interact with 
other components and with themselves during protein folding. When such 
studies are focused on systems involved with signal transduction, bioenergetics 
and cellular organelles, the prospects for fruitful cross-fertilisation with the Cell 
Biology, Differentiation and Developmental Biology Programmes are clear. 
Other examples that highlight the broad importance of the Programme's long-
term commitments are: (1) the study of protein-nucleic acid interactions which 
is of interest to those in the Gene Expression, Differentiation and Developmental 
Biology programmes, (2) the study of chaperones and other cellular factors that 
are now recognised to be involved in protein folding in vivo, (3) the study of 
titin and large assemblies such as the sarcomere and (4) the study of proteins 
such as actin and tubulin that are components of the cytoskeleton and therefore 
of interest, particularly to the Cell Biology and Developmental Biology 
programmes. 
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(b) Gene Expression 

(i) Overview 

In its initial phase, the Programme (then called Gene Structure and Regulation) 
was focused on transcriptional control, with emphasis on tissue or cell type 
specific transcription mechanisms. As the Programme grew, a much broader 
approach was adopted, with a new emphasis on RNA-based mechanisms of 
gene expression and their regulation. Currently, groups are studying the major 
steps of eukaryotic gene expression, from transcription through RNA 
processing and transport to translation. We intend to continue this broad 
approach, but we will increasingly emphasise a common theme: the 
involvement of multimolecular structures in gene expression mechanisms. 
Transition to studies of regulation on complex structures is both a need 
dictated by the nature of biology, and an opportunity generated by advances in 
the field and by the unique resources at EMBL. 

(ii) Major Themes 

- Chromatin and transcription: 
It is an obvious but much-neglected fact that transcription takes place in vivo on 
chromatin, and not on naked DNA. Nevertheless, most transcription studies are 
carried out either in vitro or by cell transfection, situations where the 
endogenous chromatin structure of the gene under study is not recapitulated. 
Methodological advances are required to ameliorate this situation, and a recent 
initiative in the Programme is to tackle questions about the role of chromatin in 
transcription in two directions. First, the development of a chromatin 
reconstitution system based on Drosophila embryo extracts, efficiently 
producing templates which are transcription competent; this will allow a 
dissection of the roles of basal and regulatory transcription factors in interplay 
with chromatin components. Second, the use of site-specific recombinases to 
alter in vivo domains of chromatin that display coordinated regulatory 
behaviour; this should allow insight into the influence of higher-order gene 
organisation on expression. Aside from the obvious connections to the other 
groups in the Programme working on transcription, this research interfaces 
with the Structural Biology, Differentiation and Developmental Biology 
Programmes. 

- The snRNP world: 
Small nuclear ribonucleoproteins are involved in multiple nuclear functions, 
but are best known for their roles in RNA processing. Virtually all eukaryotic 
RNAs are produced as precursors, and snRNPs are involved in the cleavage or 
cleavage and ligation events necessary to generate mature mRNAs, rRNAs and 
tRNAs. Our interests in the snRNPs encompass RNA-protein interactions, in 
part in conjunction with members of the structural programmes; snRNP 
function, studied via genetics and biochemistry; and making use of snRNPs as 
probes of the structural organisation of the nucleus, and of the localisation of 
nuclear processes which reflects the underlying structure. These latter studies 
rely heavily on the expertise and hardware provided by Cell Biophysics and on 
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synthetic RNA probes designed and synthesised in collaboration with 
Biochemical Instrumentation. 

- RNA transport and translation: 
Thematically related to the question of nuclear organisation is how RNA, 
following transcription and processing, is exported to the cytoplasm through 
nuclear pore complexes. We are moving into this area together with groups in 
the Cell Biology and Cell Biophysics Programmes, in the hope that a 
multidisciplinary approach will provide insights on a variety of levels. In 
particular we are identifying nuclear components that mediate the export of 
RNA, and will then try to elucidate how these components interact with the 
pore structure during the transport process. It is of course conceivable that RNA 
movement from the nucleus to the cytoplasm may also be related to the 
intracytoplasmic movement and regional localisation of certain mRNA species. 
The possible connections between nucleocytoplasmic transport, cytoplasmic 
localisation and translational regulation, are further areas of interaction with the 
Cell Biology and Developmental Biology Programmes. 

(c) Cell Biophysics 

(i) Overview 

The founders' concept of having physicists and engineers develop sophisticated 
instruments in concert with EMBL's biologists was implemented from the start 
of the Laboratory. It led in 1982 to the formation of a Physical Instrumentation 
Programme, working on light microscopy, electron microscopy, and 
microcomputing in the context of data detection, acquisition and analysis. In 
1993 a new group working on scanning probe technique was added. In 1994, 
following a review, the Programme was renamed Cell Biophysics, to emphasise 
the importance of synergy with biologists and the central goal of analysing 
cellular and subcellular structure by biophysical and quantitative methods. 

In recent years, the study of cells and organisms has moved progressively from 
a simple structural description to an integrated study of molecular dynamics 
involved in cell and organismic morphogenesis. This requires deciphering the 
nature of the interactions between proteins, lipids and nucleic acids, and also 
time-resolved analysis of the complex behaviour of supra-molecular structures 
in three dimensions. The Programme has made significant contributions in 
these areas, developing instrumentation and collaborating with in-house 
biologists whose work could profit from these instruments. This synergistic 
interaction will be strengthened in the coming years, in part through joint work 
on concerted projects (see Section V.3.(b)). In addition to instrumentation 
development in each of its four areas, the Programme group leaders are 
interested in joining forces in developing the hardware required for 
manipulating and analysing single cells on a microscopic level. This proposal is 
being evaluated as a candidate concerted project on miniaturised laboratories. 
The Programme is also interested in welcoming theoretical physicists working 
with biologists on quantitative modelling, for example to understand 
morphogenetic dynamics and the temporal control of the cell cycle. 
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(ii) Major Themes 

- Advanced light microscoptf 
The Light Microscopy Group will continue to develop new confocal 
fluorescence microscopes and to investigate new methods for three-
dimensional light microscopy. We have made considerable improvements in 
the 3D imaging capabilities of the confocal microscope, both in time and space. 
The instruments can now be used intensively by biologists to study cell 
polarity and morphogenesis (a goal common to the Cell Biology, Differentiation 
and Developmental Biology Programmes). Our continuing research 
concentrates on the physical background of two-photon absorption in 
fluorophores and the theory and experimental verification of 3D imaging 
principles. This is leading to a new confocal fluorescence microscope which 
will be particularly useful to examine extremely thick specimens (such as 
embryos) with a high resolution. New methods will be explored for time-
resolved 3D in vivo video microscopy and possibly for 3D near field 
microscopy, using the principle of optical tweezers. These techniques could 
examine the internal surface of the plasma membrane, or the surface of isolated 
organelles and cytoskeletal structures, at a resolution not far below that of the 
tunnelling microscope. The advantage of these methods over tunnelling or 
atomic force microscopy is that there is no mechanical attachment of the probe 
to a tip (the probe is held by an optical trap). This is an entirely new way of 
using light to image specimens. In addition, optical tweezers will continue to be 
improved for measuring interaction forces between molecules and cellular 
structures, in collaboration with cell biologists. 

- Scanning Probe Techniques: 
In close collaboration with the Cell Biology Programme, we have made major 
progress in sample preparation, which is one of the chief problems in using 
scanning probe techniques to examine the structure of biological specimens at 
the molecular level. This effort will be continued and we are close to nanometer 
range resolution under wet conditions, at least for some specimens. This has 
important immediate applications in the study of the polarity of cytoskeletal 
filaments and their interaction with motor proteins. The next step in biological 
applications of scanning probe technique is characterisation of molecular 
structures by their interaction with a probe under varying environmental 
conditions. Therefore, an effort will be made to use these instruments to 
measure forces on a molecular scale. This will lead to new approaches in 
studying the formation and dynamics of biological structures. In summary, we 
will concentrate on imaging mechanisms and controlling parameters; sample 
preparation procedures; elucidation of molecular interactions; definition of the 
forces operating between the scanning tip and the sample; and the 
development of novel scanning and readout modalities based on 
manipulations and modifications of the scanning tip. 

- Electron Microscoptj: 
Future electron microscopy developments will concentrate on improving the 
resolution of biological objects in the corrected Low Voltage SEM by reducing 
the primary energy, in order to shorten the penetration depth which sti1llimits 
the size of the smallest observable details. This technique will be used to 
complement the Scanning Probe method in the study of the interaction of 
cytoskeletal filaments with associated proteins and motors. Another major 
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project is the improvement of the resolving power of the 200 kV TEM by 
correcting the chromatic aberration so as to improve contrast at high spatial 
frequencies. Such a project will enhance the resolution for non-periodic objects, 
because the electron dose will be reduced due to the different type of corrector. 

- Microcomputing and Data Acquisition: 
Work on X-ray detectors and associated electronics is part of the Laboratory's 
effort on behalf of the synchrotron radiation users' community. With the future 
ESRF beamlines (see section on the Grenoble Outstation), time-resolved 
experiments on biological macromolecules will become possible at frame rates 
down to a few microseconds. Such experiments require extremely fast 
detectors and poses very challenging problems concerning the data collection 
hardware and software. Without neglecting well established technologies such 
as the delay line or wire per wire proportional chambers, new technologies 
such as silicon pixel detectors or sdntiUating fibres will be evaluated. For 
personal computers, which are increasingly taking over the tasks of central 
computing facilities, add-ons for dedicated tasks such as homologies and motif 
searches in large databases will be developed. Such hardware/software tools 
will also be useful in future sequencing projects. We will continue efforts in 
image processing, mainly in the areas of filtering, automatic segmentation and 
feature detection, and will apply these developments collaboratively in 
analysing and quantitating motion of sub-cellular organelles. 

(d) Cell Biology 

(i) Overview 

From the very beginning, the EMBL supported a research programme on the 
molecular principles of cellular organisation, at a time when cell biology started 
its transformation into a molecular science. As a result the Cell Biology 
Programme became a focal point for the development of this new discipline in 
Europe. The Programme initially concentrated on biological membranes and 
their biogenesis, but soon expanded research into cytoskeletal networks and 
the cell nucleus, to provide a more comprehensive view of intracellular 
organisation. These topics will remain at the centre of activities in the next five 
years, but the way they are addressed will evolve. The successful reductionist 
strategies of molecular biology used until now will be complemented with novel 
approaches, so as to place the molecular processes responsible for cyto-
architecture in their cellular context. Special emphasis will be placed on how 
membrane and cytoskeletal elements are linked to each other and on the 
dynamics of their function. The interdisciplinarity environment of EMBL is a 
distinct advantage for addressing problems of this complexity. 

(ii) Major Themes 

- Membrane dynamics: 
During the last five years there has been remarkable progress in describing how 
the membrane-bound compartments of the biosynthetic and endocytic 
pathways are organised in eukaryotic cells and how cargo is transported from 
one compartment to another. Research in the Programme has made significant 
contributions to this progress. Notable advances have been the characterisation 
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of the rab family of GTPases and the role of coat proteins in vesicular traffic. 
However, the mechanisms of cargo uptake and resident protein exclusion, or 
the movement and docking of vesicular carriers are still far from being 
understood. The structure and means of function of the main sorting organelles, 
the Golgi complex and the endosomes, are still as mysterious as ever. Another 
area under investigation is the analysis of nuclear membrane dynamics in cell 
division and of the structure and function of the pores that regulate passage in 
and out of the nucleus. Research on these problems is proceeding rapidly, in 
close collaboration with the Gene Expression Programme. Proteins involved in 
all these processes are being identified in increasing numbers but the elucidation 
of their functions is now the challenge that the Programme will have to 
concentrate on. Most important will be development of assays in living and 
permeabilized cells or isolated cellular compartments. To this end novel 
microscopical methods will be developed and applied together with the Cell 
Biophysics Programme. These will include not only video confocal microscopy 
but also methods such as atomic force and near field microscopy to characterise 
the dynamiCS of supramolecular complexes. The capability of the scanning 
transmission electron microscopy developed at EMBL to measure molecular 
mass will be tapped. Another important challenge for future work is to elucidate 
the role of lipids in membrane dynamics. One of the most intriguing issues to 
explore is the functional significance of the dynamic lateral and asymmetric 
organisation of the bilayer. Therefore, the role of lipid microdomains in 
membrane trafficking and signal transduction will be explored. Also the 
contribution of lipid phases in modulating the shape of organelles and 
membranes remains to be analysed. Research in this direction will require a 
sizeable injection of biophysiCS into the Programme repertoire. Interactions with 
the Cell Biophysics and Structural Biology Programmes will be essential for 
preparing the way for methodological advances. 

- Cytoskeletal dynamics: 
Research in the Programme on cytoskeletal elements has so far concentrated on 
microtubules and intermediate filaments. Significant advances have been the 
reconstitution of microtubular dynamics in vitro and the elucidation of the role 
of specific kinases and phosphatases in regulating the behaviour of 
microtubules in interphase and during cell division. A most promising start has 
been made together with the Structural Biology Programme to elucidate the 
structural basis of microtubule dynamics, setting the stage for a detailed 
mechanistic analysis of how microtubules grow and shrink. The microtubule-
nucleating body, the centrosome, has also been analysed biochemically and 
structurally. This work will be continued in collaboration with the Structural 
Biology Programme and extended to analyse the mechanism of both 
microtubule nucleation and centrosome duplication during the cell cycle. 
Microtubules play an important role in moving organelles and supramolecular 
complexes in the cell, and in segregating chromosomes to daughter cells during 
mitosis. Assays have been worked out to study these processes in vitro using 
sophisticated light microscopic techniques. These will be complemented by 
genetic experimentation in Drosophila, focusing on chromosome segregation. 
Despite the progress in analysing the pertinent motor proteins, little is known of 
how vesicular carriers interact with the microtubules and choose specific 
microtubule tracks. A special effort will be devoted to dissecting yeast 
kinetochore function in chromosome movement. Actin plays a central role in 
cellular morphogenesis, and thus the function of actin filaments in intracellular 
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movement will be investigated. The parallel analysis of actin and tubulin-
mediated movements in the cellular context will fruitfully complement each 
other. Finally, the interaction of these cytoskeletal elements with the 
intermediate filaments will continue to be investigated. 

In summary, research in the Cell Biology Programme will use an enriched 
methodological repertoire to deepen the understanding of the basic machinery 
responsible for organisation of eukaryotic cells. However, although we are far 
from having reached this goal, another phase has already been initiated: a 
marriage between cell biology and developmental biology. The generation and 
dynamics of intracellular asymmetry involve both membranes and the 
cytoskeleton, and are of fundamental importance in embryonic and post-
embryonic development (see section on the Developmental Biology 
Programme). One example of an ongoing project concerned with cell 
asymmetry is the analysis of the biogenesis of surface polarity in epithelial cells 
and neurons. How is the basic machinery responsible for transporting proteins 
and lipids to the cell surface in mesenchymal cells changed to serve the needs of 
polarised cell types? Novel mechanisms for protein and lipid sorting and 
targeting are coming to light. Another example is the study of microtubular 
network organisation in different cell types, and the function of these networks 
in generating fibroblast, epithelial and neuronal phenotypes. The interface 
between cellular and developmental biology will be strengthened in the coming 
years, as the new Developmental Biology Programme is launched. 

(e) Differentiation 

(i) Overview 

When the Differentiation Programme was founded 12 years ago it had become 
clear that oncogenes can cause cancer and that several of them exhibit a 
remarkable transforming specificity for certain types of differentiated cells. 
Since the products of many oncogenes correspond to key players in signal 
transduction mechanisms, the emphasis of the Programme originally was to 
study the functions of oncoproteins/signalling molecules during normal and 
abnormal growth control. In the second phase, as it became obvious that the 
same components were involved in decision making processes during 
differentiation and development, the focus shifted slightly towards studying 
these latter mechanisms in vertebrate and invertebrate systems. The 
fundamental questions now being asked in the Programme relate to the control 
of cell behaviour by intercellular signalling. How does a given signal or a 
combination of signals lead to specific regulation of cell proliferation, 
quiescence, differentiation or death, depending on the cell type in which it is 
active? An area of great current and future strength in the programme is that 
the traditional tissue culture and biochemical approaches to signal transduction 
are complemented and extended by genetic analysis. We expect multiple 
fruitful interactions with the new Developmental Biology Programme, allowing 
us to concentrate more fully on growth control and differentiation and to move 
into important areas that we cannot now represent adequately, such as cell 
cycle control and apoptosis. 
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(ii) Major Themes 

- Signal transduction: 
A major area of interest is how cell-bound or soluble factors activate signal 
transduction pathways that involve a number of different protein tyrosine 
kinases (in particular neurotrophin and FGF receptors as well as Src family 
kinases), and how these kinases confer specificity to a given pathway. This 
research will be continued in mammalian fibroblasts as well as in the nervous 
systems of mammals and flies. The molecular studies will be complemented by 
the generation of mouse mutants, and by genetic experiments in Drosophila 
and fission yeast. It is becoming increasingly clear that more signal 
transduction pathways than those presently described exist, and that in a 
number of tissues several extracellular signals must act in concert to induce 
changes in cell fate, in particular th0.se that are mediated by cell-cell contacts. 
Work done in the Programme on the Drosophila wingless, decapentaplegic and 
hedgehog genes on appendage formation provide a good case in point, where 
genetic analysis has opened the way for further experimentation using 
biochemical techniques. Intracellular signals converge in specifying a 
characteristic combination of transcription factors that determine a cell's 
phenotype. However, it is still unknown how one and the same transcription 
factor can elicit different cell fates, depending on its concentration and cellular 
context. To understand this central problem of differentiation, other interacting 
nuclear proteins as well as downstream target genes will have to be identified 
in selected cell types. The questions asked in the general field of signal 
transduction invites interactions with the Gene Expression and Developmental 
Biology Programmes. An additional interface with the latter programme is the 
ongoing study of specific protein-RNA and protein-protein interactions and 
localisation that playa role in germ line determination in the fruitfly; this is 
related to the formation of cell asymmetry, and may also help to unravel novel 
intracelullar signalling pathways. Many of our projects will also require close 
cooperation with Structural Biology (structure-function studies on signal 
transduction components), Biochemical Instrumentation (nucleic acid and 
protein sequencing) and Cell Biophysics (high resolution light and electron 
microscopy). 

- Cell cycle control and negative growth regulation: 
The concept that growth is regulated by positively acting genes was broadened 
by the discovery of a set of serine kinases whose activation is necessary for cell 
cycle progression and cell division. It has since turned out that negative 
regulators of growth, encoded by tumour suppressor genes, are equally 
important. These areas of research have now begun to merge with the finding 
that nuclear tumour suppressor proteins, such as Rb, directly interact with 
cyclin-kinases, while others, such as p53, do so indirectly and in addition 
provide a link to the DNA replication and cell death machineries. In spite of 
these recent breakthroughs, the connection of cell cycle kinases to proteins 
involved in classical signal transduction pathways needs to be established. In 
particular, it would be highly desirable to integrate the knowledge accumulated 
in yeast with vertebrate cell systems. It is also not known whether different cell 
types utilise different cell cycle regulatory components, although work in the 
fruitfly suggest that this might be the case. Another question of great future 
potential is how the transcription control machinery, triggered by extracellular 
signals on the one hand and cell cycle regulatory components on the other, is 
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orchestrated with the DNA replication apparatus. Research in these areas 
represents a natural bridge to the Cell Biology, Gene Expression and Cell 
Biophysics Programme. 

- Programmed cell death (apoptosis): 
Work with nematodes has shown that for the correct development of the worm 
certain cells have to be eliminated, and that this is an active process which 
requires the function of "cell death genes". Subsequent work with mammals has 
led to the hypothesis that most cells would commit suicide if not prevented by 
another class of genes, the prototype of which is the bc1-2 oncogene. Recently, 
based on findings with lymphoid cells, it has been suggested that bcl-2 acts in a 
cell-type and cell-stage specific manner, providing a first direct link to 
differentiation processes. The field of programmed cell death is only in its 
infancy and central questions such as the delineation of the components 
involved in the pathway as well as their connection with known signal 
transduction mechanisms remain to be clarified. Work on apoptosis will 
reinforce the interface with the Developmental Biology and the Cell Biology 
Programmes. 

(f) Developmental Biology 

(i) Overview 

By the very nature of the subject, the study of development is multidisciplinary. 
Development in higher organisms is a process that generates biological 
organisation, as a seemingly simple cell, the egg, is transformed into a complex 
and integrated assembly of differentiated, interacting and growth-regulated cell 
types. Ultimately development reflects the regulated expression of specific 
genes, programmed in space and time; but the study of the molecular 
mechanisms of gene regulation is not sufficient to understand development. 
One must understand the mechanisms that permit the generation of asymmetry 
within a single cell involving the formation, localisation and dynamics of 
specific multimolecular structures. One must understand pattern formation, 
which frequently begins with intracellular asymmetry and progresses through 
intercellular signalling and intracellular signal transduction to define ever more 
precisely cell fates, i.e. the spatial domains and timing of specific gene 
expression. And one must understand organismal morphogenesis, whereby the 
properties of differentiating cells are reflected in coordinated changes in cell 
shape, cell movements, and the overall form of multicellular assemblies. Thus, 
the study of development lies at the intersection of studies in gene expression, 
multimolecular structural biology, cell biology, cell interaction, and cell 
differentiation. Developmental biology can be studied effectively in a research 
centre such as EMBL, where strong programmes in several of these disciplines 
co-exist under the same roof, and where a strong collaborative spirit facilitates 
multidisciplinary investigations. 

The history of developmental biology at EMBL goes back to the early years of 
the Laboratory, with the pioneering studies of C. Niisslein-Volhard and E. 
Wieschaus on the genetic control of embryonic development in Drosophila. 
After these two group leaders left, attention shifted to the study of gene 
expression and terminal cell differentiation, but recently the Differentiation 
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Programme evolved in an increasingly developmental direction. In 1993 the 
EMBL Council elected F. C. Kafatos as the new Director-General, with the 
understanding that the study of development within the Laboratory would be 
significantly expanded. Under the next Scientific Programme, the intention is to 
realise this commitment by the establishment of a new Developmental Biology 
Programme. The new activity will profit from the strength of other 
programmes, while reinforcing and integrating studies pertinent to 
development, which are currently pursued in several of the existing 
programmes. Transfer of some research topics or group leaders from the 
Differentiation Programme would release resources for adequate coverage of 
some rapidly advancing areas of cell regulation and growth control in that 
programme. 

(ii) Organisational Principles and Major Themes 

The new Programme will be developed giving prime consideration to the 
conceptual framework (the themes to be addressed) and the experimental 
approaches (the methods); the choice of organisms will be secondary. However, 
it is hoped that the new Programme will both consolidate the study of 
invertebrate development in the EMBL and enhance the study of vertebrate 
development. 

Consistent with the perspective described in the preceding section, the themes 
of the Developmental Biology Programme will focus on the organisation of 
developmental pattern. Several interconnected approaches to the question of 
pattern generation are possible. The study of cell asymmetry/morphogenesis 
will address the synthesis, structure, dynamicS and intracellular localisation of 
developmentally relevant molecular assemblies. Examples could be germ cell 
determinants, cytoskeletal structures and associated motors, or specialised 
plasma membrane domains. Thus, this area will entail extensive interactions 
with the Cell Biology and Cell Biophysics Programmes, but also with 
Differentiation, Gene Expression, and Structural Biology. The understanding of 
cell interactions that sharpen developmental patterns and cell fates involves 
studies of cell signalling and signal transduction, from soluble factors and the 
cell periphery all the way to transcription within the nucleus. Here the interface 
with the Differentiation Programme will be most significant. Finally, 
multicellular morphogenesis which is based on cell adhesion, cell shape 
determination and motility, will involve a strong interface with Cell Biology and 
secondarily with Cell Biophysics and Differentiation. 

In terms of methods, the Developmental Biology Programme will be built taking 
into account that genetics and reverse genetics represent the surest approach to 
elucidation of in vivo function. Thus, complementing the tools of molecular 
biology and biochemistry, the Programme will have a strong foundation in 
genetics: both classical genetic analysis and transgenic or knock-out 
manipulations. A second methodological foundation will be novel tools of 
morphological analysis: both those provided by the Cell Biophysics 
Programme, and tools for computational image analysis and retrieval which 
could be provided in part by the EBI. As mentioned above, the Developmental 
Biology Programme would use carefully selected model organisms, ideally both 
invertebrate and vertebrate. Relativelv simple invertebrate systems, such as the 
fruitfly Drosophila melanogaster and the worm Caenorhabditis elegans, have well 
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established advantages for genetic, morphological and transgenic analysis. 
Although more complex, the zebra fish is attractive for undertaking the study of 
specifically vertebrate developmental processes, using classical genetics and 
morphological tools. The mouse is even more complex, but the immense 
attraction of a mammalian organism, relatively close to ourselves. Its 
methodological disadvantages are balanced by the advantage of well-developed 
gene knockout techniques. It is worth recalling that when the EMBL was being 
planned, F. Jacob proposed that it be an interdisciplinary centre concentrating 
on the biology of the mouse. With the availability of exceptional group leader 
candidates as the over-riding criterion, we hope that the new Programme can 
acquire critical mass in the study of both invertebrate and vertebrate 
development. Breadth is desirable for cross fertilisation of ideas, and for efficient 
transfer of understanding from the simpler to the more complex model systems. 

The Programme ultimately should have 8 group leaders, with a total of 25 Staff 
Member positions. This could be achieved within the limit of a dynamic steady 
state in the Heidelberg Laboratory, by absorbing the positions vacated by the 
transfer of the entire Data Library and part of the Biocomputing activities to the 
EBI; quality control and minor contraction of the other Heidelberg Programmes 
in the aggregate will permit full development of the new Programme. 

(g) Biochemical Instrumentation 

(i) Overoiew 

After a period of sufficiency of home-made instruments, biology has entered a 
phase of increased reliance on sophisticated instrumentation. Individually, most 
instruments are not beyond the possibilities of single laboratories, but their 
multiplicity and aggregate cost often dictate the establishment of service 
facilities within institutes, or even on a larger scale, on the grounds of efficiency. 
Central laboratories of EMBL's scope are well suited to developing novel 
instruments and technology in close interaction with the biologist users; 
subsequently the innovations can be commercialised in collaboration with 
industry and made available to the wider community. From the outset, the 
Biochemical Instrumentation Programme has been designed to fill this triple 
role: in-house service, development of technology in partnership with 
sophisticated users, and technology transfer to benefit the wider community. 
These roles will continue to be the focus of the Programme in the coming five 
years. Two of these roles also bring it into close interaction with virtually all the 
other Programmes. 

(ii) Major themes 

- Automated DNA sequencing technology: 
An important goal is to push the automated on-line DNA sequencing 
technology to its limit. The current throughput of the sequencing facility is 2 
megabases of finished sequence per year; the goal is to increase it to 10 
megabases per year. This will require a series of planned technical advances, 
which are also expected to have a significant impact on major genome 
sequencing projects elsewhere. Equally important, the projected five-fold 
increase in the speed of sequencing would permit routine "midi-sized" projects, 
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such as the sequencing of entire cosmid or PI clones. In the coming years this 
capacity will be important for many molecular biology laboratories generally 
not involved in massive genome projects. For example, the advent of convenient 
methods for genetic mapping using molecular markers, such as microsatellites, 
has now made it possible in many organisms to assign within approximately 50 
kb of DNA genetic traits of unknown molecular or biochemical basis; 
sequencing would begin their molecular analysis. Furthermore, a five-fold 
increase in the efficiency of sequencing would substantially facilitate the 
analysis of molecular phenotypes, such as the sequencing of tissue or stage-
specific cDNA libraries. 

A new high-speed DNA sequencer with a potential daily throughput of up to 
100 kb of raw sequence per device is under development. It will combine the 
ultra-thin gel technology with high sensitivity detectors and multiple dyes for 
simultaneous running of several clones in each track of a gel. Reading length 
will be increased to 1000 bases routinely. A new array detector system will 
increase 3-5 fold the number of clones run on a standard gel. New gel matrices, 
allowing multiple re-Ioading of gels, will be tested. Computer stations and 
software able to handle the high data output will be upgraded. Techniques for 
sequencing very small amounts of DNA will be developed, permitting direct 
genomic and large vector sequencing with walking primers, without the need 
for subcloning. Further improvement in the speed of sequencing will be 
undertaken by the use of robotics and automation devices in the preparation of 
double-stranded DNA sequencing templates, in sequencing reactions and in gel 
loading. A dedicated robot will be integrated with the sequencer into an 
automated system, performing several sequencing rounds without human 
involvement. In parallel to these improvements in current technology, new 
unconventional methods such as mass spectrometry or atomic force 
microscopy will be evaluated for sequencing DNA. Miniaturisation of 
biochemical devices will take place, using semi-conductor technology, and 
applications to DNA sequencing will be attempted. Improvements and 
innovations in sequencing technology will be pursued in conjunction with 
expanding the use of the in-house sequencing facility, as well as participating in 
collaborative genome sequencing projects. We are already involved in European 
Community funded projects for sequencing the yeast genome and human 
cDNAs. 

- Nucleic acid synthesis and chemistry: 
Rapid access to a large number of oligonucleotides at a low price would be of 
substantial benefit to many molecular biology applications. We will improve the 
performance of the current multiple DNA synthesizer by optimising the 
chemistry and operating software, and by improving the instrument design. 
Work on a new DNA synthesizer with simultaneous production of 100-500 
oligonucleotides has been initiated. To support the DNA sequencing efforts, 
new methodologies will be developed for non-radioactive labelling of both 
oligonucleotides and nucleoside triphosphates. Methods for introducing special 
tags onto oligonucleotides and nucleoside triphosphates will be developed, 
allowing the capture of specific DNA products from complex mixtures. A third 
area of interest will be the development of modified and totally artificial, 
efficient ribozymes. Finally, large scale synthesis of both unmodified 
oligoribonucleotides and those containing ribose and/or heterocycle 
modifications such as those that occur in snRNAs will be undertaken, enabling 
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structural studies of RNA/protein interactions, by both X-ray crystallography 
and NMR spectroscopy, in other Programmes. 

- Microinjection, electro- and particle gun transfection: 
The automated microinjection system developed at EMBL, and its commercial 
version (Zeiss) have found numerous applications over the past years. Image 
processing software for the identification of nuclei and cytoplasm will be used 
for full automation of the microinjection procedure. The optical tweezers 
technique will be added to the system. The particle gun technique will also be 
introduced, permitting efficient in vivo transfections. 

- Protein and peptide analysis and biological mass spectrometry: 
In the last decade molecular biology has been focused heavily on the elucidation 
of gene structure and regulation. The current trend towards working directly 
with proteins necessitates significant improvements in protein primary 
structure determination. Biological mass spectrometry (MS) may well provide 
the needed analytical power. Two commercial mass spectrometers are available 
at EMBL, for Electrospray MS and Laser Desorption MS. These instruments are 
used for both service activities and research collaborations involving the 
analysis of peptides and proteins, as well as DNA, lipids and polysaccharides. 
MS techniques are highly sensitive, down to the femtomole level, but this 
sensitivity is not usable in biological systems because of inadequate microscale 
sample preparation techniques. The development of such techniques will be 
one focus of future work. Rapid and extremely sensitive sequencing of proteins 
would open up new avenues in biological research, for example in identifying 
new factors in multi-component structures and for identification of post-
translational modifications. The Peptide and Protein Group of EMBL is focusing 
on sequencing proteins in very small amounts (sub-picomole). The main 
developments planned are: 
• Improvements of the current protein sequencer, both in capacity and 

sensitivity. 
• Introduction of mass spectrometry as a routine sequencing tool. 
• Improvements in software for interpreting of MS spectra and database 

searching. 
• Adaptation of sample preparation and microcharacterisation techniques for 

work at high sensitivity levels. 
• In-matrix digestion as an alternative to electroblotting on polyvinylidene 

difluoride (PVDF) membranes. This will be essential for working with 
minute amounts of proteins. The use of various proteases and optimisation 
of experimental parameters (detergents, extraction procedure, etc.) for 
digestion within various matrices will be investigated. 

- Peptide synthesis: 
A similar effort is addressed to peptide synthesis. The main developments 
planned are: 
• A real time monitoring system for control of the synthesis, especially useful 

for generating large peptides (over 50 residues) and small proteins. 
• Automation of the cleavage procedure. 
• Automation of the semi-preparative HPLC purification system. The aim is to 

reduce the waiting time by increasing the throughput of purified peptides. 
• Routine mass spectrometry analysls. 
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2. THE OUTSTATIONS 

Experience has shown that the current model of organising EMBL's Outstations is 
highly desirable. A relatively small but vigorous in-house research programme uses 
to advantage the associated special facilities, while establishing the intellectual 
environment within which these facilities can prosper and be used widely by 
visitors. The facilities represent important infrastructures for European biology, and 
it is hoped that their further development will be done cooperatively with the 
European Union. Within this overall scheme, each Outstation has specific features. 
An introductory section pertinent to both Grenoble and Hamburg aims to clarify the 
complementary roles of these two synchrotron-associated Outstations, and the total 
need for them. 

(a) Two Synchrotron Radiation Facilities for European Structural Biology 

Advances in molecular biology techniques have fuelled an explosive expansion 
in structural molecular biology. Thi3 has in turn created a phenomenal and 
increasing demand for synchrotron radiation beam-time in Europe, particularly 
from protein crystallographers. This is because high intensity synchrotron 
beams coupled with new detectors and cryo-cooling techniques permit 
qualitatively better data to be obtained, particularly on weakly diffracting 
crystals. It is estimated that there are at least 150 protein crystallography groups 
in Europe, each with multiple projects. Recent beam-time selection panels in 
both Grenoble and Hamburg have been several times over-subscribed and the 
productivity of many laboratories is strictly limited by access to synchrotron 
beam time. 

Both the continuation of facilities at Hamburg and the development of new ones 
at Grenoble are vital. These two Outstations provide access to the powerful x-
ray beams of DESY and ESRF, respectively. Grenoble also provides access for 
biologists to the intense neutron source of the ILL. With its existing six (soon to 
be seven) beam lines, which have high stability and brightness, Hamburg will 
continue to permit a wide range of synchrotron experiments. Hamburg 
emphasises crystallographic work at very high resolution, and state-of -the-art 
data can be routinely collected on the majority of macromolecular structural 
projects. Thus, Hamburg can supp0rt the work of very many visitors with 
relatively short stays; the biochemical facilities are limited, and visitors are 
usually expected to come with their samples ready. In Grenoble, where the 
brilliance of the beams is unparalleled, emphasis will be on novel and 
challenging experiments (e.g. very small crystals and large and complex 
structures with big unit cells, or single bunch experiments on photochemical 
reactions in crystals). Grenoble will be well set up to cater for those users who 
require longer stays and greater access to biochemistry and molecular biology 
facilities. The latter facilities are especially important, as they are not duplicated 
in ESRF and ILL. Related to these features are differences in the in-house 
research strategies. In Hamburg the research programme emphasises 
collaborations with visitors, which are mutually beneficial and highly cost 
effective. In Grenoble, the in-house research is more autonomous and is focused 
on more complex structures, thus both requiring and sustaining the extensive 
biological facilities that are also required by visitors. 
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Similarly, the two synchrotron-associated Outstations differ in their non-
crystallographic activities. Hamburg has expertise and facilities for time-
resolved studies of non-crystalline systems such as muscle, and for 
spectroscopic studies of metals in biological systems (EXAFS), both of which 
require synchrotron radiation. Grenoble provides expertise in electron 
microscopy, in the use of neutron scattering for determining macromolecular 
structures and dynamics, as well as in molecular biology and biochemistry. 

Currently, detector limitations mean that a complete data collection on a 
modem synchrotron beam line may take several hours, although the actual 
exposure of the crystal to the X-ray beam is only a fraction of this time (e.g. 10 
sec exposure but 3 min image-plate readout per degree; for 90 degrees of data, 
exposure time is 15 minutes but total elapsed time 4.5 hours). Improvements in 
detectors already underway (notably rapid readout CCD detectors and rapid 
scanning of image plates) will lead to complete data collections within typically 
30 minutes. This will pose considerable new challenges to the Outstations as the 
rate of accumulation of data will be enormous and the throughput of users 
could be multiplied by a factor of 5 or more. Clearly to make the most of this 
situation for the benefit of European users will require considerable new 
resources in terms of personnel and equipment. 

The EMBL has strong tradition in the development of detectors particularly 
suited for synchrotron radiation, as well as in beam line development. Detector 
development has been based on collaborations between Heidelberg, Hamburg 
and Grenoble. Both the gas detectors (chiefly developed in Grenoble) and the 
Imaging Plate Scanners (chiefly developed in Hamburg) have been widely used 
world-wide. EMBL will remain committed to such state-of-the-art detector 
research, as a collaborative venture between three sites. The improvement 
and support of beam lines and detectors will continue to require strong 
instrumentation groups at both sites, but these groups will have somewhat 
different tasks reflecting the different features of the two Outstations. 

(b) Hamburg Outstation 

(i) Overview 

This Outstation, historically the first part of the EMBL, was originally attached 
to the Deutsches Elektronen Synchrotron (DESY) synchrotron itself and 
strongly supported by the DESY directorate. More than two decades ago, the 
EMBL Project introduced at this site the use of synchrotron radiation for the 
analysis of biological structures. The present Outstation is situated on the 
powerful DORIS storage ring. Today, the Outstation has very high reputation 
and is the most widely used facility of this type in Europe. The number of 
visitors is more than 200 in a typical year. A recent survey' of publications in 
protein crystallography from the various synchrotron sites around the world 
(June 1992 - June 1993) showed the Hamburg Outstation at the top: of the 28 
papers published in Nature, Science or Cell in this period (40 % of the total 
protein crystallography papers), 11 included data measured in Hamburg. 

, S. Ealick and R. Walter, 1993: Synchrotron beam lines for macromolecular crystallography. 
Current Opinion in Structural Biology 5, 725-736. 
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EMBL believes that Europe needs the continued operation of the Hamburg 
Outstation as an internationally accessible facility, at least until the end of the 
century, with staffing at the 1992 level. This need arises because studies with 
synchrotron radiation have become a routine tool for the rapidly expanding 
field of structural biology. Demand exceeds capacity, and a large majority of 
research projects can be performed at either Outstation but cannot be 
accommodated in either one alone. Moreover, it is expected that soon DESY 
will be committed to building during the first few years of the next millennium 
a linear collider, as the next generation of particle accelerators. The quality and 
intensity of the synchrotron radiation available from this collider will be far 
above that from current machines, and European biologists may wish to plan 
how to exploit such a facility. 

(ii) Major Themes 

As already mentioned, this Outstation supports the work of very many visitors 
with relatively short stays. Correspondingly, its internal research strategy is 
adapted to close collaboration with a large number of transient external visitors. 
Essentially all staff scientists will continue to spend substantial proportions of 
their time working with visitors. As in the past, there will be groups on protein 
crystallography, non-crystalline systems and EXAFS. A small in-house 
biochemistry and molecular biology group will continue to work closely with 
the crystallographers. The strength of protein crystallography in Hamburg is 
the routine acquisition of high resolution data on macromolecular structures 
ranging frop-t small proteins to ribosomal subunits. The recording of atomic 
(close to 1 A) resolution data has been achieved for about a dozen structures, 
the largest being a bacterial oligopeptide binding protein with a MW of 60K. In 
summer 1994, this has led to the first ab initio phasing of a new protein, a 
cytochrome C6. The work of the EXAFS group will show increasing 
collaboration with the crystallographers in the use of multiple wavelength 
anomalous scattering, e.g. for studies on metalloproteins. Time resolved 
studies were pioneered in the Outstation by Ken Holmes and continue to be the 
most important interest of the group working on non-crystalline systems, 
including muscle, membranes and microtubules. This group's activities have 
been driven by advances in instrumentation, particularly detector 
development, over the years. 

The Outstation beam lines receive radiation from the DORIS storage ring. 
DORIS is now a dedicated ring with no high energy physics experiments. It has 
a circulating positron current of 100mA with beam lifetimes of up to 8-12 hours. 
EMBL has five beam lines positioned on bending magnets: two for protein 
crystallography, two for non-crystalline diffraction and one for EXAFS. In 
addition, a wiggler beam line is already operational and a second will operate 
from end of 1994; these will be dedicated to protein crystallography. These 
beam lines are built and owned by EMBL. The beam time is allocated by EMBL 
with guidance of an international priorities committee appointed by the 
Director General. DESY makes a major contribution to our international 
laboratory by generously providing radiation and the infrastructure of the 
experimental halls at zero cost to EM3L. The wiggler lines in particular provide 
overall intensities comparable to the ESRF in Grenoble. 
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We do not plan major construction of new beam lines in the next five years, but 
rather the improved running and upgrading of the present lines. One extra 
protein crystallography bending magnet line already exists and will be 
commissioned. In addition DESY /HASYLAB expect to install and commission 
an undulator line on the PETRA (roughly 12 GeV) ring in the next two years. 
This will provide monochromatic radiation of intensity several orders of 
magnitude higher than the ESRF. We expect to participate in the use of this line 
by installing our own detectors for part of the time: this will be a significant 
enhancement that will not require major capital investment. The improvement 
and support of beam lines and detectors will continue to require a strong 
instrumentation group. 

(c) Grenoble Outstation 

(i) Overview 

The Grenoble Outstation shares a common site with two other international 
organisations each providing unique large-scale facilities: the European 
Synchrotron Radiation Facility (ESRF) which produces extremely intense X-ray 
beams, and the Institut Laue Langevin (ILL) which provides high flux neutron 
beams. The Grenoble Outstation will be the focus of activity in structural 
biology on the common site. It will have an important service role, providing 
laboratory facilities, assistance and access to ESRF and ILL instruments for 
visiting biologists, while at the same time expanding its internal scientific 
programme to reach a critical mass. These two goals are complementary, as 
experience in EMBL Outstations shows that service is best provided in the 
context of a high quality research environment. A new 1200 m2 extension of the 
laboratory building (bringing the total to 3000 m2) will be ready in early 1995. 
Additions to the staff complement of the Outstation should begin soon 
thereafter, so that full advantage may be taken of the available facilities for the 
benefit of European structural biology. An expanded Outstation, with seven 
research groups (currently five) and the associated infrastructural positions, 
will be able to provide an environment strong in biological and physical 
techniques, supporting the work of an increased number of sabbatical visitors 
and young scientists who will be encouraged to visit for periods longer than 
those that are feasible in Hamburg. 

(ii) Major Themes 

- Collaboration with the ESRF: 
The ESRF currently provides the world's most brilliant X-ray beams (Le. 
combining high intensity, small size and lack of divergence). These beams are 
especially suited to crystallographic studies of weakly diffracting samples, 
such as small crystals or crystals with large unit cells (e.g. viruses, ribosomes). 
Another application is time-resolved crystallography using either Laue 
techniques or fast monochomatic data collection. In collaboration with the 
ESRF, EMBL has an important role to play in developing these exceptional 
facilities and in providing general biological support and access for European 
structural biologists. EMBL and ESRF currently collaborate on the design, 
construction and running of three of the beamlines for biology, the high 

38 



brilliance beamline BL4 (now in operation), the MAD beamline BL19 and a 
second, multi-station protein crystallography beamline BL20 (both due to run in 
late 1995). In addition, important areas of technical development in which the 
Outstation will be strongly involved :.}re X-ray detectors (improved image-plate 
scanners, rapid image-plate changers, CCD detectors and multi-wire detectors), 
automated transfer of cryo-cooled protein crystals, high accuracy MAD data 
collection and very fast data-collection methods. P3 facilities for handling 
potentially dangerous samples (e.g. viruses) will also be required. The 
Outstation should become a centre for training in advanced synchrotron 
techniques. 

- Collaboration with the ILL: 
The ILL, restarting in late 1994 after a long shut-down, remains the world's 
most intense neutron source. Although neutrons have a lesser role than X-rays 
in structural molecular biology, they are useful in certain areas involving the 
study of macromolecular complexes, both in crystals and in solution (using the 
"contrast variation" technique), for the study of protein dynamics (by inelastic 
neutron scattering) and for the study of solvent structure in crystals. EMBL and 
ILL will continue to run DB21, the low resolution neutron diffractometer (e.g. 
used in the past to study membrane protein, virus, nucleosome and ribosome 
crystals). Development work, including construction of new neutron detectors, 
is also underway for a new high resolution neutron diffractometer (called 
LADI). The ILL and EMBL will have to come to an agreement about the future 
financing and staffing of these instruments. Facilities for producing per-
deuterated proteins for neutron scattering and NMR should be maintained at 
the Outstation. 

- In-house scientific work: 
In-house research will continue to be mostly oriented to structural studies 
involving protein-RNA complexes. This currently involves strong 
collaborations between the existing crystallography, virus structure and protein 
biosynthesis groups and makes use of molecular biology, biochemistry, X-ray 
crystallography and electron microscopy. In addition, strong collaborations 
have developed with a number of external groups in the member states. There 
will be increased collaborations with the Heidelberg Laboratory, where the 
molecular study of RNA/protein complexes involved in RNA processing and 
transport is well advanced, and where the trend of structural studies is towards 
increasingly large multimolecular complexes. The existing projects in Grenoble 
are ambitious and will continue for the foreseeable future. One major focus is 
macromolecules related to protein synthesis (aminoacyl-tRNA synthetases, 
tRNAs and elongation factors) and another is proteins of RNA viruses (notably 
influenza). The aminoacyl-tRNA synthetase project is still largely concerned 
with bacterial systems (E. coli and T. thermophiIus), but is moving in the 
direction of the more challenging eukaryotic synthetases (e.g. on the 
asparaginyl-tRNA synthetase from the parasite, Brugia malayi, which is a major 
antigen found in the blood of humans suffering from lymphatic filariasis). On 
influenza virus, work is underway to characterise the RNA binding properties 
and function of the nucleoprotein, NS1, and the three viral polymerase 
subunits, with a view to eventual crystallisation trials. Attempts are also 
underway to crystallise poly-(A)-polymerase, as well as certain proteins and 
RNA fragments from the mammalian signal recognition particle. 
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(d) The European Bioinformatics Institute (EBI) 

(i) Overview 

A central aim of the latest Outstation in Cambridge is to ensure high quality 
information services for European academic and industrial research in biology 
and biotechnology. Incorporating and extending the mandate of the EMBL Data 
Library, the EBI will need to expand into new areas because of: 

• Demand for services - There is increasing user demand for activities such as 
training and user support, for which previous resources were inadequate. 

• Long-term viability - The rapid increase in data makes it crucial to undertake 
research and development in areas such as the application of advanced 
database management and information access systems. 

• Evolution of the field - Bioinformatics is a rapidly expanding field world-
wide, driven by advances both in biology (genomics, structural biology, 
biocomputing and theoretical biology) and in computer science. A major 
service and research bioinformatics centre, closely interacting with national 
facilities, will help strengthen the field in Europe, project the needs of 
biologists in the organisation of European computer networks, and interact 
with non-European bioinformatics initiatives on the basis of parity. 

The Data Library's success owed a lot to the world-class research context 
offered by EMBL's Heidelberg headquarters. This precedent, and the 
experience in the other Outstations, mandate that the services of the EBI be 
complemented by a small but vigorous in-house research component. Of course 
links will also be pursued with researchers working elsewhere. Continued 
interaction with the Structural Biology Programmes in Heidelberg, Hamburg 
and Grenoble will be important. The activities of the EBI will range from pure 
service, through development work and service oriented research, to basic 
research. While these activities are described separately, in operational terms 
boundaries between them will be avoided, with all groups embracing the 
overall mission of the EBI and collaborating to further it. 

The mission of the EBI and the rapid advances in the field require that the 
development phase of the Outstation be supported by continuous external 
guidance. The Director General will shortly form a Bioinformatics Advisory 
Committee (BAC), in such a way as to ensure close links to the Scientific 
Advisory Committee of EMBL (SAC) and to the Nucleotide Sequence Database 
International Advisory Committee. 

(ii) Major Themes 

- Services of the EBI: 
Information provision: The continuation and improvement of the services of 
the EMBL Data Library is the first priority of the service wing of the EBI, and 
indeed of the entire institute. The Nucleotide Sequence Database will continue 
to be the central endeavour. At the same time, EMBL's pioneering work in 
integrating diverse kinds of biological information will be extended. 
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Particularly crucial is the integration with the SWISS-PROT database (in 
collaboration with the University of Geneva). The advantages of having protein 
and nucleic acid data entry both occurring at the EBI are obvious, and there are 
analogous advantages in coordinating sequence and macromolecular structure 
databases. With this in mind, and in the light of substantial enthusiasm both 
sides of the Atlantic for EBI involvement, the EBI will become the major 
European partner in provision of macromolecular structure information. 
Provision of all types of information will require close collaboration and 
coordination with partners elsewhere in the world. Among these partners will 
be major bioinformatics centres outside Europe and EMBnet, the now-
independent European network of nodes originally initiated by EMBL. The 
diversity of databases that now need to be accessed simultaneously makes the 
development of a single, monolithic information resource for biology 
impractical and undesirable. EMBL has long worked with collaborators to be 
one-stop-shopping centre for a range of interoperable databases. This 
federated approach will be extended by the EBI, with links to externally 
provided specialist databases such as: 

• physical and genetic maps 
• project databases from major sequencing centres 
• organism specific databases 
• function specific databases 
• nomenclature databases 
• taxonomic information 
• citation information. 
The EBI will develop tools to access the databases on appropriate media, 
including high-speed networks. It will also validate and make available tools 
developed by third parties, typically on a caveat emptor basis. 

User support and feedback: User support, a major growth area, will consist of 
an on-going education programme and problem-driven consulting activities, as 
well as user conferences. It will involve: 
• Courses on topics ranging from the use of EBI products to upcoming 

developments in bioinformatics. The EBI will work with its collaborators to 
plan courses which can be delivered jointly, in differing locations and 
computing environments. 

• A visitors programme allowing scientists to spend time (up to one year) at 
the institute taking advantage of its facilities. Some visitors may come on a 
recurring basis allowing non-local senior staff to supervise internal projects. 

• Consulting to assist scientists in using its resources and developing their 
own. Support will range from telephone assistance to in-depth (perhaps on-
site) help. 

• Documentation production, including collaboration with other centres to 
provide specialist and multilingual versions. Documentation will include 
electronic documents, self-help tools and multi-media products. 

The EBI will establish well-defined mechanisms for collecting user input to 
guide its development. Particular, though not exclusive, attention will be paid 
to gathering input from important European collaborators such as the EMBnet 
community. 
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Policies on intellectual property: The goal of the EBI is to ensure optimal 
exploitation of the wealth of biologic;;l information now available. Information 
provided through the EBI will be available without restriction other than 
acknowledgement of source. This does not imply that the EBI will be 
responsible for the quality of or support information from third parties. 

- Research and development: 
R&D necessary to ensure that the EBl's services remain state-of-the art will 
include: 
• lnteroperability of genetic and physical mapping, sequence and structure 

information. 
• Connectivity of sequence databases to stored raw data to allow for more 

facile quality control and data validation 
• Improved tools for data acquisition, from individual users and large projects 
• Specialised tools for biological networking (e.g. World-Wide-Web) 
• Development of systematic nomenclature for attributes in the databases 
• Development of specialist views of the databases 
• Development of automatic methods for the detection of errors in sequence 

data 
• Development of databases of aligned sequences 
• Development of improved ways to represent diversity data 

- Basic Research component: 
Most of the leadership team of the EBI has been selected recently, and is in the 
process of developing the basic research programme. Subject to the advice of 
BAC and the types of additional group leaders to be recruited, some of the 
topics might include: 
• Nucleotide and protein sequence interpretation 
• Development of improved tools for the detection of sequence motifs 
• Molecular evolution 
• Methods for the prediction of three-dimensional structure from sequence 

data 
• Genome organisation 
• Mapping and linkage analysis 
• Computer modelling of cellular processes such as development, regulation 

and gene expression. 

In addition to making original contributions to the rapidly advancing field of 
bioinformatics, the research component of the EBI will help ensure the quality 
of the service component. It will provide an excellent in-house community of 
researchers which will generate pressure for improvement of services to data 
producers and users; anticipate research trends and project requirements for 
information analysis systems; and generate new types of electronically 
transmissible data, leading to the development of new information products. 
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-Collaboration and coordination: 
The EBI will collaborate with national and international research activities, 
enhancing the extensive network of informal collaborations built up by the 
Data Library, and establishing formal links to projects such as EMBnet. Where 
appropriate the EBI will advise groups developing databases and help them 
obtain funding. A high priority will be placed on strengthening the links 
between the EBI and the private sector. Pharmaceutical and biotechnology 
companies that generate large amounts of sequence data, and the information 
industry, will be major users of the EBI resources. The EBI will take a proactive 
role in creating and sustaining such interactions, including non-proprietory 
joint projects with industry, and an advanced annual workshop on coming 
trends in bioinformatics. Development of this interface will probably be best 
achieved through an Industrial Affiliates Programme. 

(e) A European Centre for Mouse Genetics 

Throughout the world, the 1990's and beyond will be a period of increased emphasis 
on mammalian biology. This is partly because technical advances have made it 
possible to perform rigorous molecular and genetic analysis in even highly complex 
animals. In addition, mammalian biology is inherently interesting because of its 
special relevance to humanity. Currently, the mouse is by far the most 
experimentally tractable mammalian system. As mice are separated from us by only 
80 million years of evolution and have broadly similar body organisation, their study 
by current methods of genetic manipulation addresses our inherent curiosity to 
know ourselves (comparable studies on humans are impossible on ethical grounds). 
Moreover, it is now clear that major advances in preventive, diagnostic and curative 
medicine will come from molecular and genetic studies on mice. The rat is currently 
less tractable experimentally, but also very important because of its extensive use in 
certain types of medically-relevant studies (e.g. hypertension). 

In the last few months, beginning with a EU-sponsored meeting of a committee of 
European biologists convened by F. Gros and G. Tocchini-Valentini to advise 
Commissioner A. Ruberti on the life sciences (Nature 369, 11-12, 1994), there have 
been a series of meetings directed towards the establishment of a European-scale 
infrastructure for mouse genetics. A mutant archive or repository is the centrepiece 
of the developing plan. The following section depends heavily on the discussions in 
these meetings. 

Mapping the human genome is proceeding very rapidly in Europe, making the 
identification of most human genes a realistic goal. But for detailed analysis of their 
function, study of the mouse homologues is the most feasible approach. The new 
technologies which have been developed over the past decade for manipulating the 
mouse genome (transgenic analysis, gene knock-outs, gene trap analysis), mean that 
it is now possible to specifically mutate any mouse gene. It is already clear that such 
mutant mice are of enormous value both for the understanding of basic biological 
processes and for the creation of models of human disease. Many laboratories are 
now capable of applying this technology and some of them are operating on quite a 
large scale. However, it is proving to be impossible, for even the largest and best 
funded research institutes, to retain all of these animals once the purpose for which 
they were originally made has been achieved. Limitations of space, manpower and 
funding mean that valuable mutant animals are being lost and it is clear that the rate 
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of loss will increase unless firm action is taken. The scale of the problem is well 
exemplified by the fact that the repository will have to handle the storing of 
estimated 1,000 new strains per year. A key reason why saving and making available 
these strains is crucial is the surprising redundency of mammalian genomes. 

The function of redundant genes can only be revealed when two or more mutations 
are combined in a single organism. The understanding of many fundamental aspects 
of mammalian biology, as well as many processes central to human health (for 
example the functioning of the immune system), will depend on studies in which 
multiple mutations are combined. Moreover, the creation of effective animal models 
of the diseases that are the major causes of morbidity and mortality in Europe, 
coronary heart disease and cancer, will also require the combination of several 
mutations in one animal. Similar arguments apply to gene trap lines, which will be of 
great value in identifying new genes that have interesting patterns of expression, and 
which lead directly to the isolation of mutant alleles. It is therefore essential that the 
many mouse mutants that are being created are retained and held in a repository, 
from which they can readily be made available to interested investigators. If this is 
not done, it will be very difficult to make animals carrying multiple mutations, and it 
will be impossible to use a particular mutant animal, made several years before, for 
an investigation that could not have been foreseen at that time. Animals will 
therefore have to be remade, which will be enormously wasteful of money and 
highly trained manpower. A repository from which all mutants are readily available 
will also obviate need for researchers to repeat the work of others before they can do 
something novel. 

A repository of this sort should playa major role in the dissemination of information 
by maintaining computerised databases of strains and mutants, and of gene 
expression patterns in the embryo. Such activities should be coordinated with those 
of the European Bioinformatics Institute (EBI). The expected functions of the facility 
would be as follows: 

1. Maintaining the genetic repository; receiving and storing animals and frozen 
embryos; establishing stocks of frozen embryos for strains provided as live 
animals; and making animals and frozen embryos available to all interested 
investigators. Duplicate stocks of frozen embryos will need to be maintained at 
a collaborating institution, for reasons of safety. 

2. Organising and maintaining the appropriate computer databases, in 
collaboration with the EBI. 

3. Providing advice and training to the relevant community of scientists in 
Europe, and helping them establish or expand local facilities. 

4. Cooperating with local and national facilities, some of which have specialised 
capabilities that make them useful internationally. 

5. In the longer term, perhaps undertaking some service work such as generating 
new knock-out strains for a fee. 

The operating cost of such a facility, when fully operational, is currently estimated at 
ca. 5 million ECU per year. Obviously, only the EU could sponsor such a project, and 
would have to approve the mode of its international operation as well as the site. 
Because of the urgency of the project, a premium will undoubtedly be placed on 
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candidate sites that can offer available, unencumbered animal houses and associated 
laboratories on an adequate scale. A very credible offer is expected from Italy, which 
has available appropriate facilities in Monterotondo, near Rome. 

The scientific experts have clearly specified that, whatever the organisation that 
operates such an international facility, close links are essential with active research 
groups whose work depends on mouse gene manipulation techniques. This is the 
only way for the facility to remain up to date and indeed to stay at the forefront of 
technology development. H the Monterotondo site is selected, the EMBL will be 
asked to provide these research groups. Assuming Italy remains an EMBL member, 
this would be possible using the resources for four groups in Italy, which were 
committed by EMBL Council in December 1993; EMBL's Scientific Advisory 
Committee has agreed that in such circumstances this use of resources would be 
appropriate. In this manner, a new kind of Outstation would be created, consisting of 
two independently funded and independent albeit closely cooperating units, the EU-
sponsored repository and the EMBL research component. Appropriate formal links 
between these two units would need to be arranged in due time. 

3. TRANSVERSE ACTIVITIES 

As compared to vertical organisation into research groups and programmes, 
collaborations are transverse activities. We envisage them as being of two types. 

(a) Spontaneous Collaborations 

Despite their importance, little more needs to be said about spontaneous 
collaborations, because they are such a fundamental and prevalent feature of 
EMBL. The Laboratory will continue to foster collaborations which are bottom-
up and fluid, representing the evolving interests of those concerned. Being 
based on open communication and cross-fertilisation, they are creative and add 
value for money. As explained above, they are promoted by institutional 
tradition, egalitarianism, relatively small group size and turnover. Even at a 
time of scarce resources, management will attempt to respond more pOSitively 
to requests for bridging support if they originate from collaborative projects. 

(b) Concerted Projects 

(i) The General Concept: 

Interdisciplinarity is generally honoured more in word than in deed. The past 
record of EMBL is quite good: interdisciplinary collaborations, such as those 
between groups in different programmes, are frequent (Annex V). 
Nevertheless, we do not believe that we have so far taken as much advantage of 
our multidisciplinarity as is possible and desirable. To capitalise fully on the 
unusual opportunities at EMBL, we intend to develop some concerted projects 
of greater ambition, scope and persistence, complementing spontaneous 
collaborations. This type of increased planning will be of special value in 
enhancing the interaction between the instrumentation programmes and the 
biologists, and between the Outstations and the Heidelberg Laboratory which 
can easily drift apart because of physical distance. 
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The planning of concerted projects has begun, and will continue until we 
formulate the final Scientific Programme proposal next year. In general, the 
concerted projects we finally select will: 

• Be organised transversely across programmes, rather than representing new 
programmes or activities of a single programme. 

• Address a major question in biology, which is complex, requires input from 
several disciplines, but appears soluble in the medium term. 

• Aim at novel insights based on the unusual combination of expertise and 
resources in the Laboratory. They will focus on areas in which we already 
have diverse expertise, although it might be supplemented profitably. 

• Be developed from the bottom up, synthesising the ideas and interests of 
our group leaders on the foundation of ongoing work. They will represent a 
deepening of actual collaborations, rather than an ab initio exercise. 

• Have a degree of flexible organisation. What is envisaged are periodic 
scheduled meetings of participants, a dedicated seminar series, access to 
modest resources from a discretionary Director-General's fund, and a 
project organiser (not necessarily a Senior Scientist) who will be selected 
amongst and by the participants for a limited period. 

• Give additional input to future recruitments to EMBL, by pointing out areas 
where gaps exist which, if filled, could make a strategic difference in 
scientific output. 

• Strengthen our ties with the national communities in two ways. First, some 
of these projects may entail from the outset participation of appropriate 
colleagues who work elsewhere. Second, the projects will tend to continue 
as present EMBL scientists move elsewhere, and therefore will provide a 
stable framework for continuing collaborations. 

In the first cycle of discussions, 16 concerted projects were proposed by EMBL 
scientists. Their feasibility and priority are still being discussed in-house. We 
expect that approximately 5 reformulated or consolidated projects will be 
selected ultimately. The 16 current proposals can be classified somewhat 
arbitrarily in three groups, as follows: 

• Molecular interactions 
- Dynamic protein-lipid interactions in membranes. 
- Functional expression and structural analysis of eukaryotic membrane proteins. 
- Domain interactions in signalling proteins. 
- The multiaminoacyl-tRNA synthetase complex of higher eukaryotes 
- Protein-protein interactions in cellular control networks. 

• Cellular functions involving multimolecular structures 
- Molecular and physical basis of morphogenesis in simple cells. 
- Centrosome structure and cellular organisation. 
- Nucleocytoplasmic transport and the nuclear pore complex. 
- Structure, composition and metabolic roles of subnuclear organelles. 
- Promoter architecture in three dimensions 
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• Other 
- Protein folding 
- Structure, functions and medical implications of megadalton size proteins 
- Virus structure 
- Transcription factor networks in cell differentiation 
- Interactions between signal transduction and transcriptional regulation in the 

mouse 
- Miniaturised laboratories 

By way of examples, the outlines of three of the proposed projects are presented 
below: 

(ii) The Molecular and Physical Basis of Cell Morphogenesis 

- Overvie-u;: 
Beyond the identification of genes involved in the various aspects of the life of a 
cell or organism, modern biology is faced with a problem of enormous 
complexity: how can the information stored in a linear string of genes be 
translated in the four dimensions of space and time? Studies on the cell cycle 
have begun to unravel how the timing of the division cycle is determined 
through the expression and sequential activation and inactivation of kinases 
which form a regulatory network functioning very much like a clock. One is 
just beginning to imagine how the physical properties of the proteins that 
compose the cytoskeleton can account for its dynamic organisation in three 
dimensions and thereby contribute to the shaping of cells and organisms. 
However, while we have learned much about the parts, we still understand 
little about their spatial integration. Addressing.the mechanisms responsible for 
the self organisation of molecules that leads tothe shaping of cells and embryos 
is an important and timely goal. It requires a truly multidisciplinary approach 
ranging from biochemistry to physics, including molecular genetics, 
sophisticated light microscopy techniques, structural and developmental 
biology. Within this overall goal, two specific phenomena of cell 
morphogenesis could become a focus of multidiSciplinary research at EMBL: 
assembly and function of the mitotic spindle, and cell polarity. Similar 
principles may govern both phenomena, and the time seems ripe for an 
analysis of the basic principles governing morphogenesis at the cellular level. 

- Morphogenesis of the mitotic spindle: 
Assembly of the mitotic spindle is a case study of intracellular morphogenesis. 
We know that spindle fibers (the microtubules) are composed of tubulin and 
that the reorganisation of these fibers from a radial network nucleated by a 
single centrosome in interphase into a bipolar spindle during mitosis is possible 
because microtubules are highly dynamic polar structures. Their dynamic 
behaviour is tightly controlled during the cell cycle in a manner that results in 
spindle assembly. In order to produce a comprehensive description of mitotic 
spindle morphogenesis, one must describe the parts and their dynamics, and 
then try to understand the morphogenetic rules that govern assembly. The 
molecular description of components is ongoing. Five years ago, it was difficult 
to name a single protein involved in mitotic spindle assembly apart from 
tubulin, but today we know several components and understand that 
microtubule dynamics are regulated by phosphorylation. The kinetochores, the 
specialised areas of chromosomes required for interaction with microtubules, 

47 



are being dissected. One aspect of this concerted project will be to identify 
kinetochore protein components. Given the complexity of the spindle, one 
must either use genetics, or harness functional assays (such as those developed 
in the Cell Biology Programme) to purify proteins from suitable sources. Our 
functional assays depend upon the use of microscopes developed and 
maintained by the Cell Biophysics Programme. The complex quantitative 
analysis of the data will require new software packages developed specifically 
for this purpose. The purification of the proteins and their cloning requires 
advanced expertise in protein and nucleic acid chemistry which is provided by 
the Biochemical Instrumentation Programme. The genetic approach will be 
taken in identifying spindle assembly mutants in Drosophila. The genes 
should be isolated, cloned and the exact function of the corresponding proteins 
studied using the in vitro assays already developed. 

Beyond the description of the molecular components, the most challenging 
question deals with the morphogenetic principles that govern the size and 
shape of the mitotic spindle as well as the positioning of chromosomes at its 
equator. Since the cell cycle and microtubule dynamics are both controlled by 
phosphorylation events, it is likely that morphogenesis and function of the 
mitotic spindle also involves phosphorylation reactions. One idea is that, 
during mitosis, microtubules become very unstable in the cytoplasm due to the 
phosphorylation of factors that increase their dynamics, and that a (known) 
phosphatase bound to chromosomes generates a gradient of phosphorylated 
factor(s), resulting in a minimum of microtubule destabilisation around 
chromosomes. This would favour microtubule growth towards chromosomes 
and thereby permit bipolar spindle assembly, but also quantitatively determine 
the size of the spindle and presumably also the localisation of chromosomes on 
the metaphase plate. Testing this hypothesis will involve the use of in vitro 
systems in which the spindle assembles and where kinases and phosphatases 
bound to beads can be positioned by using optical tweezers. Obviously, the 
physical realism of such a process has to be evaluated. This project involves a 
collaboration between cell biologists and physicists in the Cell Biology and the 
Cell Biophysics Programmes. 

- Cell polarity and embryonic body axis formation 
Cell polarity: Studies on polarity of cultured mammalian neurons and 
epithelial cells indicate that the primary event leading to the asymmetric 
organisation of cells occurs at the cell surface, perhaps due to cell-cell 
interactions or contacts with the basal substratum. The cytoplasm becomes 
asymmetrically organised as a consequence of this surface rearrangement. For 
example, in MDCK (kidney epithelial) cells, lipids and proteins are sorted to 
apical and basolateral domains of the membrane, while microtubules are 
rearranged from a radial organisation into vertical pillars with the plus end of 
the microtubules facing the basal side of the cells. In turn this is important for 
proper distribution of vesicles to the apical and basolateral domains of the 
epithelium. Work is in progress to understand how lipids and proteins are 
sorted during cell polarisation and how the cell surface signals affect the 
microtubule re-arrangement. As in the case of the mitotic spindle, this requires 
the identification of proteins in the polarisation machinery using 
multidisciplinary approaches involving a tight collaboration between the Cell 
Biology, Cell Biophysics and Biochemical Instrumentation Programmes. 
Accompanying studies of cellular dynamics in three dimensions are of 
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paramount importance for understanding the generation of cell asymmetry. 
How are the cell membranes reorganised to form microdomains at the correct 
sites? How are microtubules reorganised and oriented in epithelial and 
neuronal cells to generate tracks which will be used to send specific proteins 
and lipids to prospective apical and basolateral domains? These questions will 
require the use of confocal video microscopy and other sophisticated light 
microscopy techniques developed in the Cell Biophysics Programme, the 
expertise of Cell Biology scientists working both in the cytoskeleton and 
membrane traffic fields, and the generation of proteins tagged with 
fluorophores by chemists in the Biochemical Instrumentation Programme. 

Body axis formation: In Drosophila, the establishment of body axes is tightly 
coupled with the intracellular polarity of the oocyte. During its growth the 
oocyte, which derives from one of 16 sister nurse cells, is located posterior to 
the nurse cell cluster and becomes asymmetric. Its nucleus moves to a position 
corresponding to the prospective antero-dorsal domain of the embryo. Beyond 
the characteristic location relative to the nurse cells, asymmetry of the oocyte 
appears to be initiated by interaction with the enveloping follicular cells, again 
suggesting that cortical cues are important. At the same time, specific mRNAs, 
produced by the nurse cells and exported into the oocyte via cytoplasmic 
bridges, become localised at the future anterior and posterior poles of the 
embryo. Asymmetric mRNA distribution is essential for the correct formation 
of posterior and anterior structures in the embryo and later the adult fly. Is 
there any similarity between the establishment of an apico-basal axis in 
epithelial cells and the establishment of the antero-posterior axis in Drosophila 
oocytes? EMBL is an ideal place to address this question because of the 
presence of experts in both fields, within the Differentiation, Cell Biology and 
soon the Developmental Biology Programmes. The movement of proteins and 
mRNAs from nurse cells to the oocyte and their localisation within the oocyte 
can be studied, using Drosophila egg chambers cultured in vitro. This will be 
done, for example, by microinjection of fluorescently labelled RNA into nurse 
cells and then measurement of the migration of the RNA towards and within 
the oocyte. The input of physicists and chemists in the Cell Biophysics and 
Biochemical Instrumentation Programmes will be required. The egg chamber 
system could be used to examine the role of the cytoskeleton in mRNA 
localisation. Complementary work could be done in epithelial cells, on mRNAs 
that may be localised apically or in the baso-Iateral domain. In this way, the 
contiguity and interaction of cell and developmental biologists could lead to 
elucidation of the basic principles at work in the establishment of cell 
asymmetry, both in embryos and in somatic tissues. 

(iii) Nucleo-Cytoplasmic Transport and the Nuclear Pore Complex 

- Overvie--I..O 
In eukaryotic cells, RNAs are made by and large in the nucleus and proteins in 
the cytoplasm. A considerable fraction of each type of macromolecule has to 
traverse the nuclear membrane to reach its final functional location. Although it 
is established that macromolecules do not cross the double lipid bilayer of the 
nuclear membrane directly, but rather move through nuclear pore complexes, 
many aspects of this critical cellular process are poorly understood. 
Understanding nucleocytoplasmic transport through the nuclear pore complex 
is a problem with many facets which will only yield to a multidisciplinary 
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approach. Several groups in EMBL, both in Gene Expression and in Cell 
Biology, already work directly on nucleocytoplasmic transport or the nuclear 
pore complex, and the capabilities and interests of other groups, including 
Structural Biology, Cell Biophysics and Biochemical Instrumentation, impinge 
on the problem. By building on their present interests and strengths the 
laboratory is well poised to tackle the problem in a concerted effort. 

- Nuclear pore complexes: 
The nuclear pore complex (NPC) is large (40x larger than a ribosome). Thus far 
roughly ten of its protein (or glycoprotein) components, approximately 10% of 
the total, have been defined. Yeast genetics and biochemistry are currently 
being used to define more NPC components, and this will certainly be the 
fastest approach to identification of additional NPC proteins. Identification of 
the components will naturally lead to studies of NPC assembly, insertion of 
NPCs into the double bilayer, biochemical studies of interactions between NPC 
proteins etc. It would of course be useful to pursue detailed analysis (X-ray, 
NMR) on individual NPC proteins. At the structural level, electron microscopy 
of Xenopus oocyte nuclear membranes has provided a low resolution view of 
the NPC, and of the filamentous structures associated with the NPC on both its 
nuclear and cytoplasmic faces. The packing of the NPCs in these natural 
nuclear membranes is not regular enough for crystallography. Only a handful 
of the known components of the NPC have been by immuno-electron 
microscopy, even at this low resolution, and neither the function nor the 
composition of the filamentous structures are defined. A major technical 
problem is that yeast NPCs, which will be the first to be well characterised in 
terms of composition, cannot yet be studied with the most powerful electron 
microscopic techniques. Further, it is not clear whether yeast NPCs can be 
prepared in ways which maintain the associated structural elements. An 
intriguing aspect of structural studies is to account for the fact that the NPC is a 
very dynamic structure, with one or more small diffusion channels «5 nm) 
plus a gated >25 nm channel for active transport. If an experimental system 
can be developed in which active transport across the NPC can be induced, 
high resolution image analysis of active and inactive NPCs could be very 
revealing. 

- Non-NPC transport factors: 
Ongoing work has defined signals on proteins, RNAs and (sn)RNPs that affect 
their transport into or out of the nucleus. The cellular components that 
recognise these signals are not yet characterised. This is an area of very active 
research, including necessarily methods development. There is currently no 
good experimental method to prove that a factor acts to promote RNA export 
from the nucleus. Both genetic and biochemical methods have been tried as 
approaches to define factors required for nuclear import. Till now, the latter 
have been more successful, but both will be essential in the future in order to 
dissect the complex mechanisms of transport. A clear intermediate goal is to 
make the connection between the NPC and the soluble factors, i.e. to determine 
how macromolecules that are being transported dock at the pore and achieve 
gating (opening of the active transport channel). It will also be of considerable 
interest to determine how much of the machinery required for export of 
macromolecules (mainly RNPs) from the nucleus overlaps with that required 
for import (which mainly involves protein substrates). 
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- Related areas: 
It is virtually certain that a molecular motor will be required to achieve 
directional transfer across (and possibly also up to) the NPC. This is an area in 
which there is little or no research. One might imagine that genetic studies 
could turn up candidates, for example synthetic lethality screens with yeast 
strains carrying partially defective NPC proteins could identify motor 
components. In a second area, the small Ras-related GTPase Ran/TC4 and its 
nuclear exchange factor RCCI / prp20 have been shown to be essential for 
bidirectional transport across the NPC. What they do is not defined. There 
seem to be two major possibilities, based on the mode of action of better 
characterised GTPases. First, interaction with Ran might change the substrate 
for transport (e.g. conformationally or in composition), or alternatively Ran 
might interact directly with the NPC to change its structure. Available expertise 
in the GTPase field could help in studies of this problem. Both genetic screens 
for NPC-related motors and analysis of the mode of action of the Ran GTPase 
are areas in which several groups in the Cell Biology programme are well-
equipped to make a contribution, together with the groups in Gene Expression 
currently engaged in this area. 

(iv) Promoter architecture in three dimensions 

- Overview: 
Promoters that direct transcription of genes by RNA polymerase II generally 
harbour a plethora of binding sites for transcription factors upstream of the 
transcription start site. Some of these cis elements are close to the start site, 
others are much further away. While their arrangement on DNA is usually 
drawn one-dimensionally (i.e. the DNA is represented as a line and the 
regulatory sequences as boxes on this line) it is clear that promoters in a cell 
have three-dimensional structure. The key to promoter function is this 
structure, just as the structure of a nuclear pore complex determines its 
properties. The current idea is that many of the DNA-bound proteins interact 
with each other and with the basal factors in the bona fide transcription 
machinery to promote initiation. An active promoter therefore presumably 
looks like a gigantic multiprotein-cum-DNA complex, a dynamic three-
dimensional jigsaw puzzle. The relative position of cis elements in the DNA 
often is quite critical, indicating that a precise alignment of the attached protein 
surfaces is required for successful cooperation. When the attached proteins 
interact, the DNA between their binding sites presumably follows a highly bent 
and curved path in space. Evidence is accumulating that this path of the DNA 
is precisely determined, paved by "architectural" proteins that introduce 
specific bends and curves. Such factors, represented for example by HMG 
proteins, are not transcription factors in the classical sense, but their action is 
required for the alignment of the factors that do the job. The native, three-
dimensional promoter is of course organised in chromatin. Indeed, many 
"architectural" proteins, including HMG, classically belong to "chromatin". 
Positioned nucleosomes are also pertinent, since the forceful bending of DNA 
around a histone octamer organises DNA in a precise way. Learning about the 
complex rules by which DNA is folded in a nucleus to prevent or support 
associated protein-protein interactions will eventually help illuminate the 
mechanisms of activation from a distance, including the functioning of 
enhancers. 
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- A potential model promoter: 
Potentially there are as many "promoter structures" as there are promoters. 
However, there may well be rules that govern the principles of promoter 
architecture. Many known DNA-bending proteins are abundant in the nucleus 
and bind to sites in many promoters. By studying one or a few model 
promoters well one may be able to derive general architectural rules. 

One promoter that could serve as a model is the c-fos promoter, which is built 
to be activated within minutes after signalling through the main signal 
transduction pathways. Thus, a valuable feature is that this promoter is easily 
manipulable and can be studied in clearly distinct "on" and "off" states. The 
promoter has been characterised extensively by transfection analysis and by 
genomic footprinting, revealing a number of transcription factor interactions 
within a considerable stretch of DNA upstream of the transcriptional start site. 
Some factors apparently determine general promoter features in the "off" state, 
while others quickly associate with this "scaffold" to promote transcription. 
Architectural elements thought to contribute to fos promoter organisation are, 
for example, the transcription factor YY1 which interacts with multiple sites. 
YYl is an abundant nuclear Zn finger protein that binds to many promoters 
and, depending on context, may act as either a negative or a positive regulator. 
It has been suggested that these opposing effects of YYl might be explained by 
the directionality of bending introduced into promoter DNA, and that YYl-
induced DNA bending at the fos promoter is critical for promoter function 
(Natesan and Gilman, Genes & Dev. 7,2497,1993). A further, maybe alternative 
determinant of fos promoter structure has been suggested by Herrera, 
Nordheim and Stewart (unpublished) by the apparent presence of a positioned 
nucleosome within the c-fos promoter. 

The contribution of architectural components for promoter function is 
becoming increasingly obvious, but only a few cases have been described in 
detail such as the folding of the promoter by HMGJ(Y) (Thanos and 
Maniatis, Cell 71, 777, 1992), and the Drosophila hsp26 promoter which contains 
a positioned nucleosome (Thomas and Elgin, EMBO J., 7, 7291, 1988). This latter 
promoter is also currently studied at EMBL. 

- Experimental approaches: 
Crucial for an analysis of promoter architecture is the detailed knowledge of 
functionally relevant sites of protein-DNA interaction in vivo, which constitutes 
the basis for structural and biochemical reconstitution in vitro. The angles of 
DNA bends and kinks introduced into the intrinsic DNA curvature by protein 
interaction will need to be determined. Stereo-alignment of factors along the 
DNA will be related to the proposed path of the DNA. The precise knowledge 
of the structure of each interacting protein and its domains will be required to 
attempt computer-assisted modelling. The mapping of protein-protein 
contacts in the promoter complex will yield valuable coordinates. The situation 
is complicated by the anticipated involvement of bridging factors or mediators, 
i.e. proteins that do not touch down onto DNA directly, but establish contacts 
and bridge gaps between bound proteins. Only very few of these important 
proteins have been identified to date. Additional input could come from an 
evolutionary approach comparing promoter elements in related species, 
thereby defining conserved structural elements. It will be of fundamental 
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importance to establish whether architectural proteins create a structural 
scaffold within which regulatory molecules act to influence the activity state of 
a gene, or whether changes in the architectural components themselves 
constitute flexible elements used for regulation. 

-Requirements: 
An attempt to model promoter architecture will require the concerted efforts of 
many different disciplines. Many groups at EMBL are very familiar with or 
even are improving relevant techniques such as genomic footprinting, 
biochemical assays for protein-DNA and protein-protein interactions, 
functional transcription assays in vivo and in vitro, protein structure 
determination by crystallography and NMR, mass spectrometry, various 
microscopic techniques including AFM and STM microscopy, computer 
simulation and structure prediction, software development. A critical amount 
of expertise and research activity is found in all relevant areas, such as the 
sampling of functional and structural data in vivo, the development of cell-free 
systems for biochemical analysis and reconstitution, the structure 
determination of proteins and protein-DNA complexes and computer-aided 
structure prediction, simulation and visualisation. Increased coordination of 
our research efforts could make significant contributions to the resolution of the 
complex problem of promoter structure. 

4. THE TRAINING PROGRAMME 

The fourth statutory mission of EMBL is to provide advanced training and teaching 
in molecular biology. As summarised previously, the Laboratory fulfils this role by 
hosting a large number of advanced practical courses, workshops, specialist 
meetings and the annual EMBO Symposium; by operating a flourishing graduate 
student programme; by providing broad research training to a diverse body of 
postdoctoral fellows; by nurturing the development of its young faculty as 
independent investigators; and by providing access to new research concepts and 
techniques to a large number of visitors. Here we discuss our intentions about 
training, except for visitors who are discussed in Chapter VI. 

(a) EMBL: A European Meeting Place 

EMBL will continue to evolve towards assuming in Europe a position comparable to 
the Cold Spring Harbor Laboratory in the USA, in other words towards being the 
largest continental centre for advanced practical courses. This process takes 
advantage of the unusually broad and up to date expertise concentrated at EMBL. 
The courses, most of them held at the teaching laboratory in Heidelberg, are 
designed to instruct groups of up to about 20 students - the great majority at the 
postdoctoral level - in advanced research methods. The areas that have been covered 
include sequence database management and sequence analysis; protein design on 
computers; X-ray and electron microscopic determination of macromolecular 
structure; DNA sequencing; microinjection; 2D and 3D light microscopy; DNA-
protein interactions; recombinant DNA and genetic engineering techniques; and 
methods in cell biology. Such courses allow participants to learn state-of-the-art 
techniques which they can then directly and immediately apply in their own 
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laboratories. The courses are a very cost effective way of achieving technology 
transfer and several of the EMBL practical courses teach methods developed at 
EMBL: for example automated DNA sequencing, automated microinjection of cells 
and cryoelectron microscopy. The advanced practical course programme is an 
example of the synergism between EMBL and EMBO, the latter providing partial 
financial support for many of the EMBL courses, following an independent selection 
process. The programme also forges links between national laboratories and the 
Laboratory's research groups: several collaborative projects have developed between 
EMBL groups and students who attended the practical courses. As the EMBL 
Outstations mature, it is appropriate that they also develop an active programme of 
advanced practical courses in their special areas of expertise. This is already being 
planned at the EBI and in Grenoble. 

The Heidelberg Laboratory will also continue an active programme of hosting 
international meetings, such as the annual EMBO Symposium, meetings of 
intermediate size (such as Oncogenes and Growth Control, Mouse Molecular 
Genetics, Transcription, Structural Biology), and small (about 50 people) intensive 
workshops. The latter activity should grow, and should also occur at the Outstations, 
depending on the subject. 

The function of EMBL as a European meeting place puts heavy demands on the 
Laboratory's scientific and administrative personnel; this the Laboratory gladly 
accepts as part of its mission. The marginal financial costs for an expanded 
programme are modest. They include three administrative staff (one each in 
Heidelberg, Cambridge and Grenoble) and additional seminar rooms which are part 
of the space plan for Heidelberg. The teaching space in Cambridge and Grenoble is 
already under construction. 

(b) Outreach Teaching Activities 

Members of the EMBL staff actively participate in courses and workshops given in 
the member states, under various auspices. This will continue. A new activity, being 
tried in the summer of 1994 in Sardinia, is a course specifically designed to introduce 
the research programmes of EMBL to advanced undergraduates and graduate 
students in the member states; EMBL pays the expenses of its teaching staff, and the 
host country covers the expenses of the local participants. EMBL will consider 
institutionalising this type of course, depending on the success of the first 
experiment. It should be a cost-effective mechanism to spread information about 
EMBL, especially in the more distant member states, and thereby enhance 
participation through widening the pool of candidates for the predoctoral, 
postdoctoral and visitors programmes. 

(c) The Predoctoral Programme 

The graduate student programme allows EMBL to contribute to educating and 
training the future generations of fundamental biologists, from all its member states, 
introducing them at the earliest stage of their research career to an international 
European environment that promotes interdiSciplinary research. At present EMBL 
does not grant its own PhD degree; the students (currently 112) are registered in 
national universities or the University of Heidelberg. Over 70 have already received 
their doctorates, and a recent survey shows that virtually all of them have taken up 
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postdoctoral positions in excellent European and American laboratories; many of the 
doctorates from EMBL have competed successfully for EMBO and other 
international post-doctoral long-term fellowships. Some of the first to graduate from 
EMBL, having completed postdoctoral fellowships, are now setting up their own 
groups as independent investigators. 

In the first year, the graduate students take part in intensive lecture and laboratory 
courses, designed to broaden their background knowledge; this is especially 
important as the student body is very heterogeneous, matching the diversity of the 
faculty in terms of specialty and varying in background. The breadth of the training 
cannot be easily replicated at the national level. By the end of the courses the 
students are familiar with all the fields and approaches represented at EMBL, and 
have no difficulty seeking out diverse expertise or adopting whatever methodology 
their future research projects may require. This year, the contact hours of the courses 
have been doubled, and the courses now occupy the students full time for a term of 
10 weeks, October through December. The programme, operating in Heidelberg, is 
fully integrated across the entire EMBL system: students from the Outstations take 
their courses and faculty from the Outstations teach in Heidelberg. This is important 
for maintaining the cohesion of EMBL, as well as for broadening the background of 
all students even further. After the courses, the students are engaged in full time 
research in their chosen laboratory monitored by a thesis committee. They continue 
to be exposed to other people's work through informal daily interactions and 
through very active seminar series at the group, programme and Laboratory levels. 

This successful programme will continue with only minor modifications that 
experience may dictate. Because of the projected growth in the Outstations, and the 
new Developmental Biology Programme in Heidelberg a gradual increase in the 
student body is projected: by the year 2000 we wish to have 23 additional 
predoctoral fellows, 18 of them at the Outstations and 5 in Heidelberg (20% growth 
over 5 years). The small increase in Heidelberg is required because the Data Library 
which is being replaced by the Developmental Biology Programme used to train few 
graduate students. 

(d) The Postdoctoral Programme 

The postdoctoral programme is one of the great strengths of EMBL. Except for the 
courses, much of what was said above about predoctoral training also applies to the 
postdoctoral programme. Of the fellows (currently 126), approximately 20% receive 
fellowships from EMBL itself while the remainder are supported competitively by a 
wide range of national and international agencies. Notable amongst the latter are the 
EMBO, the EU and the HFSP. Year in year out EMBL succeeds in hosting more 
EMBO long-term fellows than any other university or research centre in Europe (no 
EMBL staff are involved in the EMBO selection process). Most of the postdoctoral 
fellows work at EMBL for at least 2 years and many stay 3-4 years, allowing them to 
pursue relatively long-term, innovative research goals, rather than secure, short-term 
but relatively mundane projects. 

The projected growth of the postdoctoral programme is earmarked exclusively for 
the Outstations, where we wish to add 20 postdoctoral fellows by the year 2000 
(overall 16% increase in 5 years). 
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Although most of the postdoctoral training at EMBL is through long-term 
fellowships lasting 2 or more years, EMBL also has many short-term visiting fellows. 
For example between 1987 and 1992 we were host to 141 EMBO short-term fellows 
working at EMBL for periods not exceeding 3 months. Many other short-term 
fellows received funding from other agencies. These short-term exchanges, which 
establish EMBL at the centre of a training through research network that extends 
throughout Europe, will continue and if possible will be enhanced (Chapter VI). 

(e) Career Development Investigators 

In addition to group leaders the EMBL faculty includes staff scientists, whose current 
roles are both important and diverse. They range from senior associates in some of 
the larger laboratories, through persons with unique expertise contributing to the 
work of several groups, to semi-independent investigators somewhat more junior 
than the group leaders. Especially in the Outstations, they frequently play crucial 
roles in the service activities. The Laboratory feels that it would be desirable to 
specify the role of staff scientists somewhat more precisely, by creating a new 
category, Career Development Investigators (COl), to replace the category of staff 
scientists who are de facto junior group leaders. This would avoid 
misunderstandings, and bring titles and roles into closer alignment. Furthermore, it 
would be a natural extension of the EMBL philosophy of training young 
independent investigators, explicitly pushing this training to an earlier career stage. 
Finally, it could contribute to our efforts for greater inclusiveness, if in some cases 
the national career structure makes it easier to recruit talented investigators at a very 
early stage. There are ample precedents for this category elsewhere, including Nlli 
Career Development Investigators, Harvard Junior Fellows, Miller fellows at 
Berkeley, the Nachwuchsgruppen in the Max Planck system, the A.T.I.P.E. 
programme in France, Wellcome Fellows in the UK, etc. 

Like these precedents, EMBL's CDls would have a limited and fixed term, five years. 
Their space assignment would be adequate for a group of fixed size, including three 
collaborators: typically one predoctoral and one postdoctoral fellow, plus one 
technician. Two of these positions would be funded by institutional resources for the 
duration, and the third for one start-up year; thus, the CDls would be almost fully 
funded, but gain the experience of applying for external funds for one position. 

The CDIs would be selected by open competition and evaluation by a committee 
representing both Heidelberg and the Outstations, as well as distinguished external 
scientists. To permit them to profit from the EMBL environment, and to ensure 
guidance from more senior scientists, they would be in the broad fields although not 
necessarily in the same specialities as the current EMBL group leaders. 
Appointments in fields cutting across Programmes would be encouraged. The 
competition for CDls would be open across the entire EMBL system, and selections 
would be by overall merit, the positions being tenable wherever the CDl's field 
dictates (Heidelberg or one of the Outstations). 

No special resources will be requested from the EMBL member states for the COl 
programme. The intention is to keep the programme small, making a CDI award a 
special distinction. In the first instance, three such positions will be opened, and the 
aim will be for a steady state of ca. 8. Unless funding from private sources can be 
obtained, the COl positions will be created by internal reallocation of resources. The 
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more precisely defined staff scientists, somewhat fewer in number, will continue to 
serve up to the usual 9 years. Both staff scientists and CDls will be eligible for group 
leader positions, but only if selected through open searches, in competition with 
external candidates. The standard EMBL policies will be applicable, including 
participation of external experts in search committees whenever an internal 
candidate is short listed for an open group leader position. 
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VI. EMBL TOMORROW: THE INTERFACES 

1. THE SCIENTIFIC COMMUNITY OF THE MEMBER STATES. 

As discussed earlier, EMBL has a strong record of contributions to the development 
of molecular biology throughout Europe. Our intention is to enhance interaction 
with the member states further, as resources permit, taking into account the 
priorities specified by our partners. Considerable thought has been focused on this 
goal in internal discussions, and at this stage external feedback and help in setting 
priorities is necessary. The menu of possibilities that we envisage is as follows: 

(a) Short-term Visitors Programme 

EMBL has a very active and successful programme of short-term visitors, ranging 
from pre doctoral students to senior investigators. Stipends are provided by EMBO 
and other external sources and sometimes by EMBL itself. Such visits are very 
effective for transfer of technology and ideas to distant laboratories, and for creating 
collaborative projects. Space permitting, and if adequate resources for running costs 
are provided, we would be happy to expand this programme further. 

(b) Longer Visiting Appointments 

Currently, visits longer than 3 months are rare, and in our opinion should be 
encouraged. Two categories are proposed. Sabbatical leaves of senior scientists 
would be of obvious mutual advantage, whe.ther devoted to writing or to 
experimental work. In addition, we are interested in the possibility of appointing 
visiting group leaders for 1-3 years. This possibility was first suggested by colleagues 
in Spain, who thought that such an extended stay at EMBL could be invaluable for 
active scientists who already have positions in the national systems, for bringing in 
new orientations to their laboratories as well as for establishing close international 
links between their own home institution, EMBL and the future institutions of EMBL 
faculty. Such visitors would have to have their laboratories back home, as well as 
their personal pOSitions, guaranteed. by their national institution. Such extended 
visits would demand considerably greater resources at EMBL, relative to sabbaticals 
of one year or less: they would require technical help and appointments of some 
postdoctoral or predoctoral fellows, mostly as visitors. Thus, the necessary resources 
and their origin must be considered carefully in evaluating this proposal. 

(c) EMBL Visitors in the Member States 

Conversely, it would seem desirable for Ei.'v1BL faculty to visit the member states not 
only briefly, for seminars or for participating in scientific meetings, but also for more 
extended visits. The Laboratory does not now grant sabbaticals to its faculty, but this 
could be considered: e.g. one semester taken anytime after 4 years at EMBL for fixed-
term faculty, and up to one year every 7 years for senior scientists. Sabbaticals would 
of course be arranged by each scientist individually, so that they would be consistent 
with his/her professional objectives. They would reinforce the links between EMBL 
and the scientific communities of the member states, and they would also facilitate 
subsequent repatriation, if taken at an institution potentially interested in recruiting 
the scientist. 
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(d) Smoother Repatriation 

After leaving the Laboratory, most EMBL scientists return to their home country, or 
take up appointments elsewhere in Europe. Although this process usually works 
very well, it is smoother for some countries than for others. Facilitating repatriation 
(on the basis of merit) would be beneficial for the home country, as it would enhance 
the return on its investment in EMBL. In some cases it would also help prevent 
problems of under-representation: scientists take up temporary positions abroad 
more easily if they know that this does not place them at a strong disadvantage with 
respect to others that stay within the national system. 

Although potential mechanisms for smoothing repatriation may vary for each 
country, a step that always makes a significant difference is establishing strong 
collaborative links between individual EMBL scientists and colleagues back home. In 
our experience, Germany is particularly successful in this respect, not so much 
because of physical proximity but because it considers German scientists at EMBL 
eligible for national research grant support. Thus, German group leaders typically 
have German-funded projects in collaboration with multiple colleagues at national 
institutions, and are therefore easily reintegrated when they leave EMBL, being 
already familiar with national mechanisms of research support and having strong 
contacts with potential collaborators. While we are aware of the potential for 
resentment if EMBL scientists can compete for national funds which sometimes are 
extremely limited, we recommend for consideration a policy that permits, as a 
minimum, joint applications to national sources between scientists at national 
institutions and scientists of the pertinent nationality who, having been at EMBL for 
at least 3 years, are beginning to think about their subsequent return. 

(e) Cooperation agreements with specialised national facilities 

Institutional cooperation agreements are possible between EMBL and specialised 
facilities in the member states, which are unusual, state-of-the-art and open to the 
European as well as the national scientific communities. Such agreements could 
increase efficient use of resources and lead to the build up of a network of EMBL-
linked, internationally accessible, high-quality facilities throughout Europe. EMBL 
has taken the first step in this direction recently, by signing a cooperation agreement 
with the Dutch Bijvoet NSR Research Alliance. That agreement aims to increase 
reciprocal and third party use of the respective facilities, facilitate their improvement, 
and promote interaction. The agreement remains open for extension to comparable 
institutions elsewhere, and does not entail transfer of resources between the 
cooperating institutions. 

EMBL favours this type of agreement, as a step towards greater internationalisation 
of European science. It is obvious that guidelines and procedures should be 
developed, to ensure that such agreements are justified and substantive, rather than 
just a means of enhancing recognition. In addition to the peer review committees of 
the two sides, some input from an independent body such as the EMBO Peer Review 
Committee might be desirable in establishing such agreements. 
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(f) Specialised Service Facilities in Heidelberg 

In addition to the well-recognised service role of the Outstations, EMBL provides 
access to special facilities in the Headquarters Laboratory, subject to their capacity 
and on a case-by-case basis. If space and resources were available, and demand 
justified it, the following facilities could be upgraded to permit greater access: 

• DNA sequencing facility: The Biochemical Instrumentation Programme is one of 
the world leaders in DNA sequencing techniques. The facility it operates has one 
of the highest through-puts in the world, which is scheduled to increase further 
as part of our technology development programme. Currently the facility serves 
in-house users and participates in a number of collaborative projects. It 
accomodates a number of external visitors, who generally do not carry routine 
work here, but come for consultations regarding available systems and 
methodology, and specific advice about their specific projects. If upgraded, it 
could transfer up to date sequencing technology to many more visitors. It could 
also extend its collaborations with selected major sequencing projects. It should 
not, however, compete with or duplicate the large genome centres typical of 
major member countries. 

• Parallel computing facility: A large-scale facility directed towards molecular 
biology applications is now operating in the Structural Biology Programme, with 
the support of the European Union, and offering shared memory and distributed 
memory parallel machines. The facility provides advance training in 
supercomputing through short-term visits for fellows to the Laboratory and 
expands work with EMBLnet which facilitates access to databases and 
computational resources for an interactive network of European molecular 
biologists. Continuous upgrading will be necessary as technology advances and 
the computational needs of biologists become more sophisticated. 

• NMR labelling facility: EMBL has taken the initiative to produce at cost enriched 
mixes of 15N and 13C-labelled precursors for the rapidly expanding European 
community of structural biologists working with NMR. This valuable service 
should be continued and stabilised with adequate space and personnel, 
reimbursed by the users. Eventually it may be best to put it on a commercial 
basis, with safeguards against unreasonable increases in prices. 

• A microsopy centre: The Cell Biophysics, Cell Biology and Structural Biology 
. Programmes together make the Heidelberg Laboratory one of the world centres 
in microscopy. Major innovations have been made and continue to be made in 
both electron and light microscopy. Novel confocal microscopies are a special 
strength. Although these technology developments are very beneficial for in-
house users, they have not been immediately accessible to others. If demand 
justifies it, EMBL could develop a microscopy centre to fill this gap. The greatest 
demand we anticipate is in the field of advanced light microscopy, where not 
only are new microscopes being developed but also the way of acquiring and 
processing the data is changing rapidly; this is due to the increase in quality and 
decrease in price of sensitive high resolution cameras, computers and software. In 
the United States, several universities have developed advanced light microsopy, 
and the Marine Biology Laboratory at Woods Hole is a major national centre. At 
EMBL, a light microscopy centre would provide advanced training (up to five 10 
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day courses per year, each with 12 students), help visitors to test the suitability of 
novel procedures to their research needs, and give guidance for the introduction 
of state-of-the-art microscopy tools in national institutions. In addition to making 
state-of-the-art and experimental research equipment available, the centre could 
provide equipment and expertise for producing quality videos for seminars and 
courses. It could also provide authoritative information about equipment and 
recent development, through a database accessible through network and/or 
CDROM, and through publication of an annual review book. If there is sufficient 
demand, electron microscopes which are complex or capital intensive, such as the 
cryo-STEM microscope, might also become routinely available to users, as a 
central European facility. 

(g) Regional EMBLIEMBO groups 

A historic success of EMBO was to pioneer mobility of European biologists at the 
postdoctoral level. The continuing success of the EMBO fellowship programme, 
together with the HFSP and the much larger Human Capital and Mobility 
Programme of the European Union, now give adequate support for postdoctoral 
mobility. However, a major need remains urunet: mobility of young independent 
investigators (see also Nature 369 p. 12, 1994). The European scientific community 
will be truly integrated and fully competitive only when European scientists can set 
up research groups anywhere in Europe, at the place best suited to their special 
needs, with ease comparable to that of Americans moving freely to any part of the 
United States. This opportunity is especially important for young investigators, at an 
age when families can still be adventurous. Transnational mobility will frequently be 
reversible, as the cultural diversity of Europe will frequently favour subsequent 
return to the home country. This will further accentuate mobility, enhance flexibility 
and reduce inbreeding in the European research system. 

EMBL is proud to have initiated discussions about this subject through its December 
1993 proposal for transnational EMBL Regional Groups, to be established in the 
member states (Annex IX). Although many national research systems now employ 
foreigners, the national systems' priority necessarily focuses on their own citizens. 
Only a transnational institution can sponsor a programme for mobility specifically 
across national borders. It is gratifying that the principle of the EMBL proposal 
received strong support, quite apart from reasonable reservations about some 
aspects of the proposed implementation. The unanimous support in principle within 
the EMBL Council, and the strong support in SAC, justify further consideration, 
even though implementation of the pilot phase has been blocked by the subsequent 
announcement of Italy's intention to withdraw from membership. In our judgement, 
the following questions need to be answered: 

• If transnational mobility of young investigators is sound in principle, what is its 
priority relative to other demands on scarce resources? Has the time come for an 
initiative addressing this need? 

• With particular regard to EMBL and its limited resources, might the CDI and/or 
long-term visitor programmes (see above) be of higher priority than the regional 
group initiative? 
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• If an initiative is to be launched, who should do it? What are the advantages and 
disadvantages of placing it under the umbrella of EMBL, EMBO, the European 
Union, or any other organisation? Who should provide the funds? 

• How should the EMBL proposal be modified, to ensure quality, the viability of 
the transnational groups, and the overall success of the programme? 

• Although an experimental pilot phase is essential to work out detailed guidelines 
and procedures, it would seem preferable to launch it on a pan-European scale, 
to safeguard its scientific rather than political orientation. What provisions can be 
made to ensure that this initiative reinforces the inclusiveness and cohesion of the 
European scientific community, rather than aggravating an internal brain drain? 

2. THE EUROPEAN UNION 

An important change in the 20 years since the founding of EMBL is the emergence of 
a major transnational mechanism for planning and support of research and 
technology development, operated by the Commission of the European Union. 
Although its initial mandate was specifically to increase the competitiveness of 
European industry, a significant component of support for fundamental research, 
training and large-scale research facilities developed through successive "mobility" 
programmes (Stimulation, SCIENCE, Human Capital and Mobility). This 
complements oriented basic research activities that are funded under the Life 
Sciences sectoral programmes (parts of BAP, Biotech, Biomed, AMICA etc.). Some of 
the highlights of the EU programme in molecular biology and related fields are 
strong support for plant biology, a very successful effort to sequence the yeast 
genome, and a much needed initiative in neurobiology (BRAIN programme). The 
EU has provided significant support for the EMBL Data Library, has funded 
increased access of visitors to our synchrotron-associated Outstations and parallel 
computing facility, and has supported fellowships at EMBL as well as research 
networks with EMBL participation. Recently, the revisions of the European 
Economic Community treaty, leading to the European Union, has broadened the 
mandate for the EU programme in Research and Technology. The current 
Commissioner in charge of this sector, A. Ruberti, has reached out to the scientific 
community and explicitly identified the strengthening and increased coherence of 
the research base in Europe as a priority goal. Thus, despite differences in 
procedures and priorities, the EU and EMBL now converge on the broad goal of a 
strong and integrated European community in molecular biology. 

In the last decade, although these developments were occurring, a climate of 
antagonism emerged between Heidelberg and Brussels. The time has come to 
reverse this unfortunate climate, in recognition of the shared goals and 
complementary potentialities of the two sides. Much progress has been made in this 
direction in the last year. Currently, the relations between EMBL and the 
Commission are very good, and there is genuine interest in working together 
synergistically. We are negotiating a framework agreement of cooperation, and are 
discussing possibilities for joint action. EMBL's intention is to seek a close working 
partnership in the next five years in the areas of common interest, even as we 
recognise and preserve the distinct features of the two organisations. 
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EMBL must maintain its flexibility as an independent, science-driven institution, 
small relative to the EU, and with a predominant focus on fundamental research. It 
performs rather than sponsors research and training. And it is committed to full 
participation of all its member states in all its activities, even the small number of 
states that will not be members of the EU from 1995 on. Conversely, the EU research 
and technology effort is much large than EMBL's, and has much broader scope than 
molecular biology. It is characterised by a strong emphasis on precompetitive 
research for industry and agriculture. It has firmly established procedures including 
a tripartite role in defining the programmes (Commission, Council and Parliament); 
a requirement for submission of applications by eligible institutions in response to 
open calls for proposals under these programmes; and a policy of evaluation of these 
applications by experts representing the member states. Its procedures favour 
support of applications originating in part in the less developed regiOns, as a means 
of promoting cohesion of the European scientific and technological community. 

We believe that, while preserving their separate identities and character, EMBL and 
the EU can cooperate on three different tracks. 

• Participation in existing EU programmes: EMBL should continue to apply on par 
with national institutions, under the open calls for proposals for EU support to 
fellows, research networks and large scale facilities. Such competitive support 
must be an add-on and not a substitute for the funding provided to EMBL by the 
ordinary contributions of the member states, in the same way that national 
institutions obtain additional support from the EU as well as from their national 
government. 

• Joint planning and support for infrastructure: The life sciences now need large 
service infrastructures, which must be developed on a European scale for reasons 
of effectiveness and efficiency. Synchrotron-associated structural biology 
facilities, data libraries and bioinformatics facilities, and mutant repositOries are 
obvious examples. The EU, EMBL and large national institutions have legitimate 
and complementary roles to play in developing these European infrastructures, 
and EMBL is currently engaged in discussions as how best to proceed. Again, 
any support provided by the EU should be subsidiary to the contributions of the 
member states to EMBL, in the sense that it would not be tenable for EU to fully 
fund an EMBL facility. However, EMBL's request to its member states for the 
necessary infrastructure facilities would obviously take into account any stable 
support that is obtained for this purpose in partnership with the EU. 

• Institutional affiliation: Any formal EU /EMBL cooperation agreement will 
undoubtedly provide mechanisms of consultation and exchange of information. 
Beyond that, the emerging partnership clearly justifies that EU be granted at least 
observer status in the EMBL Council. 
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3. INDUSTRY AND MEDICINE 

(a) General Trends 

Basic research has a dual nature. It is an activity integral to modern culture, 
propelled by our fundamental need to understand ourselves, and the world around 
us, ever more deeply and more objectively. It is also the ultimate source of our ability 
to create new tools to improve our life and to change the world. Fundamental 
knowledge and derived applications are not antithetical, they are two sides of the 
same coin. Moreover, molecular biologists have discovered that the distance 
between knowledge and application is very short in this field. Thus, in environments 
that promote entrepreneurial activities and encourage rapid changes in attitudes, the 
last 15 years have seen an impressive shift, away from the splendid isolation of 
academic research in molecular biology, towards interaction with the emerging 
biotechnology industry and medical or agricultural research. Overall, this shift is 
very much more pronounced in the United States than in Europe. Despite initial 
fears, this change has not detracted from the rigour of fundamental research. Quite 
the contrary, the industrial and applied research interface has often stimulated 
fundamental studies, by clarifying important goals and by providing valuable tools. 
Two obvious examples are the blossoming of plant molecular biology research under 
the impetus of potential agricultural applications, and the versatile PCR method 
originating in the biotechnology industry. Conversely, biotechnology and molecular 
medicine would be inconceivable without close links to fundamental molecular 
biology research. The interface involves training, interchange of research results and 
tools, and input of ideas through various consulting arrangements. Throughout the 
world, a significant number of the postdoctoral fellpws trained in molecular biology 
laboratories now find employment in industry, bringing with them invaluable ideas 
and know-how. 

EMBL has been, should and will remain largely a basic research institution. One of 
the Laboratory's challenges for the rest of this decade is to find the appropriate 
manner of interacting more closely with two pertinent fields of applications, 
medicine and industry (as its instrumentation programmes have done in the past), 
while remaining true to its fundamental nature. In so doing, the Laboratory could 
help catalyse a process valuable for Europe. Now that EMBL is well established as an 
eminent international centre for research and training in fundamental molecular 
biology, it is appropriate to devote increased attention to how the results of its basic 
research, technology development and training can help more directly to enhance 
the health and well-being of individuals, and the economic vitality of Europe. This is 
a logical step in the evolution of the Laboratory, consistent with the vision of its 
founders who saw molecular biology as holding "immense promise for the future of 
increases in human knowledge, or greater understanding of health and disease, and 
of economic benefit" (1966 EMBO Report). 

(b) The Industrial Interface 

Increased involvement of EMBL with industry is particularly important at this time, 
when there is valid concern about the place of Europe in the future world-wide 
division of labour in biotechnology. For example a disquieting signal is the 
accelerating emigration of the R&D efforts of large European pharmaceutical 
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industries to the United States. Together with European industrialists, major national 
research institutions and the policy-makers of member states and the EU, EMBL 
(and EMBO) should work towards identifying and remedying the scientific, fiscal, 
organisational and other problems at the root of this dangerous trend. 

EMBL is not yet ready to make concrete proposals about its industrial interface, and 
would especially welcome dialogue about these important issues. Some of the ideas 
that are being discussed internally for increasing this interface are: 

• Encouragement of a completely separate but collaborating centre for contract 
industrial research, through which increased technology transfer could be 
channelled. 

• A fee-paying Industrial Associates Programme, through which interested 
companies could have non-exclusive access to information about developments 
atEMBL. 

• An Industrial Associates Programme specifically tailored to bioinformatics and 
based at the EBI. 

• Solicitation of industrial sponsorship of fellowships, accompanied by reciprocal 
acquaintance visits between the EMBL fellows and scientists of the sponsoring 
company. 

• Industrial sponsorship of research projects at EMBL, provided that they are of 
mutual interest, non-proprietory and publishable. 

• A formal programme of technology transfer and licensing agreements for 
commercialising results, products and instruments developed at EMBL. 

In planning for an increased industrial interface, EMBL is primarily interested in 
increasing the public benefit, and only secondarily in fundraising. Needless to say, in 
so doing the Laboratory must adhere strictly to certain principles: 

• No compromising of academic freedom; guarantees for the scientific 
independence of its scientists and trainees, and the unhindered, timely 
publication of its results. 

• Granting of technology transfer and licensing agreements on the basis of 
prospects for successful implementation and fair returns, rather than on political 
considerations; its partners could be based, at least in part, in any member state. 

• Non-exclusivity of the Industrial Associates Programme and of the sponsorship 
of fellowships and research projects, based solely on technical legitimacy, fair 
compensation, and involvement of at least one member state in the company in 
question. 
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(c) The Medical Interface 

As medicine is becoming more molecular, a strong convergence is unmistakable 
between research in basic biology and in medicine - a convergence reflected in the 
term biomedicine. Telling signs include: 

• The increasing prominence of molecular and cell biology departments in medical 
schools, especially in the United States. 

• The affiliation of large pharmaceutical companies with molecular biology 
institutes, and their acquisition of successful biotechnology companies. 

• The strong support of selected areas of molecular and cellular biology by 
medically-oriented foundations, including the Wellcome Trust in the UK and the 
Howard Hughes Medical Institute in the US. 

Similarly, although EMBL does not aspire to be a medical research institute, it now 
finds that many of its research topics are directly relevant to medicine. Examples are 
studies in epithelial cell polarity, protein transport, the cell cycle, signal transduction, 
transcription and RNA processing, oligonucleotide and ribozyme technology, 
structural biology, as well as the biochemical instrumentation and light microscopy 
technology development. It is not accidental that recently a few very successful 
EMBL group leaders left to join medically-oriented biotechnology companies or 
industry-supported biomedical research institutes. This trend should be recognised 
with better attention to EMBL's medical interface. Advice in this respect would be 
appreciated. We see at least two major directions in which the medical interface 
should be developed: 

• Training: Many of the scientists that we are training will increasingly enter 
careers in biomedical research. To take only one of Heidelberg's research 
Programmes as an example, there is now an increasing need for scientists trained 
to study cellular organisation. The cell biology of disease is going to demand 
much more attention. The Human Genome project is identifying one gene 
product after another involved in disease, but the methods of molecular cell 
biology are needed to analyse the defective gene products in their cellular 
context. Two illustrative examples being explored at EMBL are Alzheimer's 
disease where protein transport and processing are disturbed in the brain, and 
solid tumors whose study could profit from the advances in epithelial cell 
biology. Renewed interest is addressed to the interaction of viruses, bacteria and 
parasites with their host cells. The increased use of cellular systems in 
pharmaceutical research and in biotechnology will further enhance the demand 
for molecular cell biologists, of the type that are being trained in our Cell Biology 
Programme. Similar arguments can be made easily for several other of EMBL's 
research and training Programmes. We will continue our mission to train highly 
qualified fellows and even independent investigators for an increasingly broader 
range of careers. In addition, we could make a significant contribution by 
expanding the visitors programme, as proposed above, especially by welcoming 
sabbatical visitors from medical research, who wish to receive training in our 
fields of expertise. 
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• Consultation and technology transfer: As the EMBL community becomes more 
generally familiar with the possibilities and benefits of technology transfer (see 
the section above on industrial interface), there will be greater alertness to the 
medical implications of ongoing work. A further stimulus for technology transfer 
into medicine could be a series of seminars from successful practitioners of 
medical research, on topics related to EMBL's areas of interest. In addition, an 
institutional policy could be developed favouring consulting agreements, in a 
manner that safeguards our primary orientation towards fundamental research 
and training. 

4. OTHER INTERFACES 

The historical trend towards European integration is accompanied by a shift away 
from the centralised statist model. While there is continuing vigorous debate about 
the respective roles of European versus national governmental bodies, there is an 
unmistakable trend towards encouraging local initiatives, at the level of regions and 
cities, as well as greater reliance on the private sector and private initiative. In this 
context, it is appropriate that EMBL, which started as an idea from the bottom up, 
should make a gradual transition from a purely governmental to a more pluralistic 
system of support and programme development. This is one reason why this 
Scientific Programme is addressed more broadly than its traditional audience, the 
governments of the member states. 

The Laboratory is fully aware that it should not jeopardise the essential, ordinary 
contributions of the member states by calling for unattainable support from other 
sectors. It is also aware that, with rare exceptions, foundation support and private 
philanthropy is less well developed in Europe than in the United States. Equally, 
however, it is aware of an important historical precedent: the launching of EMBO, 
and therefore of the EMBL Project, through a grant from the Volkswagen 
Foundation. We know the advantages of flexibility and experimentation that private 
support confers on the American research system. Thus, we invite advice as to how 
to increase the involvement of foundations and private philanthropy in the 
sponsorship of EMBL activities. As we do so, we believe that the management of 
EMBL should become better adapted to a diversity of sponsors. While broad 
planning for all activities should remain subject to the concurrence of EMBL Council, 
and gross financial accounting should be fully implemented, it would be best to 
separate external support budgets from budgets dealing with core programme 
support based on ordinary contributions of the member states. This would safeguard 
the stability of the Laboratory's core programmes, while permitting greater flexibility 
and exploration of new possibilities with external support. 
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VII. EMBL TOMORROW: QUESTIONS 

We would especially welcome feedback on the following general questions: 

(a) The continuing mission, aims and distinctive features of EMBL (pages 5 to 13). 

(b) The blueprint for the future (pages 14 to 20). 

(c) The choice of scientific activities in Heidelberg and the Outstations, their 
balance and relative priorities (pages 21 to 44). 

(d) The concept and the specifically suggested concerted projects (pages 45 to 52). 

(e) The components of the training programme, their balance and relative priorities 
(pages 53 to 57). 

(f) The possible modes of interaction with member states, their balance and 
relative priorities (pages 58 to 61). 

(g) The proposed cooperation with the European Union (pages 62 to 63) 

(h) The initial thoughts on increasing the interface with industry and medicine 
(pages 63 to 65). 

and more specifically: 

(i) The distinctive character of EMBL centrally depends on the turnover system 
and the associated youth and modest group size of the group leaders. Do you 
agree with our assessment that this character should be preserved, or would 
you favour an alternative structure, such as larger groups and greater 
proportion of permanent faculty? 

G) Within its limited size and resources, EMBL cannot and should not try to do 
everything. Within the constraints of the proposed Programmes and 
Outstations, are there contributions that EMBL could make to important fields 
which cannot be strongly represented here, such as neurobiology, plant 
molecular biology, immunology or virology? 

(k) Similarly, our involvement in genomic studies is concentrated on 
bioinformatics and biocomputing, instrumentation and methodology 
development, and participation in selected international sequencing networks. 
We do not duplicate major genome projects that are ongoing at the national 
level. Do you agree with this approach, or do you suggest an alternative 
strategy? 
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(1) The proposed Career Development Investigator programme targets 
outstanding young scientists at the advanced postdoctoral stage, offering them 
for a few years training in organising and leading a small group, with adequate 
support and within a stimulating and nurturing environment. Do you support 
this use of available resources? 

(m) What are your responses to the specific questions posed on pp. 61-62 about 
regional groups? Do you think that the scientific community and your country 
would benefit more from such a scheme, or from greater access to the 
Heidelberg laboratory, including the addition of career development 
investigators and items (a), (b) and (f) on pp 58-61? 

(n) What specialised service facilities in Heidelberg would you favour the most? 

(0) The specific circumstances of each country strongly affect the benefits of 
membership in EMBL. Can you suggest specific steps that your country or 
EMBL could take to further improve mutual benefits? 

(p) Do you have any suggestions for increasing the involvement of foundations 
and private philanthropy in the sponsorship of EMBL activities? 
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ANNEX I: 

Former EMBL group leaders, staff scientists, postdoctoral 
and predoctoral fellows holding independent positions in Europe 

Allan, Viki 
Group Leader 
MRC Structural Studies 
Division 
Hills Road 
Cambridge CB2 2QH 
UK 

Armstrong, John 
Group Leader 
School of Biological Sciences 
University of Sussex 
Brighton BN1 9QG 
UK 

Arnold, Berndt 
Associate Professor 
DKFZ 
Immunology Department 
1m Neuenheimer Feld 280 
D-69120 Heidelberg 

Bakke, Oddmund 
Professor 
Div. of Molecular Cell Biology 
Dept of Biology 
University of Oslo 
Box 1050, Blindern 
N-0316 Oslo 

Banner, David 
Group Leader 
Hoffman la Roche 
Basel 
Switzerland 

Banting, George 
Lecturer 
University of Bristol 
University Walk 
Bristol BS8 lTD 
UK 

Barlow, Denise 
Institute of Molecular Pathology 
University of Vienna 
Austria 

Baudet, Sylvie 
Group Leader 
Universite-Sud 
Paris 

Bauerle, Patrick A 
Professor 
University of Freiburg 
Germany 

Berkenstam, A 
Associate Professor 
Karolinska Institute 
Huddinge 
Sweden 

Bemues, Jordi 
Group Leader 
Centro de Investigaci6n y 
Desarrollo 
CSIC 
Jordi Girona Salgado 18-26 
ES-08034 Barcelona 

Beug, Harunut 
Senior Scientist 
Institute of Molecular Pathology 
University of Vienna 
Austria 

Bianchi, Marco 
Associate Professor 
Dip. di Genetica e Bio. dei 
Microrgan. 
University di Milano 
Via Celoria 26 
1-20132 Milano 

Bohm, Michael 
Professor 
C3 
Fachhochschule 
Hamburg 
Gennany 

Bomsel, Morgane 
Group Leader 
Institut Pasteur 
28, rue du Dr. Roux 
F-75015 Paris cedex 

Bordas, Joan 
Head, Synchotron Radiation 
SERC 
Daresbury Laboratory 
UK 

Bossi, Nello 
2nd Class Research Director 
Dept. de Genetique Moleculaire 
CNRS 
F-91198 Gif-sur-Yvette 

Bowles, Dianna 
Plant Laboratory 
Dept. of Biology 
University of York 
YorkY015DD 
UK 

Brandli, Andre W 
Group Leader 
ETH 
Ziirich 
Switzerland 

Bryan, Richard K 
Director of Computing 
Laboratory of Molecular 
Biophysics 
Oxford University 
UK 

Burgert, Hans-Gerhardt 
Associate Professor 
MPI Fur Biologie 
Freiburg 
Germany 



Camilloni, Giorgio 
Associate Professor 
University of Rome 
Genetics Deparunent 
Rome 
Italy 

Canno-Fonseca, Maria 
Group Leader 
Universidade de Lisboa 
Faculdade de Medicina 
Instituto de Histologia e 
Embriologia 
Portugal-1699 Lisboa codex 

Cesareni, Giovanni 
Professor of Genetics 
Biology Deparunent 
University of Torvergata 
Rome 
Italy 

Chanat, Eric 
Group Leader 
Laboratoire Biologie 
Cellulaire et Moleculaire 
F-78352 Jouy-en-Josas cedex 

Chamay, Patrick 
Director 
INSERM Unit 368 
101 rue de Tolbiac 
F-75654 Paris cedex 13 

Chavrier, Philippe 
Research Director 
Centre de Immunologie de 
Marseille-Luminy 
F-13288 Marseille cedex 09 

Ciliberto, Gennaro 
Programme Coordinator 
IRBM P.Angeletti 
Via Pontina kIn 30.600 
1-00040 Pomezia (Roma) 

Clague, Michael 
Group Leader & Lecturer 
Dept. of Physiology 
University of Liverpool 
PO Box 147, Crown Street 
GB-Liverpool L69 3BX 

Clarke, Paul 
Group Leader 
School of Biological Sciences 
University of Manchester 
G38 Stopford Building 
Oxford Road 
GB-Manchester M13 9PT 

Colanturi, Vittorio 
Associate Professor 
Dept. of Biology 
Facolta di Medicina 
e Chirurgia II 
Universita Federico II 
Via S. Pansini 5 
1-80131 Napoli 

Constanzo, Francesco 
Full Professor 
Dept. of Biology 
Facolta di Medicina 
e Chirurgia II 
University Frederico II 
Via S. Pansini 5 
1-80131 Napoli 

Cortese, Ricardo 
Scientific & Managing Director 
Istituto di Ricerche di Biologia 
Moleculare P. Angeletti 
Via Pontina km 30.600 
1-00040 Pomezia RM 

Cosson, Pierre 
Basel Institute of Immunology 
Basel 
Switzerland 

Cutler, Daniel 
Group Leader 
Membrane Biology Laboratory 
MRC 
University College London 
Gower Street 
GB-London WClE 6BT 

Dabauvalle, Marie C 
Assistant Professor 
Institut Zoologie 
University of Wtirzburg 
Rontgebrubg 19 
D-97070 Wtirzburg 

Damm, Klaus 
Forschungsleiter 
Thomal 
Biberach 
Germany 

Davey, John 
Group Leader 
Deparunent of Biochemistry 
University of Birmingham 
PO Box 363 
Birmingham B15 2TI 
UK 

Davoust, Jean 
Research Director 
INSERM 
Marseille 
France 

de Curtis, Ivan 
Group Leader 
Dept. of Pharmacology 
San Raffaele Scientific Institute 
Via Olgettina 60 
1-20132 Milano 

De Francesco, Raffaele 
Group Leader 
IRBM P. Angeletti 
Via Pontina km 30.600 
1-00040 Pomezia (Roma) 

Delius, Hajo 
Group Leader 
DKFZ 
1m Neuenheimer Feld 280 
69120 Heidelberg 
Germany 



De Martin, Rainer Di Nocera, Paolo Etzerodth, Michael 
Group Leader Associate Professor Group Leader 
Sandoz Facolta di Medicina Biotechnology Institute 
Vienna e Chirurgia II University of Aarhus 
Austria Universita Federico II Aarhus 

Via S. Pansini 5 Denmark 
1-80131 Napoli 

DeMey,Jan Dobberstein, Bernhard Fasano, Ottavio 
Professor Professor, 2MBH Professor of Genetics 
Institut Jacques Monod University of Heidelberg Dept Biologia Cellulare 
Dept de BioI. Supramoleculaire 1m Neuenheimer Feld 282 University of Palenno 
2 Place J ussieu D-69120 Heidelberg Via Archirafi 22 
F-75251 Paris cedex 05 Palermo 

Italy 

De Meyer, Leo DubocheL, Jacques Featherstone, Carol 
Professor Professor Editor, Trends in Cell Biology 
MPI flir Biophysikalische Dept. of Ultrastruct. Analysis Cambridge 
Chemie Uni versity of Lausanne UK 
Am Fassberg Lausanne 
37077 Gottingen Switzerland 
Gennany 

De Simone, Vincenzo Duboule, Denis Fiorella, Altruda 
Associate Professor Professor Associate Professor 
Dept. of Biology Zoology & Animal Biology Dip. di Genetica, Biologia e 
Facolta di Medicina University of Geneva Chimica Biologia 
e Chirurgia II Sciences III Univesity de Torino 
University Federico II 30 quai Ernest-Ansennet Via Santena 5 bis 
Via S. Pansini 5 CH-Geneva 1-10126 Torino 
1-30131 Napoli 

Ducommun, Bernard Frain, Monique 
De Vendittis, Emmanuele Professor INSERM Unit 368 
Associate Professor University of Toulouse 101, rue de Tolbiac 
Dept. di Biochemica e France F.75654 Paris cedex 13 
Biotecnologie Mediche 
University of Napoli 
Via S. Pansini 5 
1-80131 Napoli 

Dupree, Paul Frank, Rainer 
Di Lauro, Roberto Group Leader Group Leader 
Full Professor of Genetics Dept. of Plant Sciences 2MBH 
University of Udine Cambridge University University of Heidelberg 
Italy Downing Street D-69120 Heidelberg 

Cambridge CB2 3EA 
UK 

Di Lauro, Roberto 
Professor Edstrom, Jan-Erik Freeman, Bob 
Stazione Zoologica "A.Dohm" Professor, MD Head of Scientic Purchase 
Villa Comunale I Institute of Genetics ESRF 
80121 Napoli University of Lund BP220 
Italy SOlvegatan 29 F 38043 Grenoble Cedex 

S-22362 Lund 



Fries, Eric 
Associate Professor 
Dept. of Medicine & 
Physiological Chemistry 
Biochemical Centre 
University of Uppsala 
BMC Box 575 
S-75123 Uppsala 

Frischauf, Anne-Marie 
Professor 
ICRF 
London 
UK 

Fuhnnann, Ulrike 
Schering 
Berlin 
Gennany 

Garoff, Henrik 
Professor 
Karolinska Institute 
Dept. of Molecular Biology 
Novum 
S-14152 Huddinge 

Gausepohl, Heinrich 
Technical Director 
ABIMED Analyse Technik 
D-40764 Langenfeld 

Giesen, Ursula 
Group Leader 
Boehringer 
BabnhofstraBe 9 
D-82327 Tutzing 

Gilberg, Eric 
Professor 
University of Munich 
Munich 
Gennany 

Gorvel, Jean-Pierre 
Group Leader 
Centre d'Immunologie de 
Marseille-Luminy 
INSERM-CNRS 
case 906 
F-13288 Marseille cedex 09 

Greulich, Otto 
Professor 
University of Jena 
Gennany 

Gruenberg, Jean 
Professor 
Dept. of Biochemistry 
University of Geneva 
30 quai Emesl-Ansermel 
Sciences II 
CH-1211 Geneva 4 

Hamm, Jorg 
Istituto di Ricerche di 
Biologia Molecolare 
IRBM 
Via Pontina km 30,600 
1-00040 Pomezia 

Hendrix, Jules 
Founder & 50% Owner 
X-ray Research 
Hamburg 
Gennany 

Herrmann, Gernhard 
MPI 
Tubingen 
Gennany 

Herzog, Richard 
Group Leader 
Thomson-CSFILCR 
Corbeville 
F 91404 Orsay Cedex 

Hille-Rehfeld, Annette 
Group Leader 
Biochimie II 
University of Gottingen 
Gosslerstr. 12D 
D-37073 Gottingen 

Hurtley, Stella 
European Editor 
Science 
Cambridge 
UK 

Huttner, Wieland B 
Professor, Neurobiology 
University of Heidelberg 
1m Neuenheimer Feld 364 
D-69120 Heidelberg 

Huylebroeck, Danny 
Professor 
Laboratory of Molecular 
Biology, University of Louvia 
Bid Onderwijs & Navorsing 
Campus Gasthuisberg KU 
Herestraat 49 
B-3000 Leuven 

Iribarren, Adolfo 
Group Leader 
IRBM 
Via Pontina km 30.600 
1-00040 Pomezia 

Jackle, Herbert 
ProfessorfDirector 
Max Planck 
Dept. of Developmental Biology 
Gottingen 
Germany 

J armolowski, Arlur 
Group Leader 
A-Mickiewicz University 
Dept. of Biopolymer 
Biochemistry 
ul. Fredry 10 
61-701 Poznan 
POlruld 



Jockusch, Brigitte 
Professor 
Zoologisches Institut 
University of Braunschweig 
Braunschweig 
Germany 

Jurgens, Gerd 
Professor 
Institute for Genetics 
University of Munich 
Maria Ward StraBe 
D-80638 Munich 

Kneale, Geoff 
Biophysics Lab. 
University of Portsmouth 
Portsmouth 
UK 

Koch-Brandt, Claudia 
Professor 
Institut fUr Biochemie 
Gutenberg Universitiit 
Joh. Joachim Becher Weg 30 
D-55128 Mainz 

Kokkinidis, Michael 
Group Leader 
Inst. of Molecular Biology 
Heraklion 
Crete 
Greece 

Koller, Barbara 
Group Leader 
University of Lund 
Sweden 

Koshy, Rajen 
Senior Lecturer in Virology 
Hammersmith Hospital 
London 
UK 

Kreis, Thomas 
Professor 
Departement de Biologie 
Cellulaire 
Sciences III 
30, Quei Emest-Ansermet 
CH-1211 Geneva 

KurzchaJia, Teymuras 
Group Leader 
Max-Delbruck Centrum fUr 
Molekulare Medizin 
Robert-Rossle-Str. 10 
D-13125 Berlin-Buch 

Lehrach, Hans 
Professor 
ICRF 
London 
UK 

Kvist, Sune 
Professor & LICR Member 
Ludwig Institute for Cancer 
Research 
Box 240 
S-17177 Stockholm 

Laggner, Peter 
Director 
Institut fUr Biophysik und 
Rontgenstrukturforschung 
bsterr. Akademie der 
W issenschaften 
S teyrergasse 17 IVI 

Lakey, Jeremy 
Lecturer 
University of Newcastle 
Newcastle-upon-Tyne 
UK 

Lemaire, Patrick 
Group Leader II 
CNRS 
Wellcome/CRC Institute 
Tennis Court Road 
Cambridge CB2 2QR 
UK 

Lepault, Jean 
Research Director 
Centre de Genetique 
Moleculaire 
duCNRS 
A venue de la Terrasse 
F-91193 Gif sur Yvette 

Lesk, Arthur M 
Reader 
University of Cambridge 
UK 

Leutz, Achim 
Associate Professor 
MDC Berlin Buch 
Germany 

Lorenzetti, Rolando 
Group Leader 
Centro Ricerche DOW 
LEPETIT 
Gerenzano (M!) 
Italy 

Louvard, Daniel 
Professor 
Pasteur Institute 
25, rue du Dr. Roux 
F-75724 Paris cedex 15 

Lubben, Matthias 
Group Leader 
Ruhr-Universitat 
Bochum 
Germany 

Luirink, Joen 
Professor 
Faculty of Biology 
Vrije Universitetet 
de Boelelaan 1087 
NL-1081 HV Amsterdam 



Makarow, MaIja 
Group Leader 
University of Helsinki 
Recombinant DNA Lab. 
Valimotie 7 
FIN-00280 Helsinki 

Marsh, Mark 
Group Leader 
MRC Lab. for Molecular Cell 
Biology, Medawar Building 
University College London 
Gower Street 
GB-London WCIE 6BT 

Marvin,D 
University of Cambridge 
Dept of Biochemistry 
Cambridge 
UK 

McCrae, Malcolm 
Professor of Virology 
Dept of Biological Science 
University of Warwick 
Coventry CV4 7AL 
UK 

Meijers, Carel 
Group Leader 
Erasmus University 
POBox 1738 
NL-3000 DR Rotherdam 

Metsikko, Kalervo 
Group Leader 
Dept. of Anatomy 
Kajaanintie 24A 
FIN-90220 Oulu 

Milde, J urgen 
Professor 
University of Koln 
Germany 

Miller, Andrew 
Vice Principal 
Edinburgh University 
UK 

Monaci, Paolo 
Group Leader 
IRBM P. Angeletti 
Via Pontina kIn 30.600 
1-00040 Pomezia (Roma) 

Moody, Michael 
Reader, School of Phannacy 
University of London 
London WAN I AX 
UK 

Morein, Bror 
Professor 
The Royal Veterinary College 
Biomedical Centre 
Box 585 
S-75123 Uppsala 

Morrone, Gianni 
Associate Professor 
Dip. Medicina SperirnenL:lle e 
Clinica 
Facolta di Medicina 
Via T. Campanella 
1-88100 Catanzaro 

Muller, Rolf 
Professor 
Institut fUr Molekularbiologie 
und Tumorforschung 
Philipps 
Marburg 
Germany 

Munoz, AlberLO 
Group Leader 
Instituto de Investigaciones 
Biomedicas 
Calle Arturo Duperier 4 
ES-28029 Madrid 

Murphy, Shona 
Chemical Pathology Unit 
Sir William Dunn School of 
Pathology 
South Parks Road 
GB-Oxford OXI 3RE 

Murray, Kenneth 
Professor 
Institute of Cell & Molecular 
Biology 
University of Edinburgh 
UK 

Murray, Noreen 
Professor 
Institute of Cell & Molecular 
Biology 
University of Edinburgh 
UK 

Nassel, Dick 
Professor 
Dept. of Zoology 
University of Stockholm 
Sweden 

Nicosia, Alfredo 
Group Leader 
IRBM P. Angeletti 
Via Pontina km 30.600 
1 -00040 Pomezia (Roma) 

Niehrs, Christoph 
Gruppenleiter, DKFZ 
1m Neuenheimer Feld 
69120 Heidelberg 
Germany 

Nusslein-Volhard, Christiane 
Professor 
MPI 
Tubingen 
Germany 

Oliviero, Salvatore 
Associate Professor 
Istituto Ricerche 
Immunobiologiche 
Via Fiorentina 1 
1-53100 Siena 



Olkkonen, Vesa 
Group Leader 
National Public Health Institute 
Dept of Biochemistry 
Mannerheimintie 166 
FIN-00300 Helsinki 

Page, Malcolm 
Group Leader 
Hoffmann-La Roche 
Basel 
Switzerland 

Palmgren, Michael G 
Assistant Professor 
Royal Veterinary University 
Copenhagen 
Denmark 

Paonessa, Giacomo 
Group Leader 
IRBM P. Angeletti 
Via Pontina kIn 30.600 
1-00040 Pomezia (Roma) 

Pattus, Franc 
Director of Research 
CNRS 
IBML 
UPR9003 
11, rue Descartes 
F-67084 Strasbourg 

Petrntos, Kyriacos 
Associate Professor 
FORTH 
Institute of Molecular Biology 
& Biotechnology 
Heraklion 
GR-711 10 Crete 

Pettifer, Robert 
Professor 
University of Warwick 
Coventry CV4 7AL 
UK 

Pirotta, Vincenzo 
Professor 
University of Geneva 
Switzerland 

Poli, Valeria 
Istituto di Ricerche di Biologia 
Molecolare 
IRBM 
Via Pontina km 30,600 
00040 Pomezia 
Italy 

Poustka, Anne-Marie 
Group Leader 
DKFZ 
1m Neuenheimer Feld 
69120 Heidelberg 
Germany 

Provencher, Steve 
Research Scientist 
MPI filr Biophysicalische 
Chemie 
Am Fassberg 
D 37077 

Prydz, Kristian 
Group Leader 
Dept. of Biochemistry 
University of Oslo 
Box 1041 
Blindern 
N-0316 Oslo 3 

Quinn, Paul 
Group Leader 
Dept. of Physiology 
University CoIJege London 
London 
UK 

Raugei, Giovanni 
Associate Professor 
Dip. Scienze Biochemiche 
University degii Studi di Firenze 
V. Ie Morgagni 50 
1-50234 

Reggio, Hubert 
University of Marseille 
Marseille 
France 

Riccio, P 
Professor 
University of Bari 
Deptim. Biochemica e Biologia 
Italy 

Roberts, Lynne M 
Lecturer 
University of Warwick 
Coventry CV 4 7 AL 
UK 

Rosa, Patrizia 
Group Leader 
University of Milano 
Centre of Cytopharm 
Vra VanreiteIIi 32 
1-20120 Milan 

Rosenbusch, J tirg P 
Professor 
University of Basel 
Biozentrum 
Basel 
Switzerland 

Ruden, T. von 
Group Leader 
Sandoz 
Wien 
Austria 

Ruther, Ulrich 
Professor 
Hannover Medical School for 
Molecular Biology 
Germany 

Santoro, Claudio 
Associate Professor 
Dip. Genetica, Biologia e 
Chimica 
University di Torino 
Torino 
Italy 

Santoro, Claudio 
ICGEB 
Trieste Component 
Padriciano 99 
34012 Trieste 
Italy 

Sarvas, Matti 
Group Leader 
KTL 
Mannerheimintie 166 
FIN-00280 Helsinki 



Schaller, Chica 
Professor 
ZMNHII 
University of Hamburg 
Martini StraBe 52 
D-20251 Hamburg 

ScherIy, Daniel 
Dept de Microbiologie 
Univ. de Geneve 
C.M.U. 
9, Ave de Champel 
CH-1211 Geneve 4 

Schneider, Claudio 
Professor 
ICGEB 
Trieste 
Italy 

Serrano, Ramon 
Professor 
Universidad Politecnica de 
Valencia 
Spain 

Sorrentino, Vincenzo 
Group Leader 
DIBIT 
Instituto San Raffaele 
Milan 
Italy 

Speck, Peter 
Founder & Owner Imagin 
Babnhofplatz 6 
D 76137 Karlsruhe 

Spena, Angelo 
Staff Scientist 
MPI fUr Biichtungsforschung 
Koln 
Gennany 

Stabel, Sylvia 
Group Leader 
MPI 
K61n 
Gennany 

Tooze, Sharon A 
Group Leader 
ICRF 
London 
UK 

Traboni, Cinzia 
Group Leader 
IRBM P. Angeletti 
Via Pontina km 30.600 
1-00040 Pomezia (Roma) 

Tramolll,Ula, Anna 
Group Leader 
IRBM 
Rome 
Italy 

Uhlen, Matlhias 
Professor 
Royal Institute of Technology 
Stockholm 
Sweden 

Van der Sluijs, Peter 
Group Leader 
University of Utrecht 
Dept. of Cell Biology 
Medical School 
AZU Room H02.314 
Heidelberglaan 100 
NL-3584 CX Utrecht 

Van Meer, Gerrit 
Group Leader 
University of Utrecht 
Dept. of Cell Biology 
Medical School 
AZU Room H02.314 
Heidelberglaml 100 
NL-3584 CX Utrecht 

Vannier, Christian 
Group Leader 
INSERMU298 
CHRU D'Angers 
F-49033 Angers cedex 

Vaux, David 
Group Leader 
Sir William Dunn 
School of Pathology 
University of Oxford 
South Parks Road 
Oxford OXI 3RE 
UK 

Vennstrom, Bjorn 
Professor 
Karolinska Institute 
S-17177 Stockholm 

Vesque, Christine 
Group Leader II 
INSERM 
Unite INSERM 368 
46 rue d'Ulm 
F-75230 Paris cedex 04 

Vingron, Martin 
Group Leader 
GMB-Il 
Schloss Birlinghoven 
St. Augustin 
Germany 

Vachette, Patrice 
Research Director 
CNRS 
University of Paris-Sud 
Orsay 
France 

Vogel, Robert 
Group Leader 
Hoffmann-La Roche 
Grenzach 
Switzerland 



Von Bonsdorff, Carl-Henrik 
Professor 
Dept of Virology 
University of Helsinki 
Haartmaninkatu 3 
FIN-00290 Helsinki 

Wagner, Erwin 
Senior Scientist 
IMP 
Dr. Bohr Gasse 7 
A-1030Wien 

Warren, Graham 
Professor 
Imperial Cancer Research Fund 
44 Lincoln's Inn Fields 
London WC2A 3PX 
UK 

WeiB, Hans 
Professor 
Institute for Biochemistry 
University of Dusseldorf 
Germany 

Wijnandts van Resandt, Roel 
Heidelberg 
Germany 

Winkler, Fritz 
Head of X-ray & 
Crystallography 
Hoffmann-La Roche 
CH-4008 Basel 

Zabeau, Marc 
Plant-Genetic-Systems 
Laboratories Gent 
Jozef Plateaustraat 22 
B-9000 Gent 

Zenke, Martin 
Group Leader 
Institute of Molecular Pathology 
University of Vienna 
Austria 

ZiemieckL Andy 
Group Leader 
InsLiLut fiir Klinisch Exp. 
Tumorforschung 
Tiefenaustr. 120 
CH-3004 Bem 

Zulauf, Martin 
Group Leader 
Hoffman-La Roche 
ZPE Bau 65, Zi 101 
CH-4002 Basel 





ANNEXTI: 

World Ratings in Citations and Publications 

(A. Anderson (1992) U.S. Juggernaut Overwhelms Divided European Elite, SCIENCE 256, 460-4(4) 
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World ratings. At the very top, America and Europe come out even. List institutes (excluding 
small ones) by the frequency by which their papers are cited and Europe takes half the top 10 
places (2. LMB, 3. EMBL, 5. Max Planck Institute for Biochemistry, 6. University of Basel, 7. Max 
Planck Institute for Plant Breeding). But a little further down the list, the United States weighs in 
with scores of high-quality laboratories. Source: 151 Science Indicators Data Base. To obtain 
more detailed listings, see p. 488. 





ANNEX III: 

Major Research and Technology Achievements of EMBL 

As befits, and would be expected of, a major molecular biology laboratory, EMBL has produced a 
number of important scientific breakthroughs. The structure of the Laboratory, in particular the high 
turnover system, and its emphasis on teaching, define to some extent the terms in which the laboratory 
can succeed. The primary signs of success in Eh1BL's research output are productivity and high 
qUality. These aspects are documented elsewhere in the Scientific Programme and reinforced by the list 
of some of the more important accomplishments at EMBL, which forms the second half of this 
Appendix. However, while any list of achievements represents a continuum in importance, there are 
always a few that can be considered outstanding. What follows is a discussion of four such projects 
that were carried out at EMBL in its first 20 years. 

A . The application of genetics to embryonic pattern formation 
The present-day field of molecular embryology, both invertebrate and vertebrate, owes its 
existence in large part to the pioneering work that Christiane Ntisslein-Volhard and Eric 
Wieschaus carried out at EMBL. Their fundamental contribution stemmed from the realisation 
that the complexities of pattern formation in the embryo would be amenable to a systematic 
analysis using the tools of classical genetics. They therefore executed the first large scale 
"saturation" screens for genes governing the establishment of the body plan in Drosophila. This 
involved searching for the rare mutations that would disrupt the nOlmal segmented pattern of the 
embryo. They identified genes essential to this process and also evaluated their role in pattern 
formation by studying phenotypically the developmental effects of the mutations. They found 
that the pattern of embryonic organization of the fly was controlled by surprisingly few genes, 
which could be assigned to a small number of functionally related classes. Following upon the 
detailed formal understanding of the major processes governing embryonic development in the 
fly, molecular cloning of these genes and their vertebrate homologues has transformed 
experimental embryology and brought developmental biology into the forefront of modern 
science. 

B . Vitrification of specimens for electron microscopy 
One of the most important and far-reaching developments in modern biological electron 
microscopy was pioneered at EMBL by Jacques Dubochet and his colleagues. It had long been a 
dream of molecular biologists to be able to examine the structure and workings of biological 
macromolecules and their assemblies simply by looking at them in the electron microscope. Yet, 
before Dubochet's work, most biological electron microscopy was performed on material that 
was in some way dehydrated and usually contrasted with heavy metal compounds and, hence, 
quite a long way removed from the native state. The amount of information available from such 
specimens was naturally limited; in addition, negatively stained samples only showed the 
equivalent of a rough plaster cast of the outside of the molecule instead of its internal structure. 
Dubochet and colleagues developed a technique of preparing samples in thin films of aqueous 
medium, which were frozen so rapidly that the water had no time to crystallize but remained 
instead in a glass-like, vitrified state. Subtle structural features were thus protected from 
disruption by either dehydration or ice crystal formation. The vitrified specimens were 
transferred into the electron microscope and examined at the temperature of liquid nitrogen or 
below. In this way it was possible not only to study the specimens in the native, aqueous 
environment but also to reveal their internal structure. Dubochet's technique has spread rapidly 
and is now routine in leading laboratolies around the world. Over the years, it has yielded unique 
and crucial infOlmation about a great variety of important systems, including animal and plant 
viruses, libosomes, muscle filaments, microtubules, and two-dimensional crystals of membrane 
proteins, all of which are difficult or impossi)-\le to study at the same level of resolution by other 
techniques. The amount of structural detail that can be extracted from single particles is still 
limited by the destructive properties of the electron beam. However, by applying ever more 
powerful computer processing techniques to images obtained by cryo-electron microscopy, the 
dream of seeing biological macromolecules in action at near-atomic resolution has already 
become a reality for the highly regular, crystalline specimens. 



C . Enveloped viruses and the biogenesis of cell membranes 
The study of membrane trafficking at EMBL has, like the Laboratory, a twenty year history. In 
this time groups here have spearheaded the molecular approach to Cell Biology problems. When 
Kai Simons and his collaborators Henrik Garoff and Ali Helenius joined EMBL in 1975 they 
brought with them a simple enveloped virus, Semliki Forest virus, whose envelope consists of a 
lipid bilayer studded with glycoprotein spikes. At EMBL they started to use the viral membrane 
as a prototype to find out how plasma membranes are made. The advantage of using virally-
infected cells was that instead of producing thousands of different host membrane proteins the 
infected cell synthesized a few virus components. This made it possible to follow the biogenesis 
of the viral glycoproteins with the techniques available at that time, and led to the mapping of the 
pathway followed by membrane proteins from the endoplasmic reticulum through the Golgi 
complex to the cell surface. They also investigated how the virus managed to infect the host cell, 
discovering the endocytic route for virus entry. The virus nucleic acid was found to enter the 
cytosol from endosomes, where the acidic pH activates the membrane fusion activity of the virus 
spike glycoprotein. These findings proved generally applicable to other viruses, such as 
influenza virus, which use the same "Trojan horse" tlick to infect cells. Successive research 
groups of the Cell Biology Programme have pursued spin-offs from these studies, for example 
the use of viral glycoproteins to elucidate the organisation of the Golgi complex and the details of 
the endocytic pathway. Studies of enveloped virus structure have been pursued in the Biological 
Structures Programme. 
The next major step came when Simons applied the viral approach to the polarised MDCK 
epithelial cell line introduced to EMBL by Daniel Louvard. This enabled exploration of the 
biogenesis of the epithelial cell surface via the polarised delivery of membrane components. The 
sU'ategy has recently been extended to neurons by Dotti and Simons who have shown that 
hippocampal neurons in culture use distinct mechanisms that are similar to those employed by 
epithelial cells to deliver proteins to axons and dendrites. The research on polarised cells has, in 
its turn, had a strong influence on the Cell Biology Programme. The polarised endocytic and 
transcytotic pathways have been mapped.in both epithelial cells and neurons and the molecular 
mechanism responsible for the polarisation of these pathways is being investigated. The 
organisation of the microtubule network in epithelial cells is being studied with a view to 
understanding its role in establishing epithelial polarity. An important future direction of all this 
research is the study of intracellular organisation during cell differentiation. 

D. The use of synchrotron radiation for X-ray diffraction 
Critical parameters in successful protein structure determination are the intensity and optical 
properties of the beam of X-rays directed at the crystal under study. In the late 1960s the best X-
ray sources available to crystallographers were of the rotating anode design. It was known that, 
in principle, the spectral properties of synchrotron radiation were suitable for X-ray 
crystallography, and DESY in Hamburg was the most powerful synchrotron source in Europe. 
Ken Holmes had been attempting to calTY out time-resolved X-ray diffraction experiments on 
muscle fibres, with a view to understanding the molecular basis of contraction. He was frustrated 
by the lack of progress, due in part to the low intensity of the X-ray beams available to him. He 
therefore joined forces with Jean Witz, an expert on X-ray optics, and Gerd Rosenbaum, a 
doctoral student, to design, build and install an X-ray window and optical bench on the 
synchrotron beamline. In 1970, they obtained the first X-ray diffraction pattern with synchrotron 
radiation. 
Realizing the potential of the method for structural biology, Holmes persuaded the first Director-
General, John Kendrew, of the wisdom of establishing an EMBL outstation at DESY. The aim 
was to take advantage of the synchrotron SC'Jrce (first DESY then the more powerful DORIS 
storage ring), to design and build X-ray beamlines and detectors, and to make these available to 
the community of structural biologists. The laser-like properties of the synchrotron beam enabled 
high resolution data to be collected from even small crystals. The continuous technical 
developments made by the EMBL staff, and their dedication to the provision of service to 
external users, has made the Hamburg outstation the most productive synchrotron facility for 
structural biology in the world (see CUlTent Topics in Structural Biology, 1993,3, 725-736). 
This is not, however, the end of the story of EMBL and the use of synchrotron radiation. The 
experience in Hamburg made the Grenoble EMBL Outstation the natural choice when the newly-
built European Synchrotron Radiation Facility (ESRF) was looking for a partner to help provide 



biologists with access to their beams. These are currently the most brilliant X-ray sources 
available in the world. The design and construction of beam-lines and crystallography stations by 
the collaborating EMBLIESRF staff is underway, opening the possibility of studying classes of 
problems that could not be efficiently tackled using previous synchrotron sources, for example 
large multimolecular complexes. 

Other highlights from the first 20 years 
In the remainder of this section a further selection of EMBL achievements will be presented. The 
list is meant to be illustrative rather than exhaustive. In some cases the projects mentioned were 
the work of a single person or group, but often larger teams pooled their efforts. Some of the 
projects grew and developed over many years, and thus require some explanation, while others 
can be described in a few words. Some are technological developments, others advances in basic 
knowledge. In total, they reflect the diversity of the Laboratory and illustrate that many of the 
directions pursued have been followed to a successful conclusion. 

1. The first application of confocal microscopy to biological specimens. A total of seven 
confocal microscopes, each including new developments, were built over a period of 15 
years. All but the most recent, which is still under development, have been extensively used 
by EMBL and external users. 

2. Elucidation of mechanisms of cooperation between oncogenes in producing leukaemia of 
haematopoietic cells. This provided, among other things, several novel insights into 
pathways and mechanisms of signal transduction. 

3. The chemical synthesis of 2'-O-alkyl oligoribonucleotides and their development as reagents 
of general usefulness in RNP research. Uses included characterisation of the roles of 
snRNPs in the splicing of mRNA precursors and probing subnuclear structure in the 
confocal and electron microscope. 

4. Discovery that the v-erbA oncogene is a mutant fOlTIl of the thyroid hormone receptor. This 
led to many studies of the action of the wild-type and mutant forms of the receptor and 
general insights into the mechanism of action of members of this receptor family. 

5. Development of an automated peptide synthesizer capable of the simultaneous synthesis of 
48 peptides. Previous devices had a capacity of one or two peptides. 

6. Discovery of the role of RNA cap structures in intracellular targetting of RNPs to the 
nucleus or cytoplasm. 

7. Characterisation of mmine Hox genes. This work provided important information on both 
the conservation of Homeobox genes - not just individually but as conserved clusters with 
the same relative genomic organisation - and also on the function of the Hox genes in limb 
development. 

8. Characterisation of transcription factors responsible for the establishment and maintenance 
of cell-type specific gene expression in the thyroid and liver. This provided insight into the 
overlap between region-specific and cell-type specific transcriptional controls, and into 
infection-induced transcription in hepatocytes mediated via cytokines. 

9. The identification of the protein machinery responsible for the docking of nascent 
polypeptide chains in the endoplasmic reticulum, and additional study of signal recognition 
particle (SRP) and its receptor. 

10. Determination of the atomic structure of actin. 

11. Development, installation and application of imaging plate scanners for collection of X-ray 
diffraction data, including the developm.;-ut of the first on-line scanner, a design that is now 
used at many synchrotron sites, including all those in Europe. 



12. Development of automated microinjection systems for cultured cells, which enable the 
injection of femtolitre quantities of solutions of macromolecules (e.g. antibodies, DNA, 
RNA) or other chemicals into either the nucleus or cytoplasm as desired. 

13. Elucidation of the compartmentalisation of the Golgi complex, a discovery that was 
facilitated by developments in cryo-electron microscopy at EMBL. 

14. The establishment of the EMBL Data Library, the first explicitly funded nucleotide sequence 
database. Constant developments to the Data Library include firsts in providing network 
access, provision of CD-ROMs for PC users, direct electronic data deposition and 
establishment of satellite sites (the EMBNet). 

15. Development of the first in vitro assay for endocytosis. 

16. Development of a multipole-cOlTector for the compensation of chromatic and spherical 
aberration in the low-voltage scanning electron microscope (L VSEM) that is also applicable 
to standard SEMs and STEMs. 

17. Analysis of the structural basis and functional consequences of interactions between the 
VIA protein and its cognate RNAs. Aside from being one of the first RNA-protein 
interactions to be extensively characterised this resulted in the elucidation of a novel 
mechanism for the regulation of gene expression, via inhibition of cleavage and 
pol yadeny lation. 

18. Design, development and application of multi-wire proportional counters that enabled, for 
the first time, time-resolved measurement of X-rays. 

19. The application of electron crystallography to the study of large macromolecular complexes, 
enabling determination of the structures of enveloped viruses and, most recently, the 
centriole. 

20. The development of an automatic, non-radioactive, DNA sequencing device, and the 
accompanying robotics, automation and software development to allow automatic 
production of DNA templates, sequencing, data collection and analysis. Among the many 
applications was the first automated sequencing of a human gene (60 kb of the HPRT 
locus). 

21. Determination of the atomic stmcture of membrane proteins including colicin (by X-ray 
crystallography) and the light harvesting complex (by electron crystallography). 

22. Development of a Cryo-STEM. 

23. Determination of the atomic structure of seryl tRNA synthetase, first on its own and later in 
complex with seryl tRNA. These structures provided a wealth of novel information 
including a unique nucleotide binding fold and information on RNA-protein interactions at 
the atomic level. The complex was in fact only the third atomic resolution structure of an 
RNA-protein complex. 

24. Determination of the structure of several SH3 domains, as part of a multidisciplinary study 
of signal transduction mechanisms. This structural motif is involved in protein-protein 
interactions that are critical in enabling the cell to respond appropriately to external stimuli. 

25. Quantitative in vitro analysis of the dynamics of microtubules during the cell cycle. For the 
first time, measuring the parameters of a complex cellular process led to precise 
mathematical predictions of organelle behaviour. 

26. Development of beam lines for Laue crystallography. This enabled time resolved 
crystallographic studies e.g. the structure of the short-lived ras-GTP complex. 



ANNEX IV: 

EMBL Personnel Statistics and Member States' Contributions, 1975·93 

Summary* 

EMBL is committed to the twin principles of excellence and inclusiveness. Its 
personnel policy is based on individual merit while recognizing the importance of 
national diversity in constructing a fully integrated international scientific centre that 
can promote molecular biology throughout the member states. The attached Table 
provides a detailed analysis of representation of member countries among EMBL 
personnel in the two decades of the Laboratory's existence, and the respective 
financial contributions. The data can be summarized and interpreted as follows: 

1) When scientists, technicians and administrators are considered together, EMBL 
can be seen to have a remarkable record as a nationally diverse institution. 
Disparities between contributions and representation are usually less than two-
fold, and tend to ameliorate over time after a country joins the Laboratory. 
Overall the southern countries are not substantially different from other member 
states. 

2) When only scientists are considered (faculty as well as postdoctoral and 
predoctoral fellows and visitors), the picture is similar, or even better. For 
example, for over a decade (1980-1991), Italy's participation in this category was 
very similar to its financial contribution. 

3) When only faculty is considered, disparities become more pronounced. For 
example, Italy had been unden·epresented two fold, and Spain as well as several 
other (northern) countries several-fold. Fluctuations over the years should be 
borne in mind, as well as the effect of changes in small numbers. 

4) For Italy, the disparity in faculty representation was only moderate for much of 
the 1980s, but is currently serious (four-fold). This can be traced to the departure 
of a senior figure (Programme Coordinator) and several Group Leaders in the 
1990-1991 period, and points out the necessity for consistent efforts, on the part 
of both the EMBL and the member states, to maintain diversity in the faculty 
ranks. 

5) Conversely, southern countries do quite well in the category of fellows 
(postdoctoral and predoctoral); this fact reflects the success and importance of 
the training function of the Laboratory. 

6) Structural problems are most apparent in the category of technical and 
administrative staff. While Germany and the UK are significantly 
overrepresented, all southern countries and several others (e.g. Norway, 
Switzerland) are consistently underrepresented in this category. 
Overrepresentation may be a consequence of where the Laboratory is located 
(Germany) as well as high level of training, mobility, and relative scarcity of 
opportunities at home (UK). Depending upon the country, undelTepresentation 
may be due to cultural differences, good oppOltunities at home, or lack of 
information about employment opportunities; the latter certainly should be 
addressed in a partnership between EMBL and the member states. 

* Note: this summary and the Table are extracts from a more detailed report that 
has already been made available to members of EMBL Council. Copies of the 
full report are available on request. 
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ANNEX V: 

Ongoing Internal Collaborations at EMBL 

The detailed list is followed by a matrix that highlights the prevalence of collaborations 

1. W. Ansorge and T. Graf: 
Studies of E26, AEV and MC29 virus target cells. Flow Cytometry analysis of Eosinophil 
markers and functions. Analysis and isolation of E26 (ts) transformed haematopoietic 
precursors. 

2. W. Ansorge and M. Hentze: 
Isolation of promoter repressed yeast cells using GFP as a marker system. 

3. W. Ansorge and H. SchOler: 
Isolation of PI9 cells selected by cell cycle to determine relative levels of Oct4 expression. 

4. W. Ansorge and F. Stewart: 
Determination of cell cycle specific protein expression. 

5. W. Ansorge and H. Stunnenberg: 
Studies on improvement of transfection techniques using CDI9 or GFP in lurkat cells. 

6. W. Ansorge and A. Ephrussi: 
Microinjection of Drosophila oocytes and early embryo stages with oskar RNA. 
Distribution, translocation and final localization of the RNA after microinjection. 

7. W. Ansorge and A. Lamond: 
Injection of CKII into the nucleus of Bela cells with the aim of showing if CKII binding 
has some influence on localization and/or processing of splicing bodies. 

8. W. Ansorge and E. Karsenti: 
Effects of antibodies against motor proteins and microtubules during mitosis especially on 
the spindle formation. 

9. W. Ansorge and S. Courtneidge: 
Studies on the Src family of protein tyrosine kinases; phosphatidylinositol 3-kinase, 
associated with Src family tyrosine kinases, the regulation of Src activity; growth factor 
response and Src family of protein tyrosine kinases. 

10. W. Ansorge and G. Griffiths: 
Studies on vaccina virus assembly with microinjection. Vaccina viruses without membrane 
are injected into cells to investigate if the particle is still infectious and if reconstitution of 
the membrane occurs. In infected cells, inhibition of vaccina virus membrane assembly is 
studied with antibodies. 

11. W. Ansorge and C. Dotti: 
Cutting axons in neuron cell culture with the glass needles with a view to study 
intracellular protein transport. 

12. W. Ansorge and P. Becker: 
Development of non-radioactive solid phase DNA footprinting techniques. 

13. P. Argos and C. Boulin: 
The development of a high-speed parallel multiprocessor computer device to compare 
quickly a new protein sequence with all those presently known by a very sensitive 
technique meant to find very distant relatives. 



14. P. Becker and H. Horber: 
Analysis of chromatin and interacting transcription factors by scanning tunnelling 
microscopy (STM). 

15. P. Becker and P. Tucker: 
Determination of the structure of GAGA transcription factor and its interactions with DNA 
by crystallography 

16. D. Bohmann and M. Mlodzik: 
The investigation of the function and the regulation of the J un transcription factor in 
Drosophila melanogaster during embryogenesis with a combination of biochemical and 
genetic methods. 

17. C. Boulin and W. Ansorge: 
Image processing for automated image acquisition and analysis for low light level 
fluorescence microscopy. 

18. C. Boulin and H. Horber: 
Development of dedicated hardware and software for image acquisition from scanning 
probe microscopes. 

19. C. Boulin, M. Haider and S. Fuller: 
Image analysis for automatic detection of markers in electron microscopic images. 
Development of algorithms and associated software package. 

20. G. Cameron and P. Argos: 
To develop a version of the SRS sequence retrieval system for use on personal computers. 

21. G. Cameron and K. Leonard: 
To make use of the large scale muscle protein sequencing effort in EMBL to chart the 
evolutionary history of muscles. 

22. G. Cameron and K. Leonard: 
To develop new methods and software to carry out profile searches and multiple 
alignments. 

23 G. Cameron and M. Saraste: 
To make use of sequence data to discover the evolutionary history of aerobic respiration. 

24. S. Cohen, A. Ephrussi and M. Mlodzik: 
Generating and analyzing a large collection of transposon-tagged mutants in Drosophila. 

25. T. Creighton and R. Wade: 
Dynamics and modelling of the local interactions of tyrosine side chains with other atoms 
observed by NMR. 

26. T. Creighton and M. Mann: 
Determination of pairings of cysteine residues in disulphide bonds. 

27. A. Ephrussi and E. Karsenti: 
The role of the cytoskeleton in RNA localization in the Drosophila oocyte. 

28. A. Ephrussi and G. Griffiths: 
An EM study of the Drosophila germ plasm. 

29. T. Graf and A. Pastore: 
Resolution of the Ets DNA binding domain by NMR. 

30. T. Graf and D. Suck: 
Resolution of the Myb DNA binding domain by X-ray diffraction analysis. 



31. M. Hentze and W. Ansorge: 
The utilization of the fluorescence-activated cell sorter to isolate yeast cells in which the 
"green fuorescent protein" (GFP) indicator is repressed due to the presence of the cognate 
RNA-binding protein. 

32. M. Hentze and P. Argos: 
The use of information on the iron-responsive element (IRE) to divise a database search 
programme for regulatory RNA elements characterized by nucleotide sequence. 

33. B. Hoflack and M. Zerial: 
Small GTPases involved in membrane traffic (budding and fusion of transport vesicles). 

34. B. Hoflack and G. Griffiths: 
The processes of vesicle formation. 

35. H. Harber, E. Karsenti and E. Stelzer: 
Mechanism of binding of motor proteins to the microtubule surface lattice using optical 
tweezers, Atomic Force and Tunneling mir.roscope. 

36. H. Harber, K. Simons and G. Griffiths: 
Plasma membrane: The use of scanning probe techniques. 

37. H. Harber and K. Leonard: 
The use of STM to study the surface of the tail of bacteriophage T5. 

38. H. Harber and K. Leonard: 
Studies with the STM on Actin. 

39. H. Harber and P. Becker: 
The use of the STM, to study the structures of nucleosome - DNA complexes. 

40. E. Hurt and D. Tollervey: 
Analysis of yeast nucleolar proteins involved in ribosomal RNA processing and ribosome 
biogenesis. 

41. E. Hurt and I. Mattaj: 
Analysis of yeast nuclear pore proteins which can bind in vitro to RNA and are required for 
poly(A)+ RNA export from the nucleus. 

42. T. Hyman, E. Karsenti and E. Stelzer: 
Role of localized kinases and phosphatases generating gradients of phospho-proteins in 
morphogenesis of the mitotic spindle. 

43. T. Hyman and G. Griffiths: 
Mechanism of phagasome interaction with microtubules. 

44. T. Hyman and E. Stelzer: 
High resolution observations of microtubules by Nomarski. 

45. E. Karsenti, S. Fuller and E. Stelzer: 
Molecular basis of microtubule dynamics. 

46. E. Karsenti, T. Hyman, A. Ephrussi and E. Stelzer: 
Role of microtubule dependent motors in spindle assembly and embryogenesis. 

47. M. Koch, C. Boulin and S. Cusack: 
Development of position and/or energy sensitive X-ray detectors based on MWPC or 
photomultipliers (PMT), and associated electronics and data acquisition systems for fast 
time-resolved measurements. 



48. M. Koch and S. Cusack: 
Development of new readout systems for delay line detectors. 

49. W. Kiihlbrandt and M. Saraste: 
Two-dimensional crystallization of a bacterial cytochrome oxidase. 

50. W. Kiihlbrandt and H. Horber: 
Atomic Force Microscopy of three-dimensional crystals of plant-light-harvesting complex 
(LHC-II). 

51. W. Kiihlbrandt and M. Haider: 
The use of CRYO-STEM to establish the number of layers in proton ATPase crystals. 

52 W. Kiihlbrandt, K. Wilson and C. Wilkinson: 
X-ray diffraction of three-dimensional crystals of LHC-II. 

53. A. Lamond and G. Griffiths: 
EM studies of the localization of a novel EF hand calcium binding protein recently shown 
to be in the lumen of the ER. 

54. A. Lamond and G. Griffiths: 
EM studies of the intranuclear localization of RNA processing factors. 

55. A. Lamond and C. Dotti: 
A detailed study of nuclear structure in general, and of the coiled body snRNP organelle in 
particular, in developing rat neurons. 

56. A. Lamond and C. Dotti: 
The expression of the cloned human coilin gene in neurons using a viral expression vector. 

57. A. Lamond and I. Mattaj: 
The analysis of mammalian splicing complexes using FPLC methods to fractionate and 
isolate different forms of splicing complexes. 

58. A. Lamond and M. Mann: 
The analysis of the phosphorylation sites on the human p80 coilin protein to facilitate 
future mutagenisis and functional studies on the role of coilin phosphorylation in vivo. 

59. R. Leberman and S. Cusack: 
Structure/function studies on aminoacyl-tRNA synthetasesand their cognate tRNAs. 

60. K. Leonard and A. Pastore: 
NMR studies on titin, nebulin and other high molecular weight muscle proteins. 

61. K. Leonard and M. Haider: 
Labelling of muscle sections. The double labelling of troponin epitopes on insect flight 
muscle for use in CryoSTEM studies. 

62. K. Leonard and M. Haider: 
STEM mass measurements in the study of the structure of aerolysin, kettin and troponin H. 

63. I. Mattaj and E. Karsenti: 
Function of the ran GTPase in nuclear transport. 

64. I. Mattaj and M. Haider: 
Use of STEM to look at nuclear pore complexes with a view to seeing RNP export. 

65. I. Mattaj and S. Cusack: 
The expression and crystallization of RNA-binding proteins. 



66. I. Mattaj and D. Tollervey: 
The generation of mutant strains of yeast to isolate and characterize genes affecting rRNA 
processing. 

67. L Mattaj and E. Hurt: 
The study of the effect of nucleoporin mutations on snRNP assembly in yeast. 

68. P. Metcalf and M. Zerial: 
Structural studies of molecules involved in intracellular vesicle transport: Rab GTP-ases 
and interacting proteins. 

69. M. Nilges and A. Pastore: 
The structural characterization of the LZ dimerization domains of myc, max, and tfeb, by 
CD NMR experiments. 

70. M. Nilges, T. Graf and A. Pastore: 
The determination of the NMR solution structure of the ets domain. 

71. M. Nilges and H. Oschkinat: 
Optimizing various aspects of NMR refinement, such as that for an explicit shell of water 
using the data obtained for Cystatin and I14. 

72. M. Nilges, H. Oschkinat and M. Saraste: 
The use of a novel calculation strategy to establish the structure of the PH domain from f3 
spectrin by two-dimensional NMR. 

73. M. Nilges and K. Wilson: 
NMR analysis of a long molecular dynamics trajectory of BPTI. 

74. A. Pastore, M. Saraste and C. Sander: 
The study of the structure of spectrin. 

75. A. Pastore, K. Leonard and D. Suck: 
The study of the structure of the KH domain. 

76. M. Saraste and H. Oschkinat: 
NMR studies on the membrane-exposed domain of cytochrome oxidase. 

77. M. Saraste and L. Serrano: 
The study of ligand-binding to the SH3 domains. 

78. H. Scholer and C. Sander: 
To show if the Oct-4 POU domain can be changed to specifically recognise the Pit-l 
binding sequence. 

79. H. SchOler and R. Klein: 
Homologous recombination in mouse ES cells. 

80. L. Serrano and C. Sander: 
The design of a nucleotide binding protein in Che Y. 

81. K. Simons and M. Zerial: 
Identification and functional characterization of members of the Rab proteins subfamily of 
small GTPases which function as regulators of intracellular transport cells. 

82. K. Simons and M. Zerial: 
The identification of genes involved in mesenchyme-epithelial transitions especially those 
important for establishing epithelial cyto-architecture. 



83. K. Simons and G. Griffiths: 
The study of the involvement of glycolipid, GPI-limited proteins and other proteins in 
caveolar morphogenesis and function. 

84. K. Simons and C. Dotti: 
The mechanisms that are responsible for establishing a polarized cell surface in epithelial 
and neuronal cells. 

85. K. Simons and E. Karsenti: 
The role of microtubules and the centrosome in epithelial morphogenesis. 

86. K. Simons and M. Mann: 
The establishment of mass spectrometric methods for protein identification and peptide 
sequencing. 

87. K. Simons and E. Stelzer: 
The development of light microscopic methods to study cellular organisation both in space 
and time. 

88. K. Simons and G. Griffiths: 
The study of the structure of the Golgi apparatus. 

89. K. Simons and F. Stewart: 
The use of an inducible recombination system to study the effects of gene products, normal 
or mutated, on epithelial function. 

90. E. Stelzer and H. Horber. 
Development of a three-dimensional probe microscope. 

91. F. Stewart, T. Graf and K. Simons: 
Inducible site specific recombination as a means to regulate protein expression. 

92. R. Wierenga and P. Argos: 
The use of SRS in data analysis. 

93. R. Wierenga and C. Sander: 
The use of WHATIF in data analysis. 

94. R. Wierenga, M. Saraste and L. Serrano: 
Crystallisation of specnin and fyn SH3, and study of solution properties of SH3-domains. 

95. R. Wierenga, C. Sander and S. Courtneidge: 
Structural and modelling studies on Src, Fyn and Csk. 

96. R. Wade and H. Oschkinat: 
Electrostatic interactions of four-helix bundle growth hormones. 

97. R. Wade and R. Wierenga: 
Triose phosphate isomerase (TIM): Influence of electrostatic properties on monomer: 
monomer interactions and enzyme-substrate diffusional encounter. 

98. R. Wierenga and L. Serrano: 
Modelling studies of SH3 and SH3-peptide interactions. 

99. R. Wieranga and C. Sander: 
Development of complementarity function to assess binding-site ligand fitness and 
application to reaction centre-cofactor interactions. 



100. C. Wilkinson and M. Koch: 
Alternative approach to delay line readout for multiwire proportional chambers, a new time 
to digital converter based upon a fast (1 GHz) oscillator. 

101. C. Wilkinson and M. Koch: 
Parallel readout of X-ray detectors using delay lines for space/time conversion. 

102. R. Zeller and R. Klein: 
Homologous recombination approaches. 

103. R. Zeller and S. Courtneidge: 
Ld-SH3 domain interactions. 

104. R. Zeller and M. Zerial: 
The generation of transgenic mice. 

105. M. Zerial and C. Dotti: 
Functional studies on Rab GTPases in primary cultures of hippocampal neurons as a model 
system of neuronal polarised cells. 

106. M. Zerial and G. Griffiths: 
Immunoelectron microscopic localization of Rab GTPases in cultured cells and in tissues. 

107. M. Zerial and B. Hoflack: 
Biochemical purification of a membrane protein regulating the activity of the Rab5 
GTPases from bovine brain clathrin-coated vesicles. 

108. M. Zerial and E. Stelzer: 
Morphological analysis of Rab proteins by confocal microscopy on cultured cells and organ 
cells. 

109. M. Zerial and C. Sander: 
Multiple sequence analysis and molecular modelling to address the structural/functional 
properties of Rab GTPases. 

110. M. Zerial and H. Oschkinat: 
Study of the molecular interactions between Rab proteins and lipids by NMR using 
chemical post-translational geranylgeranylation of recombinant rab proteins expressed in E. 
coli. 

111. M. Zerial and R. Klein: 
Use of transgenic mice for in vivo studies on Rab GTPases in the reorganization of the 
membrane traffic apparatus upon differentiation of mesenchymal precursors into epithelial 
cells during kidney development. 
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ANNEX VI: 

Distribution of personnel* by category over time 1975-93 

, , " , 

Auxiliary Analysis 1993 

52 Scientific Programmes 

14 Scientific Support 

4S General Services 

32 Social Services 

11 Administration 

Admin. & Service Analysis 
19 Services 

18 Administration 

I 
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I 
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I 
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, - - Total ,-
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..... , 
/ , 

II " Auxiliary 

// ,- Technical 

, , , , 
, / ./""" _ _ Post-docs 

/ --......... - -"'" -,{. ..,,- " -..... / /' .-JI'iII' ----... __ Pre-docs 

Visitors 

/ ,; ••• Faculty 

/ ... 
, I / · 

/ ---' I I ••• /,/ /"" / ..... 
I / ' I .... --"-" •• """. -; .. ...... __ .-- .... , _.- -:.:.= •••• "'-.- "-. Admin.+Service ,"" . //--""" --,;":/ .. 

75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 

Year 

*See attached definitions 



Faculty: 

Visitors: 

Technicians: 

Administration: 

Scientific 
support: 

General 
services: 

Social 
services: 

Auxiliary: 

programme coordinators, group leaders and staff scientists. 

short-term visitors of usually less than 3 months, including visiting 
scientists, postdoctoral and predoctoral visitors. 

technicians in laboratories and in support services (e.g. electronic 
workshops, photographic laboratory, animal facilities). 

personnel, finance, DG and meetings sections. 

library, media kitchen, animal house and similar facilities, safety officer. 

engineering, house master, security, switchboard, gardeners, drivers, 
central secretruiat office, cleaning. 

canteen, nursery, guesthouses. 

supernumerary employees on short-term contracts providing technical or 
secretarial support to scientific programmes or supplementing the scientific 
support, services and administrative gl'Oups. 



ANNEX VII: 

EMBL Publications versus Member States Contributions 

Year Publications in Publications in Member States' Member States' 
refereed journals 8 selected ordinary ordinary 

journals* contributions contributions 
Constant Prices Current Prices 
(Million DM) (Million DM) 

1983 124 53 (42.8%) 33.2 33.2 

1984 143 72 (50.4%) 34.9 36.0 

1985 189 66 (34.9%) 36.6 38.2 

1986 201 76 (37.8%) 40.3 41.7 

1987 223 100 (44.8%) 42.7 44.6 

1988 207 69 (33.3%) 42.7 46.1 

1989 206 75 (36.4%) 43.1 48.5 

1990 251 93 (37.0%) 44.6 52.6 

1991 266 105 (39.5%) 45.9 56.2 

1992 328 116 (35.4%) 46.9 60.8 

* The eight selected journals are in alphabetical order: 

- Cell 
- EMBO J. 
- J. BioI. Chern. 
- J. Cell. BioI. 
- J. Mol. BioI. 
- Nature 
- Proc. Nat. Acad. Sci. USA 
- Science 





ANNEX VnI: 
Scientific Personnel* Numbers and Per Capita Operating and Capital Costs 1975-93 

Year Numbers Operating Operating Capital cost 
Gross KDM NetKDM KDM 

1975 19 85.9 65.6 494.7 
1976 32 80.8 36.5 437.8 
1977 37 122.3 88.8 519.8 
1978 55 143.4 104.0 173.4 
1979 74 114.8 84.4 100.6 
1980 118 88.2 70.3 47.7 
1981 120 93.4 75.8 44.1 
1982 125 100.6 82.8 37.6 
1983 156 80.8 71.8 37.4 
1984 190 67.9 59.5 26.1 
1985 218 64.1 57.0 23.2 
1986 243 59.1 54.3 24.8 
1987 255 58.3 54.1 32.2 
1988 261 56.2 52.1 29.8 
1989 299 54.4 50.3 26.8 
1990 354 52.6 43.2 28.3 
1991¢ 353 63.8 44.7 27.6 
1992 385 62.7 42.7 24.4 
1993 410 59.6 40.2 19.5 

* Faculty, predoctoral and postdoctoral fellows and visitors. 

¢ Figures from 1990 onwards are affected by the move to gross accounting although the overall 
trend continues downward. 

All recurrent costs of the Laboratory (excluding personnel costs). Net figures exclude from 
total expenditure items such as bank interest, non-pay element of exterior funding, income 
from guesthouses, canteen, kindergarten etc. 





ANNEX IX: 

. Laboratolre Europeen de Blologle Moleculalre 
European Molecular Biology Laboratory 
Europilsches Laboratorlum fOr Molekularblologle 

EMBU93120 rev.1 E 
Original language: English 
Date: 10 December 1993 

REGIONAL EMBL GROUPS 

1. Rationale and Background 

The vision of the "founding fathers" of EMBO/EMBL 
encompassed three activities in support of European 
Molecular Biology: fellowships and courses, a central lab-
oratory, and research grants. While the first two activities 
have been conducted very successfully by EMBO and 
EMBL, respectively, the grant scheme did not material-
ize. National support·of research in Europe has been 
complemented in recent years to some extent by the 
important European COmmunity and Human Frontiers 
programmes supporting specifIC projects of transnational 
networks, and byforward400king Foundations such as 
the Wellcome Trust operating within individual states. 
Nevertheless, comparison with the United States clearly 
reveals the continuing· need· for additional innovative re-
search support schemes, operating across Europe. 

One transnational support mode that is missing is the 
analogue of the central activity of the Howard Hughes 
Medical Institute: establishment of and provision of core 
support for outstandinQresearch groups at multiple lo-
cations, after peer ,eview/and· for specific periods of 
time. This mode has been demonstrably successful in the 
US, stimulating .. frontier fields of the 
biomedical .. widely distributed cen-
tres of context, it would in-
troduce an that is especially needed 
for rapidly Molecular Biology, 
and for catalyzing.the··::::development of this discipline, 
with Countries where it is still 
lagging. This mod is·cussed favourably within 
the EMBO/EMBL .romtime to time, and in 
1990 in a .............. : ........ EMBO membership 
the proposal to estaltllis:h/:a·?:·Pmsramme of EMBO/EMBL 
international researe in national institutions re-
ceived the support of/the 380 EMBO members 
who responded. 

IVi!::inn!:lllv named 
g.roups is to be 

and will be 
the Regional 

EMBL Group Scheme. The groups will be established 
with the same criteria of excellence as the rest of the 
EMBL system, and at the best possible sites. They will 
be affiliated as Associates of existing EMBL Programmes 
in Heidelberg and the Outstations, and will participate in 
the EMBL training programme. It was also decided that 
a pilot phase be implemented without delay, to be fol-
lowed by a considerably expanded phase. This phasing 
is necessary both for financial reasons and in order to 
gain experience and to fine-tune the scheme accordingly. 
The two phases are treated separately below. 

3. The pilot pha'se 

This phase was approved with the following detailed 
provisions. 

(a) Scope and timing 

The first phase should be launched without delay, 
with the goal of having the group leaders appointed 
by the beginning of 1995. For technical reasons, as 
well as for reasons of inclusiveness, this pilot phase 
will be focused in one region, Southern Europe. 
Provided that the applications of host institutions and 
the candidacies of group leaders are of sufficient 
quality, four groups will be established in Italy and 
one in Spain. 

(b) Funding of Individual groups 

This phase will be funded by the EMBL budget, 
so as to permit the development of appropriate 
procedures and to demonstrate the value of the 
scheme, thus permitting the expansion into the sec-
ond phase. Regional groups represent a partner-
ship between the EMBL and the respective host 
country. The applicant institution of the host country 
will provide the necessary space, equipment, and 
local administrative support. The EMBL will provide 
personnel and supplies consistent with the norm 
of the Headquarters Laboratory in Heidelberg. Ac-
cordingly, the personnel supported will be the group 
leader, ope technician, one post-doctoral fellow and 
one predoctoral fellow. Costs to the EMBL will be ca. 
475 KDM per group per annum. Additional person-
nel can be added if funded by sources outside the 
EMBL scheme. The willingness of the host institution 
to help secure additional positions, so that the group 
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can attain a critical mass quickly, will be an element 
considered in the selection of sites. Procedures will 
be implemented to ensure that these groups have a 
legal status comparable to that of the rest of EMBL 
groups. 

(c) Eligibility of host Institutions 

Applications for hosting a Regional EMBL Group will 
be solicited on an open basis, without governmental 
screening. Applicant sites will be evaluated as to 
their eligibility on the basis of the scientific environ-
ment and the logistic support that they can provide. 
The logistic support will include space and equip-
ment equivalent to what is provided by EMBL for its 
groups in Heidelberg, and suitable local administra-
tive and technical support services (secretarial, pur-
chasing, repairs, communications). The equipment 
purchased for the group will remain the property of 
the host institution. The scientific environment will be 
evaluated relative to the proposed specialty of the 
new group, with a view towards maximizing synergy 
with the rest of the host institution. Specialties per-
tinent to fields represented in Heidelberg and the 
Outstations will be favoured in the pilot phase, to 
ensure two-way interactions with the rest of EMBL. 

(d) Eligibility of applicants 

Applicants for each group leader position will be 
openly solicited and evaluated by EMBL, according 
to its usual criteria of scientific excellence, originality 
and promise. The search will be inclusive as to the 
country of origin and gender. Consistent with the 
international nature of the Regional EMBL Groups a 
special effort will be made to recruit qualified group 
leaders who are not natives of the host country. 

(e) Selection process 
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Evaluation of both applicant sites and individuals will 
be the responsibility of EMBL. To supplement the 
standard EMBL evaluation mechanisms, which will 
engage the existing Programmes, and to help es-
tablish the high prestige of Regional EMBL Groups, 
the Director General, after written consultation with 
Council, will appoint a special Advisory Commit-
tee consisting of leading figures in Molecular Bio-
logy chaired by the first Director-General of EMBL, 
Sir John Kendrew; the Chairmen of EMBL Coun-
cil, EMBL-SAC, EMBO Council and EMBO Fund 
Committee (Prof. B. Hirt, Prof. W. Gehring, Prof. 
J. Schell and Prof. F. Cuzin respectively) will also 
serve on this Advisory Committee. The Committee 
will supervise the selection process, conducting site 
visits and interviews as appropriate, reviewing all 
the documents and successively recommending to 
the Director General the sites to be preselected and 
then the group leaders to be appointed at these 
sites. The selection process will occur in two steps. 
First, interested institutions will be invited to apply 

for hosting one or more regional EMBL groups. A 
number of potential host institutions, approximately 
equal to 1.5 to 2-fold the number of available group 
leader pOsitions, will be preselected. These posi-
tions will then be advertised. The advertisements 
will specify the institutions and the areas of research 
that would be appropriate at each of them. The most 
outstanding candidates will then be selected; thus, 
the final choice of sites will reflect the quality of the 
candidates that they have attracted. The Advisory 
Committee is to be appointed as soon as possible 
to ensure the first 4 group leaders can be appointed 
by the beginning of 1995. 

(f) Duration of appointments 

This scheme is meant to provide catalytiC support for 
the development of Molecular Biology, and specific 
emerging fields within this discipline, in the Member 
States. It is not meant to provide permanent ap-
pointments. Successful candidates for group leader 
positions will be appointed for 5 years. An important 
criterion in preselecting sites will be the commitment 
of the host institution to consider the hosted group 
leader for appointment to an existing or new position 
at the institution, during the fourth year of support 
under the EMBL scheme. Vacated positions revert 
to the general pool of the Regional EMBL Group 
scheme. 

4. The second phase 

The implementation of the second phase is to be dis-
cussed more extensively at a subsequent time, and for 
this purpose tl1e Director-General is to develop a detailed 
position paper. which will take into account the sugges-
tions in the letters from SAC and the expressed views of 
the delegations. It was the sense of the Council meeting 
that this second phase should be broad in scientific 
scope, permitting also the promotion of newly developing 
fields; that it should be as extensive as the funds gener-
ated for this purpose would permit (the Director-General 
mentioned as a provisional goal the formation of ca. 50 
groups in total); that the groups should be somewhat 
larger to ensure critical mass; and that the second phase 
should be pan-European in scope, with continuing at-
tention to the special needs of the Southern European 
countries and the necessity of attaining critical mass (for 
example the Director-General mentioned as a desirable 
goal the addition of 3 groups in Italy during each of 
two subsequent years, to consolidate the catalytiC effects 
begun in the pilot phase). Obviously this expanded phase 
should remain fiscally sound. It is clear that this scheme 
is an important additional activity that cannot jeopardize 
what has already been proven successful at EMBL - the 
central Laboratory and the Outstations. Fund-raising will 
be essential. and growth will depend on the funds actu-
ally raised. The funds could come from diverse sources: 
foundations and private individuals, special contributions 
from EMBL Member States and the host countries, and 
from international organisations. 
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