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The context

These are heady days in the Life Sciences. An
ongoing revolution is dramatically expanding
our understanding of life. This is occurring
through a process of breaking down traditional
disciplines and bridging across supposed barri-
ers. If it is getting harder and harder to distin-
guish between the work of molecular, cellular
and developmental biologists, it is because our
fields are melding together, towards a grand uni-
fication of understanding molecular mechanisms
in living systems. We can now actually aim for a
seamless understanding of the operation of life at
successively more complex levels of organisation:
molecular complexes, cell organelles, differentiat-
ed cells, tissues and organs, whole organisms. We
no longer tend to define ourselves, either, by the
organisms that we study: molecular evolution,
genomics and bioinformatics have taught us that
genes and regulatory circuits are extensively
shared amongst multicellular organisms; many
gene families and mechanisms of regulation are
also found in unicellular organisms and reach
back towards our common ancestor. As Jacques
Monod speculated, what is true of E. coli is true of
the elephant, to a surprising degree. Thus, dis-
coveries made by the methods of genetics, bio-
chemistry/ structural biology and genomics in
extensively studied model organisms are trans-
ferable to others that are important to human
society but less amenable to study, including our-
selves. Experiments conducted in yeast can help
illuminate fundamental regulatory processes in
animals and plants, for example transcription
and RNA metabolism. The understanding of
development, neurogenesis or the regulation of
cell death in the fruitfly and the worm make it
much easier to comprehend these processes in
the more complex vertebrates, and the failure of
these processes in disease. Shared features of
innate defense mechanisms against micro-
orgamisms are being discovered in vertebrates,
invertebrates and even plants. Against this back-
ground/ residual differences are of immense
interest. The rush to sequence large numbers of
microbial genomes, to use bioinformatics to
detect differences in their metabolic pathways,
and to characterise the structures of their unusu-
al proteins, reflects the conviction that these dif-
ferences can be exploited for the invention of spe-
cific antimicrobial agents. In summary, the dis-
covery of commonalities and differences between
organisms, which is made possible by modern
molecular biology, is not only the key to our
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accelerating our understanding through basic
research, but it also provides powerful platforms
for innovation in biotechnology oriented towards
medicine, drug discovery and agriculture.

In human history, borderlands are often the
sources of new cultures. Similarly in the Life

Challenges

The historic achievement of the European mon-
etary union invites bold choices for the future.
Our knowledge-based society needs to nurture
and utilise science to remain true to our cultural
legacy and to compete effectively on the world
scene. A case in point is the biosciences which,
flowing from fundamental molecular biology, are
transforming medicine and hold immense prom-
ise for industry, agriculture, and the environment
in the 21 st century. Europe, which made critical
contributions at the origin of molecular biology,
retains considerable strength but is facing a triple
challenge that must be recognised and candidly
addressed.

The first challenge is the stunning pace of
change in biology. Interdisciplinarity has become
essential as the barriers between traditional dis-
ciplines crumble. Discoveries in model organ-
isms highlight the fantastic unity of life, resulting
from evolution by common descent, and are
readily applicable to human biology. An informa-
tional science of the whole organism is in the
making as molecular, cellular, and developmen-
tal biology merge and connect with physiology,
and as genomics and bioinformatics shift the
focus of analysis from individual components to
biological systems. There is renewed emphasis
on interfaces with chemistry, physics, and engi-
neering. Biology is now a "bigger science,"
dependent on novel synchrotrons, microscopes,
DNA chips, stock centers, and interconnected
global databases. In parallel, the time frame of
application of knowledge-the distance between
laboratory and factory or hospital bed-is short,
and the flow of information reciprocal; coopera-
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Sciences, research systems and institutions that
have the flexibility to capitalise on the dissolution
of barriers-and the resources to exploit that flexi-
bility-become major sources of innovation. In my
opinion, this constitutes the triple challenge to
European Biology: to face the ongoing scientific

for European Biology

tion between academic or medical centers and
biotechnology companies is at a premium.

The second challenge to European biology is
structural inflexibility. This includes organisation-
al and disciplinary conservatism in academia;
excessive reliance on pyramidal power struc-
tures, when scientists need independence in
their creative 20s and 30s; neglect of advanced
postdoctoral training through overemphasis on
lifetime employment; and top-down reflexes
rather than trust in investigator initiative coupled
with critical peer review. Despite the evident
advantages of centers of excellence with critical
mass, some countries succumb to the tempta-
tion to "spread the rain evenly." International
schemes for postdoctoral mobility are successful
but do not extend to independent investigators.
The culture of collaboration is recognised as a
European advantage, but internationalism is not
yet as strong as the visionaries of the previous
scientific generation would wish.

The third challenge is stagnant funding for both
national and international institutions, contrasting
sharply with world trends. We encounter an
almost obsessive preoccupation with the senti-
ment "we have done enough science, now let's
apply it." In the United States, public funding
focuses on basic research, strongly advocated
by the biotechnology industry as the source of
novelty and trained personnel. The National
Institutes of Health, already the world's largest
funder of biomedical research, has experienced
7% annual increases recently and enjoys a
remarkable bipartisan consensus that its budget
should be doubled within ten years, possibly five.
Similarly, China is quadrupling research funding

revolution, to loosen the existing inflexibilities in
organisations and disciplines, and to gain the
resources necessary to remain competitive on a
world-wide scale. This was the theme of a guest
editorial that I wrote in SCIENCE magazine this
year.
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from 1995 to 2000, and Japan is launching new
initiatives in brain science and the human
genome and plans a massive facility for large-
scale protein structure analysis.

The contrast with Europe is dramatic. For exam-
ple, last year lack of funds forced the European
Molecular Biology Organization to cancel plans
for third-year postdoctoral fellowships, despite
strong consensus about the need for them.
Germany's parliament, the Bundestag, rejected
the promised 5% sustained annual increases for
the Max Planck Society. Funding for the
European Molecular Biology Laboratory will not
permit any growth in real terms in 1998-2000. In
February 1998, the Council of Science Ministers
cut, in real terms, the European Union (EU) sci-
ence and technology budget for 1998-2002,
approving only 84% of the funds voted by the
European Parliament. We are beginning to see
some relative reorientation toward the life sci-
ences, notably in Germany and the EU, but over-
all national science budgets remain flat (with few
exceptions, such as Finland).

Europe has excellent established scientists and
talented, well-trained, and mobile young biolo-
gists. But structural reform and increased flexibil-
ity in the science system are overdue. And sub-
stantial investment in biology, across the conti-
nent, is necessary if Europe is to retain a position
in the front rank of this major scientific and tech-
nological revolution.

Fotis C. Kafatos
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Visitors, training and services
at the EBI

The European Bioinformatics Institute, an
Outstation of the EMBL, plays a central and vital
role in European genomics research. A strong
informatics infrastructure is essential for modern
biological and biomedical research. The EBl's
mandate is to provide the focus for this infra-
structure in Europe.

in a Laboratory that has a comparable number of
research teams; on average, 11% of the scientists
working in Heidelberg were visitors. The number
of Symposia, Workshops and Conferences in the
Laboratory was smaller in 1998 than in 1997, and
therefore the annual number of Heading B visi-
tors and visitor-weeks decreased by 11%.

Nevertheless, the total number of Heading A+B
visitor-weeks remained stable, and the total num-
ber of visitors increased by 4%. We have now
reached saturation of this Programme under the
current funding limitations.

Collaborator 223
Trainee 69
User of Facility 15
Sabbatical Visitor 7
Practical Course Participant 188

Subtotal Heading A 502

SymposialWorkshops 66
Conferences 578

Subtotal Heading B 644

TOTAL 1,146

644

66
578

951
869
23
149
270

2,906

2,262

Visitor
weeks

Visitors

Heidelberg Visitors, 1998

Category

stations in Hamburg and Grenoble. In Hamburg,
a large number of visitors (565 in 1998) are host-
ed by the Outstation itself, and are closely sup-
ported by the Outstation staff in making best use
of our beamlines. The EMBL provides the facili-
ties and scientific/ technical support for users,
while an EU grant partially supports expendi-
tures connected with access by eligible visitors. A
retrospective analysis of crystallography publica-
tions appearing between 1994 and 1998 in major
journals with structural biology content showed
that approximately 11% of the world impact of
new structures came from the Hamburg
Outstation. Details of the work performed in 1998
at the Outstation by visitors can be found in the
Annual Report 1998 of the EMBL Hamburg
Outstation. Further analysis of the Visitors
Programme will be available in 1999, in the con-
text of the SAC review of the Outstation.

At the Grenoble Outstation, our Visitors Pro-
gramme is largely integrated with the provision
of support for outside users who are selected for
access to the advanced beamlines of ESRF for
which our partner institution, the ESRF, has
responsibility. A Joint Structural Biology Group
integrates the activities of ESRF and EMBL by
building and operating beamlines, by by provid-
ing support to visitors, and by mutually support-
ing the in-house research activities of the two
institutions. The EMBL Outstation also provides
the wet biology facilities needed for the work of
both local and visiting scientists, for all institu-
tions (EMBL, ESRF, ILL) at the shared interna-
tional site. Information about visitors at Grenoble
can be found in the 1998 Handbook of Statistics
that accompanies this Report.

The Visitors Programme in Heidelberg continues
to be extremely active, fulfilling the promise
made to the Member States as part of the EMBL
Scientific Programme 1996-2000. This activity
was discussed in detail in my foreword to the
1997 Annual Report. It continues to be geograph-
ically very inclusive. This year, a summary table
is presented below. I am gratified that these data
confirm the success of the Visitors Programme,
and even show a significant increase in Heading
A visitors, the most important class (Scientific
Collaborators, Trainees, Facility Users, Sabbatical
Visitors and Participants in Practical Courses).
Corrected for an equal number of months, this
category increased by 18% relative to the last
year, while the number of visitor-weeks increased
by 9%. To put it differently, at anyone time in the
past 12 months there were 44 Heading A visitors,
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Core services. With its collaborating institutions,
the EBI is the central service provider for three
core databases in biology. These are:

• the Nucleic Acid Sequence Database;

• the SWISS-PROT protein sequence database
(and its companion database TrEMBL);

• the Macromolecular Structure Database.

These are all collaborative international projects,
coordinated with our sister institutions in the
USA, Switzerland and Japan. This is the appro-
priate model, given the universal validity of the
data and the scale of the tasks required to build,
maintain and distribute these databases. These
core services will continue to develop and will be
the basis upon which more advanced services
will be built. These include:

(i) an integrated database of protein domains
(Interpro) now coordinated by the EBl;

(ii) the development of specialised databases of
protein structure motifs, e.g. DALI 3D for
comparing protein structures;

(iii) the development of a federated database of
human (and eventually mouse) genetic vari-
ants (HmutDB); and

(iv) the development of databases to provide
integrated genome views of nucleic acid
sequences.

The EBI also plays an increasingly important role
in providing computational services to the com-
munity, many of which have extraordinary hard-
ware or software demands (e.g. BLITZ, BLAST,
FastA).

There is an increasing need to develop new data-
bases and services to accommodate both scientif-
ic developments and users requirements. Some of
these are already under active development,
including Interpro and a new database of protein
function; others are planned for the future. These
include informatics and database support for
high-throughput gene expression studies. The
next few years will see the development of new
"structural genomics" programmes, designed to
determine the structure of all proteins of particu-
lar organisms. The EBI will be collaborating with
European efforts in this direction by providing
not only ongoing support to the Macromolecular
Structure Database, but also by providing new
databases that will integrate genomic, structural
and functional data for individual organisms and
across groups of organisms. In addition, the EBl
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will build on its lead in the development of tools
for database integration, particularly with the
further development and implementation of
CORBA-based services.

Training. The importance of bioinformatics to all
aspects of biological and biomedical research has
led to a crisis in training. Both industry and aca-
demia recognise a severe shortage of skilled per-
sonnel. The EBI plays an important role in train-
ing in many ways. Through the EMBL PhD
Programme it provides training for new profes-
sionals in bioinformatics. It now has a capacity to
train six-to-eight students a year, although its
own resources can only fund two-to-three. An
increasing number of courses at "masters" level
are now available in Europe. Many of these
require a non-resident research project, and the
EBI accommodates such students for short (three-
to-six month) stays. At the postdoctoral level, the
EBI provides opportunities for fellows, either
independent or part of a research group, to
devote periods of several years to research in
bioinformatics. The Service Programme of the
EBI trains its staff "on the job". After staying at
the EBI for a few years, many of these are recruit-
ed by industry or academia. Finally, the EBI pro-
vides numerous residential courses, at various
levels, for both academia and industry. For exam-
ple, in the last three years the EBI organised over
30 courses, of which three were funded by the EU
under its Advanced Practical Workshop Pro-
gramme. The demand for such courses is, and
will continue to be, very high.

Industrial collaboration. The importance of
bioinformatics to European industry can be seen
in two ways. One is the extent to which the major
companies in the pharmaceutical and agricultur-
al sectors have established their own support and
research groups in this field; the other is the
growing number of SMEs devoted to bioinfor-
matics that are being established in Europe
(although Europe still lags far behind the USA in
this respect). The EBI is mandated to support
these developments. With funds from the EMBL
and the EU (DCIII) the EBI has established a very
successful subscription-based Programme with
European industry. This has become the focus for
pre-competitive discussion and collaboration in
the European bioinformatics sector. The EBI pro-
vides specialised training for industrial staff,
product evaluations (of both software and hard-
ware) and the opportunity for joint research proj-
ects. This Programme, which is at the moment
very much based on the pharmaceutical industry,
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will expand as bioinformatics becomes of increas-
ing importance to other sectors (agriculture, the
information industry as a whole).

International collaboration. Bioinformatics is a
world-wide community. Although the specific
mandate of the EBI is to serve the needs of the
Member States, it can only do so within the con-
text of international collaborations with cognate
institutions in Europe and world-wide, both in
academia and industry. In a European context,
many of the services of the EBI are enhanced by
the Institute's special status within the EMBNet
(originally an EMBL initiative, now a legally
independent Stichting under Netherlands law).
Outside Europe, its major collaborations are with
the National Center for Biotechnology
Information (NCBI), part of the National
Institutes of Health in the USA, and the Center
for Information Biology (CIB), within the
National Institute of Genetics in Japan.

Resources. Both of the EBI's major collaborating
institutions in other continents, the NCBI and the
CIB, are well funded and are receiving major
expansions in funding at the current time. For
example, the NCBI budget, even before a project-
ed major increase in funding for the next three
years, is now approximately 17 M US$ per
annum, or approximately 28 KDM. This is
approximately four-fold higher than EMBL can
provide under its present budget. Over a number
of years, the DGXII of the EU has provided over
a number of years, and continues to provide, gen-
erous contract support for the core services of the
EBL Even so, the current annual budget of the
EBI is only approximately 40% of that of the
NCBI. It is vital to the success of the EBl within its
European context that the balance between these
three major international institutes is maintained
and improved. If not, then Europe will see many
major initiatives in bioinformatics being taken
out of Europe.

Supplementary funding for capital equipment
at the EBI. Bioinformatics has seen explosive
growth in the last few years, in parallel with the
extraordinary waves of new information from
large-scale genomics programmes. The funding
model that had been agreed upon for the EBl in
1995 as part of the EMBL Indicative Scheme 1996-
2000 did not foresee and is not sufficient to meet
the demands of these developments. Nor did the
Indicative Scheme provide me with significant
discretionary funds, given EMBL's other commit-
ments. Already in 1997, I announced to Council
that I consider the EBI equal to Heidelberg in its

priority within EMBL, and that I was concerned
about the available resources. We shifted some
resources towards the EBI within the tight limits
of what we could do without damaging the other
activities to which we were committed under the
Indicative Scheme. The MRC very helpfully
advanced 1 MDM against its future (1998-2000)
contributions. Following the 1998 SAC review
which highlighted the importance, the achieve-
ment, the potential and the problems faced by the
EBI, I proposed to Council an interim package of
emerging support (until approval of the next
Indicative Scheme at the end of 2000), to be
focused on the most glaring need: updating the
capital equipment of the EBL Additional emer-
gency commitments of 1,500 KDM from central
funds were made by EMBL as part of this pack-
age, exhausting the flexibility of our budget. I am
grateful to all the member States for agreeing to
contribute as their share an extra total of 1,650
KDM for 1999 and 2000, still within the limits of
the Indicative Scheme (by making use of funds
that had not been granted in 1997 for the Cost
Variation Index "inflation" correction). I am espe-
cially thankful for an additional voluntary contri-
bution of 400 KDM by Finland. These exception-
al joint efforts helped revive enthusiasm at the
EBI in a timely manner.

SWISS-PROT and its funding. In July 1998,
EMBL and our partners at the Swiss Institute of
Bioinformatics (SIB) announced that SWISS-
PROT would begin requesting license fees from
commercial users in order to raise revenue which
would be used entirely to improve this crucial
but financially-threatened biological database.
Misunderstanding at the time led to a concern
that this was a threat to the cherished principle of
free availability of information, espoused by
EMBL and a cornerstone of publicly-funded
genome projects. Today we are in a position to
take stock: Access to SWISS-PROT, and its use
and redistribution in academia has not been
affected, and we are beginning to see quality
improvements resulting from the extra resources
raised. Indeed, even in the commercial sector,
aside from requests for subscriptions to be paid,
nothing has changed in the way that SWISS-
PROT is made available.

Companies are showing their appreciation of the
work done in the scientific curation of informa-
tion by SWISS-PROT. The major pharmaceutical
players have signed or are arranging to sign
license agreements, and smaller companies are
starting to follow suit.
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External reviews of EMBL
Programmes and the EBl

EMBL has a rigorous system of external reviews
of each of our units which take place every four
years. The reviews are an important part of the
mission of the Scientific Advisory Committee, a
distinguished scientific panel of external experts
that advises Council; it also advises the Director-
General on major issues related to the scientific
activity of the Laboratory, as well as Group
Leader appointments. The members of SAC are
selected by EMBL Council from a short list pro-
posed by EMBO Council, which in turn draws
upon a large set of nominations from diverse
external sources. SAC members serve on stag-
gered three-year terms, renewable once.

The quadriannual reviews are conducted by pan-
els consisting of SAC members of appropriate
expertise, plus external experts agreed between
the Chair of SAC and the Director-General. They
review in-depth material prepared by the EMBL
unit, including the full dossiers and research
plans of individual Group and Team Leaders.
They conduct a site-visit in the presence of
observers from Council. They listen to the pres-
entation, visit the laboratories and discuss issues
with each Group /Team Leader individually, as
well as with the Coordinator/Head of Outstation
and the Director-General. At the end, they write a
detailed report evaluating the performance and
prospects of the unit as a whole and of its indi-
vidual scientists: Review Reports are immediate-
ly considered by SAC. They carry considerable
weight with respect to the future of the unit,
including (but not limited to) resource allocation,
personnel decisions, and future orientations. The
Reports are discussed by the Director-General
with the head of unit and the reviewed scientists;
after further discussions with the Senior
Scientists Committee, the Director-General pre-
pares a formal Response to the Report (including
key actions that he proposes to take). Finally, the
Report and Response are brought to Council for
discussion, in which the Chair of SAC partici-
pates.

To avoid inhibiting the frankness of the review
panels, the Reports remain confidential.
However, I have decided to henceforth include
the Director-General's Responses in the EMBL
Annual Report. Since the Responses allude to the
major finding of the reviews, and the major fol-
low-up actions, this step communicates to the

broader community the gist of the external eval-
uations, and of the resulting adjustment in the
Laboratory.

Two full units and part of a third were reviewed
in 1998. The compositions of the review panels,
and the Director-General's responses to the
Review Reports, are given below.

1998 review of the Structural
Biology ProgramJne

Composition of Panel
External reviewers:

Carl-Ivar Branden, Karolinska, Stockholm (S)

Cyrus Chothia, MRC-LMB, Cambridge (UK)

Joachim Frank, NY State Dept. of Health,
Albany (NY)

Kasper Kirschner, Biozentrum Basel (CH)

Dino Moras, IGBMC, Strasbourg (F)

Rudolf Rigler, Karolinska, Stockholm (S)

Alfred Wittinghofer, MPI, Dortmund (D)

Members of SAC:

Martino Bolognesi, Genova (I)

Louise Johnson, Oxford (UK) (Chairing the
review)

Robert Kaptein, Utrecht (NL)

Hartmut Michel, Frankfurt (D)

Joel Sussman, Rehovot (IL) + Brookhaven
(USA)

EMBL Council Observers:

Sakari Karjalainen (Finnish delegate)

Diane McLaren (UK delegate)

Marianne Minkowski (French delegate)

Responses of the Director-General
1. It is gratifying that the review has judged the
Structural Biology Programme to be remarkably
successful and has identified it as driven by the
biology, being special by its unusual strength
across a broad range of major methods that are
powerful in their combination. I agree with this
assessment and intend to safeguard the broad
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strategy of the Programme in pursuit of even
greater impact.

2. I join the Panel in congratulating M. Saraste
for his management of the Programme and in
particular for fostering a climate of interdiscipli-
nary research, leading by his own example and
enhancing synergy both within the Programme
and across to the other units of the Laboratory. I
strongly support this orientation, which adds
value to the inherent strength of the Programme
and enhances the success and satisfaction of its
researchers.

3. I appreciate the careful evaluation of the
opportunities and implications of investing in
high field NMR. We note that it would be desir-
able for EMBL to invest in this area, both for in-
house research and for adding to the opportuni-
ties for access by the European scientific commu-
nity; but that this will require a major commit-
ment, ideally soon so as to avoid unnecessary
duplication of expenditure. We concur that such
an investment should not occur at the expense of
the other major approaches in the Programme,
notably high resolution cryo-electron microscopy.
I intend to ask Council whether their priority for
high field NMR is such as to make special sup-
port for this initiative feasible.

4. I am especially gratified by the success of the
Biocomputing Unit. Through this Unit we estab-
lished an innovative combination of research,
training and service in this important field, close-
ly integrating it with the biological research in the
Programme and the Headquarters Laboratory as
a whole, and without duplicating what we are
doing at the EBI. In view of this success I have
offered Open-Ended Contracts to T. Gibson and
G. Vriend and have given some additional sup-
port to P. Bork, encouraging him to prolong his
visiting appointment at EMBL.

5. The review of L. Serrano confirmed and rein-
forced our internal appreciation of his outstand-
ing performance and potential. To recognise his
very special qualities and give him the opportu-
nity to pursue his work at EMBL, also contribut-
ing to interdisciplinary initiatives, we promoted
him to Senior Scientist with an Open-Ended
Contract.

6. I have noted the expert evaluations of all the
faculty in the Programme, with which I am in full
agreement. I have discussed the evaluations with
them individually to reinforce the impact of this
very helpful review. I am pleased by the enthusi-
asm and positive spirit in the Programme.
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1998 Review of the forll1er Cell
Biophysics Prograll1ll1e (now part
of the Cell Biology and Biophysics
Prograll1ll1e)

Composition of Panel:
External reviewers:

Gerd Binnig, IBM Zurich Res. Lab. (CH)

Henri Buc, Pasteur, Paris (F) (Chairing the
review)

Erwin Neher, MPt G6ttingen (D)

Lansing Taylor, Carnegie Mellon and
Cellomics, Pittsburgh (PA)

Michal Turala, CERN, Geneva (CH)

Members of SAC:

[David Hogness, StanfordlCA - observer
joined 8/5]

[Hugh Pelham, Cambridge, UK - observer
joined 8/5]

Responses of the Director-General:
1. This expert and very thoughtful review came
at a key moment, at the early stages of shaping
the newly integrated Cell Biology and Biophysics
Programme. I am pleased by the clear endorse-
ment of the creation of this Programme by the
fusion of Cell Biology and Cell Biophysics; by the
support of the broad vision for the future which
extends the interdisciplinarity of EMBL and
builds upon its unique strength in combining
development of instrumentation with leading-
edge biology; and by the incisive suggestions
about the process of making the vision a concrete
reality, through provision of a working model
and further dialogue and persuasion of the entire
Programme. I am also grateful for the willingness
of the panel to provide further advice during this
process as required, which I intend to follow up.

2. I have discussed in depth with the
Coordinator and the Group Leaders the detailed
evaluations and recommendations, which we
intend to implement. The systems analysis
approach exemplified by the outstanding exam-
ple of S. Leibler will be incorporated in the blue-
print of the Programme. The most successful
activities of the instrumentation Group Leaders
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will be encouraged, in a process of focusing their
strength, integrating it more deeply with biology,
and opening up the interactions with the best
biophysical instrumentation laboratories abroad.
I have noted the informal suggestion of a special
effort for strengthening the interface with
Biochemical Instrumentation, in particular
through the design of new fluorescent probes.

3. Special attention will be placed on the excit-
ing project of developing a Photonic Force
Microscope and using it in analyzing motor/mi-
crotubule interactions as well as the proposed
"raft" structure of plasma membranes.

4. Similarly, we intend to build on our great
strength in light microscopy and the interesting
developments in image analysis. Under the over-
all supervision of C. Boulin, the new Advanced
Light Microscopy Facility will play the important
role of providing an interface with biologist
users; special thanks for its establishment are due
to C. Gonzalez and T. Nilsson from Cell Biology,
as well as E. Stelzer and C. Boulin.

1998 review of the EMBL
Outstation Hinxton, the EBI

Composition ofPanel:
External reviewers:

Russell Doolittle, UCSD, La Jolla, CA

Nat Goodman, The Jackson Laboratory, Bar
Harbor, ME

Members of BAC:

Marvin Edelman, Weizmann, Rehovot, IL

Alwyn Jones, Uppsala, S

Klaus Muller, Hoffmann-La Roche, Basel, CH

Members of SAC:

Antoine Danchin, Pasteur, Paris, F (also BAC
member)

Lee Hood, Seattle, WA (Co-chairing the
review)

Louise Johnson, Univ. Oxford, UK (Co-char-
ing the review)

EMBL Council Observers:

Julio Celis, Aarhus, DK (Chairman of EMBL
Council)

Diane McLaren, Oxford (UK delegate)

Marianne Minkowski (French delegate)

Responses of the Director-General:
1. I thank the Panel for their enormous effort in
thoroughly reviewing the EBI, and for their inci-
sive, critical and constructive written report. I am
delighted by their strong appreciation of the suc-
cess of the Outstation and its personnel to date,
as well as their broad vision for the future, which
I share, and the specific recommendations which
I have taken into account.

2. I share their specific appreciation of the
superb work of the Service Programme in the
Nucleotide Sequence Database, SWISS-PROT/
TrEMBL, and Macromolecular Structure Data-
base activities. This vital, core mission of the EBI
will remain at the center of our attention and sup-
port. We will aim to improve the user interface
and further strengthen the search services to the
extent possible, and to implement rapidly the
opportunities for integration and interoperability
of bioinformatics databases arising from the
excellent progress in the R&D team.

3. We are at an advanced stage of negotiations
with our partners in Geneva for establishing an
appropriate system of commercial subscriptions
to SWISS-PROT, the income of which will be
used to expand the SWISS-PROT effort at both
sites, to the benefit of the research community.
SAC has endorsed this plan.

4. I am gratified by the unanimous belief of the
Panel that the Research Programme is essential
for the EBl. I share both the appreciation of the
successes and the concerns voiced about specific
aspects of the Programme. The performance of
the groups working in protein structure is partic-
ularly impressive, and their synergy with the
MSD project of the Service Programme is a model
for the future of the Outstation. Increased com-
munication and sharpening of the focus will be
needed in certain other areas. In cooperation with
the Service Programme, the Research Programme
will also be essential for an expanded and inno-
vative bioinformatics training programme, which
is badly needed in Europe.
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5. The greatest threat to the success of the
Research Programme is the serious limitation in
resources, coupled with the intense competition
for the scarce talent in this area. Despite our pro-
viding substantially more than the initially bud-
geted amount for the EBI, and the generous sup-
port from the EU for the Service and Industry
Programmes, the Outstation as a whole is signif-
icantly underfunded; this general problem is
acute in the research and training activities, as
well as in provision of infrastructure. This matter
will be discussed separately with the EMBL
Council, and efforts will be made to obtain tar-
geted support from additional sources.

6. Although the rapid build-up phase under-
standably has absorbed all the managerial efforts
at the EBI, elaboration of a long-term financial
planning strategy is now urgent and will be
undertaken. The cost effectiveness of an audit
conducted by external consultants will be consid-
ered. Unquestionably some investment in infra-
structure will be place at the top of priorities for
the near future.

7. I regret the loss of a leading Senior Scientist,
C. Sander, to industry. He leaves behind an
impressive and much-appreciated legacy of
research and training activities, both in
Heidelberg and at the EBI. In the case of T.
Etzold, who is facing a similar career choice, and
with the agreement of SAC, we are at an
advanced stage of negotiating a creative arrange-
ment whereby he will be able to address the enor-
mous demand for expansion of SRS services
through the commercial sector, while continuing
his excellent academic work at the EBI as a long-
term Visiting Group Leader.

8. I concur with the need to increase interac-
tions between the EBI and its neighbours (both in
the Genome Campus and in Cambridge), as well
with the Heidelberg Laboratory. This will be
especially important for the EBI to capitalise on
the opportunities created by the evolution of
Biology into an informational science, including
the shift of paradigm towards systems analysis in
Biology. This is an area which will be of high pri-
ority for EMBL as a whole in the future. Such
interactions would be valuable for all concerned,
and we will do what we can to promote them.

9. The Industry Programme indeed has made
an effective beginning in transferring more effec-
tively the knowledge of EBI to society. The
Associates Programme has been the most suc-
cessful of the industrial interface activities. While
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the Affiliates Programme is meant to address a
politically important need for promoting
European SMEs, the distinctive features of this
programme must be clarified and its cost-effec-
tiveness analyzed if it is to continue. The first col-
laborative Partners Project has been initiated
recently and will require close monitoring as an
important test case.

10. I have visited the EBI and addressed all the
staff, stressing to them my vision for the funda-
mental role of bioinformatics in the future of
biology and my strong commitment to the Out-
station, as the joint top priority of EMBL (togeth-
er with the Heidelberg Laboratory). I was able to
inform the staff about the level of support we are
already providing, dispelling some common mis-
perceptions as well as explaining the broader
financial realities of the EMBL system. I made to
them a commitment to share with the EBI the ini-
tial cost of an infrastructure fund, and to bring to
Council the need for securing additional help. I
also made the commitment that a request for
additional resources for the EBI, in the light of the
rapid expansion of opportunities and require-
ments, will be part of my proposal for the next
five-year Indicative Scheme. I have discussed
specific issues with many individual scientists,
and this process is continuing.

11. Finally, I wish to express my gratitude to the
leadership triumvirate that carried the load of
launching the EBI. P. Zanella, who is retiring
shortly, was indeed the right person at the right
time as Head of Outstation. We will miss his
vision, skill and boundless energy as well as his
efforts in the Industry Programme. G. Cameron
deserves enormous praise for conceiving and
planning the EBI as well as playing a crucial man-
agerial role beyond his duties as Service
Coordinator. M. Ashburner brought to the EBI a
valuable, comprehensive understanding of bioin-
formatics from the broad perspective of a biolo-
gist, and could serve as an increasingly effective
bridge to the biology community. I look forward
to collaborating closely with Graham Cameron
and Michael Ashburner as Joint Heads of
Outstation in the challenging second phase of the
EBI, which now begins.

Other developments in 1998

This Annual Report focuses on the research,
training and service functions of EMBL, high-
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lighting a representative slice of the activities that
collectively make the Laboratory such a special
place. Interviews make this presentation more
lively. A deeper look into EMBL can be obtained
from the accompanying Handbook of Statistics,
which includes a complete literature list. Further
information is available on the EMBL World
Wide Web site, or in the forthcoming 1998
Research Reports.

Departures. In addition to normal turnover,
some departures of senior staff have been deeply
felt by the Laboratory. As mentioned above, Chris
Sander left for a senior position in industry and
an adjunct academic appointment in the Boston
area; he has been a major figure in the success of
Biocomputing activities in EMBL-Heidelberg and
in the first phase of research at the EBI. Paolo
Zanella retired as Head of Outstation at the EBI.
Graham Cameron and Michael Ashburner, who
have both been essential in creating the EBI and
guiding it into its current form, were appointed
jointly as his successors. Reuben Leberman
retired after many years of service at the
Grenoble Outstation and, previously, at the
Heidelberg Laboratory. Thomas Graf, Pro-
gramme Coordinator for Cell Regulation, left for
New York after doing an outstanding job of
organizing and leading Programmes through
almost two decades of growth and change. Two
senior members of our non-scientific staff retired
and will be sorely missed: Mary Holmes, who
had directed the EMBL Leo Szilard Library since
it was as a single cabinet full of scientific journals
in another building, waiting for the main
Laboratory to be built; and Waltraud Ackermann,
who has been a tireless and invaluable assistant
to three Directors General. And we were all sad-
dened by the tragic loss of Professor Thomas
Kreis of Geneva, former EMBLGroup Leader and
long-time friend and collaborator of many of our
researchers; a tribute to Thomas appears at the
end of this report.

Start-up of EMBL-Monterotondo. A highlight of
January 1998 was the starting-up of the new
Research Programme in Mouse Biology at
Monterotondo, Italy. Just as the three EMBL
Outstations have been established at campuses
shared by scientifically exciting partners, the new
Programme's proximity to the fully-functioning
Institute of Cell Biology of the CNR, and the
European Mouse Mutant Archive, which is under
development, will further promote EMBL's col-
laborations with other units of European science.
Headed by Klaus Rajewsky, our activities in

Monterotondo will combine work on mouse cell
biology and development emphasizing themes
related to research in the immune system and
molecular medicine. Close interactions with the
main Laboratory in Heidelberg are expected.

Science and Society. We have started a range of
activities on Science and Society at this stage
directed to internal reflections and education
about this important interface. Anthropology
Professor Halld6r Stefansson joined our staff in
April to direct the programme and has organised
a series of seminars and study groups on themes
relating to ethics in science, the public's percep-
tion of science, and the social implications of
research. Great interest on the part of predoctoral
students was the catalyst for establishing this
programme, and the seminars are attracting
interest throughout our staff.
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ANNEX 1

Laboratoire Europeen de Biologie Moleculaire
European Molecular Biology Laboratory
Europaisches Laboratorium fur Molekularbiologie

STATUTES OF THE EMBL INTERNATIONAL PhD PROGRAMME

Aims of the EMBL International PhD Programme

The EMBL International PhD Programme provides advanced, interdisciplinary training in Molecular
Biology and its associated scientific disciplines. University graduates admitted into the Programme ("PhD
students") receive theoretical and practical training, and conduct a research project under the supervision
of an EMBL faculty member, monitored by a Thesis Advisory Committee. After the successful completion
of his/her research project, the PhD student submits a written thesis. Following Committee approval of
the thesis and successful completion of an oral examination, the candidate receives the degree of "PhD".
Where possible within the national university systems, EMBL PhD students may co-register with a
national university to obtain a joint EMBL/University doctorate (see: Statutes for Joint Degrees).
Alternatively, EMBL PhD students can opt to obtain their doctorate degree solely from a national
university, or to receive a PhD from EMBL without linkage to other systems.

Admission to the EMBL International PhD Programme

Application Procedure

Admission is competitive and is achieved through the selection procedure for the EMBL International PhD
Programme. Applicants must hold, or anticipate receiving before enrolment, a university degree that
would formally qualify them to enter a PhD or equivalent programme in their home country. Applications
are made to the EMBL International PhD Programme on forms that are available from the Graduate Office
or from the Internet.

Evaluation ofApplications

All applications are evaluated solely on the basis of qualification and scientific potential. In general,
applicants are expected to be among the top of those qualified to enter a PhD Programme in their home
country. All applications that have been received by the publicised deadline(s) are subjected to a multi-
step evaluation procedure by EMBL faculty members. The first assessment is carried out by a faculty
member who is familiar with the applicant's national education system and also will ensure that the
applicant has achieved the common standard for entry. Subsequently, the application is reviewed by the
faculty members of the EMBL Scientific Programme(s)/Outstation to which the candidate applied. Finally
the EMBL Graduate Committee (which is composed of the Director-General, Directors and Dean of
Graduate Studies together with representatives of each Scientific Programme/Outstation of EMBL) short
lists those candidates that will be invited for interview, taking into account proposals from the Scientific
Programmes/Outstations, and an overall evaluation that they have adequate qualification to undertake
PhD studies at EMBL.
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Selection of Candidates by Personal Interviews and
Final Admission Assessment

Short-listed candidates are interviewed for several days during Admission week. During the first days,
interviews are conducted by the faculty members of the EMBL Scientific Programme(s)/Outstation to
which the candidate has applied. This gives rise to an initial ranking of the applicants which is reviewed
by the Graduate Committee. Selected candidates then advance to an obligatory Final Admission
Assessment during which the candidate may be questioned on any aspect of Molecular Biology and
his/her previous training. This assessment is conducted by a panel of faculty members representing the
different Scientific Programmes/Outstations (normally chaired by the Director or Co-Director of Graduate
Studies) and evaluates the intellectual capacity and general scientific knowledge of the candidates.
Successful completion of this assessment and admission by the Graduate Committee is a prerequisite for
enrolment into the EMBL International PhD Programme. Research Programmes and Outstations located
outside Heidelberg participate in the same process of selection. They may also conduct a second selection
offset by 4-6 months, following a second publicised deadline for applications. The selected candidates are
then interviewed, ranked, examined and admitted by a panel established by the Graduate Committee
following a Final Admission Assessment according to the standard procedures. The maximum number of
candidates who can be admitted to any Programme or Outstation is authorised by the Director-General,
taking into account resources for appropriate training and fellowships, the balance of the Scientific
Programme of the Laboratory, and the number of new faculty.

Enrolment into the EMBL International PhD Programme

Successful candidates are permitted to enroll only if they have been awarded either an EMBL (internal) or
an external predoctoral fellowship. Within the FIRST YEAR, the PhD student must:

• Complete the EMBL Predoctoral Core Course in Molecular Biology, and obtain the corresponding
certificate. The Core Course is organised and supervised by the Graduate Committee. Currently it
entails more than 350 contact hours, includes lectures, practicals and student seminars and
encompasses the subject matter of all EMBL Programmes and Outstations. Exceptionally, a student
may defer the course until the second year with the approval of the Dean of Graduate Studies.

• Propose jointly with the supervisor a "Thesis Advisory Committee" consisting of at least three
members, including his/her EMBL faculty supervisor as well as other EMBL faculty member(s) and
external member(s) from a national university (ies). The Thesis Advisory Committee is appointed by
the Dean of Graduate Studies, and is chaired by the supervisor.

• Submit and defend a Project Proposal ("Qualifying Assessment"). The quality of the Project Proposal
and its oral defense are judged by the Thesis Advisory Committee. The Project Proposal introduces
the problem the student hopes to solve and reviews critically the experimental approaches to be taken.
It also summarises the results of the initial work of the student. The Project Proposal including the
recommendations of the Thesis Advisory Committee are submitted to and considered by the Dean of
Graduate Studies who may request clarifications. When the project and the candidate are found to be
of an appropriate standard, the standing of the student as an EMBL PhD student will be confirmed by
the Dean of Graduate Studies.

In case the Project Proposal or its defense are not found satisfactory, a second qualifying Assessment
will be conducted within two months of the first, with the Dean of Graduate Studies participating in
the Assessment. In case of failure in this Assessment, the PhD student status is terminated, with the
first year studies certified.

• Register as a PhD student with the EMBL Graduate Office following a successful Qualifying
Assessment, and/or register as a doctoral student with a national university.
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Exceptionally, students already enrolled in another doctoral programme who are to accompany newly
appointed members of the faculty to EMBL, may be accepted into the EMBL PhD Programme as students
following consideration of their files by the Director-General.

Student Progress and Submission of Thesis

The progress of the work is monitored by the Thesis Advisory Committee, to which Annual Reports are
submitted. The Committee meets annually with the student to evaluate his/her progress, future plans and
priorities, and to provide to the Dean of Graduate Studies comments accompanying the student's report.

The student is also expected to receive additional training and to practice scientific writing and oral
presentations, as well as to participate in journal clubs and seminars.

The duration of the PhD studies is normally 3.5 to 4 years. Following the formal declaration by the PhD
student's supervisor and the additional EMBL faculty member(s) of the Thesis Advisory Committee that
a sufficiently demanding research project has been successfully completed by the PhD student, he/she
may submit an IIApplication for the Evaluation of the PhD Thesis and the PhD Examination" to the
Graduate Office. This application must be accompanied by:

• Four copies of the thesis (in English). The thesis is organised into a short "General Summary", a
scholarly "Introduction" to the field of research, substantial scientific publications which can be
already published, submitted or in manuscript, and a final general "Discussion and Perspectives".
Alternatively, a monograph format can be followed, with sections of "Materials and Methods",
"Results" and "References" replacing the publications/manuscripts. In case of multiauthorship of
publications, the PhD student identifies in a footnote his/her contributions.

• Copies of the approved"Annual Reports to the Thesis Advisory Committee"

• The certificate to indicate the successful completion of the EMBL Predoctoral Core Course in
Molecular Biology.

Evaluation of Thesis and Examination Procedure

The "Thesis Examination Committee". After an "Application for the Evaluation of the PhD Thesis and the
PhD Examination" has been submitted, the supervisor is asked by the Graduate Office for nominations for
the Thesis Examination Committee. The Thesis Examination Committee is appointed by the Dean of
Graduate Studies and consists of at least three members:

• A scientist (preferably an EMBO or EMBL SAC member) who had previously no contact with the PhD
student's work, and who is an expert in the area of the student's research field.

• Two members of the Thesis Advisory Committee, including at least one member of the EMBL faculty
(other than the thesis supervisor who sits in on the oral examination only as an observer). One of these
two scientists acts as the chairperson.

Evaluation of the PhD Thesis. The thesis is evaluated in terms of scholarly criteria by each member of the
Thesis Examination Committee. One criterion is the likely acceptability of the thesis work for publication
in quality, international peer-reviewed journals. A decision is delivered by the Chair of the Thesis
Examination Committee on the basis of the committee members' written reports. The PhD Thesis can be
accepted for defense, or revisions can be requested. Following no more than one round of revision, a
decision on acceptance for defense or rejection is taken.
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STATUTES
OF THE EMBL INTERNATIONAL PHD PROGRAMME

FOR

JOINT PHD DEGREES WITH NATIONAL UNIVERSITIES

Aims of Joint PhD Degrees with National Universities

The EMBL wishes to contribute to the internationalisation of academic degrees and to mutually beneficial
co-operation with the national universities. The EMBL International PhD Programme has been granted the
right to award the Ph.D, by its Council representing the Member States. On the basis of this right and in
the spirit of co-operation with national universities, the "Statutes of the EMBL International PhD
Programme" provide the possibility of awarding PhD degrees jointly with national universities.

Procedures for Joint PhD Degrees

When PhD students of the EMBL International PhD Programme register with a national university to
obtain a joint EMBL/University doctorate, the principal standards and procedures defined in the "Statutes
of the EMBL International PhD Programme" are maintained.

The procedures may be adapted as necessary to take into account the procedures of the respective national
university. In particular, the Evaluation of Thesis and PhD Examination procedures of the respective
national university may be followed, provided that EMBL faculty members participate in the evaluation
and examination process.

On the part of the EMBL, successful candidates will receive a PhD certificate to indicate the joint
EMBL/University doctorate.

Heidelberg, on Oxford, on
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The group then investigated whether the HRDC domain
behaved similarly in the human proteins WRN (implicated
in Werner's Syndrome) and BLM (in Bloom's Syndrome).
Both of these diseases are characterized by damage to DNA,
probably due to malfunctions in DNA recombination and
replication; in Werner's Syndrome this is associated with
symptoms that resemble "premature ageing." Since
mutations in the WRN and BLM proteins which also affect
the HRDC domain have been linked to the syndromes,
Sattler's group thought that a closer look at the domain
might yield critical information about how the damage
occurs.

Despite a similar 3D structure of HRDC in the three
proteins, an analysis of the domains' surfaces revealed big
differences between the yeast and human versions. In yeast,
key points of the surface are positively charged, which
enables the molecule to interact with the negatively-charged
backbone of the DNA molecule. In the human proteins, the
analagous surface of the domain is less positively charged,
and in the BLM HRDC domain a highly negatively-charged
patch is found in a distant region.

"The HRDC domains in WRN and BLM may have
originally evolved from DNA-binding domains and gone
on to assume diverse molecular interactions. This might also
playa role in the functional differences which are expected
for the WRN and BLM proteins," Sattler says. "The
proximity to a true DNA-binding domain means that HRDC
may well mediate contacts between the DNA and other
molecules in multimeric DNA replication and recom-
bination complexes which are required to maintain genetic
stability; mutations affecting the HRDC domain may impair
these activities."
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Most of spectrin consists of repeated substructures, each of
which contains three alpha-helical coils turned head-to-tail.
Previous studies have shown that temperatures above 53°C
loosen the bonds of these coils, and this is about the same
temperature that is needed to unfold similarly-sized modules
in the titin molecule. AFM studies of titin had shown that the
protein opens up in a "popping" fashion: one domain unfolds,
and the AFM can stretch the molecule until its amino acids form
a taut chain, and then more force must be applied to pull open
the next fold. Saraste and his colleagues repeated the
experiment with spectrin, whose domains behaved in the same
way. By relaxing the force on the probe, the researchers
demonstrated that the modules will refold at the same
intervals, in their original patterns.

"The most important result of this experiment is the difference
in force that is needed to unfold spectrin and titin," says
Saraste. "You need ten times less force to unfold spectrin. This
isn't what you would expect from experiments where you
cause unfolding by heating the two proteins, because they
unfold at about the same temperature. We don't know yet if the
difference in stability reflects a difference in physiology, but it
might: titin may need to be more stable to preserve the structure
of muscle fibers while muscles are in use."

Postdoctoral fellow Pierre-Fran<;ois Lenne, in Harber's group,
decided to follow up on the project because he noticed
irregularities in some of the unfolding patterns. "It's rare that
the unfolding lengths turn out to be exactly one domain, all at
arlee," h.e says. "You firld various lengths. This means that
we're probably looking at intermediate events-it makes the
situation more complicated but much more interesting."

The results of the former study had also been influenced by the
fact that native spectrin had been used, and the structural
"repeats" within the molecule are homologous, rather than
identical. "This somehow introduces noise into the
experiment," Lenne says. "To get around this, we created
artificial polymers containing several identical domains. Arnt
Raae and I had excellent help in this from Gunter Stier in
Michael Sattler's group. MICHAEL NILGES has done NMR to
determine the precise structural and folding characteristics of
these domains. Our next step will be to work with mutants and
engineer the molecule to study the effects of variations on the
mechanical properties of the protein. This should allow us to
get a good picture of the intermediate events."

38







FROM MINIMALIST MOLECULES TO MUSCLE GIANTS

For more than a decade, EMBL and other laboratories across the
world have been wrestling with the largest protein known in
mammals: the muscle protein titin. The molecule's discovery in
the 1970s evoked both wonder and skepticism: at first
researchers doubted that cells could synthesize such a large
protein. Titin's size made it an irresistible challenge for
structural biologists, and its location piqued the interest of
developmental biologists: the molecule stretches through
subunits of muscle tissue called sarcomeres. These structures
form elongated fibers which expand and contract to permit
stretching of the muscle as a whole. Sarcomeres develop very
early in embryos through the precisely orchestrated activities of
hundreds of proteins. Titin seems ideally poised to coordinate
some of these events.

Despite intensive study, titin has been stubborn in revealing its
functional interactions with other molecules; the situation is
now changing, largely because of a critical mass of knowledge
that has been accumulated through work on the protein's
structure. Researchers have recently identified several
molecules that bind to titin and may clarify some of its jobs in
muscle.
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large protein ensembles and the evolution of
respiration

46

Respiration provides most of the fuel that drives
activity in the cell. Cells obtain this energy by
passing electrons from a donor molecule through a
chain of large multi-protein complexes to an
acceptor molecule. The amount of energy set free in
this process depends on how easily electrons can be
liberated from the donor and how receptive the
acceptor molecule is to taking them on. Many
organisms use oxygen as the ultimate destination
for their electrons, in a process known as aerobic
respiration.

Passing electrons from one molecule to another does
not immediately provide the cell with the form of
energy it can use for other processes. The flow of
electrons first has to be converted. The proteins that
transport electrons to oxygen are embedded in
membranes in a characteristic orientation. When
electrons flow through the complexes, they cause
them to pump protons across the membrane, creating
an electrochemical difference between the inside
and the outside. This gradient is then allowed to
level out again by funneling the protons through
another large membrane assembly known as FOFl
ATPase, to generate molecules of ATP, which can be
considered a freely-exchangeable energy currency of
cells.

In most bacteria and eukaryotic cells, the last protein
in the electron transport chain-the complex that
adds electrons to oxygen molecules-is an enzyme
called cytochrome oxidase. Recently, a protein in this
family has been discovered in archaea, the third and
oldest branch of living organisms. This implies that
the ancestor of all three branches possessed an

enzyme of this type-and, oddly, that the organism
had a complex respiratory system involving oxygen.
"It seems that aerobic respiration is older than
photosynthesis, and surprisingly, that it evolved
before oxygen became an abundant component of
the atmosphere," says Matti Saraste.

Oxygen is as poisonous to anaerobic organisms as
the lack of oxygen is to air-breathers. The evolution
of photosynthesis and the subsequent accumulation
of large quantities of oxygen was catastrophic for
most of the organisms in existence at that time. The
survival of a species probably depended on
mutations which adapted existing respiratory
mechanisms to the new atmosphere. Aerobic forms
of cytochrome oxidases are the most likely offspring
of this all-important series of mutations, and by
comparing them to an anaerobic form that must
have descended from their predecessor, Saraste's
group hopes to pinpoint the mechanism that
allowed it to happen.

This relative, a membrane protein called nitric oxide
reductase (NOR), helps anaerobic bacteria to
"breathe" nitrogen instead of oxygen. Saraste's
group recently discovered that the protein's active
"core" is centered around iron rather than the
copper found in its oxygen-using relatives. This may
be one important structural key to their differences
in behavior, and Saraste's group wants to track
down others, with the ultimate goal of changing the
molecule through engineering. If the differences
between the two forms aren't too great, it may
ultimately be possible to make an aerobic form of
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gene families

The next step is to try to predict the structures and functions of genes based on their
sequences. This is an extremely complex task for several reasons. Many eukaryotic
genes contain introns: regions that must be spliced out before a protein can be
produced from an RNA. Proteins may also be modified after they have been
synthesized, so the same gene can give rise to several proteins with quite different
functions. (A single RNA has been found in songbirds which can be spliced in 576
different ways, giving the bird the ability to discriminate tones along an enormous
spectrum of frequencies.) Another problem is that similar sequences, evolved from
common ancestors, don't necessarily retain their original functions.

The goal of most database comparisons is to find orthologues. Two proteins are
considered homologues if they bear a clear evolutionary relationship; orthologues
comprise a subset of those proteins said to represent "the same gene" even though
they are found in different species. Other closely-related proteins aren't considered
orthologues because a gene duplication has occurred within a species, producing
two very similar forms which have most likely evolved specialized functions. These
distinctions are important because they hint at how much information can be
transfered from a well-known protein to an obscure relative. Seventy percent of the
new genes or proteins that are discovered have at least one homologue in today's
sequence databases. Experiments are still the only way to prove that two proteins
perform the same functions in cells, but bioinformaticists hope to make database
tools that can report the quality-beyond the mere similarity-of the relationships
between molecules.

It is clearly difficult to make any assumptions about a gene's functions if a single
gene in Drosophila, for example, has four cousins in human cells, created through
duplications of genes somewhere during the course of evolution. The problem is
akin to finding the best translation of a word in a foreign language. If a "unique"
French word has three possible translations into English, it is impossible a priori to
tell which one is best. One human protein may perform the same function as the
sole Drosophila relative, but which one? Or the ancestor gene may have had several
functions which have now been divided up among the vertebrate genes. "Often
mutations and gene duplication events during evolution have led to a 'many-to-
many' rather than a 'one-to-one' relationship between the homologues," says Bork.

Bork's group has tried to distinguish ways to predict whether homologues share
functions with statistics. A computer program examines the proteins in question,
and tries to draw a family tree of their evolutionary relationships based only on
similarities in their sequences. This is an artificial exercise, because better family
trees for these organisms can be drawn based on comparing their entire genomes,
or a set of proteins that are known homologues. Ideally, the "single-protein" tree
should match one drawn of the whole organism when the two are superimposed. If
there has been a gene duplication, the trees might not match, and the tree has to be
redrawn accordingly.
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however, makes other types of comparisons possible. With collaborator
Nikos Kyrpides, from the University of Illinois at Urbana-Champaign,
Ouzounis took a broader view and looked at all the genes of
representative species; the only common elements are genes responsible
for metabolic enzymes and those coding for the RNA polymerases that
make up the central transcription machinery.

/lIf you look at the distribution of the elements of this machinery that are
shared or not, you discover something very interesting," Ouzounis says.
/lSome elements are unique to one type of organism; others are shared by
all three branches. But the telling ones are those that are shared by only
two. Eukaryotes share some transcription machinery with bacteria, and
they share a different subset with Archaea. But eukaryotes and bacteria
don't have any pieces of this machinery that aren't also found in Archaea.
If they had diverged later, that's what we would expect to find."

Why do individual proteins in bacteria tend to be so different? Bacteria
evolve more quickly than the other organisms-Archaea, for example,
reproduce slowly and live in extreme environments with very stable
conditions. So the rate at which a species evolves depends both on its
reproductive role and the environment, leading to a higher mutation
rate; the only sure method of reconstructing evolutionary relationships is
through a broader look at genomes.

1GG

Ouzounis and his colleagues looked at
neighboring genes in two species, H.
influenzae and E. coli, to try to detect
patterns. They discovered that genes
belonging to the same "functional classes"
were far more likely to be neighbors than
genes of different functions.
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and evolution of genomes

mutation in any of 47 repeated domains can cause a dominant
disease called Marfan syndrome. Although dominant mutations
are rarely found in organisms, many researchers are beginning
to believe that they occur often, but are simply not discovered
because they are usually fatal at an early stage of the organism's
development. But how do multiple copies appear in the first
place?

The answer, according to Gibson and Jiirg Spring, a collaborator
from the University of Basel, lies in a theory which states that
the genome of vertebrate animals evolved through duplications
and fusions of entire, earlier genomes. The molecular structure
of DNA can be changed through damage-from sources such as
radiation or mutation-causing chemicals-or through very rare
errors in copying single nucleotide subunits. Mistakes in
copying or repairing the DNA can result in the duplication of
genes. Sometimes there are more dramatic events: if an entire
genome has been duplicated but a cell fails to divide properly,
for example, a cell line may develop which contains twice the
original genetic material. Such cells are larger than the parents,
and if they belong to multi-cellular organisms, the whole
organism will be larger. Since farmers often deliberately select
larger plants to cultivate, there are several well-documented
cases of agriculture aiding and abetting genome duplications.

In vertebrates, many important genes are found in closely-
related families of eight. Since the ancestor genome of mammals
was already diploid (it had two copies of each chromosome), the
simplest explanation for eight copies of many important genes
seems to be that the entire genome was fused once (producing
four copies) and then a second time, making it polyploid.

Gibson and Spring point out that the presence of multiple copies
of genes can have evolutionary advantages for an organism: it
may provide backup systems, if one family member is lost, and
it gives an organism flexibility. Over time, different versions of
the same gene mutate and acquire new functions. They may
specialize to perform old tasks in new tissues.

It is difficult to prove this theory because the fusions happened
so long ago and in the meantime, the record has been obscured.
Single genes have been duplicated as well, yielding even more
than eight relatives, and some of the families have lost members
through errors which cut out entire genes. Clearer answers will
come as the genome projects for humans and other vertebrates
are completed.

see HSrc and Abl" in
Hmolecular
medicine"
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analyzing gene expression patterns

A complete genome may give an abstract idea of a cell's potential, but
this won't directly reflect its behavior; researchers have estimated that
a typical human cell, for example, uses only a subset of its genes to
produce proteins. (Five percent may be a standard "housekeeping"
repertoire produced in nearly all cells; the other 15% are subsets
belonging to the particular cell type.) Over the past decades, the
existing methods in molecular biology have limited researchers to
making painstaking descriptions of the activities of single proteins or
other molecules. All of this research eventually encounters the same
barrier: the inherent complexity of everything that happens in cells.
For example, a single molecular event may be the trigger that makes
two cells differentiate into separate types, but this one event can
activate a number of genes and drastically reconfigure each cell. So to
study differentiation, researchers would really like to have a snapshot
of all the gene activity in each type. In the case of human cells, this
means examining the activity of about 100,000 genes.

Now new micro-array technology has been developed which promises
to make this possible. WILHEM ANSORGE'S group is laying the
groundwork to introduce this technology at EMBL. A micro-array is a
plate covered with molecules which act as detectors, or probes. Each
probe is capable of recognizing a specific molecule, such as an RNA
messenger molecule produced by a particular gene. Solutions
prepared from cells are passed over the chip, and each detector grabs
any molecule that it recognizes. A successful"catch" marks the probe,
usually with fluorescence. After scanning or photographing the
complete pattern of fluorescence on the chip, a researcher can analyze
which probes have been labeled-revealing which cDNAs have been
found in a solution.

It is currently possible to mount about 10,000 such probes onto a chip
the size of an inch, and each probe can recognize a different molecule.
Potentially, therefore, probes for entire genomes can be mounted in a
single array, even when the genome is as large as that of humans. By
probing for RNAs, the entire gene activity of a cell can be measured.
This has enormous implications for medicine, particularly in the study
of genetic diseases and of the ways in which cells respond to sudden
challenges like infections.

see "malaria" in
"molecular
medicine"
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Such exhaustive descriptions of gene activity have already been made
for baker's yeast, whose genome has been completed. Yeast cells can
switch between two different types of metabolism, respiration or
fermentation, depending on what is available in the environment. The
switch is dramatic, requiring the activation of different subsets of
genes. Alvis Brazma of the EBI has taken data on gene activity at the
stages of this switch to create pictures that give a visual impression of
general changes. "This helps you to discover clusters of genes that are
functionally related; it can also point out regulation mechanisms."
Brazma wondered if genes that share expression patterns contain
structural similarities; they might be activated by the same
transcription regulation mechanisms, and contain similar binding sites
for transcription factors. A program scanned the gene sequences and
uncovered several common binding-site patterns.

There are still technical problems to be resolved before micro-arrays
become a part of everyday methodology. Genome projects have to be
finished, and better ways have to be found to extract sufficient
amounts of gene products to run across the probes.

Brazma and ALAN ROBINSON, Team Leader in the EBI Service
Programme, have now launched a new database to store data from
micro-array data. "The time is ripe/If Robinson says. "More and more
laboratories are acquiring the technology, and this could easily lead to
an explosion in gene expression data that would dwarf information
from the human sequencing projects."

Stepping into the fray early will allow the EBI to provide new gene
expression data immediately to researchers across the world, as well as
to establish standards so that the results of different types of
experiments can be unified into a consistent structure. This will also
permit an evaluation of the quality of data as it is submitted to the
database. The EBI's long experience in trying to unify existing
sequence databases, most of which were created before real standards
existed, has revealed how important it is to establish them before the
flow of data becomes too high.
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we'll know the complete genetic sequence by that
time, we hope, and also all the genetics that has
been done over the last nearly hundred years, as
well. A comparison of the results will yield data
that is unparalleled in terms of understanding an
organism at many levels.

WILL THIS TECHNOLOGY MAKE BASIC CHANGES IN THE
WAY MOLECULAR BIOLOGY IS PRACTICED?

Robinson Actually, I think that in two years
there won't be that much excitement because it
will just be a tool.

Brazma Molecular biology is a technology-
driven field at the moment. You have to get used
to it-suddenly new technology comes up and
makes a lot of things completely obsolete and
you just have to get used to it and live with it.
Even if you have invested a lot of money in the
last technology, you have to be flexible and
switch to the next one. Microarrays are not the
first. For instance when this idea of ESTs came
along, it immediately made lots of things com-
pletely different in molecular biology. So I think
it's normal. There's nothing wrong with that. You
just have to be flexible.

Robinson It has all just turned into a standard
laboratory tool, so whereas at the moment people
might patiently try and hunt through trying to
find a particular gene involved in development,
with the chips all they'll do is extract tissue from
the bit of the organism that they're looking at, run
a scan over it and quickly identify it.

WILL THEY FIND THAT INSTEAD OF TWO GENES BEING
RESPONSIBLE FOR SOMETHING, A THOUSAND ARE?

Robinson Probably you will see a thousand
genes are involved but you would hope that you
could easily identify the four, five, ten that are
fundamental to a particular process. It will basi-
cally help direct research. I would see it becoming
much more a tool that helps you move on to actu-
ally ask more interesting questions.

That's what's being done currently. Microarrays
will be incredibly useful in toxicology studies.
You'll take tissue from in vitro experiments and
see okay, yes, my drug binds to this target. But,
oh no, it also binds to this one, which is a very
important thing. So before you move into a
patient or even an animal model, you'll already
have seen that this drug is going to have side

ALAN ROBINSON & ALVIS BRAZMA

effects and you might even be able to predict
what those side effects are.

Brazma On the other hand, I think there is
also a certain danger of being over-excited about
the field. For instance, the central dogma of
molecular biology points out that there is a
gene-RNA-protein. In an experiment, we may
learn about RNA levels. There is a naive hope
sometimes that these will be directly correlated to
protein levels, but it is already known that this is
not the case. We won't find that there is no corre-
lation, but probably that the correlation is very
complicated, which means that RNA levels won't
tell you too much about what is happening.

Robinson I would say that within two-to-three
years, mRNA stuff will be routine and what will
be getting people excited more is the possibility
that we can be looking at protein levels much
more easily. The kind of technology that Matthias
Mann is playing around with at the moment,
mass spectrometry, is what we should be aiming
for.

Brazma Even if that path remains more
expensive, combining it with microarrays will
allow us to understand this correlation between
mRNA and protein levels.

Robinson Arrays will allow you to hone in on
the important mRNAs. You can look at every-
thing and say those are the critical ones, and go
and look at them in more detail. Microarrays will
be directing research rather than producing the
actual results. They will just be a resource, a tool.

How WILL YOU INTEGRATE EXISTING DATA, SUCH AS
THAT OBTAINED FROM DROSOPHILA GENETICS, WITH
THIS NEW INFORMATION?

Brazma I don't see too big a problem. The
view of the database that I'm promoting is that it
is in itself a sort of array. You have a list of genes
and a list of experiments. If an experiment is
related to a certain gene, there is a number which
basically tells you about the expression level and
error rate or something, some indicator of expres-
sion level or ratio. So, this table will be sort of
sparse matrix, this experiment led to these
genes... you don't need a complete genome to
have this data. Of course, if the experiment does
not deal with enough genes, then it doesn't give
you too much information. Well, you're also
building up this gene expression level this way,
even if it is too strong to call it an expression pro-
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Robinson That's where you get into the data
mine, the knowledge management, the knowl-
edge discovery.

In the database all we want to do is store the data
from the microarrays, so what we then need are
the intelligent tools that will help users issue a
query such as, "Tell me all the genes that are
highly expressed which are similar to my
sequence." The first question you could ask is,
"Tell me all the conditions under which this par-
ticular gene, let's say p53 from humans, is highly
expressed." And it will bring you back a list of
experiments in which this happened. This
answer will come from the microarray database.
Then you want to ask a question such as, "Tell
me all the genes that are similar to p53 that have
been expressed highly in particular tissues." For
that you have to integrate the microarray data-
base and a database like EMBL's nucleotide data-
base. One technology that could be used is SRS,
Thure Etzold's tool. So I say you've got the data-
base level, then you've got the application level
that will be built on top of the databases.
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file-stilt it is some sort of profile, a behaviour
profile of a gene.

WHAT ARE THE STEPS IN ESTABLISHING A FULLY-WORK-
ING DATABASE LIKE THIS?

Robinson In the early stages, we'll only be tak-
ing data off a small number of labs whose data
we can trust and who we're talking with. This is
because of quality control, the problem of anno-
tation, and also to limit things so that rather than
worrying about dealing with large amounts of
data, we're worrying about how we get it in and
what we have to store. Once we've established a
prototype database with limited data, then we'll
start looking at how we can make submission
tools exactly as we have with the EMBL
nucleotide database so that other people can
deposit data. Then there is the issue of annota-
tion. Part of our project with the EC is to work on
best practices and standardizing protocols and
ways that you can actually get a handle on how
accurate and how reliable the data are that are
being submitted.
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these interactions. If a single protein is overproduced, or underproduced, what
effects would this have on the rest of the network? Would the biological process
falter, or would it continue on as strongly as before? Is there a related protein in
another organism which could do the same thing? Is the pathway so important
that a mutation will force the entire network to evolve?

"There are already several resources available on metabolic pathways and
information on gene regulation is starting to be collected," says SHOSHANAWODAK,
of the EBI, "but the connection between these two levels is largely missing. The
problem is that current databases don't archive all the nformation needed to
answer the questions. In particular, the information on functional interactions is
largely incomplete or missing altogether. That is the gap that we would like to
bridge."

One of the reasons that this integration has been difficult is that much of the
information on functional interactions, pathways, groups of co-regulated genes,
etc., is not readily available in electronic form; it is very complex and hard to
represent electronically in such a way that it can be analyzed afterwards-
biochemical networks are analagous to networks in electronics. Each molecule in
a pathway may stand at the juncture of multiple interactions, with input from
different sources; how the molecule behaves may depend on its context-some
proteins behave differently depending on the amount of iron present in a cell, for
example; there may be complicated cycles and feedback loops. It is not easy to
transfer information across species because of the number of molecules and
interactions involved. A further problem is that some of the terms and processes
that make up the networks are not well defined.

In 1998 Wodak's group launched a three-year project to develop a database
combining information on protein function and biochemical pathways, with the
support of three pharmaceutical and agrochemical companies: Hoechst-Marion-
Roussel, Monsanto, and Zeneca. The project has now been expanded to include
information on gene regulation and signaling pathways.
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by-product, the patent information that went into
it would go into the public databases as well, so
the task was branching out.

With the journals, things have now changed to
the point that if you want to get something
published, you have to submit the sequence to us
and get an accession number before you ever
publish it. The journal won't entertain the
manuscript unless you've got the accession
number; this turned the heat up for us.
Particularly because it put us on the critical path
to publication. In other words, any mistakes
slowed down the scientist's publication and there
is n?thing that scientists like less than having
barrIers put between them and publication. But
it's won.

About six years ago, we had an environment
where there were a couple hundred information
sources in biology, and there were numerous
programs at people's home sites you could use to
analyse this information. We discovered that
although there were solutions for lots of
individual tasks, making it all work together was
costing a huge amount of effort. You knew you
had 200 files on your computer that had the
information you wanted, you had five programs
and all the databases and software were coming
with asynchronous updates, so what has
emerged is the so-called 'interoperability
challenge', of making everything work together.
The seas of challenges associated with the

of the information, interoperability
Issues, the scale of the task were obvious to me a
long time ago, and back in 1987 I wrote the first
proposal for what has become the European
Bioinformatics Institute. I had been visiting Lee
Hood in Cal Tech and he was planning great
things, and I sat down and wrote the first
proposal for the EBI. Tim Hunkapillar, who's
now with Paracel, took my wife out to the movies
so that I could sit in the hotel room and write this
proposal. What followed was a long and complex
negotiation with Council and funders and so on
and so forth to turn this into what is now the EBI.
Twelve years later, here we are.

GIVEN THE FACT THAT THE EBI PROVIDES A WORLD-
WIDE SERVICE, WHO DETERMINES THE DIRECTIONS
THAT IT WILL TAKE?

A major achievement is the nature of the
international collaboration on the DNA sequence
database. EMBL can take credit for having been
the first major organisation in the world to say,
we're going to build a public DNA database. But

GRAHAM CAMERON

the same debate was happening in the USA and
within a few months of EMBL's announcing its
plans, NIH mounted an equivalent operation in
the USA. Greg Hamm was the leader of our
library effort for the first three years-there were
effectively the two of us running the show-and
his immediate reaction to the US announcement
was simply to go there. We flew across to the
States and talked to people there and said let's
turn this into a collaboration where we share the
work rather than compete. The collaboration was
a bit shaky at first because in fact, both of us had
started work in our own idiosyncratic ways;
pooling things together to make them compatible
took a few years, but the spirit of collaboration
was always very strong. Subsequently we were
joined by a Japanese group. I think it has been an
amazing achievement to have that international
agreement which now works almost flawlessly in
terms of data collection and exchange.

Good guidance has always been important to the
collaboration. In the mid 80s, NIH and EMBL
sponsored a joint workshop where we got
experts on this kind of information from all over
the world to talk about how to do this; the
conclusion was that they would establish an
international advisory committee for the DNA
sequence databases with representatives from the
USA, Europe and Japan. That committee oversaw
the strategic aspects. It still exists today and it has
been very effective.

Continuing this theme of strong guidance, when
the EBI was established, Fotis Kafatos set up an
international 'Bioinformatics Advisory
Committee' to advise the EBI on what it did.
Among its members are representatives of
EMBL's Scientific Advisory Committee, and now
the European members of the international
nucleotide sequence database committee are
drawn from the Bioinformatics Advisory
Committee. For the Macromolecular Structure
Database, which is our newest big project, we
have established a European committee
analogous to the nucleotide committee. We're
hoping the US group will establish a similar
committee, and that we will have shared
meetings in addition to a European meeting. We
take the input from these bodies very seriously.

WHAT ARE THE EBl's GREATEST NEEDS FOR THE NEAR
FUTURE?

Resources, resources and more resources. There
is an exponential growth of the data flow, but
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Look at the National Library of Medicine in the
US It's an enormous organisation that is well
tooled-up to move forward in the electronic era.
They control the Medline database, they have all
of the expertise and that context for the National
Center of Biotechnology Information; they/re in a
position to build a comprehensive range of
information services for the biosciences. Europe
does not have any of that electronic context and
it's extremely hard to see how it could possibly
create it. If you gave me my biggest wish for the
next few years, it would be to find a way of
creating something which was effectively a
European electronic library of the biosciences.

WHAT IS THE SPECIAL NICHE FOR THE EBI AND
EUROPEAN INFORMATION SERVICES IN THE FUTURE?

The scientific credibility of EMBL and EMBO and
the technical capability of the EBI combined give
us information and expertise that will enable us

GRAHAM CAMERON

to offer uniquely high quality services in Europe.
The EMBO Journal is one of the highest quality
journals in biology. EMBO is seen as a society
with enormous credibility. SWISS-PROT and
TrEMBL combined make up the world's best
protein sequence database. We are in a position to
offer services that combine that information with
the DNA information. But we shouldn't give up
the ambition of doing more than that. It's a
strategic error if Europe doesn/t have information
resources that can play in the same league as US
information resources. Everyone will do their job
better if various resources around the globe
watch and compete with each other. Science
today is a network of extensive collaborations.
Scientists admit freely that the only collaborator
worth having is one that is serious competition
for you. We and NCBI and the DNA Databank of
Japan know that we need to collaborate to share
information-that's part of our mission-but we
all want to do it better than the other guy. And
that's very good for us.
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WHO CHECKS THE CHECKERS?

is so high that single atoms and often single chemical bonds in the protein can be
identified by its electron density, thus minimizing the influence of assumptions
which may be in error. Generating such high-resolution data requires very well-
ordered crystals and the high intensity X-rays that are produced by synchrotrons
like the one in Hamburg. These measurements have provided Lamzin and
collaborators including Keith Wilson, former Head of the Hamburg Outstation,
with a set of eight controls that have been used to check the accuracy of existing
structural models.

The importance of quality control
for protein structures has been
recognized for many years;
before a new structure is added to
databases like the Protein Data
Bank and the Macromolecular
Structure Database, it is eval-
uated by WHAT_CHECK, a
program written by the group of
GERRIT VRIEND and colla-
borators in the Netherlands.
WHAT CHECK and other
validation software evaluate a
structure using what is known
about the chemistry of protein
folding and the conformations of
amino acids.

These tools are continually
revised and improved because they make use of the same basic rules that are
employed by the refinement programs. In some cases this turns out to be like
asking a musician to write a critique of his own concert-even the best tools
typically detect only serious mistakes that have been made in the modeling
process, although detecting errors is part of their job.

With a new influx of models from extremely high-resolution experiments
conducted at the Hamburg Outstation, Lamzin, Vriend and others decided that the
time was ripe now to revisit some of the classical rules of structure determination
and to re-evaluate the validation tools themselves. "We let the protein structures
themselves determine whether our validation criteria are correct, or to tell us what
they should be,lf Vriend says. The project was funded under the European
Commission Framework III and IV Biotechnology Programmes; researchers from
the Hamburg Outstation, the EBI, the Heidelberg main Laboratory, and four other
institutions participated.

In general the validation tools performed well. Some unusual features of the
structure were reported as potentially incorrect. Such discrepancies may be
important because they can indicate that particular structure elements might exist
in more than one conformation, or perhaps have an unusually strained geometry.
This is sometimes observed in the catalytic center of enzymes. The evaluation of the
eight atomic resolution structures also revealed that tiny errors had been made
while measuring the size of individual protein arrays that make up the crystals.
The results of these studies have already led to improvements both in software and
measuring techniques.
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setting benchmarks to align protein
sequences

80

To make predictions about the structure and
function of newly-discovered molecules,
biologists search databases for related sequences.
If a match is found, it is important to know how
similar the molecules really are-starting with the
most rudimentary comparison between two
amino acid sequences. Related proteins drift apart
through evolution. In the most straightforward
case, simply comparing the chains amino acid-by-
amino acid reveals that two sequences are almost
identical. Usually, however, mutations have
changed, added, or deleted amino acids. This can
result in proteins which are clearly related-as
evidenced by their three-dimensional structures-
in spite of very low sequence similarity.

When a match is found, the researcher uses
computer programs to align the sequences in
order to pinpoirtt particular amino acids which
may be relevant to the new protein's function.
Alignments should indicate which amino acids
are conserved (which have been preserved over the
course of evolution). Usually, the functionally-
important components of the sequence are more
strongly conserved than others. So correct
alignments can be a critical step in making valid
hypotheses about a protein's function.

A number of tools are available to make such
alignments, but they operate according to
different algorithms and yield different answers to
the questions of how related two proteins are and
which amino acids have been conserved. Before
coming to EMBL, GEOFFREY BARTON developed a
package of databases and software tools called
OxBench as a way of evaluating the results given
by such tools; his group at the EBI is continuing
this work. "We started with the most firmly-
established families of domains that the databases
could give us, proteins for which there was good
structural data," Barton says. "Three-dimensional
structures are the best indicator that we currently
have to determine the relationships between

proteins. These test sets serve as benchmarks to
evaluate alignments. They contain multiple
alignments of sequences that have the same
three-dimensional shape, and we made sure that
the alignments covered the whole range of
similarity-from clusters of almost identical
sequences to proteins with an overall identity of
only 10% of their amino acids."

Barton and his group used these standards to
test the most commonly-used sequence
alignment programs; the results are being
published on Barton's website at
http://barton.ebi.ac.uk/. "One surprising result
of our research is that some more complicated
and time-consuming algorithms achieved a
lower accuracy score than some much simpler
methods," says Barton.

At the website, software developers will be able
to download sequences that have been used for
the benchmark alignments, make test align-
ments using their own software, and then
upload the results for evaluation by the EBI.
"There are tools that allow the users to pinpoint
where their test alignments differ from the
reference. We're providing this service in hopes
that it will lead researchers to improve their
tools." The principle has now been expanded;
OxBench also contains benchmark sets for
protein sequence homology searches and 3D
structure searching.
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ties, but we've achieved a better balance now
with all the different technologies at EMBL-
with software and molecular biology in addition
to instrumentation.

Last year the most exciting events in technology
transfer were in bioinformatics. We licensed SRS,
a major piece of software from the EBI, to LION
AG. LION should be issuing a new commercial
product based on it soon, but SRS will continue to
be free to academics. In addition, commercial
subscriptions to SWISS-PROT are now collected
through the Swiss company, GeneBio. This
income is directly used to expand SWISS-PROT
development at the EBI and at the Swiss Institute
of Bioinformatics (SIB).

From the Grenoble and Hamburg Outstations we
licensed software from Anastasios Perrakis and
Victor Lamzin for figuring out protein structure
from electron density maps. This was WARP 5.0,
just published, and we'll be writing a number of
licenses for it because it has generated a lot of
interest. WARP 5.0 saves weeks of time sitting at
the computer manually trying to figure out how
electron density relates to structure.

We licensed a number of other technologies in
1998, one of the most notable being Francis
Stewart's ET cloning. We signed up one company
here in Heidelberg in 1998, and four more com-
panies are signing up in 1999. Some of these are
of fairly large in terms of monetary value. So
there is a lot of excitement around wet chemistry.

And another major event was the licensing of the
ARAKIS, Wilhelm Ansorge's high-throughput,
four-laser automated DNA sequencer. This was
licensed to the German company MWG, and they
will be selling it world-wide, along with sequenc-
ing combs that are now in as a patent application.

Another highlight of the year was Council's
approval of our company, EMBL Enterprise
Management, or EMBLEM. Peter Wenzel-
Constabel put a lot of work into getting docu-
ments prepared to register this company. The
statutes and guiding principles have been writ-
ten. EMBLEM will become operational in mid-
1999. It will be EMBL's technology arm and all
license agreements will be in the company's care.
EMBLEM will be a wholly-owned subsidiary of
EMBL. It really is EMBL, basically, but at an arm's
length, protecting the basic research nature of the
Laboratory.

WHAT ARE THE PRINCIPLES OF EMBL's POLICY ON
INTELLECTUAL PROPERTY RIGHTS?

The policy at EMBL is, if you are an employee
here and you invent something, it's EMBL's intel-
lectual property whether that be a patent, know-
how, a trademark or copyright-software, for
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example, is copyrighted. This intellectual proper-
ty belongs to EMBL, but the inventor, when this
is licensed out, will get a fair portion of the
license income. It is very much in line with all
other institutions around the world.

How HAVE OUR SCIENTISTS RESPONDED TO THE INI-
TIATIVE?

I gave a seminar for Group Leaders late in
December 1997, introducing the Programme; it
was well attended and there were a lot of ques-
tions. The response has been positive. There has
been no shortage of ideas coming out of the
Laboratory and the Outstations. For the most
part, people are finding it very exciting to have
another creative outlet for the results of their
basic research. Clearly basic research is the fun-
damental focus of EMBL and always will remain
that.

How DO YOU DEAL WITH THE FACT THAT EMBL IS AN
INTERNATIONAL INSTITUTE AND SOME OF THE COMPA-
NIES YOU ARE DEALING WITH ARE NATIONAL INSTI-
TUTES?

We have to be mindful of our mission. It is to pro-
mote European business and jobs, so preference
is given to European companies. If we deal with
a global company, we prefer that it have a strong
European presence, such as a major subsidiary
here. It also depends on if we are giving an exclu-
sive license or not. Some of the software we
license goes to companies all over the world
because it's non-exclusive, anybody can take out
a license. With exclusive licenses the preference is
to companies with a strong European compo-
nent. We have licensed to Swiss, German,
Swedish, Italian, British, and a number of other
European companies. I believe the total is around
25 companies-it's a pretty good spectrum.

How DO YOU THINK THIS AREA WILL DEVELOP IN THE
FUTURE?

I see the future as very bright. This is a fantastic
time to be in Europe setting up new companies.
Venture capitalists are begging for good business
proposals. I see the number and quality of spin-
offs increasing over the years. It's not going to
stop with these two or three. Licensing will con-
tinue to generate significant income. I think that
up to this point we have done a lot of stage-set-
ting, getting agreements in place that will bear
royalties, and we'll start seeing those royalties
coming in in 1999 and thereafter-it takes nine-
to-ten months for products to become available to
other companies. And of course EMBLEM will
now take on a major role in technology transfer.



TECHNOLOGY TRANSFER

SWISS-PROT and SRS straddle the gap
between EMBL & industry

Above the entrance to the Sanger Centre, one of
the largest laboratories in the world devoted to
DNA sequencing, is an electronic board
reminiscent of the panels that track prices at the
stock market-in this case, the information
flowing by is not prices, but DNA sequences that
are being produced minute-by-minute on the
laboratory's equipment. To be made available to
scientists, information from sequencing projects
or laboratory experiments has to be structured
and entered into a database that can be accessed
by analytical tools. These sequences flow into
EMBL's nucleotide sequence database where the
sequences encoded in genes can be culled for
entry into the protein sequence databases.

By November 1998, entries for 76,000 protein
sequences comprising 27.2 million amino acids
had made their way into SWISS-PROT, the
world's premiere collection of protein sequences.
TrEMBL, its companion database, held nearly
200,000 more sequences. The value that a
database has for the scientific community
depends entirely on the quality of the
information that it contains. Entries for TrEMBL
are harvested directly from the scientific
literature or imported from public information
sources like the EMBL Nucleotide Sequence
Database, where researchers or sequencing
projects can submit their data directly.
Information in SWISS-PROT, however, is another

matter. SWISS-PROT has become the "gold
standard" of protein databases: its intent is to
provide the most current and complete data
available on a protein, including information
regarding its relationships to other proteins and
its function in cells.

"It's impossible to say how many researchers use
SWISS-PROT worldwide," says ROLF ApWEILER,
Team Leader at the EBI. "It can be accessed from
more than 30 registered sites throughout the
world, and at least twelve companies are
redistributing the data. There are probably more
than 200,000 frequent users."

SWISS-PROT was created in 1986 by Amos
Bairoch at the Department of Medical
Biochemistry of the University of Geneva; since
1987, it has been a collaborative project of the
department and the EBI. Presently it is run in
equal partnership between the EMBL and the
Swiss Institute of Bioinformatics (SIB).

A sequence only enters SWISS-PROT, after it has
been thoroughly checked by expert curators.
Before its definitive addition to the collection, the
entry is personally reviewed by Bairoch. These
steps are vital to maintaining the quality of the
database. The information is urgently needed,
but it has become impossible for curators to keep
up with the data flood produced by sequencing

85



EMBL 1998 ANNUAL REPORT

projects. TrEMBL was created as an intermediary step to provide basic information on
sequences as they await full SWISS-PROT annotation.

Researchers at the EBI have tried to automate some of the steps of curating SWISS-PROT
entries, and the future may bring more automation into the process. They are investigating
novel ways for computers to scan scientific articles to extract information that can be plugged
into databases. For the foreseeable future, however, curation will be highly dependent on
experts.

By 1998 the problem of backlog had reached serious proportions; without significant extra
funding, there was a danger that entries could not be made quickly enough to maintain the
database's usefulness. SIB and EBI decided to ask industrial users for subscription fees;
SWISS-PROT will remain free of charge to academic users. The income will be used to
increase the number of curators and create new services.

the care and feeding of SWISS-PROT
Vivien Junker is Curation Coordinator for SWISS-PROT at the EBI

"Making a new entry in SWISS-PROT can take anywhere from half an hour to several
weeks, II says VIVIEN JUNKER, who has been a database curator for nine years. She now
coordinates the team of curators under the supervision of ROLF ApWEILER; the group takes
preliminary reports on sequences from TrEMBL and adds detailed annotation to make a full
report on what is known about a protein for the SWISS-PROT entry.

The time it takes to process a new entry depends on what experiments have been performed
and how a scientist reports the details and results. Ideally, the researcher has done
biochemical experiments which give direct information about a gene's expression, the
sequence of the mature protein and the function of a protein. Such extensive experiments are
not common, however.

"In the majority of articles that report gene sequencing, the gene sequence has been
translated to give the protein sequence, but the in vivo protein is rarely isolated and
characterized," Junker says. "In such cases, the protein's biochemistry and function is
inferred by relating it to the same or a similar protein from another organism. Then you have
to be careful about adding functional information to an entry." After reading the source
article, the curators classify such information as "probable," "potential," or "by similarity. II
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linking databases with SRS

Before institutions like EMBL began to amass biological data into centralized
repositories of information, most researchers had to create their own databases; they
used a wide variety of formats and programs. When the EMBL Data Library was
established in the early 1980s, one of its main tasks was to find a way to integrate all of
this information and make it universally accessible. Researchers decided rather quickly
that it would be impossible to collect all of the data under one roof into a single super-
database and keep it up to date; instead, they took the approach of making tools which
could access information stored in different forms.

One of the most widely-used tools of this type is the Sequence Retrieval System (SRS), a
program package which searches and links independent databases. "Linking all of
these resources not only enhances their individual accessibility but allows new types of
analysis and their automation," says THURE ETZOLD, whose team spent several years
creating SRS. Via the Internet, SRS can access hundreds of databases-it also launches
external programs capable of retrieving and formatting data. "The user should have
one interface that gives him access to as many tools and databases as possible. So for
instance, you can search in the SWISS-PROT databank and once you find a couple of
sequences, then you have a menu of the analysis tools that you can run."

SRS has now been licensed to LION Bioscience AC, a Heidelberg-based start-up
company specializing in sequencing and bioinformatics services, as part of EMBL's
new Technology Transfer Programme. Etzold works part-time as a Group Leader at the
EBI and has joined LION's Cambridge Office. At the company, Etzold will work on
creating new versions of the software with expanded functions. "The EBI will playa
crucial role as a testing ground for new ideas, playing around with new kinds of
services," Etzold says.
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gel-loading techniques developed by the group; MWG plans to develop the proto-
type into an industrial model.

The system uses a slab gel-based system to determine DNA sequences. Fragments
of DNA are loaded at the top of a gel with specially-designed combs, another
innovation of Ansorge's group. Their length is determined by laser-based detectors
which pick up fluorescent markers in the molecules. Overlapping measurements
from all of the fragments reveal the complete sequence of the molecule, from the
first base to the maximum length that a system can measure.

At the moment, Ansorge says, ARAKIS can handle up to 1300 bases in a single
"lane" of a gel. Improvements in miniaturizing the combs that load DNA fragments
into the gel have permitted the group to load 200 samples simultaneously (with four
lasers).

In 1998, Ansorge's group made a major improvement in the sequencing system by
adding a fifth laser capable of reading a fifth dye in sequence fragments. "This next,
improved version should handle the throughput of up to one Megabase per device
per day," Ansorge says.

Ansorge's group is also working on innovative technology for use in microarray
experiments. The researchers have already established techniques such as SAGE
(Serial Analysis of Gene Expression) at EMBL to analyze large-scale gene expression
patterns in cells. In 1998 the group began a collaboration with LION in a project
funded by the German Ministry of Education and Research (BMBF) to use SAGE to
study neurodegenerative processes in mice. SAGE has been used successfully by a
number of EMBL groups to study large-scale gene expression patterns. This type of
study is important because at anyone time, a cell uses only a subset of its genes to
produce proteins, and this expression pattern determines almost everything about
its behavior. Some genes will be more important than others in particular
circumstances-for example, THOMAS GRAF has shown that the presence of a single
transcription factor may be critical in nudging a stem cell towards becoming a
certain type of blood cell. But researchers would like a system to watch how
expression patterns change across the whole genome.

The SAGE method permits researchers to do this because relatively little
information is needed to distinguish genes from each other-a sequence tag of a
mere fourteen base pairs is enough to uniquely identify every human gene, if one
knows exactly where in a sequence this pattern occurs. mRNAs are extracted from
cells and are used to obtain cDNA via reverse transcription; the cDNAs are cleaved
into characteristic sequence tags, which are then reassembled into larger strands of
DNA. By sequencing these molecules and counting how many copies of a particular
fragment have been found, compared to the number of fragments from other genes,
a researcher can precisely compare the output of different genes. If the extract has
been taken from an organism whose complete genome is known, then the
experiment also reveals which genes are not being expressed in the sample.

This method shares much of the potential of microarray technology, but since RNAs
are found in extracts-rather than with probes that have to be specifically pre-
determined and mounted on chips, it allows researchers to explore the products of
incomplete genomes and to identify new genes.

"Used together, SAGE and chips can create a very powerful tool to investigate gene
expression," Ansorge says. "You start by identifying a group of genes with SAGE;
they can then be used to produce a cluster of probes on a chip."
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Europe's synchrotron facilities
face growing demands

In 1998, a study conducted by a committee appointed by the European Science Foundation documented
the rising demand for European synchrotron facilities for biological experiments. This is a trend which
will surely continue, not only because genome projects are flooding the field with new, interesting
molecules that researchers wish to examine, but also because developments in technology are making it
easier to produce the protein crystals that are used in synchrotron experiments. Researchers have found
ways to exploit a wider range of the X-ray spectrum in "brilliant" beamlines, and some beamlines can be
focused to the point that much smaller crystals can be examined. According to Keith Wilson, former Head
of EMBL's Hamburg Outstation at the German Synchrotron Radiation Facility (DESY), these improve-
ments now allow researchers to examine crystals a tenth of the size of those that had to be produced a
decade ago.

Over the last decade, the percentage of structures solved at synchrotron sources has sharply increased,
compared to other methods. In 1990, 18% of the structures that were solved came from synchrotron
experiments; in 1996, this figure was 44%.

There is clearly a need for more beamlines to be built. In addition, the ESF report made specific
recommendations about administrative and technical changes that would increase the efficiency of the
beamlines currently in use. Many of these recommendations were already in practice or in planning at
Hamburg, where EMBL has full responsibility for its biology beamlines. For example, Hamburg provides
user support for approximately 550 projects per year, maintaining seven EMBL-owned beam lines, and its
services are vital to the European biological community. At the European Synchrotron Radiation Facility
(ESRF) in Grenoble, EMBL's Outstation collaborates closely in the provision of beamline facilities at the
best synchrotron ring that currently exists in Europe. While providing these crucial services to visitors,
staff at both Outstations conduct basic research in structural biology. The research programme of the
Grenoble Outstation focuses on the structural biology of import factors which carry material into the cell
nucleus, the translation machinery, and viral proteins. Highlights of the Hamburg research programme
include methods development, biological research and diverse structural projects, often in collaboration
with the Heidelberg Laboratory, and visitors.

Referring to Hamburg, the report states, "Within Europe the EMBL Outstation is an outstanding example
of a successful CRG (Collaborating Research Group) in structural biology, providing technical and
scientific expertise and strong user support. A major contribution to the success is consistent funding and
staffing levels from a pan-European organisation and dedication of resources to a specific discipline."
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The committee recommended:

• installing more efficient detectors, which can reduce the time needed to take measurements
from a crystal, thereby increasing the number of projects that can be conducted within the
available time schedule for a beamline. All beamlines at the ESRF now have fast readout CCD
detectors and a similar upgrade is beginning at the Hamburg Outstation;

• increasing the flexibility and rapidity of beamline access;

• improving the level of staffing of beamlines to maintain high standards of user support.

"We have already instituted many of the changes proposed by the report," says STEPHEN CUSACK,
Head of the Grenoble Outstation. "We have tightened the links between EMBL and the ESRF to
improve the infrastructure for user support, and have made test beam-time available for very
rapid access, funded by an ED grant to the Outstation. There is also now a policy at the ESRF of
assigning beam-time to some research groups or confederations of smaller research groups in
block allocations, which gives them more flexibility in deciding which projects they pursue in
their allotted time. In the future we will be looking towards beamline automation as a means of
improving efficiency and reducing the load on beamline staff. Also new developments, such as
the routine use of microfocus beams for measuring data from protein microcrystals, can be
expected."

"The trends cited in the report reinforce the developments that are happening in Hamburg," says
MATTHIAS WILMANNS, Head of the Hamburg Outstation. "The DESY site is developing into a
major structural biology site with the existing bodies from EMBL and the Max-Planck-Institute,
and DESY itself is planning to create two structural biology groups. Plans for upgrading the
DORIS ring into a third-generation synchrotron radiation facility are under discussion. And a
very exciting development is the future TESLA project-building a 35-kilometer-long linear
accelerator and Free Electron Laser-which may prove to have significant applications in
structural biology."

The synchrotron at EMBL's Hamburg Outstation
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WHAT DID YOU LOOK FOR IN OTHER GROUP LEADERS?
WHAT KINDS OF PEOPLE DID YOU HIRE?

The emphasis in those days was actually more in
oncogene research related to growth control and
differentiation, so it was really not what we
would call today a Developmental Biology
Programme. We were looking for people with
similar interests and who could join at the same
timet which also made it much more attractive
for them. We were looking for bright young
people with outgoing, interactive personalities
and were very lucky to find them in people like
Hartmut Beug, Erwin Wagner, Ottavio Fasano,
Bjoern Vennstroem, Rolf Mueller and somewhat
later Rodrigo Bravo, Sara Courtneidge and Dirk
Bohmann. The second wave of hirings-five to
six years later-was much more difficult but over
the years it became easier with the gradual
establishment of an asynchronous turnover of
people. During the years the emphasis gradually
shifted towards groups with a more
differentiation/developmental outlook and this
led to the reintegration to EMBL of several
groups working with Drosophila which later
formed the core of the present Programme in
Developmental Biology.

WHAT SPECIFIC THEl'vIES DID YOU PARTICULARLY FOCUS
ON AT FIRST?

A lot had to do with how cells communicate with
their environment/neighbors and how signals
from the outside are transmitted to the cell's
interior in a process called "signal transduction."
This is equally important in growth control and
differentiation. Several of the groups were
working in one way or another on the ras
pathway and on transcription factors that are
activated downstream in that pathway. Over
time, the emphasis shifted away from oncogenes
into areas that were more clearly tied with
questions of development. Group leaders such as
Denis Duboule, Vli Ruther, Rolf Zeller and the
Drosophila people (Steve Cohen, Anne Ephrussi
and Marek Mlodzik)-were primarily interested
in developmental questions and they brought in
a very different thinking than the more
biochemically oriented people of the earlier days
who studied signal transduction pathways in the
context of individual genes. But precisely this
confrontation of camps-the developmental
biologists thinking about genetic pathways
during the development and morphogenesis of
whole organisms and the tissue culture
minimalists thinking about signal transduction
pathways in biochemical terms-is what was
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needed. This opposition turned out to be very
fruitful but not always very easy.

If you want to make work on signal transduction
relevant, you have to put it in a biological
context-which is very often development and
differentiation. Vice versa for those people
working on the genetics of development-I felt it
was very important for them to think more
biochemically about what these genes were
doing. And so one of my main goals in the last
ten years or so of my being Programme
Coordinator was to bring these two schools of
thought together so that each could learn from
the other. To a certain extent they spoke a
different language.

I still think that was a good idea, although I must
say that my hopes and expectations were not
completely fulfilled. It was difficult to get all the
people in the Programme from both branches, if
you want, to come to our weekly departmental
seminars. Very often if somebody spoke on the
biochemistry of the src oncoprotein, then the
developmental biologists were missing. If
somebody talked about mutations of wingless
and patterning of the wing in flies, then the signal
transduction/oncogene biochemists didn't show
up. I was very sad to see this and I kept looking
for a mechanism to make this work better.

There were some very good examples where
actually it did work. Dirk Bohmann used to work
on transcription factors involved in signal
transduction and growth control in mammalian
cells, fos and jun, and he became interested in
their function in flies and has ever since
combined the two systems I think in a very
productive way and has really made the bridge
most successfully of all of the Group Leaders
who were here. I would have liked to see more
bridging of this kind.

WAS THIS A PROBLEM OF THE WHOLE FIELD AT THE
TIME?

I think so. It is more than obvious that the
elucidation of some of the important signal
transduction pathways has only been possible
because work that was done by the more
biochemically-oriented groups interested in
signal transduction was put together with the
work of geneticists working on flies and
nematodes and other genetically amenable
systems. Only when these two fields and their
results were put together could we get a full
picture. And now everybody realizes that, but I
think that in those days it was less obvious. Now
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This is particularly true in mammals, which often possess four or more related
proteins of a type. One obvious (but tedious) way of getting around the problem is
to inactivate one related gene after another and cross-breed their offspring to
generate multiple knock-out mutants until there are noticeable effects on the
organism. RUDIGER KLEIN'S group has participated in an international collaboration
that recently managed to develop strains of mice lacking three related proteins from
a family of tyrosine kinase receptors. The triple-mutants survived to adulthood,
indicating that the organism can compensate for the loss of all three proteins, but not
without defects and the abnormal development of major organs. "Interestingly, if
you knock out any single receptor, or any combination of two receptors, the mice
will be fertile," Klein says. "If you knock out all three, the mice are sterile."

Proteins may have different functions at different phases of development, so testing
the function of a gene by overexpressing it may be fatal or simply produce
uninterpretable results if it happens in all types of cells all the time. The

Gerald Rubin, of the University of Berkeley, delivered two "EMBL General Motors Cancer
Lectures" on signal transduction in Drosophila and the Drosophila Genome project in
October, 1998.
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Notch

While screening Drosophila for irregularities in
the development of wings, Julien Royet, a
postdoc in Steve Cohen's lab, discovered a
mutation that changes the activity of a protein
called Notch. The Notch trans-membrane
receptor plays an important role in development
in a wide range of species, often passing along
short-range signals that a cell receives from its
direct neighbors. In developing Drosophila wing
tissues, Notch helps to establish a boundary
between cells at the margin of the wing; the
margin cells themselves send out another signal
(Wingless) that acts at a longer range to inform
other cells about their position in the wing. If
Notch is absent due to a mutation, the cells at the
margin do not form the boundary, and the wings
of mutant flies have notched edges.

Royet and Cohen found that the new protein,
which they called Notchless, regulates the
activity of Notch by binding to the receptor's tail
in the cytoplasm. When both genes were
mutated, the defects in the wings disappeared,
suggesting that reducing Notchless activity
increases Notch activity; the normal function of
Notchless is to tune down the signals that Notch
sends into the cells. Notchless-like proteins exist
in many other species including vertebrates,
where they may have similar functions.

The researchers teamed up with new Group
Leader TEWIS BOUWMEESTER, who performed
experiments to investigate whether Notchless
played an analogous role in the frog Xenopus. The
results were surprising: rather than counteracting
the Notch signal, additional Notchless protein
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REFINING THE GRAMMAR OF TRANSLATION

IIthe path to protein synthesis is fraught
with regulation 1/

refining the granlJnar
of translation

Over the past two decades, the way that molecular biologists think about
the route stretching from genes to proteins has undergone enormous
changes. Earlier work in bacteria had suggested a fairly straightforward
path: if a gene was activated, it produced RNA, and protein was
synthesized. To control the production of its proteins, the cell had to control
the activation of its genes, and the really big question was to find the
proteins that switched genes on or off.

The story became more complex in trying to apply this simple model to cells
with nuclei. From the point of view of evolution, the membrane
surrounding a nucleus adds a layer of complexity, extra protection for much
larger amounts of DNA, and multiple possibilities for the cell to control
both access to genes and the quality of their products. Over time, the
nucleus and the cytoplasm evolved separate characteristics-a difference
which is suddenly and dramatically dissolved during cell division, and
quickly restored afterwards, in higher eukaryotes.

The fact that the synthesis of RNA takes place in the nucleus and translation
into protein occurs in the cytoplasm means that the cell can practice a
variety of types of regulation in both places along the way to the synthesis
of a finished protein. Identical pre-RNAs can be spliced into different
messenger RNAs. Their export from the nucleus can be hindered or
promoted. Once in the cytoplasm, an RNA may be left untranslated for a
long time-it may never be translated. Some RNAs have to be delivered to
particular locations, or they may have to receive signals, before translation
can start.

In the mid-1980s, researchers had identified a single mammalian example of
regulation by blocking the translation of an RNA; this was regarded as a
highly-exceptional curiosity. Since then many other examples have been
found, and translation regulation is now known to play an important role
in the development of tissues and in the course of some diseases. Studying
the process has become an important theme of EMBL groups belonging to
several Research Programmes.
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Fortunately, a cellular mechanism usually steps in to dismantle
the faulty RNA in a process called nonsense-mediated mRNA decay
(NMD), which has been shown to protect bearers of some
heterozygous mutations from genetic disease. Some RNAs that
contain premature stop codons are almost immediately
degraded. Experiments demonstrated that translation was
required to trigger this process of disassembly, but this puzzled
researchers who have long held ribosomes to be "word-by-word"
translators, incapable of judging whether or not the "sentences"
they are producing make any sense. At this point Hentze/s group
and collaborators from the Department of Pediatrics at the
Charite-Virchow Medical Center in Berlin thought of a way to
explore the problem using IRPs. These proteins are only found in
the cytoplasm, and Hentze's group had shown that they could
block translation. If NMD was truly dependent on the activity of
ribosomes in the cytoplasm, then an IRP bound at the right
position to a nonsense RNA should prevent both translation and
the degradation of the RNA.

This is precisely what happened. The researchers added IRPs and
were able to detect untranslated RNAs left intact in the
cytoplasm. They then added iron, which made the IRPs "jump
off" the RNA, allowing the ribosomes to try to translate it. This
also summoned the degradation machinery to disassemble the
nonsense molecule-the RNA could no longer be found.

Researchers still don't know how a ribosome recognizes that it
has encountered a stop codon too early. The only difference
between the former stop codon and the displaced one seemed to
be the distance to the end of the RNA. In unspliced RNAs in the
nucleus, there is actually another difference: it is highly unusual
to find an intron that should be spliced after the end of the
translatable sequence. If a spliceosome somehow marks the
position of an intron that it removes, the translation machinery
might recognize the marker, and this could be the key to initiating
degradation of the RNA. Hentze's group tested the hypothesis by
inserting an intron after a normally-placed stop codon.

"This didn't change the sequence that would be used to produce
the protein, and it didn't even change the sequence of the mature
cytoplasmic RNA," Hentze says. "But the ribosome rejected the
mRNA, and the message was degraded before its protein could
be synthesized. So in essence we created a false alarm that the cell
interpreted as nonsense RNA, which is pretty good evidence that
it's the former splice site following a stop codon that sets the
degradation machinery in motion."

Researchers now must find evidence that mRNAs retain a
"memory" of sites where introns have been spliced out. Although
the mechanism and the precise proteins involved in this marking
activity are yet unknown, the work by Hentze/s group has
suggested some of the molecular tools that might be used to
identify them.
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StauJen-localizing mRNA in dendrites?

Neurons have a sprawling, decentralized architecture; the
nucleus is far removed from the action taking place at some of its
membranes, and this could pose special problems for the
mechanisms of intracellular communication. Researchers have
found that neurons collect untranslated RNA in dendrites, which
may be a partial solution to decentralization. It is possible that
these collections make RNAs available for on-the-spot
translation as the need arises, avoiding the wait for the
production of new RNAs. Rapid responses in dendrites have
been implicated in the processes of memory and learning.

Investigating the delivery routes of such RNAs in dendrites,
Michael Kiebler and other members of CARLOS DOTTl'S group
found that dendrites contain a close relative of a Drosophila
protein called Staufen. In developing fly embryos, Staufen helps
to distribute untranslated mRNAs to specific destinations. This
suggested it might be involved in regulating similar processes in
neurons. The researchers found that Staufen associates with
microtubules and ribonucleoprotein particles (containing RNA
molecules), and that it behaves as if it is carrying cargo from the
periphery of the nucleus into dendrites. Under the video
microscope, the protein appears to linger outside the nucleus; at
some point-probably when a potential RNA cargo emerges
from the nucleus-the molecule latches onto a microtubule and
is suddenly whisked outwards towards a dendrite.
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repressing messages in the
germline
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A fly embryo can only develop properly if a
sketch of its future body plan is laid down even
before the egg has been fertilized. This sketch,
which determines the later development of the
anterior/posterior and dorsal/ventral axes of the
insect, consists of mRNAs which must be
activated in precise places at precise times. The
timing mechanism depends partly on
transporting mRNAs to the right place but also
holding off their translation; if these proteins are
synthesized too early, en route, there are
disastrous consequences for development.

ANNE EPHRUSSr'S group has been working on the
regulation of an RNA called oskar, which is
translated if it has been deposited at the posterIor
pole of the Drosophila oocyte and is for
proper patterning of the embryo. UntIl the
molecule has been properly positioned,
translation is repressed by a protein called Bruno,
which recognizes a sequence called the Bruno
response element (BRE) in the untranslated region
of the oskar RNA tail. Bruno protein seems to
colocalize with oskar RNA during the various
phases in its transport, and accumulates

transiently at the posterior pole of the oocyte,
after the RNA has reached the posterior pole.
Bruno also accumulates in the dorsal anterior
corner of the oocyte, which is the site of
localization of gurken mRNA.

"Several mRNAs that are translationally re-
pressed and localized in the oocyte contain
BREs." Ephrussi says. "There is a sequence that
looks like a BRE in gurken and in a number of
other RNAs, which suggests that Bruno may be
involved in repressing the translation of different
molecules."

Previously, researchers thought that overcoming
this repression might depend on somehow
inactivating Bruno. Now Niki Gunkel, a
postdoctoral fellow in Ephrussi's lab, has shown
that translation of oskar RNA at the posterior pole
of the oocyte depends on the participation of a
second region in the RNA, at the beginning of the
molecule. If Bruno is sitting on the BRE,
translation can only occur if the second element,
a "derepressor element", is also present.
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researchers tagged membrane proteins with GFP and
followed them with automatic computer tracking
methods developed by JEAN-CHRISTOPHE OLIVO and the
group of CHRISTIAN BOULIN. They found that most of the
transport containers are large, membrane-wrapped
compartments capable of fusing to each other and
splitting off again; the containers move along
microtubule tracks, and are capable of switching from
one track to another.

Tommy Nilsson suggests that work like this is creating a
new model of how such transport involving vesicles and
microtubules works. "There are still many, many details
to fill in," he says. "But in general, you need to attach a
motor protein to a vesicle at the starting point, move it
along a microtubule, and then release the vesicle at the
other end. What many of us think is that there are small
GTPases located in strategic positions throughout the
cell-seven are found between the ER and the Golgi, and
three more between the Golgi and the plasma
membrane-and these recruit motors and attach them to
vesicles. Loading the assembly with GTP holds the
whole thing together and gets it moving along the
microtubule, and an exchange factor at the end converts
the GTP to GDP and releases the cargo."

a good year for rafts

One of the jobs of the Golgi complex is to sort proteins for delivery
to different areas of the cell. Cells in the skin or the outer surfaces of
organs have two sides which have to perform different functions,
and thus the apical (outward-facing) membrane 7needs to be
supplied with different proteins than the basolateral (inward-facing)
side. Over a decade ago, KAI SIMONS and colleagues put forward a
hypothesis suggesting that the Golgi complex used lipid molecules
as platforms to assemble proteins to be moved to different parts of
the membrane. Since then, researchers have been exploring the
biological implications of these lipid "rafts", and the mechanisms
used to sort molecules to the apical surface have now been observed
in many types of asymmetrical cells. 1998 saw the publication of
several papers linking rafts to development in neurons, the
pathology of Alzheimer's disease, and the assembly of viruses.

Although its precise role in sorting has remained unclear, cholesterol
has been recognized as an important lipid component of rafts; the
combination of cholesterol with other lipids permits the assembly to
make strong links to membrane proteins, and these elements are
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that their choice of site in the membrane might
not be random. Since the hemagglutinin protein
from the influenza virus had already been linked
to rafts, there was good reason to think that the
virus' membranes might contain them as well.
Now the researchers found that hemagglutinin
was linked to glycolipids-a typical raft
ensemble-in the membranes of the influenza
virus particles, but not in the other viruses. And
almost half of the cholesterol in FPV membranes
was linked to larger ensembles, whereas much
less was linked in the other viruses.

Rafts are thought to provide an efficient way for
cells to create neighborhoods of molecules which
need to work together-a raft containing a
receptor protein, for example, could be linked to
molecules below the membrane which pass
messages along. Their presence in viral
membranes, therefore, might serve to gather
specific components that are within reach of the
viral envelope as it closes, while excluding other
cellular rnaterial.

Although neurons don't have apical and
basolateral surfaces, they transport very different
collections of material to axons and dendrites.
CARLOS DOTTI'S group has collaborated with
Simons to show that neurons use some
mechanisms similar to those of epithelial cells in
sorting material to membranes. Hemagglutinin
from FPV is sorted to axon surfaces, while VSV
and SFV proteins are delivered to dendrites.
Some cellular proteins which prefer apical
membranes and others which are sorted to the
basolateral membranes follow this pattern in
neurons as well.

MEMBRANES ON THE MOVE

These findings are important because they may
provide a connection between cholesterol levels
and at least two diseases. In collaboration with
Konrad Beyreuther's group at the University of
Heidelberg, the groups of Dotti and Simons have
shown that low cholesterol levels may prevent
the secretion of a protein fragment called beta-
amyloid. Abnormal accumulations of this
molecule in the brain are thought to be the major
cause of Alzheimer's disease. Beta-amyloid is
produced in cells during the processing of a
membrane protein called APP. This protein can
be cleaved in two ways: one producing beta-
amyloid, and the other pathway producing a
protein which is secreted but does not
accumulate. Lower levels of cholesterol may
prevent the association of APP with rafts, thus
sending it down a delivery pathway which
doesn't bring it into contact with the enzyme that
would cleave it to produce beta-amyloid.
Another possibility is that the protein responsible
for this cleavage is only active when the cell
contains intact, cholesterol-dependent rafts.

There are also medical conditions in which levels
of sphingomyelin or cholesterol are altered
because of metabolic defects. Patients with
certain types of Niemann-Pick disease, for
example, show dramatic neurological defects.
These symptoms may be the result of a faulty
sorting of proteins to axons and dendrites-
which occurs when neurons lack the cholesterol
needed to make proper rafts.
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watching

motors

walk

see "a renaissance
in structural biology"

THE CYTOPLASMIC ENGINEERS

With the help of other molecules, molecular motors tow cargo
such as vesicles, cell organelles, or chromosomes to precise
positions within the cell. One end of the motor protein is bound
to the cargo; the other end can read the orientation of a
microtubule and walk on it by binding and letting go of
individual tubulin subunits.

Researchers have used a number of methods to study the
structure and mechanics of these molecules. Staff Scientist DENIS
CHRETIEN, who departed at the beginning of 1998, studied the way
microtubules grow with cryo-electron microscopy; ANDREAS
HOENGER, a new Group Leader in the Structural Biology
Programme, is taking a similar approach to look at how motors
called kinesins interact with the microtubule surface. The groups
of HEINRICH HORBER and ERNST STELZER are using a revolutionary
new type of microscope to watch the dynamics of the process
directly, as it happens.

Kinesin's motor domain uses energy in the form of ATP to change
its conformation, and this change can be monitored in structural
studies. Hoenger's group has coated the microtubules with motor
domains that are arrested at different stages of the ATP-
consuming process. Using image-processing, the researchers have
been able to combine two-dimensional projections of the
structures at different angles into three-dimensional structures,
helping them to develop a view of how the domains interact with
the surface before and after the conformational change.

Although cryo-EM techniques allow very realistic views of the
basic shapes of motor complexes as they interact with
microtubules, they usually don't permit a detailed analysis of
what is happening at the level of individual amino acids. X-ray
crystallography studies have yielded structural pictures of
domains of the motors in some of its states, and two-dimensional
crystals have provided electron microscopists with a view of
tubulin. However, cryo-electron microscopy is at present the only
way to see the full complex of motors on intact microtubules.
Thus the researchers are trying to fit the structures into the shapes
that have been observed under the microscope, like correcting
severe near-sightedness with a good pair of glasses. This
approach combines two levels of structural analysis, giving
insight into the dynamics of proteins that cannot be gained by
either technique alone.
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Most forms of kinesins bind as a dimer, giving the
structure two "heads" which can bind to the
surface and release it in alternation. The EM
studies indicate that the heads probably create a
walking-like motion as the motor moves. The
details of this walking behavior depend on the
flexibility of the whole structure-it has to be
able to grip the next binding site before letting go
of the last one; otherwise, it might fall off the
microtubule. Some motor proteins are mono-
meric, possessing only one "head"; Hoenger and
his colleagues hope that the combination of cryo-
EM and X-ray studies will be able to explain how
such motors can move along the microtubule and
how this differs from the motion of dimeric
motors.

Ernst-Ludwig Florin, working with the groups of
Ernst Stelzer and Heinrich Harber, is using a new
instrument called a photonic force microscope
(PFM) to study the mechanics of kinesin and
other molecules. The instrument operates by
trapping a tiny bead of latex, glass, or some other
material in a focused cone of light from a laser
beam-a method called "optical tweezers." The
PFM scans an object by pushing the bead across
it, or by touching the object transiently point by
point.

Optical tweezers had been used in the past to
study the force generated by individual motor
molecules and to measure colloidal forces. Stelzer
and Harber realized that the instrument could be
used to make three-dimensional images at a
resolution much higher than that attainable by
light microscopes, approaching the resolution of
electron microscopes. This could offer new
possibilities: PFM can be used to look at living
specimens, whereas electron microscopes can't.
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The bead that is used in these studies is so small
it can barely be seen under a microscope, but its
precise position within the laser beam can be
followed by measuring either changes in its
brightness or the shadow that it casts across a
detector. Its motion can be tracked at an
incredible rate of up to tens of thousands of
measurements per second, which is hundreds of
times faster, for example, than the rate that video
microscopy attains. The bead can be deliberately
attached to a specific molecule, which can then be
monitored as it moves through a solution.

Florin and his colleagues have now used this
method to study the mechanics of a single
kinesin molecule. The researchers attached the
bead to the tether end of a kinesin molecule and
watched as it was towed down a microtubule. In
doing so, they hoped to detect differences in the
flexibili ty of various parts of the kinesin
molecule. The bead didn't move in every possible
direction-and this lack of freedom reflects the
mechanical properties of the motor molecule. By
comparing the observations with different
models of the motor, the group has demonstrated
that the tether that links the motor head to its
cargo is much stiffer than previously thought.
They have also been able to observe differences in
the flexibility of the "joints" between the different
motor constructs.

"This study demonstrates that we can use the
instrument to look at the mechanical properties
of single molecules at a much deeper level than
has been possible until now," Florin says. "For
the first time, we can directly measure the
mechanics of molecular joints."
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Microtubules not only have to form near chromatin,
there must also be mechanisms that guarantee that
their ends are properly attached to the chromosomes.
TONY HYMAN'S group is studying structures called
kinetochores, which act as "adaptor plugs" that allow
microtubules to attach to DNA in yeast cells.
Kinetochores are complexes of molecules with two
parts: one binds to the DNA and the other binds to the
microtubule ends. Hyman's group has shown that the
two parts can only come together if a component of
CBF3 called Ndcl0 is dephosphorylated by a
phosphatase. They have also found a kinase which has
the opposite effect-it phosphorylates Ndcl0. The cell
may use the balance between the kinase and the
phosphatase to switch kinetochores on and off,
allowing microtubules to link or not.

virtual spindles

Stan Leibler, visiting professor from Princeton, has
worked with the group of Karsenti to create
computer models of the formation of asters in cell
extracts. "One advantage of using highly
simplified systems with a small number of well-
understood components is that you can perform
quantitative analysis," Leibler says. "You can use
numerical simulations, treating microtubules as
flexible, polarized rods; you can also treat the
behavior of motors like kinesin numerically. The
steps by which asters arose in our simulations
looked very similar to the way that microtubules
behave in experiments."

Karsenti, Leibler and their colleagues have
continued to develop more intricate computer
simulations of the behavior of microtubules,
motors, and asters. Some of these in silico
experiments bear a remarkable resemblance to
their in vitro counterparts; changing a parameter in
the simulation can uncannily imitate what
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fusing

Some of the vesicles formed at the outer cell
membrane deliver their cargo into endosomes:
membrane-wrapped compartments that are
directed to locations in the cytoplasm where their
contents can be degraded or recycled, or once
again returned to the cell surface. Endosomes not
only receive vesicles from the cell surface and fuse
with each other, but they must also be correctly
routed. For several years, the group of MARINO
ZERIAL has studied the machinery that governs
contact between vesicles and promotes their
fusion. Critical to this activity are small GTPase
molecules of the Rab protein family. Zerial's
group has identified a host of different Rab
molecules and shown that many of them have
very restricted areas of activitYI in specific
compartments of the cell, or at specific stages of
development. But little has been known about
precisely how they work, and which accessory or
effector molecules they enlist to help in the process
of membrane fusion.

"When Rab5 is in its active form, it allows early
endosomes to fuse,l! Zerial says. "Mutant forms
with permanently-activated Rab5 allow fusion to
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occur like crazy-this forms enormous vacuoles
in the cytoplasm. Rab5 functions like a timer that
controls fusion activity, to ensure just the right
amount. The question was, what effectors were
involved l and recently we had a breakthrough in
this. We had already found a protein called
Rabaptin-5 that binds to Rab in its GTP state; it
also is bound to a nucleotide exchange factor
called Rabex-5, and the combination of these two
activates Rab5. We knew that Rabaptin-5 and
Rabex-5 were necessaryI but not sufficient for
endosome fusion and that other cytosolic factors
were required. The question was to find how
many and which other cytosolic factors were
important and we managed to find the way to do
it. I!

When Savvas Christoforidis in Zerial's group
went fishing for other binding partners for the
active (GTP) form of Rab5, he carne up with a
total of 20 additional molecules; any or all of
these might play a role in the process of
membrane fusion. MATTHIAS WILM is
collaborating with the group to systematically
identify the proteins using mass spectrometry.



Cells harboring a "dominant-
negative" variant of the small
GTP-binding protein Rab5
display strongly reduced
endosome fusion, compared
with cells containing regular
Rab5 (left panel).

THE CYTOPLASMIC ENGINEERS

membranes

"Of those that we have identified so far, we don't
have any single protein that doesn't fit into the
scheme" Zerial says. "So we are really finding
new things with Matthias." Some of the proteins
binding to Rab5 have never been identified
before. Others are familiar-one of them is a
protein called EEA1, which is known to interact
with a particular signaling lipid embedded in
membranes. This establishes a link between
signaling processes and membrane docking.

Zerial's group has developed an in vitro system in
which membrane fusion can be studied under
simplified conditions; this permits an
examination of the effects that single or multiple
components have on the process. "This is so
complex because the function of all of these
molecules is not just to put together two
membranes that have to dock and fuse," Zerial
says. "Each of these effectors may tell us about
other things-the distribution of organelles in the
cell, perhaps how endosomes are linked to the
tubulin and the actin cytoskeleton. We think that
what Rab5 is doing is not only regulating the
docking and fusion of membranes-its task is

rather to create a subdomain on the membrane.
The interaction between specific proteins and
lipids, proteins that bind Rab5 directly or
indirectly, could create a patch in the membrane
with a totally distinct composition from the rest
of the membrane. By recruiting its partners, Rab5
modifies the composition of the membrane and
may change its activity. Other types of Rabs will
recruit different effectors, and they may create
different kinds of patches which, taken together,
regulate different aspects of the behavior of
membranes. Therefore, the function of this class
of GTPases lies at the heart of organelle
biogenesis.

"At some point we will be able to create synthetic
endosomes. Now, to begin with, we can
reconstitute fusogenic vesicles by mixing
proteins extracted from endocytic vesicles with
lipids. Next we will do it with recombinant
proteins. The hope is to reconstitute artificial
endosomes that can behave like the cellular
organelles, those that can receive transport
vesicles, distribute cargo and move along the
cytoskeleton. Another exciting direction that
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emerges from this work is how signal transduction talks to membrane
transport. There are such links already; the two are really merging.
We'll probably see that signal transduction changes trafficking
properties and vice versa./I

A systematic study of all of the new components that the researchers
have identified will take years. And this is only one Rab-other
members of the family have different sets of binding partners, although
there are surely common interactions. But systematic approaches to
understanding the function of multi-protein assemblies like this are
becoming more and more common whenever tools such as in vitro
systems and a quick, efficient way to identify new proteins can be
combined.

building networks
in the brain

As the brain develops in an embryo, the individual cells that make it up go through
a process of maturation as well. This process is of great interest to researchers
because many mental diseases can be linked directly to defects in the development
of nerve cells. As an embryo forms, immature cells migrate from the base of the
brain into other areas. When a cell has arrived at its destination, it begins to extend
branch-like protrusions called neurites towards other cells; eventually these form
incredibly complex intercellular networks that must be correctly linked for the brain
to function. Although all of a cell's neurites look virtually identical at first, one will
become an axon-a long trunk able to broadcast information to other cells. The
others will become dendrites, branching antennae whose main job is to receive
information from the axons of their neighbors. Mature neurons normally have one
axon and several dendrites. If a cell has no axon, or more than one, or if it does not
extend its axon in the right direction, it won't function properly.

For several years, the group of CARLOS DOTTI (Cell Biology and Biophysics) has been
trying to solve the question of how one neurite becomes an axon and why the others
don't. At the end of 1997, the group was able to show that the deciding factor seems
to be how much cellular material is transported to each of the extensions-the
neurite that gets more material becomes the axon.
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By treating individual
neurites with drugs that
cause actin to depolymerize,
Dotti and his colleagues can
determine which will be
chosen as the axon; they
can also induce starts and
stops in the process of axon
extension.

Once a neurite has been selected as an axon, the cell starts to sort different kinds of proteins, RNA,
and membrane components into axons and dendrites. Such sorting is common in many types of cells
which have surfaces that have to perform different functions. The outer surface of a skin cell, for
example, faces the environment and must behave differently from the side which connects the cell to
the inside of the body.

A 1998 collaboration between Dotti's group and KAI SIMONS (Cell Biology and Biophysics) showed
that neurons use some of the same "raft" mechanisms to route material to axons that other cells use
to send material to apical surfaces (which face outwards from the surface of skin or other organs). The
cell uses cholesterol to glue together an assembly of proteins and lipids, molecules which make up
membranes, and transports these prefabricated units to outlying areas of the cell. There they are
inserted into the cell membrane, and they may remain stable for some time. Rafts can hold together
molecules which perform a variety of functions. This means that such assemblies may preconfigure
some of the links between receptors on the cell surface and some of the communication networks
which pass signals on into the cell interior. Such an arrangement may help the cell respond rapidly
and dramatically to important signals from the exterior, such as the cues that alert the immune
system to infections.

'------ ------'r-
I

I

I

see "Staufen" in
"translation regulation"

see "a good year for rafts" in
"membranes on the move"
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very much, it's not like a helical structure. You
have to say, what would I expect to see if this is
the structure, and you have to work backwards.

WHAT DO YOU CONSIDER TO BE THE HIGH POINTS OF
YOUR SCIENTIFIC CAREER HERE AT EMBL, BESIDES
GETTING THE FILTER SYSTEM TO WORK?

A nice moment was the one at which it became
obvious that one could do image reconstruction
from a cryo image and that the limitation was no
longer the processing and not yet the specimen.
That meant the future was open. Another was
when we were able to look at the way in which x-
ray structures could be inserted into EM
structures of viruses, that was with adenovirus.
That opened the interaction of EM and Xray
which has worked out so well. The kinds of
things that we saw were unexpected. Being able
to do time-resolved cryo-electron microscopy
was an important thing because it allowed us to
visualize viral fusion. In some sense, that
completed many of the things I had begun when
I was in Kai Simons' lab because I had worked on
membrane viruses there. Seeing the 9A resolu-
tion structure of the Semliki Forest Virus was a
high point. And this year, moving beyond the
earlier realization that HIV had no order to the
use of a subassembly to model features of the
virus was wonderfully rewarding.

Being able to continue to teach this cryo course,
and have it be actually a community thing, that's
quite nice. There was a moment when Michael
Rossmann, the quintessential crystallographer,
came to EMBL and gave a talk about cryo-
electron microscopy and about how important it
was and about how important it was that we all
do it. His enthusiasm reflected the success of his
collaboration with Tim Baker from Purdue and,
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to some extent, the sharing of results and ideas
early on.

The field has exploded. Tim and I have just
submitted a review that we've worked on for
eight years. When we began, there were five
icosahedral reconstructions done from cryo-EM.
In May '98, there were 150 structures done by
various groups throughout the world. The
structures are not just pretty, they tell you
interesting biology. All of that happened to some
extent because of what occurred at the EMBL.
Not solely, because the all of the work wasn't
done by people at the EMBL, but if we hadn't
taken the lead and hadn't been a resource for this
sort of thing and EMBL hadn't made an early
commitment, I think it would have happened
more slowly or in a very different way.

As for the future, cryo-electron microscopy is
going to go to higher resolution. I am involved in
a project to integrate the three-dimensional
structural information that we generate by
cryoEM into the MSD, the Macromolecular
Structure Database. That's nice because it's
legitimacy. While microscopy has come down a
long and sometimes very bumpy road to achieve
this legitimacy, it's never going to be a real part of
biology unless people throughout the world can
look at the results. People should be able to look
at something and be able to say that it matches
something they have seen in another system. I
am involved in a second project to try to unify
electron microscopy software. At the moment
there are perhaps 200 people who do this work in
20 labs. Part of the problem is that each of those
20 labs uses different standards, different image
formats. Why do we want to change that?
Because three-dimensional electron microscopy
needs to mature beyond something that only
specialists do.
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MOLECULAR MEDICINE AND THE EMBL

Src and Abl

malaria and other vector-borne diseases may be found. And
one emerging focus of the new Research Programme in Mouse
Genetics in Monterotondo near Rome is how different
components of the immune system unite to combat infections.

A virus carries along a tiny bit of genetic information-often
less than a millionth of the information possessed by the cell it
invades. Yet this information suffices to reprogram a cell into a
factory for the production of hundreds or thousands of copies
of the virus, usually resulting in the cell's destruction. To
explain how this happens, and how such infections sometimes
lead to cancer and other diseases, it is necessary to understand
how each piece of viral information interacts with the cell's
own machinery.

The Rous sarcoma virus contains the genetic code for a protein
called v-Src which is so similar to one of the cell's own proteins
(c-Src) that the cell can't tell the difference. c-Src is a member of
a family of proteins called tyrosine kinases, found in most
multicellular organisms; these proteins pass signals along to
other molecules in the form of phosphates. Some researchers
believe that the evolution of tyrosine kinase signaling
coincided with (and may even have been a prerequisite to) the
need for coordinated cell growth within multicellular
organisms. Src is an oncoprotein: mutant versions of the protein
can cause cancer. Although most strongly associated with
tumours in chickens, it has very recently been implicated in
some types of colon cancer in humans.

c-Src acts like an intracellular receptor; when it is turned on, it
can pass along a variety of signals, including messages that
ultimately tell the cell to divide. v-Src is always on, which may
result in uncontrolled cell division and tumors. The groups of
GIULIO SUPERTI-FURGA and RIK WIERENGA looked at Src's
structure and found an explanation for why the cellular
version of the protein shows low activity most of the time,
while the viral version of the protein is permanently stuck in
the 1/on" position.
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immunobiology in Monterotondo

"Over the past few years, many researchers have focused on the analysis of T

and B cells, the second wave in the body's immune response to infections," says

ULRICH KALINKE, a new Staff Scientist at the Mouse Biology Programme in

Monterotondo, Italy. "We're using mice knock-outs to demonstrate how

important the innate first-wave defense is." Kalinke, who was trained as an

immunologist, is helping to build a Research Programme in Monterotondo with

a strong focus on issues related to molecular medicine. By studying the

immunbiology and pathogenesis of virus infection, Kalinke and his co-workers

hope to gain a better understanding of the connections between the major

immunological mechanisms in mice and to link these to the function of the

immune system of humans.
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The newly-stablished Forum on Science and
Society was initiated by a public lecture in early
March 1998 with a public lecture by Alain
Pompidou, who is both a medical researcher and
a Member of European Parliament. I arrived
shortly after that, and one of the first things we
thought of to expand our Science and Society
activities was to organize in-house discussion

Wolfgang van den Daele: "Risk prevention and the political
control of genetic engineering"

meetings following particularly interesting semi-
nars. These latter activities have also turned out
to enjoy considerable popularity among the
EMBL community.

We have small receptions after our events in the
Forum where the invited speaker can meet with
the students, with the postdocs, with the group
leaders, with the administrative staff, or with the
public from the outside. Despite the fact that it is
the middle of the working day, discussions have
continued long afterwards on several occasions.

Another part of my function has been to collect
references that could be used by the community
to inform its members about various social reper-
cussions of recent developments within the bio-
medical sciences. I have established a consider-
able collection of books and videos on these top-
ics. Over the months since our activities started,
there has been a steady increase in the number of
people coming to borrow books from my office.
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The third thing we have done is to create a web
page where both people on the inside and the
outside of the institute could be informed of our
activities in this area.

Do OTHER INTERNATIONAL INSTITUTIONS HAVE SIMI-
LAR PROGRAMS?

There is reason to believe that other inter-
national science institutions in Europe may
not yet have launched such activities on a
regular basis. But the need for improved
communication between all sorts of science
communities and the social milieu in which
they are embedded is probably being felt
widely. At least there is undoubtedly a
growing interest and a keenly perceived
need for changes out there among natural
scientists, biologists in particular. As a way
to respond, I believe in the importance of
improving what is often seen-at least from
the scientists' side-as non-communication
or miscommunication between science and
its public. There is a lot of misleading infor-
mation in society about what is happening
in basic and applied research in biology.
The existence of our whole Office of
Information and Public Affairs is, as I see it,
occasioned by the same concern: communi-
cation is essential for improving science's
social and economic future-ways and

means should be sought to improve communica-
tion on both sides, not through a paternalistic
"education of the public", but just as much by
sensitizing scientists about the ways their own
work has implications or imprints itself in peo-
ple's minds out in society. These things are of
major importance. This is now being acknowl-
edged, and I would predict that organized activ-
ities akin to ours, aimed at promoting awareness
of the imperative importance of communication
issues, are bound to become a very common and
generally accepted institutional practice across
the board in the very near future.

WHAT MORE GENERAL TRENDS DO YOU SEE IN TRYING
TO BRIDGE THE GAP BETWEEN SCIENTISTS AND THE
GENERAL PUBLIC?

One interesting example that I have observed
since returning to Europe are the so-called
"People's Forums" that have been organized in
different forms in several of the Western



European countries over the last few years. These
are "new" social experiments bringing together
scientists and the public for intensive sessions on
certain topics, like genetically modified organ-
isms, cloning, or other issues that have had such
a great impact on people's minds, now at the end
of the millennium. The intent has been to see and
document how intensive encounters with scien-
tists affect the public's way of thinking
about industrial applications of science.
Ideally, such enlightened public opinion
should then be allowed to directly influ-
ence the political process of establishing
guidelines for bio-medical practice.
Denmark is maybe one of the best exam-
ples of such positive democratic devel-
opment. Then there are attempts here
and there also to develop science muse-
ums more as public forums-not only to
bombard the public with raw data, but
to try to make these museums into
attractive social spaces. These various
attempts to bring democracy to bear on
the many extremely sensitive issues sur-
rounding the bio-medical sciences of
today are very important, and if they
could possibly be developed yet further

Focus ON SCIENCE & SOCIETY

I think they might result in a positive demystifi-
cation of science. Interacting directly with scien-
tists brings it home to people that such profes-
sionals are not only stuffed with arcane knowl-
edge and expertise-but that they also share with
the rest of us a common sense for responsible rea-
soning and a concern about the social repercus-
sions of the scientific practice.

Jens Reich: "Human rights, genomics, and bioethics"
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EMBL's SZILARD LIBRARY

"The Szilard Library started off with a table, a chair and a
cupboard in the DKFZ in October 1974. Thirty journals were
ordered and when the cupboard was full, everything was
moved, with a few scientists, to the "Alte Biochemie",
Bunsen's old laboratory. At the end of 1977 we took
possession of the Library on the hill. Then it was rather
empty, now it is nearly full. ... In 1978 with some trepidation
we tried our hands at on-line searching. We used a telephone
and a teletype machine which spat out metres of light-
sensitive paper at us... IF we managed to contact the
Database!"

-Mary Holmes

Other electronic innovations in the library include a CD-ROM database which provides access to sources
including Dorland's Medical Dictionary and Encyclopedia Britannica. "At the moment we have one PC
for CD-ROM use and a new Mac to be used exclusively for catalogue searches, as well as four public Macs
with a further four iMacs to be installed shortly.

Long-term projects also include purchasing a book scanner and digitalizing a large part of the library.
"Though this would involve some investment in terms of equipment and staff to scan texts," Westley says,
"in the long term, it would have huge benefits in terms of accessibility. II This increased accessibility will
not only benefit researchers in Heidelberg, who will be able to do their literature searches from their desks,
but will also provide support to researchers at the other EMBL sites across Europe.

Although electronic resources carry a high price tag, Westley and Herhoff are trying to find ways to
circumvent some of the costs by forming a consortium with other libraries. "There is a lot more we could
do if we joined forces with, for example, DKFZ, the University of Heidelberg, or Mannheim Clinic."

-Sarah Sherwood
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In 1983, Kreis became a group leader in the Cell Biology Programme at the European
Molecular Biology Laboratory, Heidelberg; this was when his science really hit its
stride and his reputation became established. Nine years later, at the age of 40, he
moved to Geneva as a professor.

During this IS-year period, Kreis and his group, together with an ever-growing array
of international collaborators, established an information base that helped to provide
much of our current insight into how intracellular organelles arrange themselves on
microtubule tracks and how these tracks are used to transport parcels among
compartments in the cell. He was, for instance, the first to establish links between the
containers and the microtubules by discovering proteins such as CLIP-170, which
connects endosomes to microtubules and so organizes their movement throughout
the cell.

In these studies, Kreis might have been inspired by his skill as an expert skier. In one
of his last papers, he and his group showed just how intricate the functioning of the
cellular transport pathways could be. On the ski slopes, skiers without valid passes
sometimes sneak into the gondolas; in the endoplasmic reticulum, proteins not
intended for transport to the Golgi complex sometimes sneak into transport vesicles
along with proteins actually intended for secretion.

Kreis's imaging of these events in living cells, through the use of reporter molecules
labelled with green fluorescent protein, showed that interlopers are removed from the
moving gondolas and packaged into other vesicles that return them to the
endoplasmic reticulum. Organizing the entire process is the dynamic network of
microtubule cables on which these vesicles move. But what organizes the cables
themselves remains a mystery: after depolymerization, microtubules always contrive
to reassemble in almost exactly the same pattern. Kreis's legacy to science extends
beyond his discoveries in cell biology to the example set by his style. His approach
was characterized by its straightforwardness. As a ski instructor, he used to start his
mornings from the top of the highest mountain and then take the straightest route
down to the bottom to warm up. Likewise, in research he was always looking for
short cuts and quicker ways to the goal; and so, in his dealing with collaborators and
colleagues he was honest yet always supportive.

Another element of his style was the understated grace of his work. His beautiful
fluorescence micrographs and sensitive hand-drawn images are reflections of a man
with a poetic streak (seen also in his extraordinary collection of roses and cactuses).

Kreis also did much for the common good in organizing advanced courses and
meetings. Most notably he was one of the initiators of an organization called the
European Life Scientist Organization (ELSO). This will start its activities in Geneva in
September 2000 with a large congress planned for 3,000-4,000 participants. The hope
is that ELSO will become a general forum for catching the excitement in the molecular
life sciences and help to raise the standards of biomedical research all over Europe.

Thomas Kreis leaves a wife, son and stepdaughter. He will be missed most by them,
but also by the whole community of cell biologists. We have lost, far too prematurely,
one of our pioneers.

Kai Simons and Ira Mellman

OBITUARY
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Visitors 1998

Member State EMBL EMBL EMBL EBI EMBL Total %

Heidelberg Outstation Outstation Hinxton Monterotondo
Grenoble Hamburg Programme

Austria 7 3 14 24 2.2
Belgium 5 2 31 38 3.6
Denmark 9 13 22 2.1
Finland 10 5 15 1.4
France 46 19 30 6 101 9.4
Germany 121 15 212 348 32.5
Greece 6 8 1 15 1.4
Israel 3 1 4 0.4
Italy 17 5 25 3 1 51 4.8
Netherlands 18 2 31 51 4.8
Norway 11 1 12 1.1
Portugal 2 1 3 6 0.6
Spain 25 2 19 46 4.3
Sweden 13 3 22 1 39 3.6
Switzerland 10 2 14 1 27 2.5
United Kingdom 36 13 113 11 173 16.1
Others 54 13 20 11 98 9.2

Overall 393 82 560 34 1 1,070 100.0

Collaborations 1998

Member State EMBL EMBL EMBL EBI EMBL Total %

Heidelberg Outstation Outstation Hinxton Monterotondo
Grenoble Hamburg Programme

Austria 3 1 1 5 0.8
Belgium 3 2 2 7 1.2
Denmark 4 1 1 6 1.0
Finland 7 1 2 10 1.7
France 27 7 4 15 53 9.1
Germany 72 2 34 13 2 123 21.0
Greece 4 1 2 2 9 1.5
Israel 1 4 5 0.9
Italy 11 9 6 1 27 4.6
Netherlands 9 2 5 5 21 3.6
Norway 7 5 12 2.1
Portugal 2 1 1 4 0.7
Spain 24 3 4 31 5.3
Sweden 11 2 4 17 2.9
Switzerland 24 4 3 5 3 39 6.7
United Kingdom 34 2 13 33 82 14.0
Others 70 6 22 34 2 134 22.9

Overall 313 25 103 136 8 585 100.0
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Students in the International PhD Programme in 1998

PhD-Students PhD-Students
by countries by Research Programmes

Member State PhD Students 0/0 Research PhD 0/0
in 1998 Programme Students

Austria 6 3.7 Biochemical
Belgium 2 1.2 Instrumentation 3 1.9
Denmark 2 1.2
Finland 3 1.9 Cell Biology &
France 16 9.9 Biophysics 31 19.1
Germany 47 29.0
Greece 3 1.9 Developmental
Israel Biology 33 20.4
Italy 29 17.9
Netherlands 5 3.1 Gene Expression 16 9.9
Norway 2 1.2
Portugal 4 2.5 Structural Biology 34 21.0
Spain 5 3.1
Sweden 4 2.5 Additional Research
Switzerland Activities 6 3.7
United Kingdom 11 6.8
Others 23 14.1 Grenoble Outstation 9 5.6

Overall 162 100.0 Hamburg Outstation 12 7.4

Hinxton Outstation 14 8.6

Monterotondo
Research Programme 4 2.5

Overall 162 100.0

Funding in 1998

STATISTICS

EMBL
67 0/0

ED
10 0/0

Others
23 0/0

215



EMBL 1998 ANNUAL REPORT

PhD Theses 1998

K. Ashman (Wales) Synthesis, sequencing and expression ofa gene coding for human tumour necrosis and iso-
lation of the recombinant TNF

M. Auer (Frankfurt) Rontgen- und elektronenkristallographische Untersuchungen an Membranproteinen

E. Baraldi (Heidelberg) Studies on signal transduction domains: DH-PH and WW

D.E.A. Birse (Grenoble) The structural studies of the signal recognition particle (SRP) Alu Domain

1. Ferlenghi (Heidelberg) Cryo-electron microscopy and image reconstruction reveal the role of lateral interac-
tions ofmembrane proteins in virus assembly and stability

A.-P.G. Haramis (Heidelberg) The limb deformity gene: genetic dissection of the molecular interactions con-
trolling vertebrate limb pattern formation

A. Jaedicke (Heidelberg) Doxycycline regulated expression ofa GFP-alpha-tubulin chimera in Saccharomyces
cerevisiae (Diplomarbeit)

T. Lecuit (Paris) Etude des proprietes organisatrices du facteur de croissance decapentaplegic (dpp) TGFB au
cours du developpement des membres de la drosophile

M. Luukkonen (Stockholm) Splice site selection in Saccharomyces cerevisiae pre-mRNA splicing

R. Matteoni (Heidelberg) Involvement ofmicrotubules in the intracellular translocation and positioning of
endosomes and lysosomes

c. Mayes (Sussex) A screen for novel genes involved in Drosophila compund eye development and the cloning
and characterisation of rasputin, a homologue ofG3BP

C. Mollinari (Heidelberg) Molecular characterization ofa new component of the centrosome in Drosophila
melanogaster

S. Monaco (Grenoble) Etudes structurales d'un fragment d'anticorps et de son complexe avec la proteine cap-
side P24 du virus VIH-1

C. Moser (Heidelberg) Functional studies on the receptor of the signal recognition particle

A. Pralle (Munich) Physical properties of the plasma membrane studied by local probe technique

K.-H. Ree (Heidelberg) Three-dimensional structure of photosystem II reaction centre by electron cryo-
microscopy

1. Sassoon (Strasbourg) Regulation de l'activite de fixation des kinetochores aux microtubules dans la levure
Saccharomyces cerevisiae

P. Scheiffele (Berlin) Mechanismen des apikalen Membrantransports in Epithelzellen

K. Sharma (Heidelberg) The U3 snoRNA base-pairs to the 5' end of 18S rRNA

T. Wendt (Heidelberg) Three-dimenional reconstruction of the troponin-tropomyosin complex of insect flight
muscle thin filaments

P. Zacchi (Heidelberg) Regulation of intracellular transport by Rab17 in polarised epithelial cells
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EMBL Lectures -
Special Seminars in 1998

John Gerhart
Department of Molecular and Cell Biology, University of California, Berkeley, CA, USA

"Conservation and evolvability, Part 2: The developmental basis"

Marc Kirschner
Department of Cell Biology, Harvard Medical School, Boston, MA, USA

"Conservation and evolvability, Part 1: The cellular basis"

Jean-Marie Lehn
College de France, Paris and Universite Louis Pasteur, Strasbourg, France

"Perspectives in supramolecular chemistry: From molecular recognition towards self-organization"

Benoit B. Mandelbrot
Yale University, New Haven, CT, USA

"Fractals and scaling in the sciences and beyond"

Erwin Neher
Dept. of Membrane Biophysics, Max-Planck-Insitut for Biophysical Chemistry, Gottingen, Germany
"Vesicle pools and Ca2+ microdomains: Two concepts in current research on the release of neurotransmitters and

hormones"

Tim Richmond
Institut fur Molekularbiologie und Biophysik, ETH Zurich, Switzerland
"The structure of the nucleosome core and its implications for Chromatin"

Gerald M. Rubin
Howard Hughes Medical Institute, University of California, Berkeley, CAl USA

EMBL GENERAL MOTORS CANCER LECTURES
"The Drosophila genome project - A progress report"
"Signal transduction downstream ofRas in Drosophila"

Roger Tsien
Howard Hughes Medical Institute, University of California, San Diego, CA, USA

"Fluorescence imaging of protein interactions and gene expression in live cells"

Inder Verma
The Salk Institute, Laboratory of Genetics, La Jolla, CAl USA

"Gene therapy: Trials and tribulations"

John Walker
Medical Research Council, Laboratory of Molecular Biology, Cambridge, UK

"How ATP is made"

STATISTICS
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