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O

ne morning about a year ago, as the 1999 version of this report was in
its final stages, Director-General Fotis C. Kafatos and several of us
stood waiting for an important visitor in front of the main entrance of the
Heidelberg Laboratory. It was a nervous moment because potentially, a lot
was riding on what would happen over the next few hours. Philippe
Busquin, the newly-appointed Commissioner for Research at the European
Commission, was beginning a round of visits to major scientific
institutions, both to listen and to share a vision for the future of European
research. A few months before he had spelled out this thinking in a "white
paper," but no one knew how these ideas would be translated into a
concrete plan for buttressing European science.

EMBL stood to gain a lot from the Commissioner’s vision; the Laboratory
had been hit hard by recent European policies which cut support to
research infrastructures. The Laboratory was faced with even more
uncertainties: in just a few months, EMBL’s Council would make critical
decisions about the Laboratory's scientific programme and budget over the
next five years. Fotis had tirelessly traveled to each Member State to test the
waters and to convey his own vision: the life sciences are in the midst of
one of the most important scientific revolutions in history, one which
promises to have a deep impact on society. The question was what role the
EMBL, and Europe in general, should play in this revolution. And whether
key ideas could make their way through the geometry of countries’
individual national interests quickly enough to have an impact. Clearly at
stake for the Laboratory were the futures of the Outstation in Hinxton (the
EBI) and the Research Programme in Mouse Biology in Monterotondo, as
well as EMBL's ability to continue to attract top scientists to Europe in the
face of overwhelming scientific funding in the United States and
elsewhere.
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Commissioner Busquin arrived with two colleagues rather than a
delegation; the visit had been planned with enough time to thoroughly
acquaint himself with EMBL and to have in-depth conversations. He was
available the next morning for an interview which was later printed in the
Laboratory’s newsletter EMBL&cetera and in the journal EMBO Reports.
Before he departed, he made the very clear statement that he knew
something had to be done about the state of molecular biology in Europe,
and that to the extent of his abilities, something would be done.
Now, a year later, the landscape has changed significantly. The Member
States have awarded the Laboratory a historic increase in its budget.
Additional, extremely significant support has come from the European
Commission, the Wellcome Trust, and other sources. It is in this
atmosphere that Peter Kind, Acting Director of Health Research at the
European Commission, recently compared Europe’s efforts to those of the
United States, saying, "It is imperative for Europe to invest on a
comparable scale – and with comparable effectiveness – in order to ensure
our competitiveness in this field. If we don’t, we will become a ‘customer’
for key technologies developed elsewhere and a ‘consumer’ of products
and services imported from our competitors." Of strategic importance to
Europe, he continued, is the existence of "a vigorous bioinformatics sector,
which holds the key to unlocking many of the opportunities of the postgenomic era."
Have these events assured a comfortable future for EMBL? The recent
decisions have given the Laboratory "a predictability and certainty for the
next five years," as Graham Cameron puts it, "as well as the
ability to develop the critical mass necessary to get
things done." But the Heads of EMBL's units agree, as
reflected in interviews in this report, that it is good
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for EMBL to justify its existence on a periodic basis – in applications for
both individual grants and major funding. This necessarily improves the
quality of EMBL science, and it goes beyond that to improve the wider
environment of European science.
EMBL’s annual report is one component of justifying the Laboratory’s
existence. This is the fourth year that it has been written and produced by
EMBL’s Office of Information and Public Affairs, with the intent of opening
a window onto EMBL and its Outstations to the many people who can’t
experience them first-hand. It is impossible to translate the intense energy
and excitement of the world within the Laboratory into a document, but it
is worth a try.
The articles in this book represent fascinating scientific stories that have
arisen from a particular way of thinking and doing science. It may be
difficult for a non-biologist to judge, for example, what is so exciting about
a protein that helps align chromosomes before cells divide, or what is so
important about the transfer of tiny amounts of energy between two
fluorescent molecules. But when these things are put into the context of the
work of nearly 80 scientific groups, and when you follow the progress that
has been made in each area over two or three years, the feeling is like
watching the assembly of a vast puzzle. The picture that it bears may be
unrecognizeable from any single piece – in fact, no one knows what it will
look like when it is finished. But along the way, large sections are snapping
into focus at an amazing, ever-increasing speed.
EMBL repeatedly claims that the recipe for great science is a combination
of critical mass, interdisciplinarity, hands-on instrumentation and methods
development put into direct contact with the most current biological
questions, and a constant influx of new ideas through visitors and staff
rotation. The stories that are told here spell out how this works in very
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concrete terms. The development of a new instrument at a beamline may
suddenly make it possible to understand the structure and behavior of
countless new proteins. Adapting a genetic engineering technique so that it
can now be used in bacteria may be the key to manipulating very large
DNA molecules.
The annual report is intended for a non-specialist audience which knows a
little bit about biology. The articles within each section build on each other
– making stories truly independent would intolerably increase the length
of each one – but we have tried to keep the level of information consistent.
The EMBL "Research Reports," which will be published soon on CD-ROM,
are written by the scientists themselves and address a more specialized
audience. Our newsletter EMBL&cetera, which can be found on-line, gives
a more day-to-day view of other types of developments in the Laboratory.
EMBL’s Science and Society activities, discussed in an interview at the end
of this book, aim to engage an even wider public in an active dialogue with
the Laboratory. And soon we plan to launch new activities aimed
specifically at students and teachers, as well as a "Life Sciences and You"
section of our website. This document is one step along the way to
providing a full spectrum of clear, understandable information about
molecular biology that will help everyone to grasp the intense significance
of the scientific revolution which is going on around us.
The last thing that must be mentioned is our debt of gratitude to Matti
Saraste, who spent a considerable amount of time helping to improve the
Structural Biology part of the report. Matti’s tragic death has shaken the
Laboratory during the last weeks of its preparation, and a tribute written
by his friends and colleagues appears at the end of this book.
–Russ Hodge
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Director-General's Report 2000-2001
developments in the integrated scientific life
of our community – therefore they make more
understandable what EMBL is all about. The
Annual Report also reflects the human
dimension of our community, and the great
diversity of its activities, from research, PhD
training, courses, conferences etc. to company
formation. We hope you will find it an
attractive and even exciting introduction to
our rather unique institution.

The habitual reader will have noticed major
changes in the EMBL Annual Report over the
last several years. The most important one is
its quality, and I will leave it up to the reader
to evaluate this. You will note that the Annual
Report now covers in some depth recent
highlights from the Laboratory, in a manner
accessible to a broad scientifically-literate
public. These highlights are presented not as
isolated discoveries of individuals, but as
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A. The Beginning
of a New Era

The accompanying Research Reports and
Handbook of Statistics cover a calendar year
period, and are labeled as such. However, for
technical reasons and to be up to date, the
Annual Report covers a June-to-June period.
Accordingly, it should be identified as such,
and this Annual Report is labeled 2000-2001.

The end of 2000 and the beginning of 2001
(some would say the actual turning of the
millennium) marked the beginning of a new
era at EMBL. This started with a great vote of
confidence from our Member States,
transmitted by our governing Council, with
their approval of the Scientific Programme
2001-2005 and the accompanying financial
request, the "responsive scenario" of the
Indicative Scheme 2001-2005. This vote of
confidence was completed by a third Council
decision, the approval of our plans for
Technology Transfer and for the creation of
new instruments to execute these plans
professionally. I am confident that these three
decisions will mark the beginning of a new
era of success and creativity in the life of the
Laboratory. I am grateful to the Finance
Committee and Council delegates who
examined our plans critically and
sympathetically, and who were able to
approve them after a long, in-depth dialogue
carried out in my visits to the Member States.
I am also grateful to those at EMBL who
joined me in the ultimately successful
planning process: the Administrative Director
Barton Dodd, the Scientific Coordinator Iain
Mattaj, all the Heads of Units (Programmes
and Outstations), the Senior Scientists and the
rest of the EMBL faculty (Group Leaders,
Team Leaders and Staff Scientists). On
Technology Transfer, credit is due to the Head
of Human Resources, the Technology Transfer
Officer and Committee at EMBL, and the
Managing Director and Supervisory Board of
our technology transfer subsidiary, the EMBL
Enterprise Management GmbH (EMBLEM).

Another change is that, rather than a brief
Foreword to the Annual Report, the DirectorGeneral now provides a substantial section
that presents to our broad readership
important organizational, programmatic,
financial and science policy-related news
from the Laboratory. Increasingly, this section
will resemble (or even derive from) the
reports that the Director-General presents to
the Member States delegates in the EMBL
Council. We hope that this greater
transparency will make better known to our
readership the EMBL as a living, evolving
institution. It seems appropriate to identify
this section as the Director-General’s Report,
rather than a Foreword.
The present DG report summarizes the
developments at EMBL that have been
triggered by the historic decisions that were
taken at the last Council meeting of
November 2000, regarding the Scientific
Programme 2001-2005, the Indicative Scheme
2001-2005, and the plans of action for
Technology Transfer at EMBL. The chapters of
the Report are:
A. The Beginning of a New Era
B. Recruitments and Departures
C. Core EMBL Facilities in Heidelberg
D. Capital Projects at the Grenoble and Hamburg
Outstations
E. News from the EBI
F.

Technology Transfer: Status and Projects

The essence of the new Scientific Programme
is to support the scientific work across the five
sites of EMBL, pursued by our ever-changing
young faculty with guaranteed autonomy
and yet convergence on the key scientific
challenge of our era: an integrated
understanding of how genomes function to
support the phenomena of life, in health and
disease. Our central theme of functional
genomics is not just a trendy slogan, but a
well-considered concept of integrating the

G. Collaborations and Outreach
I thank Christian Boulin, Stephen Cusack and
Matthias Wilmanns, Graham Cameron, Gábor
Lamm and Iain Mattaj for drafts of chapters
C, D, E, F and G, respectively, and Sarah
Sherwood for editing. This Report is largely
based on material presented to the 39th
meeting of SAC in May 2001, and to be
presented to Council in July 2001.
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systematic
new
methods
(genomics,
proteomics, bioinformatics) in fundamental
studies of life at successive levels of
complexity:
molecular,
cellular
and
multicellular (in both development and
physiology). This ambitious undertaking
capitalizes on the exceptional collaborative
and interdisciplinary nature of our
community, but also requires special
nurturing to build and enhance strong
interactions amongst and between the
Outstations and Heidelberg, to reward
innovative collaborations, and to build up the
human resources and technological capacity
in our various Units. This is where the
financial dimension of the Council's
decisions, the Indicative Scheme, will prove
essential.

latter goal has been given precedence in the
first year.
In addition to the favourable decisions of our
own Finance Committee and Council,
positive developments in European Science
policy reinforce our optimistic view of the
future. The integrative vision of Philippe
Busquin, the EU Commissioner for Research,
towards a European Research Area, is rapidly
taking a concrete and effective shape. It
intersects with and mutually reinforces
initiatives originating in the EU Council of
Research Ministers, such as the innovative
encounter of the Ministers with leading
European scientists and intergovernmental
organization representatives, organized in
Lisbon (March 2000) by Minister Jose Mariano
Gago of Portugal, under the title "European
Science Beyond 2000." EMBL was represented
at that conference by Iain Mattaj. Such
developments are beginning to shift the
climate in favour of promoting substantive
collaboration, increasing support for priority
areas of science and sharpening the focus of
the European Commission's Research and
Technological Development activities in a
scientifically valid manner. EMBL is an active
participant and supporter of these
developments.

The "responsive scenario" that Council
approved will provide to all of EMBL a total
of 47.6 MEURO in additional funding over
the next five years (in 2000 prices), over and
above the previous baseline of 227 MEURO
for the last 5-year period. Although the
increase is not huge in absolute terms, or in
terms of the current opportunities in Biology,
the percent increase (21% cumulative) is most
unusual for an international organization.
With that support, EMBL can address the
future with renewed vigour and optimism, as
we have already begun to do. I am
particularly happy that the settlement will
more than triple the central funding of the EBI
between 1999 and 2005, permitting it to create
a viable core of service, research and training
activities which we then aim to expand
through external funding. The Indicative
Scheme also provides some targeted increases
for specific aspects of our activities in each of
the other four sites of the Laboratory. It will
permit Monterotondo to grow to a viable size
with an adequate number of groups and
infrastructure. It will upgrade the
infrastructure of the Grenoble and Hamburg
Outstations, allowing them to serve the
community and become ready to participate
competitively in externally-funded structural
genomics projects. Finally, it will begin to
reverse the cutbacks that Heidelberg has
suffered recently, providing some additional
funding for collaborative and ambitious
research, and for the creation of essential
shared infrastructures, the core facilities. The

B. Departures and
Recruitments
Most Group Leader searches were canceled in
Autumn 1999, because of the then prevalent
financial uncertainty and a somewhat
contentious climate in the Laboratory derived
from salary disputes. This resulted in only a
small number of faculty appointments made
in 2000, but correspondingly more vacancies
were filled in early 2001. The accompanying
tables summarize the recruitments and
departures in these two years, with 2001
entries marked with asterisks
The quality of appointments made after
review and consent by SAC (Group Leaders,
Coordinators), and those made after Senior
Scientist review and advice (Team Leaders,
Staff Scientists), is very high. We are very
pleased that all of our offers in 2001 have been
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C. Core Facilities in
Heidelberg

accepted thus far (two are still under
negotiation, none has been refused). This is a
clear indication that EMBL is quite
competitive in attracting highly qualified
scientists to its ranks. We are especially happy
that we were able to attract from the United
States an excellent Coordinator for the
Monterotondo Programme, Nadia Rosenthal,
as well as two senior and very accomplished
Co-Group
Leaders
for
Heidelberg,
Christopher Hellen and Tatyana Pestova. At
the same time, we must emphasize that, as
noted in previous years, the number of
scientists attracted from the United States is
decreasing while the number of those who
move to America when their time to leave
EMBL comes is increasing. This trend
underscores a fact of life that we have
consistently stressed both to the EMBL
Council and to SAC, and in public reports.
The
ongoing
massive
increase
in
opportunities for life scientists in the USA
(positions, level of salaries and research
funding, notably from the NIH) is
significantly reducing the "repatriation" rate
of talented Europeans to our continent;
indeed it threatens a significant new brain
drain. Several recent favourable developments in European funding give hope for
improvement, but we must heed the alarm,
and strengthen our efforts.

Background
EMBL has always excelled in providing
services both to its own scientific community
and to users from the Member States. Good
examples are the access to synchrotron
radiation beamlines at the Outstations
(Grenoble and Hamburg) and the database
services provided initially by Heidelberg and
now by our Hinxton Outstation, the European
Bioinformatics Institute. More recently, made
possible by the funding provided by Council
and prompted by the evolution of Biology, we
have launched a major coordinated project to
develop scientific core facilities in Heidelberg,
both for the EMBL community and for our
visitors. An early pioneer, the Advanced Light
Microscopy Facility (ALMF), had already
been initiated bottom-up by our scientists,
chiefly from the Cell Biology and Biophysics
Programme. It was conceived as a way to
provide state-of-the-art services through the
availability of the most recent equipment
from the world's best manufacturers of
photonics equipment, in a dedicated center
run by qualified technical personnel.
Contributing to the development of the
ALMF were prior collaborations established
by EMBL faculty with manufacturers of
microscope equipment and image processing
software. The local expertise in microscopy
and our status as a training center for Europe
helped EMBL to get most of the equipment
free of charge; now the manufacturers are
helped by our users to better define and
understand the future scientific needs for
microscopy instrumentation. Last but not
least, the ALMF obtained financial support
from the EU though the "Access to Research
Infrastructures" programme. This allows the
ALMF to support the stay of 10 to 15 external
visitors each year, for a period of up to two
months each.

Departures of successful and even very
distinguished scientists are an integral part of
the EMBL turnover system, and represent a
substantial input from the Laboratory to the
national systems of our Member States. A
previously planned but especially poignant
event came in January 2001, when a very
strong group of Cell Biology colleagues and
recent alumni (Kai Simons, Wieland Huttner,
Marino Zerial, Tony Hyman and Suzanne
Eaton) left Heidelberg to found the new Max
Planck Institute for Molecular Cell Biology
and Genetics in Dresden. We are proud of
their success and of their Institute – part of a
national organization of course, but somehow
an EMBL "Outstation" in origin and spirit. We
celebrated their exciting past contributions to
EMBL, our joint experiences and memories,
and the vibrancy of the continuing Cell
Biology and Biophysics Programme at EMBL,
with a massive party and very good humour
in the tradition of EMBL merry-making.

One of the major reasons for the success of the
ALMF (other than the quality and dedication
of the staff) lies in the fact that, while
maintaining channels of communication and
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EMBL Faculty recruitments made in 2000 and 2001

Name and nationality

Position and Programme
at EMBL

*Nadia Rosenthal
(US)

Coordinator, Monterotondo

*Asifa Akhtar
(Pakistani)

Group Leader,
Gene Expression

Damian Brunner
(CH)

Group Leader,
Cell Biology & Biophysics

*Christopher Hellen
(UK)

Co-Group Leader,
Gene Expression

*Michael Knop
(CH)

Group Leader, Cell Biology
& Biophysics

*Jürg Müller
(CH)

Group Leader, Joint Gene
Expression &
Developmental Biology
Group Leader,
Monterotondo

*Claus Nerlov (DK)

*Carl Neumann (D)

Group Leader,
Developmental Biology

*Manolis Pasparakis (GR)

Group Leader,
Monterotondo
Co-Group Leader, Gene
Expression

*Tatyana Pestova
(Russian)

Previous Post

Country of
Previous
Post

Assoc. Professor of Medicine,
Harvard Medical School /
Mass General Hospital
Postdoctoral Research Scientist,
Adolf-Butenandt-Institut,
Munich
Postdoctoral Fellow, Imperial
Cancer Research Fund,
London
Assistant Professor, State
University of New York,
Brooklyn
Independent research position,
MPI for Biochemistry,
Martinsried
Junior Group Leader, MPI for
Developmental Biology,
Tübingen
Head of Laboratory of Gene
Therapy Research,
Copenhagen University
Hospital
Postdoctoral Fellow, MPI for
Developmental Biology,
Tübingen
Postdoctoral Fellow, University
of Cologne
Research Assistant Professor,
State University of New
York, Brooklyn

USA
D
UK
USA
D
D
DK

D
D
USA

continued on next page
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Ewan Birney (UK)

Team Leader, Hinxton

*Rob Russell
(UK/CAN)
*Isabelle Vernos
(E, F)
* Manfred Weiss
(D)

Team Leader, Structural &
Computational Biology
Team Leader, Cell Biology &
Biophysics
Team Leader, Hamburg

*Hassan Belrhali
(F/Maroccan)
Christopher Enroth (S)
* Jean-Pierre Guilloteau
(F)
*Olga Mayans (E)

Staff Scientist, Grenoble

* Andrew McCarthy
(Irish)
François Nédélec (F)

Staff Scientist, Grenoble

*Carlo Petosa (I/CAN)

Staff Scientist, Hamburg
Staff Scientist, Grenoble
Staff Scientist, Hamburg

Staff Scientist, Cell Biology &
Biophysics
Staff Scientist

*Raimond Ravelli
(NL)
*Andrea Schmidt (A)

Staff Scientist, Grenoble

*Young-Hwa Song (D)

Staff Scientist, Hamburg

Thomas Surrey (D)

Staff Scientist, Cell Biology &
Biophysics

Staff Scientist, Hamburg

xv

PhD fellow, University of
Cambridge/Sanger Centre
Senior Investigator, SmithKline
Beecham, Harlow
Staff Scientist, Cell Biology &
Biophysics
Senior Research Assistant,
Institute of Molecular
Biotechnology, Jena
Beamline Scientist, ESRF
Grenoble
Lecturer, University of Skövde
Team Leader, Aventis Pharma,
Paris
Postdoctoral Fellow, EMBL
Hamburg
Postdoctoral Fellow, University
of Auckland, Auckland
Postdoctoral Fellow, EMBL
Heidelberg
Postdoctoral Fellow, EMBL
Grenoble
Postdoctoral Fellow, ESRF
Grenoble
Postdoctoral Fellow, EMBL,
Hamburg
Research Assistant, MaxPlanck-Unit of Structural
Molecular Biology, Hamburg
Postdoctoral Fellow, EMBL
Heidelberg

UK
UK
D - EMBL
D
F
S
F
D - EMBL
NZ
D - EMBL
F - EMBL
F
D - EMBL
D
D -EMBL
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Data on Departures and new positions of EMBL Faculty
Staff Scientists and Group Leaders who left
or announced their departure from EMBL in 2000/2001
Name

Position at
EMBL

Programme
at EMBL

Klaus Rajewsky
*Dirk Bohmann

Coordinator
Senior Scientist

Kai Simons

Senior Scientist

*Tewis Bouwmeester

Group Leader

Carlos Dotti

Group Leader

Anthony Hyman

Group Leader

Rüdiger Klein

Group Leader

Marek Mlodzik

Group Leader

Michael Nilges
Bertrand Séraphin

Group Leader
Group Leader

Monterotondo
Developmental
Biology
Cell Biology &
Biophysics
Developmental
Biology
Cell Biology &
Biophysics
Cell Biology &
Biophysics
Developmental
Biology
Developmental
Biology
Structural Biology
Gene Expression

Irmi Sinning
Francis Stewart

Group Leader
Group Leader

Structural Biology
Gene Expression

Michael Way

Group Leader

Marino Zerial

Group Leader

Ingeborg Feil
Ana González

Staff Scientist
Staff Scientist

Cell Biology &
Biophysics
Cell Biology &
Biophysics
Hinxton
Hinxton
Cell Biology &
Biophysics
Hamburg
Hamburg

Ulrich Kalinke

Staff Scientist

Monterotondo

Wojtek Rypniewski

Staff Scientist

Hamburg

Roelof van Silfhout

Staff Scientist

Hamburg

*Geoff Barton
Team Leader
Patricia Rodriguez-Tomé Team Leader
Suzanne Eaton
Staff Scientist

xvi

New Location

Harvard Medical School
University of Rochester

Country of
New Location
USA
USA

MPI Dresden

D

CellZome, Heidelberg

D

Universitá degli Studi di
Torino
MPI Dresden

I

MPI of Neurobiology,
Martinsried
Mt. Sinai University
Pasteur Institut, Paris
CGM-CNRS, Gif sur
Yvette
University of Heidelberg
Technische Universität,
Institut für
Mikrobiologie
Imperial Cancer Research
Fund, London
MPI Dresden

D
D
USA
F
F
D
D
UK
D

University of Dundee
GeneBio, Geneva
MPI Dresden

UK
CH
D

Structural GenomX
Stanford Synchroton
Radiation Laboratory

USA
USA

Institut für Molekulare
Biotechnologie, Jena
University of Manchester,
Institute of Science
and Technology

D
UK
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service would be set up as a broad-access
European facility.

technology advice open, it is run in a such a
way that it draws a clear line between the
service function and the scientific and
technological development projects of the
faculty. By placing both the ALMF and the
new facilities within the context of a new
Programme, we aim to continue this
important distinction. Furthermore, we can
better coordinate the facilities as a whole, and
plan in a broader perspective how to best
address present and anticipated needs of our
scientific community both in Heidelberg and
at the Outstations. Each facility will be
headed by an expert scientist, with technical
input from appropriate Group Leaders. The
heads of facilities will have autonomy to
pursue their service function, while at the
same time they will benefit from professional
overall management, including both
negotiation with manufacturers and guidance
as to the adjustment of relative priorities and
resources, as the scientific usage dictates. To
provide this overall management, we have
created a new Programme of Scientific Core
Facilities and Services, with Christian Boulin
as Coordinator. We expect to make these core
facilities more responsive to the intense and
shifting internal demands, as well as available
for training of other members of the European
scientific community (and eventually for
service provision, within the limits of
capacity).

SAGE and Sequencing
Facility
This facility is managed by Vladimir Benes
(ex-Biochemical Instrumentation) who is
highly experienced in SAGE and sequencing
methods, and we are also recruiting two
technicians. The facility stemmed from a
SAGE project initiated in the Developmental
Biology Programme together with Wilhelm
Ansorge’s group. The lab is now operational
and can run small scale sequencing projects.
Several new SAGE projects have recently
been started. Sequencing is currently carried
out with two Arakis sequencers. We also
evaluated several high-speed sequencers
before
negotiating
with
AmershamPharmacia and Applera about the purchase of
a capillary sequencing unit with higher
throughput, lower cost, and relative
simplicity of use. We obtained a good deal on
a package from Amersham-Pharmacia,
including their microarray technology, and
we will use their sequencing technology in
this facility. We expect to be able to offer
substantially expanded sequencing capacity
to internal uses as from July 2001.

At present, the ground work for the
establishment of five new scientific core
facilities is done. These facilities will
concentrate on the following activities:

DNA Microarrays
The development of glass microarrays, based
on cDNA, was pioneered at EMBL in 1999 by
Wilhelm Ansorge's group. It was accelerated
in the summer of 2000 by the formation of a
joint task force involving that group and
postdoctoral fellows from the Hentze and
Kafatos groups, and a one-month working
visit of one of its members to Stanford. While
the Ansorge team now emphasizes
construction of high-density chips for
mammalian genomes, the new Microarray
facility, also led by Vladimir Benes, has
broader tasks. In this facility, two technicians
are being recruited, and a complete line of
hardware/software
from
AmershamPharmacia for the production and analysis of
DNA microarrays is expected to be installed
in July 2001, as mentioned above. The core

- SAGE and Sequencing
- DNA Microarrays
- Mass Spectrometry
- Protein Expression and Purification
- Monoclonal Antibodies
Additionally, the formation of an electron
microscope facility for both structural and cell
biology studies has been decided in principle.
Matti Saraste promoted the formation of this
facility, which now will be dedicated to his
memory. Inclusion of a high field emission
TEM equipped with a helium-cooled
specimen stage suitable for tomography is
under consideration, in which case this
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facilities, and will cooperate and use the
available expertise in the Heidelberg facility,
in a manner that is under discussion.

facility will be responsible for producing
dense chips of smaller genomes (such as
Drosophila, Anopheles, yeast) and specialized
chips (sub-sets) for any desired genome. At
present, a collaboration with the Hentze lab
on chips for the study of genes involved in
iron metabolism in humans and mice is
ongoing, as are other projects using mosquito
and fly chips (4000 and 7000 features,
respectively). To ease sample preparation for
SAGE and sequencing as well as microarrays,
negotiations are underway for robotics
acquisition, and an automation expert is
being recruited.

Monoclonal Antibodies
This facility was established with the hiring of
Alan Sawyer in March 2001. Its immediate
goals are to move monoclonal antibody
production for the needs of EMBL to a highthroughput basis. A one-year feasibility study
will be carried out before deciding on the
future format, size and location of the facility.
The purchase of some robotics equipment
from TECAN under favourable terms was
negotiated; it will be delivered in July 2001.
One experienced technician is being hired,
and a scientific collaboration has already been
established to validate the first mass
production of monoclonal antibodies in a
functional genomics project.

Mass Spectrometry
This facility is managed by Dr. Thomas Franz,
an expert in mass spectrometry as well as
protein chemistry. The recruitment of two
technicians is in progress. A major success
negotiated by Dr. Matthias Wilm was the
signing of an agreement with Micromass to
install a Proteomics Visitor Lab. Through this
agreement, EMBL has obtained a complete
and functional proteomics line, comprising
2D gel electrophoresis equipment, gel
imaging, spot picking, MassPREP station,
MALDI instrument, Q-TOF instrument,
capillary HPLC and the required software on
an extended loan basis, including future
upgrades and personnel training. This
equipment is currently being installed and
tested, and the service will become functional
in late June 2001.

D. Capital Projects at
the Grenoble and
Hamburg
Outstations
Grenoble
EMBL proposes to develop a Partnership for
Structural Biology at Grenoble, together with
the ESRF and ILL. In this context, the
Grenoble Outstation plans to continue its
development of automation of synchrotron Xray beamlines and initiate a new activity for
automated
protein
expression
and
crystallization. In partnership with the ILL, it
will also establish a deuteration laboratory to
provide labeled samples for neutron
scattering
and
NMR.
These
new
infrastructures will be of significant benefit to
European structural biologists and in
particular should be seen in the context of
eventual European structural genomics
projects. The major expenditures associated
with this initiative over a two-year span are:

Protein Expression and
Purification
This facility, led by Dr. Arie Geerlof and two
assistants, has operated in its first phase since
late 1999 as a service of the Structural and
Computational
Biology
Programme,
providing technical assistance as well as
training to scientists for protein extraction
and purification. A good deal of expertise for
expression systems as well as purification
methods is already available. In future, the
facility will move to a higher throughput
operation. The Grenoble and Hamburg
Outstations are interested in comparable
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Hamburg

A new 1800m2 building located as an
extension to the EMBL Outstation building,
and shared by the three institutions. It will
be jointly financed by ESRF-EMBL-ILL
plus external funds. EMBL's contribution
has been fixed at 1MDM of which half will
come from central EMBL funds and half
will come from the Outstation budget. If
the Partnership for Structural Biology is
approved by the respective Councils, it is
expected that detailed planning can go
ahead and the building will be finished by
early 2003.

The Outstation has experienced an
approximately four-fold increase of users
over the last ten years. Because of funding
limitations, the beamlines have not kept pace
with developments in the field, and the space
used by the Outstation has neither expanded
nor been significantly upgraded. With some
savings made by the Outstation and central
EMBL contributions from the capital
equipment budget, beamlines are now being
remodeled and some building expansion and
improvements are scheduled. These projects
will upgrade the work in the Outstation and
permit it to cope with the increased number of
users and their more sophisticated needs.
They will provide better external user
facilities, add necessary laboratory and
protein production facilities, and add office
space for both EMBL staff and users. The
projects are:

As part of the new infrastructure for the
programme, EMBL expects to pay 250
KEURO from the Outstation budget for
various biochemical equipment related to
automated expression and crystallization
(e.g. crystallization robot) over the next two
years.
As part of the programme for automated
sample environment on the ESRF
beamlines, EMBL has developed an
outstanding automated microdiffractometer and is developing an automated
frozen crystal sample changer. The recent
Outstation
review
enthusiastically
supported rapid commercialization of
these developments and indeed strong
interest has been shown by a number of
external synchrotron laboratories. As a
result, 125 KEURO has recently been
committed from central EMBL funds for an
advanced prototype of the automated
microdiffractometer, which can then be
commercialized. In addition, 300 KEURO
will be committed from the Outstation
funds for half the cost of purchasing a
commercial version of the microdiffractometer (the other half is expected to be paid
by the ESRF), which will then be installed
on a refurbished beam line, ID14-EH3.

Remodeling fan K. This fan hosts beamlines
X11, X13 (which is being rebuilt in part using
external funding) and X12 (a new MAD
beamline). In order to improve the efficiency
of the photon flux of all three beamlines, their
geometry has been changed. We are on time
with the work schedule, and a total of 800
KEURO have been committed for the various
beamline remodeling projects over two years.
Beamlines X11 and X13 are about to return
into operation; X12 will be commissioned
during the second half of 2001.
Building improvements. The plans are currently
being developed by a team of architects and
Ernst Heinmoeller (EMBL). Expected costs
amount to 800 KEURO over two years. We
anticipate, assuming approval by several
authorities, to start working at the beginning
of September 2001 and to complete this work
within a year. A new façade that will expand
the area of the building will also permit
internal remodeling and generate additional
laboratory and office space.

As regards the development with the ILL of
a deuteration laboratory for neutron
scattering and NMR, the EMBL
contribution will be largely in personnel
and expertise. The major capital
expenditure will be covered by the ILL and
hopefully external grants (one has been
made to the EU, and one to the
BBSRC/EPSRC in the UK).

E. News from the EBI
A major increase in funding for the EBI was
decided by EMBL Council in November 2000,
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(A) Wellcome Trust Support

resulting in the following total funding of the
EBI from EMBL funds over the next five years
(in 2001 prices).
Year

2001

MEURO 8.4

2002

2003

2004

2005

5 yrs.

9.4

9.9

10.9

11.4

50.0

1. Ensembl (E. Birney/G. Cameron): A joint
grant with Sanger Centre (R. Durbin/T.
Hubbard, M. Clamp). Total of ca. 12
MEURO over 5 years, equally shared
between EBI and Sanger. The aim of
Ensembl is to provide the reference view of
genome sequence data as a freely available
resource for scientists and the public.
Ensembl has been providing automatically
generated analysis of human genome
sequence since the end of 1999. Since the
completion of the working draft the
Ensembl team has been collaborating with
other international public bioinformatics
centres connected with the Human
Genome Project to provide an ordered
view of the working draft sequence for
researchers as quickly as possible. A full
analysis of the first version of the working
draft, in which the fragments of genome
sequence have been organized and
connected into a whole, has already been
made available via the Ensembl web site.

Complementing this core support, the EBI has
now received substantial competitive funding
for two of its major bioinformatics resources
from the Wellcome Trust and is about to be
awarded additional substantial funding from
the European Commission for four of these
resources. A joint Press Conference was held
with the EC in London on Wednesday 16 May
to announce the EC decision. Graham
Cameron coordinated the application process,
working with the respective team leaders.
Information concerning these bioinformatics
resources, their mission, the EBI applicants
and EC funding expected is summarized
below.
It will be seen that the EBI is expected to
receive 12.9 MEURO from the EC for 3 years
plus 8.5 MEURO from the Wellcome Trust
over 4 to 5 years. This is a substantial addition
to our core funding. To maintain perspective,
it should be noted that the annual NCBI
budget in 2001 is 48 MEURO – we still have
work to do!

2. European Macromolecular Structure Database
(G. Barton/G. Cameron): Total of 2.5 MEURO
over 4 years. Support of EMSD, directed to
the following goals: 1. To ensure that the
core database systems developed are
always secure and available; 2. To provide
training and assistance for scientists in how
to make best use of the new systems; 3. To
integrate the EBI-MSD with SWISSPROT/TrEMBL, Ensembl and other EBI
databases; 4. To provide support for groups
developing secondary databases derived
from structural data; 5. To integrate data
from 3D-EM with those from X-ray and
NMR techniques.

The EBI and its partners will be submitting a
major application for support under the EC
"integrated projects" call for proposals. Once
the new Director of the EBI is appointed, the
Wellcome Trust, the MRC and the EPSRC will
also open their bioinformatics research
funding schemes to applications from the EBI.
For now, the competitive grant support that
has been approved is as follows:
Acronym

Total Request

Total Award

EBI Request

EBI Award

INTEGR8

7,251

6,744

4,692

4,364

EMSD

6,077

6,077

4,845

4,845

DESPRAD

5,058

4,704

3,380

3,144

INTACT

2,001

1,881

565

531

20,387

19,405

13,483

12,884

6,796

6,468

4,494

4,295

Total all 3 projects
Total per year (average)
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(B) EC Funding

technology. In recent years, microarray
technology has become the most important
tool in the analysis of genome-wide gene
expression studies. The ultimate goal of a
microarray experiment is to simultaneously examine the expression of all genes
of a specific organism.

The EC has approved four major
collaborative
bioinformatics
grant
applications in which the EBI has a major
involvement. Three of these grants are
coordinated by the EBI, and all four will be
bundled in a "cluster project" coordinated
by the EBI.

The funding will be as follows (all in
KEURO, rounded). The table presents the
request and the amounts awarded, as well
as showing the amount which should come
to the EBI (cuts spear evenly). The standard
negotiation process is taking place, but it is
expected that the Awards will be as shown
in the table on the previous page.

INTEGR8 – Integrated gene-centric view
of biomolecular databases (Leaders: R.
Apweiler and G. Cameron)
EMSD – Macromolecular structure
database (Leaders: G. Barton and G.
Cameron)

Thus, the expected EC funding over 3 years
for the "cluster project" as a whole is 19.4
MEURO, of which 12.9 MEURO will be
directed to the EBI. This is by far the
biggest bioinformatics award ever given by
the EC, and represents an important
milestone in the evolution of European
support for bioinformatics. The partners of
the EBI are 25 different organizations from
11 nations (BE, CH, DE, DK, ES, FR, IL, N,
NL, SE, UK).

DESPRAD – Microarray informatics and
database (Leaders: A. Brazma and G.
Cameron)
INTACT – Repository for protein-protein
interaction data (Leader: Martin Vingron,
Max Planck Berlin)
The aims of the four component projects of
the EC "cluster grant" are as follows.
Integr8 will combine various aspects of
classification and characterization of genes
and
proteins
to
improve
the
interoperability of biological databases by
building an integrated layer for the
exploitation of genomic and proteomic
data.

F. Technology Transfer:
Status and Projects
1. General overview

IntAct will establish a database of proteinprotein interactions, lying at the heart of
most biological processes in the cell. The
establishment of a standard representation
will help to unlock the full potential of
protein-protein interaction data by greatly
facilitating
the
combination
and
comparative analysis of data from multiple
data sources.

EMBL has taken a very active and pro-active
position in respect to technology transfer in
the last four years. The outcome has been a
clear demonstration of the principle, that
dynamic new industries are developed
around centers of excellence in research. Six
new companies in genomics, bioinformatics
and biotechnology have already been formed
with technology input from EMBL during this
period, and one of them (LION AG) has
already had a very successful IPO three years
after its formation.

EMSD will establish a database of 3D
macro-molecular structures. The work in
this project will provide a vital research
infrastructure for future studies in
molecular biology including large-scale
functional and structural genomics
programmes.

To promote and sustain this active
involvement in technology transfer at a
professional level, EMBL has created one
important instrument, a wholly-owned
Technology Transfer and commercialization

Finally, DESPRAD will establish a
database on the emerging microarray
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company, EMBL Enterprise Management
GmbH (EMBLEM). On the advice of its
Supervisory Board, EMBLEM is now in the
process of creating two additional
complementary instruments. These are an
"incubator" building to house and provide
key services to start-up companies and to
promote similar activities elsewhere in EMBL
member states (International Technology
Transfer Center, ITTC); and an investment
fund concentrating on pre-seed and seed
financing
of
biotechnology
start-up
companies emerging from EMBL, and from
elsewhere in EMBL Member States (EMBL
Technology Fund, ETF).

The EMBL vision, plan and existing policies
governing technology transfer (which are
available to all EMBL personnel) have been
broadly communicated by the DirectorGeneral in the EMBL internal newsletter
(EMBL&cetera, Issue 5 - October 2000), and
orally in presentations in Heidelberg, at the
Grenoble Outstation and at the EBI. To
preserve academic freedom, it is clear to all
that individual scientists can decide whether
or not to commercialize an invention, but
once that decision has been made,
commercialization itself is implemented
professionally by EMBLEM. The governing
policies and the documents pertaining to
Technology Transfer, such as NDAs, MTAs
etc., are available via the EMBL intranet. The
aim is to make the EMBL policies transparent
to both our scientific staff and to our external
industrial partners. By channeling all
technology transfer matters via EMBLEM, we
provide
a
"one-face-to-the-customer"
interface to both internal (EMBL) and external
(industrial) partners. EMBLEM ensures a
professional and efficient service towards
both sets of customers, and additionally
endeavours to communicate to the scientific
staff of EMBL both the advantages and pitfalls
of technology transfer. The objectives are to
ensure that commercialization has a beneficial
impact on EMBL without endangering the
highly successful "open" information policy
within the Institute and without "technology
poaching" by industrial partners.

The recent period has involved planning for
EMBL-ETF and EMBL-ITTC, and gearing up
EMBLEM. The interim managing director of
EMBLEM, Prof. Bernhard Hirt, handed over
to the new managing director of the company,
Dr. Gábor Lamm, in October 2000. In the past
6 months the company has been focusing on
five priority topics:

2. Detailed report on activities
of EMBLEM
a. Setting up a Functional
Technology Transfer Enterprise
EMBLEM recruited an Administrative
Assistant in February 2001, a new Technology
Transfer Office in April 2001, and a Business
Development Manager, who will start in July
2001. External companies have been sourced
for IT-, Legal-, Patent-, and Financial
consulting. The financial transactions
between EMBLEM and EMBL are being
reviewed and adjusted to maximize efficiency
and reduce financial risk for the Laboratory.
The office infrastructure is now in place and
functional. Corporate design, including
presentation flyers and the internet profile, is
underway and is expected to be completed by
December 2001.

c. Efficient IP Protection
and Commercialization
EMBLEM is pursuing a proactive approach
both in sourcing new IP from the scientific
staff of the institute as well as in the
commercialization of protected IP. For the
former, scientific staff is helped and
consultancy is provided even at the very early
stages of IP development. For optimal
leverage, availability and efficiency, EMBLEM
is also maintaining an office at EMBL. Our
aim is to transfer the time-consuming burden
of patent application, patent management
and commercialization from the scientific
staff to EMBLEM, and to ensure that ideas

b.Communication of the
Intellectual Property (IP) and
Licensing Policy of EMBL

xxii

DIRECTOR-GENERAL’S REPORT

3. The International
Technology Transfer Center
(ITTC) at EMBL

with commercial value are protected in a
timely manner, if the scientist so wishes.
For commercialization EMBLEM is actively
building a network and intensifying
cooperation with industrial partners in order
to attract them to EMBL's IP portfolio at an
early stage. Apart from direct industrial
contacts they are working on a project to post
our IP Portfolio with summary descriptions
on the homepage of major technology
database providers. The aim is to "reach" the
commercial market early, and hence to:

Land suitable for the ITTC is available to
EMBL, and has been committed to this
project. The ITTC is beginning with putting
up a prefabricated building to accomodate
immediate needs of two existing dynamic
start-up companies for approximately four
years (Phase Zero). The next Phase (I) is being
planned in detail currently, with construction
scheduled to begin in 09/01 and be completed
in 03/03. It entails a dedicated building of
9,300 m2 including laboratories, offices and
associated facilities and services, as well as a
parking
garage
with
450
places
(approximately the number of employees
expected to be recruited in the ITTC-located
companies). A second Phase (II) of
comparable size is also planned, and will be
initiated as soon as the demand and
occupancy of Phase I require.

i. engage the interest and the active,
geographically-wide participation of
industrial
partners
in
technology
development; and
ii. to balance patent costs vs. licensing income
by increasing the number of licensed
patents before the patent procedure
reaches the national (and hence extremely
expensive) phase.

The ITTC will be built in the form of flexible
modules to be leased to companies that may
differ widely in size and requirements. It will
also house EMBLEM itself and associated
financial and managerial services, to facilitate
the process of technology transfer and
company formation. Some of the services
would be addressed specifically to companies
setting up locally (e.g. Internet provision), but
many would be useable whether the
technology transfer is made locally or
elsewhere. The latter type of services could
also address the needs of start-ups that
relocate elsewhere, joint projects between
EMBL and entities in the member states, and
potentially the needs of some institutions of
member states that might not have access to
comparable local services.

EMBLEM is also working with EMBL toward
the implementation of two instruments
approved by EMBL Council: the EMBL-ETF
and EMBL-ITTC (the latter including interim
space).

d.EMBL-ETF
EMBLEM has engaged in negotiations with
several international as well as more regional
Venture Capital companies (VCs) and
investment banks including the European
Investment Fund (EIF). The ETF will have a
first target capitalization of ca. 10 MEURO
and will concentrate on pre-seed and seed
financing of biotech companies emerging
either from EMBL or from Member States of
EMBL. The ETF will have an on-site Fund
Manager to provide maximal support for
EMBL staff and to ensure EMBL interests. The
ETF is currently being structured together
with the potential partners with the aim of
getting the Fund off the ground by late 2001.

EMBLEM and EMBL have been engaged
jointly in putting together the financing for
the EMBL-ITTC as well as in structuring the
various building phases and facility
requirements. A loan of up to 29 MEURO has
been approved by the European Investment
Bank, and the actual level and conditions of
the loan will be negotiated shortly. The
securing of financial support from the State of
Baden-Württemberg and/or the Federal
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Government is still being explored. The plans
for the ITTC have been submitted to the
building commission of the City of
Heidelberg and are pending approval due in
June 2001. Expected commencement of
construction is September 2001 and
completion
of
Phase
1
including
infrastructures such as a canteen and a
materials store is due in April 2003. Estimated
building costs, including the parking garage,
are ca. 28 MEURO.

core, EMBL has created and operates
specialized Outstations in Hamburg,
Hinxton, Grenoble and Monterotondo.
Furthermore, it has pursued extensive
outreach activities to the Member States
through its substantial advanced training
activities, through the visitors and service
programmes, and through the numerous,
highly dispersed alumni generated by the
staff turnover system as well as by the natural
turnover of the postdoctoral and PhD fellows.
The public information activities of our Office
of Information and Public Affairs, and the
Science and Society activities complete this
pattern of outreach.

Until the ITTC is commissioned, both
EMBLEM and EMBL are intent on providing
– as far as possible – interim space for young
EMBL spin-out companies. The rationale
behind this is two-fold: first, to ensure
optimal cooperation between Start-Ups and
the EMBL founding scientists (proximity),
and second, to ensure full occupancy of the
ITTC upon commissioning.

By history and by a long-standing mutually
supportive relationship, EMBL has a deep
partnership with EMBO/EMBC, though
these organizations are distinct and
autonomous. This partnership developed
further this year as set out below. EMBL and
other
European
intergovernmental
organizations, such as CERN, also have a
parallel history and mission but until recently
our links were quite limited; this has also
changed over the past year in a positive
direction. Collaboration with the EU has had
its ups and downs over the years, but a
remarkable
strengthening
of
this
collaboration has resulted from the
appointment of Philippe Busquin as
European Commissioner for Research. In the
recent period, EMBL has interacted very
positively with the EU at the level of exchange
of views, science policy initiatives as well as
funding, as described below.

4. Start-Up Companies
in 2000
During 2000, three new Start-Up companies
were established, with EMBL holding an
equity stake:
1. CENIX GmbH – aims to decipher gene
function using C. elegans as a model
system, and has now moved to Dresden
and closed its first found of financing;
2. Cellzome GmbH – focuses on Proteomics,
is on-site in Heidelberg, and closed its
second round of financing in March 2001;
3. Gene Bridges GmbH – builds on novel
genetic engineering technology and is at
an early stage

1. Science and Society
activities

G. Collaborations and
Outreach

Our Science and Society programme
continues to be active. An impressive event in
the year 2000 was a joint EMBL/EMBO
Conference, "Developing a New Dialogue". It
brought together an excellent group of
scientists, senior biotechnology and pharma
industry executives and communicators and
thinkers about science (journalists, legal
experts, politicians, social scientists). Their
presentations, vivid discussions (with
audience participation) and informal

As an institution with a deep and longstanding
commitment
to
scientific
advancement and integration in Europe,
EMBL has an outgoing, collaborative and
inclusive orientation. Using the Main
Laboratory in Heidelberg as the essential
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cut the tape to open the building formally. In
my brief remarks at the beginning of the
symposium in the EMBL Operon, I referred to
the history as summarized above, and made
the following comments.

discussions among participants in this threeday conference created a remarkable
excitement and interest for deepening this
reflection: learning and thinking seriously
about the social benefits and potential
problems from the applications of biomedical
advances, and about the proper decision
process on such matters; decision-making
compatible with the nature of science,
democracy and our economic system. Halldór
Stefánsson deserves great credit for this
superb event.

"It is a great personal pleasure, and an
institutional symbolism, that I am here to
welcome you to EMBL, to celebrate the
opening of the EMBO Building.
It is a personal pleasure because, as a member
of EMBO for more than 20 years, and a
former member of EMBO Council, I have a
strong loyalty to EMBO as well as to EMBL.
It has institutional symbolism, because
EMBL and EMBO have been linked since the
very beginning of their history. Thanks to the
mutual commitment of the officers of both
organizations, they have remained closely
linked as partners throughout the years.

Throughout the year, the normal activities of
the reading club and the EMBL Forum on
Science and Society continued. The Forum
included some excellent lectures and an
organized panel discussion. Both Halldór and
I contributed to the core PhD student course
with discussion sessions on topics at the
interface of science and society.

We at EMBL trace our origin to December
1962, when John Kendrew, Jim Watson, Leo
Szílard and Victor Weisskopf met in Geneva
to make plans for the molecular biologists'
CERN, the EMBL. In August 1963, a
conference in Ravello, Italy, saw the concept
of EMBL endorsed by a gathering of the
luminaries of European molecular biology,
and a programme of fellowships, courses and
research grants was proposed and added.
This programme led in 1966 to the
establishment of EMBO. We are grateful to
EMBO that, through its Special Project
headed by John Kendrew, it continued to
pursue the original concept of EMBL and
ultimately brought it to fruition with the
signing of the EMBL agreement in 1974. The
EMBO Council in 1975 resolved that the DG
of EMBL would attend its meetings ex
officio. Conversely, the first DirectorGeneral of EMBL, John Kendrew, invited
EMBO to be housed free of charge at EMBL,
thus giving a material basis to our
collaboration.

2. The EMBO Building
In the early years of EMBL, in recognition of
shared history and mission, the first DirectorGeneral, John Kendrew, invited the small
EMBO Secretariat to come to Heidelberg and
be housed in the EMBL building, free of
charge. Ever since, EMBL has hosted EMBO.
When the EMBO space needs began to grow
rapidly with the recent expansion of EMBO
activities, and outgrew the available space at
EMBL, the Executive Director of EMBO and I
agreed on the solution: a new EMBO office
building funded by EMBO but built on land
made available by EMBL, with considerable
technical assistance and expanded provision
of utilities and services by the Laboratory.
This project received the appropriate
approvals and has now materialized. Since
the building sits on EMBL land it is
technically owned by EMBL, and has been
leased to EMBO for 50 years, for a peppercorn
rent of 1 Euro per year.

The leaders of EMBO and EMBL have led
them in a manner that has ensured mutual
support of the two organizations. Frank
Gannon and myself moved at the same time
to Heidelberg in January 1994, and have
continued and amplified this tradition. A
revised institutional agreement that we
drafted later made us special advisors of each

The spacious new EMBO building was
inaugurated in May 2001, in a nice celebration
and symposium on the theme of EMBO
through time. Max Perutz started the events
with a speech (charming and lucid as always),
recollecting EMBO's early history and its
interdigitation with the EMBL Project; he also
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EMBL is linked to the YIP by history and
mission. The EMBL proposal in 1993 to
establish "Regional Groups" ultimately served
as the stimulus for the Swiss delegation to
propose the YIP Programme in the context of
the EMBC. Furthermore, it was agreed with
EMBO/EMBC that EMBL will function as the
"Laboratory of Reference" for the YIP. The
standards employed in the choice of EMBO
YIs should be similar to those applied in
selecting new group leaders at EMBL
(although the selection procedures are
necessarily very different). EMBL and EMBO
are cooperating to make EMBL as accessible
as is feasible to the YIs. After each selection
round, all the EMBO YIs will be invited to
participate in a meeting at the EMBL Main
Laboratory. The meeting will include:
scientific presentations from newly-chosen
YIs in sessions chaired by EMBL Programme
Coordinators; introductions to EMBL, its
Scientific Programmes and Outstations and
its facilities; informal interactions and
discussion with members of an EMBL Unit
chosen by the YI; and visits to the laboratory
facilities (ALMF, Mass Spectrometry, DNA
Microarray facilities, etc.). The intention is to
familiarize the EMBO YIs with EMBL's
facilities and its scientific staff in order to
maximize interaction.

other ex officio. I have consistently
supported the drive to expand the activities of
EMBO, with the Science and Society
Programme and the Young Investigator
Programme as important landmarks.
We consider that the two organizations are in
many respects complementary, and converge
on a shared core mission, supporting the
development of Molecular Biology in Europe
in the broadest sense. To support this
mission, we work in parallel and whenever
appropriately together, acknowledging in full
each other's special features, independence
and requirements. Therefore, when the
growth of EMBO's programmes and staff
outgrew the available accommodation in
EMBL, the Laboratory gladly gave to EMBO
the opportunity to build their own building
on our land, and will service it free of charge.
In summary, I am pleased to welcome you as
the head of an organization separate from,
but closely linked to EMBO: in the past, in
the present and in the future."

3. Involvement of EMBL
in the EMBO Young
Investigator Programme

4. EIROFORUM

EMBO/EMBC have recently initiated its
Young Investigator Programme (YIP), whose
purpose is to identify the best young
independent scientists in the EMBC member
states. The chosen Investigators will be, as a
rule, no more than eight years after the award
of a PhD and will have been independent for
a maximum of three years. As the programme
develops, it is hoped that the member states
will provide 15,000 Euros per year for three
years to each investigator. In addition, the
status of the Investigatorship should be of
help in obtaining funding from national and
international funding agencies. The EMBC
budget will be used to cover the costs of
administering the YIP. In addition, at least for
the first three years, a sum of 500,000 Euros
will be provided by EMBO to a subset of the
YIs on the basis of specific requests and needs.
In the recent first round of selection 56 YIs
were chosen from a total of 415 applicants.

EIROFORUM is a new initiative to coordinate
appropriate activities of the European
Intergovernmental Research Organizations
which operate major laboratories and
facilities. It provides a biannual informal
forum where the heads of the EIROs and their
top associates (in EMBL's case, Scientific
Coordinator Iain Mattaj) meet to discuss
common interests and problems. Preparations
of and follow-up to the meetings are provided
by a Working Group consisting of senior
associates (in EMBL's case, Christian Boulin
and Graham Cameron). The desirability of
creating such a forum became obvious during
the meeting "European Science Beyond 2000"
organized by Minister Jose Mariano Gago of
Portugal during that country's presidency of
the EU. At that meeting it was evident that
existing Intergovernmental Organizations
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(CERN, EMBL, ESA, ESO, ESRF, ILL,
JET/EFDA) were not being used or consulted
optimally by either governments or the EU in
the development of European science policy.
The heads of the above organizations decided
that one mechanism to ameliorate this was to
increase the information exchange and

cooperation between the Intergovernmental
Organizations themselves, and thereby
increase collectively the interaction with the
European Commission. The EC has strongly
encouraged this initiative. The charter of the
EIROFORUM is attached for further
information.

EIROFORUM Charter
Since the early 1950s, a number of powerful research infrastructures and laboratories which are
used by an extensive network of scientists have been developed and deployed within Europe
by European Intergovernmental Research Organisations (EIRO). These organisations have set
up a co-ordination and collaboration group (EIROFORUM) with their Directors General or
equivalent as its members.
A primary goal of EIROFORUM is to play an active and constructive role in promoting the
quality and impact of European Research. In particular the group will be a basis for effective,
high-level inter-organisational interaction and co-ordination. It will mobilise its substantial
combined expertise in basic research and in the management of large international projects for
the benefit of European research and development. This will be possible by exploiting the
existing intimate links between the member organisations and their respective European
research communities.
The aims of EIROFORUM are, in particular, to:
1. Encourage and facilitate discussions among its members on issues of common interest,
which are relevant to research and development.
2. Maximise the scientific return and optimise the use of resources by sharing relevant
developments and results, whenever feasible.
3. Co-ordinate the outreach activities of the organisations, including technology transfer and
public education.
4. Take an active part, in collaboration with other European scientific organisations, in taking
a forward-look at promising and/or developing research directions and priorities, in
particular in relation to new large-scale research infrastructures.
5. Simplify high-level interactions with the European Commission (EC) and enable an
effective response to specific requests for expert advice in the areas covered by the member
organisations.
6. Provide co-ordinated representation to the outside world including the general public,
national governments, non-European countries etc.
EIROFORUM Members:
European Organization for Nuclear Research (CERN)
European Molecular Biology Laboratory (EMBL)
European Space Agency (ESA)
European Southern Observatory (ESO)
European Synchrotron Radiation Facility (ESRF)
Institut Laue-Langevin (ILL)
European Fusion Development Agreement (JET-EFDA)
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5. Interactions with the EU

operation. He seemed impressed by the great
flexibility of EMBL, its collaborative and
interdisciplinary structure, multifaceted
mission, services to the scientific community,
unique turnover system, uncompromising
focus
on
excellence
coupled
with
inclusiveness, and independence of young
investigators. He was especially interested in
our combination of a focus on basic research
with a proactive and successful technology
transfer programme. Subsequent contacts
with the European Investment Bank have
resulted in the EIB offering a loan of up to 29
MEURO for the construction of the ITTC (see
above).

No scientific institution in Europe can be
indifferent to the programme of the European
Commission for Research and Technology
Development. Indeed, EMBL has been
interacting with this programme and the
relevant European Commission (EU) services
for a long time: positively in some periods,
less so at others. In 1994, we signed with the
then Commissioner, the late Professor
Antonio
Ruberti,
an
Administrative
Arrangement to facilitate EMBL/EU
cooperation. The EU played a vital role in
supporting the EBI at its early stages, but this
collaboration ended abruptly in the summer
of 1999, throwing into crisis the finances of
the EBI (and of our neighbour at
Monterotondo, EMMA). More recently, a
fundamental
improvement
in
our
cooperation came with the appointment of
Philippe Busquin as the Commissioner for
Research (see also the section on the EBI
above). Besides the changes affecting EMBL,
Mr. Busquin has brought in a new approach
of vital importance to the overall prospects of
science at the European level. His visionary
initiative
for
promoting
integrated
cooperation in European Science ("Towards a
European Research Area") has rapidly
developed into an effective framework for
receiving informed scientific advice from
across Europe, and for responding to the
current opportunities and challenges with the
formulation
of
effective
European
interventions, based on scientifically valid
priorities and mechanisms. At the time of
writing, these changes are culminating in the
EC proposal of a radically improved
Framework Programme, in which biomedical
post-genomics research is a high priority.
New instruments (networks of excellence,
integrated projects), reinforced efforts for
training and mobility of young scientists, and
renewed emphasis on infrastructures are
aspects of the research framework proposal
with which EMBL strongly agrees.

An example of the prevalent high regard for
EMBL in Brussels was the invitation for the
Director General to join Commissioner
Busquin and the President of the European
Investment Bank (EIB), Philippe Maystadt,
for a joint press conference in Brussels on June
8, 2001. The occasion was the signing of an
agreement between the EC and the EIB to
strengthen cooperation in order to boost
research and technological innovation in
Europe by offering complementary, although
independent, forms of financial support to
researchers. This agreement is part of a
European strategy agreed at the highest
political level.
In Lisbon in March 2000 the European
Council set the goal of becoming "the most
competitive and dynamic knowledge-based
economy" and stressed the need to work
towards the creation of a genuine "European
Research Area." In particular, it asked that the
necessary steps be taken to improve the
networking of research activities and to
improve the investment in research and
technology. It also welcomed the contribution
which the European Investment Bank was
ready to make with the "Innovation 2000
initiative" (i2i). Furthermore, at the Stockholm
meeting in March 2001, the Council
emphasized that Europe must do more to
harness research and finance talent to ensure
that European ideas reach the European
market place first. The Community research
Framework Programme should therefore
make full use of its new instruments to bolster
excellence in research and innovation,
integration and joint implementation of

The Commissioner visited the EMBL in
Heidelberg in July 2000 and had the
opportunity to discuss with us the key aspects
of functional genomics, the EMBL Scientific
Programme, and the Laboratory's mode of
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national programmes. Moreover, the
Stockholm European Council welcomed the
continued implementation of EIB's "i2i"
initiative and invited the Bank to further step
up its support of R & D activities.

towards functional proteomics, notably
the methodologies for isolation and
analysis of protein complexes and the
improvements of mass spectrometric
techniques.

EMBL was invited to participate in the joint
press conference, to present a concrete
example of how the concerted action of the
EC and EIB can promote research and
innovation. The example described was the
recent approval by the EC of the 19.4 MEURO
"bundled project" on bioinformatics led by the
EBI, and the approval by the EIB of a loan of
up to 29 MEURO for the construction of the
ITTC "incubator" of EMBL.

4. Within
the
budgetary
provisions
(Indicative Scheme) that will be made
available by Council for 2001-2005, I will
do all I can to provide the recommended
instrumentation and other support for this
Programme.
This
will
include
interdisciplinary support in informatics
via the Structural and Computational
Biology Programme.
5. Important recommendations concerning
service facilities were made by this panel,
and will be implemented. The key concept
is professional core facilities, which serve
both EMBL researchers and visitors, and
are run separately from the instrument
development groups, both to be robust
and to avoid interfering with the
development efforts. This concept has
already been implemented with success
elsewhere at EMBL, in the Advanced
Microscopy Facility. Partly in response to
this review, we have placed the formation
and staffing of such core facilities at the
top of our priority list for increased
funding in 2001-2005.

Response of the Director General
to the report of the review of the
Biochemical Instrumentation
Programme
1. The review panel has emphasized that
Biochemical Instrumentation at EMBL has
played and continues to play a leading
role in Europe in developing state-of-theart methods and instruments for biological
research. W. Ansorge is seen as a world
leader in developing instruments such as
systems for DNA sequencing and cell
microinjection. M. Wilm is viewed as an
extraordinarily talented scientist, both
very
creative
and
focused,
as
demonstrated by his development of the
nanoelectrospray mass spectrometry
system. Needless to say, I concur with and
am very pleased by this assessment.

Response of the Director General
to the report of the review of the
Gene Expression Programme
1. I am not surprised but delighted at the
central conclusion of the SAC Review:
That in the period under review the Gene
Expression
Programme
achieved
exceptional quality in all four of its main
areas (chromatin dynamics, RNA
processing, nucleo-cytoplasmic transport
and mRNA translation). As stated, the
Programme is a major force on the world
scientific stage and of outstanding
importance for Molecular Biology in
Europe. This is a remarkable performance
for a programme that consists largely of
young investigators in their first
independent appointment, and it
represents EMBL at its best.

2. I note the panel's clear endorsement of
the strategic decision taken jointly by
Ansorge and EMBL, for his group to
focus its development efforts primarily
in the area of instrumentation for
functional genomics, notably on the DNA
microarrays. Other areas that have been
recommended for attention will need to be
explored as resources permit, in a manner
that does not dilute the primary effort.
3. Similarly, I concur with the panel's
endorsement of Wilm's main thrust
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2. Like the Review Panel, I give special credit
to the Coordinator, Iain Mattaj, who has
provided
outstanding
leadership,
thoughtful mentoring, and a stellar
example of exceptional personal science
and uncompromising scientific standards.
In his dual capacity as Coordinator of
Gene Expression and as Scientific
Coordinator of EMBL, he has done more
than anyone else to promote EMBL's
distinctive qualities of interactiveness and
interdisciplinarity; these are reflected in
the numerous fruitful collaborations that
the Panel noted in its Report, and in the
recent recruitment of an interdisciplinary
Group Leader at the intersection of Gene
Expression and Cell Biology.

outstanding work in areas of biology
relevant to medicine earned him the
prestigious Leibniz Prize. He also
contributes greatly to EMBL through his
work as Dean of Graduate Studies, as CoChair of our Molecular Medicine Focus
Group, and through his strong in-house
and
external
collaborations
on
translational control.

Response of the Director General
to the report of the review of the
Monterotondo Programme
1. I am gratified that the review panel was
impressed by the high standard of the
research presented by the current
Monterotondo scientists and by the new
recruit, Liliana Minichiello, who will be
joining them in the summer. The talent,
persistence and pioneering spirit of our
scientists, aided by the support of their
CNR hosts and neighbours (Institute of
Cell Biology headed by G. TocchiniValentini), has permitted a good start of
the programme.

3. As noted by the Panel, in the recent past
three excellent group leaders of the
Programme have moved to prestigious
professorships elsewhere; two more are
slated to depart soon. While these
departures are clear successes and are
consistent with the EMBL turnover
system, they do have the effect of
depleting the Programme, in terms of both
critical mass and breadth of coverage. This
loss was aggravated by the postponement
of replacement appointments as a result of
last autumn's funding crisis. Another
postponement was required to save funds
for investment in refurbishing dilapidated
laboratories of the Programme. This
conversion of research funds into capital
investment was most unfortunate, but was
necessitated by the acute financial
limitations. We hope that the next 5-year
budget will help EMBL avoid similar
problems in the future.

2. As the review panel recognised, the
Monterotondo plan has great potential,
but the circumstances have not been
favourable. The available budget has not
permitted the establishment of all 4 groups
that had been planned, leaving the
Programme subcritical. A correct budget
and expansion of the Programme to 6
groups is proposed in the new 5-year
Indicative Scheme. I note that the review
panel concluded independently that this
expansion,
including
budgetary
provisions for adequate facilities, is indeed
required.

4. I fully endorse the Panel´s recommendation of restoring the breadth of the Programme and adjusting its focus through
recruitments in the areas of chromatin
dynamics and functional genomics.
Indeed, the Programme is hoping to
recruit in these areas soon, subject to
availability of candidates that meet the
most exacting standards.

3. The panel referred to the superb
international standing of Klaus Rajewsky,
and urged that EMBL try to retain him
despite his attractive option of moving to
Harvard. They pointed out that his
requirements were perfectly reasonable,
and that similar needs would be expected
for any suitable successor. I deeply
appreciate the initiative of the panel to
facilitate the concrete formulation of these
requirements, which permitted me to

5. I also congratulate the current as well as
recently departed Group Leaders for their
notable successes. Special recognition is
due to Matthias Hentze whose
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make an offer to Klaus Rajewsky that he
acknowledged as satisfactory.
4. Despite our best efforts, K. Rajewsky ultimately
opted for Boston. I very much regret the loss of
this outstanding scientist from Monterotondo,
EMBL and Europe.
5. With the projected departure of the Rajewsky
group (ultimately including his staff scientist, U.
Kalinke), a search for another Group Leader will
begin immediately. In the early autumn an open
search for a Coordinator will be launched, on a
timetable that permits recruitment after the
financial commitment to a reinforced programme
is in place following the vote of EMBL Council on
the Indicative Scheme 2001-2005.
6. In the interim, W. Witke has been promoted to
Senior Scientist and appointed Acting
Programme Coordinator, with the clear
understanding that this appointment does not
preempt the open search for a Coordinator. In
addition to his excellent scientific credentials and
high productivity, Witke is congratulated for his
strong leadership qualities and demonstrated
commitment to the programme, for the
organization of which at Monterotondo he has
been largely responsible.
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Cells
and
their
cycles
T

here are roughly 100 trillion
(100,000,000,000,000) cells in
each of our bodies, and every one
was produced by division: the
initial fertilized egg split into two
daughter cells and then the
numbers grew, two by two. While
each of these divisions has to
happen with absolute precision, a
glance into a dividing cell reveals
what looks like utter chaos. Its
entire contents are thrown into an
organized uproar from which the
old order of things – or something
very close to it – has to reemerge.
This process begins with the
duplication of the DNA molecules.
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During division, these long molecules are knotted up into compact clumps
called chromosomes. The membrane that surrounds the nucleus is taken
apart and scattered throughout the outer cell compartment, called the
cytoplasm, disrupting the normal cell chemistry. And a complicated
network of microtubules – railway lines which shuttle millions of molecules
to their proper locations – is completely dismantled. Its building blocks,
called tubulin, are quickly recycled into new microtubules shaped like a
spindle. This structure's job is to grab the chromosome copies and pull
them in opposite directions, towards the locations where the nuclei of the
two new cells will form.
Many questions remain about how the cell manages all the feats of
coordination required to pull off the process. How does it create such a
high level of symmetry in order to divide? How are all the components
correctly positioned at each stage, and then finally at opposite poles of the
cell, so that when the two daughters are separated, each of them has
everything it needs? Most obvious and dramatic are the rearrangements of
the microtubule routes needed to get things to their proper destinations.
Proteins that walk along microtubules towing molecular cargoes
play a critical role in each step of the process. A recent review
listed dozens of such motors known to participate in the cell
cycle, and no doubt this number will increase greatly in
the years to come.
Several groups at EMBL have converged on
these themes, by plan or because another
course of inquiry has brought them there.
Questions range from investigations of
the basic physics of motor molecules,
to questions of the mechanics of
self-organization, to studies of
what can go wrong in the
development of an organism
when cells don’t manage
their symmetry properly.
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A gene that puts cells on hold
An organism’s development doesn’t consist of constant cell divisions and
continual growth. Different organs and parts of the body grow at different
rates, and controlling this growth means interrupting the cell cycle.
Where the cell cycle begins and ends is an enormously complex chickenand-egg question. Cells aren’t simply put on “pause”, then released for a
sudden burst of frenetic activity in which they divide. Instead, the process
is divided up into a number of stages that can be carefully controlled.
Individual steps can be put on hold, waiting for internal events or an
external signal that will trigger the next phase. Sometimes these stops and
starts play an important role in an organism’s development. Obvious
examples are changes in the rate of growth to form limbs or organs. But
such control is important even much earlier, at the stage when an organism
consists of a single cell or just a few cells.
ANGEL NEBREDA’S group, for example, has shown how unfertilized egg cells
(oocytes) of the frog Xenopus develop through a series of starts and stops
that depends on which proteins are being expressed. This is mainly
controlled by holding off the translation of RNAs which have been
produced by the mother and stored in the oocytes. The next step in the
cycle is ushered in by complicated interactions between numerous
signaling molecules.

JUAN MATA
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As animals evolved into creatures with many different organs and complex
limbs, their cells had to develop different control mechanisms for division.
This isn't a problem for single-celled organisms like yeast, which may only
need an internal coordination of events and phases. They shouldn't, for
example, try to divide before the chromosomes have been duplicated.
Animal cells differentiate, however – it is estimated that the human body
has well over 200 different types of cells – which raises the problem that
each type may need its own rules to coordinate the pace of division with
other events in the body.
A collaboration between PERNILLE RØRTH and Juan Mata, a postdoc from
ANNE EPHRUSSI’S lab, has led to the identification of a gene which tells cells
to stop dividing at critical phases in the lifecycle of the fruitfly. When a
fertilized egg begins to divide, the progeny spread out in a single layer that
closes to form an empty sphere, like a balloon. At a critical moment, some
of the cells migrate to the interior to become internal organs and tissue like
muscle; others develop into what will be the epidermis, or skin. Cells are
given their marching orders by a series of molecular signals that are
“broadcast” by other cells. Part of the process of inward folding involves
precise changes in cell shapes, and at those times they shouldn't divide –
because during division, cells have to become round. Mata and Rørth
discovered that a gene named tribbles stops cell division when cells need to
change shape in a precise and coordinated manner.

PERNILLE RØRTH
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Usually the process of division is kicked off by a protein called Cdc2.
Activating this molecule initiates an irreversible countdown to division. At
quiescent times, Cdc2 has to be kept inactive. The molecules that regulate
it are so important that they have survived virtually intact in species over
an extremely long span of evolution. Another protein, called String, acts
like an ignition key; it triggers the activation of Cdc2.
In fly embryos, the cell assembles all of the raw materials that it needs to
divide, but the process can't get going until something transcribes the string
gene. When this happens, in almost all of the embryo’s cells, the RNA is
translated into protein and immediately triggers cell division. But the cells
destined to become muscles – which must acquire specific shapes and fold
inwards – contain String RNA quite some time before they divide. Despite
high levels of RNA, they have very little String protein.
This naturally led to the question of what makes these tissues different. The
researchers found that the Tribbles protein controls the amount of String
that gets produced. It marks newly-synthesized String proteins with a tag
that tells the cell to take them apart. This keeps levels of String so low that
the process of division can't get started.
What would happen if an organism couldn't produce Tribbles? Rørth and
her colleagues examined the embryos of fruitflies whose cells contained a
defective, non-functional tribbles gene and found that embryos experience
early, severe deformations. Their cells are unable to coordinate cell division
and movement, and they divide as the tissue is in the process of folding
inwards. The fold becomes extremely irregular, and few of the embryos
survive.
The researchers discovered that tribbles affects cell division at other stages
of development, too, indicating that it is part of a general mechanism to
control cell division. It coordinates cell movements, decisions about the
pathway along which a cell will differentiate, and the process of division.
But this only happens in multi-cellular organisms, suggesting that one of
the prerequisites for the evolution of complex organisms was an extra level
of control for the timing of the cell cycle.

In embryos with a mutant
form of the tribbles gene
(bottom), cells divide at
times when the cell cycle
should be put on hold. The
enlargement shows that
they are dividing when they
should be moving.
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How do chromosomes get
to the center of the cell?
Like school children lined up to be counted before a field trip, freshlycopied chromosomes have to be carefully organized in a small space in the
middle of the cell and kept there awhile. Otherwise the cell would have to
go chasing them all over the place when it came time to pull them apart
with the mitotic spindle. The chromosomes form a flat, disc-like
arrangement called the equatorial plate. ISABELLE VERNOS and her colleagues
have been trying working on the molecules that aid the pairs in getting
there and staying there until it is time for them to be split up.
“Chromosomes are scattered throughout the nucleus after they are
copied,” Vernos says. “During mitosis they interact with the microtubules
that eventually will form the spindle. They oscillate between the equator
and the poles and have to be aligned at the spindle equator before they split
and move coordinately to the spindle poles. Segregating them accurately
depends on the attachment of all chromosomes to both spindle poles. And
for this to happen, microtubules have to be captured and stabilized at a
special region of each chromosome where an assembly of proteins gets
built, forming a structure called a kinetochore. Each chromosome carries two
such juxtaposed assemblies. Strong pulling forces are exerted at the
attached kinetochores and the whole chromosome, and this moves them
towards the poles with the arms dragging along.” She quickly sketches a
picture of a chromosome: it looks something like a butterfly, viewed from
the top. “Imagine pulling on this point,” she indicates the dark spot at the
middle. “What would happen to the arms? You would expect them to lag
along behind; the center would move first. This is actually what happens.”
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Earlier observations indicated that other forces come into play during the
oscillation phase, where the chromosome has to be pushed towards the
center. These pushing forces were called polar ejection forces and they were
active along chromosome arms. The combination of pulling at the
kinetochores and pushing along chromosome arms create oscillations that
eventually align all the chromosomes at the spindle equator.
The molecular nature of the polar ejection forces has been a mystery for
some time. One possibility was that the growing tips of microtubules were
simply forcing chromosomes away and towards the center of the cell. But
this idea wasn’t very satisfying as a single explanation – when a
microtubule hits something solid, like a chromosome, it usually becomes
destabilized. Something else seemed to be drawing or pushing the arms
towards the equatorial plate as well.
Researchers have been turning up many motor-like proteins that cluster in
specific locations on the chromosomes, including the arms, and these
might be involved in moving the chromosomes. Motors see microtubules
as one-way roads, because the single proteins called tubulin that are strung

CELIA ANTONIO, ISABELLE VERNOS

& ANGEL NEBREDA
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together to make them are asymmetric – the way
that a stack of cups has an obvious top and bottom.
So a microtubule is stacked in a particular direction,
as if you always began with a cup turned face-down
on a table and added new ones on the top. The
“plus” end is the top, which grows as you add to the
stack, and the bottom is called the minus end. Each
type of motor has its own way of gripping the stack,
allowing it to move in only one direction.
A motor called kinesin interacting with DNA (kid) had
been discovered on human chromosomes, but no
one knew what it did. Angel Nebreda and his
colleagues came across Xkid, a form of the protein in
the frog species Xenopus, while looking for proteins
that could prompt oocytes to move through
different stages of the cell cycle. Most of the work
that Vernos and ERIC KARSENTI have done with
spindles has been carried out in extracts taken from
Xenopus eggs in which it is possible to follow spindle
formation in the test tube. So Celia Antonio, a PhD
student supervised by Vernos, was able to quickly
check whether Xkid had any effects on spindles.

During cell division, the chromosomes should line
up in the center of the cell. Removing the protein
Xkid from cell extracts (below) leads to severe
misalignments of the chromosomes, although
spindles can still form.

“We found something very exciting: when you
remove Xkid from the extracts, you get bipolar
spindles – but their chromosomes are misaligned,”
Antonio says. “They don’t form an equatorial plate.”
By adding Xkid in again, she could restore the
proper positioning of the chromosomes. If the
chromosomes were already in place, well-aligned,
taking out Xkid caused the arms to drift outwards,
towards the spindle poles.
“This shows that Xkid is probably a major player in
the polar ejection forces that move chromosome
arms towards the spindle equator,” Antonio says.
“We think it's actively pushing the arms back
towards the equatorial plate if they drift off; this
push has to happen or the chromosomes won't
remain tightly aligned. Without that, they can't be
divided accurately. They spread out and it may be
that they get so entangled that they can't be
separated anymore.”
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How does the cell know when
the spindle is built correctly?
Once cells have pushed and pulled the chromosomes onto the central plate,
using interactions between microtubules, motors, kinetochores, and the
arms, the whole system has to shift over to accomplish something quite
different. After having invested so much effort in keeping chromosome
pairs together, the cell will now pull them apart, using many of the same
components. “The cell has to know when to switch between these
activities,” says group leader CAYETANO GONZÁLEZ. “It has to have some
way of knowing that everything is properly aligned and that the spindle
has been formed correctly. Researchers have known for years that many
types of cells have a back-up mechanism which we call the spindle
checkpoint – it detects failures in alignment and prevents cell division from
entering the next stage until things are right.”
Not all cells use this machinery, however; some types are faced with special
challenges and divide up the genetic material differently. The problem for
egg and sperm cells (called germline cells) is that they have to contain single
chromosomes, rather than pairs, because each parent of an organism
contributes only one chromosome of a pair to its offspring. But the
progenitor of a germline cell has pairs – these get split apart through
another type of division called meiosis.
This may be handled differently in different organisms. “For example, in
grasshoppers, researchers know that there is a very strong spindle
checkpoint that won’t allow chromosomes to start segregating until
everything is in place,” González says. “Whereas there has been a lot of
debate about whether there is a checkpoint at all in the cell lines that
ultimately produce sperm in Drosophila. People have argued against a
checkpoint because cell division can still happen the right way even if the
sister chromosomes are separated from each other too early.”
But checkpoint proteins common to other species and cell types, such as
the proteins Bub1 and Bub3, have now been found in fly spermatocytes.
And just by watching the way these molecules are shuttled around the cell,
you would think they were working in a checkpoint. First they are tightly
linked to kinetochores as the chromosomes are initially shuffled towards
the middle of the cell. As the cell cycle progresses, Bub1 and Bub3 drop off.
The cell could check to see whether they were connected to kinetochores as
a kind of clock to tell “what time” it was in the cell cycle.
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“We hypothesized that there is a checkpoint at work – it just operates less
efficiently or with more flexibility than in other types of cells,” González
says. “The test is to see if the late phases of division are slowed down if
things don’t get to their proper places on time.”
González and postdoctoral fellow Elena Rebollo used time-lapse
microscopy to follow the course of meiosis in these cells. They treated cells
with a drug called colchicine, which stops microtubules from being
dismantled. This breakdown has to happen before cell division takes place,
because the new microtubules that form the spindle are formed out of the
building blocks of the old ones. Preventing disassembly normally triggers
the checkpoint mechanism that puts the cell cycle on hold. The researchers
observed that while division can still occur, it is significantly slowed down
– by about 40% – at the moment where the checkpoint steps in to regulate
other cell types. “After this initial brake, some sort of override steps in and
pushes meiosis along,” González says.

CAYETANO GONZÁLEZ

&

ELENA REBOLLO
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A new formula for dividing by two
How are microtubules assembled
near chromosomes?

RAFAEL CARAZO-SALAS
& OLIVER GRUSS
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The group of IAIN MATTAJ and
their collaborators have made
an important discovery about a
key step in cell division: how
chromosomes generate microtubules. They discovered one of
the proteins involved in the
initiation of the assembly of
some types of spindles.
The work stems from two longterm lines of research at EMBL.
Cell biologist ERIC KARSENTI has
been investigating the process
of building spindles. When cells
are not dividing, microtubules
are constructed in the cytoplasm. They are usually built
outwards from a clumpy object
called a centrosome. Researchers
have traditionally assumed that
centrosomes are also key figures
in cell division, because they
usually sit at the poles of
spindles, the points towards
which newly-copied DNA is
drawn – looking very much like
spiders extending their long legs to grasp a prey. However, spindles can
also be found in some types of cells that don't seem to have centrosomes.
This means that there are other recipes for making the structure, and
Karsenti and his colleagues went looking for the ingredients in extracts
taken from dividing cells. To their great surprise, when they dropped in
chromatin (the mix of DNA and other molecules that usually surround it in
the nucleus), spindles formed spontaneously – and without centrosomes.
Instead of originating at some distant point , the microtubules seemed to be
built from the chromosomes outwards.
In the meantime, Mattaj's group was working on a completely different
problem: the ways that molecules manage to pass through the membrane
barrier that surrounds the nucleus. The membrane is full of pores, but they
do not permit the free passage of most proteins and RNAs. These
molecules have to be shuttled in and out at an incredible rate, however, to
carry on all the normal business of the cell. “In a growing mammalian cell,”
Mattaj says, “several million macromolecules must be transported between
the nucleus and cytoplasm every minute.” Mattaj and his colleagues
identified proteins that functioned as transport carriers, able to collect
cargoes outside the nucleus and navigate them through the pores. Once
inside, the carriers are taken apart and the cargo is released.
Related molecules are also used to move cargoes in the opposite direction,
out of the nucleus, and the researchers discovered that both the loading of
export complexes and the disassembly of import complexes depend on a
molecule called Ran which is packed into the transport carriers. In the
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nucleus, Ran is found almost exclusively in a high-energy form (called
RanGTP), but the chemistry of the cytoplasm outside strips some of this
energy and converts it into a low-energy form (RanGDP). This creates an
import-export cycle: transport molecules and cargo bind together and the
ensemble passes inwards through the membrane. RanGDP moves
separately but in parallel. The special chemistry of the nucleus energizes
Ran, and this strips the cargo from its import carrier. Other RanGTP
molecules can be used to help different molecules escape the nucleus.
What happens, then, when the membrane around the nucleus dissolves
during cell division? This has a radical effect on the cell because it shatters
the protective environment of the nucleus and its special chemistry. “The
sudden influx of molecules from the cytoplasm means that most or even all
of the Ran gets converted to the low-energy form,” says postdoctoral
fellow Oliver Gruss, who works in Mattaj's lab. Last year members of the
groups of Mattaj and Karsenti showed that adding RanGTP to their cell
extracts, which don't have nuclei, created structures that resembled
spindles even in the absence of chromatin or centrosomes. Then Rafael
Carazo-Salas and Giulia Guarguaglini found that a single molecule called
RCC1, on the chromatin, is able to reload Ran, and is required for
chromatin to induce the formation of a spindle. Adding only RCC1 to cell
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extracts, which are full of the GDP form of Ran, creates spindles by
converting the molecule to its GTP form.
This turned what had been previously thought about the formation of the
microtubule structures on its head. Distant centrosomes were not reaching
out to grab DNA and pull it away. Instead, RCC1 was creating local
concentrations of RanGTP around the DNA. This told the cell where to find
the chromosomes and to start building microtubules “backwards” –
outwards from the DNA.
Somehow RanGTP was stringing the scattered tubulin building blocks
back together into microtubules. This was happening in the extracts, but to
what extent was it also important in living cells, which normally have
centrosomes? Carazo-Salas and his colleagues from the Karsenti and Mattaj
labs have now shown that RCC1 is a vital component even when
centrosomes are present.
“When it comes time for the spindles to form in living cells, centrosomes
puff up and get surrounded by huge numbers of microtubules,” CarazoSalas says. He tells about an experiment that had been conducted in
Karsenti’s lab several years ago with some surprising results. Brigitte
Buendia showed that dropping centrosomes into mitotic extracts did not
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lead to the formation of many microtubules. This was different from what
was found in living cells, meaning that something was lacking. “We now
know that what was missing was the local increase in RanGTP
concentration produced by chromosomes,” says Karsenti.
A new study by Carazo-Salas, Gruss, and their labs shows that RanGTP has
two different effects. “It's needed to increase the number of microtubules
around centrosomes at the poles, and to make longer microtubules,“
Carazo-Salas says. “And it is needed to connect microtubules to
chromosomes efficiently. Without it, stable, correctly-shaped spindles don't
form. It seems to be required to correctly hook up the microtubules to the
kinetochores and the chromosome arms, as well as to form the bulk of the
microtubules required.”
“Iain came and told us, ‘Find out how RanGTP builds microtubules around
the chromosomes,’” Gruss says. “We didn't know all that much about
microtubules – that was the expertise of the Karsenti lab – but we knew a
lot about transport mechanisms between the nucleus and the cytoplasm.
We started looking for links by testing the components we were familiar
with from our other research areas. And as it turns out, very surprisingly,
the mechanism that launches microtubule formation is closely related to
the machinery that imports molecules into the nucleus.”
Not all of the components of transport carriers are known, and it was
logical to think that their disassembly might be releasing some additional,
unknown molecule needed to build microtubules. Gruss, Carazo-Salas and
predoctoral student Christoph Schatz performed a number of experiments
to see if they could isolate such a molecule. Jürgen Kast and MATTHIAS
WILM used mass spectrometry to identify the protein they found.
TPX2, as the molecule is called, was already known to play a role in the life
of the microtubule railway. Components can be delivered throughout the
cell along these routes if they are attached to motor proteins – engine-like
molecules that can walk down the surface of a microtubule, towing
cargoes. A number of helper molecules are needed to attach all the
components that make this happen. By a remarkable coincidence, Torsten
Wittmann, Isabelle Vernos, and Eric Karsenti had discovered TPX2 just two
years before while looking for a molecule that could attach a particular
motor protein – Xklp2 – to the poles of spindles.
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A motor at the wrong end
of the microtubule
Karsenti, his colleagues, and biologists throughout the world have come to
realize that motors play absolutely critical roles in the formation of spindles
during mitosis: the loss of a single motor can disrupt the form or the
function of the entire spindle and lead to the death of the cell. Thus the
researchers have invested a great deal of effort in locating motor molecules
and identifying their positions during the cell cycle.
“Xklp2 is a plus-end directed motor; normally it moves towards the plusend of the microtubule,” Vernos says. “But during mitosis we found it
clustered at the spindle poles around centrosomes – at microtubule minus
ends – and the question was how it got there. Maybe it was brought at an
earlier stage by another motor, or some other mechanism might be at
work.”
Wittmann, Vernos and other members of the lab discovered that Xklp2
wasn't able to “find” microtubule minus-ends itself; a helper
molecule was required to hook it up. The researchers went
looking for such a molecule, and a series of
experiments revealed a new protein that was able
to recruit Xklp2 at microtubule minus-ends. “We
called it TPX2, for 'targeting protein for Xklp2',”
Vernos says. “Later we found out that this
was the same as a protein that had been
known as p100, and had been used as a
marker to identify cancer cells. But no
one knew what the molecule’s
function might be.”

ISABELLE VERNOS

Now Gruss and his colleagues
showed that TPX2 gets packaged
into the transport carriers that are
brought into the nucleus. “If it stays
bound to that group of molecules,
its activity is blocked. It doesn't have
any effect on microtubules,” he says.
“But if you set it loose, you create
spindles. We did a number of tests
that proved that the formation of
spindles depends on whether TPX2
is caught up in a transport complex
or not.” The final piece of the puzzle
came when Gruss teamed up with
Vernos and Natalie Le Bot to prove
that Ran has a direct effect on TPX2
function in microtubule assembly.
“When the nucleus breaks down,
the Ran gets converted to GDP and
this effectively locks up all the
transport molecules, including
TPX2, into complexes with transport
carriers. Then molecules on the
DNA start to convert nearby Ran to
its GTP form. This breaks down any
nearby transport complexes, releases the TPX2, and microtubules
start to form.” While this is the
likely sequence of events in real
cells, the researchers went a step
further and showed that enough
TPX2 alone – even without RCC1 or
RanGTP – leads to microtubule
formation.

ERIC KARSENTI

In addition to pinning down a
mechanism fundamental to the cell
cycle, this work may have wider implications. “For spindles to form, cells
have to have active TPX2 and the molecules that compose microtubules in
the same place,” Mattaj says. “Because TPX2 gets attached to import
carriers, during the rest of the cell cycle it will be shipped into the nucleus,
where there is little or no tubulin. The two components only come together
when the nuclear membrane breaks down. Keeping molecules apart in this
way may be a general way for cells to inactivate proteins that are
specifically needed when cells divide.” Similarly, RanGTP won’t get to
centrosomes and prompt the formation of longer microtubules until it is
released with the breakdown of the nucleus.
TPX2 and very closely-related proteins have drawn attention for another
reason: cells seem to produce them mostly near the time that they will
divide. Since cancer cells have defects which put them in a nearly
permanent state of division, the presence of high levels of such proteins can
be used to distinguish cancer cells from healthy cells, which divide at a
much lower rate.

18

CELLS AND THEIR CYCLES

Mattaj awarded Louis-Jeantet
Prize for medicine
In April 2001, Iain Mattaj was awarded the prestigious Louis-Jeantet Prize
for Medicine. Each year the Swiss Louis-Jeantet Foundation awards the
prize to three scientists; they split a sum of 1.8 million Swiss francs to be
used to carry out new research projects. In addition, each prize-winner
receives a personal award of 100,000 Swiss francs. The other winners this
year were Dr. Alain Fischer of Paris and Dr. Alfred Wittinghofer of
Dortmund.
The Foundation was established through a bequest from the will of Louis
Jeantet, a wealthy French businessman who died in Geneva in 1981. The
prize was established to foster innovative biomedical research in Europe;
funds are awarded to stimulate high-quality research which otherwise can
not be entirely funded by the prize-winner's institution. Since its creation
in 1986, the Louis-Jeantet Prize for medicine has been awarded to fifty
researchers working throughout Europe.
In granting the award, the Louis-Jeantet Foundation stressed the
importance of Mattaj's work in furthering basic research as well as the fact
that his work may yield insights into the behavior of viruses and other
disease processes. HIV, like many viruses, has to get foreign nucleic acids
into and out of the nucleus, and a close study of the transport mechanisms
may help scientists develop agents which are able to block that process. In
addition, understanding Ran’s functions in dividing cells might uncover
new ways to interrupt the cell cycle and thus identify potential new targets
for cancer therapy.

IAIN MATTAJ
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All cells are not created equal
... and two groups take a look at the forces
that keep them from being so
The offspring of a dividing cell are not always identical. An unequal
division of the cell's contents is one way by which cells differentiate, and it
allows a basic plan for an animal's body to be sketched out very early in its
development. In many creatures, patterns are already established within
the newly-fertilized egg and influence the very first cell division. The egg
of the roundworm C. elegans divides to create one large cell and one smaller
cell which, generations onward, will give rise to totally different parts of
the body. An asymmetrically-placed mitotic spindle is the key to this
unequal division.

CELLS AND THEIR CYCLES

“What you see under the microscope,” says Stephan Grill, “is at first what
looks like a normal, symmetrical spindle forming to pull the pairs of
chromosomes apart. But by the end of the stage called anaphase, there is a
displaced structure that gives rise to an unequal cleavage.” Group leader
TONY HYMAN and Pierre Gönczy suggested that Grill, who splits his time
between the groups of Hyman and ERNST STELZER, try to find out what
forces control this movement. Getting a handle on what was happening
turned out to require all the facets of Grill’s interdisciplinary interests.
“One thing that people have thought is that all the microtubules and
motors that overlap in the central region, where the chromosomes are,
might be pushing on each other to force the two poles apart,” Grill says. To
test this idea, he used one of the Advanced Light Microscopy Facility’s
instruments to focus a laser on a precise location in the cells. He destroyed
the mid-region, breaking up any structures that might be conceivably
pushing against each other. “In contrast to what you would expect if
the central region was pushing,” Grill says, “one of the spindle
poles took a walk towards one end of the cell. When it neared the
cell membrane, it started a slow wobble up and down. At the
same time the other spindle drew away in the opposite direction,
but more slowly. It didn’t go as far and it didn’t wobble.”
He confirmed the findings with a second technique that
Hyman's group has used thoroughly in C. elegans: hindering
the production of proteins with “antisense“ RNA. In this
method, called RNAi, scientists build a backwards copy of
the RNA they want to block and inject it into the cell. This
new molecule binds to the RNA that has been produced
by the cell and prevents it from being translated into
proteins. Grill used the procedure to stop the
production of a particular motor-like protein, a kinesin
called CeMCAK.
“Removing CeMCAK causes spindles to rip apart in
the middle,” Grill says. “Again, the two poles
continued to behave differently – one moving
much farther and faster than the other. So if the
motion of the poles isn’t controlled by pushing or
anything else that is happening in the
overlapping region, the only thing left to think
was that some force external to the spindle
was responsible.”
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TONY HYMAN

The researchers suspected that a class of genes called par had some
influence on this force. Researchers at Cornell University had shown that
mutations in closely-related genes called par-2 and par-3 led to
symmetrical spindles – and a disastrous, symmetrical first division – in the
roundworm egg. Normally, PAR-3 protein is only located at the anterior
end of the egg and PAR-2 at the posterior. But if PAR-2 is missing, PAR-3
will be found everywhere. Likewise, if PAR-3 is gone, PAR-2 will be found
throughout all of the cell cortex. Both options lead to symmetrical spindles
and cells – either two anterior-types, or two posterior-types.
“These mutant cells divide symmetrically because the forces pulling on the
two sides of the spindle are equalized,” Grill says. “Somehow the presence
of different PAR proteins modulates the net force pulling on the spindle
poles. And to describe that force, you have to account for three things: why
the posterior pole moves farther than the anterior one following the cut,
why it moves faster, and why it wobbles when it gets close to the cell
membrane.”
Because the literature hinted that par-3 might help anchor or stabilize
microtubules, Grill assumed that its presence or absence might change
microtubule strength or stability in the two regions of the cell. He used
mathematical simulations to try to find a scenario that would explain all
three aspects of the poles’ behavior.
“Microtubules radiate in all directions from the poles – towards the outer
cell membrane as well as inwards towards the chromosomes,” Grill says.
“So you might assume that the microtubules of the posterior are somehow
in general stronger than those at the other end of the cell. Well, this scenario
would make the pole move faster, but not farther, and there isn't a wobble.
If you assume that there is a greater density of microtubules at the
posterior, or that only some of them are stronger, then you get farther and
faster movement, but still no wobble.”
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The only way to simulate all three effects, Grill found, was to make a
simpler assumption: all microtubules would be equally strong, but the
interactions between the microtubules and the outer membrane at the
posterior would be weaker than those at the other end. “Then they might
detach from the membrane rather than elongating,” he says. “This would
increase the amount of force in the direction of the pole's movement.” It
wouldn't happen at the other end, because PAR-3 would be stabilizing the
links to the membrane.
“The simulations don't reveal what underlying mechanisms are involved –
the chain of molecular interactions linking PAR-3 to what might be
happening at the level of the membrane and the microtubules. But they do
generate specific hypotheses that can be submitted to further tests.”
Films of the first divisions in C. elegans can be seen on Hyman’s website at
the following address:
http://www.mpi-cbg.de/content.php3?lang=en&aktID=hyman_data

Numerical simulations of different
types of experiments in which
Grill severed microtubule
spindles using a laser.

EMBL ANNUAL REPORT 2000/2001

ANNE EPHRUSSI

Mutants that misplace RNAs
Members of the par family of genes help to create asymmetries in other
species as well. Pavel Tomancak and Veit Riechmann in the group of ANNE
EPHRUSSI have shown that par-1, a gene found in the fruitfly Drosophila, is
involved in establishment of egg polarity.
The researchers examined flies harboring mutant forms of the par-1 gene
and discovered disturbances in the development of the abdomen and
germline cells in the developing embryos. “The abdomen should develop
into precise, clearly-defined segments, and some of these flies' segments
were fused, split into too many parts, or missing altogether,” Tomancak
says.
The explanation for the defects may lie in the fact that par-1 plays a role in
correctly positioning other molecules that are needed to lay down the basic
fly body plan. Over the past several years, Ephrussi's group has shown
how an mRNA called oskar has to be transported to the posterior part of the
oocyte and then translated almost exclusively in that position for the
abdomen and germ cells to form. Getting oskar mRNA there and keeping
it there depends on the activity of microtubules and actin filaments. The
researchers found that Oskar and other proteins which have to be localized
at the posterior pole of the oocyte, such as Staufen, are often mispositioned
in the par-1 mutants.
“This might be happening because of disorganized microtubules. Relatives
of par-1 are known to regulate microtubules in mammals,” Ephrussi says.
“But the closest relative of par-1, which is found in the roundworm, has not
been shown do this; instead, it interacts with a motor protein that travels
along actin filaments. While there are considerable differences between the
development of asymmetry in the fly and the roundworm, the distribution
of par-1 looks quite similar in oocytes and embryos of the two species.”
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Studying on the borderline
Not many students celebrate the end of their
second year as a PhD student with first
authorship of a paper to Nature; even fewer
do it by combining so many different strands
of research. “Stephan Grill is the perfect
example of how interdisciplinarity should
work at EMBL,” says group leader ERNST
STELZER. “When he came he was a physicist;
now he's deeply immersed in some tough
biological problems. Being at EMBL has put
him in touch with a spectrum of methods that
can be used to ask questions.”
“I was one of the people who profited the
very most from the intensive course that the
predocs take upon starting here,” Grill says.
“The last time I'd had biology was sometime
in high school, and in the course we were
exposed to the whole spectrum of molecular
biology day and night for two months.” He
says that the bonds forged between students
in the programme led to discussions and
collaborations, which have made all the
difference in the directions his work has
taken.
He applied to the EMBL PhD Programme
after completing his undergraduate degree
under Stelzer's tutelage. In his thesis he
tackled an unresolved question in optics:

linking Heisenberg's “uncertainty principle”
with an older formula that set an absolute
limit for the resolution that could be obtained
by light microscopes. The result is a simple
method to help scientists determine the
highest resolution that can be obtained by
microscopes
and
other
optics-like
arrangements.
During the interviews leading to his selection
for the PhD programme, Grill got to talk with
group leader TONY HYMAN, who had written
his own dissertation on experiments that used
laser technologies to study microtubulerelated processes in C. elegans.
“This is exactly the type of work that EMBL
had in mind a few years ago when it added
‘Biophysics’ to the title of its Cell Biology
Programme,” Stelzer says. More and more
work in the programme is integrating a
physical approach towards understanding
life at the molecular level with the questions
classically posed by cell biology. The meeting
ground is mathematics and computer
simulations which make predictions about
how biological systems will behave, and these
can be tested experimentally. Stephan and his
colleagues are working out the fine print of a
new recipe for mixing these ingredients.

STEPHAN GRILL
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Exercises in levitation
ERNST STELZER is known throughout EMBL as a hobby juggler and
magician. Perhaps it’s little wonder, then, that his research group is
devoting time and effort to levitating things.
At the moment, they haven’t graduated up to levitating anything as large
as a technician, a rabbit, or even a matchstick – but the things they are
working with are already so large that they can be observed through a
decent light microscope. The objects are micron-sized glass beads, a
component that the group uses in its photonic force microscope (PFM).
Ernst points to a beam of light within an instrument in the cramped
microscope room. A video monitor shows a flashing, whirling, grainy
object. After half a minute of watching, the bead seems to take on a
predictable shape as it spins, the way surface features can be detected on
very distant planets as they spin in the light of the sun.
“The PFM works only in water, and the optical levitator works in air,”
Stelzer says. “The basic idea is to compensate for gravity with light.” The
PFM uses a laser to push, pull, or hold a bead. So far it has been difficult
to get beads into cells, where they might be attached to single molecules

ERNST STELZER
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and used as tracking devices – one reason is that researchers must be
sure they have only “trapped” a single bead in the intense beam of
light. Outside the cell, larger beads can be used. One of the things
Stelzer and his colleagues hope to do with levitation is to control how
an object behaves in the laser trap.
This has required improvements in existing instruments, including
attaching a CCD camera to the microscope and analyzing the behavior
of both single beads and clusters of multiple beads. “We can now
determine how many beads we have and their shapes and sizes,”
Stelzer says. Further technical innovations have allowed the group to
move the beads using a graphical interface on a PC. “The long-term
goal is to find a simple way to manipulate large objects, such as egg
cells or small multi-cellular organisms, when observing them in a
microscope.”
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Spindle physics
The behavior of molecules such as motor proteins
ultimately depends on their physical characteristics:
how are they connected to a microtubule, and how
do they walk along its surface? How strong are
they? How fast do they move? How long can a
motor remain attached to a microtubule? Does it
jump off when it reaches the end? The answer to
each question will be different for each motor, and
the behavior of the whole system is the result of
their combined characteristics. Mutations which
change a single parameter can bring the entire
process out of balance.
Answers to all of these questions are a long way off,
but in the meantime, two staff scientists from the
Karsenti lab, collaborating with Stan Leibler of
Princeton University, have created a hypothesistesting factory using a simple experimental system
and computer simulations.
“There is still an immense amount of work to be
done before we’ll really be able to link what happens
in a cell to the physical properties of its
components,” says Thomas Surrey. “We’ve started
by working with the well-defined system developed
by the Karsenti lab and the computer simulations
that we have built in collaboration with Stan
Leibler.”
Over the past few years, the group has developed a
computer program able to mimic the behavior of
microtubules and motors in cell extracts. The
program creates a “virtual test tube” containing
tubulin and motors; elements can be added or
subtracted, and their properties can be changed to
see what effect this will have on the creation of
larger structures. With just a few components,
Surrey and colleague François Nédelec have been
able to generate aster and spindle shapes amazingly
similar to those seen in cell extracts.
Now the researchers have brought the computer
and their “wet” experiments closer together in a
hypothesis proving-ground, where assumptions
about the physical nature of motors and other
molecules can be tested.

THOMAS SURREY
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“When you add the motor kinesin to purified
tubulin, along with energy molecules ATP and GTP,
structures like vortices and asters develop,” Surrey
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says. “At low concentrations, the microtubules are
organized randomly; at intermediate levels, you see
the whorl shapes of vortices, and at higher
concentrations you get clumpy asters. But exactly
what happens depends on many other factors as
well: whether other motors are present, in what
concentration, and other factors like their speed and
the length of time the motors remain on the
microtubule.”
Kinesin travels towards the growing ends of
microtubules, whereas the protein Ncd carries cargo
upwards towards their point of origin. With Ncd,
there is no intermediate vortice phase. The
microtubules either remain randomly-arranged or
they form asters. “An aster is not an aster,” Surrey
says. “The kinesin and Ncd forms look very similar,
but with kinesin the growing end points towards the
center, and with Ncd it is the minus-end of the
microtubules.”
Surrey and Nédelec wondered what would happen
when the two types of motors were mixed. They
started with concentrations of kinesin that produced
vortices and the lowest amount of Ncd that would
produce asters. Predictably, the cell extract
contained Ncd asters and kinesin vortices.
“The ratio of kinesin to Ncd you need to get these
forms is about one to three,” Surrey says. “If you
increase the concentration of the motors in the
extracts, without changing that ratio, you see even
larger structures forming – many microtubule
strands become aligned. They start to form poles
which are either positive – inhabited uniquely by
plus-end motors – or negative, containing only Ncd.
There is a continuous alternation of positive and
negative poles throughout the extracts; you never
see positive and negative overlapping.”
“On the other hand, if you start to change the ratio
between the motors, an increase or decrease of about
thirty percent is enough to give one motor or the
other the upper hand.”
The researchers have used what is known about the
physical characteristics of the motor molecules to
model them in the computer. They are now able to
turn the system around and use simulations to
propose experiments in the simplified cell extracts.

FRANÇOIS NÉDELEC
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Varying the types and quantities of motor
proteins in cell extracts creates different
arrangements of microtubules such as
vortices or asters. These variations can
be modeled and predicted on the
computer (background pattern).

The different parameters work together to create different
types of behavior. For example, a change in motor density
alone will have one effect; if the rate at which it drops off
of the microtubule also changes, there will be a different
reaction. “In the simulations, if you decrease the amount
of time a motor stays at microtubule ends, you see a shift
from aster formation to vortices,” Surrey says. “This
suggests that the time a motor spends there is critical to
the formation of poles. The reason is that motors interact
with each other, as well as the microtubule, and they can
draw different strands together. But only if the links are
stable enough. If they let go of the microtubule too early,
they won’t be able to form a stable pole.”
Scientists have not yet been able to determine the real rate
at which any motor protein leaves the end of a
microtubule. The simulations predict, however, that
kinesin leaves microtubule ends at a higher rate because
it is capable of forming vortices, whereas Ncd doesn’t.
While the structures created during simulations are all
found in the cell extracts, not all of these forms are found
in living cells. Vortices have never been seen in
organisms, where many other molecules are obviously
involved in molding and maintaining the structures.
However, the experiments have opened a door that will
give researchers a method to introduce new factors in the
simulations, and try to determine precisely which
molecules and characteristics are responsible for the more
complex events in cells.
“What the simulations show is that some changes in
parameters didn’t affect the overall system very much at
all, whereas others – such as the length of time that a
motor associates with a microtubule – have a big effect,”
Surrey says. “We can now specifically go hunting for
molecules that regulate exactly these factors.”
Simulations such as those of Surrey and Nédelec show
the precariousness of evolution: if motors leave
microtubules a little earlier or a little later, spindles do not
form. Motors with just these physical properties are
necessary to create the kind of spindle that is needed for
symmetric cell division – and this is a prerequisite for the
type of tissues and body plans we see in multicellular
organisms. Other physical properties would lead to a
completely different type of life.
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How motors find their footing
ANDY HOENGER wants to understand the most basic level of the behavior of
motors: how they take a single step along the surface of a microtubule. To
the motor, this surface is huge and knobby... the structures must match,
release, and the motor has to be propelled along in a defined direction. If it
latches on, why does it let go? How strong is it?
“The data don't yet allow a completely accurate determination of all the
details of how a motor walks,” Hoenger says. “The structural methods
currently available, which provide enough resolution to see near-atomic
detail, make it difficult to look at the two heads kept simultaneously in two
different energy states. But what we have done demonstrates the concepts
and implications that a model will have to confront.” The group has tried
to map structures derived from
crystallization experiments onto cryoEM studies of the surfaces of
microtubules bound to parts of the
kinesin molecule. “From the EM data
alone we can't figure out how the energy
in the system affects the structural states
of the motor core and the neck region,”
he says. “But it seems likely that one of
the energy states promotes locking the
neck region in one position or the other.”
The two feet of a kinesin motor are
formed by identical molecules binding
to each other – something like having
two left feet, rather than feet which are
mirror images of each other. Taking a left
step and a right step require two
different configurations for our legs, but
they are identical for the molecule. So
two separate types of motion would be
required to rotate the molecule
clockwise to advance the left side, then
counterclockwise to advance the right
side. Hoenger says it’s hard, maybe
impossible, to create a structural model
that will behave this way. If only a single
mechanism is at work, spinning the feet
in only one direction, then either the
stalk and the cargo would have to spin –
which doesn’t seem to happen – or the
stalk would become twisted, like a
rubber band being held fast at one end
and wound at the other.

ANDY
HOENGER
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“Whatever the answer is, all walking models have implications that have
to be considered,” Hoenger says. “If one foot maintains a different
conformation than the other, then you could have a 'limping model,' or a
model where the feet move in parallel up different paths. If on the other
hand you imagine a sort of hand-over-hand model, then you have to have
two different pathways, where the feet pass to the left or right of the stalk
either completely randomly or in an ordered way that remains unknown.
This idea requires that a lot of changes happen in the kinesin core and neck
regions – but there isn't any real evidence of that in the studies that have
been done. There seems to be good evidence now however, that the Cterminal end of the kinesin head acts as a mobile lever arm. So what we
have done is to assume that the feet move around each other on three
different hinges, and we have a model of the amino acid positions in the
protein where the hinges would be.”
This produces a picture in which the structures of the neck can “melt” at its
very beginning, and it also says something about where the feet land. The
microtubule surface is a bumpy landscape, where the directions “north”
and “south” are indicated by the two-part structure of each of the tubulin
subunits making up the track. Tubulin has alpha and beta domains, and the
question for structural biologists has been whether the two feet find their
footing on the same domain or alternating ones. Hoenger’s work suggests
they move by jumping over the alpha domain, and binding only to beta, at
least with its main portion.
Left: Electron microscope
images of motor protein
domains bound to microtubules.

Right: a structural model of
how motors might bind in
different conformations to
the microtubule surface.
Can it be said for certain
that, at atomic resolution,
kinesins don’t resemble
frogs?
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The shapes
of kinesins
MICHEL KOCH

Frank Kozielski and his colleagues from the IBS in Grenoble and MICHEL
KOCH and Dmitri Svergun at the Hamburg Outstation are looking at the
angle at which the two legs of kinesin are joined, hoping to explain how the
motor turns chemical energy into mechanical motion. They believe that
crystal structures of the motor in different nucleotide states may represent
snapshots of intermediate stages in the cycle of energy production using
ATP.
The mechanism of energy conversion is still incompletely understood.
Researchers have obtained crystal structures of the motor domain, as well
as of one bound pair comprising the two legs. But neither of these
structures shows the motor in its high-energy state, linked to a
microtubule.
The dimer has an unusual structure, where the two feet are rotated about
120 degrees from each other. This is the average conformation of the
molecule in its unbound state, in solution. The researchers hope to discover
how representative this asymmetric structure is, and whether it remains
that way when it walks on the microtubule.
Structural information on kinesin has been obtained at the X-ray beamline
in Hamburg and the neutron beamline of the nuclear reactor at the ILL in
Grenoble. Researchers hope to use the models they obtained to
complement those of other methods. To understand the motion of the
motors the researchers must know the position of the feet.
The 120-degree angle might stay rather fixed; it might, however, open or
close in the more energetic state. Kozielski and his colleagues discovered
the configuration of the kinesin dimer in solution closely matched that of
the crystallized pair. They think this is good evidence that the position is
maintained when kinesin molecules join and bind to microtubules. The
findings should permit researchers to map the crystal structures onto
images from cryo-electron microscope studies like those of Andy Hoenger.
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The ball at the end of the chain
All of the information that can be gleaned about the physical
properties of motor proteins will eventually be helpful in
understanding the behavior of the complex systems, such as
mitotic spindles, that depend on them. ANDY HOENGER and
his group have captured images of various states of the
motors with electron microscopy. Most methods of studying
motor proteins have depended on such structural
“snapshots”; now ERNST-LUDWIG FLORIN and the groups of
HEINRICH HOERBER and ERNST STELZER have used photonic
force microscopy (PFM) to watch how single kinesin motors
move – in real time.
The researchers affixed a motor protein to a tiny latex bead
and then attached it to a microtubule. The PFM is an
instrument which traps the bead in a cone of light from a
laser; it can be held steady, pushed along, or tracked as it is
dragged by a molecule. The bead is tracked at a very high rate
of speed using a novel technique developed by Florin, Arnd
Pralle, and Michael Brummer: the method involves detecting
changes in interference patterns of wavelengths of light as the
bead moves.
Above: a single bead is attached
to a motor, which drags it along a
microtubule.
Below: tracking the motion of the
bead provides information about
the physical properties of the
motor protein.

Measurements of the bead’s motion can be taken at an
extremely rapid rate, providing information about the
dynamic behavior of the motors. “Recent work on kinesins
has demonstrated that the neck and first hinge region of the
motor play an important role in kinesin directionality,
velocity, and ATPase activity,” Hoerber says. All of these
factors are important in understanding the way motors
convert chemical energy into motion.
“What the experiment is designed to do is compare the
behavior of a bead tethered to a motor to one which isn't,”
Hoerber says. “Being attached restricts its freedom of
movement. As it is pulled along, it can't move to certain
positions because of the physical characteristics of the links
and joints of the motor.” Similarly, one could say something
about the mechanical properties of a human arm by watching
the motion of the head of a tennis racket.
“We discovered, for example, that the kinesin molecule is able
to withstand forces against compression along the stalk and
we were able to measure the three-dimensional mechanics of
its resistance to stretching. We discovered a significant
rotational stiffness of the kinesin stalk and could measure the
variation between binding in the direction of the microtubule
or perpendicular to it. This stiffness changed when the motor
domain was mutated – and it was also strongly correlated to
the nucleotide-binding state of the motor. Using geometrical
arguments, the stiffness could be mainly attributed to the
neck region next to the motor domain.”
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JAN ELLENBERG

Sleight of hand: where does the
nucleus go when it disappears?
The first thing that visitors to JAN ELLENBERG'S lab usually do is stop in front
of two large aquariums full of delicate-looking sea urchins and starfish.
“The reason why we're interested in these creatures is that they produce
large, transparent eggs,” Ellenberg says. “You can use them to look directly
into dividing cells and embryos to investigate the kinds of problems we're
focusing on.”
Ellenberg arrived at EMBL in 1999 to take up a group leader position in the
Gene Expression and Cell Biology and Biophysics Programmes – the first
joint appointment of a group leader to two programmes. He had
previously worked as a graduate student and postdoctoral fellow with
Jennifer Lippincott-Schwartz in the Cell Biology and Metabolism Branch of
the National Institutes of Health in the US, from which he brought an
interest in the division of mammalian cells as well as an interest in marine
animals.
The scientific focus of Ellenberg's lab concerns the envelope that surrounds
the cell nucleus: what it’s made of, what kinds of structures the
components form and how those structures achieve the many functions of
the nuclear boundary. One of those functions is to influence the
organization of DNA within the nucleus and thus the development of cells
and organisms. When cells divide, however, the nuclear envelope is
dismantled completely; to understand the role of its components in the
new daughter cells, it is necessary to understand how they behave at this
critical moment in the cell cycle. Ellenberg and his colleagues are tackling
these issues with the help of advanced microscopy techniques capable of
directly visualizing the traffic of proteins and other cellular components in
live cells.
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The DNA in the nucleus is divided into separate
packets, the chromosomes. Each chromosome is
like a piece of rope whose fibers are made of
chromatin – a mix of DNA and specific proteins.
Even when cells do not divide, the ropes are
coiled and contain “knots” that influence which
genes are switched on or off. Researchers know
that specific knots can be passed from a parent
cell to its daughters – even though the whole
length of the rope becomes knotted up during
cell division. Because the knots that persist help
to determine patterns of gene activation, they
are critical in cell differentiation and the
development of organisms. When a new nucleus is made after cell division,
proteins on the inner surface of the nuclear membrane latch onto
chromatin, fixing some knots to the spherical nuclear envelope. Finding the
factors that control where and how these proteins work may be the key to
understanding how they organize chromatin.
Nuclear assembly happens in a phase of the cell cycle called late anaphase,
when newly copied chromosomes have been pulled to opposing ends of
the cell. At this time, the chromosomes of the two daughter cells rapidly get
wrapped up in membrane that will become the new nuclear envelope. In
the test tube, researchers had shown that proteins in the nuclear membrane
interact with chromatin and the lamina – networks of filaments which lie
just underneath the membrane, interacting with proteins in the membrane
and chromatin. They believed that these interactions were partially
responsible for maintaining the membrane’s stability during times of rest,
for helping to organize chromatin into higher-level structures, and guiding
the disassembly and reassembly of the membrane during mitosis. But
proving how this worked in living cells required watching how the
components moved through different parts of the dividing cell over time.
Ellenberg and predoctoral student Joël Beaudouin attacked the problem in
a collaboration with a bioinformatics group headed by Roland Eils at the
German Cancer Research Center (DKFZ).
Ellenberg and his colleagues contributed expertise in watching multiple
proteins in live cells by tagging them with fluorescent markers in different
colors. “In the past, it was possible to use variants of green fluorescent protein
(GFP) to observe two differently-labeled cellular structures,” Ellenberg
says. “In this study we use fusion proteins made of GFP and its homologue
dsRed to monitor chromatin, the nuclear envelope, and the dynamics of the
centrosomes in three dimensions over time – the first time this has been
done.” Their partners at the DKFZ accomplished a breakthrough in image
processing and reconstruction to analyse the large amounts of data from
such “4-D” experiments. First, they were able to reduce the heavy “noise”
that comes in techniques that produce a lot of high-resolution images
without harming cells by overexposure. Additionally, the method permits
the computer to reconstruct and track three-dimensional objects – an
important step, because the questions that researchers hope to answer are
coming to depend more and more on objectively quantifying the dynamics
of cells’ contents.
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One nuclear membrane protein the researchers made fluorescent is called
the lamin B receptor (LBR), whose movements are closely linked to those of
the chromosomes attached to the nuclear periphery. “After the nuclear
envelope breaks down, LBR gets distributed homogenously throughout
cytoplasmic membranes called the endoplasmic reticulum,” Ellenberg
says. “When the chromosomes have been divided, it starts to reassemble
around the chromatin rapidly, in very specific places. The first patches
form virtually simultaneously on the chromatin of both daughter cells –
within about half a minute of each other – in a very symmetric pattern,
beginning at the outer regions of the chromatin.”
The quantitative method permitted the researchers to measure the rate at
which LBR returns from the endoplasmic reticulum as well as the rate of
growth and formation of the two new nuclei. First they observed a rapid
collection of membrane around the copied chromosomes, in which about
70% of the protein returns and establishes most of the links to
chromosomes. This is followed by a second, slower phase that completely
seals off the nucleus by a membrane shell. Once this has been
accomplished, the contents of each nucleus and their membranes expand
until they have more than doubled their size. “They expand absolutely
synchronously in both daughter cells,” Ellenberg says. “This means that
the rate-limiting steps in the process must be the same in both places and
were determined already in the mother cell.” What role does LBR play in
organizing larger structures in chromatin? Ellenberg says that two proteins
which bind to the receptor, called HP1HSalpha and HP1HSgamma, are found
linked to “knots”, regions of chromatin where genes are kept inactive in a
certain cell type and are not transcribed into RNA. So the location of LBR
immediately after cell division may be one of the factors that steps in first
to organize chromatin knots, even before the nucleus is fully formed.
Starfish and reconstruction of
nuclei reforming after mitosis
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Investigating the nuclear
membrane’s structure
Another function of the nuclear envelope is to regulate the traffic of
molecules in and out of the nucleus in cells not undergoing division.
Complex molecular machines called nuclear pores mediate the import and
export of molecules – many proteins which have been synthesized in the
cytoplasm have to be brought into the nucleus to perform vital functions,
and mRNAs have to be escorted out. The pores are tunnel-like cylinders
and consist of eight identical units, composed of dozens of different
proteins. Each tunnel can support an enormous amount of traffic but no
one knew whether its components wear out in the process and need to be
replenished or not. This led Ellenberg and his colleagues to pose the
question: Are pores continually taken apart and rebuilt from new proteins,
or are they more stable structures that can outlive their individual
components?
Nathalie Daigle and other members of the group used fluorescence
photobleaching techniques to track individual proteins and complexes in
the pores. In a paper soon to be published, the group tracked the
nucleoporins POM121 and Nup153. They discovered that in phases of rest
between divisions, there is no independent movement of single nuclear
pore complexes in the nuclear envelope. “Large arrays of NPCs move
slowly and synchronously as the nucleus changes its overall shape, like
ears of corn in a field shifting in the breeze,” Ellenberg says. “And we see
identical movements of the nuclear lamina.” It may be these fibers which
help evenly distribute NPCs within the membrane and maintain the very
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stable network of pores during most of the cell’s lifetime. Nevertheless, the
envelope is quite elastic – it can be squeezed and pulled when the cell has
to move, for example – but after this activity it returns to its normal shape.
The researchers used techniques to bleach the fluorescently-labeled
POM121 molecule, and thereby showed that it was replenished less than
once per cell cycle (of about 20 hours). Nup153, on the other hand, had to
be replenished thousands of times faster, every 15 seconds. “This tells us
that Nup153 is only loosely associated to the pore, while POM121 is
probably part of its structural backbone, which is stable for one cell
generation,” comments Ellenberg. During cell division, nuclear pores are
disassembled with the rest of the nuclear envelope and these molecules are
dispersed, but they return quickly at the end of the process to form
immobile pools around the chromatin. “This happened well before we
could detect the return of lamins,” Ellenberg says, “which means that the
lamina is unlikely to help assemble the pore complexes after mitosis.”
This is the first view of dynamic NPCs in live mammalian cells and it
implies that the NPC does more than regulate the transport of molecules
between the cell’s two major compartments. “We see it also as a major
structural component of a stable, crosslinked nuclear envelope protein
network comprising pores, inner nuclear membrane proteins, lamins and
chromatin.” Researchers are just beginning to understand how the stability
of this network is important for cell survival, a question especially
interesting because it is connected to several human diseases caused by
defects in nuclear envelope proteins.
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Nuclear export
& import
TAPping a way
out of the nucleus

W

hile the group of IAIN MATTAJ and others are making steady progress
in unveiling the mechanisms that transport molecules into and out of
the nucleus, some very basic questions remain, such as how cells manage
the critical job of exporting their messenger RNAs.

“Experiments in Xenopus oocytes have shown that there are probably many
different pathways for different types of RNAs,” says group leader ELISA
IZAURRALDE. Last year she got a glimpse of the molecules involved in
transporting some messenger RNAs. A molecule called Mex67p was known
to accomplish this task in yeast cells, and in 1998 Izaurralde showed that a
closely related human version of the protein, called TAP or NXF1, assisted
in the export of an RNA from a monkey virus. Her group demonstrated
that TAP was also helping in the export of the cell's own mRNAs. When
they overloaded the nucleus with more virus RNA than TAP could manage
transporting out of the nucleus, they found that also some cellular mRNAs
were stranded in the nucleus.

They also showed that a specific sequence of nucleotides within the viral
RNA, called CTE, provides binding sites for TAP. But most cellular RNAs
don't contain CTE-like sequences, which the researchers found interesting.
“There was other evidence that TAPs interact differently with cellular
RNAs than with those of the virus,” Izaurralde says. The protein might
have a second hitch by which it could latch onto a more standard sequence
in RNAs. Or the RNAs might first recruit and dock onto another protein
which served as an adaptor for TAP.
Some of these questions could be resolved if the researchers could get a
very detailed picture of the structure of the TAP protein. ELENA CONTI, a
group leader in EMBL's Structural and Computational Biology
Programme, had been collaborating with Izaurralde on the problem before
either of them came to EMBL.
TAP is essentially made up of two halves, each dedicated to particular
functions” says Conti. “The first or N-terminal half interacts with the CTE
sequence of the viral RNA and also with several cellular proteins that can
bind to messenger RNA. Elisa had shown that mutations in this domain
could disturb the export both of the viral RNA and cellular mRNAs”.
Conti's group managed to obtain crystals of this part of the protein and
determined the structure with data collected at the synchrotrons in
Grenoble (ESRF) and in Trieste (Elettra). They could see that the N-terminal
half of the protein was made up of two domains and that unexpectedly
from the amino-acid sequence, the shape of the two domains was rather
familiar.
While looking for similarities in the amino-acid sequence is a very
powerful method researchers use to guess the functions of new proteins,
there are sometimes surprises – cases where two molecules with very
different sequences assume remarkably similar shapes. Over the course of
evolution, so many mutations may accumulate in a molecule that its
connection with ancestral or other related molecules may be obscured in its
sequence. But if it preserves its original folded shape, it may well hold onto
its ancient functions.
To look for similarities in the three-dimensional structure, researchers
routinely use a program called DALI, developed by LIISA HOLM and Chris
Sander at the EBI. DALI helps organize structures into families so that the
shape of a protein, which plays a tremendously important role in its
cellular function, can be compared with other known structures. By
comparing shapes, Conti’s group found a connection that had previously
gone unnoticed with proteins involved in RNA metabolism.
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“Using the program DALI, we found that one of the TAP domains was
very similar to other proteins which bind RNAs, including a component of
spliceosome called U2B” and proteins like Sex-lethal and Pab1,” Conti says.
“This is remarkable, since only one amino acid is the same when we
compare the sequences of these proteins”. When the researchers turned
their attention to the other domain, they found that this resembled yet
another component of spliceosomes, called U2A'.
“A spliceosome is a complex of RNA and proteins which takes freshlytranscribed RNAs and cuts out introns, pasting the RNA back together into
the final messenger form. This is what is exported from the nucleus and is
used as a template for making proteins,” Izaurralde says. “U2A' and U2B”
and other proteins link to the RNA to make this complex. Well suddenly
with TAP we were seeing these elements combined in a single protein to
bind the viral CTE RNA. And the way they are put together is very
reminiscent of how they fit together in the spliceosome.” The next
challenge is to understand how they work in exporting cellular mRNAs.
Conti says that the study shows that the TAP N-terminal domain might
establish protein-protein interactions with other molecules that function as
adaptors to link TAP and cellular mRNAs.
Izaurralde's group has recently identified a new family of RNA-binding
proteins: the REF family, which may bridge these interactions. The
spliceosome loads REFs, in a large complex with many other molecules,
onto mRNAs. The complex binds at sites where introns have been
removed. MATTHIAS HENTZE and other researchers have been steadily

ELENA CONTI
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building evidence to show that RNAs retain a “memory” of the sites where
they have been spliced; this idea was put forward to explain some of the
ways that RNAs are further processed in the cytoplasm. By marking the
splice site, the REF might serve as a mechanism by which this type of
“splicing memory” can be accomplished.
Conti and Izaurralde's groups have now turned their attention to the
second or C-terminal half of the TAP protein. PhD student Isabelle Braun
and other members of Izaurralde's group have recently shown that this
part of the protein binds to nucleoporins – proteins located at the nuclear
pores, the passageways through the membrane that surrounds the nucleus.
Direct contact of TAP with the nuclear pore is essential for its ability to
translocate RNAs through. Conti's group is now solving the structure of
the second half of TAP in order to have a comprehensive picture of how
this protein mediates mRNA export at the molecular level.
Izaurralde and collaborators from the NIH also proved that mRNA export
can be regulated. They showed that viruses can turn off the expression of
genes in the host cell by preventing cellular mRNAs from exiting the
nucleus. Researchers already knew that a protein called M from the
vesicular-stomatitis virus (VSV) could block both transcription and the
export of mRNAs to the cytoplasm. Now the team has found a mutant
form of M which has no effect on these processes. “Experiments with
mutant and non-mutant forms of the protein shows that the viral protein
prevents export of cellular mRNAs because it binds to a component of the
nuclear pore complex called Nup98,” Izaurralde says.

ELISA IZAURRALDE
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Unwrapping import packages
How do transport molecules move their cargoes into the cell nucleus, and
how are these complexes taken apart once they are there? Iain Mattaj and
others have shown that RanGTP plays a critical role in dissolving the links
between carriers and cargoes. CHRISTOPH MÜLLER'S group at the Grenoble
Outstation wants to know the details, and they are seeking answers
through precise biochemical and structural studies of transport molecules.
Now the group has performed a series of biochemical experiments on
importin-beta and importin-alpha. These two molecules bind to each other to
form one of the cell's most important import complexes. Attached to
molecular cargoes that need to be transported, the proteins manage to find
their way to the nucleus, navigate their way through the pores, and release
the molecules so that they can
perform their functions.
Müller and his group used
protein-cutting enzymes called
proteases to investigate various
forms of the transport molecules.
Such enzymes attack and cut
specific sequences of amino acids
that make up proteins. Sometimes the way a protein is folded
puts these sequences on the
outside, where the proteases can
get to them easily. At other times
they may be inaccessible because
they are tucked into the molecule's interior. This conformation
often changes when a protein is
bound to another molecule. The
researchers exposed importinbeta and importin-alpha independently to proteases, and then
repeated the experiment when
the two molecules were bound to
each other. This gave them
critical information about how
the molecules interact and some
of the processes involved in
peeling them apart when they
enter the nucleus.
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CHRISTOPH MÜLLER
& MICHEL FABRICE

According to Müller, the studies show that importin-beta is flexible and
adopts at least two different conformations. “When it's bound to importinalpha, it's very resistant to being taken apart by proteases,” he says. It
doesn't return the favor; importin-alpha's characteristics remain virtually
the same.
The researchers performed a similar experiment on importin-beta bound to
RanGTP, the molecule in the nucleus responsible for releasing cargoes from
their transport complexes. “Here the protein was susceptible to digestion
by the proteases, more like its behavior when it stands alone,” Müller says.
“The differences suggest that it undergoes some significant changes in
shape when it binds to importin-alpha,” Müller says. “It switches between
an 'open' state, where the sequences it needs to bind are exposed, and a
'closed' state where key parts of the sequence get wrapped up in the
interface between importin-beta and the domain of importin-alpha where
it binds.”
How does RanGTP surplant importin-alpha and break down the complex?
The two types of molecules seem to share and compete for binding sites on
the importin-beta molecule. Müller says, “Parts of the RanGTP molecule
seem to carry on the same type of activity as the importin-alpha binding
sites, and it could release importin-alpha's hold piece by piece.”
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Following the HEAT
When someone discovers a new text purportedly written by Shakespeare,
they can pick from a number of approaches to establish its true authorship.
Some methods simply count the frequency of letters in the text and
compare this to a profile that has been developed by analyzing huge
samples of an author’s work. Presumably, a new text should follow the
pattern. There are other methods which look at larger features, such as
grammar or content, and are less concerned with the details.
Similarly, there are different levels of looking at proteins to establish
possible relationships. The letter-by-letter approach – comparing amino
acid sequences – has helped to show that the human and the cells of other
organisms are littered with repeats: multiple copies of a DNA sequence
produced through copying errors. These sequences are sometimes very
short, and variations introduced by evolution have made them hard to
detect. One solution is to expand the investigation to an enormous number
of samples, hoping to discover the basic pattern that links them all.
Another method is to look at the molecular equivalent of grammar: the
way proteins interact to create cellular functions.

NUCLEAR EXPORT & IMPORT

Miguel Andrade and PEER BORK, working together with Carlo Petosa in
CHRISTOPH MÜLLER'S group, recently integrated these types of analysis in
establishing an evolutionary link between the importin-beta structure
deciphered by Müller, an importin-alpha molecule described by ELENA
CONTI, and hundreds of other molecules. The most obvious connection
between these proteins is a shape called a super-helix: sets of smaller, spiralshaped components called alpha helices, strung along like firecrackers
whose fuses have been twisted together.
Importin-alpha consists of many smaller structures called ARM repeats: a
set of two longer helices and a short one, arranged like a letter “c” depicted
with sloppily-arranged matchsticks. Importin-beta is made up of subunits
called HEAT, two helices in the shape of a matchstick that has been bent
just enough to break. And one of the halves is strongly bent, as if someone
has tried to break it again.
HEAT and ARM repeats commonly appear dozens of times in a single
molecule. Andrade says that the researcher’s exhaustive search of sequence
databases revealed that at least one in every five hundred proteins in
eukaryotic organisms – species from yeast to humans – contains such
repeats. All of these molecules are involved in widely diverse cellular
processes, yet most perform the same sort of function: they act as the
middleman in interactions between other proteins.
“The obvious overall similarity has suggested to people for a long time that
the structures might be related,” Andrade says. “Our effort at comparing
so many different sequences has made that relationship readily apparent.”
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“Sequence logos” like the
one above show the
relative frequency of
amino acids and their
properties, giving
researchers a quick way
to compare the
compositions of related
molecules.

The study provided strong evidence for a common ancestral pattern for
both ARM and HEAT repeats. If you took the strongly-bent half of the
broken matchstick and broke it through, you would get three helices
corresponding to the parts of ARM. This confirms what is known about the
function of the subunits: the first half of HEAT often performs the kinds of
interactions with other proteins that are carried out by the first two helices
of ARM; the remaining helices also perform similar functions.
What is not clear is the evolutionary process by which many repeats were
collected into single genes. Most modern ARM and HEAT molecules help
other proteins to interact, which means that their ancestor probably did the
same thing. But carrying out this activity requires that the molecules have
complex surfaces built of many repeats. If the ancestral protein consisted of
a single ARM or HEAT element, it would have acted very differently. For
example, the part of each repeat that is used to snap it onto the next one
would be unlocked, and this would dramatically change the molecule's
behavior.
There is a way around the quandry, Andrade says: you only have to
suppose that single ARM or HEAT proteins dock onto each other to carry
out their functions. This would probably turn everything in the right
direction. He admits, though, that many questions remain to be answered
about the evolution of repeat-bearing molecules, especially since the family
history is obscured by copying errors that lost pieces of genes, as well as
duplicating them.
Still, the work has cleared up a number of old issues. “One of the
implications is that importin-alpha and importin-beta – which are
fundamental components of the machinery that imports and exports
molecules through the nuclear membrane – have a common ancestor,” says
Andrade. And this might contain hints about the evolution of the nucleus
itself.
While ARM molecules have retained sequence characteristics that make
their evolutionary relationship obvious, HEAT poses greater problems.
“Even when you fine-tune the methods you are using to detect
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relationships, they are hard to find,” Andrade says. “You have to add
information about the structure of the molecules.” So far researchers have
produced structures from five crystallized ARM and HEAT proteins, and
two of them have been made by people now at EMBL.
“Linking so many things could only be accomplished through an intensive
collaboration between a structural and biocomputing group,” Christoph
Müller says. “Matching the structures to all the sequence information was
a hard job, and that was taken on by Carlo Petosa.”
“Looking at so much data highlights critical features of the structures and
downplays the parts that are variable,” Andrade says. The combination of
sequence and structure data has revealed that proteins containing ARM
and HEAT hold onto more than just repeats over a great evolutionary
distance; they retain higher levels of organization, as well. This leaves the
researchers with a set of criteria that can be used to identify new members
of the family, to classify them more carefully (Andrade and Bork now
divide the family into four main classes), and to decipher repeats that may
play an important functional role within such proteins. The criteria helped
them, for example, to identify obscure repeats and reconstruct some losses
of sequences in the history of a protein called CTOG, which binds to
microtubules and is somehow involved in tumors.
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Conversations
in the maze
How molecules cooperate to receive and pass
signals that guide the development
of complex organisms

CONVERSATIONS IN THE MAZE

The labyrinth in the brain

I

n classical mythology, there is the story of how King Minos offered a
prize to anyone who could pull a string through the winding, maze-like
interior of a conch shell. The architect Daedalus won the prize by tying a
thread to an ant, placing the insect at one end of the shell and a spot of
honey at the other end. The ant quickly found its way through the shell.
Imagine such a labyrinth populated by billions of insects, all heading for
different destinations, continually changing directions after consultations
with other travelers, creating both new routes and obstacles with their
intertwining strings. This hints at the situation of the developing brain,
where billions of cells have to establish the connections that will ensure the
proper function of the adult nervous system.

A single neuron resembles an immense, intricate system of roots extending
from a central seed; it can make as many as 100,000 different connections to
send and receive the impulses that ultimately create thoughts. Each neuron
has a single long axon responsible for transmitting signals to other cells.
Sometimes the axon has to stretch and crawl more than ten centimeters –
2500 times the length of the main body of the cell – to establish contact with
a tiny population of neurons on the other side of the developing brain. If it

RÜDIGER KLEIN

&

RALF ADAMS

51

EMBL ANNUAL REPORT 2000/2001

gets lost along the way, the brain may lose a critical function, for example,
the ability to carry image information to the visual centers of the brain for
processing. Finding the right route depends on an axon’s ability to
communicate with the cells it encounters on the way. RÜDIGER KLEIN and
his colleagues have now explained some of the complex
mechanisms that allow this process to happen.
Proteins on the outer surface of a wandering axon
recognize molecules on the surfaces of other cells. These
interactions tell the axon whether to stop and establish
contact or to move on. “Such pathfinding activity is
largely achieved by a family of cell surface proteins
called ephrins and receptor proteins called Ephs that
recognize them,” says Klein. “We’ve shown that
these molecules are important in other tissues as
well; they play a critical role in the development of
blood vessels.” Two new papers by Klein and his
colleagues answer some major questions about
what happens when Ephs and ephrins come into
contact.
The researchers have been studying strains of
mice which lack entire Eph or ephrin molecules
or only parts of them. By watching how such
animals develop from the early stages of the
embryo to adulthood, scientists can
understand the roles that specific proteins and
their parts play in the lives of cells and
organisms. In terms of evolution, mice are
very closely related to humans, and an
enormous amount of medically-valuable
information has been derived from studies
of mouse proteins because their relatives
often play the same roles in human cells.
Neurons produce a variety of “flavors” of
Ephs and ephrins; particular Ephs are
capable of sensing specific brands of
ephrins, the way that some taste buds
detect saltiness and others sweetness.
“This type of guidance is based on
repulsion,” Klein says. “When an Eph
recognizes a cognate ephrin, usually the
axon draws back and grows in another
direction.” Not all axons migrate to the
same place partly because each
specialized type of cell bears a slightly
different mix of protein flavors and
sensing molecules on its surface. The
system has even more subtlety: a single
type of Eph may be able to recognize
more than one flavor and respond
differently to each type.
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Receptor proteins like Ephs are
usually considered the “active”
partner in these interactions. They
float on the outer cell membrane,
stretching an antenna-like sensor
away from the cell; the other end of
the protein is a tail that hangs down
into the cell interior. The antenna’s
contact with another protein outside
(called a ligand) changes the
chemistry of the tail. This switches
on a complex type of information
transmission within the cell, often
based on a sort of juggling called
phosphorylation, by which molecules
pass phosphates back and forth to
each other. Ephs have very complex,
four-part tails which can send a
variety of different signals. The
information pathway that gets activated – leading to different types of
behavior – may depend on the flavor of ephrin that has been sensed, or
other things that are going on in a cell at a particular time.
But three years ago, Klein and his colleagues discovered that the
relationship between Ephs and ephrins is more complex. Ephrins aren’t
merely signposts that trigger a receptor response. Both surfaces – that of
the axon, and that of the cells it passes – contain both types of molecules.
“Ephrins actually look similar to receptors; they have an extracellular part
and an intracellular tail,” Klein says. “This is very unusual for a ligand. We
discovered that sometimes, cells seem to be receiving signals through the
ephrins. People used to think that the Ephs on the axons were responsible
for repulsion; now we’ve found that in specific cases, it’s the ephrins on the
axon that tell it what to do.”

Picture taken by Veronika
Neubrand, a visitor working
with Jeremy Simpson,
Rainer Pepperkok and
Carlos Dotti.

The group’s latest experiments give new insights into which partner seems
more active at which time, and how differences in the interactions
influence the development of different tissues. The group used genetic
engineering techniques to create strains of mice which lacked whole Ephs
and ephrins, or critical parts of the molecules.
Klas Kullander, a postdoctoral fellow in Klein's group, led a recent project
to determine what would happen if signals sent by a receptor called EphA4
were blocked. He also tried to determine which section of the receptor's tail
was responsible for passing signals to other molecules in the axon. One of
the effects of these signals is to guide axons from brain cells that extend
down the spinal cord. A stripe of cells in the middle of the spine bear
molecules called ephrinB3, creating a kind of wall; this pushes the axons
away and doesn't permit them to cross the midline. Different halves of the
brain control different halves of the body. If the axons cross the barrier,
animals lose coordination; they no longer seem to be able to control the left
and right sides of their bodies independently. Instead of moving their four
feet in alternation to walk, the mice move both legs at the same time and
hop.
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The project led by Adams
showed how the Ephephrin pair interact
differently to form the
vascular system in the
developing mouse.

The images at the top left
and right show how the
blood vessel and capillary
system develop into
complex, highly-ordered
structures in healthy mice.

If the ephrins are unable to
pass signals, the same
tissues show severe defects
in organization (lower left
and right). The embryo dies
in an early stage of
development.
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“We showed that EphA4 has to send a phosphorylation signal for the axons
to behave properly,” Kullander says. “If you remove the tail's activity, or
block the signal in other ways, the axons misbehave and cross the barrier.
So we wanted to narrow down what part of the protein was doing the
signaling.” An obvious candidate was a segment of the EphA4 tail called
the SAM domain, found in all types of Eph proteins. The researchers were
surprised to discover that axons continued to find their proper paths
through the spine even when the SAM domain was deactivated, meaning
that the guiding signal is being transmitted through another part of the
protein called the kinase domain.
Within the brain itself, however, EphA4 doesn't seem to function as a
receptor. Brains are divided into right and left hemispheres; migrating
axons connect them at several places. Removing EphA4 entirely erases an
important signal which pushes axons from one side of the forebrain into
the other half. But interstingly, axons require only the part of the molecule
on the outside of the cell to migrate correctly. “If you make an EphA4 that
lacks its internal tail and doesn't signal, the mouse can still develop
normally, which suggests that it's the ephrin on the neighboring cell that's
the active partner,” Kullander says. “This proves that EphA4s have at least
two ways of guiding axons. In the spine, the Eph receptor is the signaling
partner, whereas in other parts of the brain, ephrin signaling is likely to be
sufficient.”
A very similar phenomenon was discovered in a second project led by Ralf
Adams, another postdoctoral fellow in the group. This time the researchers
removed the intracellular tail from a molecule called ephrinB2. “Again, an
Eph-ephrin pair seems to switch roles in two different types of tissues to
have different developmental effects,” Adams says.
EphrinB2 is absolutely necessary for the development of the animal; mice
which don't produce the protein at all die in the early stages of embryo
development, probably because their blood vessels do not develop into a
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functional vascular system able to provide oxygen to all parts of the body.
“Removing ephrinB2's cytoplasmic tail produces the same effects as
removing the entire protein, again suggesting that ephrinB2 has to signal
back into the cell,” Klein says. “One critical event in vascular development
is when sheets of cells that line a vessel loosen their contacts so that new
branches can form. If Ephs and ephrins are acting the way they do during
axon guidance, their function is probably to push cells away from each
other. This may be what is going wrong in the formation of blood vessels.”
EphrinB2s also play a major role in the developing head region. A set of
cells called cranial neural crest cells have to move to their proper positions so
that neurons, connective and skeletal tissue, and skin cells can form.
Removing only the molecule's intracellular tail allows these cells to migrate
properly, which means that in these tissues the ephrins are needed to
stimulate receptors. They don't have to signal themselves.
“This complex relationship between Ephs and ephrins seems to have
developed late in evolution,” Klein says, “and it is probably important in
other types of tissues as well. Complex animals often use the same cellular
mechanisms to create patterns in different organs. But role-trading may be
almost unique to Eph-ephrin signaling, because other known receptors
communicate with molecules that don't have intracellular tails capable of
sending signals.”

FRANCESCA DIELLA &
KLAS KULLANDER
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Fine-tuning the reception of
developmental signals
Very early on in the development of an embryo, small groups of cells
commit themselves to becoming wings, or limbs, or organs. In the cell,
developmental choices generally boil down to activating certain genes, or
switching some off; maintaining the status quo can also commit a cell to a
certain fate. Very important turns in the story line sometimes hinge on a
choice involving a single gene. Creating an entire wing involves many such
choices; cells on the back side have to behave differently than those turned
towards the body, and borders have to be established.
STEVE COHEN and his colleagues have been studying the way specific
signals help to create the major structures of wings and limbs in the fruitfly.
It is known, for example, that creating the difference between the dorsal
(back) side of the wing and the ventral side (towards the body) depends on
a receptor called Notch, which is found in all types of cells. This protein has
to properly receive signals passed by two different molecules, called Delta
and Serrate, which are embedded in the surfaces of neighboring cells. But
there is something unusual about Notch's behavior. Although Delta is only
found on cells on the ventral side, it somehow only activates the Notch of
dorsal cells. Serrate is found throughout the wing, but it only passes signals
through Notch on the ventral side. There must be some other characteristic
of these cells that tells Notch which signal it should respond to.
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KATJA BRUCKNER

The researchers knew that the protein Fringe somehow made cells more
sensitive to the Delta signal and less sensitive to Serrate, but they didn't
know how it managed to accomplish this. Fringe might be doing
something to Notch to make it better at capturing the signal. But no one
knew whether Finge interacted directly with the receptor or through the
intervention of other molecules, whether it did so inside the cell or outside.
The latter was a real possibility, since Fringe is secreted from cells; Notch
floats in the outer membrane, and the parts of the molecule that bind to the
signal hang outside the cell, antenna-like.
But the alternative was equally possible. The cell processes molecules that
are to be secreted (like Delta) and those that are inserted into membranes
(like Notch) in much the same way. On their way to the outer surface, the
two proteins pass through a sac-like set of membranes called the Golgi
complex. Postdoctoral fellow Katja Bruckner and Cohen wondered whether
the two molecules might be encountering each other in this structure as
they were carried towards the surface of the cell.
A close study of the amino acid sequence making up Fringe added weight
to this idea. It has a feature that is characteristic of glycosolation enzymes,
the molecules which process proteins by adding chains of sugar molecules
onto their surfaces. Since this activity takes place in the Golgi complex,
Bruckner and Cohen thought that Fringe might be glycosolating Notch. If
they could prove it, they would be the first to show that this type of
chemical modification could be used to fine-tune a receptor.
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The researchers first tried to disprove their own hypothesis by creating a
line of cells that couldn't produce Fringe, and thus wouldn't have any of
the molecule inside. If Fringe was altering Notch externally, or somehow
improving the reception by interacting with Delta, then it should be
enough to simply add Fringe outside the cell. But in this experiment, Notch
and Delta bound poorly to each other.
Next the team made a special form of Fringe that couldn't be secreted from
cells; it would stay locked in the Golgi complex. Any effect that Fringe
might be having would be within the cell. Under these conditions, Notch
received the signal just as well as it did in the presence of the normal form
of Fringe. With their collaborators from Copenhagen, Cohen and Bruckner
put the finishing touches on their theory by showing exactly what type of
sugars Fringe was adding, and which part of the Notch molecule this was
affecting.
This marks the first time it has been directly shown that specific cell types
can alter receptors through glycosolation and thus change their ability to
bind to another molecule. Cohen and his colleagues are now pursuing the
question of whether this is a general mechanism that many cell types might
use to regulate their sensitivity to signals.
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FLIM, FRET, FLIP & FRAP
Receptors can be triggered by accident –
sometimes they bind to the wrong molecule –
so it's a good thing that a single signal will
rarely rock the cellular boat. Usually
numerous receptors have to be activated,
finally crossing a critical threshold, before a
signal begins to have a significant effect on
the cell. Often receptors have to cluster
together, pulling into a concentrated space on
the membrane, to stir up enough activity to
reach the necessary signal strength.
A receptor usually transmits information into
the cell via its tail in the cytoplasm. In most
cases, researchers think, a signal outside the
cell can bind to more than one receptor head;
this pulls the molecules together. The tails of
receptors are usually highly chemically
active, and bringing them into contact with
each other is like switching on a strong
electromagnet that will attract anything close
enough to feel the pull. Molecules that
interact with the tail undergo their own types
of changes, and they pass the signal on down
the line in a cascade of interactions.
A lot of notions about how specific receptors
work come from biochemical experiments.
One strategy is to alter proteins and force
them to behave abnormally – as Steven Cohen
and his colleagues did in the case of Fringe –
to tease out clues about a molecule's activity.
In the past it has been impossible to watch
interactions between molecules directly in
cells. But PHILIPPE BASTIAENS is managing to
do just that using revolutionary new
microscope techniques, and recently he has
used them to overturn a theory about the
behavior of a receptor.

PHILIPPE BASTIAENS
SQUIRE

& ANTHONY

Underneath the surface of the skin lie several
layers of cells which divide, change, and
move as the skin grows or when there has
been an injury. Sometimes a great deal of new
skin has to be produced rapidly, and the body
has several ways of telling cells to do this.
When a substance called epidermal growth
factor (EGF) is secreted, for example, the cells
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that detect it undergo radical, rapid changes. They may suddenly begin to
divide, or to develop into new cell types, to move or to die. Many years ago
researchers discovered a number of receptors that bind to EGF. The
receptors play an important role in many skin diseases, such as certain
types of cancer in which cells are knocked out of balance and proliferate
wildly.
Scientists have been curious about how EGF receptors work so potently
and quickly. They knew that they passed signals via phosphorylation: a game
of chemical tag where phosphates are passed around between enzymes.
“The guiding theory has suggested that signaling starts when receptors
bind in pairs,” says Bastiaens.
But it has been hard to demonstrate how important such pairs, or dimers,
really are in the signaling process. Do they stay bound to each other for
long periods of time, or are the contacts transient? It's an important
question in understanding how the cell amplifies signals. Individual
proteins are too small to be seen under the microscope, so the answer can't
be obtained just by looking at them.
Bastiaens and his colleagues at EMBL, however, have been using a method
called fluorescence resonance energy transfer (FRET) to accomplish this.
Nearly ten years ago, researchers in the U.S. developed a new type of
technology to observe and track proteins through the cell. They discovered
single proteins responsible for the fluorescence of jellyfish; then they
mastered the practice of adding fluorescence code onto practically any
other gene they liked. This creates a protein which usually behaves
normally – except that it glows green when you excite it under blue light.

membrane

receptor

GFP tag
A molecule with the
GFP tag is fluorescent
when excited with a
laser; this fluorescence
decays very quickly.
This decay is different depending
on the molecule’s activity,
permitting researchers to
measure (for example) how much
signaling is going on.
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When it binds to
another tagged
molecule, some
energy is
transfered
between the
tags, giving it
yet another rate
of decay...

...which provides a
direct way to observe
whether two proteins
bind to each other.
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Thus scientists can create cells with glowing EGF receptors. “In the
meantime,” Bastiaens says, “other jellyfish proteins have been recruited to
make other glowing colors, so you can label several proteins at the same
time.”
The procedure is fine for observing the locations and movements of
specific proteins; it may even show that they operate in the same parts of
cells, but it doesn't say anything about whether they come in direct contact
with each other. This is where techniques called FRET and FLIM come in.
Fluorescence is created by exciting particular molecules with a light, such
as the laser of a microscope, and the result is that the molecules emit
photons that can be detected to make an image. They won’t do this
indefinitely, Bastiaens says. “If you excite the molecule with a very rapid
burst of light – billionths of a second – it flares and the fluorescence decays,
also within billionths of a second.”
The fluorescent signal that a molecule emits is very complex and Bastiaens'
group has built an instrument called the Fluorescence Lifetime Imaging
Microscope (FLIM) capable of analyzing different aspects of it very precisely.
At this level of detail, you can see that each type of molecule fades in its
own particular way – and Bastiaens has shown that different “states” of the
same molecule fade at measurably different rates. So a signaling molecule
that has been activated by phosphorylation – a very common type of
chemical information transfer between proteins – fades more quickly than
a molecule in the inactive state.
There are other things that can change the rate of fluorescence decay. When
specific types of fluorescently-labeled proteins come close enough to each
other to interact, there is a transfer of energy. Bastiaens draws a picture on
the back of an envelope to explain. “Here are two receptors bound together,
and here's the GFP tag, stuck to the cytoplasmic tail of the molecule. It casts
off energy in the form of photons. This is what you can detect with FLIM.
Now imagine that it is directly connected to this molecule over here, also
with a fluorescent tag.” He draws an arrow from the one tag to the other.
“Here the first marker is giving off two kinds of energy, and that changes
the rate of decay of the fluorescence, which you can also measure. I always
compare it to having a bucket with a hole in it – what we measure with
FLIM is how fast the water drains out of it. If you drill a second hole in the
bucket – like the energy that is drained by contact with the second tag – the
water drains out faster. This only happens when the two molecules are so
close that they must be bound to each other.”
The technique, called FRET (for fluorescence resonance energy transfer) has
given the researchers the first direct look ever at how a phosphorylation
signal is amplified by EGF receptors within cells.
To watch the spread and amplification of the signal, Bastiaens and his
colleagues had to stimulate the receptors in a very focused, localized way.
They put spots of concentrated EGF onto a bead and brought it into contact
with a cell bristling with receptors. Using antibodies, they could “freeze”
the process at different stages and observe how the receptors passed
signals.
“Within a few seconds of contact with the beads, we saw activated EGF
receptors, and within a minute the activation pattern had spread to
receptors not directly bound to beads,” Bastiaens says. “The pattern that
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we saw, backed up by additional experiments, shows that it also spread to
receptors which are not tied up in dimers. This means that a receptor
molecule doesn't have to be bound to a growth factor outside the cell to
pass its signal to the tail of another receptor. And such associations are very
transient.”
Unbound receptors are free to roam and phosphorylate many other
molecules. This gives the cell a quick way to amplify signals at the
membrane, spreading a signal like wildfire throughout the cell. But
Bastiaens’ work also shows that other factors are involved in the rate of
transmission. “How many EGF receptors are activated depends on what
else is going on in the cell,” he says. “There are other types of molecules,
called phosphatases, that go around stripping phosphates off of molecules.
These proteins are very active most of the time – they probably have to be,
because many receptors want to send signals all the time, and it's
phosphotases that dampen what would otherwise be too much signaling.”
So keeping the cell in a state of rest turns out to be a very active process,
where the balance between signal reception and signal regulation is
probably very fine. The microscopy techniques that Bastiaens, RAINER
PEPPERKOK and others are developing are allowing scientists a first-hand
look at how this happens.
Exposure to light bleaches fluorescently-labeled proteins; this has given
scientists two more techniques to study protein traffic within cells. In FRAP
(fluorescence recovery after photobleaching), a laser bleaches all the fluorescent
proteins in a precise area in a cell. Fluorescence may return as other
glowing proteins move into the area from surrounding regions.
The counterpart to this technique is FLIP (fluorescence loss in photobleaching).
In an experiment, a researcher might bleach half of a cell. The overall
luminescence of the other half may drop because fluorescently-marked
proteins are moving out.

In the left image, a red
dot marks the spot where
a signaling pathway has
been activated.

The image on the right
shows the pattern of
widespread EGF
receptor activation
resulting from this single,
localized stimulus.
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A drive to the Southwest
It's a very simple map, containing only a few sketchy features, but the egg
cell that will eventually become an adult fruitfly has already got its basic
directions worked out. North is the head, South the lower body; East is the
front, and the back will be established in the West. This unfertilized egg,
called an oocyte, has been picked from a set of sixteen cells to become the
future fly, and the other fifteen will nurse and attend it and prompt it along
further developmental stages until the arrival of a male sperm.
At some point, a cluster of six to ten border cells sets off on a journey
through the egg chamber that hosts the oocyte and companion cells. The
cluster edges its way between the nurse cells until it brushes up against the
edge of the oocyte. Then it takes a turn and travels along the border
towards one side of the cell, a region that will eventually form the fly's
back. Without this movement of cells, the resulting egg cannot be fertilized.
PERNILLE RØRTH and Peter Duchek have taken on the task of unraveling the
cues, receptors, and intracellular communication routes that point out the
proper destination to these cells. They have discovered that a type of
receptor that sends many different developmental signals in response to
epidermal growth factors (EGFs) can also read directions – but they do so in
an unusual way.
Rørth and Duchek thought the system could work like the children's game
of “hot and cold”: the cells might sense the intensity of a molecule lying
along the correct path, and the more intense this signal grew, the closer the
border cells would be to their destination. It might be a double-cue system,
with one molecule largely responsible for triggering the move towards the
oocyte, and another for the migration along its border. Alternatively, the
signal might be a single molecule, most intense at the ultimate destination,
and something else could be forcing the border cells to travel straight until
the turnoff.

63

EMBL ANNUAL REPORT 2000/2001

If the migration of the border cells were due to their ability to sense
changing intensities in a signaling molecule, then creating egg chambers
that held an even distribution of this molecule should disorient the cluster.
To identify the signals, Rørth and Duchek used a technique that was
developed by Rørth a couple of years ago. With this method, researchers
drive the insertion of DNA at random places in the fly genome, trying to
disturb the way single proteins were distributed throughout the egg
chambers. The procedure produced 8,500 new strains of fruitflies – all of
which had to be screened under the microscope in hopes of finding a case
where border cells didn't move properly.
Such effects could be observed in a number of the mutant strains. One of
the candidates looked particularly interesting because it involved a signal
that was known to bind to EGF receptors, which play a role in many other
important signal-transmission events. Forcing the production of the EGF
signal might be disrupting cell migration because it needs to be unevenly
distributed within the egg chamber to function as a directional signal.
Which signal are the border cells reading to find their way? Rørth and
Duchek pinned it down to a molecule called Gurken, which is made by the
giant oocyte and localized in the “Southwest” corner – its highest
concentrations are found at the final destination of the border cells.
All of this suggested very strongly that
EGF receptors were passing the guidance
signal, but it wasn't proof. So now the
researchers turned their attention to the
receptors themselves. They proved that
border cells have to have a properlyfunctioning receptor to “see” the guidance
cue. “If they have no EGF receptor, or if
they have a receptor that is always
signaling, they will be ‘blind’ and will lose
their way,” Rørth says.
But they only need the receptor for the
second part of the trip, the turn to the
west; without it, they can still complete
their initial journey southwards. Another
cue, probably a very similar one, must
help them accomplish this.
The experiments revealed something else
that was new and interesting: normally,
the EGF receptor in Drosophila signals
along a molecular communication route
known as the MAPK pathway. Rørth and
Duchek showed that this is not the way
the EGF receptor controls cell migration;
neither are the signals passed along two
other common pathways. The researchers
will now try to track the signals inwards,
to identify the biochemical interactions
that lead to cell migration.

A border cell with an EGF receptor (left) is being
attracted by a signal towards its destination.
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Redundant yet specific
Some developmental processes may
depend on quantity, not quality
Multicellular organisms like ourselves owe our existence to
the fact that evolution spins off multiple copies of genes,
keeps them, and invents new things for them to do. If a
mistake in copying DNA produces an extra copy of a gene,
and it hangs around long enough, random mutations will
make it more and more different from the original. The result
is a variety of patterns with subtle and important differences:
for example, interactions in very similar pathways create legs
and wings.
MAREK MLODZIK’S group, which left EMBL in 2000, has done
a lot to explain the way that a receptor protein called Frizzled
passes signals that are important in the development of flies
and other animals. A recent study shows how evolution’s
tendancy to spin-off multiple copies of a gene can result in a
signaling function that becomes important in the
development of complex organisms.
“Signaling pathways that are preserved over the course of
evolution get pressed into various types of specific tissue and
cell-type responses,” Mlodzik says. “It’s important to be able
to explain how signals work differently in each context, but
the mechanisms have remained elusive.”
Michael Boutros, a former PhD student in Mlodzik’s group,
TEWIS BOUWMEESTER, and Mlodzik investigated two proteins
in Drosophila that seem to be redundant. “Both receptors are
activated by the molecule Wingless, and they pass messages
through a set of molecules known as the Wingless-Arm
pathway,” Mlodzik says. “Yet they don’t perform the same
functions. For example, Frizzled2 binds better to Wingless.
And if you remove one or the other, the receptor that remains
will take over most of its functions, but there are subtle and
different effects on the patterning of the nervous system. And
there are certain types of signaling that Frizzled2 doesn’t
participate in at all.”
Ultimately the explanation for such differences in behavior
lies in the variations that have accrued between the amino
acid sequences of the molecules and the way they are folded.
Something about Frizzled1’s molecular makeup or shape, for
example, allows it to bind more easily with Wingless.
Receiving a signal causes Frizzled2 to strongly activate the
molecules Xnr-3 and Siamois, whereas Frizzled1 does this at a
much lower level.
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“You might also try to explain the differences in the two molecules’
behavior by the molecular neighborhood; one might be placed in the
vicinity of lots of the molecules that help it carry out its activity, while the
other is located in a region lacking some of these molecules,” Mlodzik says.
“But this doesn’t seem to be the case.”
Another explanation might be slight differences in particular amino acids
which are critical in the transmission of signals. Mlodzik and his colleagues
created artificial molecules called chimeras – sewing together a new
molecule out of the parts of others. They were able to determine that
signaling depends on the cytoplasmic tail of the receptor. Still, either form
with an intact cytoplasmic tail is able to activate the pathway.
The solution seemed to lie in quantities, rather than quality. Frizzled2 is
highly sensitive to the Wingless signal; it binds easily and is readily
activated. Frizzled1 seems more stubborn. Frizzled2 activation sets off a
chain of events which lowers the amount of Frizzled2 receptor that is
produced – self-regulating the signal strength that the cell feels. Frizzled is
harder to activate, and the cell seems to produce fairly steady amounts of
the protein, no matter what its activation level.
“Quantitative differences in how well the receptor binds to its ligand and
how efficiently it transmits a signal create real differences in how the
receptor behaves in different tissues at different times,” Mlodzik says.
“This might be a general mechanism that explains the types of fine-tuning
MAREK MLODZIK
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that very closely-related
receptors achieve. It’s the
type of study that is hard to
do only by knocking out
proteins, or radically increasing
their
dosage,
because the proteins tend to
maintain overlapping functions and this can hide the
effects.”
How much signal is
required to activate a pathway? How many receptors
are there on the surface of
the cell ? How many of them
are occupied by ligands?
These things could help
determine what happens as
the result of a signal.
“Fz1 and Fz2 signaling
preferences provide an example of how quantitative differences in
signaling levels can lead to redundant and specific roles of these receptors
during development and evolution,” Mlodzik says.

TEWIS BOUWMEESTER
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Vying for the upper hand
The reception of a signal sets off
a jousting match at the cell surface

Wing imaginal disc
with several clones of
cells overexpressing
Hedgehog.

Wing imaginal disc with
several groups of cells
lacking Patched activity.

For many years, researchers have known that the molecules
Patched and Smoothened collaborated in
helping cells to interpret a signal called Hedgehog.
Patched binds to this molecule, and Smoothened passes
information about the event into the cell. Because genetic studies have
shown that this signaling helps to shape the wing, STEVE COHEN and
Nathalie Denef decided to sort out the relationships between the three
molecules.
One effect of Hedgehog signaling is the proper formation of the front and
back halves of the wings of fruitflies. Patched is only produced in cells in
the front half. Smoothened protein is found in various concentrations
throughout the wing, and the highest levels are found in a narrow band of
cells on the front side of the borderline between the front and back. It is
these cells which respond most strongly to the Hedgehog signal.
Most researchers have assumed that Patched and Smoothened form a
stable complex, acting as a two-part receptor. Experiments by Cohen and
Denef have changed this picture considerably. Smoothened, it seems, is
always turned on; left to its own devices, it would signal constantly.
Patched acts as a switch to turn it off, and Hedgehog opens the switch
again. But the mechanism by which this happens was unclear. The
inhibition seemed unlikely to be due to direct binding between Patched
and Smoothened, because a little Patched can stop a lot of Smoothened
activity.
Using a method of staining molecules in the outer cell membrane, the
researchers discovered that the presence of Hedgehog affects the physical
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locations of the proteins. With exposure to the signal, Patched is less
accessible on the surface of the cell.
Smoothened, on the other hand, seems to be brought to the surface in
response to the signal. Hedgehog might be actively bringing it up, or the
removal of Patched might be clearing a pathway for it to rise. When there
is no Hedgehog, Patched takes up position on the outside, and
Smoothened is brought inwards.
This explanation makes room for another piece of the puzzle surrounding
Patched, recently pointed out by group leader SUZANNE EATON, who left
EMBL in January 2001 for the MPI in Dresden. “Patched is an unusual
receptor because it has no clear evolutionary relationship to any known
receptor for hormones, growth factors, or neurotransmitters,” she says. “It
is, however, significantly similar to a protein called NPC1, which is
defective in a fatal human disease called Niemann-Pick Type C. The cells
of patients with this disease accumulate far too much cholesterol and
glycosphingolipids, which are important components of membranes.”
NPC1 is normally found in small, membrane-wrapped packages called
endocytic vesicles that transport material inwards into the cell.

Wing imaginal disc labeled for
Smoothened (red), Patched (green)
and Ci (blue) proteins. Posterior is to
the right, anterior to the left.

NATHALIE DENEF

Diseases that
ride Hedgehog
Cohen’s work now suggests that
Hedgehog signaling is partly regulated
by an inward movement of Patched,
probably in vesicles. This may be useful
in understanding other genetic diseases
that have been linked to Hedgehog. When
the activity of a very closely-related
morphogen called Sonic Hedgehog (Shh) is
disrupted by a mutation, the result is a
severe disease called holoprosencephaly which
affects the development of the brain.

MATHIAS TREIER

MATHIAS TREIER, who joined EMBL in 2000, has
been working on the relationship between
Hedgehog signaling and the pituitary gland.
This organ is an onion-shaped tissue located just
in front of the brain stem, and is important in the
secretion of vital hormones in mammals. “It
originally forms from two adjacent tissues called
the neuroepithelium, or diencephalon, and the oral
ectoderm,” Treier says. “These tissues invaginate to
form a structure called Rathke’s pouch, which finally gives rise to the
pituitary gland.”
Treier and other researchers have shown that two signals are necessary for
Rathke’s pouch to form: molecules called BMP4 and FGF, which are
secreted by cells in the diencephalon. Reception of these signals in the oral
ectoderm leads cells to express a variety of transcription factors, which are
expressed in overlapping patterns across the tissue. The result is a wide
variety of cell types within the pituitary gland, each of which secretes a
vital hormone. Because these types have been heavily studied, Treier says,
the pituitary makes an excellent system for investigating general processes
of cell differentiation.
Shh is expressed throughout the oral ectoderm. It is also present in most of
the surrounding tissue, but as soon as Rathke’s pouch becomes a visible
structure, the gene stops being expressed in it. The boundary between cells
which produce Shh and those which don’t is so sharp that Treier and
others have been convinced that the morphogen plays a critical role in
guiding the development of the pituitary gland. In addition, a mutation in
the Shh gene causes some forms of holoprosencephaly, in which there are
also developmental defects in the pituitary gland.
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“We’re using mice to study how the morphogen SHH guides the process of
invagination and differentiation of the tissue,” Treier says.
A clear way to study Shh’s specific role in the growing pituitary gland
would be to shut down the gene’s activity in the mouse and watch what
happened to the developing embryo. The easiest way to do this would be
to use genetic engineering to create mice that didn’t have the gene at all,
but Shh plays multiple roles in development and its lack causes defects in
many parts of the brain, including the diencephalon. So they had to find a
way to shut down its activity only in the region of the pituitary gland.
Treier and his colleagues accomplished this by misexpressing a new gene
called hip in the mouse. HIP protein binds to Hedgehog and prevents it
from passing a signal. They inserted the gene directly behind another gene
called pitx1, which is only active in the tissues where Rathke’s pouch
develops; this meant that Hip would now be produced (and would only
inhibit Hedgehog) in that specific region. Other tissues – even the nearby
diencephalon – would not be affected.
“The result is a misformed pituitary
gland,” Treier says. “Signals that take
different routes are getting through:
FGF is still working but BMP2 gets
blocked specifically in the pouch,
and a wide range of genes that
are normally activated by it
aren’t expressed. This includes a number of
important transcription
factors. Looking at the
pattern of things which
get disrupted, we think
that the block of Hh
signaling may affect
only factors that start
to become expressed
at the Hh boundary
after the appearance
of
the
pouch.”

In the developing brain,
tissues expressing different
genes move together to form
the pituitary gland.
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Choosing between pathways
Differences in efficiency may determine which
of many related proteins passes a signal
ANGEL NEBREDA’S group has been investigating a family of molecules called
the MAP kinases, which pass important signals during the cell cycle and in
many other cellular processes. A group of four MAPKs called p38s are
strongly activated in the early stages of infections in multicellular
organisms and when cells undergo other types of stress. They have also
recently been shown to put the cell cycle on hold.
“One thing that has puzzled us about these molecules is how they can be
involved in so many different functions,” Nebreda says. “A lot of different
types of information, with many different biological effects, cross paths at
a p38 kinase.” Over the past few years, scientists have come across more
and more such molecular switches, able to receive information from
different sources and send it in multiple directions. Often these proteins
function by receiving each type of signal at its own location; the result may
be that each achieves a different rearrangement of the molecule’s structure,
pre-configuring its ability to communicate with specific signaling
ANGEL NEBREDA &
CONCETTA AMBROSINO
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molecules on down the line. With p38 this is not the case: many different
inputs come through the same structure, even via the same molecule, a
protein called MKK6.
So how can the molecule distinguish between different signals? Nebreda’s
group looked at various types of p38s, called p38-alpha, beta, gamma, and
delta. All four can be activated by MKK6, and they go on to activate an
overlapping set of other molecules. This suggests that p38s may have both
overlapping and very specialized functions. “It’s also known that different
stimuli coming from outside the cell can activate different p38s,” Nebreda
says, “which is another clear indication that they have specialized
biological functions.”
Now Gema Alonso and Concetta Ambrosino from Nebreda’s group have
shown that the amount of active MKK6 helps to determine which p38 will
be activated. “Low levels of MKK6 are enough to trigger p38-alpha,
whereas other forms require more activity,” Nebreda says. This seems to be
due to sequences at the tail end of p38 molecules – a site which was not
previously thought to be involved in MAPK activation.
Scientists know that many events within the cell are determined by the
strength of signals, or the amounts of particular molecules which are
present – signaling is often more like a volume control than an on-off
switch. This is one of the first cases where the regulation of volume has
been spelled out at the molecular level and shown to determine the route
that a message takes.
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The transcription factor and the SAGE
The link between a signal and a change in a cell’s behavior is often a
transcription factor: a protein that binds to DNA sequences and triggers the
transcription of a specific gene. Because an immune response, a
developmental stage, or a program of differentiation can sometimes be
launched by the production of a single new protein, cells have to exercise
tight control over the activity of key transcription factors.
“One way that cells do this is simply by not producing the factor,” says
group leader DIRK BOHMANN, who left EMBL in the first months of 2001.
“But it’s not as if once they’re produced, they automatically bind to a
specific DNA sequence and the gene will start being transcribed. A lot of
other molecules bind to DNA, and a transcription factor often interacts
with them. So the cell might have to produce just the right constellation of
molecules to activate a gene. Another type of control is that transcription
factors might have to be switched on by a particular signaling pathway, or
they may need to form complexes to bind properly to DNA. They need to
associate with co-activators and other components that do the
transcription.
“An ‘ultimate’ understanding of the biology of a transcription factor would
include completely describing all the genes that it regulates, both positively
and negatively, in as many relevant situations and as many developmental
stages as possible,” Bohmann says. “That would have been considered a
utopian undertaking ten years ago, but
now the deciphering of genomes and the
advent of genomics technology is
making it a realistic – although
ambitious – proposition.” He points out
that Drosophila is almost ideally suited
for such an approach. The genome is
small and has been completely
sequenced, and the functions of fruitfly
proteins have been well-explored
compared to most other species.
“Additionally, Drosophila is a good
system for reverse genetics: going
from a gene to a particular
phenotype. This will be tre-
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mendously helpful for interpreting the flood of genomic data within the
context of the organism.”
In collaboration with Vladimir Benes and other members of the group of
WILHELM ANSORGE, Bohmann and his colleagues carried out SAGE (serial
analysis of gene expression) experiments in Drosophila. This method uses a
different strategy to provide the same type of information that can be
obtained using DNA chips – it tells which RNAs are present in a cell.
Bohmann and his colleagues wanted to monitor the way genes respond to
the activation of a pathway called JNK in the fly embryo. These molecules
participate in developmental processes such as cell migration and tissue
fusion, where sheets of cells growing from various directions meet and
join.
“It was known that tissue sheet movements such as dorsal closure are
orchestrated by transcription factors and that they involve dynamic
changes of the cytoskeleton as well as alteration of cell adhesion – the way
in which cells of an epithelium hold on to one another,” Bohmann says.
“What was completely unknown was how these two events are linked and
how turning on or off genes might cause such dramatic changes in tissue
mechanics. Some of the genes that have been identified in this project are
starting to solve this puzzle. For example, profilin is a factor that regulates
the formation of actin fibers, one of the main constituents of the
cytoskeleton. Another JNK-regulated gene encodes an integrin, thus a key
regulator of cell adhesion.” In addition to these molecules which execute
tissue closure, Bohmann and colleagues found other classes of genes that
appear to perform the function that JNK signaling is most famous for in
mammals: the cell's defense against biological, chemical or physical attack
(such as pathogens, toxins, or radiation).
This shows, according to Bohmann, that signaling pathways such as JNK
are enormously complex. It also validates the method: SAGE will continue
to be a valuable tool for investigating gene expression in Drosophila and
other species. And the project produced a database and set of tools which
will soon be made available to the whole community of fly researchers.
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Anatomy of a domain
Molecular biologists hope to be able to explain molecules' behavior in
terms of their most basic physical structure: the arrangement of atoms that
compose them. Many of the cell's most important signaling proteins have
similar architectures, and studies of the structures of a few molecules have
revealed general principles that explain the behavior of many more
molecules. This was one of the focal points of GIULIO SUPERTI-FURGA'S
group, which has now left EMBL to found the start-up company CellZome.
They collaborated with other groups at EMBL to help explain how the
organization of domains – or middle-sized folding units – of a widespread
family of proteins called Src controlled signaling activity. They could then
extend their findings to a class of related molecules called Abl.
MATTI SARASTE'S group, collaborating with the group of MICHAEL NILGES,
solved the structure of the Pleckstrin homology (PH) domain, which is found
very widely in signaling and regulatory proteins. “Most PH domains have
an overall positive charge,” Saraste said, “and they have been shown to
bind to negatively-charged phospholipid molecules, which are the main
components of membranes. Many of these domains help target the proteins
they belong to to membranes, where they act as receptors or perform other
functions.”
Studies using X-ray crystallography have given researchers a direct look at
how the atoms in some PH domains are arranged. In the past, Saraste's
group has obtained structures of the positively-charged PH domain of an
enzyme called Bruton's tyrosine kinase (Btk), which is involved in the
maturation of immune system cells and has been linked to a genetic
disease, and of the protein Spectrin.
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Such a detailed structural picture has not been obtained for the vast
majority of proteins, however. When researchers want a deeper look at
such “unsolved” molecules, one approach they can take is to use computer
programs to model how the protein's amino acid sequence will probably
fold. Michael Nilges’ group applied this method to PH domains and came
up with a surprise: they found a family of domains which were
predominantly negatively-charged. These probably would not bind to
membranes and would perform other tasks. Some genomes, such as that of
the roundworm, are full of so many examples of negatively-charged PH
domains that they clearly have an important cellular function.
Niklas Blomberg, a member of Nilges’ group, got a picture of one of these
“outlying” domains using nuclear magnetic resonance (NMR), a technique
which can capture small protein structures in solution. This structure
showed that the PH domain of a muscle protein from the roundworm has
a negatively charged binding domain that prevents it from binding with
the normal partners of other PH domains.
“This new class of PH domains has a deep pocket lined with negative
charges,” Saraste said. “It means that it won't bind to negatively-charged
phospholipids; instead, it probably plays an important role in regulating
the interactions of other proteins.”
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Expanding Monterotondo
An interview with Nadia Rosenthal, newly-appointed
Coordinator of the Mouse Biology Programme
WHY DID YOU DECIDE TO JOIN EMBL’S
MONTEROTONDO RESEARCH PROGRAMME?
I have spent most of my research career at
large institutions like Harvard and NIH
where there is a wealth of intellectual
resources, but where there is not always an
opportunity to integrate the collective
intellect there, to work on something in a
concerted way. Monterotondo is an
opportunity for a relatively small yet
concentrated center of excellence, focusing on
the mouse as a model for mammalian
development and human disease. With the
opportunity to assemble a group based on the
EMBL model, a unit of young, motivated
basic researchers with common interests, I
saw a chance to pull together some ideas I
have to link research on development and
disease in a way that will exploit the
explosion of mouse genetic technology,
conditional mutagenesis, as well as all the
microarray and genomic analyses that are
now available.
HOW WOULD YOU LIKE TO SEE THINGS DEVELOP
THERE? WHAT KINDS OF EXPERTISE WILL YOU PUT
IN PLACE?
I would like to see EMBL Monterotondo grow
to a sizeable number of groups – enough to
provide students and postdocs with many
different possible approaches to problems.
With the new appointments, we now have
five groups, and they cover a really good
spectrum. We also have the enormous
advantage of being able to work closely with
the Heidelberg Laboratory and with the
Outstations.
The kinds of expertise that will be essential on
site include conditional mutagenesis. Just
about every lab down there is going to be
using it if they haven't been already. There are
a number of different ways you can approach
this, including the Cre-lox system and FLP,
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and we have the expertise in place to use
them. We are also going to need very good
pathology because it is a big challenge to
identify a disease when you are in the process
of manipulating a genome. One way of
looking at this is to have a very wide
catchement so that you have every possible
disease well represented. For example, if the
mouse has a kidney problem, you have a
nephrologist on hand; if it has a cardiac
abnormality, you have someone who knows
about heart development. At Monterotondo,
we already have people who have knowledge
of a number of different systems, or who can
point us in the right direction: Liliana
Minichiello covers the nervous system, I can
provide a nexus to muscle and heart, and we
have a wonderful cell biologist in Walter
Witke who can look at problems at a
subcellular level. We also have two new
group leaders coming on board: Claus Nerlov
whose current interest is the development
and diseases of the hematopoietic system, and
Manolis Pasparakis, who is working on
inflammatory problems in immune system
development. In each case there are a number
of different approaches so the groups have
interests which are not necessarily
overlapping but very complementary.
Manolis' group, for example, is working on a
transcription factor, NFkB, which is likely to
be involved in muscle wasting (cachexia), and
my lab has been studying the effects if IGF-1
on blocking muscle degeneration. We think
there is going to be a common interest in
cachexia, which is a serious complication in
aging and in diseases such as cancer, AIDS
and heart failure. Developmental pathways
will be implicated, because each one of these
factors does many different things over an
organism's lifespan. We haven't yet dissected
these pathways with the conditional
mutagenic approach. Now, we can start
looking at early and late events in
development that may give us new insights
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into each of these factors. Similarly in the
work of Liliana, who is looking at receptors
and signaling in the nervous system, there are
other derailings that go on. You can use your
information about how the TrkB receptor is
going to be regulated and regulating various
things in development to eliminate problems
and disease of the nervous system and
probably other tissues as well. But, that's not
enough. Every knock-out is a mystery and
every mutation brings up unexpected
phenotypes. My overall goal is to make this a
hub, not merely to process other people's
mutants but to be able to probe invasively
into specific questions about diseases. By
going deeper and deeper into the phenotype,
we can actually illuminate various aspects of
disease in ways that you can't if you are
looking at it from a superficial view.
KNOCKOUT AND MUTANT MICE ARE EASY TO

MAKE THESE DAYS AND THEY PROVIDE A GREAT
OPPORTUNITY FOR FULL-SPECTRUM ANALYSIS, YET
THERE SEEM TO BE SOME BOTTLENECKS IN THE
PROCESS. ARE MICE BEING PRODUCED SO FAST

THAT YOU DON’T HAVE THE TIME AND ENERGY TO
DEVOTE TO EACH ONE NOW? OR IS IT THAT THERE
IS SO MUCH TO DO WITH EACH STRAIN?

Both. An example from the work in my lab is
the situation we found ourselves in when we
were trying to distinguish the origin of
muscle fibre type. Muscles have different
fibres that are committed quite late in
development. These play a large role in
disease. Different fibres are lost in different
situations: if you have an imbalance in
extended spaceflight you lose one set of
fibres, if you are sick, or old, you lose another
set. They perform different functions and
their origin is quite different at a molecular
level. Craig Neville in my lab worked out an
unexpected connection between E proteins,
first characterized by Anne Ephrussi, and
named for her, and fibre type specification.
The way he found this was totally fortuitous.
On a hunch he asked the immunologists who
had knocked these E proteins out if he could
look at their animals. We were assured that
absolutely nothing was wrong with the
muscles in these animals at all, and that the
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only problem they had was with their B-cell
development, in which E proteins played a
well-known role. Nevertheless he persisted;
we got the animals and within a few weeks
we had discovered not only an enormous and
rather unexpected array of muscle
phenotypes in which knock-outs of closely
related specific E proteins resulted in loss of
specific fiber types. We also discovered heart
defects, nervous system defects. We haven't
even got to the bottom of those mice. They
were about to be discarded because papers
had been written up about immunological
defects and the people involved in the
knockouts weren't that interested in following
up any of the other phenotypes. So if you take
that example, you can imagine that other
knockouts with important defects are
probably going by under our noses and we
are missing them. The problem now isn't
really making the mutation as much as it is
catching the effect of it.
One factor that contributes to this problem is
that there no standard protocol for exploring
all effects, though procedures are currently
being developed. Another issue is the logistics
of making the strains – you can either analyze
your mice at your center or you can send
them out. In certain cases, making the mice
and sending them out is more appealing
because it is essentially provides a limitless
resource of connections. One of the ways in
which I am hoping to make this easier for
everyone, internationally, is to set up an easy
way to transport the mice from one place to
another which would allow people to cross
mice without having to actually bring the
mouse into their own facility and mate them.
It's a kind of Mating Game, Love Boat thing.
Win a weekend in Paris, send your favourite
knockout to meet the mate of her dreams…
Mice should now be shipped across the world
as easily as transporting them across a state or
country border. We can send our mice out for
phenotyping, we can send them somewhere
where to be mated and then the offspring can
be analysed by pathologists who can tell the
appropriate people whether there is anything
informative in the cross. If there is, then the
mice can be rederived and introduced into the
appropriate centers. We avoid an incredible
expense if we can do this quickly and without
all of the problems associated with having the
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mice and the same level of cleanliness and
disease-free state.
IS THERE A NEED OR DESIRE FOR RESEARCH

GROUPS IN MONTEROTONDO TO DEVELOP NEW
TYPES OF CONDITIONAL KNOCKOUTS?

Absolutely, though I don't think there is
anybody at the moment in the group who is
taking that technical approach. I have had an
ongoing collaboration with Francis Stewart
for five years now. I am also collaborating
with Susan Dymecki at Harvard Medical
School. Both are working on improvements in
the FLP system, as well as the Cre-Lox system
for conditional gene expression. We have in
our lab up and running a system Francis has
developed in his laboratory that is also being
used in other laboratories, where a ligandbinding domain from a nuclear hormone
receptor is linked to the recombinase Cre so
that it is made but not transported to the
nucleus until a synthetic ligand is present.
That will allow us to fine tune our conditional
mutagenesis, not only spatially but
temporally, which is incredibly important
because otherwise you have to rely on
promotors to be turned on and off at the right
time. I have spent my life looking at
promotors and I know what the limitations
are, especially when you use them in vivo. You
have to know exactly where and when your
promotor is turned on, when it is turned off,
and you have to look at it throughout the
lifespan of an animal and it is a lot of work.
We have an expanding catalogue of
promotors that have been well characterised.
But it is still a cherry-picking operation – you
just go around looking for them. Eventually
that will have to be catalogued as well. In the
meantime we have to think about ways in
which we can improve on just waiting for the
right promotor to show up.
WHAT PATH HAS YOUR CAREER TAKEN YOU ON TO
GET YOU WHERE YOU ARE NOW AND THE THINGS
THAT YOU ARE WORKING ON?

I got my PhD at Harvard Medical School in
the 1970s, working with Arg Estfratiadis on
the first cloning and sequencing of interesting
eukaryotic genes, like globin and insulin. I
was really lucky. I got to work with people
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like Tom Miniatas and Walter Gilbert. We
were a small lab and connected well with
other labs who were doing work on various
genes. From that I became interested in gene
structure, but it wasn't until I got to the NIH
as a postdoc that I really found my true love
which is gene regulation. I worked with Peter
Gruss when he was a postdoc there and
learned everything I know about gene
regulation from him. Those were incredibly
productive years. We were looking at
enhancers and viruses and understanding
eukaryotic gene regulation in the virus, which
was the first place that we were really capable
of dissecting it. And at the same time people
like Anne Ephrussi were working on the
endogenous enhancers in eukaryotic cells,
and the fun was to discover that there were a
lot of similarities between them.
After that I decided to get out of viruses,
because by then it was the mid 80s, and the
virus world was absolutely overflowing, and
I am at heart a developmental biologist.
Looking at the formation of pattern and shape
is what I like to do best. I looked at a number
of different systems and skeletal muscle
appealed to me the most. The cells are very
beautiful, and they are very distinctive when
they differentiate, which they do nicely in
culture, so I was able to use all my gene
expression assays to play with them. And
with transgenesis around the corner we could
think of ways in which we could use all this
new technology to look at muscles and
disease.
Then I became interested in embryology, after
having spent some time in Boston University
Medical School. I started to be able to really
look at embryos and understand what was
going on at the tissue level as well as at the
molecular level. That led to an interest in
muscle development, which then expanded
to the heart, because by that time I was at the
Cardiovascular
Research
Center
at
Massachusetts General Hospital. One of the
projects in my lab is to understand the
anterior/posterior polarity of the early heart
and how that ties into overall AP patterning
in the mammalian and avian embryo. That
grew into an interest in heart disease and
genetic aspects of heart degeneration and all
the associated problems. Along the way I also

had a chance to learn a lot about epigenetic
modification. One of the projects I had in the
early 90s focused on epigenetic modification
of the genome as a way of preserving pattern
at the level of the organism. That is something
I would like to start working on again in the
context of mouse genetics, where I can really
attack the problem – not necessarily at the
transcriptional level, because that is being
taken care of by really great people – but to go
back to understanding how genes are
regulated at the level of chromatin using in
the new conditional systems in vivo.
YOU HAVE WITNESSED OVER THE LAST TWENTY
YEARS BIG CHANGES IN THE WHOLE FIELD. WE

ARE MOVING INTO A POSITION WHERE THE
MOLECULAR GENETICS WORK IS GOING TO HAVE
AN EFFECT ON HUMAN HEALTH. HOW DO YOU SEE
THAT REALISTICALLY DEVELOPING OVER THE NEXT
DECADE?

We are quite far along with the analysis of
genetic diseases in humans. We are now at the
point where the challenge is going to be to
discover how multiple genes interact to
produce
subtle
defects
or
subtle
susceptibilities to diseases that are
opportunistic. Big companies are looking at
overall linkage in small populations where
they can follow inheritance patterns. At the
New England Journal of Medicine, we are
seeing more and more papers coming
through in which multiple genes are being
implicated in diseases that had previously not
necessarily been thought of as having a
genetic component. I think this is a natural
outgrowth of the information that is available
now and it is going to continue, especially
given the research groups in medical centers
working on these issues with human patients.
Human variation is teaching us geneticists
where we should be looking in the mouse.
Working with clinicians we can identify
particular genes whose function we think we
understand in mice and then investigate them
in humans. With multigenic problems, this is
very difficult. So that is where mouse models
of human disease come in. You can figure out
the disease in the mouse and then try to cure
the mouse, in a number of different ways.
Obviously drugs are one way to go. Another
avenue is cell therapy, which plays into my
interest in regeneration. And with the new
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explosion in stem cell research, especially
adult stem cell research – which we are
following up because I think it has a lot of
potential and obviously avoids a lot of the
ethical problems that are hampering
embryonic stem cell research – there is
incredible potential. Regenerative biology is a
theme I think that is going to come up over
and over again because it can be linked to
development and many of my colleagues in
Monterotondo are interested in that approach.
WITH ALL OF THE INFORMATION POURING IN
FROM GENOMICS, AND THE TECHNOLOGIES THAT
ARE NOW AVAILABLE, THE BORDERS BETWEEN

TRADITIONAL SCIENTIFIC DISCIPLINES ARE
OVERLAPPING. FOR EXAMPLE, WE NOW SEE MORE
AND MORE DEVELOPMENTAL BIOLOGISTS WORKING
ON CELL BIOLOGY PROBLEMS. HOW DO YOU SEE
THIS SHAPING RESEARCH IN THE NEXT FEW YEARS?

I think that young scientists starting their
laboratories now are not at all afraid of
applying every possible technology to answer
a question. Just like kids today are not afraid
of a computer, scientists assume certain things
are going to be available to them – because
they are. We now have most of the human
genome sequence, we can blast a sequence on
any microarray you want, we can laser
capture small pieces of tissue so you can do
microarrays on microscopic samples. The
amount of technical ease that people now feel
is allowing really interesting questions to pop
up. That is why I like the idea of working with
a group of young people. They don’t feel the
barriers – conceptually or technically. The
trick is to set things up so that you can
continue to learn. One good example of an
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analytical approach that has crossed over
these traditional borders is imaging.
Developmental biologists haven’t ever been
afraid of imaging, but transcription factor
people are now using imaging because they
see how useful it can be. You don’t ask what
can I do with the techniques I already have
under my belt, you ask do techniques exist
that will allow me to answer that question. It
is now getting to the point where you can
actually do it. It is wonderful time to be a
scientist. It’s fun.
HOW DO YOU SEE THE INTERACTION BETWEEN

THE RESEARCH PROGRAMME AT MONTEROTONDO
AND THE OTHER PARTNERS ON THE CAMPUS?

I have already established a close working
relationship with Glauco Tocchini-Valentini. I
think we have a similar vision for the
Monterotondo campus. He has already
expanded the CNR by bringing many of the
groups who were in Rome out to the campus.
We share a library and other services. We
share an interest in seeing EMMA thrive. I am
looking forward to learning more about what
the groups down there are actually working
on because I’m sure there will be room for
many interactions. I am also interested in
connecting up with people in Rome working
in clinical settings, which I hope to do
through my colleague, such as Antonio
Musaro at the University of Rome La
Sapienza. There are other fantastic resources
in Italy that we can foster. I think the EMBLCNR centers at Monterotondo will ultimately
be a great paradigm for interactive science in
Italy.
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WALTER WITKE

Uses and abuses
of the cytoskeleton
T

here's still room in Monterotondo, enough room in the offices to sit
comfortably, and everyone can have a chair. The last time I had visited
WALTER WITKE at the EMBL Programme in Mouse Biology near Rome, a lot
of questions had been hanging over his head: whether empty space would
ever be filled with new groups, who the next programme coordinator
might be, whether funds would be found to support the other international
organization on campus, the European Mutant Mouse Archive (EMMA).

Some of the answers have become clearer, with the EMBL Council's
decision to add critical support under the newly-adopted Scientific
Programme, the departure of KLAUS RAJEWSKY and the appointment of
NADIA ROSENTHAL to head the programme, and promising developments at
the EU level to continue funding of EMMA. A weight has fallen from
Walter's shoulders; for months in the interim, he shouldered a great deal of
the programme's administrative duties while running a new lab. Things
have been cooking in there, and he's eager to give his research full attention
again.
For several years, Walter has been working with mice, cell cultures, and
biochemistry – whatever was required to figure out how actin molecules
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are put together into fibers to give the cell shape and how the actin
cytoskeleton ultimately determines tissue function. The questions have led
him from mouse stem cells to transgenic mice, to blood cells, to neurons
and questions about how they communicate by releasing molecules called
neurotransmitters, and finally to Monterotondo.
Networks of microtubules and actin filaments work within cells to give
them their shapes, help them crawl, and organize their internal contents,
and anything that tampers with the system can lead to disaster. This is
what is happening, Walter says, when the gene that encodes the Profilin I
protein is missing in a mouse. The effects are so strong that the zygote
makes one or two divisions and then dies when an initial supply of profilin
I, which the cells acquired from the mother, declines.
“Profilin ties up single actin molecules and prevents them from binding
together into filaments,” he says. “It’s thought to help regulate the
formation of filaments at the outer cell membrane. Profilin is obviously
extremely important, because it’s conserved in all sorts of life – from single
cells to complex, multi-cellular organisms.”
When actin molecules are marked with a fluorescent molecule such as GFP,
the cell lights up in a pattern that looks something like a mass of cobwebs:
thousands of thread-like lines, usually beginning at the membrane, crisscross the cell. On the day of our visit, predoctoral student Agnieszka
Sadowska gives a talk about her work to a crowd of scientific staff from
EMBL, EMMA, and researchers from the Italian National Research Centre
(CNR), which is also located on the campus. Her first slide shows a dozen
processes in which actin is involved, and it takes ten minutes just to give
the briefest review of everything that filaments might be doing in the cell.
So if you ask Walter why the loss of Profilin I leads to early cell death, he
spreads his hands and shrugs. “It seems that just about everything in the
cell goes wrong whenever you tamper with profilin: cell division, cell cycle
control, cell polarization.” One result of its loss might be the unlocking of
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millions of actin molecules, which would go on to form fibers at the wrong
times and places, blocking all sorts of traffic within the cell and disrupting
its shape. In addition to actin, the protein also binds to a number of
signaling molecules; some of them inhibit the formation of filaments, and
others promote it. So losing profilin unleashes the worst sort of chaos
involving signaling to the cytoskeleton.
“Profilin apparently holds a central position in regulating actin dynamics
in a number of cellular functions which we are trying to better
understand,” Walter says.
Normally, mice have two copies of the profilin gene; profilin I and another
version called profilin II, which is mostly found in neurons. Witke
wondered what would happen if the latter molecule was missing, rather
than the version found in all types of cells. Earlier his group had shown
that Profilin I and Profilin II bind to different signaling molecules. Could
Profilin I step in and take over any functions that would be lost? Alessia Di
Nardo, another predoc in the group, is leading the project to knock out the
profilin II gene.
“Mice lacking Profilin II survive, but their neurons show specific defects
which agree with the function we have proposed: the gene participates in
membrane trafficking,” Witke says.
LILIANA MINICHIELLO is also working
on neurobiology-related themes
with her group in Monterotondo.
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Alessia led another project to determine how Profilin II functions. “Over
the last three years we’ve identified several molecules that it interacts with,
most of them involved in membrane trafficking and the transmission of
signals,” she says. “Now we’ve discovered yet another Profilin protein. It
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comes from the same gene that produces Profilin II; RNA made from the
gene can be spliced in two different ways, leading to Profilins IIA and IIB.”
If two different forms of a protein are found in an animal’s tissues, they are
almost sure to have different cellular functions, and the first thing to do
was find out what types of cells produced the newly-discovered Profilin
IIB form. The scientists found it in the same places they had seen IIA: in the
kidneys and in embryonic stem cells, in roughly equal amounts. However,
in the brain, profilin IIA is the predominant spliced form of the gene.
That wasn't particularly exciting, but the next finding was: despite its
strong similarity to the other profilins, Profilin IIB does not bind to actin.
Heavily increasing the amount of the A form ties up larger and larger
amounts of actin, preventing the formation of filaments, but doing the
same thing with the B form seems to have no effect at all. In fact, the
molecule didn't seem to be coming into contact with actin at all.
“We detected several other proteins binding to the B form, but we don't
know anything about them yet,” Witke says. “The very surprising thing
was that normally it is scattered fairly evenly throughout the cell. When the
cell starts to divide, though, it jumps onto the mitotic spindle and the
spindle poles.” Does Profilin IIB play a role in the cell cycle? “Moderately
increasing the amount of Profilin IIB in cells might even push them into the
cycle of cell division, because doing so in cell culture seemed to double the
number of dividing cells.”
Witke calls the connection suggestive but still speculative – one of many
issues related to profilin and the cytoskeleton that he would like to explore
over the next few years. How many years could questions like this fuel his
lab? He looks towards the ceiling and calculates. “Fifteen,” he says with a
big smile. “At least fifteen.”
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An unwelcome visitor or a Trojan horse?
The vaccinia virus is providing key insights
into shape and movement within cells
The dangerous part of a virus is the mixture of DNA or RNA and proteins
that it contains in its core. A cell wraps newly-copied viruses in a coat of its
membranes before they leave and cross the space to the next cell. When
they arrive, the contents have to find their way inside and be unpacked
again. Some viruses manage this by melting their membranes into the
outer surface of the cell, a process referred to as membrane fusion,
releasing the core inside. Others are swallowed whole and the membrane
fuses with the membranes of endocytic organelles in the cell interior.
It has been hard to tell which of these methods is used by vaccinia, a virus
which is harmless to humans but which is so closely related to smallpox
that it was used as the basis of the first vaccine. From electron microscope
the idea had been developed that the virus could fuse with the cell plasma
membrane, but GARETH GRIFFITHS thinks that this view is incorrect –
although the details are still murky, it appears now that the virus sheds its
membranes outside of the cell, while the underlying core enters the cell.
Vaccinia comes in different forms. The intracellular mature virus (IMV) form
is a simpler version of the extracellular enveloped virus (EEV). They have
identical cores; the difference is that the EEV is wrapped in an extra layer
of membranes and contains seven extra proteins.
This extra coating, according to
postdoctoral fellow Jacomine KrijnseLocker, may lead to a difference in the
way the two forms gain access to cells.
“Past studies have suggested that
drugs which disrupt the actin
filaments just under the membrane
make it harder for vaccinia to enter
the cell,” she says. “Our recent work
shows that this is only a problem for
the IMV form. The EEV can enter
without any help from actin.”
Electron microscope pictures show
cells stretching out long, fingerlike protrusions towards approaching IMVs – almost as if the
cell is extending guy lines to
help the virus bind. KrijnseLocker and other members of
the Griffiths group have identified a process of signaling
within the cell that probably
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creates these protrusions by stringing single F-actin molecules into
filaments and pushing at the cell membrane.
“The protrusions are rich in actin and the protein Ezrin which bind to the
filaments,” she says. “This protein belongs to the ERM family – named
after the related proteins Ezrin, Moesin and Radixin, which is thought to
form a link that connects actin filaments to the outer cell membrane.
Increasing the activity of ezrin causes cells to extend long fingers that look
very similar to those caused by the virus – it also speeds up the rate at
which IMVs can enter the cell.”
A close microscopic study of infected cells showed both forms of the virus
butted up against the outer cell membrane, and their cores released into the
cell interior, but no membrane-wrapped particles inside – meaning that
vaccinia sheds its membrane at the doorstep. “This is what you would
expect if the viral membranes were fusing to the outer membrane of the
cell,” Griffiths says. “On the other hand, other viruses that enter this way
also leave their own surface proteins hanging in the cell membrane, and
this doesn't happen with vaccinia. This is another odd thing about the way
the virus enters.”
Krijnse-Locker and her colleagues have now shown that there are
fundamental differences between the entry of IMV and EEV. Manipulating
ERM proteins and other key molecules that aid or hinder the formation of
actin filaments has a direct effect on the IMV's ability to enter cells. They
also have demonstrated that IMV activates a signaling molecule called rac1.
“As in other systems,” Griffiths says, “rac1 activates a pathway, and it
seems to be inhibited by a related molecule called rho.”
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The approach of the IMV
form of vaccinia virus sets
off a cell signaling cascade;
long protrusions of actin
help the virus enter the cell.
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EEV, however, is uninfluenced by changes in the actin system and doesn't
set off any known signaling pathways. It seems to enter the cell
unannounced.
“A possible explanation for this is that molecules on the surface of the IMV
bind to receptors and activate them – usually this happens by drawing at
least two receptors together, which excites the activity of their intracellular
tails,” Griffiths says. “The EEV has those seven unique proteins on its
surface, however, which means that it likely uses another receptor to gain
entry. The receptors that bind the two viral forms behave quite differently;
whereas the binding of the IMV to its receptor(s) induces a massive
signaling cascade, involving actin, ezrin and many other molecules, the
EEV binds to receptors that now show detectable signaling and the
underlying core enters cells in a silent fashion. While IMV's simpler
construction and the assistance that it enlists from the cell appear to let
more copies enter, EEV is the form that causes the most cell-to-cell spread
and disease transmission. This may be due to its stealth, and it may be able
to catch the immune system off guard.” All of these hypotheses remain to
be tested. But the system is giving researchers strong leads in
understanding how events at the membrane trigger rearrangements of the
architecture of the cell cytoskeleton, and that is fundamental to many
processes in the development of cells and organisms.
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The virus that
manufactures its
own nucleus
Cells duplicate their DNA in the nucleus – a
special environment surrounded by a membrane
and filaments called lamina. These structures and
the proteins they contain, as well as thousands of
other proteins and RNAs in the nucleus, pitch in
to help copy the genetic material. Most viruses
that carry DNA send it in to the nucleus to be
copied, too. Vaccinia is an exception to the rule; it
somehow copies its DNA outside the nucleus in
the cytoplasm. Now Nina Tolonen and Laura
Doglio, working with Jacomine Krijnse-Locker in
GARETH GRIFFITH’S group, have shown that it
does this by creating “mini-nuclei” of its own.
Vaccinia contains an immense amount of
material, including over 100 proteins and DNA that holds the instructions
for over 200 more. Electron microscope studies conducted almost 40 years
ago showed that this DNA gathers in dense clumps in special locations –
called “factories” – to be copied.
“These sites contain dense, fibrous clumps that look like chromosomes,”
Krijnse-Locker says. “A factory is where the DNA is copied, where the first
viral RNAs are transcribed, and where some of them are translated into
proteins.” Although it had been previously assumed that the vaccinia
DNA replicates freely in the cytoplasm, the group has now found that
membranes of the cell’s rough ER become attached to the DNA of the
parent virus, and presumably to the newly-replicating DNA as well. These
ER-derived cisternae almost completely enwrap the viral DNA during the
whole DNA-replication process. Remarkably, at the end of this process, the
ER around the factories dissassemble.
“There are many similarities to these membrane-covered factories and the
nucleus,” Krijnse-Locker says. “Both are assembled around DNA and play
a role in copying it; they break down when the DNA has to be moved. But
there are significant differences, too. The membranes around factories
don’t contain key proteins that help to assemble the nucleus after cell
division and that participate in DNA replication.”
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Labeling viral proteins with markers enabled
the group to track vaccinia’s components
through the stages of cell entry, replication,
and construction.

She thinks that the wrapping and disassembly of the ER around the factory
may be analogous to the dynamics of the nuclear envelope during the cell
cycle, although it might not use the same proteins. Probably a cellular
protein connected to the ER binds to the DNA or proteins from the virus;
as binding increases, membranes are drawn around the DNA and its
replication is launched. “Unraveling this process,” Krijnse-Locker says,
“may well shed light not only on the replication of the virus, but also on the
fundamental process of cell division.”
The researchers started a search for factors that might guide the assembly
of the mini-nuclei, and they came across a protein called E8R, encoded in
the vaccinia genome. A viral protein called p35 collects at these sites as well;
it may help organize membranes around the site. When everything is in
place, the factory grows to an immense size, good evidence that this is the
phase in which the DNA is copied. If the factory isn’t completely wrapped
in membranes, replication won’t take place.”
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The virus in the Underground
Imagine you are a tourist who is trying to get across central London. Not
so easy but not impossible given the ‘wonderful’ London transport
system. Now imagine a problem on a slightly easier scale: you are a virus
that has just got into a cell and you want to get to your site of
replication, which may well be in the nucleus. Finally, if you manage to
propagate, your progeny will later have the reverse problem, that is to
find a way to get out of the host. How do you do it? Easy, you use the
transport system of the cell and hop on the cytoskeleton – but is it as easy
as catching the bus or tube?
– Michael Way

For several years, the group of MICHAEL WAY has been chasing pathogens
as they navigate their way around the cell cytoplasm. All viruses need a
way to get from the depths of the cell to the surface so that they can exit
and infect other cells. The virus doesn't have a tail, which it could use to
push itself along, but it can fabricate one using molecules it finds in the cell.
A form of the Vaccinia virus called the intracellular enveloped virus (IEV)
manages this trick by activating a series of signals which string single actin
molecules into long filaments.
Way's group showed that a molecule called A36R embedded in the
membrane of the virus is essential for such tails to form, and they
pinpointed specific amino acids in the protein which had to be chemically
modified for this to happen. The specific type of modification is called
phosphorylation, a process whereby molecules called kinases add phosphate
groups to amino acids in another protein. Phosphorylation is one of the
main ways in which cellular proteins exchange chemical information and
regulate each other's activity. Several EMBL groups are studying the
mechanics of this process in order to understand events like molecular
signaling. In 1999 the groups of Way and GIULIO SUPERTI-FURGA
demonstrated that the amino acid that are
phosphorylated in A36R occur in
a sequence neighborhood
that looks very much like
conformations phosphorylated by a family of kinases
called Src. They showed that
the virus' ability to create
actin tails could be severely
hampered by shutting down
Src-like proteins.
They also identified a number
of helper molecules that are
recruited by the virus to make
the tails. These include Nck,
and protein complexes involving WIP, N-WASP, and Arp2/3.
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“All of these are well-known players in the cell's own process of building
actin filaments,” Way says. “What's happening is that via A36R, which is
unique to the viral genome, the virus mimics and hijacks a cellular
signaling pathway.”
But it is also clear that vaccinia doesn’t depend entirely on actin filaments
for locomotion; even without the tails, Way says, the offspring of the virus
can get to the periphery and spread to neighboring cells. “This prompted
us to take a look at what was happening to the cell’s microtubules during
the viral life-cycle,” he says.
They discovered that disrupting either microtubules or the motor protein
dynein prohibited the virus to assemble at its correct location near the
nucleus. And then things start to go seriously wrong for the microtubule
network, whose organization is essential for cell functions such as
membrane trafficking. “It gets highly disorganized,” Way says. “The cell
gets cluttered up with a lot of MAPs – proteins that associate with
microtubules. Under other circumstances, when the cell produces too
many of these proteins, the microtubules become much more stable than
normal – in fact, too stable, and this can lead to disastrous results.”
The group did an experiment to collect the MAPs in these cells; they found,
among a host of other molecules, two viral proteins called A10L and L4R.
These molecules help to organize the core of the virus, and it is unknown
why they bind to microtubules. However, GARETH GRIFFITHS and others
have observed that incoming viral cores associate with the microtubules,
and this now makes sense.

94

USES AND ABUSES OF THE CYTOSKELETON

Way and his colleagues discovered that infection by vaccinia
creates chaos in the microtubule network (tagged with green in
these images; actin is red). The figure above shows an infected
cell; on the right is the same type of cell, but uninfected.

But this alone couldn’t account for what was happening to the
cytoskeleton. “The microtubules are disrupted before the virus produces
significant amounts of these proteins, and the effects are so severe that
there had to be something else involved,” Way says.
About six hours after a cell has been infected, hundreds of newlyassembled viruses accumulate at the cell’s microtubule-organizing centers,
from which the network grows. Way and his colleagues made another
startling discovery: over the course of an infection, the centrosome, which
builds the microtubules, seemed to disappear altogether. Since this
happens even with mutated forms of the virus that are unable to prompt
actin assembly, the process was clearly independent of what was
happening to actin. They found that the presence of the virus somehow
strips the centrosome of large quantities of several proteins that are vital to
its operation.
“During the course of infection, centrosomes become less and less efficient
at building microtubules,” Way says. This is the first time any pathogen has
been seen to disturb centrosome function, although similarities between
vaccinia and other viruses suggest that others will probably turn up soon.
And it should provide an extremely useful tool to study centrosome
stability and function.
The question remains, of what advantage is it to the virus to disrupt and
reorganize the microtubule network? It could actually enhance the spread
of the virus, Way says. “If the materials use microtubules to get to the
center of the cell and remain anchored there while they reproduce and are
assembled, well, sometime they have to let go.”
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A disastrous case of cleavage

“The case had presented such varied symptoms that it defied classification under existing illnesses, and pathological findings were
different from any process so far known. The
first symptom shown by the woman, 51
years of age, was jealousy towards her husband. Soon she exhibited a rapidly-progressing amnesia; she got lost in her own apartment, carried objects aimlessly to and fro,
hid them, sometimes believed that she was
going to be murdered, and had spells of
uncontrolled screaming.”
- Alois Alzheimer

Alois Alzheimer
In 1907 the German physician Alois Alzheimer became the first to describe
a peculiar pattern in a number of patients suffering progressive behavioral
and psychological disorders. Autopsies of some of the patients revealed
consistent types of neurological damage, and Alzheimer published an
article describing the disease, which now bears his name. The condition
had previously gone unnoticed due to the chaotic nature of its symptoms,
to the fact that its onset comes late in life – well beyond the average life
expectancy a century ago – and, no doubt, to the way the medical culture
of the time dealt with mental illness.
While there is still no definitive way to diagnose Alzheimer's disease in its
early phases, researchers have a deepening understanding of its
physiological roots. It is thought that most patients suffer from the
accumulation of a protein fragment called A-beta which forms clumpy
fibers between cells in some parts of the brain. The A-beta fragment begins
as a piece of a larger protein called APP, which is normally found in the
outer membranes of brain cells. For many years, scientists have been trying
to understand the means by which A-beta is cleaved from the rest of the
APP protein, in hopes of finding a way of interrupting this process and
preventing its over-accumulation. A major goal has been to find the
proteins called proteases which are responsible for producing the fragment
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by cutting the larger molecule at precise positions in its
amino acid chain. The identification of one of these
proteases by Maria Dolores Ledesma, a postdoctoral
fellow funded by EMBO and the Ramon Areces
Foundation, and other members OF CARLOS DOTTI'S group
is suggesting a new scenario for the events that lead to the
accumulation of A-beta.
An APP protein is processed within the cell and
transported outwards, finally to be inserted in the outer
cell membrane. The A-beta form might be produced
anywhere along the way. Its formation requires a
sequential or simultaneous cutting of APP at two sites
known as beta and gamma. Many molecules can be cut in
several ways – alternatively, APP can undergo a third cut
at a site known as the alpha-cleavage site, which is
located between the gamma and beta sites. When APP is
cut at alpha and gamma instead of at beta and gamma, a
smaller fragment called p3 is formed. p3 doesn't pose any
known problems for cells or the brain, but when
something goes wrong, and cells cut the larger fragment
from APP, the result is a devastating and ultimately
debilitating accumulation of fibers.
Each protease recognizes and cuts a specific code written
into the amino acid sequence of a protein – like the special
rules that tell a computer program which letters can be
separated when putting hyphens into unusual words.
Three proteases are known to cut APP in the vicinity of
the dangerous fragment. In genetic forms of Alzheimer's
disease, because there is an increased accumulation of the
A-beta fragment, most effort has been put into identifying
the proteases which cut at the beta and gamma sites. Less
attention has been paid to a protease that cuts at the alpha
site, producing p3. But now the work by Dotti's group
strongly suggests that competition between different
proteases may be extremely important in the progress of
the disease.
“Typically the cell seems to produce more p3 than A-beta,
as if the cell prefers to cut at the alpha site,” Dotti says.
“This may even be a normal, healthy way for the cell to
process APP. But if something goes wrong, if the alpha
cleavage isn't made, then a pathological process may
initiate because there is a higher chance that A-beta
fragments will be generated. This can arise from either
too much cleavage at the beta and gamma sites or too
little at the alpha site.”
This new idea of competition between alpha and gamma
cleavage – and that there should be an equilibrium in the
relative amounts of the two forms – suggests that it may
be just as important to look for the causes of reduced
alpha-protease activity as an increase in gamma-cutting.
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“Logically this makes great sense,” Dotti says, “because it
would make the development of amyloid fibers the result of
losing a function rather than gaining a new one. And this is
typically what happens over the course of aging.”
This view is supported by what happens in some variants of
the disease. In one genetic, inheritable form of Alzheimer's, a
mutation in the APP gene encourages more cleavage at the
gamma site, yielding more A-beta than p3. Either the site
somehow becomes more attractive to proteases, or enzymes
targeted for the gamma site become more active.
“It's very reasonable to assume that other types of
Alzheimer's could result from a process that turns down the
activity of alpha proteases,” Ledesma says. “There is one
inheritable form of Alzheimer's where less alpha cleavage
occurs due to a mutation near the cleavage site.”
To get a handle on why one type of cleavage might be favored
over the other, Ledesma and her colleagues began to look
deeper into what was known about how cells synthesize and
process APP. The groups of Dotti and KAI SIMONS had already
shown that APP or APP fragments are integrated into rafts –
assemblies of proteins and lipid molecules which are
prefabricated in the cell and destined for secretion from the
cell or insertion in the outer cell membrane. These ensembles
are thought to bring together elements for some later
functional purpose – akin to opening the box of a huge puzzle
and finding that some of the more difficult segments are
already fit together. On the cell surface, rafts had been found
in association with APP cleavage and as-yet unidentified
alpha proteases. A systematic analysis of the components of
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neuron rafts, Ledesma and her colleagues thought, might
reveal their identities and perhaps information about the
factors that control their activity.
The researchers snagged proteins that only interacted with
rafts containing APP and enlisted the help of MATTHIAS WILM
and Anna Shevchenko, in the Protein and Peptide group, to
identify the molecules. The fishing expedition turned up an
enzyme called enolase, which is found on the surfaces of
neurons. “When this molecule binds to another kind of
enolase, it acts as a receptor for a molecule called
plasminogen,” Dotti says. “That is very interesting, because
the plasminogen system has been linked to biochemical
changes in the matrix that surrounds nerve cells, thus
influencing neuron growth and the establishment of synaptic
connections that permit brain cells to communicate with each
other. And a gene responsible for activating plasminogen
seems to be involved in the synaptic remodeling which has to
take place for memories to form.”
If the researchers had had their pick of molecules to be
involved in processing APP, they couldn't have done much
better than plasminogen. The system has been extensively
studied due to its role in the development of coronary artery
disease and other diseases of the vascular system;
plasminogen is a factor that participates in dissolving blood
clots, and it is used in treating strokes. When the protein is
active, it breaks down into two smaller fragments. Ledesma
and her colleagues showed not only that these components
occurred uniquely in membranes with rafts – but also that
this breakdown is clearly linked to the production of the p3
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Brain cells contain a protein called APP which can be cut at
three sites (beta, alpha, and gamma) by molecules called proteases.

beta
protease

gamma
protease

If the APP molecule is cut at the beta and gamma sites, a
fragment called A-beta is formed; this collects in fibers
between brain cells and results in Alzheimer's disease.

alpha protease
(plasmin)

If, however, a protease makes a cut at the alpha site, this creates a smaller fragment called p3 which is not dangerous to
brain cells.
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fragment. How APP was cleaved depended on
what was happening to plasminogen. Active
plasminogen increased cleavage at both alpha
and beta sites; blocking its activation
decreased both types of cleavage – affecting
mostly, in both cases, cleavage at the alpha site.
“These experiments were conducted in
cultured neurons,” Dotti points out, “where
the effects were significant but relatively small.
In living tissues there are many other factors
that could interact with all of the components
to amplify such effects. This fits with the fact
that Alzheimer's is a chronic disease which
takes many years to develop. Small changes in
the balance of APP processing could have
large consequences when they accumulate
over the years. In youth and middle age, there
may be a balance of different protease activity
that doesn't lead to A-beta accumulation. We
know that with increased age, there is a
decrease in plasminogen activity.”
More support for the link between
plasminogen and the development of
Alzheimer-type amyloid fibers comes from
studies of mice, where a gene responsible for
activating plasminogen is more productive
early in life than later. High levels of gene
activity have been observed in the
hippocampus, a region of the brain specifically
affected by Alzheimer's. But Dotti points out
that too few studies have been done in tissue
cultures grown from human neurons – which
present unique features that almost certainly
contribute to the development of the disease.
“All of this evidence is strongly suggestive,
and it leaves us with a host of interesting
questions to work on,” Dotti says. “We need to
study environmental and genetic factors that
influence the activity of the plasminogen
system. In many types of inheritable
Alzheimer's, mutations strongly encourage Abeta production through the cleavage of APP's
gamma site. But what about non-inheritable
Alzheimer's – can we find evidence that
plasminogen activity is reduced? Can drugs
that activate plasminogen prevent the
accumulation of plaques?” The medical
community is well-prepared to pursue such
questions, he says, because plasminogen has
already been the subject of thorough clinical
studies.
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Membrane traffic
Illuminating the human genome

A

cell may be five thousandths of a
centimeter in size, and a protein may be ten
to a hundred thousand times smaller than that.
Most biological activity is based on specific
molecules being able to find each other in the
gelatinous interior of the cell. If they had to do
so by floating around freely until they
happened to bump into each other, thoughts
might take days or weeks to occur. It might take
a lifetime for a memory to form. This is not, of
course, how a cell manages most crucial events;
instead, it organizes itself so that molecules
which need to work together are directed to the
same cellular locations.

“If you know a protein's cellular location,
you've taken an important step in deciphering
its function,” says RAINER PEPPERKOK, who leads
a research group in the Cell Biology and
Biophysics Programme alongside the job of
running EMBL's archetypal core facility, the
Advanced Light Microscopy Facility (ALMF).
“Proteins are at least transiently localized close
to each other so that they can interact, and this
keeps networks of different molecules discrete
from each other.”
Scientists from all the EMBL programmes and
visitors from across Europe have been using the
ALMF's cutting-edge equipment, all provided
by leading industrial microscope makers, to
find new ways of studying the localization and
activity of molecules. New techniques like
FRET, FLIM, and FRAP are available there and
are leading to fast headway in both areas.
Now Pepperkok is among a group of scientists
who are bringing GFP technology into the age
of genomics. In doing so they are trying to
improve on some of the technical difficulties
that arise in tagging proteins with these
fluorescent codes.

RAINER PEPPERKOK
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“In nearly every case, the cell will hold some
untagged versions of a fluorescent molecule. You
don't see them, they can skew the results of an
experiment. Another problem is that generally,
people have started off knowing very little about the
molecule they have tagged. So how do you know
that the GFP marker isn't changing its typical
behavior?”
Pepperkok says that researchers have traditionally
added tags to molecules obtained from cDNA
libraries, which means DNA that has been been built
backwards from RNAs (a little like reconstructing a
letter from a piece of carbon paper). The marked
proteins hopefully end up in the part of the cell
where they normally function. Researchers retrieve
them and study them with biocomputing
techniques that compare them to other known
proteins. Often you find yourself holding onto a
protein that is already well-known. “Finding a new
protein can be very time-consuming,” Pepperkok
says. “As an example, a study conducted two years
ago turned up 27 proteins, and only two of them
were new.”
In this picture, the microtubule
network is stained red; the COPI
coat of the Golgi complex is
green and the nucleus is blue.

Another problem lies with the cDNAs themselves. Since they have been
built from RNAs, they ought to reflect genes, but they might not represent
a whole gene. If an RNA is subject to alternative splicing, for example, a
particular cDNA will only represent one possible realization of a gene. It
may be missing information, such as a sequence whose function is to target
a molecule to a specific cellular location.
In the genomic era, Pepperkok says, this approach is a little bit backwards,
and he and his colleagues have changed the order of some of the steps and
combined some of the others. “Since the human genome has been
sequenced and the respective coding sequences will bcome available very
soon, you can start right off by doing the bioinformatic analysis and
targeting new proteins,” he says. “This would save a lot of time, because
you would immediately be able to distinguish old, familiar proteins from
the new ones.”
And genome projects provide the entire sequence of a gene from start to
finish, including all the possible variants that could be produced by
alternative splicing. “This gives the GFP-labeled protein the highest chance
of having all the information it needs to get targeted to the right part of the
cell,” Pepperkok says. “We used well-known proteins to conduct control
studies, and we found that fewer than ten per cent of the labeled proteins
were sent to the wrong place. That's a much lower rate of error than other
methods.”
He points out that it is important to do experiments that attach GFP to both
ends of the molecule; when it is at the tail, for example, it can easily disrupt
a localization signal that exists there. In the past, this has led to entire
classes of proteins being overlooked, or described in the wrong part of the
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cell. “This is critical because when we tagged proteins bound for the
nucleus, less than half of them were able to function when the GFP was
placed in the wrong position in the protein.”
The last benefit of this approach is that doing experiments with a new
protein requires retrieving large amounts of it from cells. Extracting a
protein from a cell is not difficult, technically, if you know part of its
sequence. With this method, interesting proteins will already automatically
contain a well-known sequence: that of the GFP tag.
Postdoctoral fellow Jez Simpson and Pepperkok have been using the
strategy to identify new proteins along the pathway that molecules follow
when they are to be secreted from cells. Two stations along this route are
the endoplasmic reticulum (ER) and the Golgi complex. The ER sprawls
throughout the cell in labyrinthine twists and turns, whereas the Golgi
complex, in animal cells, has a centralized location. Researchers still don’t
have a good picture of how molecules are transported between these
structures, so Pepperkok and his colleagues have been using GFP tags to
look for new proteins that are most likely active in this specific area of the
cell.
The strategy is turning out to be useful in resolving an old debate about
how this part of the cell is organized and how molecules are transported
through it. Proteins can be moved in both directions – last year, a
collaboration between the groups of TOMMY NILSSON, ERNST STELZER, and
Pepperkok found a new retrograde pathway that moved proteins
backwards to the ER. Researchers had observed that the space between the
two compartments contained another set of membranes – an ER-Golgi
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intermediate compartment (ERGIC). Jacomine Krijnse-Locker and GARETH
GRIFFITHS were among those who examined these structures carefully to try
to determine whether they represented an organelle with a fixed structure
or rather a fluctuating set of mobile membranes. As a postdoc in the group
of Thomas Kreis, Pepperkok and colleague Susanna Scales gathered very
strong evidence for the latter hypothesis.
Now GFP techniques have given Pepperkok and David Stephens even
more evidence for it and helped them define the structure more closely.
Material is collected in large clusters called vesicular-tubular transport
complexes (VTCs), and two proteins called COPI and COPII play an
important role in their formation. “Previously there were several
hypotheses about how these molecules function,” Pepperkok says. “COPI
might be moving material in one direction and COPII in the other… Or
COPI might shuttle things from the ER to the ERGIC, and COPII from the
ERGIC to the Golgi… Things were very confusing.”
Labeling the molecules has sharpened the picture. “VTCs receive material
– or perhaps they are formed – at a number of fixed sites in the ER before
they set off for the Golgi. COPII functions predominantly at these exit sites
and gets left there. Other than helping to assemble the packages, it doesn’t
seem to play any role in transporting molecules, or in moving them back
from the Golgi. True, COPII may be helping to move molecules over a very
short range – from the ER to a VTC. But when the VTC is packed, the COPII
is quickly shed, and exchanged for COPI.”
Just as new GFP-labeling strategies are clearing up questions about this
particular type of molecular transport, they can be extended to a number
of other questions: how molecules move from the Golgi to the cell
membrane, and how membrane transport works in general.
These are critical questions. Sorting is a key step in a wide variety of
cellular processes, in the development of organisms and the progress of
disease. Illuminating the entire genome would go a long ways towards
achieving a view of the whole.
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A model of motion
Understanding the Golgi complex through simulations
Some proteins need to be processed extensively before they can perform
their functions, and the principal place where this happens is in the Golgi
complex. Proteins pass through this set of sac-like membranes on their way
to insertion in other membranes, or to secretion from the cell, and one thing
that happens to them is that molecules residing in the Golgi stack put
chains of sugars onto them. Steve Cohen has shown that this can change
the efficiency at which a receptor molecule binds to the signal that activates
it, thus changing the cell's sensitivity to the signal.
TOMMY NILSSON'S group has been investigating the means by which specific
proteins find the right place within the Golgi to perform their activity. This
is a complicated matter: the Golgi consists of many layers of sacs, and
different layers contain their own special blend of molecules. Nilsson and
others have collected strong evidence to show that this composition comes
not only from synthesizing new proteins and passing them down from the
ER, but also from moving some of the molecules, against the flow of the
proteins that are being processed. It is known that certain toxins are able to
cross the Golgi backwards, probably by taking advantage of a cell
mechanism intended to move other molecules in that direction.
“A sorting mechanism has to be in place to distinguish proteins that should
stay in particular positions in the Golgi from those that should be moved
on down the line,” Nilsson says. “This implies that the proteins should
have sorting signals. One of these seems to be a sequence called K(X)KXX,
found in the very early parts of the pathway – betwen the ER and the Golgi.
It binds directly to COPI proteins, which play an important role in sorting.”

105

EMBL ANNUAL REPORT 2000/2001

This might suffice to make a basic distinction between proteins that stay
and those which should go, but the Golgi is much more discriminatory.
Several different proteins achieve steady concentrations at distinct places,
in spite of all the flux that goes on around them. This implies a more
refined system of sorting.
“A few years ago, a researcher named Benjamin Glick at the University of
Chicago proposed that Golgi enzymes might compete with each other to
bind to the COPI molecules that would carry them back upstream,”
Nilsson says. “Some proteins would have a competitive advantage,
meaning that more of them would be sorted earlier and more often –
different degrees of competitiveness could explain why certain molecules
would be more prevalent in specific places.”
Glick and his colleagues combined modeling with computer simulations to
show that this simple hypothesis could reproduce what had been seen in
experiments. Now Nilsson and Matthias Weiss, previously at the MaxPlanck Institute for Fluid Dynamics in Göttingen, have taken the
simulations a step farther.
“The approach implies that highly-competitive molecules will be carried
farther upstream, towards the beginning of the Golgi, because they will be
carried more often and sorted earlier than other proteins,” Nilsson says.
“Interestingly, it also implies that a protein's end position depends not only
on its inherent properties, but also what other molecules are around to
compete with it. So the distribution of each and every protein depends on
the distribution of all the others. This would put a strain on the system,
especially with so many molecules continually in flux.”

TOMMY NILSSON
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Here the Golgi apparatus is stained
for two different marker proteins:
p24beta1 (green) and Mann II (red).
Yellow shows areas in which they
overlap. The two proteins occupy
stable positions within the many
membranes that make up the Golgi.

In fact, the model didn't respond well when the simulation was suddenly
confronted with a sharp increase of a particular molecule, or when one of
the resident proteins was lost. “We were able to make the model more
robust by assuming that Golgi proteins exist in two states: a resting state,
and a sorting state. A protein might start out resting, but as the local
environment changes due to the sorting of other molecules and other
things, it could be triggered into a sorting mode. When it moves, it
encounters a new environment again, and it might switch back to its
resident mode. This could happen in several cycles.”
To behave this way, Golgi proteins would almost have to be endowed with
the ability to thoroughly “sample” the environment by interacting with
many different molecules. Nilsson sees evidence of this in the fact that the
entire sequence, rather than only particular binding sites, of most Golgi
proteins has been highly preserved throughout evolution.
Nilsson and Weiss' “trigger” version of the Glick model generates several
predictions that should be verifiable through experiments. It makes
different sets of resident proteins less dependent on each other, which
means that disrupting levels of one would not necessarily disturb the
others. And raising or lowering the number of types of proteins present
should not necessarily move a protein out of its habitual locale.
Taking the trigger concept as their working model, Nilsson and Weiss are
presently seeking experimental proof that Golgi resident proteins cluster in
response to a trigger; they are using a method called fluorescence correlation
spectroscopy to measure the degree of complex formation in living cells.
“Once we have this measurement, we can see how specific proteins
respond to variations in pH and other parameters – the types of changes
that could act as triggers,” Nilsson says.
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Reading
and writing in the
language of genomes
“Y

ou can think of a genome as a complex program written in
chromatin,” says FRANCIS STEWART (chromatin is the complex of
DNA and associated molecules found in the cell nucleus). “The easiest
component of the program to decipher is DNA. What our research
ultimately has aimed at is to be able to read and write in the ‘genomic
programming language.’ So we’ve worked on the ‘reading’ part with
chromatin, and the ‘writing aspect’ with genetic engineering technology.
The writing ultimately has to be done in chromatin, rather than just DNA,
so to do it you have to understand chromatin. And conversely, studying
chromatin partly requires using advanced genetic engineering
technologies.”
For nearly ten years, Stewart’s lab at EMBL has been pushing at the
limitations of DNA recombination – the ability to insert new genetic
material into an organism’s DNA. They have made major contributions to

108

THE LANGUAGE OF GENOMES

the construction of "gene switches" – by which researchers can activate or
inactivate specific genes in an organism at precise times, in precise tissues,
to study their effects on an animal's development. More recently, they have
developed a technique whereby very large pieces of DNA can be inserted
into bacteria, allowing researchers to produce the quantities of engineered
DNA they need to do research.
Inserting foreign DNA into a genome has depended on two methods: sitespecific recombination (SSR), which use molecular tools that can only insert
sequences at a few, pre-defined places in a genome, and homologous
recombination. This latter technique allows researchers to decide where
they want to insert a new piece of DNA; they have to build an artificial
molecule to put it there. Homologous recombination gives researchers
more power because it allows them to choose where a new gene will be
inserted. But it was very difficult to do in bacteria, the organism of choice
for producing large amounts of recombinant DNA.
"What we were doing with site-specific recombination had worked very
well in E. coli bacteria, and in 1997 it led us to pose a very naïve question:
why was homologous recombination so hard in E. coli?" Stewart says. "We
designed an assay to try to find strains of bacteria where it would work
well, and found a strain that had been developed back in 1970 by A.J.
Clark. We cloned the genes that made it work and found that you could use
the DNA from this strain to insert even very large amounts of DNA into
other types of E. coli."
Stewart and his colleagues are now working on refining the method
further. The technique promises to allow researchers to study the effects of
multiple genes on development: it will permit the insertion of large
numbers of genes into an organism. Previously this had to be done in small
steps. So rather than writing cryptic, telegraphic bursts of code, scientists
may soon be writing whole sentences, and paragraphs.
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Tinkering with genomes
Francis Stewart, Group Leader in the Gene
Expression Programme will leave EMBL in 2001

FRANCIS STEWART

WHAT WERE YOU DOING BEFORE YOU CAME HERE

AND HOW DID YOU MAKE THE DECISION TO COME
TO EMBL?

I did a postdoc with Günther Schütz here in
Heidelberg at the DKFZ, and after some
discouraging attempts to get a job back in
Australia in ’89 and ‘90, I applied around
Europe.
At the DKFZ I had been working on
chromatin, in particular how nuclear
receptors act in chromatin to move
nucleosomes aside so that they can bind
stably and then signal to the other bits of the
machinery to turn a gene on or off. Another
topic was the substantial topological problem
that DNA in chromatin presents. Just like any
really long piece of string, knots happen.
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Topoisomerases solve the problems. But of
course they have to work in chromatin as
well. So how do topoisomerases resolve the
very ‘knotty’ topological problems presented
by packing DNA into chromatin and by DNA
in active chromatin?
I wrote a research proposal to get the job to
come here. There were two big themes in that
proposal, one was chromatin and the other to
focus, explicitly, on the development of better
tools to manipulate living systems,
particularly mice. When I say “living
systems” I actually mean chromatin….
(laughs). I was, then, very dissatisfied with
the technical ways in which researchers went
about establishing conclusions. There were,
still are, profound limitations in the number
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of ways in which you can ask questions. In
contrast to most, I think technology frames
concepts. I don’t really agree with Popper that
Science advances by testing disprovable
hypotheses. This is true in part, and is
something that a philosopher can get
obsessed with, but progress at the bench can
only be made within the limited ambit of
available technical options, and those limits
restrict the question that can be asked and
also frame the nature of the concepts being
tested. QED, new techniques lead to the
testing of new concepts. I wanted to focus
specifically on technology development, so
that questions could be asked in a better way.
At the DKFZ, I started working on a better
tool. It didn’t lead to a solution, but because I
was thinking about the problem, about how a
living system can be controlled accurately
and conveniently, then another idea came out,
which was the idea of fusing a recombinase to
the ligand binding domain of a nuclear
receptor to make a recombinase that could be
regulated by a ligand.
THERE MUST HAVE BEEN A COUPLE OF VERY

EXCITING MOMENTS WHERE YOU THOUGHT ABOUT
HOW THAT COULD BE DONE AND THEN FIGURED
OUT THAT IT WOULD REALLY WORK. WHAT WAS
THAT LIKE?

Research is an ongoing creative process. You
know, you just think about these things all the
time but one day the penny drops. This
particular penny happened to drop while my
family and I were driving on the Autobahn to
Munich to play cricket; we had our children
in the back seat. What do you do when you
drive on the Autobahn? You just drive, and
the mind wanders… so I was just driving
away and then suddenly I was elsewhere and
the car swerved off to the right. I was really
excited and Shelley was highly agitated. I still
remember the exact feeling I had about the
experiment whilst swerving across the
Autobahn. No one had tried an idea like this.
Like many good ideas, it is obvious in
retrospect, but at that time it was a very
interesting and original idea. I didn’t realize it
was going to work out until about, this must
have taken about seven or eight months, to do
the experiment. I also didn’t realize how this
would lead to my involvement in EMBL Tech
Transfer policy.

WHAT WAS NECESSARY BETWEEN THE STEP OF
HAVING THE IDEA AND ACTUALLY GETTING THE
EXPERIMENT DONE?
In this case, getting hold of my first PhD
student, Colin Logie. Honestly, I didn’t tell
Colin about how risky I thought the
experiment was. I justified it to myself by
saying: this is his first experiment, and it
involves quite a lot of good basic molecular
biology. It is going to take six, eight months to
work this out. If it doesn’t work, then so
what? I will have blown some of his time but
on the other hand he hadn’t had much bench
experience. Colin needed to do these things
very well anyway. But he rang up one
February day, when I was at home, to say: “It
worked, it worked, it worked!”
HOW LONG WAS IT FROM THAT STEP TO ACTUALLY
USING IT IN A MOUSE SYSTEM?
It took a long time for us. We got beaten to the
mouse for two reasons. There are two major
site-specific recombinases that have been
used in eukaryotes: Cre and Flp, and when I
decided upon the idea, then obviously we
needed to get Cre and/or Flp. In my attempt
to get Cre, I found that Dupont had a patent
on it and were limiting its use in the hands of
academics, which was a very new lesson for
me. I just threw their release form into the bin;
if I signed it, they would have owned the
outcome of the experiment. So we turned to
Flp, which didn’t need that kind of
intellectual property. As it turned out, Cre is
much better for use in mice, and we figured
out why it is better for mice. It was
astonishing when I realized, reading the
literature, how little was known about these
enzymes in terms of their basic enzymology
and biochemistry. So, to accompany the work
that we were doing to develop new tools, we
started work on some fundamental aspects of
site specific recombinases, mainly Cre and
Flp, and we also dredged out some new
candidates. We cloned Cre from an original
source. We purified the enzymes, did some
basic biochemistry, and published good
papers on the biochemistry of these enzymes.
This was all useful, and one outcome was that
we found out that Flp, an enzyme that comes
from brewer’s yeast (an organism that is
happy at room temperature) has a
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temperature optimum of 30 degrees. Cre
comes from an E. coli phage and has a
temperature optimum of 37. This is the
biggest reason why Flp doesn’t work well in
mice. It is down to about 10 percent of its
activity if you incubate it at 37. So, we were on
the wrong path with Flp in mice because of
the Dupont patent position. In the meantime,
others got wind of our progress and applied it
to Cre. That’s why we came second regarding
Cre-LBD experiments in mice.
BUT IN THE MEANTIME, FLP WORKS, TOO.
Well, it took some work. There are several
obvious reasons for wanting two different
recombinases for genetic engineering. So we
addressed this need for a second useful
recombinase in mice by applying molecular
evolution to Flp to isolate a thermo-stable Flp
variant that is useful in mice. It was fun. The
outcome is a technical option which is very
important: now there are two recombinases
for manipulation of the mouse genome that
can be used in complementary combination.
This work also ignited a new theme in the lab,
the potential of molecular evolution. We have
a paper under review where we implement a
new concept in molecular evolution to alter
the DNA binding specificity of Cre
recombinase. This is the first time that any
specific DNA binding protein has been
altered, by any means, to recognise a different
specific binding site.
IT SEEMS THAT YOUR RESEARCH IS SHIFTING
TOWARDS MOLECULAR EVOLUTION.
In part, but we haven’t talked about the
chromatin side of the lab. Regarding
molecular evolution, it is a process of
reiterative cycles. What I want to do in the
near future is take the new concept that we
applied to Cre, and automate it as much as
possible. What we want to do is adapt a DNA
binding protein to recognition of a particular
sequence in a chosen genome. Let’s make that
protein by putting the ingredients into a
machine and starting the cycles up. I think
this is realistic.
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HOW HAS BEING AT EMBL PROMOTED THE
THINGS THAT YOU WERE ABLE TO DO?
In 1991 when I started at EMBL, there was this
obvious need for tools to engineer living
systems. Having those thoughts is one thing,
but being able to work on them is completely
different. When I came here I was encouraged
by Iain Mattaj, and colleagues in Gene
Expression, to take my time to think, primary
goal, and publish later, secondary goal. It was
much more important to be creative and to
have a long-term vision of what I wanted to
accomplish, rather than just keep working on
my postdoc projects, for example. And that is
pretty much what happened. In the first few
years, we did a lot of risky things. Some of
them didn’t work out, some of them did. It
was a rather wild and abandoned time…
(laughs). It was a lot of fun. In the last few
years, the lab has been more focused, more
deliberate, less risky but still very creative, I
think. A combination distilled from the
opportunities that EMBL presents. The
institute was very helpful in the sense that
everyone, at all layers, was very supportive.
And no one told me that I was doing the
wrong thing, or that I had to do something
different, there was no obstacle at any level.
ANOTHER CREATIVE THING HAS BEEN THE

DEVELOMENT OF HOMOLOGOUS RECOMBINATION
IN E. COLI.

Well, one August afternoon in 1996 we were
working with mice ES cells doing
homologous recombination to create gene
knock-outs, and with baker’s yeast to do the
same thing. But this particular afternoon I
was having a conversation with a diploma
student who didn’t really know very much.
She was having an awful problem just doing
a very simple DNA subcloning exercise in E.
coli. Just bread-and-butter stuff that everyone
knows is easy but nobody admits that,
occasionally, it turns into a total pain. The
thought arose – why can’t we solve this
problem using homologous recombination in
E. coli? Why isn’t it possible to do fluent
homologous recombination in E. coli and
solve these stupid problems?
To quote (Gulf War) George Bush, “This will
not stand!” … (laughs). No, I thought, this is
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crazy, right? Then I tried to talk Frank
Buchholz, a fantastic PhD student, (aside –
EMBL is so great for PhD students) into
solving useful homologous recombination in
E. coli. He thought I was nuts, and said “All
right, but you don’t know anything about
this, you don’t know what you’re talking
about…” He was right. So, then I thought, IF
one wanted to do useful homologous
recombination in E. coli, how should it work?
The answer – like double-stranded break
repair (DSBR) in yeast. So we looked for a
DSBR mechanism in E. coli. We ordered as
many E. coli strands as we could, thoughtless,
didn’t think about it, didn’t want to think
about it, just as many E. coli strains with
defects in recombination or DNA repair or UV
sensitive, anything. And just applied a very
simple DSBR assay to them, put these two
pieces of DNA together, introduced them into
E. coli, plate out for a homologous recombination event and that’s how we found it.
HOW LONG DID THAT TAKE?
Not so long, but only because Youming
Zhang floated into to my office at a timely
moment asking for a post-doc opportunity.
Youming did everything and chopped out the
solution in his first five, amazing months of
work. It was so astonishing when it leapt out.
That has been interesting because not only is
it proving to be very useful – it is completely
rearranging the basic technology of DNA
engineering – but just like site specific
recombination prompted us towards
fundamental studies in a new area for us, so
too with homologous recombination. And so
we
are
doing
that.
Homologous
recombination is a fantastic fundamental
problem, it is an amazing phenomenon.
WHAT CONCRETE THINGS CAN BE DONE NOW
THAT COULDN’T BE DONE BEFORE, OR HAVE BEEN
VERY DIFFICULT BEFORE?
The clearest thing is the capacity to engineer
big molecules. This methodology is now
becoming the methodology of choice for E.
coli geneticists to mutate the E. coli genome,
which I think says a lot about its usefulness.
But that’s in the speciality field of E. coli
genetics. Beyond that, E. coli is the premier

host used in cloning and this technology
opens up the possibilities of big molecule
engineering in E. coli.
It also permits a different logic of thinking
about small-molecule cloning. So often, if you
try to make a rather complex clone with
conventional technology, it will take several
steps; now using ET recombination, you can
do it more simply, quickly and be more secure
about the product. It will also improve
methods of making point mutations.
I think the latest episode in the story has
probably more potential for everyday use
than the others since now you can use it to
sub-clone and to clone. A piece of DNA that
you want can be cloned, and there you have it
in one simple step. This has two advantages
over conventional sub-cloning/cloning by
PCR: it is not mutagenic. It uses the E. coli
replication machinery for amplification and
proof reading. So it is as little mutagenic as
you can possibly get when cloning DNA.
Second, you get the clone directly. It isn’t yet
as sensitive as PCR, but we are continuing to
make improvements that have increased the
sensitivity significantly. That process will
continue but we have already been able to
directly clone a piece of DNA out of a
mammalian genome.
We have achieved a big improvement in
efficiency just by looking at the components
of the system and putting them together in
different ways, and thinking about it and
saying, this experiment is better than that one,
and so forth… So, if we can get it to the point
where we can get routinely pick pieces out of
mammalian DNA, then we can use it in
pathology testing, in diagnostics.
YOU HAVE WRITTEN THAT “THE GENOME HAS
BEEN WRITTEN IN CHROMATIN,” AND WHAT YOU
WANT IS TO READ IT AND ALSO TO WRITE IN THE

“LANGUAGE OF CHROMATIN.” SO LET’S GO BACK
TO THE READING PART NOW. DO YOU THINK WE

ARE ABOUT READY TO MAKE A BIG JUMP IN THE
UNDERSTANDING OF THE MORE COMPLEX
STRUCTURES OF DNA?

In chromatin? I think that the fundamental
structural stuff is pretty well laid down. The
mystery is how the higher order structures are
made. That is obviously going to be reduced
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to knowledge in the next five years I would
say.
The way this will get solved … there’s highly
accurate, highly refined structures of the
nucleosome, the fundamental unit of
chromatin. What that structure doesn’t show
is the bits that stick out of the nucleosomes,
they are the histone tails, and there are 4 of
them, each a pair. So there are 8 histone tails
sticking out of every nucleosome. Those tails
are the subject of post-translational
modifications, mainly acetylation, but also
methylation and phosporylation. This is
where all the action is going to happen. The
way in which one nucleosome packs to its
neighbour is going to be regulated by those
post-translational modifications. And it is
going to be done in a code. There is something
in a range of about 20 post-translational
modifications that can be performed on those
tails, so you have got an enormous template
for patterns and combinations. And those
patterns and combinations are going to have
meaning.

Basically, if you do some good and creative
work, and you discover something, and that
discovery has financial value, then either you
make money out of it, or someone else will. If
so, then it is only foolish not to do something
about it. So on the basis of that, and with
encouragement from Fotis in his early time
here, I formed an open discussion group.
After the discussion group had been going for
about 15 months – very good, interesting,
discussions with participation from many –
we wrote up a policy summary and gave it to
Fotis as a recommendation. He then
appointed the tech transfer committee and we
then laid the groundwork for policy changes.
And now look at what the whole thing has
blossomed into. I take considerable
satisfaction from this. EMBL is such a
wonderful place and my lab has not only
done some very creative work, but also I feel
that I’ve put something in, added to the
community, been more than a participant
who has just benefited from this wonderful
environment.

YOUR ‘TECHNOLOGY-CENTRED’ APPROACH TO
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RESEARCH HAS ALSO HAD AN INFLUENCE ON
TECHNOLOGY TRANSFER POLICIES AT EMBL.

NOW YOU HAVE A NEW VENTURE IN DRESDEN.

When Colin Logie got the first results with the
LBD recombinase idea, I realised it potentially
had a financial value. And that got me
involved in the whole process of writing
patents and finding out about EMBL’s
policies and realising that they were in
serious need for revision.

A new research centre in Biomolecular
Engineering is being established at the TU
Dresden with funding from the state of
Saxony. That’s the future for us. The
conceptual basis of the research centre is
strong and hopefully we can be part of
planting the EMBL spirit.
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JOEP MUIJRERS

EMBL awards its first PhD
Three-and-a-half years ago, Joep Muijrers arrived at EMBL from his home
town of Maastricht in the Netherlands to begin his doctorate in molecular
biology. This year he received the first EMBL PhD degree to be offered
jointly with another institute, the University of Nijmegen. “Doing my PhD
jointly with the EMBL and the University of Nijmegen has allowed me to
reap the benefits of both worlds,” says Muijrers.”At EMBL, PhD students
have the opportunity to get intense hands-on experience in a stimulating
and international environment. At the same time, I was able to maintain
close contacts with my hometown university and my advisors there.”
Currently, over 150 students from 30 countries are working towards their
degrees as part of EMBL's International PhD Programme, which was
established in 1983. Until now PhD degrees have been awarded by the
students' home universities, the University of Heidelberg, or other
institutions. In December 1997, EMBL's governing Council of 16 Member
States decided to grant the Laboratory the privilege of awarding its own
degree. Students may now choose to obtain their degree from their home
university, from EMBL or, as Muijrers opted, jointly from both institutes.
The Council's decision to accredit the Laboratory acknowledges the quality
of the PhD Programme and the fact that many students have done virtually
all of their work at the EMBL but received their degrees from other
universities. “Many students felt that they had done their PhD work at the
EMBL and they wanted that to be reflected in their degree,” says Matthias
Hentze, Dean of Graduate Studies at EMBL. Over the 18-year history of the
PhD Programme, the EMBL has enrolled nearly 500 students and provided
them with solid training in basic research; Muijrers' doctoral certificate is
the first to recognize the EMBL as a fully accredited institute that can award
its own degree.
The fact that an international scientific institute can award a PhD degree
also highlights the need for a “European-wide” solution to diversity in
national academic systems – at a time of high mobility of European
students and vanishing boundaries. EMBL's PhD Programme provides a
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unique opportunity for a truly European institution with recognized
leadership in molecular biology to establish partnerships with national
universities. “The international nature of EMBL is exceptional, and our
Programme has been held in high regard for a long time,”
says Hentze. “The statutes of the Programme have been
received very positively throughout Europe. There have
even been discussions in national bodies as to whether
this might be used as a model for making changes in
graduate degree programmes at national institutions.”
Peter Bloemers, professor of Biochemistry of the
University of Nijmegen, is proud that Muijrers is the first
to graduate in a joint ceremony of EMBL and his
university. Before he went to Heidelberg, Muijrers did a
major at the Department of Biochemistry in Nijmegen. He
worked in Peter Bloemers’ group on the molecular
aspects of the progression of human cutaneous
melanoma. During the second half-year of his practical
work, he was in the Wistar Laboratory in Philadelphia, in
the group of Dr. Meenhard Herlyn, on a studentship
granted by the Dutch Cancer Society.
Muijrers' work for his PhD, carried out in the EMBL lab of Francis Stewart,
involved improving one of the fundamental tools of molecular biology.
Almost every new experiment in the biosciences starts with the
engineering of DNA molecules. The recent shift to the
study of whole genomes has placed a new emphasis on
engineering very large pieces of DNA. Muijrers' work has
contributed to new solutions in DNA engineering that
simplify both basic tasks and the challenge of large DNA
molecules.
Designing new DNA molecules has traditionally
involved cutting an existing molecule at defined places,
resulting in relatively short pieces of DNA, and gluing
them back together again. Engineering larger pieces of
DNA with this method has proved to be virtually
impossible. Stewart's lab developed a strategy called ET
recombination which allows researchers to fuse two DNA
molecules of any size. The only requirement for fusion is
that the molecules to be joined have a short stretch of
DNA sequence in common, which is used as a vehicle for
fusion. This strategy has worked so well that it is now
used in a number of new applications: to find and isolate
specific pieces of DNA from a mixture of DNA molecules,
to manipulate very large molecules like chromosomes,
and even to create new strains of bacteria. Muijrers
explored the applicability of this technique and focused
his PhD thesis on understanding the fundamental
biochemistry by which ET recombination works. A deeper understanding
of the exact mechanism that underlies ET recombination will allow even
further improvements of the technique.
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Improving the central task of DNA engineering in the biosciences has an
obvious impact on biotechnology. ET cloning has become the basis of a new
company called Gene Bridges GmbH, an offshoot of EMBL.
Before undertaking his PhD at EMBL, Joep completed a diploma in
marketing. “Having previously been interested in business, I find it quite
remarkable that my decision to focus on a research career through a PhD at
EMBL has given me a unique and ideal opportunity to link business and
research.” Consequently, Muijrers became the company's marketing
director shortly after submitting his PhD thesis. Apart from exclusive
licensing rights to several DNA engineering techniques developed in
Stewart's lab, the company is establishing a DNA engineering service and
will continue research and development of new technologies.
“The structure of the PhD programme at EMBL, and especially the
intensive two-month preparation course, allows students to have a good
idea at an early stage of what is possible in the world of molecular biology,”
says Muijrers. “As you make your way through your doctorate at EMBL,
you are exposed to many different aspects of science, from the research that
you do, to the applications of that research, to things like conferences and
courses that the students can participate in. These possibilities, combined
with the international atmosphere, the activities and friendships that you
can form, make the EMBL PhD Programme a great opportunity.”
Many EMBL graduates have gone on to assume important positions in
Europe and around the world. “We have seen that the experience students
gain at the Laboratory, and the exposure to the many different facets of
basic research that they receive opens possibilities for them, whether that
be back at home or in a new country,” says Hentze. “Ultimately this will
help to improve the network of molecular biology in Europe.”
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A deadly splice
The way that RNAs are spliced can mean life or
death for the cell
In 1991, researchers discovered a human protein called TIA-1 which
triggers DNA to break down in a way found in cells that are about to die.
In a process called apoptosis, some cells have to die for the benefit of an
organism as a whole during its growth and development. This type of preordained cell death is closely linked to aging and the eventual mortality of
all complex creatures, so it has been of keen interest to many researchers.

JUAN VALCÁRCEL
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TIA-1 seemed to have a role to play in bringing about the death of cells, but
no one knew exactly what that might be. A careful study of the protein
showed that it bore similarities to many molecules that bind to RNA. Soon
afterwards, a closely-related molecule called TIAR was found, which has
its own close relatives in the fruitfly, the roundworm, and yeast. This yeast
protein, called Nam8p, is one component of a complex molecular machine
that processes RNAs, and was previously investigated by the group of
BERTRAND SÉRAPHIN.
Many RNAs freshly-transcribed from genes need to be modified before
they can be translated into proteins. In the cell nucleus, Nam8p helps to
splice RNAs by facilitating the removal of sequences called introns that will
not be used in synthesizing proteins. Sequences that can be used are called
exons. Sometimes the same RNA can be spliced in alternative ways, which
means that the information in a single gene can ultimately result in several
different proteins. Group leader JUAN VALCÁRCEL has been studying the
importance of this process in cells and the development of organisms. It
plays a critical role, for example, in creating differences between the males
and females of a species.
“You would expect that since Nam8p participates in splicing in yeast, its
closest relative in human cells would do something similar,” Valcárcel says.
“But neither TIA-1 nor TIAR were found to be tightly associated to the
components of the human splicing machinery in human cells. They are
found in the nucleus, and you also see them connected to mRNAs out in
the cytoplasm, apparently regulating translation.”
This type of “translational regulation” has been heavily studied at EMBL
by MATTHIAS HENTZE and ANNE EPHRUSSI. Their groups have been
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investigating how cells keep RNAs on hold to regulate an organism's
uptake of iron, or to ensure that specific proteins are only active in certain
locations in the egg cell – thereby laying down an asymmetric distribution
of molecules that ultimately leads to the development of anterior and
posterior body parts in an organism.
Whether TIA-1 or TIAR plays such a role is still an open question. But
Valcárcel and his group have discovered that TIA-1 has a vital function in
the cell nucleus: it participates in a decision about how an important RNA
will be spliced. And this, Valcárcel thinks, can start to explain the chain of
events that will lead to cell death.
The researchers came across this explanation for the molecule's activity
while following two indirect threads of investigation. For many years they
have been studying a basic question about alternative splicing: how males
and females manage to produce very similar quantities of certain proteins
even though males have fewer copies of some genes.
The males of many species – from the fruitfly Drosophila to humans – have
an “X-Y” chromosome pair where the females have a double X pair . Flies
and humans have evolved elaborated mechanisms to ensure that the
double dosage of X-chromosomes in females does not result in double
amounts of products generated from the genes of the X chromosome.
There are several mechanisms which cut back the production of proteins in
females. One way that this is done is through alternative splicing: different
ways of cutting and pasting can produce RNAs that are capable of
producing proteins in one sex, and incapable in the other. Researchers have
followed these forking roads for an RNA called msl-2. Valcárcel's group has
discovered particular characteristics about this RNA that instructs a

Often the same RNA can be spliced into
alternative forms, creating messenger RNAs
that will be used in the synthesis of different
proteins.

EXON
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Splicing involves removing non-coding sequences
called introns - sometimes also removing coding
sequences called exons. The loss or inclusion of
an exon creates different forms of TIA-1 which
have dramatically different effects on the cell.

intron
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molecular machine called the spliceosome on how to dock to msl-2 to make
the right cuts.
The spot where the first cut is made is defined in most RNAs by a short
sequence. In msl-2, however, a second sequence a bit farther down, at the
beginning of the intron, is necessary for the spliceosome to assemble
correctly,” Valcárcel says, “suggesting that there might be a protein that
settles on the sequence in the intron and helps the spliceosome to make the
right type of contact further up.”
TIA-1 seemed to fit the bill. Valcárcel and his colleagues showed that it
could bind to this particular RNA sequence, also that it attracted a critical
component of the spliceosome – if and only if the two points were close
enough together. And it would not attract the spliceosome to RNAs that
didn't contain the key sequence. When they removed the protein from cells,
they immediately brought msl-2 splicing to a halt. This demonstrated that
TIA-1 was acting like an adaptor plug, seemingly tailor-made for a specific
job with one very particular type of RNA.
But did it really only function with msl-2, in flies? Valcárcel and his
colleagues began a search of genome databases for other RNAs that might
have the same type of sequence close to a splice site, and they came up with
a very interesting candidate: the RNA coding for a human protein called
Fas receptor.
“Fas has been shown to send a signal that leads to cell death,” Valcárcel
says. “This gave us the first true link between TIA-1 and apoptosis, but we
didn't know how it worked. What was interesting is that the splice site in
Fas RNA is used for alternative splicing, producing two different proteins.”
This is like shortening a long train by unlinking useless cars, sending them
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off on another track, and linking the train back together again. One version
of Fas is missing a car that the other version finds useful. This creates two
proteins which function differently: one sends a signal that leads to death,
the other prevents the signal from reaching the cell.
Does TIA-1 influence the decision about how the RNA will be spliced? The
researchers performed two experiments that showed that it does. TIA-1
binds in the intron before “car number six” – the exon that is sometimes left
out. Removing TIA-1 causes a big rise in the number of proteins that skip
the sixth exon.
“The same thing happens if you mutate the sequence where TIA-1 binds”
Valcárcel says. “These are very strong arguments that the splicing decision
– and ultimately the life or death of the cell – can be traced partially back
to how well TIA-1 binds.”
So what prevents TIA-1 from operating this way all the time? Is the protein
somehow activated when the cell is ready to die? Does another protein take
up position on the RNA and prevent it from binding there? Is it somehow
hindered from getting into the nucleus? As always, just behind one answer
lies the next layer of questions. Molecular biologists have gotten used to it
by now.
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Locking up LOX
A unique type of translation-blocking is
vital to the development of red blood cells
Among the most unusual cells in mammals' bodies are mature red blood
cells. They form in the marrow of our bones, and spit out their nuclei when
they emerge in the bloodstream. They also degrade the organelles called
mitochondria – which are needed in other types of cells to produce power
– at a later stage of maturation. Despite the lack of these seeminglyessential components, the cells go on to live over 100 days in the
bloodstream.
A few decades ago, researchers discovered that red blood cells produce a
protein called lipoxygenase (LOX) which dismantles the mitochondria and
other organelles with high efficiency by attacking the lipids in their

DIRK OSTARECK &
ANTJE OSTARECKLEDERER
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membranes. LOX must not be produced too early in these cells because it
would destroy the mitochondria while they were still needed. But the
control over LOX production obviously can't depend on events in the
nucleus, which is already gone by the time LOX appears, which means that
the cells don't simply manufacture fresh LOX mRNAs. Instead, researchers
discovered that the cells have high levels of the LOX mRNA, a storehouse
of molecules which wait a long time to be translated. This provided one of
the earliest and clearest-cut known examples of regulating the production
of a protein by impeding the translation of mRNAs.
“The sequence of the LOX gene was published in 1989,” says Dirk
Ostareck, a postdoctoral fellow in the group of MATTHIAS HENTZE. That
year, Antje Ostareck-Lederer and Dirk Ostareck read a paper by Tim Hunt
of the University of Cambridge which pointed out some peculiar features
of the sequence. Hunt challenged scientists to search for the mechanisms
by which cells blocked mRNA translation. “The sequence of the mRNA
gives a strong hint as to where to search for the regulatory element,” Hunt
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wrote. In the 575 nucleotides of what is called the three-prime untranslated
region (3’UTR) – a tail section of the mRNA which does not get translated
into proteins – Hunt pointed out that a specific sequence of nineteen
nucleotides is repeated ten times, with only slight variations. “Presumably
a protein must bind to this element, and how it promotes or prevents
ribosomes initiating at the 5' end [the untranslated head end of the
molecule] is an excellent problem.”
Antje and Dirk decided to tackle the problem while working in the group
of Bernd Thiele at the Humboldt-University of Berlin. They brought the
project along when they moved to EMBL in 1995 and joined the group of
Matthias Hentze, whose speciality was research into translational control.
Now, some years later, Antje and Dirk have been able to paint a very clear
picture of the mechanism that keeps LOX RNA in check.
“Most cases of translational regulation seem to involve features at the very
head ends of mRNAs which somehow disrupt the proper assembly of the
components of the ribosome,” Hentze says. “LOX is odd because the
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MATTHIAS HENTZE

regulatory components are found at the other end, and the question is how
these might prevent the ribosome from doing its job.”
A complete ribosome, capable of translating mRNA into protein, is
assembled in a number of stages out of two major subcomponents, called
the 40S and 60S subunits. These are maneuvered into their proper places
on the mRNA with the help of more than a dozen other molecules
(transcription initiation factors) which have to be connected up properly.
Normally a “cap” structure at the head of an mRNA links to several other
molecules that builds a bridge to recruit and correctly position the small
(40S) subunit. Once it is in place, a sort of scanning takes place which
identifies the part of the mRNA sequence where the ribosome should begin
synthesizing the encoded protein. This position is called the start codon. The
40S subunit moves down to that position, releasing most of the initiation
factors, and latches onto others which help recruit the 60S subunit. The two
components fuse to make the complete ribosome.
In other types of translational regulation studied by the Hentze group, the
placement or function of the small subunit is disrupted, and translation is
interrupted at a very early step in the pathway. Antje and Dirk have now
shown that this process is disturbed in a unique way on LOX mRNA. The
small subunit seems to function fine until it comes time for the 60S subunit
to be put into place. For some reason, this doesn't happen correctly.
By 1997, Antje and Dirk found two proteins that had to be bound to the
sequence motif discussed by Tim Hunt to hold up translation. The hnRNP
K and E1 proteins bind to some of the repeated elements in the 3’ UTR tail
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(named differentation control elements, or DICE, because of their function).
Grafting such DICE onto other mRNAs – a standard method in molecular
biology – means that the translation of mRNAs other than LOX can be
blocked in the same way. Adding the DICE even prevents the translation of
RNAs taken from certain viruses, which can assemble ribosomes with a
limited number of translation initiation factors. This fact has helped the
researchers to get a very precise view of exactly when the ribosome
assembly is disrupted.
One method that viruses use to take over cells is to shut down the synthesis
of the cell's own proteins and promote the translation of their own RNAs
using specific viral initiation factors. There are a number of ways of doing
this: one is simply to skip some of the steps of translation initiation, which
allows the virus to block exactly those steps that it bypasses itself and to
translate the viral mRNAs much more efficiently than the competing
mRNAs of the cell that the virus has infected. This results in an
overwhelming number of viral proteins in a very short time, stealing
materials that the cell needs to make its own molecules.
Some viral RNAs don't have cap structures and skip some of the normal
steps of small-subunit positioning and scanning. This is what happens in
the case of an RNA from the classical swine fever virus, for example.
“If hnRNP K and E1 bound to the DICE somehow interrupted the process
before this stage, during the normal recruitment of the small subunit or the
scanning process, then classical swine fever virus RNA should still be
translated,” Antje says. “But this doesn't happen. And experiments showed
that while the small subunit was correctly positioned at the start codon, the
large subunit simply wasn't there.” Thus the small subunit is correctly
recruited; scanning takes place, and it assumes its proper position at the
start codon.
This is the first case of translational regulation known to act on the
recruitment of the large ribosomal subunit. Antje and Dirk are currently
investigating whether hnRNP K and E1 somehow directly prevent its
taking up its position at the start codon, or whether they act via helper
molecules. In the meantime, they have discovered the answer to another
riddle: how the cell reactivates LOX translation when red blood cells have
to degrade their mitochondria. They found that the cell uses one of its most
basic tools for modifying its functional proteins: a process called
phosphorylation, where phosphate groups are passed back and forth
between proteins. Phosphorylation kicks hnRNP K off of the DICE, and
now the 60s subunit can be added to the ribosome.
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Bringing
proteins together
Scientists have yet to answer many basic questions about one of the most
fundamental aspects of life – how proteins interact with each other.
Compared to an entire cell, single molecules seem simple – yet when one
tries to explain their behavior in terms of a collection of atoms that must
obey the laws of physics, they seem incredibly complex. For example, it is
still very difficult – and often impossible – to predict exactly how the chain
of amino acids that composes a protein will fold. It is also often difficult to
predict where a single molecule of water, critical in so many chemical
reactions, might be caught within those folds.
Another question is how two molecules accomplish the intricate
maneuvering that puts their surfaces into the right orientation so that they
can bind. An extremely high-resolution image of a protein, obtained in Xray crystallography studies at the synchrotron beamlines, may give a very
clear picture of its surface, and another study may give an equally clear
picture of the surface that it has to bind to. A third investigation may
present the picture of the two molecules bound to each other.
But what is missing is a dynamic picture of how those two surfaces attain
the bound state. And this would be very good information to have, because
slight changes caused by mutations can render an interaction less efficient,
impossible, or horribly over-efficient. Each result is interesting; it may
explain why a mutation in a single amino acid destroys a protein's function
and causes a disease, or how to engineer a molecule so that it will block the
activity of another, dangerous protein.
Currently the only way to conceptualize this dynamic process is through
computer modeling. REBECCA WADE'S group has been designing and
refining simulations that are steadily getting better at describing protein
interactions.
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REBECCA WADE’S
COMPUTER

Some of their simulations portray proteins somewhat like bumpy forms
studded with positively and negatively charged magnets. The
topographies of proteins are rough, and attractive and repulsive
electrostatic charges – created by the distribution of electrons of the atoms
throughout the proteins – behave like magnets. There may only be one
orientation in which the two forms snap together; otherwise local
attractions and repulsions will cause them to wiggle until they have found
it. This might take quite some time, even if the magnets are mounted on a
fairly stiff surface. Once you imagine the surfaces as covered with loopy,
flexible arms, and the contact as a complex intertwining rather than a
chaste kiss, the number of possible arrangements of the proteins grows.
Wade and postdoctoral fellow Razif Gabdoulline used “Brownian
dynamics simulations” to study the interactions of pairs of proteins with
very different binding characteristics. This method tackles the questions of
how fast molecules bind, what mechanisms allow them to find each other
in the first place, and then how they orient themselves correctly.
“One might start by assuming that this all happens more or less by chance,
that two proteins simply drift and bump around the cell until they happen
to meet and happen to present the right faces to each other,” Wade says.
(Imagine how long it would take, in a football stadium with randomly
bouncing ping pong balls, for two specific balls to find each other, and then
how long it would take for two points marked on their surfaces to bump
against each other at the right angle.) “But the cell is so immense that to
watch the process happen at the level of atomic detail would require
incredible computational power. It can be simulated with Brownian
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dynamics, but the only way to make the task feasible is to create a very
simple model of proteins – to treat them as uniform spheres with net
charges, rather than irregular shapes with heterogenous charge
distributions.”
The simulations become interesting once the two molecules come close
enough; then it is as if two ping-pong balls begin to attract each other
because of the distribution of positive and negatively-charged “magnets”
on their surfaces. These may increase (or decrease) the rate at which they
bind, compared to ping pong balls which don’t bear charges.
The researchers investigated five protein pairs. In three of the cases, the
association rates computed from the simulations closely matched those
measured in experiments. In the other two cases, the rates in the computer
were faster than those measured in experiments – and there was a logic to
the pattern. Wade thinks that this is because in the cell, one of the partners
may be able to switch back and forth between dramatically different
conformations, like a gate able to swing open and closed. Binding can only
occur when the gate is open, and this is the state used in simulations. In the
cell, molecules might be closed, or a mixture of both states might be found,
which would slow down the average binding rate.

REBECCA WADE

Ideally, simulations will be able to reflect a molecule's behavior under
changing conditions. For example, a mutation may alter the electrostatic
pattern on a molecule's surface, making it either more attractive or more
repulsive to its partner, stickier or looser. This can be measured with
experiments that detect how many molecules are interacting at a given
time, or by measuring the force it takes to pull a pair apart.
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Once the variables in the simulations seem to have been assigned the right
weights, a researcher can change their values and observe what happens to
the simulated interactions. This is the key to predicting how specific
changes in a molecule can be made to attain certain desired properties.
But these quick, close-range effects are relatively easy to deal with. What
has been harder, Wade says, is to simulate situations where the system is
less delicate, where small changes don't have much effect on the rate at
which proteins bind to each other. The group now has a protocol that can
be applied to any pair of proteins. If the computations don't match the
molecules' behavior, then researchers will have to go outside of the
parameters included in the model and look for other factors that might
affect the binding rate – such as changes that might be occurring in one of
the proteins' architecture.
Wade and Ting Wang have just used a method called comparative binding
(COMBINE) analysis, which was developed in Wade's group at EMBL, to
predict how to make better inhibitors against a protein called neuraminidase
from the flu virus. “By studying a diverse set of inhibitors and their
binding to different subtypes and mutants of influenza neuraminidase, we
developed a predictive model that highlights the interactions important for
inhibition,” Wade says. They pinpointed 12 amino acid positions and one
bound water molecule in the structure as being particularly important for
inhibitory activity. Their model suggests ways to modify the structures of
inhibitors to increase their potency.
Some types of binding can only be understood in dynamic terms.
Molecules called cytochrome P450s are enzymes that play important roles in
drug-drug interactions and are key to the breakdown of many drugs, so
understanding the binding process could have significant medical
implications. They present a tricky problem for simulations: the active site,
where the enzymatic reaction takes place, is buried deep within the
protein, and ligands have to gain access to this site.
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Structural pictures from X-ray crystallography suggest several possible
entrance and exit routes, all of which require changes in cytochrome P450's
structure. Wade and her colleagues have performed molecular dynamics
simulations to investigate how ligands exit from the active site in
cytochrome P450s from different organisms. They developed a novel
simulation procedure for this purpose; they call it Random Explusion
Molecular Dynamics. The simulations reveal one exit channel that is
common to all the cytochrome P450 proteins investigated so far, as well as
further channels that may have a role in specific types of cytochrome P450s.
“For the shared channel, simulations have revealed different mechanisms
by which the channel opens,” Wade says. “They are tailored to the
physiochemical properties of the ligands of choice. Modeling studies have
opened the way to mutation studies which should allow researchers to get
a much clearer picture of how cytochrome P450s work.
Another molecule that the group modeled is called thymidylate synthase,
which is involved in DNA synthesis. “It plays a role in the cell cycle and
thus is considered a target for drugs aimed at cells which hyper-proliferate
(cancer), and more recently in bacterial and viral infections,” Wade says.
“We employed structure-based drug design techniques to design new
compounds based on lead anti-cancer and anti-bacterial agents. The
proposals from modeling studies are currently being tested
experimentally.”
And last but not least, the group has gotten involved in environmental
clean-up. Researchers would like to design enzymes that can be used to
combat environmental pollutants. Some of these already exist in nature.
Certain types of bacteria produce enzymes called haloalkane dehalogenases
which trigger chemical reactions that break down pollutants. Wade and
collaborators have made models using the COMBINE analysis procedure
that predict binding properties of the enzymes and the effects of specific
mutations; these studies will be used to engineer molecules and target
them at specific pollutants.
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Do cells
reinvent
the wheel?
The French biologist Jacques
Monod once said that the aim
of molecular biology is to
interpret the fundamentals of
life based on the structures of
molecules. The structure, activities, and
development of cells and organisms can
ultimately be traced to interactions between
molecules such as proteins, RNA, and DNA –
behavior which, in turn, depends on their chemical and physical architecture.
Shape is essential to a molecule's function in the cell – the way it folds
configures its surfaces for precise interactions with other molecules.
But while DNA has a simple, elegant, double-helix structure, proteins – the
cell's workhorses – don't fold into forms that reflect this clarity of design. “The
three-dimensional configurations of proteins ... are intricate and irregular,
much more difficult to discover, and not predictable by any rules we know,”
Monod said. Proteins can assume a huge variety of forms. This year’s report
will focus on several that are round: circles, discs, and barrels.
While it has become a matter of routine to determine a protein's basic amino
acid sequence – genome projects are generating such sequences by the
truckload – solving structures remains a laborious, time-consuming task.
Nonetheless, the number of structures that have been solved is also rising.
GEOFF BARTON, who heads the Macromolecular Structures Database at the EBI,
says that “structures are the link between genes and functions, and ultimately
drugs.” The key to achieving the kind of knowledge that Monod hoped for
will be to combine information about molecular architecture with better ways
of analyzing sequences and functional information.
Studies which mix these methodologies are also teaching us about evolution.
Darwin would probably have been amazed, but not at all surprised, to see his
theory of natural selection translated to the level of single molecules: a
mutation that creates a very slight change
in a molecule’s efficiency can have a
major impact on how an organism
develops and lives. As Max Delbruck
said, “Any living cell carries with it
the experiences of a billion years of
experimentation by its ancestors.”
That heritage is often evident from a
protein’s sequence. But if this has been
obscured by eons of mutations and scrambling, it is
often easier to look at a molecule’s shape.
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Do rotors really rotate?
The proteins that pass through membranes and connect the interior of the
cell to the outer world perform absolutely vital functions – for example, in
channeling energy into the cell – but they have proved to be a frustrating
challenge for biologists. They can’t be teased into forming crystals, for
example, which would allow researchers to examine the details of their
structures using powerful methods such as X-ray crystallography. More
and more, however, scientists are getting a handle on these molecules
through other techniques, such as electron microscopy.
“This is one of the most powerful tools in the investigation of large
complexes,” says group leader BETTINA BÖTTCHER. “It avoids any changes
that might occur in crystallizing the complex – for example, you don’t lock
it in the state of activity that best suits the crystal.” Her group has been one
of the forerunners in combining cryo-electron microscopy, a method of
flash-freezing samples, with image processing to create very highresolution images. The resulting pictures are not as detailed as researchers
would like, but they can provide a template onto which smaller, sharper
pieces of the structure obtained through X-ray crystallography or other
methods can be mapped.

BETTINA BÖTTCHER
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One of the group’s recent projects has been to study energy-producing
molecules in cell membranes. In bacteria, a protein called EF0F1 grabs
molecules outside the cell and channels them through the cell membrane.
This activates another subunit of the molecule, lying inside the cell. Its
function is to perform energy conversion by loading molecules called ADP
with an extra phosphate, generating ATP. This energy can later be released
by other molecules and is used to drive the activity of many of the cell’s
enzymes.

Electron microscope
studies have given
Böttcher and her
colleagues a picture of
the mechanics of the
EF0F1 molecule,
which provides energy
used to drive many
cellular processes.
One of their findings
was that the two rotorlike components of the
molecule are
connected by a
double stalk.

cell interior

Eukaryotic cells have compartments called mitochondria which act as
cellular power plants and which many scientists believe to have evolved
from bacteria living in symbiosis with early cells. Their membranes contain
a version of the EF0F1 protein which behaves in a similar way.
One part of the protein, called F0, is ring-shaped and is embedded in the
membrane. In the past, researchers have proposed that this structure acts
like a wheel; it rotates to channel protons into the cell. Böttcher and
colleagues at her former institute, in the University of Freiburg, helped to
show that the F0 wheel is connected to the lower structure by two stalks.
One of these would be connected to the rotor and the other to the immobile
base to permit rotation.
Böttcher’s group has been trying to clarify the motion of the components.
Studies aimed at directly observing the process of rotation have been
ambiguous, and Böttcher and her colleagues have used electron
microscopy to try to arbitrate between
this picture and an alternative hypothesis.

membrane

cell exterior
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The initial images created under the
microscope didn’t contain enough
information to get an accurate structural
picture of the shape of the molecule.
There is generally so much noise in
electron microscope images that many
images must be combined and filtered to
obtain high resolution. This couldn’t be
done using the normal flash-freezing
techniques that Böttcher and her
colleagues apply to the study of viruses.
When they switched to a negative
staining method, the contrast of the
images was greatly improved.
“We investigated an inactive form of the
enzyme and were surprised not to find
the ring structure that we expected,” she
says. “What appeared was more of a
spiral shape that is unlikely to rotate
very smoothly. Therefore, it is still
possible that the enzyme is probably
inactivated by opening and deforming
the ring. More studies will be necessary
to definitively decide.”
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SANDRA SCIANIMANICO

Dissecting Ebola’s rings
The inside of a virus is a tiny, cramped place, like a capsule from the earliest
days of space exploration. The only way to get so much trouble into such a
tight space is for everything to be absolutely utilitarian, multi-functional,
folded tightly and correctly stowed away. Packing things wrongly leads to
immature “particles” which may have the right contents – proteins, RNA,
and sometimes DNA wrapped up in a membrane shell – but which are
short-lived, because something about the building plan doesn’t lead to the
infection of another cell. Studying the way things are folded, according to
ROB RUIGROK and WINFRIED WEISSENHORN, may turn up weaknesses in the
packing process which can be targeted by drugs.
The two group leaders at the Grenoble Outstation have been investigating
a protein of one of the world’s most feared viruses, Ebola. Every few years,
the virus emerges from an unknown host and goes on a rampage that
completely devastates whole villages, only to disappear again. It is so
deadly that until now, it has killed its carriers faster than they can spread
the disease to the world at large.
The walls of Weissenhorn’s cramped office at the Grenoble Outstation are
pasted full of depictions of protein structures from Ebola and other viruses.
Ruigrok sits under a recent image of VP40, which plays a critical role in the
way the cell assembles new copies of Ebola, as the researchers discuss
hypotheses about the virus’ origin.
“There is some good evidence that the natural host lives in an African gold
mine,” Ruigrok says. “There are continually a few cases in that specific
area, and some researchers think that it’s carried by bats living in the
caves.” He points out, however, that the virus has not been found in the
few bats that have been examined.
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“It could be restricted to a specific species of bat that hasn’t been tested,”
Weissenhorn says.
Ruigrok agrees, yet points out that there are other possible hosts living in
the mine. “The Centers for Disease Control in the U.S. has proposed doing
a thorough search, but political difficulties and concerns about safety have
so far made it impossible.”
There is nothing about the picture of VP40 on the wall, two clumpy
collections of helices and folds in orange and yellow, to suggest that it
might be a part of something so dangerous. It is a matrix protein which lies
just inside the outer shell of the virus. “Cells manufacture all the contents
of the new virus and collect them near their outer membrane,”
Weissenhorn says. “They’re pulled together in tight collections and then a
bit of the cell membrane is pinched around them to seal them off – like
squeezing the surface of a balloon to make a bubble. This forms the outer
shell of the virus and it is released to travel to another cell.”
VP40 is drawn to the cell membrane and it also reaches out to link to the
other proteins and RNA that have to be included in the virus. This contact
with all the components means it might act as a sort of scaffold during the
process of assembly.
The researchers conducted a series of experiments to determine which
features of the protein permit it to establish these contacts. “VP40 has two
major subunits which are loosely connected,” Weissenhorn says. “Studies
we did last year showed that if you cut these two domains apart, it’s the
tail section of the molecule that’s responsible for the attachment to the
membrane.”
The experiment had another, unexpected result: the freed head section of
the molecule clustered into ring shapes, formed from six copies of the
WINFRIED WEISSENHORN
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protein fragment. “The effect was so striking that we wondered if such
associations occur during the assembly of the virus,” Weissenhorn says.
“This is quite possible because the two subunits of the molecules associate
so loosely. And then we discovered that if you remove just the last seven
amino acids from the protein, the molecule can still link to the membrane,
but it will form clusters.”
The same thing happens to the natural version of VP40 – uncut and
unshortened – under certain conditions in the test tube. Ruigrok,
Weissenhorn and their colleagues noticed that the key to forming the
clusters was the linkage of the molecule to the membrane. This means that
when the protein tail binds, it changes the conformation of the molecule.
“What might be happening is something as simple as the tail domain
physically getting in the way to prevent the head domain from forming the
ring-shaped complexes,” Weissenhorn says. “When the tail binds to the
membrane, this inhibition could be removed. Clusters would form – and
they, in turn, would act as a lattice that organizes the whole virus because
of their links to the other components.”
The work has given scientists a hard-to-obtain view of what might be an
intermediate step in the process of packing a virus. There have long been
theories that the proteins might have different conformations that play a
role in viral assembly, but this is the first time researchers have been able to
provide such strong evidence for their existence.
“It’s usually hard to work with such matrix proteins in the test tube,
because they have such a strong tendency to cluster,” Weissenhorn says.
“They probably have to do that to form such tight viral packages. Our next
step will be to study the structural aspects of VP40’s interactions with the
other Ebola proteins. This may tell us to what degree it’s acting as a lattice
to organize the structure of the virus as it is assembled.”
ROB RUIGROK

MATTHIAS WILMANNS

Chasing a bouncing barrel across
the landscape of evolution
Two EMBL groups fill in gaps in the family
history of the most widespread protein structure
Parallel studies by the groups of PEER BORK in Heidelberg and MATTHIAS
WILMANNS, who heads the Hamburg Outstation, have recently uncovered
some intriguing hints towards the solution of an evolutionary mystery
surrounding one of the most common forms adopted by proteins.
The structure in question is called a beta-alpha barrel: a symmetrical, barrelshaped form composed of eight subunits, somewhat like an orange with
eight slices. Each “slice” contains a smaller structure called an alpha helix
paired with a beta sheet. It has been estimated that ten per cent of the
proteins involved in metabolism – like the complex interactions that
synthesize some of the amino acids needed to produce new proteins –
contain beta-alpha barrels.
“For example, a type of metabolism in one-celled organisms synthesizes
the amino acid tryptophane,” says Wilmanns. “This requires seven catalytic
reactions – three of which are carried out by beta-alpha barrel enzymes.”
Wilmanns has been working on the barrels for over a decade. In 1991, he
and his colleagues showed that the different structures shared a common
topography: the active site within the enzymes, which carries out
modifications of other molecules, is found in the same place in different
molecules, and these locations have very similar architectures. “Usually
this would mean they descended from a common ancestor,” Wilmanns
says. “But the extremely high number of beta-alpha barrels has led to
conflicting hypotheses. All may ultimately be related, or the form might be
so efficient that nature reinvented it several times.”
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Wilmanns, Bork, and their colleagues have now tackled the beta-alpha
barrel issue through a close look at both structures and sequences. Often
merely looking at the latter gives a great deal of information about the
molecule's heritage. Proteins evolve because of changes in the genes that
encode them. Over short spans of evolution, their relationships can be
reconstructed – like figuring out the steps in a puzzle where one word has
been transformed into another by successive changes of single letters. But
over longer stretches of evolution, these relationships often become
obscured. Copying errors may produce multiple copies of a whole or
partial gene, or lose genes, or fuse different genes together. Since the
original, parent gene no longer exists, there is no clear record of what has
happened.
Bork and his colleagues are answering some of these questions by
comparing sequence, structural and functional information from the
biological databases. “Previous work aimed at deciphering the family tree
has recognized anywhere from nine to twenty-three superfamilies of betaalpha barrels,” says Richard Copley, a member of Bork's group. “Within a
superfamily, the proteins are considered to be evolutionarily related.”
Structural data can sometimes clear up cases where the sequence record is
obscure. “A protein's shape is often preserved over large stretches of
evolution, even when the sequences have widely diverged,” Wilmanns
points out. “If the basic shape is preserved, along with a few critical amino
acids in the right positions, the protein can still function. A change that
affects the way it folds could be disastrous, and fatal to the organism.”
Wilmanns, Bork and their colleagues have now provided firm evidence for
deeper relationships between some of the families. Dietmar Lang and other
members of Wilmanns' group conducted an analysis of two new protein
structures, HisA and
HisF. These beta-alpha
barrels are involved in
different steps of the
synthesis of the amino
acid histidine. Bork and
Copley carried out a
far-ranging computational study of the
sequences, structures,
and
functions
of
proteins known to
contain beta-alpha barrels.

High-resolution pictures of
HisA and HisF, two proteins
crucial in metabolism in onecelled organisms, have given
researchers clues to the
evolution of an important
group of metabolic enzymes.

Researchers obtained a
structural picture of the
HisA and HisF barrels
through X-ray studies
at the Hamburg beamlines. “The critical sites
in HisA and HisF that
drive metabolism occur
in symmetrical places,”
Wilmanns says. “To see
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this you have to imagine the barrel split in half. These two parts are very
similar to each other – as if sometime in the past, the whole started out as
two half-barrels which got fused together. And this is exactly what we
think happened.” Each half has four related “slices” – three small, and one
longer. The active site in one set of slices is found in the same location as
the other.
The fusion hypothesis suggested an intriguing experiment. Although the
molecules involved in metabolism are usually extremely specialized, a
protein that has changed through evolution – even one that has acquired
new functions – can sometimes still perform its original tasks. Wilmanns
and his colleagues decided to see to what extent HisA and HisF might be
able to carry out the activities of the other.
The group had recently collaborated with Reinhard Sterner's group from
the University of Göttingen on an earlier paper which showed that HisA
could be modified to perform the functions of a related beta-alpha barrel
molecule called TrpF. “The modifications that we made in HisA created an
artificial molecule which probably had many of the qualities of the
common ancestor of HisA and TrpF,” he says.
Now the researchers discovered that HisF could carry out HisA activity –
an early step in the biosynthesis of histidine. HisA was incapable of HisF
functions, however. “This isn't too surprising because the reaction achieved
by HisF is much more complex than that of HisA,” Wilmanns says. “It may
have evolved later, and adopted very specialized functions that the earlier
form can't manage.”
This structural picture suggests that at some point in history, the gene for a
half barrel was copied; the two halves fused into a single gene, producing
a protein capable of broad enzymatic activity. Over time, the whole-barrel
gene was duplicated once again, giving organisms two copies. Mutations
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gradually gave these proteins different
functions in the metabolic cycle, producing
HisA and HisF.
The question of how metabolic pathways
evolved has intrigued molecular biologists ever
since biochemists began to unravel the complex
steps by which cells produce energy and
biosynthesize the materials that they need.
Researchers have even postulated that some of the
proteins involved in multiple steps of a single
metabolic pathway – such as the production of
histidine – might have arisen as spin-offs of common
ancestors. This is one of the issues tackled by Bork's
group. “It's a logical assumption that people have
made,” Copley says. “During metabolism, several
different proteins usually grab onto a molecule to
modify it. Each docking event requires a precise
conformation. Copying a protein that already fits and
redesigning it to take on new jobs might take fewer
evolutionary steps than for another molecule that has the
right configuration to come along.”
Partly on the basis of structural studies of HisA and
related proteins, Bork's group launched a large-scale
study of the whole landscape of beta-alpha barrel
proteins to test this and other hypotheses about
evolution. “Genomics projects are yielding so
many new sequences,” Bork says, “that we are
able to fill in many of the gaps in the
evolutionary record. Our tools for
analyzing sequences are becoming more
sensitive and this is helping us to find
deeper
relationships
between
protein families which couldn't be
connected before.”
The group used sequences,
structures, and experimental
information
about
the
functions of proteins to
investigate all known betaalpha proteins. Their analysis
strongly suggests that a theme
found in many barrels – the
location of a structure called a
phosphate binding site in the
seventh “slice” of the barrel –
is unlikely to have evolved
multiple times. Secondly, the
internal duplication in HisA,
discussed in Wilmanns' paper,
indeed seems to represent a
very old gene fusion event in
an
ancestral
molecule.
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“Because the duplication has been passed along to all of the protein
descendents,” Copley says, “this gives us a new pattern to look for to draw
relationships between molecules.”
The study provided strong evidence that all of the beta-alpha barrels
involved in metabolism, with one possible exception, are related. The
researchers were also able to draw conclusions about the order in which
these molecules evolved. They confirm, for example, that the more
complex HisF evolved later than HisA. But they also found evidence that
particular pathways evolved by borrowing heavily from other types of
metabolism, rather than spinning off numerous variations of a few critical
molecules to create new steps in a single pathway.
In the absence of a method to predict a protein's structure and function
from its amino acid sequence, such evolutionary studies can go a long
ways towards helping biologists make predictions about the way newlydiscovered molecules function in cells. If researchers can get a clear picture
of the barrels' evolutionary history, they should be able to understand how
minor variations between different “flavors” of the molecule lend it
entirely different functions. At the very least, they will gain valuable
insights into members of what might be the most widespread protein
family – most of which have not yet been thoroughly investigated.

PEER BORK

&

RICHARD COPLEY
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A high-resolution map of the
surface of a ring made of
seven Sm molecules.

The seven-sided ring
How an Archaeal protein ended up
in the eukaryotic nucleus

Nature has preserved circles
and spirals in many contexts,
for example, in this
snatcheryhatch.

Many researchers think that the one-celled organisms called Archaea, first
discovered in volcanic vents on the ocean floor and hot springs, represent
the oldest form of cellular life on earth. Bacteria and eukaryotes split off as
major evolutionary branches later, billions of years ago. While all of these
organisms look very different, they share certain molecules essential to
cellular life, including proteins involved in the basic transformation of
information from DNA into RNA and then into proteins.
In 1999, BERTRAND SÉRAPHIN and his colleagues at EMBL discovered that
Archaea contained relatives of a family of molecules they had been
studying for several years: Sm proteins. Séraphin was interested in splicing
– the process that takes freshly-transcribed RNAs and cuts out sequences
that will not be used in synthesizing proteins. This process takes place in
the cell nucleus. Only finished, spliced messenger RNAs are permitted to
pass through the nuclear membrane and enter the outlying cytoplasm,
where they will be translated into proteins. In eukaryotes, Sm proteins bind
together in a doughnut-shaped ring and link to other molecules to form the
core of the splicing machinery.
Researchers had finished a project to completely sequence the genome of
an Archaea, Archaeoglobus fulgidus, and a database search revealed that the
organism had genes that were clearly related to Sms. Finding the genes in
Archeae was somewhat surprising because these organisms have no
nucleus, and so far there is no evidence that they splice their RNAs. There
is, however, a theory that the nucleus of modern eukaryotic cells evolved
out of ancient archaea that established a symbiotic relationship with
modern cells. A very recent paper by a Japanese group has added weight
to this hypothesis, showing that the relatives of archaeal genes usually
perform functions having to do with the nucleus in yeast.
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One type of archael Sm can form
a seven-part ring without the RNA.

The structure of archael Sm core
domains in a complex with RNA.

Now the groups of DIETRICH SUCK and Séraphin have obtained a detailed
picture of the structure of archaeal Sm1 proteins bound to RNA.
Comparing this picture to structures of the eukaryotic relatives has given
the researchers insights into Sm function and the evolution of a
fundamental interaction between proteins and RNA.
So far, two types of Sm proteins have been found in Archaea. “Seven copies
of the Sm1 protein bind together to make a doughnut form,” says Suck.
“The same shape is found in eukaryotes, where Sm proteins also form
seven-part rings. In eukaryotes, though, the rings are made of seven
different types of Sm proteins. In Archaea these are seven copies of the
same protein.”
The study reveals that all the members of the Sm family share critical
characteristics. They all have a common fold, which contains a pocket that
binds to specific RNA sequences. While no one yet has a direct structural
picture of human Sm proteins bound to RNA, the experiments conducted
by Suck and his colleagues are easy to extrapolate.
“There is structural information on single copies of human Sm proteins,”
Suck says. “If you superimpose these pictures on the one we have obtained
now, you see that among the sequences that have changed the least during
evolution are those involved in the RNA-binding pockets. So while
evolution has permitted a lot of variation in the protein as a whole, very
little is found in this specific part of the structure.” In fact, Suck and his
colleagues demonstrated that human RNA will bind to the archaeal Sm
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complex, fitting into the same pockets – despite the intervening billions of
years of evolution that might have led to an ill fit between the two.
More evolutionary insights came from comparing the two types of Sms
found in Archaea. “Sm1 proteins bind together in the ring form and
maintain that shape very stably, under a number of different conditions,“
Suck says. “They do so even when there isn't any RNA around. Sm2
proteins, on the other hand, appear to need RNA to form the seven-fold
complex. That makes them more similar to the Sm proteins found in
eukaryotes – which also require RNA to form stable complexes.”
Suck says that Sm1 is a rigid, pre-formed binding unit that remains
virtually unchanged when it binds to RNA. Complexes involving many
different molecules often have to wiggle around in order to get
components into the right places so that they can lock onto each other.
Sm proteins had a common ancestor; diverse types have evolved, and they
developed new tasks. Putting together various types of rings with different
sets of specialized subcomponents would allow the cell to manipulate
RNAs in more ways.
“Now that we had a picture of the archetypical Sm domain, we could take
a closer look at the RNA motif that binds to it,” Suck says. “We already
knew quite a bit about the binding site from eukaryotes, including the
main feature: a sequence rich in the nucleotide uridine. So we made a
synthetic piece of RNA and went fishing for it with the archaeal Sm.” The
complex interacted weakly with the RNA, but it latched strongly onto an
artificial molecule consisting of a chain of five or more uridines.
This suggests that the ancestral interaction between Sm
proteins and RNA is based on a more fundamental
principle – fitting uridine-rich sequences into the
pockets of the complex.
Claudine Mayer, Suck and Oliver Poch, a
collaborator in Strasbourg, have now found that
another component of the splicing machinery, a
protein called Imp4, has a close relative in
Archaea. “In all archaeal genomes except A.
fulgidus,” Suck says, “it is found directly next
to a protein called L37ae. And in eukaryotes,
L37a molecules are a standard component of
the large subunit of the ribosome.” This
supports the idea that Imp4 has a role in
recognizing ribosomal RNA or processing it,
because genes that remain closely located
together through evolution often encode
proteins that function together in the
cell. It’s one more piece of evidence for
the theory that Archaea are closely
related to the ancestors of modern
cell nuclei.
DIETRICH SUCK

EMBL ANNUAL REPORT 2000/2001

Gluing together parts
of the spliceosome
MICHAEL SATTLER’S group has gotten a look at the structure of a protein that
binds to the Sm complex, and thus is making inroads into understanding a
devastating disease of the human nervous system. A defect in a protein
called SMN (Survival of Motor Neuron) leads to a loss of motor neurons, cells
which send signals to tell muscles to contract. Mutations in the SMN gene
cause a genetic disease called spinal muscular atrophy, which results in a loss
of muscle function and is usually fatal in early childhood.
Most SMN protein is found in the cell cytoplasm. It helps to bind together
RNAs and seven different Sm proteins into assemblies called small nuclear
ribonucleoprotein (U snRNP) complexes. These form a key component of the
splicing machinery in eukaryotes, whose job is to process freshly
transcribed RNAs. To do its job, part of the SMN protein has to be able to
bind to Sm proteins.
“The key to this activity is a region of the protein called the Tudor domain,
which SMN uses to interact with the Sm proteins,” Sattler says. “The
domain contains fifty amino acids, and only a single one of these is
changed in a mutation that causes the disease; still, it is enough to affect Sm
binding.”
Philipp Selenko, Remco Sprangers and Gunter Stier in Sattler’s group used
nuclear magnetic resonance (NMR) to study the structure of the Tudor
domain and its interaction with the Sm proteins. In collaboration with Utz
Fischer from the MPI in Martinsried, they showed that the tail section of
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Sm proteins is responsible for binding the SMN Tudor domain to Sm
proteins. Since the tail is only found in some of the seven eukaryotic Sm
proteins, and not in archaea, the interaction between Sms and SMN is only
required in higher organisms (which have splicing machinery to process
their RNA).
“NMR experiments also showed that the mutation doesn’t change the
shape of this part of the molecule – instead, it changes the electrostatic
charges on its surface,” Sattler says. “Therefore, it disrupts the connection
between SMN and the Sm proteins by interfering with electrostatic contacts
that need to form.”
The researchers made another interesting discovery: the shape of the Tudor
domain very strongly resembles the fold of the Sm proteins. This is usually
a good indication that two proteins are related through evolution. Here
that doesn't seem to be the case – a relationship can't be detected by
comparing their sequences. Sattler says that this is interesting, but not
unique. Natural selection works at the molecular level – over time, quite
different molecules can be molded into similar forms if the changes make
them more efficient at doing their jobs. “It means that the selective
pressures which helped mold Sm proteins might also have shaped the
Tudor domain,” he says.
And this might mean that SMN's Tudor domain could bind to Sm proteins
much in the way that Sm proteins interact with each other. This would be
a second type of contact between the molecules – in addition to the binding
of the Sm tail to SMN – and it could provide a structural model for how
SMN may help to assemble the Sm complex in eukaryotes. It's a tricky task
for these cells to assemble the seven Sm proteins of the ring in the right
order. The job is less complex in Archaea, which have only one or two types
of Sm proteins. The process has to be understood, Sattler says, to
understand the molecular basis of spinal muscular atrophy.
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Filling in blanks in the Signal
Recognition Particle (SRP)
Experimental electron density
for SA88 RNA

Most proteins perform jobs in specific locations in cells – in the nucleus, in
the cytoplasm, or one of the many types of membranes or organelles – and
they have to be transported to their proper location. Cells have
sophisticated machineries that recognize where a protein needs to go and
help to get it there. For several years, STEPHEN CUSACK'S
group at the Grenoble Outstation and IRMI SINNING'S group
in Heidelberg have been steadily filling in gaps in our
knowledge of an important part of this machinery: a
macromolecular complex called the Signal Recognition
Particle (SRP). SRP is a ribonucleoprotein particle – it contains
proteins and a special RNA molecule called SRP RNA.
This complex binds to messenger RNAs to play a key role
in recognizing and sorting proteins that will be secreted
from the cell or inserted into membranes. It is so essential
to cellular life that the basic mechanism and many of its
components have been preserved over the entire course of
evolution, from ancient Archaea to the eukaryotic cells that
have nuclei and form the basis of multicellular organisms.
Membrane and secreted proteins are treated in a special
way by the cell: as they are translated (synthesized) on the
ribosome they are threaded through a pore into a network
of membranes sprawling outwards from the nucleus called
the endoplasmic reticulum. The SRP is responsible for
recognizing these proteins as they first emerge from the
ribosome and then for directing the complex of ribosome
and RNA to the pore on the endoplasmic reticulum. During
the docking procedure, further synthesis of the protein is
temporally halted, but resumes when the docking is
completed and SRP is released for recycling.
Structural biologists hope to understand such processes in
terms of the atomic-level mechanics that govern
interactions between molecules. A structural picture of the
SRP complex will help shed light, for example, on how the
cell regulates the translation of proteins necessary for
proper iron metabolism (studied by the Hentze group) as
well as those which have to be translated in a particular
time and cellular location during the course of development (one of the
main interests of Anne Ephrussi's group).
Last year, Sinning and her colleagues obtained a picture of one crucial part
of the SRP – the regulatory domain of SRP54, which is conserved in cell of
all the major branches of life. This protein performs a key function in the
SRP machinery: it recognizes the signal in newly synthesized proteins that
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marks them for delivery to the endoplasmic reticulum. SRP54 interacts
with the ribosome that translates the mRNA, and it also recognizes
receptor proteins that mark the target membrane.

IRMI SINNING
& GROUP

There is only one type of SRP complex which works without an RNA
component – the SRP system of the chloroplast, which is the site of
photosynthesis in higher plants. Here, instead of binding to the RNA in the
complex, SRP54 binds to a protein called SPR43 that is uniquely found in
chloroplasts. Sinning and her colleagues showed that SPR43 recognizes
specific regions in the major class of proteins which use this SRP system.
These are special proteins in plant cells that “harvest light” which is finally
converted into energy; one major member of this protein class, called
LHCII, was previously studied at EMBL by the group of Werner
Kühlbrandt. “It is likely,” Sinning says, “that this special SRP system has
developed in the chloroplast in order to deliver the high amounts of the
LHC proteins to their target membrane – they are, incidentally, among the
most abundant proteins on earth.”
“In this study we got a detailed look at the interaction of SPR43 with
SRP54,” Sinning says. “One of the places where they bind includes the
region where SRP54s in other cells bind to the RNA. This suggests that the
SRP43 mimicks the role of the RNA. We find the SRP system of the
chloroplast particularly interesting since it can act in two ways. It works
during the process of translation, like the other SRP systems – but it also
acts post-translationally: which means that proteins which have been fully
translated are still recognized and transported by this SRP. ‘Switching’
between these two modes is probably triggered when SRP43 binds to
SRP54.”
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In eukaryotic cells, the RNA is an
essential component of SRP and
SRP54. It only binds to the SRP
RNA after another protein called
SRP19 has taken up its proper
position in the complex. Previous
work in Cusack´s lab provided a
picture of the site on the SRP RNA
where the SRP19 binds. This
happens in a subunit of the SRP
called the S domain.

STEPHEN CUSACK

In higher eukaryotes, such as
mammals, the SRP contains a
second domain called the Alu
domain which is connected to the
S-domain by the SRP RNA. The Alu
domain consists of two proteins
called SRP9 and SRP14, bound to
the RNA. “A secretory or
membrane protein that being synthesised on the ribosome binds to SRP54
in the S domain of SRP via its signal peptide; this is the first part of the
protein to emerge,” Cusack says. “Then the Alu domain of SRP flips into
place and prevents the ribosome from continuing to synthesise more of the
protein until it is docked to the proper destination membrane. At that point
the SRP falls away and translation continues as the protein is pushed
through the pore.”
A picture of the structure of the Alu domain of SRP would not only help
scientists to understand how SRP interferes with ribosome activity – it
might also help researchers to understand a curious evolutionary
phenomenon. “In the human genome there are hundreds of thousands of
copies of a DNA sequence that is very similar to the part of the SRP RNA
that is in the Alu domain. These so-called repetitive Alu elements account
for about ten per cent of the genome of humans and primates,” Cusack
says. “There are some parts of the DNA where this figure is even higher –
in human chromosome 22, for example, 16.8% of the DNA consists of such
elements.” The repetitive sequences can be copied into RNA and then reinserted back into a new position in the genome. The mechanism for this is
unclear but it is probably similar to the way retroviruses insert sequences
into the genome. Under the right circumstances, these sequences are
passed on from generation-to-generation, and the analysis of the human
genome has shown that this seems to have happened incredibly often.
A few of these Alu repeats, according to Cusack, are “potentially beneficial
to the organism – they can provide new DNA sequences that can regulate
gene expression. But they are also potentially disease-causing if they are reinserted in the middle of a gene. In any case, the process has had a
significant impact on the evolution of the human genome.”
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Some Alu sequences are transcribed into RNA and can form small particles
that bind to SRP9 and SRP14 in the cytoplasm. These particles resemble the
Alu domain of SRP but don’t have the S-domain. They may have important
cellular functions, perhaps in regulating translation on the ribosome (the
way the SRP Alu domain does), but this is not sure yet.
As a PhD student in Cusack’s group, Darcy Birse determined the crystal
structure of SRP9 and SRP14 (which bind tightly together) but without the
RNA. Now Cusack and his colleagues, who closely collaborate with Dr.
Katherina Stiub from the University of Geneva, have succeeded in getting
an atomic picture of the complete human SRP Alu domain: the proteins
SRP9 and SRP14 bound to the Alu part of SRP RNA. It took PhD student
Oliver Weichenrieder a lot of preliminary biochemical work before he
finally succeeded in crystallising the two proteins bound RNA. Even then,
the crystals obtained were tiny and X-ray data could only be obtained at
the ESRF using the special microdiffractometer developed by the Grenoble
Outstation.
“This gives us the first model of what the Alu domain looks like in a
complex and the model conforms to data that Oliver obtained from all his
biochemical experiments,” Cusack says. “The proteins bind to the structure
in the RNA which has been most highly-conserved throughout evolution.
Now we have to find out how this structure interacts with the ribosome to
temporally halt translation and whether it is the protein component or the
RNA component, or both, that is responsible for this function.”
One clue that emerges from the structural studies is that there may be
flexibility between the two parts of the Alu domain, enabling it to flip off
and on to the ribosome. This property may also be important in understanding the mysterious propagation of Alu elements in genomic DNA.
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Arriving at the membrane
Biochemical work from IRMI SINNING’S group, in collaboration with former
EMBL group leader Bernhard Dobberstein and Martin Pool at the
University of Heidelberg, has now carried the story farther, giving us a
look at what happens when the complex containing the SRP and the
translating ribosome arrives at its ultimate destination. The complex
locates a particular receptor molecule in the endoplasmic reticulum
membrane, binds to it, and translates the mRNA into protein as it is
threaded through a channel in the membrane. Something about finding the
receptor releases the newly-synthesized protein from SRP and hands it
over to the channel.
“Targeting and release depend on the activity of three proteins that utilize
GTP,” Sinning says. “SRP54, bound to the SRP complex and a translating
ribosome, comes in contact with SR-alpha and they bind to a membrane
protein called Sec61. People knew that another molecule, called SR-beta,
was involved as being part of the SRP receptor. But nobody knew exactly
what this GTPase did. We’ve now shown that it steps in when Sec61 comes
in contact with the ribosome. If SR-beta doesn’t work properly, the newly-
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synthesized protein will not be released from SRP54. This would mess up
the targeting machinery and would lead to mislocated proteins.”
They have also identified a mechanism that permits this to happen. When
it is bound to GDP, SR-beta interacts with the ribosome. In this complex
SRP holds onto the protein-in-synthesis. Contact with Sec61p jostles the
complex and allows SR-beta to bind GTP. This releases the signal sequence
from the SRP-SR complex and hands it over to Sec61p for threading
through the membrane.
In Eukaryotes, SR-beta acts as a membrane anchor of SR-alpha, which
allows the SRP machinery to deliver the substrate to the right target
membrane. In bacteria, this is not necessary, because they don’t have the
many different types of membranes found in eukaryotic cells; they have
only the single, outer cell membrane. This might explain why membrane
interactions involving the SRP/SR complex are different in bacteria.
Sinning and her colleagues showed last year that in E. coli, membrane
components called phospholipids play an important role in the interaction of
the SRP receptor with the membrane.
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and the SRP is recycled

this permits release and insertionof the
RNA through the membrane...
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Moving structures into the genomics era
An interview with Stephen Cusack
THE COUNCIL DECISIONS THAT WERE MADE IN
NOVEMBER ARE HAVING AND WILL HAVE A MAJOR
INFLUENCE ON EMBL AS A WHOLE. HOW DOES
THAT SPELL OUT IN CONCRETE TERMS FOR

GRENOBLE?

A major emphasis of the new Scientific
Program is functional genomics, and
structural genomics is a critical aspect of
functional genomics. Structural information is
as important as other functional information
in understanding how biological molecules
work. What we want to do at the Outstation
during the new Scientific Program is improve
the rate at which one can determine
interesting new biological structures. We
should be able to do them faster and to do
more of them. People tend to call this 'highthroughput structure determination' or
'structural genomics'. I think all structural
biology laboratories are going to move in the
direction of improving the biochemical
technology so that the things that they do in a
rather ad hoc way become more optimised
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and automated: the expression of proteins
and
crystallization
and
structure
determination, and all of the other parts of the
process including the feedback to further
functional studies. How you choose which
structures you want to do is another question.
Either you are talking about crystallizing as
many proteins from one organism (such as a
pathogenic bacterium), as quickly as you can,
not being too concerned about which ones
work and which ones don't – that’s the kind
of way structural genomics was thought
about originally. But there’s also high
throughput in the sense that even if you are
only interested in one or two proteins that are
difficult to crystallize, you often end up
having to do up to 20 different constructs
expressing them in different ways, seeing if
they are soluble, seeing if they crystallize. You
need similar technology to tackle either sort of
problem and it should be as automated as
possible.

STEPHEN CUSACK

This will also be useful for the kind of inhouse projects that we do now. Instead of a
student working on one construct of say a
nuclear export receptor and finding it doesn’t
work and then trying another one, he could
do 30 in parallel using this advanced
technology. It will also be crucial when the
Outstation gets involved in structural
genomics type projects. We are proposing a
new Partnership for Structural Biology with
the ESRF in which together we want to get onsite infrastructures for stages of the process:
expression facilities, crystallization robots,
and link them to the sample environment on
the synchrotron beamlines and structure
determination. We will be recruiting new
people to do this. Most labs don’t have one of
the top synchrotrons in the world next door; it
puts us in a unique situation. We are
participating in discussions about an EU
project in structural genomics that would be
focused on human health. This is what we
should aim at because we are in a European
context and we have European facilities and I
think that we should play our part in a node
of such a network, which would provide the
scientific context for the new infrastructure.
The EMBL Hamburg Outstation is in a similar
position, this is how I see our roles as a
European facility in the EMBL and also
consistent with the functional genomics focus
of the new scientific program. Apart from that
we will carry on with the kind of structural
biology that we have been doing up till now,
focused on understanding cellular processes
WHAT TECHNOLOGICAL DEVELOPMENTS HAVE
BEEN TAKING PLACE AT GRENOBLE TO SUPPORT
THESE DEVELOPMENTS?
One project has been the development of
instrumentation specifically capable of
handling micro-crystals less than 50 microns
in size. I started a collaboration several years
ago with Christian Riekel, who built the ESRF
microfocus beamline with the aim of seeing if
you could get useful diffraction data from
micro-crystals which had hitherto been
unusable. We immediately saw that we
needed to adapt the sample environment on
the beamline because it was simply too

difficult to handle such small crystals and
know that the tiny beam was hitting them. I
got Florent Cipriani, an engineer at the
Outstation, involved, who came up with
some very novel ideas about how to build a
kind of integrated micro-diffractometer to do
the job, particularly on the visualisation of the
microcrystals at the sample position. He made
plans, and then there were discussions
between ESRF and EMBL and we agreed to
jointly fund the development. Coming up
with the first working prototype took about
two years but it was an immediate success
and has become a kind of flagship for the
development
of
precision-automated
technology for protein crystallography. Now
we hope it is going to be adapted for use on
all the dedicated protein crystallography
beamlines at the ESRF. This was wellappreciated in the external review of the
Outstation that we had a month ago, with a
panel including many well-known protein
crystallographers, like Joel Sussman, David
Stuart and Janet Smith, who are deeply into
structural genomics. They pointed out that
there will be a strong interest in this
instrument and indeed several outside
laboratories have already contacted us.
Just yesterday I was contacted by Steve
Gamlin at the MRC in Mill Hill in London,
who solved a structure last summer using the
micro-diffractometer on the microfocus
beamline. Using the precise alignment
permitted by the micro-diffractometer, he was
able to select the best part of a generally poor
quality crystal and thus get the data he
needed, having failed on every other
beamline up until then. Tassos Perrakis, one
of the Outstation scientists, was involved in
that experiment together with Manfred
Burghammer from the ESRF; they have both
helped a lot of satisfied users on the
microfocus beamline.
SO YOU CAN ALSO USE THE INSTRUMENT WITH
LARGER CRYSTALS, FOCUSING ON PRECISE POINTS
WITHIN THE CRYSTAL…?
Yes. The key factor about the microdiffractometer is that it's automated, and you
have super visualization of the crystal. You
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can know precisely which bit of the crystal
you are hitting with the beam. There has
never been something available with this
precision before.
The Director General has already committed
resources to helping this project. A second
project which fits into this programme of
beamline automation is the automated
sample changer for crystals on the beamline.
This will save time in particular for people,
for instance doing structural genomics
projects, who arrive with 50 or a 100 of
samples of frozen crystals. They won't have to
go in and out of the hutch to load each one. It
will still take time to perfect the sample
changer; it's not entirely trivial, handling
frozen crystals reliably enough that people
will trust their precious crystals with it!
BOTH DEVELOPMENTS WILL CERTAINLY SERVE THE
CAUSE OF STRUCTURAL GENOMICS.
Yes. They will be particularly important for
structural genomics as well as for example,
for pharmaceutical companies who often
spend a lot of time making lots of crystals of
target proteins soaked with different possible
candidate drugs or inhibitors. They want to
go through a large number of samples
systematically.
IS IT MORE COSTLY IN TERMS OF HUMAN TIME TO
DO BIOCHEMICAL EXPERIMENTATION WITH THOSE
PRODUCTS, OR TO IMMEDIATELY TRY TO
CRYSTALLIZE THEM AND TO DO SHOTGUN
STRUCTURAL STUDIES AT THE BEAMS?
Most people begin with some kind of highthroughput biochemical screen to get leads on
compounds that might be potential inhibitors
of say an enzyme. Then you try and soak
them into crystals of the enzyme to see how
they are bound. The crucial thing is seeing the
structure with the inhibitor, and then you can
say “yes, it's in the active site and I can
suggest ways to modify it and possibly turn it
into a better inhibitor”. Ultimately you may
end up wanting to look at lots of different
structures. Sample changers are especially
useful for this kind of project but in general
they will be useful to everybody. Everyone is
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talking about high throughput structure
determination in structural genomics. People
are gearing up for the mass production of
proteins and hopefully crystals and you need
a very efficient way of getting the data.
We have one project at the Outstation, carried
out by Michael Härtlein and Carmen BerthetColominas, which tries on a modest scale to
do what the large pharmaceutical companies
do in using structural biology to develop
potential drug leads. We have a collaboration
with Michael Kron at the University of
Michigan, who is an expert in a tropical
disease caused by a parasitic nematode; it
causes filariasis, one of whose manifestations
is elephantiasis. It afflicts hundreds of
millions of people, like malaria does. We are
trying to target the synthetase, which are in
essential enzymes in all living cells, for novel
anti-filarial drugs. For this we have received
funding from the World Health Organisation
(WHO) in Geneva. They provided funds for
us to do a high-throughput screen to find
inhibitors against a nematode synthetase
which was prepared in the laboratory here.
We had to make all the protein and gave it to
a company in Basel who did the screen. It was
a limited screen, because the WHO only gave
us enough money to test about 12,000
compounds. It's not millions of compounds
which is the level at which some of the
pharmaceutical companies are operating. The
limitation meant that we had to choose them
in a rather special way: those that might
resemble the substrates of the enzyme. They
told us the 16 best inhibitors and some of
them appeared quite good. We also tried all of
these 16 against the corresponding human
enzyme, since of course the inhibitor should
only knock out the parasite enzyme. Some of
the compounds revealed up to a factor of 50
specificity over the human enzyme, which is a
good start. We were extremely excited about
this – but reality sets in when you realize that
only a few percent of the hits will actually be
usable. Some compounds might inhibit your
enzyme for non-specific reasons; they simply
might precipitate the enzyme, or they might
bind to just about any protein and inhibit it.
So you have to look very carefully as to
whether they are really specific, and how they
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act. And on top of that, these compounds very
often are not very soluble. This makes it
difficult to soak them into crystals to see
where they bind.
ONE OF THE ESRF BEAMLINES WHICH YOU HAVE
BEEN DEEPLY INVOLVED IN WAS SOLD…
Beamline 14 (BM14) was one of the first ESRF
beamlines to operate and is designed to do
multi-wavelength anomalous scattering
measurements to solve protein crystal
structures. It is now owned half by the
Spanish and half by the British, and EMBL is
written into the UK side of things. We have
put in a lot of expertise in the form of Andy
Thompson, who built the beamline in the first
place, who has got it going again and we have
just hired a new staff scientist who will be on
the beamline working with the UK and
Spanish staff. That is our contribution:
expertise, a beamline scientist and use of our
laboratory facilities by the on site UK
scientists as well as the visitors. EMBL’s
presence is a major advantage to them, and
that is why they are quite keen on this
collaborative project. In exchange we get a
percentage of the beamtime which EMBL can
make available to scientists from our member
states. It is quite important because BM14 is a
very good and stable MAD beamline, even if
it is not the most intense and you can solve
many structures on it: it has a splendid record
of achievement. Many of the big structures in
this laboratory have been done on this
beamline, for instance the structure of
importin-beta done in Christoph Müller's
group.
IS THERE A QUALITATIVE DIFFERENCE BETWEEN
THE STRUCTURAL BIOLOGY THAT YOU ARE DOING
TODAY AND WHAT WAS DONE FIVE, SIX, EIGHT
YEARS AGO?
Today you have many more people working
on structure determination of proteins that
are involved in cellular processes, rather than
for example on enzymes which work more or
less in isolation. These proteins that are often
parts of multi-component complexes i.e.
contain several interacting proteins and

possibly nucleic acids. The trend is also to
work on eukaryotic systems (e.g. human
proteins) rather than bacterial systems. These
eukaryotic complexes are much more tricky
to make in sufficient quantities; you often
have to make several proteins to reconstitute
the complex and this multiplies the
difficulties. And crystallization is always
problematic! This has given rise to more
challenging problems for crystallography,
which is the reason why the superb facilities
at the ESRF are so important, and why there
are more and more clients for the microdiffractometer, since when you don't have lots
of material you often only get microcrystals.
To get a paper accepted, it’s no good simply
having a beautiful structure anymore; the
high-profile journals are seeking biological
relevance. They send papers for reviews not
just to another crystallographer, but to a
biologist interested in what the structure tells
us about the biology.
DO YOU SEE SOME KIND OF REVOLUTION COMING?
WILL THERE BE A QUALITATIVE SHIFT IN THE KIND
OF STRUCTURAL WORK THAT PEOPLE ARE DOING?
I think that things will go in parallel. There
will be a development in structural genomics,
pushed by the high level of interest and
funding in the USA, which will in a few years
time probably lead to an explosion of
structures of the more easily crystallizable
proteins... This will provide an enormous
wealth of information, as well as things like
databases of protein folds which you can use
to model other proteins and to do many other
things. But in parallel, ambitious groups will
keep working a way at the challenging
problem of large complexes, not just of two
proteins but of many proteins. We have seen
this recently with the fantastic recent results
on the structures of the whole ribosome and
yeast RNA polymerase. However these are
particularly stable complexes and at some
point there will be a limit as to what is feasible
to crystallize. People will probably use other
methods such as small-angle scattering or
electron microscopy to look at bigger
complexes which they will never be able to
crystallize. I think there is a big future for
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non-crystallographic methods. Simulations
and modelling will also be important. In the
end you must also understand how things
work from a dynamics point of view.
If I were perfectly free to put all my effort into
certain developments, there are a few areas I
would strongly support. One is being able to
efficiently make multi-component complexes
in a more systematic way. For example, in
Christoph Mueller and myself are interested
in the structure of an export complex for small
nuclear RNAs (originally characterised by
Iain Mattaj's group in Heidelberg). This
complex involves five proteins and it is a lot
of work for a number of people to keep
producing the recombinant proteins. Another
example from my group is the mammalian
signal recognition particle which contains six
proteins and an RNA. To make these
complexes you need more efficient expression
facilities, preferably automated, which make
all these proteins for you. Secondly, you need
to have multiple structural techniques to look
at these complexes – electron microscopy or
small angle scattering – if they don’t
crystallize. These techniques give you low
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resolution structures into which you can fit
high resolution structures of pieces of the
complex that you have managed to
crystallize. EM methods are now pretty good
but need to be made to work on smaller
complexes. In the Hamburg Outstation there
has been some very nice progress on
analysing small angle scattering data to help
in this kind of problem. Another key area for
the future is dynamics: many of these
complexes are transient and I would very
much like to see some kind of theoretical
modelling of how all the myraids of different
interactions going on in the cell or in the
nucleus mesh together. I think that is where
the challenging problems will be in the future.
SO THE METHOD IS TO COMBINE VARIOUS LEVELS
OF APPROACHES TOGETHER IN A CO-OPERATIVE

UNIT THAT CAN HAVE EASY CONTACTS WITH EACH
OTHER AND ATTACK THE SAME PROBLEMS?

Yes. That’s the strength of EMBL – we have
the capacity to do this, and we’re doing it in a
very interactive context of biology and
technology development.

STRUCTURES

The building blocks
of structural genomics
Structures move into the fast lane
through improvements in technology
The vision is this: information from the completed human genome will give
researchers the recipes for all human proteins and their variants. Each gene will be
implanted into bacteria or other cells capable of producing vast amounts of each
protein. It will be purified and then hundreds of samples of the protein in solution
will be taken. Each sample will be placed in a tiny, sealed, atmospherically-controlled
container, where it hangs from the lid in a drop. These will be exposed to a gamut of
chemical conditions, in hopes that in one of them will form a crystal. If this happens,
the crystal will be taken to a beamline, mounted and examined, and used to obtain a
new structure of a human protein. The information will be put into a database, where
it can be accessed when scientists investigate how it functions in cells, why it might
malfunction, how it has evolved, and perhaps how it might be blocked if it
contributes to a disease process.
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Such a vision would have been regarded as pure science fiction a few years
ago, because each of the steps described above would have required a huge
amount of labor. Getting the sequence of a gene in the first place used to be
an immense task. In the days before rapid DNA sequencing and genomes,
a researcher had to work backwards and reconstruct the sequence of a gene
from the protein in a laborious and complicated procedure. And it was
hard to discover and isolate new proteins.
Genomics and techniques like mass spectrometry have enormously sped
up the process of discovering new proteins in cells and identifying the
genes that encode them. The pressure is on to move all the subsequent
steps of identifying a molecule's structure and function into an equally
high-throughput mode.
One of the planks of EMBL's new Scientific Programme has been to tackle
this problem at nearly every stage. The Laboratory has started up a number
of activities and new Core Facilities to develop new microscope techniques
to discover molecules within cells, to identify them with mass
spectrometry and bioinformatics, to offer expertise in protein purification
and expression, to make antibodies to study their activity. At the
beamlines, scientists and technicians have been finding ways to automate
the steps involved in finding structures. And at the EBI, databases are being
geared up to absorb, integrate, and manipulate the information.
“This is a full-scale approach that requires excellent facilities,” says
CHRISTIAN BOULIN. “We are putting a critical mass of very high-quality units
together in a unique combination to take on all levels of these problems.”
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Picking up the pace at the
beamlines
The benches in labs in Grenoble, in Hamburg, in Heidelberg are full of
them: row upon row of round glass containers, each one a centimeter high
and the diameter of a French franc, a German mark, an American quarter.
They are packed in styrofoam containers four or five deep, clearly marked
and handled with care. If you pick one up and look into it, you can see a
single tiny drop, the size of the head of a pin, hanging from the lid.
A container doesn’t look very impressive when you hold it in your hand.
The bit of liquid holds billions of copies of a single protein, and there's
nothing to indicate that it may have taken years to get enough of this
molecule, in a pure enough form, to hang it there. Nor that one of these
drops may hold a vital piece of information about the building plan of a
crucial cellular protein, or a component of a deadly virus.
The chemistry of the drop is slowly changing as it interacts with the
atmosphere sealed inside the container. While this occurs, the proteins are
hopefully being teased into long, regular rows until they form a crystal,
and eventually the drop will be examined under the microscope in hopes
of finding one.
Despite decades of crystallography, researchers still don't know the laws
that dictate the conditions under which a protein will form crystals, or
whether it can do so at all. Obtaining a single useable crystal can take from

ANDY THOMPSON &
FLORENT CIPRIANI
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weeks to years. A number of fascinating, important molecules have resisted
every attempt to crystallize them for forty years. Scientists have tried
almost everything: from mixing thousands of different chemistries in the
containers, to shooting them into space, hoping that removing a drop from
the earth's gravity will change the physics of the way molecules move
within liquids, encouraging the formation of crystals.
If the experiment is finally successful, the crystallographer will dip an
extremely fine fiber into the solution. ANDY THOMPSON, who works on the
front end of a beamline in Grenoble, steps back to let me watch through the
microscope. At the end of the fiber, invisible to the naked eye, is a loop. You
trap the crystal in the loop and draw it from the solution; then it's frozen,
sealed into a new container, the size and shape of half a cigarette. It's ready
to be shipped over to the beamline – which may be just across the campus,
or half-way across the continent.
A container waits in a frozen tank until it's their turn to be mounted at the
beam. Thompson opens the tank, withdraws the tube, and grasps its lid
with a specially-made tool that looks like a pair of pliers. When he has it
open, he says, “Now this has to go fast.”
He carries it quickly into the next room, where a long metal tube
surrounded by bolts and wires and foil comes out of the wall; it looks like
a cross between a piece of plumbing and something you might find in the
engine of a starship. This is a beamline, and it ends in a pointed projection,
like a syringe. The whole thing looks like a ray gun from a science fiction
film. In fact, it is a ray gun, built to shoot a microscopic beam of X-rays into
a protein crystal.
If you could follow the pipe-like beam back to the wall, and follow it inside
past layers and layers of concrete and shielding, it would end at a small
window opening into a circular tunnel; some synchrotrons are kilometers
in circumference. When the synchrotron is operating, this tunnel will be
filled with a stream of fast-moving electrons (or their positively-charged
counterparts, called positrons). As they race around the track, their natural
behavior would be to travel in a straight line, but their trajectory is
continually bent by magnets lining the tunnel. As they bend they cast off
energy in the form of high-intensity X-rays, and these can be funneled out
through windows into the beamlines.
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The X-rays are focused as they travel down the long beamline tube. They
will emerge at the needle-like point in a tiny, concentrated beam. They
smash against the electrons in a protein crystal and the collisions cast them
off in all directions. Their new trajectories are captured on a detector plate,
and the pattern can be used to reconstruct the arrangement of atoms in the
protein. The finished picture should show which amino acids are on the
surface, able to interact with other molecules, and which are buried in the
interior. It may reveal an active site, capable of catalyzing chemical
reactions in other molecules.
Thompson slips the sample holding the protein crystal into a mount and
snaps it into place; this maneuvers the tiny loop holding the crystal directly
in the path where the beam will be. He shows me where the beam will
emerge, where the scattered X-rays will strike the detector. There is a silver
tube to spray super-cooled N2 gas onto the crystal; when it is frozen, it can
withstand the destructive force of the X-rays longer, and there is a better
chance of getting a good diffraction pattern.
“Under the microscope you could see that there were crystals of different
sizes, and that they might be anywhere in the loop – near the edge, in the
center,” he says. “To get a good diffraction pattern, you have to put one
crystal directly in the center of the beam and turn it to find the position at
which it diffracts the best.”
All of this takes time, which is the most valuable commodity as researchers
hope to swing into the era of high-throughput structural genomics. The
scientists and technicians at Grenoble have been finding ways to save time
wherever possible. One thing they have done is to mount a microscope
directly beside the detector plate; this allows researchers to watch the
crystal directly and manipulate it remotely to obtain the best angle.
They first take a sample reading to make sure the crystal is capable
of providing a good diffraction pattern. With excellent crystals
and a high level of skill at manipulating them, researchers can
attain a resolution of one Angstrom – the diameter of the
outer shell of electrons of an atom. If they attain this goal,
they have a very good chance of plotting the position
of every atom in a protein into a three-dimensional
map.
Now that I've seen how long it takes to unpack and
mount a crystal, we hike a quarter of a kilometer
around the ring to the exit, passing other beamline
stations. There are more than thirty beams
sprouting off the main ESRF synchrotron, most of
them used for experiments in physics and
chemistry, and the walls of the offices are decorated
with posters describing current projects. “Friction
stir-welding,” says one poster. Another reads,
“Nano-tomography on self-assembled quantum
dots.” The circular corridor is so long that many of
the biologists and physicists and engineers who
work here have bicycles, chained up in small
parking lots at intervals along the corridor.
ANDY THOMPSON
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As we emerge from the ring and
start walking across the campus
towards the EMBL building,
Thompson tells me that it is often
only possible to obtain very small
crystals from a protein, and
working with them on a normal
beamline is a nerve-wracking,
time-consuming procedure. So
for the last three years, Stephen
Cusack, Florent Cipriani and his
colleagues have been working on
a micro-diffractometer, which is
now in place on a high-resolution
beamline at the ESRF.
“We've found that this set-up is not only good for work with small crystals,
but you can also focus on specific sections of larger crystals that may not
have a very good overall quality,” Thompson says. “Before, people would
just throw them out. Now we have a chance to recover that information.”
Inside the EMBL Outstation, we take the stairs down to the first floor,
where the instrumentation groups are working on ways to automate the
process that Thompson has just shown me at the beamline: removing a
crystal from its frozen chamber, mounting it within the beam, and finding
the best alignment.
“Pharmaceutical companies are now moving into high gear – creating
small artificial peptides that will bind to a protein to inhibit it, or creating
thousands of mutations of molecules to examine their binding properties,”
Thompson says. “They're mass-producing crystals and what they would
really like is to line them up and do a whole series of structures on the
beamline. You need the structural information to figure out which inhibitor
binds best at the places you want it to. It's easier and faster to determine
this at the synchrotron than by biochemistry or other means. And then they
may give you a hundred crystals of the same protein, in order to find the
single one that gives you the best resolution.”
Such “shotgun” approaches are the basic principle behind structural
genomics: an all-out attack on a grand problem, and it depends on solving
as many structures of as many proteins as possible. Aside from specific
targeted approaches, like that of the pharmaceutical company, projects are
currently underway to solve large numbers of human protein structures, or
proteins involved in metabolic or other cellular processes. The Grenoble
Outstation is proposing, with a consortium of other institutes, a plan to
attack a wide range of human proteins involved in diseases.
“The human and other genome projects have turned up hundreds of
connections between single genes and diseases, and there's obviously a
great interest in addressing the structures of these molecules,” says
Outstation Head STEPHEN CUSACK.
Thompson introduces me to Florent Cipriani, who leads us to an
instrument that will automatically unload a crystal from its storage tank,
drive it along a short track, and mount it into position under the beam.
“This can be done much more quickly than by hand,” he says. “You
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immediately take a first measurement to determine how well the crystal
diffracts, and then it is unmounted and driven back and replaced in the
tank. Then the tank rotates, which puts the next sample in position to be
loaded.”
The process is repeated with the next crystal. “These might all be crystals
of the same protein or compound,” Cipriani says. “You'll know very
quickly know which one is the best, and how to align it, and then you tell
the robot to get it out.”
Several minutes are saved with each sample. In a single case it may not
seem like much, but any decrease in time is a potential increase in quality
– there will be less damage to crystals. And the faster each crystal is
mounted, the more structures can be solved. The results will be clearly and
immediately felt in the shotgun approaches practiced by pharmaceutical
companies, and in other structural genomics initiatives where the goal is to
solve a huge number of structures quickly.
“The turnaround time can be very rapid,” Thompson says. “It's a reason
that we are trying to establish a facility to give companies a presence here
on campus. They will be able to send over samples, we will do the
beamline work and the structure determination, and send them right back.
The information can immediately be fed back into a next
round of experiments, like
making improvements in
artificial peptides that will
form the basis of drugs.”
Stephen Cusack regards both
the micro-diffractometer and
the automatic loader as
important steps towards a
truly efficient structural
genomics initiative at the
beamline. “One increases the
chance that you will be able
to extract information from a
poor crystal, or a very small
one, which means that more
difficult structures can be
solved,” he says. “And the
automation will be necessary
to deal with the increasing
numbers of molecules that
researchers hope to solve
quickly.”

The microdiffractometer at Grenoble

EMBL ANNUAL REPORT 2000/2001

Manufacturing proteins en masse
Exploring the rules of protein purification and expression
Some proteins have a very long road behind them by the time they reach
the point where they can be collected in a drop of solution in a
crystallography experiment. The solution has to be very pure; any
contamination can disrupt the strict patterns that molecules have to
achieve to form crystals. It's necessary to produce and isolate incredible
numbers of each protein. This is usually done by inserting a gene into a
bacteria and prompting it to turn out copies of the molecule at a very heavy
rate, then isolating this single molecule from all the others in the organism.
The mass production of proteins is a fundamental part of most types of
biological experiments today. Yet like the fickle trick of creating protein
crystals, some aspects of the process remain part
art and craft, as well as science. Bacteria can be
finicky, particularly when it comes to
producing several different proteins at the
same time. And PAUL TUCKER, group leader at
the Hamburg Outstation, points out that
they aren't capable of many of the
modifications that higher, multi-cellular
creatures carry out on their proteins.
Because these modifications can change
a molecule's structure and behavior, it
would be better to produce the
proteins in another type of cell.
However, bacteria offer certain
advantages for which it is difficult
to find substitutes. A decade ago,
researchers discovered that
some organisms could not
distinguish between the
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amino acid methionine and a variant called selenomethionine. Bacteria can be
grown under special conditions which provide them with
selenomethionine rather than the native amino acid. They then produce
functional, correctly-folded proteins containing the new variant. This is an
extremely valuable tool in determining protein structures because
selenomethionine is a special sort of molecule.
“It gives off distinct, characteristic diffraction intensities under X-rays of
different wavelengths,” says ANDY THOMPSON, of EMBL’s Grenoble
Outstation. “This is critical because to turn a diffraction pattern into a map
of a protein structure, researchers need a standard of comparison. This can
be provided by the different selenomethionine signatures.”
Tucker has now prodded insect cells – which are being used more and more
in protein expression experiments – to perform the same trick. In addition,
the insect cells are capable of performing post-translational modifications
on proteins.
This technique proved useful in crystallizing a protein from the herpes
virus. IPC8 is one of seven proteins that help replicate the virus’ DNA when
it infects a cell. “Genetic studies have shown that the protein plays several
roles in this process: it binds to single-strand DNA and assists in several
protein-protein interactions,” Tucker says. The structural picture of IPC8
has allowed the researchers to pin down precise parts of the protein
sequence involved in DNA binding.
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MATTI SARASTE &
ARIE GEERLOF

Tucker has developed the insect system in collaboration with a new unit in
Heidelberg whose job it is to get cells to mass-produce the proteins that
EMBL researchers need. The Protein Purification and Expression Unit,
headed by Arie Geerlof, is one of the Core Facilities that has been organized
under the new Scientific Programme.
The unit grew out of a proposal made by MATTI SARASTE, Coordinator of the
Structural and Computational Biology Programme, who said that the time
needed for individual researchers to learn new expression systems was
unnecessarily slowing down work and keeping predoctoral students, for
example, from getting started on their projects. One of the first steps in
getting things going was to collect expression vectors and create a database
where expertise and experience could be exchanged over the web.
“Before the creation of the unit, it was up to every group to solve its own
expression problems,” Geerlof says. “Typically you would find a person in
one group who was good with a certain type of bacteria, and somebody
else in another group who was the acknowledged in-house expert in
another organism. If you wanted to learn a new system, you would go to
that person and ask, but it could take a long time before you got it to work.”
Another thing they will be looking at is the principles that underlie what
makes an organism the right expression vector for a particular protein.
“People think that eukaryotic cells are hard to manage – that may be true
especially with mammalian cells, because of more complex culture
conditions and sterility issues,” Geerlof says. “But insect cells are actually
relatively easy to deal with. This gives people alternatives when they run
into problems with E. coli. You don’t have to stick to the old method of
trying over and over again, a dozen times, in bacteria; you can try different
systems in parallel.”
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New prospects at the Hamburg Outstation
An interview with Matthias Wilmanns

HOW WILL COUNCIL’S DECISION TO INCREASE
EMBL’S BUDGET OVER THE NEXT FIVE YEARS
AFFECT THE HAMBURG OUTSTATION?
Very positively. The improvements for the
Hamburg Outstation will be threefold. Let me
start with the user-oriented aspects. We now
have an additional budget to build two new
beamlines on the so-called Fan K at the
DORIS storage ring at DESY. This was
formally requested by the scientific review in
1999. That will include the construction of one
additional multiple anomolous dispersion –
MAD – beamline, which we have already
started and which is eagerly awaited by the
user community. Secondly, when I came to
Hamburg in 1997, the Outstation was largely
seen as a technical, service-oriented facility.
Highly-qualified scientists were spending 80
or 90% of their time on user support. Now
why are we there in Hamburg? The main
justification is to provide services to the
European-wide user community, and in that
respect it is important to have the right

balance of cutting-edge research and carrying
out beamline support. To run a beamline 7
days a week, 24 hours a day, you typically
need two scientists and one technician.
Within the new budget it will be possible to
appropriately increase the level of staff.
Linked to that, hiring additional staff requires
providing them with appropriate facilities. I
hope that we will start doing that later this
year. Secondly, a very central and pivotal
theme for the Outstation is not only to have
beamline-oriented services, but an integrated
view of structural biology.
Everybody
realizes that the current bottleneck is in
protein production rather than structure
determination. I am very keen to increase
Hamburg’s facilities for doing this in
collaboration
with
other
biological
disciplines.
DO YOU ALREADY HAVE A PROTEIN EXPRESSION
AND PURIFICATION FACILITY THERE?
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We are doing everything, starting from the
molecular biology, cloning, expression,
purification and sample characterization. We
have E. coli expression and we have built up a
eukaryotic overexpression facility for
baculovirus-infected insect cells, run by Eleni
Mumtsidu, who was originally from the main
Laboratory in Heidelberg. We are also
planning to set up expression facilities using
yeast as a host. We have automated protein
production and purification facilities, and I
think the area where the most urgent need for
further improvement is in functional analysis
and protein characterization, biophysical,
biochemical
and
in
part
genetic
characterization. Having said that, it is very
important to realize our limitations; we
cannot do every type of experiment. So our
philosophy is to carry out scientific projects in
collaboration with groups from cell biology,
genetics, and so on.
In methods development, Victor Lamzin has
been doing an amazing job. People coming
for job interviews from the US have been
saying “we have been ‘ARPing’ our
structure,”. This is a quotation I just recently
heard, and it means they have been
automatically solving their structure with
ARP/wARP. Victor now has quite exciting
plans to apply his methods for drug design
projects. Companies are using high
throughput structural biology – not only
structural genomics in the classical sense, but
using HTP technologies to look at thousands
of inhibitor complexes. The automated fitting
and solution of inhibitor complexes will
become a central issue and we anticipate very
strong industrial interest. The other software
for which Hamburg is leading as well, is
called ASSA, for the automatic interpretation
of small angle scattering data. This software
has been developed by Dimitri Svergun. You
travel around the world and everybody in
that specific field is talking about that
software.
In structural genomics there are two major
initiatives going on at the moment. One is the
European one: the European Union has
decided to come up with a pilot project within
functional genomics under the fifth
framework. The purpose is to ultimately
identify three areas of interest. Seventy
proposals have been submitted, 12 have been
classified and 5 research areas have been
short-listed. I hope that in the summer we will
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write a unified proposal. Secondly, we have
been applying for a substantial amount of
German funding. That proposal is pending.
And thirdly, we are an associated partner of
the MTb consortium in the US. We are ready
to take over very central tasks, duties and
future activities in structural genomics.
ARE THERE ALSO PLANS TO EXPAND THE
RESEARCH ACTIVITIES IN HAMBURG?
I was hired in 1997 with the clear mandate to
improve the amount and the quality of the
research in Hamburg. I think we have
substantially increased our research profile.
Just to give one outstanding example: Attila
Remenyi, a graduate student, has been
working on a collaborative project with Hans
Schöler and myself which has turned into a
triangular project between the EMBL
Heidelberg,
EMBL
Hamburg
and
Philadelphia in the US. We published one
paper in Cell at the end of last year, and there
are more in the pipeline. Let me just mention
the major directions we will be taking in the
future: structural genomics; participating in
plans in Hamburg relating to the free electron
laser facilities by DESY; and to even further
enhance our standing in methods
development. I think we are already strong,
and we want to substantially increase this.
There are exciting ideas for the future.
IN STRUCTURAL BIOLOGY, SCIENTISTS ARE

STARTING TO WORK WITH COMPLEXES AND
LARGER AND MORE COMPLICATED THINGS. HOW
DO YOU SEE THIS DEVELOPING IN THE YEARS TO
COME? DO YOU THINK THERE WILL BE SOME
SIGNIFICANT BREAKTHROUGHS?

Major breakthroughs have been made very
recently - the ribosome structure. One could
consider going for even bigger complexes,
proteins, but you won't be able to crystallize
titin because large molecules are very flexible.
There will be further breakthroughs, I am
pretty sure about that. I think something
which hasn't been touched very much
successfully is the time dimension, the
dynamics. So far what we still get is a static
snapshot of structures. Another topic is the
proposed free electron laser. For a number of
reasons this is being strongly promoted as a
future source of new types of experiments,
where an added dimension in terms of time or
dynamics might be added to the type of
experiments people are eager to do. However,
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it is too early to tell whether these hopes will
pan out. The whole project is like the space
shuttle programs in the 70s and 80s. There
will be spin-offs to open up new directions.
WHAT IS THE TIME-TABLE FOR BUILDING THIS?
The formal proposal in Hamburg has been
made and submitted to the German Science
Ministry. It is currently under review, and
there should be a formal decision by the end
of 2003. The proposal is for about 700 million
marks, including a linear collider 33 km long.
It remains to be seen whether the entire
proposal will be funded; the free electron
laser facility could also be built
independently. Currently, a free electron laser
facility is being built in Stanford which is
anticipated to produce a laser in the
Angstrom region; that is the energy we need
to do our X-ray experiments. It should be
finished in 2006-2007. If everything goes well,
we expect that in 8, 9, 10 years there could be
a similar facility in Hamburg.
BIOLOGY IS ALREADY CONCEIVED AS AN
IMPORTANT PARTNER IN THIS PROJECT?
Absolutely. DESY are starting their own
biology groups for the express purpose of
participating in the laser. They have not yet
finished formally recruiting a senior person,
but the idea is to start up major preparations
to become familiar with the scientific and
technical challenges.
TWO NEW BEAMLINES REFLECT THE FACT THAT
DEMAND IS RISING, PARTICULARLY IN INDUSTRY.
ARE THERE ALREADY STABLE CONTRACTS OR
STABLE PARTNERSHIPS WITH COMPANIES?
In the last three months we have had a
tentative request from some major
pharmaceutical companies. We had one
round of discussions with HASYLAB about a

month ago. For time reasons we haven't
finalized the discussions. We have agreed on
the principles. I hope that next week we will
meet again and come up with a formalized
proposal about financial conditions under
which we can offer beamtime to industrial
partners in Hamburg.
WILL THE TWO NEW BEAMLINES IN HAMBURG
BELONG TO EMBL?
One of the two is partially funded by external
investors. We should try very hard to keep the
second one under our control. I have recently
been traveling in the US where you see that
there, you have to belong to a consortia, a
network or a club to be able to do anything
with beamlines. I think we are unique in the
world, because access to our beamlines is
controlled by a scientific committee, called the
priorities committee, which provides
beamtime simply on scientific merit. There
won’t be quotas or private networks. This is
very strongly supported by the user
community. They have contacts to their
national delegates, and it has been an attitude
positively reflected at Council.
EMBL HAS A FIVE-YEAR BUDGET. IT TOOK A LOT
OF EFFORT TO GET THAT. IS THERE ANY GOING
BACK? WILL WE FACE THE SAME STRUGGLE FIVE
YEARS FROM NOW?
At the moment we are experiencing a boom.
My own view is that we always need to justify
ourselves. I fully expect that in five years we
will be back to square one. We will start again
– not with the same discussions, the
discussions will be different – but it will be
hard, and we will have to convince the
politicians again with the same effort. That is
entirely reasonable because we need to be
accountable.
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Finding and identifying
new proteins
At the time this report appears, EMBL will have just added on a new core
facility devoted to what used to be one of the more difficult hurdles in the
advancement of molecular biology: retrieving protein sequences from
minute quantitities of samples. In the last decade there has been a
revolution in technology, the use of mass spectrometry to identify proteins,
which is allowing researchers not only to reach a very high level of
sensitivity in protein characterisation but high throughput as well.
EMBL has played a pioneering role in this field, through the efforts of the
former group leader Matthias Mann and his team, including MATTHIAS
WILM, the current leader of the Mass Spectrometry group. “Our early
efforts were very important, because we demonstrated that proteins which
occur at very low levels can be sequenced by mass spectrometry,” Wilm
says. “The protein sequencing community did not believe that this would
be possible. But our group contributed new technology which turned a
wish into reality. Matthias Mann wanted to reach this goal and in a
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concerted effort the group made it possible. Its original contributions were
a very specific protein identification algorithm and the nano-electrospray
technology.” Matthias Wilm was directly responsible for this second
innovation, which has permitted biologists to obtain sequences of proteins
from extremely tiny amounts of samples taken from cells.
Mass spectrometry has been so successful that there has been an incredible
jump in demand for services. Simultaneously, the technology has moved
into the high-throughput era, with new generations of machines produced
by industry.
The new service will separate research-and-development activities from a
facility that will provide services to EMBL groups as well as visiting
scientists. Like EMBL’s “prototype” core facility – the Advanced Light
Microscopy Facility – the instrumentation will be provided by industry. In
this case, the companies Micromass and Bio-Rad have furnished a
complete, state-of-the-art proteomics line called ProteomeWorks that will
allow two teams of researchers to work simultaneously in the lab.
“The facility will be staffed by four scientists who will be responsible for
training researchers to become quickly proficient in the technology,” Wilm
says. “It will also be of value to visitors throughout Europe and customers
of Micromass and Bio-Rad, who will be able to acquire first-hand
experience in a real laboratory environment how their scientific projects
can be advanced by using proteomics technology .”
This represents a major investment in proteomics research on the part of
both companies. John Rontree, Sales and Marketing Director of Micromass
Europe, says, “Gaining direct access to leading scientists working with a
proteomics line is strategically important to us. By listening to their needs,
we can gain the essential knowledge necessary to maintain a commanding
position in providing total proteomic solutions.”
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Developing EMBL’s
core facilities
An interview with
Christian Boulin
ONE OF THE DEVELOPMENTS IN THE NEW

SCIENTIFIC PROGRAMME IS WHAT IS CALLED
“SCIENTIFIC CORE FACILITIES, SERVICES AND
TECHNOLOGY.” WHY IS THIS AN IMPORTANT
COMPONENT OF THE SCIENTIFIC PROGRAMME,
AND WHICH CORE FACILITIES ARE BEING
DEVELOPED?

In order to achieve the goals set out in EMBL's
new scientific programme, which focuses on
functional genomics, the Laboratory will need
some very powerful services. If you want to
do much more systematic research, you must
have facilities that are able to cope with high
demand and high throughput. These newly
established 'core facilities' will provide a
structure for this type of work that is being
done at the lab. We are currently planning
facilities for work with proteins, sequences,
new technologies like microarrays, and
potentially also with antibodies.
On the genomics side, we have SAGE and
sequencing activities, as well as other
activities related to microarrays and
production development. Another facility
will be devoted to proteomics and will be a
strong extension of Matthias Wilm’s activities
with mass spectrometry. The protein
purification and protein extraction activities,
which were previously limited chiefly to the
Structural and Computational Biology
Programme, will be formalized and will
extend protein production services to the
entire EMBL research community, both in
Heidelberg and at the Outstations.
The next facility, which has already been
started in Heidelberg, focuses on producing
monoclonal antibodies at a high rate and at
high volumes in a fully-automated way. This
hasn't been done on such a large scale before,
so we are in the process of doing a feasibility
study to test the equipment and methods to
determine whether it is effective. The project
will not be limited to the technology,
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however; there will be close collaborations
with scientists right from the start.
With these core facilities we aim to provide
very good services for in-house projects,
including those at the Outstations. We also
want to distinguish research activities from
service activities. If the two are clearly
separated, we will be able to give each type of
activity adequate support and manage them
professionally. For scientists in-house this
means that they will know to whom they can
go to discuss their projects and present their
requests. It will also help us make proper
accounts and cost statements of what is being
done, and relieve the scientists of this burden.
THE ADVANCED LIGHT MICROSCOPY FACILITY

FUNCTIONS VERY WELL BECAUSE IT HAS RECEIVED
CONSIDERABLE DONATIONS OF EQUIPMENT FROM
OUTSIDE INDUSTRY. HOW WILL THAT STRATEGY
PLAY A ROLE IN THE OTHER CORE FACILITIES?

The ALMF, now two-and-a-half years old, has
served as a model to establish the others. It is
a facility that is open to the outside, both for
direct collaborations and as a place for
advanced training where scientists from the
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member states can come and learn about the
equipment before they buy it in their own
institutes. It is a good opportunity for
researchers to come here, to work for a couple
of weeks in a stimulating environment, and
then go back with results and apply for grants
to be able to build the equivalent of a limited
part of these facilities.
A second example is the collaboration we
now have with Micromass. Together with
BioRad, they have agreed to sponsor a
complete suite of equipment for a Visitor
Proteomics Facility. They are currently
installing a set-up that is unique in the world
– it includes two mass spectrometry
machines, all the robotics and all the
computing facilities needed to handle the
work. We hope this will be a prototype for
partnerships with other companies.
With these types of interactions, we can gain
some technology from industry at a very early
stage. If we have the possibility to work on
this technology, some creative ideas can come
out of it, and it is a win-win situation. What is
important for industry in such an
environment is that they can get early
warning about interests and the scientific
demands that will be placed on their new
technologies, getting some feedback on how
this technology should be really tailored so
that it fits the requirements of molecular
biology.
ONE OF THE INTERESTING THINGS THAT IS
HAPPENING WITH THE ALMF AS A WELL-

ESTABLISHED FACILITY IS THAT IT IS TRYING TO
CREATE A NETWORK OF SIMILAR FACILITIES
THROUGHOUT EUROPE. ARE THERE ANY
INDICATIONS THAT THE SAME THING MIGHT
HAPPEN WITH ANY OF THE OTHER CORE
FACILITIES?

There are some microarray facilities in several
of our member states, and Berlin has a
production facility for proteins, though there
is no big picture on the horizon yet. Our
experience with the European Light
Microscopy Initiative has shown us launching
these facilities requires a great deal of thought
and planning, for many reasons. Last year we
managed to sit the manufacturers and all the
people in the different facilities around one
table. This was quite a success. Both the

scientists and the manufacturers were able to
make important contacts, and they realized it
was in everybody's interest to collaborate.
Once more of these facilities are established in
the member states, it will important to
maintain close contacts with them. This will
help us to avoid duplication, as well as to
enhance the capabilities of certain services.
EACH CORE FACILITY HAS INDIVIDUAL PROJECTS
TO WORK ON, THOUGH THERE ARE LARGER
PROJECTS, LIKE STRUCTURAL GENOMICS, WHERE A
WHOLE TEAM OF SUCH FACILITIES COULD BE
INVOLVED. DO YOU HAVE A BOARD OF DIRECTORS
OF THE FACILITIES THAT SIT DOWN AND THINK
ABOUT WAYS TO PUT THE PIECES TOGETHER?
At present we are still in the early phase of
starting things up and recruiting, but things
are really moving in the right direction. We
have monthly meetings so each group can
explain what they are doing, where they are
with their projects and equipment and so on.
For the ALMF we have a kind of steering
committee of scientists who make sure that
the facility runs well, and we will do the same
thing for each of the other facilities. There will
be separate groups made up of experts in the
field who can advise the head of the facility
both about scientific aspects and priorities.
The more integrated approach has to be done
at the level of the co-ordinators, of the senior
scientists, potentially, or teams who want to
launch a big project. The better this is
structured, the more these activities will be
integrated throughout EMBL and its
Outstations, which is really the driving force
behind these facilities.
HOW DID YOU ACQUIRE YOUR NEW ROLE AS
COORDINATOR OF THESE FACILITIES?
I have been at EMBL for several years, and I
know the Laboratory and the Outstations
quite well. Having served as the co-ordinator
for a number of services in recent years, I have
gained some insight into this. I think I have
shown the ability to manage these kinds of
services, and also to run them cost effectively.
Dialogue between the scientists and the
services is not always easy, and sometimes
there is a need for someone to step try to
make life a bit easier for everybody.
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Seeing electrons
Researchers at the Hamburg
Outstation attain a world record in resolution
The electron “shells” that make up the outer surfaces of atoms play a key
role in the chemical interactions that create biological functions. Whether
or not the atom has a stable number of electrons determines its energy
state, its overall positive or negative charge, and how it binds to other
atoms to make up complex molecules. In turn, the more complex charge
pattern formed by the many molecules on a protein’s surface gives it the
potential to interact with a specific set of partners.
Investigating molecular structures with high-energy X-rays at the
synchrotron sources yields a picture of the electrons in an atom. To attain
this level of detail, researchers have to obtain data to an extremely high
resolution.
Ideally, researchers would like to be able to detect very small differences in
electron densities in molecules – to the point of seeing single hydrogen
atoms, which may have a single electron, among the much denser clouds
of electrons that surround heavier atoms. “This level of information is
critical to create maps that can help us design molecules that will interact
with others in specific ways,” says VICTOR LAMZIN at the Hamburg
Outstation. “It would help us to understand the driving forces behind
biological macromolecules, such as the subtleties of enzymatic reactions.”
In 2000, Lamzin and his colleagues collaborated with researchers from the
University of Nancy in France, and Boston College and the Medical
Research Institute of Buffalo (U.S.) to obtain a very detailed charge picture
of a protein called crambin. This small molecule, consisting of 46 amino
acids, is found in the seeds of Crambe abyssinica and bears a strong
similarity to some plant toxins.
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The researchers achieved the amazing resolution of 0.54 Å. “This was
possible because of particular features of the molecule,” Lamzin says. “The
initial maps that we obtained aiming to accurately describe the molecular
electron density distribution contained a significant amount of noise. But
because a particular chemical motif occurs again and again along the main
chain of the enzyme, we were able to greatly reduce the level of noise. This
led to a much clearer picture of the structure.”
This revealed a very detailed picture of the “backbone” of the molecule,
without revealing all the individual atoms making up the protein. “But it
already opens the way to numerous electron density studies for proteins,
particularly of the active site of enzymes.”
In general, putting the data obtained from an X-ray experiment into an
accurate picture depends on relating a new structure to an extremely
accurate pre-existing model. “For a majority of the protein crystals that
diffract to a much more modest resolution, around 2 Å and lower, structure
determination involves a tedious and time-consuming process of building
a molecular model that is often subjective and relies heavily on a great deal
of experience on the part of the user,” Lamzin says. “But the new structural
genomics initiatives hope to achieve a very high throughput in structures,
and there is a great need for a method that is faster, more objective and
more reliable.” Lamzin and his group have developed a software package
called ARP/wARP which is able to achieve this.
“We’re confident that when initial phases are available, about 50 per cent
of the structures can be obtained automatically using ARP/wARP. This is
a step towards full automation, but further developments are needed to
address the other 50%, which are often the most difficult ones.”
Since the recent version of the software suite was first made available in
December 1999, it has been obtained by about 500 laboratories world-wide.
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An optimistic outlook for the EBI
Graham Cameron, Co-Head of the EBI, was interviewed the day
that the EC announced major new funding for the Outstation

RECENTLY, THERE HAVE BEEN A NUMBER OF
MAJOR FUNDING DECISIONS FROM COUNCIL, THE
EC AND THE WELLCOME TRUST. HOW DID YOU
REACT TO THE NEWS IN NOVEMBER, AND HOW DO

YOU SEE THAT AS BEING IMPORTANT IN THE
FUTURE DEVELOPMENT OF THE EBI?

It gives us a predictability and a certainty for
the next five years. We need to look at that as
a launching pad for the activities that will
make the EBI succeed on the scale that it
needs to be operating. Also if you combine
that with EC’s, Wellcome’s and Ensembl’s
funding, and you look at the core things we
do with the service side of the EBI, then
actually the situation is quite optimistic: there
is the group of the five big databases at the
EBI, and certainly four of them now have
robust funding. The difficult one is EMBLBank – DNA sequence data. Because it is
largely archival and has been around for so
long, funders assume it is old-hat and easy;
but it is actually as important as ever. It is the
database which contains well-understood
sequences and is thus scientifically
challenging to its curators, who have to cope
with the highest data flow rate of any of the
databases. Sometimes it seems that they are
the forgotten heroes, whose work is crucial as
a feed to many of the other databases.
However, the Council funding, and what has
happened since, represent the kind of security
to enable us to take those things forward in an
integrated way.
The challenge at the EBI is still to build up a
critical mass in research under the new
director. He or she will have to start looking at
the overall shape of the organization. The
reason why we want a new strong scientific
director at the EBI is because we want that
person to bring vision and insight. There is
already a clear service mission. The notion of
a division between services and research is a
bit artificial and part historical accident. For
example, if you take one of the projects that
just got funding today, the Macromolecular
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Structure Database – it is now as well
supported as any comparable project in the
world. There is no reason why it shouldn’t be
world-class, and it will be because it will
become a meld of research and service. As
Geoff Barton said in his presentation today,
molecular structures are the bridge between
the genome and chemistry, and thus drugs.
This is exciting information, representing and
exploiting it is exciting stuff, and we want the
researchers who are using it bundled together
with the people who are building the services.
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In general, this is very much the way the EBI
is going now. We had some very lean years
where all we could do was to hold things like
the DNA data, SwissProt and the services
together. One by one we are finding solutions
to these problems. The first one was the
SwissProt licensing model for industry.
Despite the fact that many people had quite
serious reservations about it, it has worked
well. It has raised a lot of money, it has
enabled SwissProt to be a well-supported
team and there is no question that they are
world leaders now. They have achieved that
preeminence by being able within the team to
do the service and do research related to it
and develop it in a forward-looking manner,
and that has depended on having the
prerequisite resources. The second success in
that sense was Ensembl. The fact that Ensembl
is a robustly-supported project means that
they can do the job very well, including the
forward-looking research aspects of the job.
Two other projects that have been tickling
along have been the macromolecular
structure database and ArrayExpress. We
have had a lot of people thinking hard about
how to create production systems, but
weren’t able to turn these projects into
industrial strength services. With today’s
funding announcements, that will change
very soon. The same can be said of Integr8
and IntAct. All of these projects have
collaborators throughout Europe, though the
EBI is a very significant centre of gravity for
them.
THE EMBL FUNDING PLAN RUNS OVER FIVE
YEARS, AND THE EC MONEY IS FOR THREE YEARS.
WHAT HAPPENS AFTER THAT?
What has happened today is a great success.
But the ultimate problem of the EBI is not yet
solved. As the custodian of this electronic,
scientific record, the EBI has an enduring
responsibility that must transcend episodic
funding. Once you initiate an activity that
says we are going to be the world centre for
collecting and disseminating microarray data,
you can’t say “Oh, by the way, the funding
has run out,” in five years and drop the
project. All sorts of scientists have come to
depend on you. They have given you the
information on the understanding that you

were the clearing house for it. You can't let it
go. These rounds of funding that we are
seeing reflect a welcome recognition of the
importance of information resources on one
level. But on another level, the kinds of
funding instruments we presently have in
science are not well engineered for this kind
of need.
Today we are doing science a different way.
When the scientific record used to be on the
pages of journals, there were all sorts of
mechanisms involved. The journals were a
high-quality permanent record that everyone
could get their hands on. Institutions like
libraries and so on were funded so that any
student who wanted access to the literature
could get it. Now we have a scientific record
that has got a huge electronic component.
There will need to be comparable secure
institutions to make that record available. A
different kind of funding instrument is
required to enable the electronic scientific
record to survive in the long run.
HAVE THESE KINDS OF ACTIVITIES SUFFERED FROM

THE IDEA THAT VIRTUAL SPACE IS DISCONNECTED
FROM REAL SPACE? YOU COULD HAVE A VIRTUAL
INSTITUTE WITHOUT NECESSARILY HAVING TO
FUND A REAL INSTITUTE?

The novel mission that is emerging gives us a
custodial role where there must be a critical
mass of people thinking about problems. I am
not ruling out the notion of some aspects of
virtuality; there may be one institute doing
this or that job, and another doing another
part, where some of it happens to be here and
part of it happens to be there. But the thing
that must be stressed in the integrated
information services we are trying to build is
that there is a difference between saying it can
be virtual and making the big jump to saying
it doesn’t need any architecture. You will not
get the cohesive kind of composite resource
unless the people whose careers are bound to
an institute identify first and foremost with
that institute. Many of the federated solutions
around take important composite tasks and
give pieces of it to organizations, but the
people involved in it know their future and
their career lies with the University they are
working for, not with this virtual project. I
think you won’t succeed unless you get
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people who are basically attaching
themselves in a very committed way to the
project.
AT THE BEGINNING OF THE YEAR 2000, EMBL’S
COUNCIL MADE AN EXCEPTIONAL EFFORT TO
COME UP WITH SUPPLEMENTAL FUNDING THAT
HAD BEEN LOST UNDER THE EC’S FIFTH
FRAMEWORK PROGRAMME. NOW A LOT OF
THINGS HAVE CHANGED. WHEN DID YOU START
TO FEEL THAT THE TIDES HAD TURNED?

In this business I am an old dog. I have been
doing this for a long time. We have come a
long way from the days when we were two
people, one computer terminal and a phone,
to the EBI. There have been all sorts of
punctuation marks along the way, and
hiccups and problems of funding that you
had to get over, and crises you had to recover
from. I was delighted when the EMBL
Council came along and found those
resources. I was delighted in large part
because I felt it was a vote of confidence by
the EMBL Council for what we are trying to
do at the EBI, and the people there. I realised
that, although the outcome was to enable us
to stand still rather than slip backward, it was
a very substantial achievement for Council to
award these funds.
I don’t feel that the vision we have for the EBI
will be achieved in any one episode. I expect
to have to achieve a lot more. That was one
punctuation mark in the process. The
achievement of Ensembl, the grant from the
Wellcome Trust was another punctuation
mark. Today’s EU funding is another one. I
hope that we will be able to continue striving
to achieve the overall mission and goal that
we have in mind, which is to be a
comprehensive and effective distributor of
molecular information for the life sciences in
Europe. There is no doubt that the
combination of the Council funding, the
Wellcome Trust funding for Ensembl, the
success of the SwissProt funding model and
today’s EU award has really made a big
difference for the major database projects at
the EBI. We have a spirit of optimism. There
are still pockets where we need to solve
problems, but optimism is the rule.
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HOW HAVE THE CURRENT SUCCESSES BEEN
ACHIEVED?
The only sensible and fair explanation of
funding success is that you have competed by
writing proposals that are compelling, and
that have been assessed well. It would be very
dangerous of us to expect in any way to
escape that kind of accountability. The fact
that we have had some funding successes
demonstrates a recognition that we are good
at our work and that we can write successful
proposals. We will do it again. The vision I am
purveying is one of an enduring need for
resources to carry out a task that is going to be
with science for centuries, not for a few years.
It would be easy to read that argument as me
saying that we are not accountable. But you
absolutely have to be accountable. If, like me,
you believe that the correct way to do this is
to find public funding to put things into the
public domain, then you have to expect to
have your work scrutinized. Whatever we do,
I think the work of the EBI needs to be
carefully scrutinized and that we need to
convince others that we are doing the job and
using the resources well.
WHAT IS A COMPELLING PROPOSAL? BEYOND THE
FACT THAT BIOINFORMATICS IS ESSENTIAL, THAT IT
IS THE CORE OF FUNCTIONAL GENOMICS?
What you have to do is be in touch with
science, work out what is going to be
important next, and make sure that you are
well positioned to provide for it. For example,
when it comes back to the high-throughput
kind of science that we are doing just now,
there are all sorts of people tooling up to do
projects that will create vast amounts of
information which is of generic value. In 1997,
we decided there was a need for a public
microarray repository. There were other
people talking about it at the time. What put
us in a good position to act on it was a
combination of circumstances: we have our
industry club that was paying subscriptions
for us to do work, and we could talk to them
about what we could do with the money.
When we saw the need for this microarray
informatics activity, we went to our industry
partners and said we’d like to give some of
our resources to this. They said yes, and two
weeks later we had put two staff on this
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project. That enabled us to get moving as
quickly as anyone else in the world on
something that was up-and-coming . If you
look at the projects that are being funded
today, certainly the Array Express project and
the MSD project, one of the keys has been that
we had some resources to put into that
project, and well-developed ideas about what
we will do.
Looking forward is a little difficult. But at
least once a year something rolls up that
makes you undertake a new project. When I
started, alternative splicing was just being
discovered. Splicing itself hadn’t been
discovered much earlier than that. If you then
went on and looked at things like people
using ESTs, there was suddenly this new idea
that ESTs would enable you to have genome
navigational aids, but somebody needed to
build a database for it. In terms of the genome
sequence, it was actually quite late in the
process that we realized that SNP information
was something you wanted to capture. That is
going to continue to happen in the coming
years. We will have to think about the new
kinds of information projects. It is nonetheless
very pleasing to look at that array of
databases that we have got now, and we can
say that we have nailed down five or six
importance resources.
In a sense part of the challenge is working out
what to do and what not to do in this game.
For instance, the next quite interesting
challenge which I think is a bit lost on people
comes from things like doing the mouse
genome. It is easy to think well, we’ve done
the human genome, and you’ve got the data
structures in place, you do the mouse genome
and it is more of the same. But we know that
mouse and human are very similar. One of the
consequences of that is that if you are clever
with your computer and your data structures,
even relatively rough mouse information is
very useful. If you have got some fragments
of information, you can hang them off the
human genome, if you have got some DNA
trace data, you can hang it off the human
genome as a scaffolding. You can tackle the
task of doing the mouse very differently.
Doing the second mammalian genome is
quite different from doing the first
mammalian genome. That can generate a

need. Relationships can be mapped to the
human genome, even in this very rough stage.
We’ll probably want to store the traces off the
sequencing machines, so that people who find
hits can actually go back and directly see the
quality of a piece of data they are working
with. Now you have created the need for a
whole new database of traces, because what
you are trying to do is exploit data at a very
much earlier stage of the sequencing project –
indeed the whole project will have a different
structure. All this is to say that in addition to
our core activities, there are new things that
will be added. Every time you turn around
there will be something new coming along.
Not to detract from the genome, but
compared to microarrays, say, in a way it was
easy. The genome is different from most other
databases we are dealing with: because
people’s genomes are about 99.8% identical,
the concept of a reference human genome
means something. You can store it, you can
hang your information off it, you can
document variation, but basically it is one
genome. In contrast, microarray data are
episodes in the lives of cells, if you like. The
fact that you’ve got one set of microarray data
doesn’t mean that you have finished with that
problem – any new observation can be quite
different. There is almost no limit.
One last point on this: we have clearly
attached our bioinformatics mission to the
biomolecular DNA-protein-cellular model
where molecules are running cells; that’s the
basic thrust of the EBI. That is not all of
biology, and there are plenty of people, for
example, who have been building up
databases which document species, the
biodiversity projects. It has a molecular link
because some of the species will only be
identified because of their DNA. You take a
bucket of soil and just see what kind of DNA
you can find in it. And there is neurobiology.
People can do all sorts of clever stuff now,
scans for neurological activity in brains –
blood flow, electrical activity, and huge threedimensional images, again episodic because
there is no reason to say any one of these
images is definitive. You could take 10,000 of
them from one person and they would all be
different. Where will we ultimately go with
this electronic record? We can’t do everything
– no matter what level of resources somebody
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wants to give us. But there will always be
new, interesting, worthwhile projects to take
on.
We’re already seeing other levels creep in; in a
microarray experiment you might well want
to annotate a gene with the effects of known
knock-outs. Well, if the effect of a mutation is
to make a mouse walk funny – and there are
such mutations – then the only way to
document it is to have a video of that mouse
as a part of the data. There is actually a
philosophical problem that we run into at this
stage, a sort of ontological problem. If you
look at the gene ontology project, basically
what they are saying is that you can create a
structured vocabulary which will enable you
to say everything useful there is to say about
the function of the gene. Structured means
that you can say that one kind of function is a
subset of another kind of function, and so on.
I can’t imagine doing this for all of biology.
However, I have to admit that I am often
being proven wrong, and I was proven wrong
about the Gene Ontology project. When
Michael Ashburner started going on about
that, I said, “I am not sure this is
approachable.” There are going to be so many
subtle variants of what things do and what
the function of genes are that you will never
manage to map out the space with a very
structured vocabulary. I think I have been
wrong, partly because I don't think I
understood that there is actually quite a lot of
order in biology. Also, you have to face up to
the fact that in dealing with information,
partial success can still be very useful. In
other words, you can't really nail this one
down tight. You can't really structure all of
this information. But it is worth trying
because getting closer makes life easier.
We often have arguments about nomenclature
and terminology in biology because often
non-database people think that the way to
solve database problems is to make sure that
everyone uses the same language. Kind of
like, why don't you call a gene the same thing
I call a gene? Then we will be able to connect
these databases. The truth of the matter is that
it just ain't that simple.
The thing that is in the database isn't the gene.
The thing that is in the database is
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somebody's assertion about something. As an
angry young man I would have raved and
ranted and said, for God's sake let's impose
some order on this. Then at a slightly older
age, you say, these biologists will never get it,
let's just number them all from 1 to 17 million.
If they want to use funny names for them,
then fine. It’s hopeless. Then, when you
mature and mellow out you realize that
actually, it's not possible to get the
nomenclature perfect, but it is kind of like
being a sinner. You know that you are not
supposed to be a sinner, and you know that
humanity is imperfect and you always will be
a sinner, but also that you will be better if you
try not to be a sinner. Using the nomenclature
correctly is a bit like that. You won't get it
perfect, but it is worth trying.
Now, what is happening is that the journals
are going electronic. That means that the
journals are getting more like databases, and
the databases are getting more like journals.
The questions come up then, are we going to
meet in the middle somewhere? Are we going
to turn this into a composite of information
space?
I would like to think that we could find a way
in the electronic era of enhancing the general
scientific record, where you say, ok, let's
revisit the journal and the journal article. Let's
think about the best way to communicate this
information. Let's not describe the same
method 17 times. Let's just say that if this is
the method, it is stored in a database
somewhere and we won't waste space in this
article with it. The thing that interferes with
all this is the role of publication in the
attribution of scientific credit. If somebody
has done a little experiment, and they found
out some particularly useful bit of
information, you would like them to spit that
out in as few words as possible. You don't
want them to stick it in a journal article with a
long introduction and lots of blah blah, and at
the end 300 references. You want to know
what they found out and they could probably
spit it out in two sentences. The problem is
that the whole scientific credit thing is based
on the assumption that people publish a lot of
stuff. I think of myself as an information
engineer, I think the whole motivation
corrupts the quality of the body of
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information in terms of its user-friendliness
and in terms of its useability. Even worse are
patent applications. We put information from
patent applications in our databases. If you
are somebody applying for a patent, then
obscurity is a virtue – it is to your advantage
if what you write is almost incomprehensible.
This provides another example of an
information system that has gone crazy. I was
speaking to somebody from the US Patent
Office yesterday. With patenting moving into
the molecular structure and sequence area,
there are all sorts of weird patent applications
cropping up. He was telling me that they are
trying to work out how to process a patent in
the area of structural biology that is 6 million
pages long. Published patents are supposed
to be “enabling”: a patent application of 6
million pages “enabling”? Give me a break!
Law requires that the US patent office publish
this!
WHAT SHOULD THE EBI’S RESEARCH PROGRAMME
LOOK LIKE, IDEALLY?
Ideally what we would like to cover is all the
important topics in bioinformatics in the
biomacromolecular area. We certainly won't
have the luxury of doing that right from day
one. I think that critical mass matters.
Looking at it from the perspective of the EBI
and with its service mission, I can think of at
least two quite clear ways in which the
research programme should help us. The first
one is that we provide information,
comprehensive information to scientists
doing research in bioinformatics. I would like
to see serious groups of people in the EBI who
are doing research that really strains that, that
really uses the EBI's services to the limit, so
that you have basically got the pressure from
within the organization to do your job well,
because there are people trying to make use of

everything you build. On the other side, and
this has got two forks to it, I have talked a bit
about the fact that every time you turn
around there is a new database project that
you should be undertaking – you need to
know which of these are going to be
important. One of the things that I want from
the research programme is this kind of input.
Michael Ashburner has been wonderful in
this respect. Because he is such a
knowledgeable guy, he knows what is
happening in research and what is on the
horizon. A top-quality researcher in
bioinformatics will have crucial input to us in
terms of what databases are needed and so
on.
The other aspect is that I talked about the
electronic record of science. Often people who
are doing bioinformatics research are actually
doing work on information to collate and
organize and extract understanding from it.
One of the products of what they do might be
a new information product for the EBI, like
Dali, or FSSP, or something like that. There are
people doing that sort of thing. It is very
important to the EBI that we have a strong
research component that is strongly
connected to the kinds of things we do in the
services.
BEYOND THAT, DO YOU HAVE ANY MORE POTS ON
THE FIRE IN TERMS OF FUNDING?
The EMBL Council has done about all that
could possibly have been expected of them.
Now the same thing applies to the European
Union. They have effectively done pretty
much all you could have expected of them in
terms of raising resources for the EBI. That's
great. But there are many more tasks ahead. I
haven't finished yet.
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The hands-on genome
The heart and soul of Ensembl

T

he October, 2000 issue of the British magazine Prospect appeared on
newstands with a bold cover proclaiming it contained “the Human
Genome on CD-ROM.” The disc had been prepared by Tim Hubbard of the
Sanger Centre in Hinxton, using the latest information from Ensembl, a joint
project between Sanger and the European Bioinformatics Institute. For
nearly two years, the Ensembl team had been pasting together sequences
from the public Human Genome Project, annotating the genome with all
available information about gene functions, and it had begun to provide
data and analysis tools to anyone with access to the internet. Now Prospect
was putting a condensed version of this knowledge directly into the hands
of anyone willing to shell out a few pounds for its magazine.
“From the very beginning, our philosophy has been to put all of this
information into the hands of anyone who wants it; it’s currently free
and totally accessible through the Internet,” says EWAN BIRNEY, who
heads Ensembl from the EBI side. In the current environment, where
major pharmaceutical firms, biotech companies, and many others
have realized that genomic information holds great economic
potential, this is not a universal attitude. Those who hold
the best version of the genome, with the highest quality
of functional information attached to it, stand to
profit immensely from it. The genome has been
compared to a gold mine, and investors are
perfectly willing to understand the
metaphor in a financial, not only in an
intellectual, sense.

By stepping in with massive resources, the U.S.-based Celera corporation
dramatically picked up the pace of the sequencing effort, announcing that
it would use a “shotgun” strategy to finish the genome. This method
would accelerate the process by sequencing a vast number of small
segments of the genome, in parallel. Afterwards, a huge bioinformatics
effort would be required to paste the sequence together.
After expressing concerns about the quality of the genome that would be
produced by this strategy, the publicly-funded Human Genome Project
followed suit. The task of assembling the public sequence, and attaching to
it knowledge that had been acquired by decades of experimental science,
fell to Ensembl.
“Annotation is necessary to interpret DNA sequences and identify genes,”
Hubbard says. “Human genes make up only about one per cent of the
DNA molecule. The function of the rest is unknown; in some cases it
appears to be 'noise'. Ensembl contains automated routines which scan
sequences for typical patterns found in genes and marks their positions in
the molecule. Since new sequences arrive in bits and pieces, another of
Ensembl's jobs is to plot each sequence onto the map of human
chromosomes.”
The company and the public Human Genome Project announced
completion of a “draft” genome in the summer of 2000, far ahead of earlier
projected schedule. The first rough analysis would take several more
months.
In February, 2001, the debate between these two approaches came to a head
as the journal Science announced its intention to publish the results of
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Celera's genomic analysis. This caused an uproar
in the life sciences community because Celera
was being allowed to publish without
submitting its data to the traditional public
databases that held biological data. An
agreement had been made to give researchers
access to limited amounts of data, which would
still be regarded as Celera's intellectual
property.
To some, this was a step backwards, to the
“bad old days” of splintered databases with
restricted access. In the early 1980s, Patricia
Kahn and GRAHAM CAMERON at the EMBL
started a campaign to get scientific journals to
require researchers to submit data to public
databases. EMBL had just launched its
nucleotide sequence database: now called
EMBL Bank – the world's first centralized
database aimed at collecting all known DNA
sequences. The effort was followed by
SWISS-PROT, an annotated protein
database, and a flurry of other databases
and tools for extracting and using the
information they contained. Because of
such initiatives, researchers all over the
world have had equal and optimal access to
state-of-the-art biological information, and
this has been perhaps the largest factor in
the speed at which molecular biology has
grown over the last two decades. They
have also been able to rely on very clear
standards and an exacting quality control
of the data.
“Celera was allowed to do this simply
because it's big,” says Tim Hubbard. “If
all of the hundreds of thousands of
researchers in the world who have
contributed to these projects behaved the
same way, the genome wouldn't be
anywhere near where it is today, and
Celera would have very little to work
with.” He points out that having the
complete genome sequence itself is an
important landmark, but the true
added value comes from annotations
that link everything that is known
about a gene to the sequence. And this
is what Ensembl had set out to do.
As a major group involved in the
analysis of the draft of the genome,
Ensembl had an incredible year, Birney
says. “We remain the only group
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providing reliable novel gene prediction across the human genome,” he
reports. Ensembl figured prominently in the genome analysis papers that
appeared in Nature in February 2001.
Recently the project has received major support from the Wellcome trust, in
the form of an eight-million-pound grant over five years. “We were able to
grow to a critical mass of fourteen engineers between the two sites, the EBI
and Sanger,” Birney says. “By this time next year we hope to be thirty
engineers. Additionally, we have made a considerable investment in
computer hardware: providing 320 dedicated alpha processors as a
'computer farm.' This makes it the largest dedicated computer for biology
in Europe.”
As for the future... Ensembl has been installed at multiple sites across the
world, and will be deeply involved in the Anopheles and other genome
projects. Guy Slater and other members of the team have developed an
algorithm called Exonerate to quickly grab sequences that are being
produced by the mouse genome project and link them to the human
genome. They have also created a method called GenomeWise – ideal,
Birney says, for turning experimental evidence into gene predictions.
GenomeWise is aimed at figuring out a way to get a handle on alternative
splicing, the process by which RNAs transcribed from a gene can be cutand-pasted into forms that result in different proteins. Things have come a
long way since the days when
genes were thought to
look like “beads
on a string” of
DNA; many –
perhaps even
most – of
them contain regions
that don't
code for
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proteins, and these have to be spliced out of an RNA before it can leave the
nucleus. By leaving out different sequences, a single RNA can be spliced in
different ways.
Ensembl can recognize non-coding sequences and make theoretical
predictions about what proteins can be produced by a single gene. But not
all of these proteins have been found in cells. It is conceivable that some of
the forms are never used. “So the question is to what extent we let the
algorithm dream things up, and to what extent it is constrained by
experimental evidence,” Birney says.
There is a source of information that could hold the answer: laboratories,
hospitals and researchers throughout the world have collected massive
numbers of ESTs and put them into databases. These are short, fragmentary
sequences of proteins – just long enough to uniquely distinguish one
protein from all others. They have been collected from all sorts of sources:
from tissue samples of patients infected with diseases, from blood samples
collected for various reasons... as a quick and simple way to sample the
proteins found in cells. EST databases could hold the entire set of proteins
that can be produced by human cells. Unfortunately, Birney says, the data
is “riddled with junk. You find contamination, or mistakes in experiments,
errors when an informaticist entered the data wrong.” So converting ESTs
into information that will be useful for the genome will be a long and
thorny job.
“Ensembl is also driving data integration in bioinformatics,” Birney says.
“We enjoy a great collaboration with the Variation group at the EBI,
developing joint code for handling human SNPs. In close association with
the SWISS-PROT group we have released non-redundant human proteome
sets and are working towards enhanced functional annotation of the
human genome. We have also integrated Disease (OMIM) and Expression
(SAGE) data with the human dataset and look forward to a productive
collaboration with the ArrayExpress group as microarray experiments get
deposited in the ArrayExpress database.”
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The data route into and out of EMBL-Bank

EMBL-Bank is growing
by a sequence a second
“On October 2, 2000, the number of nucleotides in the EMBL-Bank passed
the 10 billion mark,” says GÜNTER STÖSSER of the EBI, who heads EMBLBank. In the previous twelve months, it had tripled in size.EMBL's first
major database, established back in the eighties to collect, organise and
distribute DNA sequences, now includes data from tens of thousands of
different species. Over sixty per cent of that information comes from the
human genome.
EMBL-Bank is a “primary” database, receiving DNA sequences submitted
by high-throughput genomic centers (like the EBI’s neighbor, the Sanger
Centre) as well as individual researchers. The database provides the
information that is required by secondary databases like SWISS-PROT and
TrEMBL (holding protein sequences “virtually translated” from EMBLBank coding regions) and Ensembl, which performs automatic annotation
for human genome sequence data.

192

THE HANDS-ON GENOME

The EMBL Bank team and its collaborators at the National Institute of
Genetics in Japan (DDBJ Databank of Japan), and NCBI (GenBank) in the
US have the responsibility of communicating with individual submitters
and genome sequencing centres, providing them with instructions,
managing the exponentially growing amount of data, controlling its
quality, and making it accessible to researchers from all over the world.
This has demanded an immense effort from all of the partners. “It requires
daily interactions between the staffs of the databases and regular working
meetings,” Stösser says. “Amongst other things, we continually update the
Feature Table Definition – which standardizes the format and definitions
that describe the biological functions of genes and other relevant features
of a nucleotide sequence. Another collaborative project is that we provide
a taxonomy of over 50,000 different species – aiming to use sequences to
create centralized definitions of species.”

GÜNTER STÖSSER
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Europe’s Macromolecular
Structure Database
comes of age
“Three-dimensional protein structures are the true bridge from genes to
chemistry, and thus to drugs,” says GEOFF BARTON, who has steered the
EBI's Macromolecular Structure Database (MSD) from its inception
through a pilot phase which, par for the course for the EBI, had to be
managed with a minimum of resources. Ironically, just as the MSD has
truly left the shipyard, Barton is leaving EMBL for a professorship at the
University of Dundee. There he promises to be a contributor and user –
perhaps a partner as well – in the database's future evolution.
The MSD currently holds over 15,000 three-dimensional protein structures
and is growing at a rate of over six per day. This may not seem like many,
compared to the sequence-a-second rate of expansion of DNA databases,
but it promises to accelerate as several new structural genomics initiatives
get underway. While pure numbers of submissions probably won't pose a
problem for a very long while, creating the database has been challenging
in other ways.
“The data comes from several different sources: X-ray and neutron studies,
NMR, and increasingly from cryo-electron microscopy,” Barton says. “Each
of these techniques requires specialized software and support.” Cryo-EM
has both the advantages and disadvantages of providing images at a lower
resolution than the other methods. It gives a unique view of wholes –
including large structures consisting of many different molecules – without
being able to resolve individual atoms. Putting EM data into a collection of
structures means storing images whose contours aren't yet – but may
someday be – linked to information about protein sequences.
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The EMSD offers different ways of visualizing protein structures via its web server.

NMR suffers from the opposite problem: the resolution is high enough, but
it can't capture an all-at-once picture of very large molecules. And X-ray
studies straddle the middle a bit uneasily: with effort, and some luck, they
can provide an atomic-level view of fairly large molecules. But the
information is obtained from crystals – not all proteins form them – and it
requires locking proteins down in strictly geometrical groups that may not
always represent their true arrangement in living molecules.
Because researchers frequently need all of these types of information to
understand the behavior of a molecule, one of the major challenges in
designing the database has been to find ways of integrating them.
Barton says that the EC grant will permit a launch of the full-scale project.
“In the next three years, the funding will allow us to put the database into
practice,” he says. “What we have to do is create models that will integrate
all the data from these sources and then link it with other sources of
information.” As with most of the EBI's other repositories of information,
the MSD has grown tightly in collaboration with groups in the U.S. –
in this case, the RCSB – which assures a completely-fluent exchange
of information on a world-wide scale.
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IntAct and
Integr8

ROLF APWEILER’S name has been virtually
synonymous with SWISS-PROT; for over a decade, he has
played an important role in what most people call the world's
best database of protein sequences. He manages the EBI side of this
important collaboration with Amos Bairoch and the Swiss Insitutes of
Bioinformatics. Over that time, he has seen the database become more and
more strongly tied to other bioinformatics resources; it is currently linked
to more than 30 other important biological databases. He has also been
heavily involved in InterPro, a database that brings together information
about protein families, domains, and functional sites.
Now he is using that experience to coordinate two projects which have just
received major funding from the European Commission: a new database
called IntAct, and a project called Integr8 that aims to span the complete
spectrum, from genome to proteome.
IntAct will enhance access to protein-protein interaction data by defining a
standard data representation and implementing a public repository.
Much of what happens in cells and organisms ultimately boils down to
what occurs when proteins come in contact with each other. They can
bump into each other and exchange chemical information, lock onto each
other and obstruct each other’s activity, or pass signals that tell a cell when
to divide, when to make a fundamental change in its behavior, or when to
die. Sometimes passing a single signal can involve chains of hundreds of
different types of molecules.
Many databases are organized molecule-by-molecule, and it is hard to
convert this into a dynamic picture of their interactions. Several databases
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which aim to keep track
of protein-protein interactions exist, but they are so
different that it will be a challenge to
integrate them. A project to collect and
organise this information will be funded under this new
initiative, linking it with other information that is available into a picture of
real cellular processes.
“Integr8 will create an integrated layer for the exploitation of genomic and
proteomic data,” Apweiler says. “Sometimes a single piece of research will
require drawing on all the types of information that will be organized and
provided in the Macromolecular Structures Database, ArrayExpress, and
IntAct.” It will probably also draw on other types of information at the EBI,
such as EMBL-Bank’s DNA sequences (containing the whole genomes of
some organisms and partially-completed genomes of many thousands of
others); SWISS-PROT and TrEMBL: extremely high-quality databases
listing the sequences of proteins and all of their known functions;
Interpro’s protein motifs, and Ensembl’s genome annotation – which uses
automatic tools to create a comprehensive, up-to-date collection of all
publicly-available information about human and other genomes.
“Combining all of these types of information can yield a sum which is
much, much richer than any of the parts,” says GRAHAM CAMERON. “Until
now, it has usually been necessary for each individual scientist to find ways
of searching for it and combining it. Integr8 will build a system which
connects it all, allowing researchers to use it all seamlessly. This represents
a composite whose value is considerably greater than the sum of its parts.

197

EMBL ANNUAL REPORT 2000/2001

Make way for the ARRAY
At about the time this report appears, the European Bioinformatics
Institute will be launching a new public database called ArrayExpress.
When it is up and running, the service will give researchers free and direct
access to vast amounts of information produced by experiments conducted
all over the world and will permit them to ask new types of questions
about living organisms. The database is designed to hold information
produced by experiments using the very powerful new technology called
microarrays – commonly known as DNA chips. This revolutionary
technology is giving biologists a look, for the first time, at the complete
genetic activity of cells.
Creating the database and making it accessible has required intensive
cooperation from hundreds of people throughout Europe, the U.S., and the
rest of the world, including genome project experts, scientists doing handson experiments in the laboratory, groups manufacturing chips,
mathematicians, and software specialists. While the EBI has been putting
all the pieces in place to handle the data, WILHELM ANSORGE’S group in
Heidelberg has created a facility that is making custom-made chips for
scientists in the laboratory.
DNA chip technology is already revolutionizing the way scientists think
about life and is beginning to have an impact on other fields such as
medicine. It promises, for example, to radically revise the way that
pharmaceutical companies investigate the effects of new drugs.

ALVIS BRAZMA
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“Giving universal access to
the
results
of
chip
experiments will greatly
speed up exchanges of
information
between
scientists and the rate at
which experimental results
can be converted into
practical applications,” says
ALVIS BRAZMA, who heads
the database project at the
EBI.
Although DNA chips have
existed for only a few years,
an immense amount of data
has already been produced.
Most of it is stored in private databases, where it is difficult or impossible
to access. Even if researchers could get to the information, the databases
have been set up in different ways, making it nearly impossible to compare
the results of experiments. Such comparisons hold the key to answering
fascinating questions about the way life works.
“For example, we can study the effects of a compound such as a drug on
many genes,” says ALAN ROBINSON, who is one of the initiators of the
ArrayExpress project. “The pattern of genes expressed, say, in human brain
and muscle are very different, and will vary with the time and conditions
under which the samples are taken – before or after exercise, perhaps even
before and after listening to Verdi! Yet each cell in the brain and muscle is
using the same genomic sequence to regulate its function. With gene
expression, context is everything: without it, the information is
meaningless. For example, the precise stage of a tumor sample could have
a crucial bearing on the interpretation of expression measurements. This
context can be infinitely detailed, and it is this detail that must be captured
in gene-expression studies.”
A major challenge in creating ArrayExpress has been getting hundreds of
laboratories throughout the world to agree on universal standards for
recording experimental data. “Potentially, information from an experiment
done with yeast cells can tell you something important about human tissue
samples from a cancer study,” Brazma says. “But that will work only if we
can agree on clear and universal ways of recording what chips tell us.”
As the first experiments at EMBL have shown, approaching scientific
questions using various types of chips can pose unique problems in terms
of handling data. This has sometimes led to idiosyncratic solutions, and a
database will need to deal with them.
The first meeting of the Microarray Gene Expression Database (MGED)
group, initiated by the EBI in 1999, drew a hundred participants to
Hinxton. Consecutive meetings were held in Heidelberg, at EMBL and the
German Cancer Research Center (DKFZ) and in Stanford and have drawn
more then 300 participants. Recently the MGED group has produced a
document, known as the Minimum Information About a Microarray
Experiment or MIAME, which Brazma calls the cornerstone of microarray
data standardization.
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Another challenge has been the fact that single chip experiments produce
an immense amount of data. DNA chips are regarded as such powerful
tools because they can give a researcher, at a glance, a picture of the activity
of hundreds or thousands of genes – even of an organism's whole genome.
“To be able to extract any knowledge from these huge amounts of data,
sophisticated data analysis and mining tools are needed” says Jaak Vilo,
who is developing such a tool – Expression Profiler – at the EBI.
“Cells use their genes to synthesize proteins, the worker molecules that
perform virtually all cellular activities,” says Brazma. “Each cell of a
human body contains the same 30,000 or so genes, but each cell uses a
different set of them to produce proteins. The set is different depending on
where the cell is in your body, what organ it belongs to, whether it is
infected or healthy, dividing or dying. We're entering a new era of medicine
where the key to finding cures will be to control that activity, to switch on
genes that will help an organism fight off parasites or to control disease
processes or the effects of aging.”
Before the advent of DNA chips, technical limitations meant that most
studies were restricted to studying the activity of a single gene, or a very
small set of genes, although it was clear that cellular processes are very
complex. When a virus infects a cell, for example, it typically switches on
dozens of the cell's genes and inactivates dozens of others to turn the cell
into a virus-producing factory. Getting a glimpse of the whole genome will
give researchers new methods to fight diseases.
“A final challenge has been to foresee the types of questions that scientists
will want to ask of the database” says Ugis Sarkans, who is currently
designing the interface that will allow users to query ArrayExpress. While
most chip experiments are designed to attack precise problems, such as
how a certain type of cell responds to a particular environmental condition,
an infection, or treatment with a specific drug, most of the results could be
useful to scientists working on completely different questions. As the
amount of data grows, researchers will obtain ever-clearer profiles of gene
activity in various types of cells. By working closely with laboratory
scientists, the database designers hope to make this information as useful
as possible.
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Designer chips
It is awfully innocuous to be ushering in a revolution: a completely normal
glass microscope slide, the kind that you find lying around by the
thousands in labs everywhere. Until you hold it up to the light, and then
you see faint spots – as if someone has left his fingerprint on it. A closer
look reveals that the spots are arranged in precise rows and columns. This
is the chip that laboratories and industries are using to usher in a new era
in biology.
The DNA in our cells consists of two complementary strands of
nucleotides. The fact that such complementary strands bind to each other
makes it possible for DNA to replicate itself – also for scientists to create
DNA chips. Each spot on the slide represents a sample of a doublestranded DNA molecule.
In any given human cell, at any given time, most genes will be silent; they
are not being used to produce RNA molecules (the templates for proteins).
But if a gene is actively producing RNA, it will bind to the corresponding
DNA on the chip and emit a fluorescent signal that can be read by a
scanner.
A set of blank slides lies in a long row on the spotting machine, waiting to
be loaded with molecular probes. Rows of tightly-spaced needles on the
end of a robotic arm dip briefly into rows of tiny plastic tubes; when they
emerge, the tip of each needle contains a different sample. The arm now
drives along the slides, pausing only long enough to drop the needles
down against the glass, printing it with DNA molecules, raising the
needles, then moving along to the next chip. It sounds like a quiet
computer printer.
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“In fact, when we first
thought about making something like
chips, we were considering spraying the
molecules onto a glass
or plastic support
using a modified inkjet printer,” says
Christian Schwager, a
staff
scientist
in
WILHELM ANSORGE'S
group. “But that method was giving us
problems with the
coupling chemistry –
getting the molecules
to bind.”
The arm reaches the
end of the row then
retracts; the needles
are washed before
they pick up the next sample. While the spotting machine was purchased
from a commercial provider, what is happening between the needle and
the glass is an innovation of the chemists here at EMBL. “There is a great
expense involved in making chips,” Ansorge says. “This can be cut down
by making them recyclable, which is what we are striving to achieve. With
this method, for which EMBL has applied for a patent, you should be able
to wash the slides and spot them again, at least five times.”
The principle behind the DNA chip was first brought to maturity by Pat
Brown of Stanford University in the U.S. Brown and his colleagues used
specially-engineered DNA molecules mounted onto glass. When he made
public the methods and building plans required to construct DNA chips,
researchers at EMBL and many other labs eagerly tried to follow the recipe.
“He uses polylysine to bind the DNA probes to glass, and it's a delicate
procedure to get it to work,” Schwager says. “We already had experience
binding molecules to glass, so we started to pursue other directions to
couple the molecules to the chips.” According to Ansorge, Konrad
Faulstich, Alexandra Richterova, and Ondrej Paces are making key
contributions in developing the chemistry and attachment protocols.
“There were a lot of reasons to get into the business,” Schwager says. “We
bought the spotting machine and worked out the problems that were
encountered one step at a time. We started on a small scale, resolving
problems step by step, with a project brought by Martina Muckenthaler of
the Hentze group.”
“Most laboratories will need to make their own chips,” says EMBL
Scientific Coordinator IAIN MATTAJ. “Cost is certainly one factor; another is
that the majority of chips still need to be custom-made, addressing specific
scientific questions.”
Several EMBL groups quickly jumped on board to apply the new
technology to their research. But the types of questions they were asking
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have required innovations at every level of the process. For many
experiments, new chip layouts have to be made. There does not yet exist,
for example, a chip for the human genome – specific scientific questions
require pulling together partial sets of genes from different DNA libraries.
And then interpreting the data has required innovative, flexible software
that can be reconfigured to put together results in different ways. Schwager
has made modifications in his software ChipSkipper in response to the
needs of specific experiments.
According to Wilhelm Ansorge, bringing things to the point where the first
chips could be made and analyzed required contributions from a very wide
range of people in his group and the rest of the lab. “Making chips requires
the amplification and purification of DNA fragments on a large scale, and
the existing protocols for doing this were not really designed for that scale.
There has to be a quality control of the PCR fragments, and we are
developing computer programs and robotics to pick out those which are of
high enough quality. Jürgen Zimmermann, Ernst Wabek and Josef
Stegemann have made great contributions in these areas. The next step will
be to go beyond cDNAs and to work with oligonucleotides, to tackle
questions like alternative splicing, and we have
an ongoing collaboration with the Valcárcel lab
in that area.
“The technology developers really like to
interact with the biologists because they have
the feeling that they are directly contributing
something to the biology. The opposite is true
as well – the biologists are contributing back to
the development of technology. This depends
absolutely on interdisciplinarity, on a team of
chemists, biologists, software developers,
physicists, and technicians all working
together. One of the things that makes EMBL so
unique is that it has strength in all of these
areas, and they have all been required to
develop the chip-making facility in a relatively
very short time.”
The need for this flexibility extends all the way
up to ArrayExpress; there is no way to predict
exactly what types of questions will be posed of
the data. So in early March 2001, Brazma and
colleague Ugis Sarkans came to the main
Laboratory in Heidelberg to collect the first
experimental results to be put into the database.
While there had been a number of meetings
between the participants, from the scientists to
the chip-makers to the database designers,
discussing how to convert science into data and
back again, now it was time to do a dry run
with real experiments and hard data.
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The mosquito chip
George Dimopoulos and Giorgos Christophides, in the lab of EMBL
Director General FOTIS C. KAFATOS, are making chips to compare the
immune systems of related strains of mosquitoes. They hope to get a
handle on a subtle but deadly difference. Some strains of mosquito carry a
parasite called Plasmodium from animal to animal, spreading the dreaded
disease malaria when they bite. Other mosquitoes digest the parasite when
they feed on infected blood, but their bodies mount an immune defense
that completely kills off the one-celled creature before it can be passed
along.
Plasmodium's journey through the mosquito body, from the gut where it is
ingested to the salivary glands where it is released, takes about two weeks.
At each step along the way, cells try to mount a defense by producing
proteins. The researchers are using DNA chips to monitor the activity of
genes in different parts of the body as the parasite passes through. The
difference between killing plasmodium or letting it slip through may
depend on a very small number of genes that behave differently in various
mosquito strains.
“Ideally, to find the key genes, you would take a snapshot of the entire
genetic activity of cells in an infected mosquito,” Dimopoulos says. “You
would find genes which behave differently during an infection, and then
study differences between mosquito strains.”

GIORGOS CHRISTOPHIDES

&

GEORGE DIMOPOULOS

However, this experiment would require a DNA chip containing the code
for each of the ten to fifteen thousand mosquito genes – in other words,
scientists would have to have completed the mosquito genome. This hasn’t
been done, although EMBL has joined a consortium of research institutes
to completely sequence the genome of Anopheles gambiae, which is most
responsible for spreading malaria to humans. Until the project is
completed, researchers will have to make do with chips containing a
smaller number of genes which have already been identified as likely
suspects.

CHRISTIAN SCHWAGER

“Until last year, only about 400 Anopheles genes were known,” Dimopoulos
says. “You could make a chip with four hundred genes, but there would
obviously be a big chance of missing important ones.”
Collaborating with an American research group, the researchers were able
to grab RNAs from mosquito immune system cells. A special procedure
allowed the scientists to use these molecules to make probes for chips. The
method gave Dimopoulos and his colleagues the material to create probes
for more than 2000 new genes. But it was only a first step down a long road
to the first results. The chips had to be made, the experiments performed,
and the results had to be analyzed.
Dimopoulos and Christophides have given Brazma a set of data from chips
with mosquito genes, treated or screened with RNAs from irradiated cells.
“Immune cells often respond to different types of crises in similar ways,”
Dimopoulos says. “Radiation damage challenges them and evokes an
immune reponse. What we're really interested in is Plasmodium-specific
gene activity, so we use this data as one of the controls when we look at
malarial infections.”
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The iron chip
Meanwhile, Martina Muckenthaler from MATTHIAS HENTZE'S group was
making chips to get a handle on the way the body deals with iron. “There
are a number of human diseases that result from alterations in iron
metabolism,” she says, “including the most common inheritable disease in
the Western world: hemochromatosis, which affects one in 250 people.
“When EMBL discussed the idea of making chips, we thought they would
make a good tool to look at iron metabolism and disease processes,” she
says. “Eventually chips will be used for diagnostic purposes. You will
watch how genes respond to different conditions – for example, different
amounts of iron that cells are exposed to and absorb. If you collect enough
sets of data from different tissue samples, you can create profiles of genetic
activity that will be clearly related to types of patients with specific medical
problems.”
Steady progress in the Human Genome Project means that someday,
researchers can look forward to using chips that will probe the entire
human genome. But while that moment may still be years in the future,
Muckenthaler began making a small chip, containing two hundred or so
genes, that could already start yielding some answers. Some of these genes
are known to be highly active in cells in the small intestine, where the body
initially absorbs its iron, and others have been identified as contributing to

MARTINA MUCKENTHALER
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iron metabolism, i.e., iron storage in the liver. These
genes will be of key relevance in diagnosing iron-related
diseases. But even creating a chip of this size proved to be
an arduous task.
“The probes are made from cDNA, which you obtain
from an external source,” Muckenthaler says. “But when
you order them, you discover that a lot of them are
simply wrong.” Ansorge's group took on the task of
doublechecking the sequence of every probe. Then it was
necessary to optimize the hybridization of the samples:
attaching fluorescent markers to molecules so that they
will give a signal when they bind. Muckenthaler
accomplished this in an intensive collaboration with
Alexandra Richterova of the Ansorge group. The result is
a small but very high-quality chip.
“Once we have done all this work, we can combine our
efforts with other groups who have created high-quality
chips using other genes,” Muckenthaler says. “We've
given samples to other labs, and they're also providing us
with material. This will be a way to get bigger and bigger
chips that can tackle more of the genome.”

Towards the
proteome in yeast
Typically, DNA chips are used to determine the transcriptome: how much of
each type of mRNA is present in the cell at steady-state. As a first
approximation, this is a good measure of the activity of the corresponding
genes. These mRNAs, however, still need to be translated into protein
molecules – the complete collection that is expressed in a cell is called the
proteome – which collectively determine most of what happens in the cell. It
is being increasingly recognized that cells have many ways of controlling
gene expression at the level of mRNA translation. This can lead to great
variability in the number of protein molecules that are synthesized from a
given mRNA molecule.
Such mechanisms of “translational control” are a long-standing focus of
research in MATTHIAS HENTZE'S group. Thomas Preiss has developed a way
to look at translation on a genome-wide level using DNA microarrays.
“Around the time when Matthias and I discussed this idea, “says Preiss,
“we became aware of the activities in the Biochemical Instrumentation
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Programme to develop in-house microarray technology. It would be an
exciting prospect to participate in this pioneering effort, and what we were
planning to do depended on getting fairly large numbers of chips over the
long term.” The Hentze group decided to join forces with WILHELM
ANSORGE’S group, in collaboration with Steve Oliver from Manchester
University, to establish the production of microarrays comprising all
protein-coding genes of the yeast Saccharomyces cerevisiae. “Yeast seemed
like a good choice since the genome had already been sequenced and
annotated; it would let us focus on developing the array technology and its
use for translation research.”
Preiss' work is based on the mechanics of translation: a huge RNA-protein
complex called a ribosome docks onto an mRNA to translate it into protein.
Typically, several ribosomes can be attached to a single mRNA at the same
time. Preiss and his small team use a compound called cycloheximide to
“freeze” the process, locking each ribosome onto whatever mRNA it is in
the middle of translating. The researchers can then extract these molecular
complexes from cells and sort them into groups: RNAs bound to one
ribosome, to two, to six. “We start with the basic assumption that you will
find more ribosomes attached to mRNAs that will be highly translated,”
Preiss says. Each collection of RNAs is passed over its own chip, enabling
them to look at the translation patterns of thousands of different mRNAs
in one experiment.

A budding
yeast cell
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“Once we have clear profiles, the next step is to try to figure out common
features of RNAs which are translated with similar efficiency,” he says.
“Furthermore, we can follow how the translational programme of cells
changes under different conditions and try to answer questions such as
how levels of proteins change in response to environmental changes or
drugs.”
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Databases
Integrating such diverse experiments into a single database is a challenge
that ALVIS BRAZMA and his colleagues at the EBI have been working hard to
resolve. The sheer volume of data is mind-boggling. “A single microarray
experiment looking at 40,000 genes from ten different samples, under 20
different conditions, produces at least eight million pieces of information,”
Brazma says. “Currently, these data are scattered among various
independent internet sites or may not be publicly available at all, although
sometimes conclusions drawn from the experiments have been published.
Details about how experiments were carried out have often been
incomplete. Yet the amount of information is exploding as the cost of
microarray technology falls and more and more people are using it.”
New analysis methods will be needed to extract and analyse data from
existing and emerging gene expression databases. “Gene expression data
analysis methods will develop similarly to the way gene sequence analysis
methods have developed over the past decades,” Brazma says. “The
amount of data will continue to grow and it will become more systematic.
Algorithms that can search reliably for expression profiles, or can analyze
sets of related profiles to discover common signatures will be needed, just
as search and pattern discovery algorithms are needed to explore
sequences. Together these developments will contribute substantially to
many aspects of biomedical research.”
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Tracing evolution through
patterns of gene expression
Molecular biology, particularly in the age of whole genomes, has shifted
the study of evolution from something that is done out on dusty plains –
on hands and knees, with camel-hair brushes and dental picks – to
questions posed in biochemical laboratories, or in front of the computer
screen. A careful comparison of the genes of different species can answer
questions about whether humans descended from Neanderthals, or what
the genetic code of a “missing link” must have looked like. Now Detlev
Arendt and JOCHEN WITTBRODT, two developmental biologists at EMBL,
have staked a claim in a very early, largely-uncharted region of
evolutionary history.
Scientists have good evidence that the first multicellular animals evolved
about 600 million years ago. Their bodies had a sac-like shape, like the form
of modern polyps. Later the Bilateria split off this branch – their name
comes from the fact that they have bilateral symmetrical body plans, like
modern worms, flies, and humans. This group forked again, producing
Protostomia (like worms and insects) and Deuterostomia, which include
humans. For nearly a century, a particular theory about how this branching
took place has reigned; now Arendt and Wittbrodt have come along and
stood it on its head – or its mouth, to be more precise.

DETLEV ARENDT &
JOCHEN WITTBRODT
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“We don’t dispute the evolutionary classification of animals into these
branches,” Wittbrodt says. “The question is what their common ancestor
looked like.” Arendt and Wittbrodt have drawn a new picture – of this
creature’s mouth.
Darwin formulated the theory of evolution without having any notion of
the biochemistry that makes mutations and variations possible. While the
concept of genes became widely-known a few decades later, it took many
more decades to describe the structure of DNA. And it has only been for
about the last thirty years that scientists have been able to make strong
arguments about evolution based on the sequences of DNA and proteins.
Before that time, scientists had to base their conclusions on comparisons of
the body plans of existing and fossil animals. Naturalists, zoologists and
paleontologists developed intricate family trees which have largely been
held up by later genetic investigations.
In the 1870s, a German scientist named Ernst Haeckel came up with a
curious “developmental” alternative to the existing schemes. As an animal
progressed through stages from a single egg to adulthood, he
hypothesized, it would recapitulate its evolution: an individual would pass
through phases of development that “repeated” the evolution of its species.
Generations of scientists have applied Haeckels law on the evolution of
Protostomia and Deuterostomia.
These differ in the way their digestive tracts (the “stomes”) develop. Both
embryos begin as ball-shaped collections of cells. Very early on, an
indentation appears that will form the gut and other inner organs.
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Development of the gut in protostomes (top left) and
deuterostomes (top right). In both types of organisms the
gut begins as a pocket. In protostomes the pocket folds
partially shut, leaving two openings. In deuterostomes
the pocket breaks through to the exterior, making a new
opening (the mouth). The expression of the genes
brachyury (blue) and orthodenticle (red) in ciliate larvae
of protostomes (bottom left) and deuterostomes (bottom
right)

In Protostomia (flies and worms), the gut is formed by folding over and
merging the edges of the depression, like buttoning a pocket, leaving an
opening on either side of the button. One gap will be the mouth and the
other the anus.
This happens differently in Deuterostomia (sea cucumbers, sea urchins,
and humans). Here the process is more like reaching into a depression in a
ball of clay, and pushing at a point until your finger breaks through one of
the other sides of the ball. The second opening will be the mouth.
This difference led scientists, applying Haeckels law, to believe that the
ancestor of the two branches didn't have a mouth at all, but a single
opening that served as both entrance and exit for food. Such creatures still
exist, and this has been the textbook model up until now.
Arendt and Wittbrodt thought that the “foreguts” – the mouth region – of
protostomes and deuterostomes might be more related than people
believed. They decided to resolve the issue by going beyond the superficial
features of organisms, and into the genes that guide the development of the
gut. To study this, they made a fortuitous choice: they picked the larvae of
a segmented worm called Platynereis dumerilli. “We chose it because we
knew it shows ancestral features,” Arendt says. “In a way, it’s prototypical
for all protostomia.”
Although every cell in an organism has a complete set of genes, some are
used only in very special circumstances – they may, for example, only be
activated for a few minutes during a very precise stage of development.
Some genes are so specialized that they are regarded as defining
characteristics of a particular tissue or body part. Finding such genes (or
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their evolutionary counterparts) active in the
DETLEV ARENDT
same body part in two species would be
virtual proof that the ancestor also had that
body part. Arendt and his co-workers
reasoned that if the mouth region of
protostomes and deutorostomes arose from the same ancestral foregut,
then related genes should be active during the developmental stages of the
two descendants.
Both the protostome worm they were investigating and some
deuterostomes pass through a “ciliate larvae” stage – named for the cilia,
or fine hairs, surrounding the mouth region. They compared the expression
of genes known to be required for gut development during these stages. In
contrast to what the textbook model would have predicted, the three genes
that they investigated showed striking similarities in the two branches.
Features previously regarded as “typically deuterostome” were suddenly
appearing in protostomes.
“The logical way to explain the fact that the same genes are active in the
foregut of protostomes and deuterostomes is by assuming that they arose
from the same ancestral foregut,” Wittbrodt says. “The bilaterian ancestor
must have had a gut with a mouth and an anus, and it probably developed
through a similar ciliate larval stage.”
Drawing up the evolutionary family tree has now become the job of
bioinformaticists, scanning large families of genes. But actually figuring
out what ancestors looked like – if they’re missing from the fossil record –
is becoming the job of developmental biologists.
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From genomes to networks
Imagine you wanted to study the life in a rain forest,
and you had a special instrument that would tell you
how many members of each species appeared in a
given square kilometer, on a given day. Repeating the
count frequently over a long period of time would
yield some interesting statistical information. A rising
population of species X might be connected to
increases in species Y, attracting more of its
predators, leading to a reduced number of Ys again.
You could establish many correlations without
knowing anything at all about the species. However,
if you were totally ignorant of their size, habits, or
other practical matters, your data might lead you to
think that birds were eating bacteria rather than
worms. If only a few types of species inhabited the
area, you might be able to create a mathematical or
statistical model that teased out their true
relationships. But suppose there were tens of
thousands of species. The math would soon become
impossibly complex.
This isn't all that different from the problem of
looking at a cell in the age of genomes and DNA
chips. A human cell is like a vast forest containing
tens of thousands of different “creatures” (proteins)
that coexist, changing the environment, preying on
each other, interacting with each other in intricate,
entertwined networks. The metaphor gives a hint of
what still needs to be done: laboratory science needs
to go in and take a hands-on look at what's going on.
This is, of course, a vast improvement over the recent
past, where scientists could only count or study
“species” (genes) they knew – it wasn't that many.
Very soon genome projects will have given us a full
list of all the genes to look for, and DNA chips will
count their presence or absence.
While this is incredibly valuable information, it
doesn't say who is eating whom, which creatures
inhabit the trees and which crawl along the ground.
And it also doesn't explain how, in the face of
massive activity, with ever-changing amounts of its
ingredients, the cell manages to lead a stable
existence. So much complexity makes it hard to
discern clear causes and effects.
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Alvis Brazma: a gene network

LUIS SERRANO and his colleagues have been trying to simplify the problem
of biological networks so that they can be analyzed with mathematical
models. “The whole can't be understood simply by adding up the effects of
single genes,” says Attila Becskei, a PhD student in the Serrano lab. “At
some level, every cell is different. That variety is good in a population of
bacteria, for example – it helps species survive if the environment changes
and some bacteria have characteristics better suited to that environment.
Every cell in the body is different in some small way, too. But in spite of
these variations, it has to be stable enough to survive and perform its
functions.”
When an organism synthesizes a new protein, it is changing its own
chemistry, and often that of the external environment. This can start a chain
reaction of other responses involving dozens or hundreds of other
molecules. Understanding the cell will require making models of how all
these interactions influence each other. “But before you tackle such
complex situations, you should try to understand simple relationships,”
Serrano says. “For example, people have claimed for a long time that cells
achieve stable states by keeping the production of their proteins in check
through negative feedback. Yet this principle hasn't been demonstrated in
living cells.”
The researchers have attacked the problem by applying Serrano's
philosophy of bringing problems down to a minimalist level where they
can be studied in a very controlled way in living systems. This approach
has been fruitful in looking at all kinds of problems: from creating very
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simple artificial molecules with
particular structural patterns all the
way up to engineering genetic
networks.

ATTILA BECSKEI

Recently they looked at the problem
of stability by creating tiny,
extremely direct networks in two of
biology's best-studied organisms,
the bacteria E. coli and baker's yeast.
In E. coli they constructed a new
gene that would regulate itself
through negative feedback. They
did this by combining the qualities
of a promoter – a DNA sequence that
switches on a gene – and a repressor
molecule which can switch a gene
off. They put the promoter in front
of the gene that holds the code for
the repressor molecule. Then they
added a toggle to the promoter that
could turn it off – and it is the
repressor that flips the toggle. So
whenever the gene is active, it produces an RNA and thus a protein that
shuts itself off.
This produces a strange set of affairs: like a lamp with a sensor that
switches it on whenever things get really dark. Now someone comes along
and builds in a second sensor that turns the lamp off whenever there is a
little bit of light – even its own light. Will the light stay on or off? Will it
achieve some sort of stable state of activity, or will it behave unpredictably?
Serrano and his colleagues had created something like the biological
equivalent of this simple system. They marked the repressor with a
fluorescent tag so they could watch it go on or off. They were now in a
position to test the idea that negative feedback loops can lead to stability in
cells.
Becskei and Serrano went to the Advanced Light Microscopy Facility to
compare the behavior of their engineered bacteria with control populations
of E. coli. These too contained a version of the repressor that was
fluorescently marked, so it could be counted, but its gene didn't contain a
binding site to switch it off. This meant that the bacteria should produce
normal levels of the protein. “We found that the organisms with the
artificial feedback loop produced a very stable level of the fluorescent
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repressor, whereas there was a lot
more variability in the control
populations,” Becskei says. While in
living organisms such negative
feedback loops are surely far more
complex, involving delicatelybalanced
dosages
of
many
molecules, this study provides the
first hard evidence that such a
mechanism can indeed lead to stable
levels of protein expression.
The flip side of self-control is
instability: there are times in the life
of the cell when the apple-cart
should be upset. Cells need to
undergo dramatic changes in
chemistry and form when they
differentiate, or divide, or die (some
cells have to die, for example, to
permit growth in the organism they
belong to). If organisms produce
stable amounts of some proteins
because of negative feedback loops, then the opposite – when a change
creates a positive feedback loop – ought to lead to instability. The effect
would be like that of a strange thermostat that turns the heat up higher the
hotter a room gets, rather than turning it down.

LUIS SERRANO

Scientists have known that positive feedback reactions can switch certain
chemical systems between two different states, suggesting that the same
thing might happen in organisms. Negative feedback is commonly used to
control gene activity in one-celled creatures without nuclei, like bacteria,
whereas eukaryotes like yeast and plant and animal cells tend to use
positive feedback as well.
An example might be the egg cells of the frog Xenopus, which go through
several stages of development before they reach maturity and can be
fertilized. After long stable periods, a hormone prompts the egg cells to
jump to the next phase of their lifecycle. Researchers have hypothesized
that the hormone sets off a positive feedback loop which kicks the cell into
the next stage, where it achieves a new type of stability.
“Some transcription factors lead the cell to produce proteins that play a key
role in cell differentiation. We have supposed that they might have their
effects through positive feedback,” Serrano says. “But positive feedback
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could result in a lot of different effects – not necessarily just switching cells
between states.” Just as in the case of negative feedback, the idea needed to
be tested through experiments.
Serrano, Becskei and group leader BERTRAND SÉRAPHIN, who left EMBL in
2000, used a strategy similar to their work in E. coli to investigate positive
feedback loops in yeast. This time they used a protein called rtTA, which
activates a promoter (rather than inactivating one) in yeast. rtTA acts like a
volume control: it is turned on by a molecule called doxycycline, and how
much transcription it sets off depends on the amount of doxycycline that is
present. The researchers created different kinds of positive feedback loops,
including an artificial gene where rtTA could promote the transcription of
its own RNA. (Researchers have discovered some natural transcription
factors which actually do this.) As with the E. coli experiments, they added
a fluorescent tag so that they could directly watch how much of the protein
accumulated in the cells.
In all of the strategies, they observed a switch in the amount of fluorescence
– there were two types of cells: one type switched on, and the other
switched off. Over time, you would think that cells would all turn
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themselves on, and this is the general trend, but “off” cells are able to hold
on for many generations because they reproduce faster.
“This might be similar to what is happening in the development of
specialized types of blood cells out of more generic stem cells,” Serrano
says. “A chance decision in a stem cell initiates a genetic program that gives
rise to distinct, differentiated blood cell lines. At the same time, a pool of
undifferentiated stem cells is maintained. And there are effects which
regulate the proportion of each cell type within the population.”
The networks that control what happens in living cells are far more
complex than the systems that Serrano and Becskei have engineered. The
simultaneous activity of hundreds or thousands of genes creates such a
high level of background noise that it will be very difficult to discern such
clear patterns and attribute them to specific causes. This noise is loud
enough even when things have been brought down to a minimalist level.
The mathematical model that the researchers have developed to describe
their system seems to be a good way to handle this noise. It's a long way
up to a model of the living cell, Serrano acknowledges, but if you want to
get there, this type of a study is a good place to begin.

219

EMBL ANNUAL REPORT 2000/2001

Enlarging our vocabulary
How large is the vocabulary necessary to describe the functions of genes?
No one knows, and the answer will partly depend on how many languages
people speak. Until recently, the biological community was divided up into
“dialects” – with different communities using a wide range of terms to
describe, in many cases, the same biological functions or processes. Fly
geneticists used one set of terms, plant researchers another, and those
interested in mammals had yet other conventions. In the age of genomes,
however, the key to understanding a gene’s function in one organism is
often to compare it to what it does in another, which means that researchers
need to find a common ground of terminology.
EBI Co-Head MICHAEL ASHBURNER has
been a key figure in creating an
international group to tackle this
problem. As genomics spreads its way
throughout the life sciences, several new
members have jumped on board the
project. “In 2000 the three founding
groups of the Gene Ontology
Consortium – FlyBase, the Yeast Genome
Database,
and
Mouse
Genome
Informatics – were joined by WormBase
out of Caltech and Cold Spring Harbor,
as well as the Carnegie Institution’s
Arabidopsis Information Resource,”
Ashburner says. “A number of additional
contacts have been made. The purpose is
to create a structured, controlled
vocabulary of terms that can be used to
annotate genome databases. This is one
step that needs to be made towards
integrating
data
from
diverse
organisms.” More and more people are
“talking” the language: the terms are
being actively used in annotation
projects and by numerous industry
partners, including the U.S.-based Celera
Corporation.
“The fact that one of the two new
members of the Consortium is working
with a plant has meant that there has
been considerable addition and revision
of the GO database to accommodate new
terms,” Ashburner says. “In addition, the
EBI has been working very closely with
the Institute for Genome Research (TIGR)
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and Dr. Monica Riley's GenProtEC group (a database for E. coli) as well as
the SWISS-PROT team in house so as to expand GO to include terms for
prokaryotes.”
So far, GO has a 7,000-term vocabulary aimed at describing a gene's
molecular function, the biological processes it contributes to, and the
cellular locations of its products. “These three domains are independent
and any single gene product may have one or more attributes from each,”
Ashburner says. In Drosophila, mouse, and yeast, over 17,000 genes have
been annotated using the new terms.
“The failure of the human genome community to provide a comprehensive
data base resource for human genes (over and above the sequence itself)
has been, and remains, a considerable problem for GO, since the
community as a whole clearly wants to see GO terms being used as
attributes of human genes,” Ashburner says. “To this end the GO
Consortium held a meeting with both industry and academia at the
Banbury Center, Cold Spring Harbor, to consider how this need might be
met. The outcome was that the Ensembl group at the EBI, working in close
collaboration with the SWISS-PROT/InterPro groups would provide a
resource to be called GOAH – meaning GO Annotation for Human. It is
expected that this will get underway in 2001.”
Where to find GO:
The annotations are all available through the main GO web site
(www.geneontology.org) and by two different browser tools developed
within the Consortium (www.fruitfly.org/annot/go) and
(www.informatics.jax.org/go/).
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EMBL helps launch
the Anopheles genome project
In March 2001, EMBL announced that it is taking part in a major
international consortium with the aim of sequencing the genome of
Anopheles gambiae, the species of mosquito most responsible for the spread
of malaria in sub-Saharan Africa. The project builds upon gene discovery
work already in progress at many of the participating institutes. The
network includes EMBL, the Institut Pasteur, the University of Notre Dame
(USA), the French National Sequencing Center (Genoscope), Celera
Genomics (USA), The Institute for Genomic Research (TIGR, USA), the
Institute of Molecular Biology and Biotechnology (IMBB, Greece), the
ONSA network (São Paolo, Brazil) and leading mosquito researchers from
around the world. The project has been organized under the auspices of the
UNDP/WORLD BANK/WHO Special Program for Research and Training
in Tropical Diseases (WHO/TDR, Geneva, Switzerland). The consortium
will seek the participation of even more organizations and funding
agencies, in hopes of completing a first draft of the sequence by the end of
2001.
300 million clinical cases of malaria are reported each year, leading to 1.5
million deaths, mostly in sub-Saharan Africa. These numbers are on the
increase because mosquitoes have become increasingly resistant to
pesticides – the most effective weapon against malaria in the past – and
because Plasmodium, the parasite responsible for the disease, is becoming
more and more resistant to therapeutic drugs. An explicit goal of the
genome project is to learn more about the mosquito immune system.
Plasmodium can only infect humans after it has passed through the
mosquito body and evaded the insect's immune responses. Anopheles'
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attempts to ward off the parasite are only partially successful; enough of
the organisms survive a three-week passage through the mosquito body to
enter the salivary glands, where they can be passed on to an animal or
human the next time the insect bites and feeds.
Researchers at EMBL and elsewhere are already creating DNA chips
containing partial sets of the mosquito genome in hopes of identifying
genes which are chiefly responsible for insect immunity. They hope their
discoveries will fuel new methods of controlling malaria transmission.
The genome will be annotated by researchers at the EBI and other partners
in the consortium; all of the information will be made publicly available.
Currently this information is stored in the AnoDB (Anopheles Database),
which has been supported by the TDR since its creation. The project
includes the construction of an enhanced database called AnoBase, which
will be modeled after such high-quality resources as FlyBase and Ensembl.
More information about the project can be found at the EMBL website at
the address www.embl-heidelberg.de/ExternalInfo/oipa/ as well as from
the websites of the other participating institutes.

THANASSIS LOUKERIS, FOTIS C. KAFATOS
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Surfing the genomes
Computational experiments
in evolution and biochemistry
In 1999, CHRISTOS OUZOUNIS of the EBI and other researchers proposed the
hypothesis that over the course of evolution, the genes of separate proteins
that often work together in the cell tend to fuse together into single genes.
This idea could be turned around into a predictive tool: if the closest
relatives of a large gene in one species turned out to be separate genes in
another, the proteins whose codes they carried would probably interact
with each other. This could suggest shortcuts for researchers who wished
to do experiments on genes about which nothing was previously known.
“This idea is an improvement on previous attempts to predict the functions
of proteins based on the positions of genes in the genome,” Ouzounis says.
“It had been noticed that genes which remain in a single operon – a gene
cluster, so to speak – over long stretches of evolutionary time encode
interacting proteins. But this assumption produces too many false
positives…”
Ouzounis and his colleagues backed up their claim with data from the
analysis of several genomes. Now they have added weight to the
hypothesis with the analysis of metabolic enzymes from E. coli bacteria.
“Most pairs that our previous studies turned up had something to do with
metabolism,” he says. “This suggests that metabolic enzymes might be
particularly subject to this type of gene fusion. To test the idea, we needed
to find a set of well-understood small-molecule enzymes – containing
either a single domain, or where metabolic activity is restricted to one
domain of a larger molecule – involved in metabolism. The only good
candidate set comes from the EcoCyc database, which describes the genome
and pathways of E. coli. All of the entries in
the database have been described
experimentally.”
A search of the database revealed 636
candidate proteins or protein subunits.
Ouzounis and postdoctoral fellow Sophia
Tsoka then went searching for the gene’s
relatives among 22 complete genomes. They
found 106 matches, 96 of which formed part
of fused proteins. This means that over 16%
of the enzymes belong to fusion proteins in
other species.
“We went back to EcoCyc and asked the
question, how many of the original 106
enzymes conduct their activity as part of
protein complexes, and how many work
alone,” Ouzounis says. “We found that over
75 per cent work in complexes. This means
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that a high percentage of subunits of enzyme complexes can be found as
fused genes in other species.
As a control, the researchers took random sets of 636 other proteins – not
including the metabolic enzymes – from E. coli and repeated the
experiment 30 times. On the average, only slightly more than four per cent
of the proteins seem to be involved in fusion – less than a third as
compared to the metabolic enzymes.
“The implication is that if you come across proteins in E. coli that have
fused in other species, they are likely to be involved in a single metabolic
pathway, and this is something you can test biochemically,” Ouzounis says.
“The same thing may be true with other species, but it’s impossible to
conduct a strict test now because there is no other database available to
draw such information from other species.”
A close look at the species in which the fusions have taken place reveals
something else very interesting: some species contain high numbers of
fusions, and others very few. “Nearly half come from eukaryotes – yeast
and the roundworm,” Ouzounis says. “It may be that large, complex
genomes generally contain more gene fusion events. And similar species
reveal the same types of fusions…” meaning that the fusion events have
been conserved over long evolutionary time.

CHRISTOS OUZOUNIS
& GROUP
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What is known about 31
genomes: species are
listed at the bottom. The
colored bars show
proteins of known
structure (red), or function
(light pink); proteins which
are supposed to exist
based on bioinformatic
analysis (brown) and
those which have no
known relatives in other
species (yellow).

Can you predict a species
from its proteins?
Imagine you were to find a floppy disk with an anonymous genome
sequence stored on it… could you predict what species it belonged to just
by counting the amino acids in the proteins it encoded? While the way the
question is phrased might seem like a purely academic, abstract puzzle, the
answer might actually be helpful to biologists. For example, for many years
scientists have known that the proteins of thermophilic organisms, such as
many species of Archaea, have to have special characteristics to help them
function at the high temperatures of the environments where these
organisms live.
“Heat disrupts the folding patterns of proteins,” says CHRISTOS OUZOUNIS of
the EBI. “Max Perutz predicted over twenty years ago that you would find,
for example, more salt bridges on the surfaces of proteins in thermophiles.”
Proteins are synthesized by a machinery that recognizes codons – threeletter codes in the nucleic acids that make up RNA (and DNA); for each
three-letter “word” there is a matching amino acid. In a hot environment,
evolution favors two of the four letters of DNA: the bases G and C form
stronger bonds and are less likely to suffer damage under heat. Favoring
these two letters tilts the overall composition of an organism’s proteins.
But taking a complete inventory of organisms’ proteins, in hopes of making
profiles of their amino acid contents, is impossible without an organism’s
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complete genome. Now that many genomes are available, Ouzounis and
colleague David Kreil have been able to take a fresh look at the question.
The researchers examined genomes to predict the protein content of six
Archaea, 19 species of bacteria and two eukarya. They produced a tree that
grouped species based solely on the amino acid contents of their proteins.
The strategy confirmed older observations about a G-C bias in the proteinencoding DNA of Archaea. Even when this bias was factored out, and even
though a large amount of variation is found within each genome, closelyrelated organisms shared a great deal of their amino acid profile. “The most
closely-related organisms also mapped out the closest on the maps of the
amino acid contents of their proteins,” Ouzounis says. “The strongest
grouping is that of the Archaea.” Also tantalizing was the fact that two
thermophilic bacteria – which comparative studies suggest to share a deep
ancestral line with the Archaea – group very closely with the Archaea on
the map.
“This provides yet another tool to look for ancestral relations and other
types of connections, for example adaptations to thermal environments,
between the molecules of different species,” Ouzounis says.

figure legend from christos’ paper

How knowledge of protein
functions has grown over
the last five years. Pie
slices show what we know
and can guess based on
genomic analysis. The
past five years have seen
an increase in the number
of protein functions that
can be predicted by
comparing them with
other molecules of known
structure, but a large
number of hypothetical
and unique proteins
remain to be described.
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How do mistakes
in the genetic code
lead to disease?
Between you and your nearest
neighbor – unless he or she
happens to be your identical
twin – there is probably a
difference of about 0.1% of
your genetic code. On the one
hand this number is small – it
means that the human
genome project will probably
be useful to you someday,
even if it wasn’t your specific
genome that was sequenced.
On the other hand, it’s big enough to permit a laboratory to identify your
unique DNA from a very small sample. It also means that every person’s
body contains many genes that have been altered through mutations or
mistakes that were made when DNA was copied.
“Every person’s genome contains about a hundred new, totally unique
mutations,” says Shamil Sunyaev, a member of PEER BORK’S group. “How
many of these are potentially dangerous, and how many potentially
dangerous variants have you inherited?”
Sunyaev, Bork, and their colleagues have tried to find an answer by
combining approaches from evolutionary genetics and information
derived from structural biology. The result is a predictive tool that may
answer some of the fundamental questions of medical genetics.
“Some diseases have clearly been identified as Mendelian – which means,
a single change in a gene necessarily leads to a disease,” Sunyaev says.
“Many more diseases are supposed to be the result of the combined
influences of several genes, perhaps put under environmental or other
types of pressures. The question is how to identify these.”
Statistical analyses conducted by Bork and his colleagues have indicated
that defective genes usually cause problems because they result in altered
forms of proteins. This doesn’t always happen: it takes three bases in the
DNA code to spell out each amino acid in a protein molecule, and there are
sometimes two or more ways of spelling the same “word”. There are four
ways to spell glycine, for example: four specific variations can occur
without having any effect on the composition of a protein. But there is only
one way to spell methionine, so any change will switch an amino acid in the
protein.
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“ Va r i a t i o n s
that don’t affect
protein structure occur
about once in a thousand
bases,” says Sunyaev. “Those
that do are found at only a third of
that rate, which means that variation
isn’t permitted that often. Natural selection
must be weeding out some of the alternatives.
Even so, many proteins tolerate quite a bit of
variation.”
Researchers all over the world have been collecting data on single nucleotide
polymorphisms (SNPs), or variations in single DNA bases, from diverse
sources such as tissue cultures from healthy people and patients with
diseases. Over the past few years, the increasing ease of sequencing DNA
and the development of new technologies such as DNA chips have resulted
in a number of very large collections of SNPs which promise to yield key
information about human variation, against the background of the more
generic human genome.
“One result of the information that has been collected so far is the
identification of several hundred so-called ‘mendelian’ diseases – where
the cause is a mutation in a single gene,” Bork says. “Many more variations
probably have combinatorial effects. If you know what it is about a
mutation that disrupts a protein’s function, its interaction with other
molecules, and finally causes a disease, then you should be able to make
predictions about specific changes that would have those types of effects.”
Bork and his colleagues set out to analyze DNA sequence variations linked
to diseases and their effects on protein structure. They used entries in the
SWISS-PROT database, linked to the Online Mendelian Inheritance in Man
(OMIM), SNP databases like HGBASE and dbSNP, and other information
resources. They studied all variations found in proteins with known
structures, asking the following questions: Did the changed sequence lie in
a site in the protein known to bind to another molecule, or known to be
involved in chemical exchanges with other molecules? Did it affect an
interaction with a known binding partner? Did it destroy a chemical bond,
or change the stability of the molecule? Or did it introduce a variation
which seems incompatible with the sequences of other molecules related to
the protein?
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Mapping known, disease-causing mutations onto structures led to some
surprising results. “Thirty-five per cent of the mutations affect sites buried
in the molecule, as compared to only nine per cent of the variations found
between related proteins in different species,” Bork says. The latter figure
is a control; in most cases, proteins have held onto their functions despite
the variations that they undergo between species. “This means that
disease-causing mutations often affect intrinsic structural features of
proteins.” In general, about 70% of the mutations appeared in sites which
were likely to be structurally or functionally important.
The researchers then turned their analysis around and made it into a
predictive tool. They tested the method on known, mendelian diseases and
found their predictions to hold true in 70 to 90% of the cases. The bottom
line, Sunyaev says, is that about 20% of the variations found in SNPs are
probably dangerous. This means that each of our bodies may contain about
a thousand non-standard, troublesome SNPs. Although none of them may
directly pose a threat to our health, particular combinations may one day
be linked to disease.
Additionally, the method allows the group to make predictions about the
effects of specific variations on the structure and function of proteins. They
have now begun a collaboration with a medically-oriented group in the
U.S. which will actively screen patients for particular SNPs predicted by
Bork and his colleagues.
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A warehouse for SNPs
“The year 2000 was the year of the single nucleotide polymorphism,” says
HEIKKI LEHVÄSLAIHO, a member of MICHAEL ASHBURNER’S group at the EBI.
“A few years of preparation and setting up large-scale projects have borne
fruit and the number of publicly available SNPs shot way past the target of
a couple of hundred thousand SNPs… By the end of the year, the public
repository dbSNP housed at the National Center of Biological Information
(NCBI) in the U.S. contained 2.5 million submissions.”
Lehväslaiho and his colleagues are currently undertaking projects to clean
up and assemble the data. To do this they have joined a three-member
collaboration including the groups of PEER BORK in Heidelberg and Tony
Brookes at the Karolinska Insitute in Sweden. “This has produced a
secondary SNP database called HGBASE, which uses strict quality controls
to annotate verified and tested SNPs,” Lehväslaiho says.
They are also linking this information to other resources such as Ensembl.
Because there is now an official, reference sequence for the human genome,
individual SNPs can now be put into their proper context and mapped
onto human genes.
HGBASE can be found at http://hgbase.cgr.ki.se/ on the WorldWideWeb
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The RuNAway Genome
Does the proliferation of small parasitic
genes lead to spongiform diseases?
TOBY GIBSON is not the type of scientist to claim he has found The Answer
to the mystery of BSE and related diseases. But Gibson has come up with
an entirely plausible theory that runs counter to current thinking about
the cause of such conditions. It needs to be tested, he says, because there
are curious gaps in the “Prion” hypothesis which is currently receiving
the most attention. If what he thinks is right, scientists would have a
simple and reliable test to determine whether an animal or a human is
infected with such a disease, and Gibson has filed a patent on the
method.
No one has yet directly identified the agent – a bacteria, virus, or
infectious molecule – that actually transmits BSE, scrapie, or the other
transmissible spongiform diseases. Under the current Prion theory,
researchers believe that something causes the body to produce a defective
form of a protein – one of the worker molecules produced by cells. High
amounts of this protein accumulate as amyloid plaques in some parts of
an animal’s body, notably the brain, and create an illness that can
sometimes be transmitted when the animal is eaten. The animal that is
infected normally carries a harmless form of the protein; eating infected
material somehow causes its body to produce the defective form. Unlike
a bacterial or viral infection, the problem doesn’t trigger a defensive
response by the immune system, which normally only reacts towards
foreign invaders. In this case, the disease-causing agent has been
produced by the person’s own body.
“Typical cases of Creutzfeldt-Jakob disease occur even when a person
hasn’t (so far as is known) eaten the meat of an infected animal,” Gibson
says. “The reason is that it’s also a genetic disease. Generally, if a person is
born with a specific defective gene, or suffers some sort of genetic damage,
the result is that their body will produce a defective protein. In the case of
CJD, researchers think that the culprit is a protein called PrP. A misformed
PrP protein fragment called a Prion causes other PrP molecules to misform
and aggregate.”
The Prion hypothesis has been tested by scientists across the world in
several ways. One method is to genetically engineer mice so that their cells
produce far too much PrP. As expected, the mice accumulate far too much
of the protein, forming amyloid plaques in their brains, and they typically
develop a spongiform disease, although this isn’t infectious.
Another test involves creating a mouse which has no PrP at all and see if it
can catch the disease when inoculated with infected tissue. Such mice don’t

232

CHRISTINE GEMÜND

&

TOBY GIBSON

develop any symptoms. “On the surface this supports the Prion theory,”
Gibson says. “What is very strange, however, is that these non-diseased
animals can still transmit the disease to other animals. You have to do quite
a lot of mental gymnastics to explain that if PrP and Prions are the sole
cause.”
Two other facts led Gibson to wonder whether or not many researchers
may be barking up the wrong tree. First, higher quantities of PrP plaques
in an animal’s body don’t necessarily make it more infectious. Secondly,
transmitting spongiform diseases between animal species often reveals a
“species barrier” that needs to be surmounted, suggesting that the agent
must genetically adapt to its new host.
So Gibson went looking for another infectious agent. “Whatever it is has to
be able to replicate in body cells. It isn’t a virus or a parasite, because it
doesn’t trigger an immune reaction – it has to be something produced by
the animal’s body. We also know from lots of experiments that it’s a rather
small molecule.” Gibson has identified a candidate, and it fits in with one
of the surprises that has emerged from recent studies of the entire human
genome.
Reading the genome is like scanning a very long string of random letters to
find words. Human DNA contains far fewer word-like genes (sequences of
code that contain the recipes for proteins) than researchers used to think.
The rest of the genome consists of the same set of “letters”, but they aren’t
normally used in the creation of proteins. But when scientists analyzed the
whole genome, they found that the “excess” DNA wasn’t really random.
For example, one tiny bit of code is found over and over again, perhaps as
many as a million times – like fragments of words that have been chopped
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off and replicated themselves. Astonishingly, it seems that well over half of
the genome actually consists of various kinds of parasitic genes whose only
function seems to be to spread themselves through the host DNA.
Some types of parasitic gene elements make an RNA that encodes a protein
that can read and copy this specific RNA code and then stick the copy back
into the organism’s DNA molecule – it now belongs to a cell’s genetic
material. A smaller kind of parasitic gene, called Alu sequence repeats,
doesn’t encode any proteins and rely on the bigger elements to copy their
RNA: Alus are parasites of other parasitic genes. If this happens in the egg
or sperm cells, the animal may pass the new code on to its offspring, and it
has now become a part of the human genome. The presence of so many Alu
repeats in human DNA tells researchers that this has happened many,
many times during human evolution.
Alu repeats have a special sequence feature which means that the newlyinserted copies masquerade as cellular genes. They are transcribed into
molecules called SINE RNAs, which, as well as being needed for copying
the genes, can clutter up the cell with potentially dangerous consequences.
SINE RNAs can interfere with the activity of other molecules in the cell.
When they are produced in high quantities, they latch onto and shut down
an enzyme called PKR which helps the cell fight off viral infections by
shutting off the manufacture of proteins. According to the new theory,
turning PKR off causes the cell to produce more and more proteins, with a
disastrous, snowballing effect. The situation becomes like a broken
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thermostat that behaves backwards, and turns up the heat higher – rather
than shutting it down – the warmer a room gets.
“Normally SINE RNAs are produced only at very low levels, not enough
to be dangerous,” Gibson says. “But we know that when cells are stressed,
for example by infections, these genes kick into high gear and may become
hundreds of times more productive.” This suggests that the stresses and
infections a person suffers over the course of his lifetime will probably
cause some of his cells to add on Alu repeats and increase the amount of
SINE RNA that is produced.
In single cells, or even a small group of cells, this might not be dangerous.
If the RNA or DNA can be transferred between cells, however – maybe by
hopping piggy-back onto a virus – it could affect large numbers of cells and
have deadly consequences.
“Because it takes a certain critical mass of SINE RNAs to affect the cell,
there is obviously a threshold below which this process isn’t dangerous,”
Gibson says. “Under normal circumstances, it takes longer than a lifetime
for cells to pass that threshold. But if we lived to be much older – or
something accelerated the process – it becomes a kind of positive feedback
loop which gathers momentum and runs out of control. High quantities of
SINE RNAs shut off PKR, which allows a cell to produce more PrP protein.
High levels of PrP accumulate between cells, causing them stress, and start
to cause the damage we see in the spongiform diseases.”
This process of “RuNAway Acceleration,” as Gibson calls it, may affect any
cell, but the threshold is most likely to be crossed in long-living cells like
those in the brain – precisely the types of cells affected by spongiform
diseases.
To determine whether his theory is correct, researchers will now have to
prove that SINE RNA or DNA can be transmitted between cells, either by
being secreted and then absorbed again, or by hitching a ride on a virus.
Eating meat from an infected animal may contain enough genetic material
to upset the balance and accelerate the cycle. Still, it may take years for
symptoms to appear.
Again, this reflects what happens in spongiform diseases. “Scientists have
shown that the incubation period for the typical form of CJ disease may be
seventy years, or more” he says. “That’s the phase of very slow
accumulation, where Alu repeats are being added but there aren’t enough
SINE RNAs to affect the production of proteins. When the threshold is
crossed, and enough cells are producing increasing, runaway amounts of
PrP, the onset of symptoms could be very sudden.”
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Establishing an EMBL endowment fund
An interview with Matthias Hentze
UNDER THE NEW SCIENTIFIC PROGRAMME, A

NUMBER OF NEW PROGRAMMES AND INITIATIVES
HAVE BEEN ESTABLISHED, AND YOU HAVE BEEN
APPOINTED AS A NEW COORDINATOR. WHAT WILL
YOUR RESPONSIBILITIES BE?

I will be the coordinator a new programme
that focuses on advanced training and
endowment at EMBL. Its goal is to help the
EMBL and its administration to manage some
of the Laboratory's important assets in a way
that it opens up opportunities for the future. It
is linked to what I have been doing, together
with Anne Ephrussi, for the PhD Programme,
but advanced training goes beyond that. I will

work closely with the organizers of the
visitors and trainee programmes, and the
courses, workshops and conferences. These
activities are already run at a very high level,
but could be expanded to make EMBL even
more of a center for scientific exchange in
Europe. In addition, EMBL has developed an
active programme in Science and Society, and
while this is not intended as advanced
scientific training, it is clearly a part of
EMBL's mission to communicate important
aspects of science at the Laboratory to a
broader audience.
The second aspect is the
endowment fund that we are
setting up, which we call the
“Research Innovation Fund for
EMBL.” An important contribution to this fund will come
from technology transfer,
where successes in the past, as
for example, the founding of
Lion
Biosciences,
have
generated resources for EMBL
in the form of equity. The goal
of the endowment fund is to
create a sizeable fund, the
profits from which would be
used for important projects
that arise quickly and that
cannot be funded through the
regular EMBL budget given by
Council. The fund itself would
not be touched.
WHAT SAFEGUARDS HAVE BEEN
PUT IN PLACE TO PROTECT THE

LAB’S CORE FUNDING – NOT TO

REPLACE IT WITH INCOME FROM
THIS TYPE OF A FUND?

Once the fund is established,
rules will be put in place to
govern how the money is
used. There needs to be a clear
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definition of which projects will be funded
from the regular EMBL budget and which
would be eligible for funding through this
mechanism. One possibility is to establish a
foundation, which would have the additional
benefit that it could incorporate external
money. Those contributing money would
have tax incentives to do so. Such a
foundation would have to have a clearly
defined purpose, and guidelines would be in
place to regulate how it is governed and
reviewed. This would provide an important
interface, for example, with the newly
established EMBL alumni association. The
association could not only help us establish
contacts, but also identify possible
contributors. The first step that we need to
take is to establish the basis of such a
foundation, both legally and in terms of
deciding how to make use of our own equity
in companies to start this financially. This
whole process, however, will require
professional advice and management to
ensure these resources are used to best secure
EMBL's future.
ASKING FOR SUPPORT OUTSIDE EMBL OBVIOUSLY
INVOLVES A LOT OF CONTACT WITH THE OUTSIDE
WORLD, MAKING PRESENTATIONS ABOUT THE
EMBL, AND SO ON. HOW DO YOU SEE THE
PROGRAMME INTERACTING WITH OTHER EMBL
OUTREACH ACTIVITIES?
I think our activities with Science and Society
are beautifully linked with this. There is a
clear need to communicate what EMBL is
doing, and why it is important to the outside
community and gain their support. The
Molecular Medicine initiatives are also very
important in this sense, because this is
something that people most directly can relate
to when they think of the molecular life
sciences.
The Office of Information and Public Affairs
will also be involved in these activities. I think
that the capabilities that OIPA has can and
should be used strategically in the future. For
example, one of the big projects that the
EMBL is currently taking on is to build and
establish the ITTC. OIPA could make an
important
contribution
by
placing

information strategically and publicly at the
right time, in the right places, before EMBL
approaches funding through public channels
or potential business partners from the
outside. Thus, the ground could be prepared
by taking strategic steps.
EMBL is also currently involved in
establishing partnerships with companies
that provide equipment to build concentrated
core facilities for visitors. The proteomics
facility is a good example of how partnerships
between outside companies and ongoing
activities at EMBL is creating an
infrastructure, which will be of great benefit
to the member states. They can use the EMBL
as a point for cooperation where maybe their
own institution doesn't provide that
infrastructure. It would create opportunities
for our colleagues from the member states to
come here and do things that they couldn't be
doing at home. Though these initiatives are
not funded through the endowment fund,
once the fund has been successfully
established, I can see how revenues could be
invested into activities comparable to these
facilities.
It is like a puzzle with many pieces – or
maybe “Lego” blocks is a better analogy. With
puzzles, every piece fits into a particular
place. With Legos, you can put them together
in different ways to create something new.
Every activity at the EMBL in advanced
training, science and society, the alumni
association, can be a part of the structure, and
I hope that I can contribute to building new
opportunities for EMBL in the future.
AMERICAN UNIVERSITIES AND OTHER
INSTITUTIONS HAVE HAD “ENDOWMENT FUNDS,”
INTENSIVE “TECHNOLOGY TRANSFER” AND
OUTREACH ACTIVITIES FOR MANY YEARS. DO YOU
REGARD THE NEW PROGRAMMES AS A SORT OF
“AMERICANIZATION” OF EMBL? OR AS PART OF
AN “AMERICANIZATION” OF EUROPEAN SCIENCE
IN GENERAL?

As an international player in the Life Sciences,
EMBL should learn what we can from other
countries, including the United States. I don't
think we should try to superimpose one
culture's way of doing things, regardless of
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how successful it is in that context, on
another. American culture is different, not
only for those who seek to acquire support,
but in the preparedness of people around to
contribute to it. Our culture is not set up in a
way that provides easy access to private
support for science. I think we need to
analyze our opportunities and go from there.

ALL OF THESE THINGS ARE HAPPENING AT A TIME
WHEN THE SCIENCE IN YOUR LAB IS GOING VERY
STRONGLY – YOU’VE RECEIVED THE IMPORTANT
LEIBNIZ PRIZE TO SUPPORT THAT WORK – HOW ARE
YOU MANAGING TO INTEGRATE
COORDINATOR/ADMINISTRATIVE ACTIVITIES WITH
WHAT IS OBVIOUSLY A STRONG DESIRE TO
MAINTAIN A DEEP CONTACT WITH DAY-TO-DAY
SCIENCE?

But,
for
example,
the
European
pharmaceutical industry or Biotech industry
realizes that there is a decreasing number of
young people who train in the life sciences, at
a time when there is an increase in demand
for well-trained young scientists. Therefore,
they might want to support ways of recruiting
more people into the life sciences and train
them at a high level. EMBL could play a key
role in this and would be a natural partner.
They might want to sponsor, for example, the
PhD Programme, and their major donors
might want to be able to pass information on
through that network. We have to balance
their interests with ours. Their desires on the
one hand and our students' interests could be
matched. I know our PhD students want to
know about what the opportunities are
outside of academia. I think there are
outstanding examples in the US where this
partnership is working very well.

I really enjoy both sides of what I am doing
here at EMBL. The science in the lab is a great
source of fun for me, and it is also an
important commitment. The people in my lab
are here to develop their own scientific
careers, and I need to support them and give
my input. That takes time. But things have
been going very well. We have published
some outstanding papers in gene regulation,
and more are in the pipeline. The Leibniz prize
has been extremely helpful in allowing us to
take on some projects that don't necessarily
bear fruit within a month, or a year, but that
require a longer term strategy. We are now
able to do projects in the area of molecular
medicine and the understanding of diseases in
iron metabolism, which have been harder to
get started. The EMBL infrastructure is very
supportive and we are building upon this.

TECHNOLOGY TRANSFER

Setting up the biotechnology
shop at EMBL
An interview with Gábor Lamm, Managing Director of EMBLEM
WHAT DO COUNCIL'S DECISIONS MEAN FOR
TECHNOLOGY TRANSFER AT EMBL?
The Council decisions are historic in several
aspects. For technology transfer, they
represent a great step forward. The approval
of the International Technology Transfer
Complex (ITTC) means that we are now in a
position to really help and facilitate start-up
companies to get a good foothold. We can
give them a good basis for an excellent start
i.e. space, and basically give them the support
they need for the future in the form of
management services which will be provided
in the ITTC. The EMBL Technology Fund
(ETF) is also significant because it will put us
in a position to support start-up companies in
the early seed phase of their development and
to increase the profile of EMBL and its
Intellectual Property within Europe and
around the world.

Technology transfer is not new for EMBL. The
process began at the Laboratory in 1996, and
has been growing steadily since then. Council
made several steps that paved the way for the
decisions made in November 2000. However,
there is currently no such thing as technology
transfer in a pan-European sense. Both the
ITTC and the ETF are a step in this direction.
EMBL's activities will serve as a training
forum for both scientists and technology
transfer professionals in Europe so that they
can learn from our experiences and accelerate
technology transfer in Europe. A certain
amount of funds will also be invested in nonEMBL-related
Life
Science
start-up
companies in the member states. It is more
than technology transfer for EMBL's sake – it
is technology transfer in a European context.
HOW WILL THE FUND WORK?
We are currently looking for strong partners
for the venture capital fund which will have a
volume of 10 million EURO (20 Million DM)
and concentrate on seed-phase financing.
Partners for the Fund will be a combination of
international VCs and banks. We hope to have
a decision and the Fund put together by the
Autumn of 2001. A good idea alone is not
sufficient to make a start-up company fly.
They
need
top-class,
experienced
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management and the right network to make
their ideas into viable and successful
products. By having experienced partners in
the Fund we will be able to provide start-up
companies with a good network of managers
and a complete range of management skills.
We will have access to certain human
resources and experience that otherwise we
would not have.
WHAT

CHANGES WILL WE SEE WITH THE WAY

TECHNOLOGY TRANSFER IS RUN AT THE LAB NOW
THAT

EMBLEM IS FULLY OPERATIONAL?

EMBLEM was founded in May 1999, though
it hasn't been very active in its daily dealings
with the EMBL. What has already changed is
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the way in which EMBLEM deals with
technology transfer toward the scientists at
EMBL. We have begun to provide them with
professional assistance, help them with dayto-day tasks. In a broader sense, we are
fulfilling the company's mission which spans
areas from identifying technology to
developing it, to safeguarding, patenting and
ultimately commercialising and selling
technology.
Our main role in the first few months was and
is firstly, to let people know in-house that we
are here, active, ready and prepared to assist
and to advise you. Secondly, we need to
spread this message to our external partners
and demonstrate that we are a professional
technology transfer company. This means that
a lot of things that have been done in the past
at EMBL will need to be reassessed
according to market value. EMBLEM is
owned 100% by EMBL and will
continue to have a close relationship
with the Laboratory; nevertheless
we are an independent company.
The technology transfer officer
position at EMBL has been
incorporated into EMBLEM.
This prevents duplication,
enhances efficiency and
provides one interface
(EMBLEM) for both
"internal" (EMBL)
and "external"
(Industry)
customers.

TECHNOLOGY TRANSFER

We have to make sure we have a clear balance
between the need of commercial partners and
the interest of EMBL. Technology transfer
must be approached in a manner that
preserves the basic research nature and open
communication environment of the EMBL but
at the same time provides the professionality
that is vital for business relations in industry.
HOW DID YOU MAKE THE JUMP FROM SCIENTIST TO
MANAGING DIRECTOR OF EMBLEM?
I don't know if there is any way you can plan
your career. I did a PhD here at EMBL with
Angus Lamond and knew then that I had
other abilities and interests that I thought I
could put to better use outside of basic
research. I did a postdoc at the IMP in Vienna
for 3 years, and still considered the option of
going into business and industry. I found
basic research to be fun and challenging, but
it wasn't completely fulfilling. I knew I
wanted to do something else. The lab was just
the wrong place for me.
In 1997 I joined Wacker Chemie, a large
globally active German chemical company, as
a management trainee, and after a year and a

bit I took on an upper management position
in their materials division. It wasn't easy
making the jump from basic research to
industry. In basic research you are always told
that as soon as you leave, you are somehow
less of a scientist. In retrospect it becomes
obvious that scientists in basic research often
try to build high walls around academic
research. They want to keep young
researchers within these walls and don't want
them to look across, perhaps because they
might actually like what they see on the other
side. I liked it. I believe that going into
business was one of the best decisions I ever
made.
Though it will not be EMBLEM´s strategy or
desire to "brain-drain" postdocs to go into
business, I think that EMBLEM will create a
forum in which people can discover their
perhaps dormant interest in the other side of
basic research. This will not change basic
research – but it will change the possibilities
open to scientists, so that if they wish to, they
can look across that wall.
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Reaching out:
the Focus on Science and Society
An interview with Halldór Stefánsson

CAN YOU GIVE US AN OVERVIEW OF THE SCIENCE
AND SOCIETY ACTIVITIES AND EVENTS AT THE
EMBL THAT TOOK PLACE DURING THE YEAR

2000-2001?

Basically, during the year we continued and
expanded the regular activities of our
programme, but we also launched a major
new initiative. For the former, we had a
number of excellent speakers who came and
lectured within the EMBL Forum on Science
and Society. At the beginning of the year we
organised a panel discussion focusing on “the
future of peer-review in an age of epublishing.” We had Frank Gannon from
EMBO, Philip Campbell from Nature, Iain
Mattaj of EMBO Journal, Matti Saraste of
FEBS Letters, and Rainer Stumpe from
Springer Verlag debate the impact of new
developments in publishing practices. As for
individual speakers who visited the Forum
during the year, Valdimir Skulachev from the
Moscow State University came and told us
about the state of research in Russia in the
Post-Soviet era, Federico Mayor Zaragoza, the
former Director General on UNESCO, came
and gave an enlightening account of the
relationship between “Science, Power, and
People.” We also had a visit from an alumnus,
Jacques Dubochet at the University of
Lausanne, who, in a charismatic way,
expounded on why it’s important that
scientists speak about science with the public.
Lastly, this year for the first time a science and
society lecture took place at one of our
Outstations. Benno Müller-Hill visited
Monterotondo where he reflected on the
legacy of science under the Third Reich in
Germany. We would much like to help
organise and make more such events possible
in the Outstations in the future. Along with
these major events, we kept our monthly
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reading club running where a great variety of
science and society-related issues were
presented and discussed quite informally.
Cloning, stem cells, patenting practices,
quests for immortality, etc. figured among the
topics discussed.
YOU ALSO MENTIONED “AN IMPORTANT NEW
INITIATIVE”?
Absolutely! By far the biggest science and
society event of the year consisted of a joint
EMBL-EMBO three-day conference on science
and society. An awareness among the leaders
of both of these organisations has gradually
emerged that the revolutionary applications
that have grown out of academic biology over
the last quarter of a century have extremely
profound and pervasive implications, far
beyond the boundaries of the discipline, for
all of society. This radically altered, globalized
position of biology in the world, in the case of
Europe, has among other things led to the
parallel developments of science and society
programs within both organisations. We at
EMBL regard this as an extremely positive
development and believe that we have
common goals and that we can and should
promote synergy by working towards them
by joining our forces. That is why I proposed
to Fotis and Frank that we organise a joint
science and society conference. It took place
under the title DEVELOPING A NEW
DIALOGUE, 10-12 November this year. While
this was fundamentally a meeting open to the
public, the guiding concept we chose to apply
for its organization consisted of making this
an occasion for bringing together for a
dialogue
“the
doers”
and
the
“communicators” of the biosciences. By
“doers” we were evidently primarily

SCIENCE AND SOCIETY

referring to biologists and biotechnologists,
while our “communicators” we found among
journalists, legal experts, social scientists, etc.
The generation and use of genetic knowledge
for basic research, as well as medical, or
commercial purposes, took the centre-stage in
the planning of the different sessions of this
meeting. The last session was a bit apart,
though, and revolved around experimental
modes in science communication, especially
the use of theatre as a means for conveying
the complexity of the culture and the practice
of science.
We had a number of outstanding personalities
among the invited speakers: Beate Weber, the
Mayor of Heidelberg, Carl Djerassi, Lewis
Wolpert, Jens Reich, Maynard Olson, Sheila
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Jasanoff, and Alex Mauron, to name but a few.
In retrospect, the general impression seems to
be that the inter-disciplinary character of this
meeting gave rise to remarkably stimulating
mental alchemy. The responses we got from
many people who attended have been
predominantly very rewarding. If there was a
need for a proof, this initiative showed that
science and society collaborations between
our two sister organizations not only make
sense, but are highly desirable. In that spirit,
after taking stock of this first meeting, EMBL
and EMBO have decided to harness the
enthusiasm that it generated and channel it
into a second joint meeting, entitled FROM
GENES TO CURES, to be held 16-18
November 2001.

SARAH SHERWOOD
HALLDÓR STEFÁNSSON
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Giving students
a first-hand look
at the Lab
The FRANK GANNON lab has been
contributing time and energy to projects
that aim to bring molecular biology
closer to the next generation of life
scientists. In November 2000, the group
hosted students from the Deutsche
Schülerakademie and from an initiative
called the "Heidelberg Life Science Lab,"
giving the visitors a hands-on look at
work in a laboratory. In late summer of
2001, the team will join Toby Gibson's
and Rainer Pepperkok's groups to expand the programme for the
International Summer School hosted by the City of Heidelberg.
Stefanie Denger, along with Andrew Moore from the EMBO, have been
actively promoting education-related initiatives at EMBL and EMBO. "The
rapid development of biotechnology and molecular medicine will have a
strong impact on our future," Denger says. "It is becoming essential to keep
society informed on these topics so that people can make informed
decisions on developments that increasingly affect their lives. The initiative
provides an excellent platform for students to experience the philosophy
and reality of the science discovery process." EMBO will host a symposium
for teachers in July, and education will be an important component of a
major EMBL-EMBO Science and Society conference to be held in the
autumn of 2001.
The Heidelberg Life Science Lab is an innovative concept brought to life by
Thomas Schutz, a postdoc at the German Cancer Research Center (DKFZ)
in Heidelberg. Within a relatively short time the concept has received
significant funding from major companies and publishing houses,
including LION Biosciences, BASF, Springer-Verlag and Merck. Designed
for gifted high school students with an interest in science and technology,
the programme includes weekly talks, weekend seminars and long-term
research projects which the students develop themselves.
The workshop from the Gannon lab included a staged mystery story,
involving a hair retrieved from a crime scene. With the help of George Reid,
the students had to identify the culprit using PCR. They also participated
in real experiments being conducted in the lab involving the tissue-specific
functions of estrogene receptors and attended a lecture on penicillin given
by Gerlind Wallon.
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Matti Saraste (1949-2001)
Matti Saraste, Programme Coordinator for Structural and Computational
Biology at the European Molecular Biology Laboratory, died in Heidelberg
on May 21, 2001.
Matti came to EMBL in 1990 to lead an independent research group and
was promoted to the very senior post of Programme Coordinator in 1996.
He was highly respected at in the fields of molecular and structural
biology and served as managing editor of the scientific journal FEBS
Letters. One of his latest projects at the EMBL was to establish a facility for
advanced electron microscopy. This facility will be dedicated to his
memory.
Matti will be deeply missed by his friends and colleagues at EMBL. He is
survived by a wife and children.
The best tribute to Matti can be made by those who knew him personally
and professionally, and on the next page they have shared some of their
memories and feelings.
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I have always known Matti as a kind and friendly
person with whom to interact was a true pleasure.
His reserved but humorous character was in nice
contrast to the often met overambitious and
attitude-loaded scientists in our small scientific
world.

He was a truly wonderful colleague and
collaborator. He was generous in all his dealings.
He put people before his subject but he also strove
to advance his own subject in a selfless way. He
was the last to allow petty jealousies or personal
competitiveness to rule.

For me personally, he was a kind of father figure to
whom you looked up and talked with great
respect. I will certainly remember Matti not just as
a great colleague but also a friend, and I deeply
regret that we lost him so early in his life.

He has advanced his subject in a deep way but
above all, left a legacy of true friends and admirers
throughout the scientific community. He is sadly
missed.

--Walter Witke
I knew him from lectures and EMBL corridors. I
didn’t know him personally, but whenever I
passed by I felt I had passed by a friend.
--Sanja Tomic
I was chairman of EMBL SAC when Matti was
appointed at a very young age to be Programme
Coordinator for Structural Biology at EMBL. The
appointment was a wonderful recognition of
Matti’s achievements in science, his ability to
incorporate structures with biochemistry, and his
leadership qualities that enabled him to steer this
programme with imaginative young appointments
to the triumphs that we see today.
--Louise Johnson
I will always remember Matti as that big figure that
used to attend structures seminars and ask the best
questions, and show a true interest, with great
humour. Giving a seminar in his presence was
always an enjoyable experience.
--Miguel Andrade
Our years in Heidelberg were very good years, and
his support -- both scientific and personal -- has
helped us a lot to bring us where we are now, and
to master some difficult times. This we will not
forget, and the Matti we will remember is a
optimistic and forward-looking one.
--Mathias Gautel, Gudrun Kunst
and Gidon and Livia Gautel
Whatever the task at hand, it is difficult to think of
someone more pleasant to work with than Matti,
who made it a matter of course to cut down to
absolute zero all unnecessary fuss. I still have his
deep voice over the phone in my ear, pondering
difficulties and offering easy-to-implement
solutions. Our relationship had taken from the
start a very friendly tone, which matured well as
years went by. It was always a pleasure to stop by
in Heidelberg and visit him and his family.
--Jean-Luc Popot

--Andrew Thomson
I have chosen to remember Matti on a sunny
evening in Birmingham, in July 2000. We had a
couple of pints, and spent a few hours talking in a
modern, spacious bar, quite unlike the traditional
English pub. Large glass windows gave us a
wonderful view of the deep blue sky which later
turned reddish, and of the busy street outside.
Inevitably, we talked science, and equally
inevitably, he enquired about the political situation
in the Basque Country.
I can clearly see Matti now lit by the sunset. His
hair, his face and his clothes had acquired an
earthy shade, the colour of the Finnish woods in
Autumn.
--F.M. Goni
You have been appreciated as co-ordinator of our
Programme, perhaps more than you realised. In
planning for the Programme, you used your
generalist nature to advantage: you did not show
bias but endeavoured to take decisions that would
bring the Programme forward collectively. Also, at
a more individual level, you did not play games
with people -- such that a person could approach
you and speak openly without fear of jeopardy.
These qualities were highly valued.
Reciprocity in life is rare: Perhaps you supported
us more than we supported you. But we miss you
now and we’ll continue to do so. Rest in peace,
Matti.
--unsigned
I will remember him as a calm, listening person,
smoking his beloved pipe. He always had time to
listen and gave friendly advice and warm words.
--Mervi Lampinen
Things that come to mind thinking of Matti: lake
pipe sailing mushrooms green polenta
Brandenburg concert no. 5 barbecue
In our garden in Ljubljana we planted a hydrangea
(ortensia) for him. Beautiful blossoms.
--Kristina, Oliviero and Natalia
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The Laboratory was shocked and saddened by the death of Matti.
He came to EMBL as a Group Leader in 1990. His interests in biology and
structural analysis were very wide, and his contributions numerous. He
specialized in Biochemistry and Structural Biology, with main interests in
membrane and modular signalling proteins, and in structure and function
of enzymes or protein machines involved in oxidation/reduction and
energy metabolism. In 1996, after an open search to which he was drafted
by his colleagues, he was appointed Coordinator of the Structural Biology
Programme in Heidelberg, which he led until his death. He proposed and
achieved the re-naming of his Programme as Structural and Computational
Biology. He had a strong belief that computational approaches had to be
integrated into experimental biology, and therefore he carved out of the
Structures Programme the resources to reinforce Computational Biology in
Heidelberg, in parallel to the EBI Outstation. Another passion of his was
evolution - an interest he brought into his own work, and advocated as part
of the EMBL Scientific Programme. Within Structural Biology he had a
strong commitment to electron microscopy, and he worked assiduously to
persuade us to develop an EM core facility to serve both structural and
cellular biology, and to furnish it with advanced equipment making it a
facility broadly useful to the European scientific community. This facility
will be dedicated to his memory. His broad interests and sense of service to
the community led him to accept the responsibility of serving as managing
editor of the scientific journal of the Federation of European Biochemical
Societies, FEBS Letters.
In the EMBL community Matti was deeply appreciated for his science, his
humanity and his quiet but robust leadership. He was an excellent
manager of his Programme and used its resources to best advantage. He
was kind and thoughtful for all people, but also insisted on standards of
performance, the serving of the common good, and the placing of priority
on the younger scientists. He loved EMBL passionately, considering it the
model of how a community of scientists should function. His
thoughtfulness and community spirit extended to his sense of social justice
and his political beliefs. I admired him for his constructive attitude, his
excellent citizenship in the Laboratory, his high level of culture and his
mature, reflective habits of thought.
He will be deeply missed by his friends and colleagues at EMBL. May he
rest in peace.
--Fotis C. Kafatos
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