


European Molecular Biology Laboratory
MeyerhofstraBe 1, 69117 Heidelberg
Postfach 10.2209, 69012 Heidelberg

Typesetting (TEX and PostScript), lay-out
and exposure (from PostScript files):
Frieda Glockner and Veronique Goossens

Printing: Heidelberger Verlagsanstalt und
Druckerei GmbH (HVA), Heidelberg

Front Cover:

Structure of plant light-harvesting complex (LHC-II) determined at
3.4 A resolution by electron cryomicroscopy. LHC-II is the major
pigment-protein complex in photosynthetic membranes of green
plants. The 232 residue polypeptide spans the membrane three
times, binding a minimum of 12 chlorophylls. Seven of these
are bound by amino acid residues in the three trans-membrane
a-helices (A,B,C). One is attached to the short amphiphilic

helix D which runs along the lumenal membrane surface, and
the remainder to residues in the surface loops. The chlorophylls
have been assigned to chlorophyll a (dark green) or chlorophyll b
(light green), based on their proximity to the pair of carotenoids
(yellow) in the centre of the complex. The membrane position is
indicated by blue bands. For further details, see KOhlbrandt et al.,
Nature, 367, 614-621 (1994).
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Foreword by the Director-General

1993 has been a year of transition in leadership of EMBL.
As my involvement has been only part-time since my
selection to lead the Laboratory, it seems appropriate that
my contribution to this year's Report be limited to a broad
sketch of some important principles for the future. Let me
restate what I said to Council before my election.

In the two decades of its existence, the EMBL has proven
a pillar of European science and, therefore, of European
unification. Headquartered in Heidelberg, the Laboratory
finds itself in an excellent scientific environment, thanks to
the German federal and local governments and scientific
leadership. In this environment, and in a close synergistic
relationship with EMBO, the EMBL has become a key
factor in the current renaissance of molecular biology in
Europe. Credit must be given where credit is due. The
success of the EMBL over two decades reflects the vision
of the small group of scientists who conceived it initially
and persuaded governments to estabish it. It also reflects
the leadership of the first two Directors-General, Sir John
Kendrew and Lennart Philipson, who dedicated enormous
efforts; the first in successfully establishing it and the
second in building it up as a widely admired institution. The
senior scientists, the group leaders and all those who have
worked or are still working there are the ones who actually
made the vision a reality. And the fifteen governments
who have supported the Laboratory generously through
the years can be justifiably proud of what their support
has made possible.
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My decision to accept the offer to lead the EMBL in its
third decade was based on appreciation of its importance
and potential, both for science and for European unifica-
tion. With this decision comes the promise of full effort
and loyalty. In this foreword, I wish to sketch the broad
principles that will guide our plans for the future. They can
be summarized in three words: excellence, cooperation
and inclusiveness.

Scientific excellence is the bedrock on which the EMBL
must continue to stand. No other consideration can be
allowed to distract us from this focus. We owe it to all
of Europe to be, both qualitatively and thematically, at the
very forefront of molecular biology. Only then can we fulfil
our mission to serve both as a model and as a catalyst
for European science: to be an exemplary, path-breaking
international research centre; to attract the very best young
investigators and nurture them until they become scientific
leaders in national institutions; to promote our rapidly ad-
vancing field in the Member States; to train and re-tool sci-
entists, young and old, from throughout the continent; and,
as appropriate, to provide unique facilities and services.

Growth is very important in dynamic fields such as ours.
But let us never forget that quality is much more important
than quantity. My experience in building institutions both at
Harvard and in Greece has left me with a deep conviction:
whether in the most advanced settings or in developing
regions, the best and most lasting contribution that we can
make is to keep the focus relentlessly on excellence.

With the present financial and operational constraints, we
cannot do everything at the EMBL. There will be many
important areas of molecular biology that we will not be
able to cover. Our primary_ effort should be to select wisely
and to be outstanding in what we do select. This is crucial
both for Heidelberg and for the Outstations (Grenoble,
Hamburg and Cambridge). A great strength of the
oratory is that it combines its essential core of "biolog-
ical" research programmes (Cell Biology, Differentiation,
Gene Expression), a major effort in structural biology and
biocomputing and the unique developmental and service
functions of instrumentation and the EMBL Data Library
(now subsumed in an expanded European Bioinformatics
Institute, the EMBL Outstation in Cambridge). To develop



the full potential of these resources will require a strategy
of strict quality control, clear focus and maximization of
collaborations, so as to make the whole much more fruitful
than each of the component parts. In choosing our focus,
clearly we must build on current strengths (cell biology is
an obvious example); we must emphasize fields that are
fruitful, both now and in the future, and that fit well together
so as to promote novelty at the interface; we must ensure
a critical mass in the selected activites; and, last but not
least, we should not hesitate to prune activities that have
proven less successful than expected. The development
and implementation of our programmatic strategy, with
the advice of the external Scientific Advisory Committee
(SAC), the EMBL senior scientists and the group leaders,
will be my most fundamental contribution to the institution.
I intend to remain active in research, with a personal
group of reasonable size focusing on developmental gene
expression and the molecular genetics of the malaria
mosquito, and I will bring the perspective of an active
scientist in making these decisions.

In reflecting on how to make the EMBL even stronger, it
is worth considering the success of others. The strength
and vitality of American science critically depends on three
features. First, the peer review system, which keeps the
focus on quality and minimizes the influence of political, re-
gional and institutional loyalty. Second, the independence
that scientists enjoy at an early stage of their career, in their
most creative years. And third, the ability to mobilize sub-
stantial support from diverse sources, governmental and
non-governmental, rapidly and without undue bureaucracy.
For us, SAC is the main guarantor of peer review. Our
present policies on limited contract duration and on excep-
tional rolling tenure are the essential guarantee that EMBL
will remain young, dynamic and evolving in a manner that
is very unusual in Europe. By adhering to these policies,
the EMBL can continue to offer a very attractive bargain
to both individual scientists and the Member States. To
individual group leaders it guarantees generous support,
an exciting scientific community and freedom to do their
personal best as independent scientists at an early age. To
the Member States it promises youthful scientific leaders,
at the peak of their creativity, for national posts. It is worth
recalling that in the last ten years approximately fifty EMBL
group leaders departed to become full professors at the
national level.

The third feature of American science, substantial and
unencumbered support from diverse sources, must be
emulated in Europe if we are to be competitive. Besides
the continuing governmental funding (a sine qua non), the
EMBL will call on the European Union for support of special
projects of common interest (such as the EBI), for scientific
mobility (where the EMBL and EMBO have an outstanding
record), and for competitive research grants. In addition, I
hope that the political and economic leadership of this con-
tinent will take urgent steps to encourage flexible support of
science through the private sector, from individuals and in-
dustries, mostly channelled through foundations. If biology
in the United States benefits so much from the American
Cancer Society, the Howard Hughes Medical Institute, the
Rockefeller or the MacArthur foundations, if in Britain it is
rejuvenated by the Wellcome Trust, shouldn't equivalent
sources be accessible to the premier, international centre
of molecular biology in the unifying Europe?

The second broad principle that will guide the EMBL is
cooperation - as is already evident from what was dis-
cussed above. More specifically, this principle also pertains
to the relationship between the Member States, the EMBL
Council and the Director-General, a relationship that must
be based on openness, mutual respect and partnership. As
Director-General, I will have strong ideas but also an open
mind and an outstretched hand of friendship. I will insist on
what the EMBL needs, but by persuading in open dialogue,
as partner and not as adversary. The same cooperative
spirit will be at the heart of our relationship with the
European Union, with which we share commmon goals.
The same spirit will make the EMBL attentive to legitimate
aspirations of the scientific community in all the Member
States, with the proviso that as an international scientific
institution, we must insist on the primacy of objectivity and
the common good over any type of special interest.

The third and final principle on which I will want to base my
stewardship of the EMBL is inclusiveness. By that I mean
ensuring the access of all parts of the molecular biology
community, regardless of such matters as nationality or
gender. Inclusiveness is not synonymous with, indeed it is
antithetical to, quotas or narrow calculations of "just return".
Far from being a negation of the paramount principle of
excellence, inclusiveness is in fact a strong affirmation
of this principle: because inclusiveness is being alert to
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excellence, and the potentjal of developing excellence, in
neglected quarters. For example, until a couple of decades
ago male scientists usually were oblivious to the talents
of even the most remarkable female scientists. Now we
have discovered that acknowledging and rewarding these
talents mobilizes a rich source of accomplishment, en-
ergizes the neglected half of our student population and
helps generate a much more open and vibrant intellectual
community. Thus, gender inclusiveness has proven not
only fair to people but also very valuable to institutions.
I fully agree on this issue with Mary Osborn's comments in
Nature: "I hope that EMBL can recruit a rapidly increasing
number of able female scientists. In the same vein, the
EMBL will have a major commitment to harness the energy
and talents of excellent scientists from throughout the
geographic area that it represents, and beyond, ensuring
that all our national scientific communities benefit from their
association with the EMBL and that all Member States
are reasonably represented in Heidelberg and the Outsta-
tions".

On our continent, the diversity of heritage and culture
represents a great wealth. We must affirm the intrinsic
value of diversity, even as we reject the narrow-minded
and murderous nationalisms that confront us again. I know
from my experience in Crete that the pursuit of excel-
lence can be coupled with development of science in the
periphery, just as much as with the flowering of science
in its established centres. As a southern European who

6

has done most of his scholarly work in one of the major
scientific centres in the world, I bring to the EMBL a deep
commitment to this notion of inclusiveness, both as a duty
and as a source of strength, as a deeper affirmation of our
commitment to excellence. I will seek the funds necessary
to ensure that the EMBL will maintain and enhance its
tradition of national diversity and that it will increasingly
promote the development of molecular biology throughout
Europe. Let us be imaginative in this respect. It is not just a
matter of seeking out, equally considering and hiring able
candidates for group leader or other staff positions from all
the Member States. Let us also increase the highly suc-
cessful, and crucially important, international training func-
tion of the Laboratory. Let us develop two-way exchange
programmes and twinnings with deserving laboratories, be
they in southern Europe or the eastern part of Germany
and other less favoured parts of the north - indeed, why
not, in the countries of the former communist bloc that will
be joining, sooner or later, our common European home.
Let us seek the support of the European Union, which
has an excellent record in this respect, to increase our
outreach. The scientific community, by nature internation-
alist, has a special responsibility to celebrate our unity in
diversity. Especially so in an international laboratory like
the EMBL. And especially so in these troubling times of
intolerance and ethnic wars in our neighbourhood.

F.C. Kafatos



20 years on

July 4th 1974 was a warm summer's day in Heidelberg and
the mood of the European Molecular Biology Conference
(EMBC), meeting at the Max Planck Haus in Berliner
Strasse, matched the sparkling weather - for good reason.
At the beginning of the session the Conference had wel-
comed delegates from a new Member State, the Republic
of Ireland. While at 11.30 a.m., immediately after a break
to discuss a thorny question informally over coffee, the
Conference reconvened to be told by the Swiss delegation,
led by Mr. E. Andres, that earlier that morning in Bern
the Government of France had deposited its instrument
of ratification of the European Molecular Biology Labora-
tory Agreement with the Government of Switzerland. The
French ratification of the Agreement was by no means
the first, but it resulted in more than 70% of the total of
contributions of all the Member States being secured, and
consequently under the provisions of Article XV.4.a. the
Agreement had come into force; the EMBL had begun its
independent legal existence. I still remember clearly the
scene as members of the other delegations present, led by
Mr. C. Zelle (Federal Republic of Germany) on behalf of the
host country, congratulated Mr. A. Alline and Mr. J-P. Ebel,
the French delegates. The sense of pleasure and relief was
almost palpable. As was entirely appropriate, because the
EMBL project had been nurtured by the EMBO ever since
the Organization's founding meeting in Ravello in 1963,
there were numerous EMBO members in the delegations
that day; H. Tuppy (Austria); N-O. Kjeldgaard (Denmark);
J-P. Ebel (France); P. Fasella (Italy); S. Laland (Norway);

A. Rorsch (Netherlands); A. Engstrom and P. Reichard
(Sweden) as well as N. Jerne (EMBO Council Chairman)
and, of course, J. Kendrew (Secretary General of EMBC
and Project Leader of the EMBL Project). It was a historic
moment for the development of European collaboration in
the field of molecular biology. The EMBL existed at last,
albeit only in a legal sense; its site in Heidelberg was
still hilly woodland where the construction of the actual
laboratories would take until the end of 1977.

The Laboratory's role as defined in the Agreement is
essentially fourfold: to carry out and to promote European
cooperation in fundamental research; to provide facilities
not readily available at the national level; to develop in-
strumentation and technology and to provide advanced
training and teaching. Molecular biology is nothing if not
dynamic, the modes of implementation of Article II of
the Agreement entitled "Purposes and Means", in which
these basic goals of the laboratory are set out in general
terms and legal language, must necessarily evolve in
response to scientific developments, and since the early
1970s molecular biology has undergone truly revolutionary
changes. When the Laboratory Agreement was drafted,
recombinant DNA, DNA sequencing and monoclonal an-
tibody technologies had not been developed, the use of
synchrotron radiation for X-ray crystallography was in its
earliest infancy and biocomputing as we know it today was
non-existent. That the EMBL would need, albeit transiently,
a biological containment laboratory, or that it would have
an outstation devoted to bioinformatics were not and could
not have been envisaged in the early 1970s. Since this
year marks the EMBL's 20th anniversary it is opportune
to take stock and ask, how well has the EMBL fulfilled
its mission during two decades of unparallel molecular
biological discovery?

The first and foremost role of the Laboratory was and
remains to carry out fundamental research and to promote
cooperation among European countries in this endeavour,
as Article II of the Agreement states. But Article II adds
a proviso: it speaks of the EMBL concentrating on "work
not normally or easily carried out in national institutions".
As Lennart Philipson never failed to point out, there is, in
practice, something of a contradiction here. If the policy of
doing only work not normally or easily done by groups in
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national laboratories was rigorously pursued by the EMBL
it would be difficult indeed for the Laboratory to cooperate
and collaborate with those groups. For genuine, successful
collaboration and cooperation there has to be a community
of interest between the partners. In reality a considerable
part of the research done at the EMBL could in principle
be carried out in national institutions, at least in those
few which not only have under the same roof much the
same range of interdisciplinary resources as the EMBL,
but also have staff with the same impetus to break down
the traditional demarcations between disciplines. That is an
inescapable fact of life, for if the EMBL is to playa central
role in the development of molecular biology in Europe it
must be involved in the mainstream of current research.

With Programmes in cell biology, differentiation and devel-
opmental biology, gene expression, biological structures
and biocomputing, and physical and biochemical instru-
mentation the Laboratory is indeed in the mainstream,
but how well has it fared in comparison with European
national laboratories and with those further afield, notably
the USA? One way to assess the success or otherwise of
a research enterprise is bibliometric. Ho,w much has been
published and where? These two criteria are not infallible,
but since research reports in primary research journals are
confidentially and independently refereed the statistics of
publications of a laboratory are in a sense a cumulative
assessment made by a global peer group. One can argue,
therefore, that such statistics are at least as reliable an
indicator of the state and status of a research institute as
the assessments that are produced by quinquennial review
panels at the end of 2-day site visits.

In the Annual Report 1986, I presented a table listing the
number of primary research papers from EMBL that were
published in refereed journals during the years 1983 to
1986 inclusive. The table below extends that survey of the
Laboratory's research output until the end of 1992. The
annual total of these publications rose from 124 in 1983 to
328 in 1992; in other words, by this measure the EMBL's
productivity rose by 164% over a decade. Of course, what
really counts is quality rather than quantity and to obtain
some indication as to the quality of EMBL's publications
the number of its papers appearing in eight highly cited
journals was analysed in the 1986 Annual Report. The
eight journals selected (see footnote to Table 1) include the
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three most widely cited journals in the world that publish
molecular biology, and five of the closest competitors of
that trinity; I offer my apologies to the editors of a small
number of other journals who might rightly argue that theirs
have as good a claim to be included in the list as some
that are.

Of course, as the areas of molecular biology that the EMBL
works upon evolve, and as new journals are launched,
the choice by EMBL staff of journals in which to publish
their results to some extent changes. However, for the
purpose of this analysis I have retained the original eight
journals. Table 1 shows the results obtained; I am indebted
to Ms. Mary Holmes, EMBL's librarian, for these data. It is
clear that consistently, and in this context consistency is
particularly important, at least one third of EMBL's total
annual output of primary research reports has appeared
in these eight high impact journals. In some vintage years
the proportion exceeded 40%. Such numbers speak for
themselves. The EMBL, year in year out over a decade,
has made a notable contribution to the corpus of molecular
biological literature, and therefore knowledge. How many
national research institutes with a size, scope and bud-
get comparable to the EMBL can boast of a comparable
publication record? A comparative study of the publication
performance of the leading molecular biology laboratories
in Europe would be instructive.

Even though the EMBL's Director-General and its Council
representing the Member States may not always see eye
to eye on precisely how much money the EMBL needs
and therefore should receive to carry out its scientific
programme, it is true that the Laboratory has been well
funded (see below), at least by comparison with research
institutes and university laboratories in Europe. Further-
more, the EMBL's scientific staff have no formal teaching
obligations or other statutory responsibilities to divert them
from their research. Consequently the Member States who
pay for the EMBL, and their scientific communities, have
every right to hold high expectations of the Laboratory's
research. I believe that the statistics of publications in Table
1 establish that as far as research output is concerned the
EMBL has lived up to those expectations. It is no mean
feat starting from scratch to have achieved within 20 years
the international reputation that the EMBL now enjoys and
Table 1 testifies.



Table 1

Year Publi- Publi- Member States' Member States'
cations cations ordinary ordinary

in in 8 contributions contributions
refereed selected constant prices cu rrent prices
journals journals (Million OM) (Million OM)

1983 124 53 (42.8%) 33.2 33.2

1984 143 72 (50.4%) 34.9 36.0

1985 189 66 (34.9%) 36.6 38.2

1986 201 76 (37.8%) 40.3 41.7

1987 223 100 (44.8%) 42.7 44.6

1988 207 69 (33.3%) 42.7 46.1

1989 206 75 (36.4%) 43.1 48.5

1990 251 93 (37.0%) 44.6 52.6

1991 266 105 (39.5%) 45.9 56.2

1992 328 116 (35.4%) 46.9 60.8

Table 1: The eight selected journals are in alphabetical order:
- Cell

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

Between 1983 and 1992 the number of refereed papers
published by the EMBL scientists, some of them, of course,
in collaboration with colleagues in national laboratories,
rose by 164%. What did this increase cost the Member
States; by how much did the ordinary contributions of the
Member States rise over the decade? Table 1 also shows
ordinary contributions at constant prices and current prices
using 1983 as the 100% base line; I am grateful to Mr.
Roland Rivington, Head of Finance at the EMBL, for this
information. At constant prices the ordinary contributions
rose by 41.3% over 10 years. This increase in Member
States' contributions includes, of course, the ordinary con-
tributions of the five Member States (Belgium, Finland,

Greece, Norway and Spain) which joined the original ten
members during the decade. The ordinary contributions
of each new Member State were added to the budget to
increase it and not used to reduce the contributions of the
pre-existing members.

An increase of 41.3% over 10 years corresponds to an
average, annual, real increase in ordinary contributions
of just under 4%. In fact, the total budget of EMBL has
grown by more than 41.3% in real terms over the decade
because the Laboratory has steadily obtained increasing
additional income from various sources: contributions from
Member States to specific capital investments; grants from
other agencies, notably the E.U.; income from licensing
intellectual property and so on. Year in year out the Mem-
ber States have succeeded in shielding EMBL from the
rigours of budget trimming exercises, to which they have
all been subjected at one time or another; they have both
provided a consistent real increase in ordinary contribu-
tions and paid for some additional capital expenditures.
The Laboratory has repaid them with a very large increase
(164%) in its output of research reports and can argue
that the money was well spent. However, it is obvious
that an annual real increase in Member States' ordinary
contributions of 4% cannot go on forever; a plateau has
to be reached, unless the EMBL is charged with new
activities (themselves justified in view of the rapid growth
of molecular biology as a field): the expanded needs of old
and new Outstations, and the recently approved regional
groups, for example. The great challenge for the EMBL
Headquarters in Heidelberg, which everyone agrees has
now attained its appropriate steady state size, is to main-
tain the quantity and quality of the research in the absence
of real growth. It goes without saying that managing a
steady state situation is much more difficult than managing
a phase of expansion.

Doing fundamental research and publishing the results
is only one of the goals of the EMBL - the one that is
the easiest to measure. Others, although much harder to
quantify, are nonetheless of great importance to Europe
and give the Laboratory its added value. For instance,
the Laboratory's policy of relatively short-term contracts,
up to 9 years, for its group leaders has resulted in more
than 50 EMBL group leaders returning to national research
communities at the professorial level. This reflux of people
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is one of the EMBL's major contributions to the further-
ance of molecular biology in Europe and to cooperation
between Member States, because it has resulted in a
network throughout Europe, and with outposts in other
continents, of leading scientists who have in common the
EMBL experience of basic research in a pan-European
environment. Those who have worked for several years
at the EMBL necessarily have an indelible experience of
successful European cooperation, and an understanding of
the strengths that stem from linguistic and cultural diversity
when they are assimilated towards a common international
goal - scientific discovery.

EMBO attained its legal existence in 1964, the EMBL in
1974. Between those two dates the plans for a European
Molecular Biology Laboratory went through a series of
revisions, but throughout the idea that the EMBL should in
part be modelled on the Centre Europeen de Recherche
Nucleaire (CERN) was never lost sight of. (In fact, the idea
that Europe needed an EMBL and an EMBO first arose
during a conversation at CERN between Victor Weisskopf,
Leo Szilard, John Kendrew and Jim Watson at the end
of 1962). By analogy with the CERN the EMBL was con-
ceived as an institute that would, amongst other things,
provide molecular biologists with facilities and equipment
not available at a national level. This led not only to the
establishment of the Outstations at Grenoble and Ham-
burg but also to the Instrumentation Programme at the
Heidelberg Headquarters. In the 1960s many molecular
biologists, and especially, of course, those investigating
macromolecular structure by X-ray diffraction, electron mi-
croscopy, spectroscopic methods, or the emerging tech-
nique of nuclear magnetic resonance, held the view that
future progress in molecular biology would increasingly
depend upon physical methods and instrumentation: that
molecular biology would, like the physical sciences, be-
come increasingly dependent upon expensive equipment
and facilities outside the resources of single countries. Al-
though physical methods remain the only way to determine
experimentally the three-dimensional structure of biological
macromolecules, the DNA revolution and bioinformatics
have totally transformed molecular biology and the priori-
ties of the Instrumentation Programme at the EMBL. That
Programme now has two wings. Physical Instrumentation
focuses on the development of electron microscopes and
allied instruments and techniques, the development of
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detectors and other data acquisition equipment in par-
ticular for X-ray crystallography, and the development of
confocal light microscopy and processing of microscopic
images. Biochemical instrumentation which was not overtly
envisaged in the original plans for the EMBL is a direct
consequence of the DNA revolution, which has refined
several of the microanalytical and synthetic methods of
nucleic acid chemistry and has found industrial partners,
which under license from the EMBL, have made these
developments commercially available. In short, the Instru-
mentation Programme has evolved to keep pace with the
changes in molecular biology, thereby fulfilling the intention
of the Laboratory's founding fathers, albeit often in ways
they could not have envisaged, to have an institute which
does not just use state-of-the-art equipment but improves
or devises it.

The EMBL's three outstations, at Hamburg, Grenoble and
now Hinxton Park, Cambridge, are the facets of the Lab-
oratory which come closest to the CERN model; they
allow the EMBL to provide facilities and services that are
not readily available nationally. The Hamburg Outstation
associated with the Deutsches Elektronen Synchrotron
(DESY), and the Grenoble Outstation, originally associated
with the Institut Laue-Langevin (ILL) and now also with the
European Synchrotron Radiation Facility (ESRF), provide
structural biologists with access to synchrotron radiation
and neutron beams. The EMBL Council has repeatedly
and strongly supported the development of the Labora-
tory's collaboration with the ESRF, which is now coming
on line, and Grenoble is clearly destined to become a
Mecca for European structural biologists needing access
to synchrotron radiation. That, of course, poses for the
EMBL and its Council a series of difficult decisions. Is
the scientific demand great enough to justify the EMBL
attempting to maintain two synchrotron radiation Outsta-
tions? And from the financial side, can the EMBL afford
to maintain two such Outstations even if the demand is
there? An associated question, which should be easier to
answer after the 1994 reviews of the Structural Biology and
Biocomputing Programme in Heidelberg and the Hamburg
Outstation, is what proportion of the EMBL's total financial
resources should be devoted to structural biology.

The importance of synchrotron radiation for structural bi-
ologists was one of the clear and prescient insights of



those who planned the EMBL in the early 1970s. That
the Laboratory would need a Bioinformatics Outstation
could not, however, have been predicted, since the ex-
traordinarily powerful biological methodologies that give us
access to genes and their sequences of base pairs were
non-existent, and the power and the low cost of today's
computers was unthinkable. Under Sir John Kendrew's
leadership the EMBL did, however, at a very early stage
respond to these parallel developments in molecular bio-
logy and computer hard- and software by establishing
the EMBL's DNA Data Library, which has evolved into
a third Outstation, the European Bioinformatics Institute
(EBI): a name which ought not to be allowed to con-
ceal the fact that the EBI is as much part and parcel
of the EMBL as the other Outstations. The EBI, which
provides Europe with its own gene sequence data library
and allows it to participate on an equal footing in col-
laborations in the expanding field of bioinformatics with
both the USA and Japan, is of the utmost importance
for the well being and competitive position of both basic
molecular biology and commercial applications in Europe.
Bioinformatics is consequently an area of research and
development of great interest to the E.U., which has al-
ready provided the EMBL with substantial financial sup-
port for the DNA Data Library, and it offers a natural
gateway for closer collaboration between the E.U. and
the Laboratory. The new Outstation at Hinxton Park and
the expansion at Grenoble signal the EMBL's intention
to support its Outstations as fully as possible within the
current financial constraints. After countless conversations
with EMBO members and others over the past 20 years,
it is clear to me that for many molecular biologists working
in national laboratories the EMBL's Outstations are as
significant as the Heidelberg laboratories, for the simple
reason that the former provide facilities and services which
are not readily available to them elsewhere. In the past
this view was espoused particularly by structural biologists,
but the DNA revolution and the advent of bioinformatics
have made it much more widespread. The upgrading
of the DNA Data Library to the EBI is the EMBL's re-
sponse.

Each year about 20 internationally recruited predoctoral
fellows, having spent 3-4 years at the EMBL, successfully
defend their Ph.D. theses and are highly sought after by
laboratories recruiting postdoctoral fellows. The Laboratory
at anyone time is itself host to over 100 postdoctoral
fellows; the success rate of candidates for EMBO fellow-
ships to be held at the EMBL, who are subject to the
same independent and rigorous evaluation as all the other
candidates for these fellowships, is second to none, and
the EMBL has also competed very successfully for some
of the institutional fellowships of the E.U.'s Human Capital
and Mobility Programme. Both pre- and postdoctoral fel-
lows stay at the EMBL for several years acquiring training
through their research projects. At the opposite end of the
time scale the Laboratory is host to more EMBO advanced
practical courses each year than any other laboratory in
Europe - courses which over an intensive 1 to 2 weeks
teach particular methods and experimental systems. The
EMBL is not a university and education is not its primary
role; nonetheless in these ways the Laboratory fulfills the
fourth of its goals, the provision of advanced training and
teaching.

Having watched the EMBL evolve since July 4, 1974,
and having participated in some of its developments I am
now on the point of leaving. It has been a privilege to be
associated with the Laboratory and its Council for so many
years, and I wish to thank the very many colleagues past
and present with whom I have worked, and with whom
I have shared the EMBL experience. The EMBL and the
EMBO are, I believe, outstanding examples of what Europe
can achieve when it pools its resources and endeavours to
think and work on a European plane. It is sad and greatly to
be regretted that Italy, one of the founder Member States of
the EMBL, has formally announced its intention to withdraw
from the EMBL at the end of 1994. Those with the interest
of Europe at heart, both in Italy and outside it, can but
hope that this decision will be reversed before it has had
time to come into effect.

J. Tooze
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Cell biology

The Cell Biology Programme (CBP) is one example of the
catalytic role EMBL has played in developing new research
areas. This Programme was formally established in 1982
when Lennart Philipson introduced the present Programme
structure into the EMBL organization. However, the core of
the Programme had existed already as a conglomerate of
research groups working on cellular membranes that had
formed during the Kendrew era. None of the group lead-
ers who formed their grouping within the laboratory were
trained as classical cell biologists but the coming together
of membrane biochemists with widely different experiences
sparked the move into the new area of intracellular mem-
brane transport precisely at the time when cell biology as
a discipline was undergoing a major transformation into a
molecular science. The CBP became a focal point for the
development of this new discipline in Europe and several of
the leading molecular cell biologists in Europe are offspring
of the CBP. Molecular cell biology is an integrative science
in which biochemistry, genetics, molecular biology as well
as morphology combine their resources to investigate the
mechanisms responsible for generating and maintaining
cellular organization. Such integration requires a critical
mass of scientists with different know-how which has been
possible at EMBL. Considering the build-up of molecu-
lar cell biology in the USA, most European universities
have not even realized how much they are behind in this
rapidly evolving area. There will soon be a cry for trained
molecular cell biologists. It will be the same situation all
over again as at the end of the 1970's when European
universities, research institutions and pharmaceutical and
biotechnological industries were looking in vain for trained
molecular biologists. The importance of studying not only
the genes but also the cell biology of normal development
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and disease and the increased use of cellular systems in
pharmaceutical research and biotechnology are obvious
examples of why molecular cell biologists will be sought
after.

Membrane trafficking

Much of the early work on membrane biochemistry and
structure at EMBL was directed towards analysing viral
envelopes. The enveloped viruses also provided us with
passports into the world of molecular cell biology because
they offered such a unique view of the cellular machinery
during their passages in and out of the host cell. The
analysis of membrane traffic grew out of these studies
of the virus life cycle, and this area has remained the
mainstay of research in the CBP. The signal sequence
mediated entry of newly synthesized proteins into the en-
doplasmic reticulum (ER) has been a research topic in the
CBP since the early days of the Programme. Many of the
proteins involved in the process have now been identified
and characterized. The translocation site remained elusive
for quite some time but is now also coming into focus.
All the other events regulating the trafficking of proteins
(and lipids) from the ER to the Golgi and other destinations
remain much less explored. After years of work mapping
pathways, research in intracellular transport has picked
up speed, and this area is now one of expansion. We
are entering what could be referred to as the Linnean
phase, in that molecule after molecule is being identified
and classified. Several proteins have been added to the
growing list by work performed in the CBP: TGN38, j3COP,
CLIP-170 and E-MAP115, VIP21-caveolin and VIP36,
more than 20 members of the Rab family of GTPases,
members of the annexin and kinesin families. The task is
now to characterize these and other molecules and place
them in context, including their cellular localization and
their functional role in membrane transport. For the former
aspect we are using confocal microscopy and immuno
electron microscopy (EM). For studies of the latter aspect
one has to develop suitable assays. Several assays have
been constructed for measuring steps in the process of
delivering proteins and lipids from one compartment to
another. These include protein-organelle binding assays
in vitro, microinjection of inhibiting antibodies, evaluating



the effects by morphology and by biochemistry, budding
of vesicles, membrane fusion assays, and transport in
permeabilized cells.

There are several ways to transport membrane from
one compartment to another, the best characterized is
the signal-mediated adaptin-clathrin system. This is being
studied at the level of the Golgi complex in the CBP. One
important regulatory event is the phosphorylation of the
sorting signals in the cytoplasmic tail of the mannose-6-
phosphate receptor that takes place upon exit into clathrin-
coated vesicles from the Golgi. Dephosphorylation prob-
ably allows recycling to the Golgi. The clathrin-coated
vesicles that form at the cell surface contain Rab5p, and
thus provide experimental tools for studying the precise
function of the GTPase in the delivery of membrane to the
early endosome. The vehicles in use in the constitutive
biosynthetic pathways have been extensively character-
ized in yeast, but little is known of the molecular mech-
anisms involved in carrier formation although a host of
proteins have been identified. In mammalian cells ,B-COP
and other coatomer proteins have been implicated in the
early secretory pathway but what these proteins do is
unclear. A new way of transport involves glycolipid "rafts"
(including glycophosphatidylinositol(GPI)-linked proteins),
loose clusters of sphingolipid (and cholesterol?) postulated
to be formed in the Golgi complex. In epithelial cells, and
probably neurons as well, these are segregated in the
trans-Golgi network (TGN) and preferentially sorted in the
apical or the axonal direction. At the cell surface glycol-
ipid rafts and GPI-linked proteins segregate into caveolae
which may serve as a port of entry into an alternative
pathway for endocytosis. VIP-21-caveolin is a molecular
marker for the glycolipid-mediated segregation events. The
mechanisms of membrane transport from the peripheral
endosomes to the late endocytic compartments have been
hotly debated. Work in the CBP has implicated a multi-
vesicular vacuole as the intermediate carrier but again little
is known of how this complicated structure is formed. The
least understood brand of membrane trafficking vehicles
are those involved in recycling events. Tubules have been
postulated to be involved, but practically nothing is known
of their molecular make-up.

A considerable effort has been devoted to characterizing
the large Rab family of GTPases which are involved in

giving specificity to vesicular targeting in membrane traffic.
We have embarked on this study for several reasons.
First, we would like to find Rab proteins localized to the
transport processes being studied by groups in the CBP
(e.g. endocytosis, and apical and basolateral targeting).
Second, elucidation of the mechanism of Rab protein
function will provide inroads to the machinery regulating
membrane trafficking. This goal is already being realized
by the study of Rab5 in endocytosis. Third, we would like
to develop methods to study families of proteins from the
cell biological point of view. The first problem with which
one is confronted is how to localize the different proteins.
One appealing strategy is to express the proteins from
eDNA tagged with epitope sequences and use confocal
light microscopy, double labelling with markers for known
compartments, and check the conclusions by immuno
EM. This phase is now essentially completed and we
are confident that this strategy is a viable one. The Rab
proteins are localized in different segments of the traffic
routes as expected. It is striking that tubular networks on
the cis- and trans-sides of the Golgi and on the early
endosomes appear to regions which contain the
highest density of different Rabs. These areas probably
function as key intersections in the membrane traffic maps
of the cell.

The challenge now is to concentrate our efforts on carefu lIy
chosen targets to unravel the molecular mechanisms un-
derlying the different means of membrane transport within
the cell. There is an obvious need for improved technology.
One important technique for following movement is video
microscopy. The light microscopy group of the Physical
Instrumentation Programme is continuing to try to develop
the EMBL confocal microscope into a video microscope
with three-dimensional resolution. This now seems possi-
ble due to new developments involving two photon excita-
tion. Such a light microscopic technique will be invaluable
in recording the dynamic effects (e.g. of mutant proteins
expressed from eDNA transfections) and will provide the
basis for speeding up the functional characterization of
proteins that are being identified at an increasing rate.

The exact molecular mode of action of the proteins in-
volved in membrane traffic regulation will have to be
elucidated. We have started collaboration with groups in
the Biological Structures and Biocomputing Programme.
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Rab7p has been crystallized and its structure has been
solved (P. Metcalf). NMR studies of the flexible hyper-
variable C-terminal region (involved in targeting the Rabs
to their correct locations) are being initiated. Interacting
partner proteins will be included in the analysis.

Another interesting question is how membrane traffic is
modulated to enable cells to differentiate into various cell
types. One such problem is posed by the epithelial cell. It
is now clear that epithelial cells sort apical and basolateral
proteins in the Golgi complex into separate carrier vesicles
which target them to their correct surface domain. How do
these two routes compare to the post-Golgi sorting towards
the cell surface in fibroblasts? Or to the sorting of dendritic
and axonal surface proteins in neurons? An experimental
system to study the problem of surface polarity in neurons
has been established. With a relatively small effort the
virgin land of neuronal cell biology has been explored
and the vistas are surprising. An "epithelial" topography
is being discerned in the neuronal landscape, in which
the somato-dendritic territory seems to correspond to the
basolateral view, while the axonal panorama has important
features in common with the apical terrain. The most
recent finding is that transcytosis seems also to operate
in hippocampal neurons, an important novel mechanism
for operating in the intracellular communication between
post-synaptic and presynaptic terminals.

The cell nucleus, the cell cycle and the cytoskeleton

To provide a more comprehensive view of intracellular
organization the CBP had to move from its membrane
traffic origins into areas including other elements of cellu-
lar organization as well. This was done by incorporating
microtubules into the analysis, then the mitotic spindle
was added as a research theme, and expanded to include
the nucleus both in yeast and in higher eukaryotes. This
expanded view also embraced changes of cellular orga-
nization occurring during the cell cycle under the spell of
the cdc2 cascade. The mitotic phosphorylations and de-
phosphorylations also control membrane trafficking events
since in mitosis intracellular transport is turned off.

A cell-free system was reconstituted from extracts of Xeno-
pus eggs that reproduced the periodic oscillations of phos-
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phorylation and dephosphorylation occurring during the
cell cycle in vivo. These oscillations are regulated by cy-
clins interacting with the cdc2-kinase and the timing of the
cell cycle involves cascades of kinases and phosphatases.
We have shown that positive and negative feedback loops
are essential building blocks of the clock during the cell
cycle. One of the most dramatic events during the tran-
sition from interphase to mitosis is the change in vitro of
the organization and dynamics of the microtubules. The
changed behaviour of the microtubule network has been
reproduced in vitro by adding centrosomes, and cyclin
A- or cyclin B-kinases to egg extracts. The effects of
the cyclin-kinases on microtubule dynamics were followed
by video microscopy, and it was found that the change
in microtubule length and dynamics that take place in
prophase and metaphase seem to be determined by the
successive activation of cyclin A- and cyclin B-kinases,
respectively. One most pleasing aspect of these studies
is that the average microtubule length could be tied to the
parameters of dynamic instability by a mathematical treat-
ment that describes microtubule behaviour quantitatively.
The findings have important implications for understanding
the mechanism of spindle assembly. Microtubule dynamics
seem to be regulated locally around the mitotic chromatin,
allowing microtubules to grow preferentially towards the
chromosomes. This research is now being extended to
the events that regulate chromosome movement. Novel
in vitro assays in combination with yeast genetics are
used to identify proteins involved in binding microtubules
to chromosomes. Also these events may be regulated by
local effects of phosphatases. One such phospatase has
been recently identified and is specifically activated by
cdc2 kinase during mitosis. Another important finding has
been the discovery that growth of microtubules involves the
closing of sheets of protofilaments into tubes. This raises
the possibility that regulation of microtubule dynamics is
dependent on control of the structure of microtubule ends.

Microtubules also play an important role in organelle and
vesicular movement in the cell. The organization of the
microtubule networks in interphase fibroblasts, epithelial
cells and neurons are strikingly different with important
functions both in biosynthetic and endocytic membrane
traffic. In the polarized circuits of epithelial cells and
neurons microtubules play an important role in moving
membranes from the peripheral endosomes to centrally I



located endocytic compartments. The motors responsible
for movement along microtubules are being analysed by
several groups in the eBP.

During interphase, the nuclear lamina seems to be con-
nected to the inner nuclear membrane via a lamin B recep-
tor protein (p58). This protein forms a "junctional complex"
which includes the lamins, a specific p58 kinase and two
other proteins. During entry into mitosis, the nuclear enve-
lope fragments in higher eukaryotes. Recent work in the
eBP demonstrates that vesicles containing lamin B (bound
to p58) bind to intermediate filaments of the vimentin class.
This association is promoted by mitotic phosphorylation
and weakened by dephosphorylation. The role of vimentin
filaments in mitosis needs to be analysed further but these
findings imply that the filaments may function as vesicle
storage sites. The paradoxical fact is that despite the
abundance of the cytoplasmic intermediate filaments their
functional role is still largely unknown. Work in the eye
lens system, now in progress in the eBP, can help in this
direction. This is because the lens cells appear to contain
a specialized submembraneous network of intermediate
filaments (filensin and phakinin) which undergoes major
changes during development and for which mouse mutant
models are available.

The nuclear pores are the gates that regulate transport in
and out of the nucleus. The analysis of the protein compo-
sition and functions of these 125x 106 Da structures is still
in its infancy. The yeast Saccharomyces cerevisiae pro-
vides powerful genetics and biochemistry for dissecting the
cell biology of nuclear pores. Several proteins belonging to
the nucleoporin family (NSP1, Nup49p, Nup57p, Nic96p,
Nup116p, Nup145p, Nup84, Nup85, Nup133) have been
identified and characterized. The role of the nucleoporins
in nuclear pore function is not yet clear. They seem to
interact physically with each other and may be involved in
different functions such as transporting different molecules
in (and out) of the nucleus nuclear envelope, organization,
division and interaction with nuclear skeletal structures.
Nup145p contains a RNA binding domain and seems to
be involved in RNA export. The gating function of the nu-
clear pores remains the most interesting aspect of nuclear
pore research. With the identification of new nuclear pore
proteins, the stage is set for a functional characterization
of their mode of action in nuclear transport. Assays have

been constructed to dissect different aspects of nuclear
pore function. Several interesting passengers such as nu-
clear proteins, ribosomal precursors, or small RNA protein
complexes, are available from work in the eBP or from
collaborations with the Gene Expression Programme.

Outlooks and perspectives

The great challenge in our interacting fields of research is
to identify the molecular components of the cellular mech-
anisms under study, and to place them in their functional
contexts. This will demand a host of different methodolo-
gies many of which have to be designed specifically for
the purpose. The final stage invariably involves detailed
biochemistry which in the ideal case is supported by the
elucidation of the three-dimensional structures of the pro-
teins involved. Obviously this Herculean task will not be
completed for decades to come.

The present phase of cell biology is directed towards
understanding the basic machinery involved in the orga-
nization of eukaryotic cells. However, although we are far
from having reached this goal, another phase has already
been initiated. This is the study of the modulation of the ba-
sic machinery during differentiation of precursor cells into
different cell types. Little work is presently directed towards
understanding the molecular mechanisms responsible for
changing intracellular organization during development.
However, a marriage between cell and developmental bio-
logy could be very productive. One example already under
study in the eBP is the organization of the microtubular
networks in different cell types and their functional role
in generating fibroblast, epithelial and neuronal organiza-
tion. How many different microtubule motors are there for
movement? What do they transport? What is the role of mi-
crotubules in transporting the RNAs to different sites in the
Drosophila embryo? The latter question is being pursued
in collaboration with the Differentiation Programme.

Another area that is being explored is the differentiation
of epithelial cells during kidney morphogenesis. There
are also plans to include Drosophila development in this
analysis.

K. Simons
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Differentiation

Ten years ago, when the Differentiation Programme was
created, the emphasis of its research was largely on the
clarification of how oncogenes alter the growth and dif-
ferentiation of vertebrate cells. This was justified by the
unique opportunity offered in the study of the functional
properties of a handful of newly identified genes with
proven or suspected roles in tumorigenesis. Equally im-
portant, however, was the hope that such studies would
also lead to a better understanding of the normal pro-
cesses that govern growth and differentiation. Since then it
became apparent that most oncoproteins (of which many
more were identified) are nothing other than mutated or
over-expressed versions of proteins that participate in what
is now termed "signal-transduction pathways"; that these
pathways are used for growth control as well as for dif-
ferentiation processes; and that both the oncogenes and
the pathways to which they belong are conserved between
different multicellular species from yeast to man. This has
led to a gradual shift within the Programme from the study
of oncogenes to that of basic growth control mechanisms,
differentiation and development, capitalizing, at least in
part, on the knowledge accumulated through oncogene
research. At the same time, simple organisms such as
the fruitfly Drosophila, that offer the advantage of short
life spans and easy genetic accessibility, were brought in
as model systems.

As an introduction to the research performed in the Pro-
gramme, work leading to the concepts mentioned above
will be briefly reviewed.
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Oncogenes were discovered in the late 1970s as the
cancer-causing genes transmitted by retroviruses. These
genes were picked up from the host cell during evolution,
a process during which they acquired mutations which
constitutively activate the function of the encoded proteins.
Not surprisingly, many of them have since been found to'
be mutated in human tumours where they act in concert
with inactivated tumour suppressor genes. Oncogenes,
(or proto-oncogenes, as the unmutated cellular forms are
often called), constitute approximately 100 of the estimated
100,000 genes of higher vertebrates, and encode proteins
which are part of the complex machinery that allows cells
to grow and differentiate. In an adult organism cells do not
grow unless they are instructed to do so by substances
around them. For example, if one cuts into one's finger
this leads not only to bleeding but also to the release
of substances which act locally, promoting the growth of
cells which participate in wound healing. Growth is only
temporary and ceases as soon as enough scar tissue has
developed.

How do these substances, which themselves are proteins
encoded by genes, tell the cells that they should divide
and perhaps differentiate? Binding of a specific growth
promoting substance (e.g. a growth factor) represents the
first step in what is called signal-transduction cascade.
Each cell has receptor proteins on its surface that can
bind specific growth factors. These receptors span the
plasma membrane and can therefore transmit external
stimuli to the interior of the cell. The inside part of the
receptor typically has an enzymatic activity which adds
phosphate groups to tyrosine onto other proteins, (they
are therefore also called tyrosine kinase-type receptors).
In addition, the inside part serves as an anchor for a num-
ber of cellular proteins which, through their association,
become modified by, for example, the addition or removal
of phosphate groups. After a series of complex events
of protein-protein interactions involving adaptor proteins
and cytoplasmic tyrosine kinases of the Src family and
the activation of the GTP binding Ras protein, the signal
travels to the cell nucleus where two basic processes
can be initiated. The first one triggers the cell cycle ma-
chinery, which itself comprises a distinct set of proteins,
that ultimately induces cell division. The second leads to
the mobilization of so-called transcription-factors. These



are proteins that bind to specific DNA regions and act
as switches, turning on or off certain genes. The result
is that, in a growth stimulated cell, a subset of genes
needed for cell division is activated. Any of the genes
involved in this signal transduction cascade, from those
encoding growth factors to those encoding transcription
factors, can act as oncogenes if mutated or deregulated.
This example illustrates the perhaps best understood
signal-transduction pathway, but is by no means the only
one.

During embryonic development, after an egg cell is fer-
tilized by a sperm, an embryo forms which features
the main body axes (anterior-posterior, dorsal-ventral).
Eventually the different tissues such as muscles, bones,
skin and organs are formed consisting of defined cell
types that form characteristic patterns. In the process of
early embryonic development primitive stem cells diver-
sify into a multiplicity of different cell types (more than
200 altogether), each of which performs a specialized
function in the body. In adults this process still goes
on but is limited to a small set of cells capable of
regenerating, for example, the different types of blood
cells. It now appears that when stem cells decide to
differentiate into one or another cell type (also called
cell fate determination) signalling mechanisms similar to
those governing growth control are operative. For ex-
ample, the determination of neuronal cells in the com-
pound eye of the fruitfly Drosophila, which is triggered
by a direct contact between precursor cells, activates
tyrosine kinase-type receptors and the Ras signal trans-
duction pathway. Ultimately, as during growth induction,
a battery of genes is activated in the precursor cell at
the level of transcription, specifying the identity of the
emerging cell type. The most direct demonstration that
similar signal-transduction mechanisms are operative in
growth control and differentiation comes from the finding
that several of the genes involved in normal and abnormal
growth were found to be identical to those required for
normal differentiation and development processes. Con-
versely, several genes that were originally identified to
be crucial for differentiation/development/pattern forma-
tion were found to be involved in growth control and
potentially oncogenic. There is at least one cell type in
the body, however, for which special mechanisms of de-
termination appear to have evolved: germ cells. Work

with the fru itfly Drosophila has shown that the prod-
ucts of certain maternal genes are necessary so that
these essential cells can be set aside during early em-
bryogenesis, using what appears to be a unique set of
genes.

What follows is an account of the most important findings
of the different groups of the Programme during the past
year.

Rolf Zeller's group studies the roles of the four previously
isolated fibroblast growth factor-2 (FGF-2) isoforms dur-
ing pattern formation and differentiation. All four FGF-2
isoforms are expressed during mesoderm induction and
gastrulation, which makes them candidate molecules for
FGF-mediated signalling during these early determinative
events. Interestingly, three of the four isoforms are lo-
calised in the cell nucleus before mesoderm induction and
translocate to the cytoplasm and extra-cellular matrix dur-
ing primitive streak formation. Much later, during organo-
genesis of the kidney, FGF-2 proteins stably accumulate
in nuclei of differentiating podocytes, whereas they remain
cytoplasmic in all other cells. These studies reveal that
nuclear accumulation of FGF-2 protein is tightly regulated
and suggest a diversity of roles during embryogenesis.
Culture systems for gastrulating embryos and kidney rudi-
ments have now been established that are used to study
the roles of FGF-2 proteins during these morphogenetic
processes. The group has also continued their studies on
the involvement of the nuclear limb deformity (Id) gene
in vertebrate development. The products of this gene are
expressed in various cell types during morphogenesis and
seem to be involved in both cell determination and differen-
tiation. Biochemical analysis revealed that the Ld proteins
form part of a large protein complex that binds to a specific
DNA.

ROdiger Klein's group studies the role of receptor-type
tyrosine kinases in mammalian development with special
emphasis on the ontogeny of the nervous system. Most
of the work concentrates on the trk oncogene family.
The products of these genes exhibit a tyrosine kinase
activity and have recently been shown to correspond to
the receptors for the nerve growth factor (NGF)-related
family of neurotrophic factors. These factors are essential
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for in vitro survival of sympathetic gangIions and a subset
of sensory neurons. Different neurotrophic factors display
binding preferences in vitro for specific Trk receptors.
Limited cross-reactivities can be observed, however, under
certain conditions and on certain cell types. To understand
the function of Trk receptors in the development and/or
maintenance of the nervous system, mice were gener-
ated, in collaboration with the groups of Drs. Alexandra
Joyner (Mt. Sinai, Toronto, Canada) and Mariano Barbacid
(Bristol-Myers Squibb, Princeton, USA), carrying targeted
mutations in all of the three trk gene loci. Specific de-
fects in neurotrophin-responsive neuron populations were
observed in all three cases. Mice deficient in receptors
encoded by the trk oncogene itself are viable but display
a reduced growth and survival rate due to severe sen-
sory and sympathetic neuropathies. Mice deficient in the
TrkB encoded gene receptor are also born alive but die
shortly after birth due to their inability to feed. Sensory
and motor neurons involved in feeding are affected in
these mice. Finally, homozygous trkC mutant mice are
viable but exhibit abnormal limb movements due to de-
fects in sensory neurons subserving proprioception. The
various trk-deficient mouse cell lines will serve as impor-
tant tools to study the mechanisms of neuronal survival
during the development of the mammalian nervous sys-
tem.

The Courtneidge group continues to investigate the role
of the Src family tyrosine kinases Src, Fyn and Yes, in
signal-transduction. In previous years they showed that
Src family kinases bind to the well characterized recep-
tor for the platelet-derived growth factor (PDGF), that
this association is coincident with novel tyrosine phos-
phorylations of the Src kinases as well as with an in-
crease in their intrinsic tyrosine kinase activity, and that
it requires the SH2 domain of the Src family proteins.
They also showed (in collaboration with Dr. M. Roussel,
Memphis, Tennessee) that receptor tyrosine ki-
nase, the colony stimulating factor-1 (CSF-1) receptor,
likewise associates with all three Src family kinases via
their SH2 domains. In recent experiments, using a mi-
croinjection system to over-express proteins, they have
shown that kinase-inactive Fyn or Src molecules prevent
PDGF-induced DNA synthesis (presumably because of
a competitive inhibition). Using the microinjection sys-
tem an antibody against Src family proteins was found
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to block PDGF-induced DNA synthesis, confirming the
results obtained with the dominant interfering mutants.
In another line of research members of the group are
studying the mechanism of malignant cell transformation
by polyoma viruses. The transforming protein of mouse
polyoma virus, the middle T antigen, binds to and acti-
vates Src and Yes proteins, and induces sarcoma in vivo.
In contrast, the middle T antigen from hamster polyoma
virus preferentially binds the Fyn protein and induces
lymphoid malignancies. They have now discovered that
the hamster middle T antigen functions in T lymphocytes
to activate interleukin 2 transcription whereas the mouse
middle T antigen does not. These results suggest a func-
tion for Fyn, but not for Src or Yes, in T cell activa-
tion.

Dirk Bohmann's laboratory is interested in the role of the
transcription factors and proto-oncogene products c-Jun,
c-Fos, and c-Ets in signal transduction and in inducible
transcription regulation. Using biochemical, molecular and
genetic approaches the mechanisms leading to transcrip-
tion factor activation and their biological consequences
have been examined, with work concentrating mainly on
c-Jun. They showed that the stability within the cells of this
transcription factor is controlled by the ubiquitin-dependent
proteolysis system. This system, which consists of a num-
ber of different enzymes, confers to specific proteins a "kiss
of death", that is, it tags them for degradation. In contrast
to c-Jun, v-Jun escapes ubiquitin-dependent degradation
due to the lack of an essential ubiquitination signal which
leads to a stabilization of the protein. This finding might
therefore explain the basis for the transforming capacity
by the v-jun oncogene. Interestingly, the ubiquitination of
c-Jun appears not to be constitutive but is regulated by
inducible phosphorylation events. Signal-dependent phos-
phorylation influences the activity of c-Jun also at other
levels. Thus, besides affecting the stability of the protein,
it also determines its DNA binding activity and possibly
its trans-activation potential. Bohmann's laboratory has
studied these events in mechanistic detail and discovered
that different phosphorylation events in c-Jun that were
previously considered to be regulated independently are
mutually dependent. These findings attest to the func-
tional complexity of a single transcription factor and have
led to the concept of "intra-molecular signal transduc-
tion".



PLATE 1

Expression of Jun and neuronal differentiation
in the Drosophila eye

During eye development, several cells have the potential to
differentiate as photoreceptor neurons. All these cells express
the Drosophila homologue of the proto-oncogene Jun and can
respond to ubiquitous activation of Ras (schematically indicated as

light green cells). According to this model the potential to become
a photoreceptor depends on the local expression of Drosophila
Jun. In wild-type only one cell of this group receives the appro-
priate signals mediated by interactions of the Sev-receptor and
its ligand (Boss; indicated in red) and activates Ras. This leads
to phosphorylation of Jun and neuronal development (indicated in
dark green).
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The Drosophila eye consists of 800 "mini eyes", or omma-
tidia, each of which contains various types of neuronal and
non-neuronal cells. Marek Mlodzik's group is interested
in the mechanisms by which neuronal precursor cells
are determined and their diversity is generated in each
ommatidium of the compound eye. Similar to the classical
pathway of signal-transduction during growth control, a
tyrosine kinase receptor, called Sevenless, which is ex-
pressed on the surface of non-determined precursors, is
triggered by an extracellular ligand called Boss, that is
presented by a neighbouring cell. This leads to a cascade
of intracellular events that includes the activation of the
ras gene product and that culminates in a change in the
gene expression pattern. The work of the group focuses
on two aspects of eye development: the generation of a
spacing pattern of neuronal precursor cells and the sub-
sequent specification of a subset of photoreceptor cells.
The scabrous gene, encoding a secreted protein, was
found earlier to be required in the lateral inhibition process

that leads to a regular array of neuronal precursors. To
identify other components of this signalling mechanism,
a genetic screen was performed using a conditional eye
specific mutation of scabrous. This screen led to the
identification of both known and novel genes. The latter
are now being characterized. The specification of four
distinct photoreceptor cells in the compound eye requires
the sevenup (svp) gene, which encodes a nuclear receptor
of the steroid hormone receptor family. Ectopic expression
of svp in other types of photoreceptor precursors or in the
non-neural cone cells leads to a cell fate transformation
to the photoreceptor type normally specified by svp. This
cell fate switch appears to require other genes in addition
to svp, including the ras gene and other components
of the ras signalling pathway. In addition, several novel
genes were identified that are specifically required for
normal svp function, constituting an interesting new group
of genes that act in concert with a nuclear receptor pro-
tein.
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The jun oncogene has long been known to be activated
by the ras signal-transduction pathway during growth stim-
ulation of mammalian cells. In spite of the evolutionary
conservation of this pathway to the ras pathway involved
in photoreceptor determination of the Drosophila eye,
there has been no evidence so far for the involvement
of the Drosophila-jun gene. Combining their biochemical
and genetic expertise, the Bohmann and Mlodzik lab-
oratories have now been able to demonstrate a func-
tion for the Drosophila-jun oncogene in photoreceptor de-

termination. Thus expression of dominant negative mu-
tant forms of Drosophila-jun in transgenic flies disturbed
the determination of uncommitted precursor cells towards
a neuronal photoreceptor fate and repressed the ef-
fect of an activated ras oncogene. These findings yield
new insights into Jun signalling and neuronal differen-
tiation and demonstrate how the adverse effect of ac-
tivated oncogenes can be experimentally reversed in a
whole organism using artificially designed protein prod-
ucts.

PLATE 2

Growth control in the developing Drosophila wing

The Drosophila wing is constructed from a single-layered sheet
of epithelial cells. During development the sheet folds in half
so that the presumptive dorsal and ventral surfaces come in
contact. Genetic studies have shown that the cells which lie at
the boundary between the future dorsal and ventral surfaces
serve a special function in controlling growth and in organiz-
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ing pattern in the wing. Using genetic mosaics, it is possible
to generate an abnormal situation in which a group of cells is
induced to form a supernumerary dorsal/ventral boundary in an
ectopic position. Such ectopic boundaries can lead to dramatic
reorganization of the wing, as depicted above. The ectopic bound-
ary changes the behaviour of the surrounding normal cells, to
induce them to cooperate in the formation of a "wing within
a wing".



Cell interactions also playa decisive role in the organi-
zation of other body patterns of the developing Drosophila
embryo. Work in Stephen Cohen's laboratory is concerned
with the cellular and molecular mechanisms by which these
patterns are established in wings and legs. Recent studies
have shown that localized expression of the homeobox
gene apterous establishes the primary asymmetry be-
tween the presumptive dorsal and ventral surfaces of the
Drosophila wing. Interaction between dorsal and ventral
cells leads to the formation of an organizing centre at
the interface between the two cell types. Specification
of the organizer is required for all subsequent growth
and pattern formation in the wing. Related studies have
implicated the homeobox gene distal-less in the organi-
zation of the developing leg. Localized expression of the
Distal-less protein in the presumptive distal segments of
the leg is required, through a process of cell interaction,
to organize the proximal-distal axis of the leg. Thus, in
both leg and wing development pattern formation depends
on interaction between differently specified populations of
cells within the respective primordia. Localized expression
of the apterous and distal-less gene products appear to
establish the asymmetries which initiate the cascade of
cell interactions required for the morphogenesis of wings
and legs.

In many organisms, the germline is determined very early
during embryogenesis under the influence of molecules
segregated in one region of the egg cytoplasm, the germ
plasm. Anne Ephrussi's group is trying to understand the
molecular nature of the germ plasm and how it functions
to determine the germ line. In Drosophila, a number of
genes have been identified whose functions are required
for proper germ plasm formation at the posterior pole of
the egg. Through a combination of genetic and molec-
ular biological experiments, a pathway for germ plasm
assembly has been established. Germ plasm assembly
is a hierarchical process, but a number of interactions
between the components is required for maintenance of
its integrity. The group has shown that one component of
the germ plasm, the product of the gene oskar, is central
in this pathway, and that mislocalization of the oskar RNA
to the anterior pole of the egg is sufficient to induce
formation of functional germ cells at the ectopic site. Taking
further genetic, molecular biological, and biochemical ap-
proaches, the relation between the known components of

the germ plasm is explored and their functions examined.
Experiments are also in progress that aim at identifying
new components of this essential developmental pathway.

The diversification of cells of the blood forming system into
eight distinct lineages has become one of the major model
systems in elucidating mechanisms of determination and
differentiation in vertebrates. The Graf group uses chicken
leukemia viruses as tools to induce the proliferation and
thereby amplify specific immature precursors of the chick
hematopoietic system. In particular, a virus is being studied
that encodes a fusion oncoprotein that consists of two
altered transcription factors, Myb and Ets. This virus has
the unique capacity of transforming a cell that is capable
of differentiating along five different lineages. In contrast,
a virus containing myb only transforms predominantly a
macrophage/granulocyte precursor and a virus containing
ets only transforms an erythrocyte precursor. To unravel
the molecular mechanisms of cell type-specific induction
of proliferation temperature-sensitive versions of myb and
ets oncogenes have been used to first transform bipotent
or multipotent progenitors and then de-block their differ-
entiation following shift of the cells to the non-permissive
temperature. Such studies have identified specific points
in the differentiation hierarchy that appear to be restriction
points susceptible to either of the three oncoprotein forms.
They have also allowed, through the use of differential
cDNA screening, the identification of a first putative target
gene for ets in the context with its fusion with myb. The
study of the function of this gene and its mechanisms
of regulation might shed new light on the growth control
and differentiation of multipotent hematopoietic progeni-
tors. They also should help to explain the altered biological
properties of the fusion protein compared to each of its
components.

Duboule's group has continued to study the structure
and function of another class of vertebrate transcriptional
activators, the homeobox containing Hox genes. These
genes have been implicated in earlier work by the group to
be involved in key morphogenetic events, instructing cells
on their fates along the major body axes. By introducing
mammalian Hox genes into Drosophila the group has now
found that they are subject to a functional hierarchy, thus
reflecting the "phenotypic suppression" phenomenon de-
scribed for the homeotic (homeobox containing genes) of
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the fruitfly. This result underscores the functional similarity
between vertebrate and invertebrate homeobox containing
genes and provides a novel and relatively simple system
for further characterizing Hox genes. In parallel a new
structural and evolutionary approach was undertaken by
the study of Hox genes from the zebra fish. The complete
posterior half of the fish HOXD complex was isolated
and characterized and, after setting up the appropriate
technology, expression studies were initiated. In parallel,
the interspecies conservation of regulatory elements was
investigated by constructing chicken-mouse or fish-mouse
chimeric Hox reporter transgenes. Using this approach,
it was shown that fish and avian regulatory sequences
are able to generate in mice a Hox pattern similar to the
endogenous one. This observation demonstrates again the
high degree of developmental conservation of the mecha-
nisms which control the morphogenesis of vertebrate limbs
and fins.

T. Graf
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Biological Structures and Biocomputing

The recent proliferation of new journals emphasizing struc-
tural biology is one manifestation of the fact that we
have entered the decade of structural biology. This is
not surprising. Structural biology is the most fundamental
field of molecular biology because it attempts to address
biological questions at the level of molecular interactions.
An important development over the past few years is
that more systems have become amenable to structural
analysis. This allows the transfer of their study from the
realm of phenomenology to that of detailed understanding
of molecular interactions. Indeed, few molecular biologists
feel comfortable working on a system where no structural
data is available. EMBL is uniquely positioned in that we
have anticipated this trend, invested wisely in recruitment
and equipment and now have a valuable resource in the
Laboratory to profit from it.

Many outside observers see our Programme as technique
oriented. However we have always emphasized the priority
of the biological subject areas considered.

Membranes and signal transduction

The study of membrane protein structure is one of the
major successes of EMBL. The past years have seen
the maturing of a productive environment in which several
membrane proteins and assemblies have served as the
focus of collaboration between groups in the Programme.
Indeed, it is the broad approach in which computational
and biochemical studies have complemented X-ray diffrac-
tion, nuclear magnetic resonance (NMR) and electron mi-
croscopy that have made these projects so successful. We

feel this must be maintained since the breadth of the effort
on membrane proteins is unique to EMBL.

The work on aerolysin is a good example of the advan-
tages of a combined approach. This project was initiated
in the Programme by Franc Pattus's group and extended
to a collaboration which involved Demetrius Tsernoglou's
group in crystallographic studies, Kevin Leonard's group in
electron microscopy and Paul Tucker's group in molecular
dynamics and refinement. The result has been the high
resolution structure of the soluble form of this protein and
a first glimpse of the way in which this protein forms a pore
in the membrane (Plate 3).

Werner KOhlbrandt's group has focused on the light har-
vesting complex (LHC-II) using electron crystallography to
explore the structure of this intrinsic membrane protein.
During the last two years, this work has progressed from
a 5A three-dimensional map to the current one at 3.4 A
resolution (see Plate on front cover). The quality of the
phases determined by microscopy and hence of the map
is so high that 80% of the polypeptide can be traced and
an atomic model built for this portion of the molecule.
This work shows the promise of high resolution electron
crystallography particularly in work on membrane proteins.

Another potentially very useful technique for membrane
systems is NMR. Hartmut Oschkinat's group has worked
out methods for solubilizing bacteriorhodopsin under con-
ditions in which interpretable NMR spectra can be ob-
tained. Their first results reveal information concerning
retinal. When this work can be extended to other mem-
brane proteins it will add a much needed tool to help in
understanding membrane protein structure.

A great deal of work in our Programme comprises struc-
tural projects that overlap naturally with work in the other
Programmes. Proteins involved in signalling during mem-
brane transport, such as Rab proteins, form a natural link
with the work in the Cell Biology Programme. Extensive
domain swapping experiments have been carried out by
the Zerial group (Cell Biology) using the alignment of the
small GTP binding protein family members and modelling
which was performed by Chris Sander's group. Peter
Metcalf's group has now solved the structure of Rab 7
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PLATE 3

(Top) Two views of a reconstruction of the aerolysin channel com-
plex from electron micrographs of negatively stained membrane
crystals.
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(Bottom) The protein backbone for aerolysin monomers fitted
into the envelope of density provided by the electron microscope
model. The cylindrical channel formed by ,B-strands traverses the
membrane. Parker et al. (1994) Nature, 367, 292-295.



PLATE 4

Rab 7
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by X-ray crystallography (Plate 4). We expect that the
insights gained from this structure will keep the work on
this class of proteins at EMBL at the forefront of this field.

The work on the SH3 (Src homology) domains serves as
a focus for collaboration between Matti Saraste's and Rik
Wierenga's group in our Programme and Sara Courtnei-
dge's group in the Differentiation Programme. The struc-
tures of the SH3 domains from spectrin and from an onco-
gene product have been solved by X-ray crystallography
and several others are being pursued. A set of mutagen-
esis experiments is now under way to test the functional
predictions from the modelling.

The departure of Franc Pattus and Demetrius Tsernoglou
will leave a gap in the area of membrane protein structure.
We have been fortunate to recruit Irmgard Sinning who has
experience in both the biochemistry and crystallography
of membrane proteins. She has begun working on the
crystallization of membrane proteins from several ther-
mophilic and halophilic bacteria and is also exploring some
membrane-associated proteins such as SRP.

The work in membrane proteins at EMBL is seen as one
of the areas in which it leads institutions throughout the
world. A recent workshop (NIGMS workshop - Structural
Biology of Respiratory Enzymes) concluded that studies of
membrane proteins were a field in which funding priorities
must be changed because the lack of long-term funding
for such high risk projects places the United States behind
Europe where institutions such as the Biozentrum, the MPI
and EMBL have had the foresight to fund such important
work. We hope to continue our commitment to membrane
proteins that has been such a successful area for us.

Cytoskeleton

The cloning and sequencing of titin has been an enor-
mous task that is now almost complete. This molecule
(3,000 kDa) is the largest protein known and appears
to act as a kind of molecular ruler to determine sar-
comere length. The characterization of this molecule with
its domain structure and the functional significance of
these domains is again a long task but one for which
EMBL is uniquely positioned and which is the subject
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of active collaboration between Biocomputing, NMR and
electron microscopy groups. The work is coordinated by
Siegfried Labeit (Leonard's group) which has undertaken
the cloning, sequencing and expression of the domains of
the protein that is central to the project. The titin project
has produced a number of very useful spin-offs. One
of these is a new diagnostic tool for early and reliable
diagnosis of myasthenia gravis. A more recent offshoot
of this work is the study of nebulin in which the structure
of this a-helical actin-binding protein has been solved by
NMR and a model of its binding to actin established by
Annalisa Pastore's group. Another is the work on kettin
and projectin in which the titin domains are present in a
quite different arrangement. Immunolocalization by Kevin
Leonard's group has shown the distinct functions of these
proteins in the Z disc.

The study of the centriole by Stephen Fuller's group is
another large undertaking but one that has had a great
deal of support and interest from Eric Karsenti's group in
the Cell Biology Programme. A combination of immuno-
electron microscopy and image reconstruction from whole
vitrified centrioles is beginning to provide context to the
many components of this enigmatic organelle. This work
is combined with an extensive study of the kinetics of tubu-
lin polymerization by cryo-electron microscopy and video
microscopy. The next few years should see a deepening of
this collaboration as well as an increase in structural work
on tubulin and tubulin-associated proteins.

Nucleic acid - protein interactions

Efforts within the Programme on DNA protein interactions
involve five groups and have focused on the specificity
of recognition and the catalytic mechanisms of nucleases
as well as the structures of protein modules involved in
interactions with nucleic acid. This latter area has been
particularly advantageous for interactions between the the-
oretical and the experimental groups, particularly NMR.

Dietrich Suck's group has investigated the selectivity and
catalytic mechanisms of nucleases including DNase I,
P1, S1 and T5 exonuclease by combining site-directed
mutagenesis with X-ray analysis of complexes of enzyme
with substrate or substrate analogues. Several transcrip-



tion factors of the helix-loop-helix and homeodomain types
including Myc, Max, Myb and LFB1fHNF1 are also being
studied by X-ray diffraction.

A collaboration between the groups of Annalisa Pastore
and of Michael Nilges has resulted in the solution of several
leucine zipper domains including those in GCN4, Max, Myc
and TFEB. A protein, which structure and functional prop-
erties are very different, is the adenovirus DNA binding pro-
tein. The solution of this structure by Paul Tucker's group
reveals features that suggest the mechanism of coopera-
tive binding in this protein. A study that shows the power
of NMR in examining complex structures is a collaboration
between Michael Nilges's group and K. Hilbers (Utrecht)
which combined previously available electron microscopy
and neutron scattering data with NMR to model the struc-
ture of the complex of DNA with the single-stranded DNA
binding protein encoded by gene V of phage m13. This
area of research is becoming an increasingly active site
for interactions with the other Programmes and several
of these projects represent collaborations with the Gene
Expression and Differentiation Programmes.

Protein folding

The work of several groups involved in molecular dynamics
has spawned a number of exciting interactions within the
Programme. Rebecca Wade's work on the simulation of
enzyme substrate diffusional encounters can be ideally
applied to the structural and mutational studies of triose
phosphate isomerase (TIM) in Rik Wierenga's group. This
work is showing the role of the surface loops in the activity
of this protein. Ruben Abagyan in Patrick Argos's group
has developed an efficient algorithm for conformational
searches through energy calculations using internal coor-
dinate modelling (ICM). ICM has been applied to a number
of classical problems such as the docking of leucine zip-
per helices and of lysozyme with its antibody. ICM also
forms an important part of the protein design cycle that is
exemplified in the work on TIM.

Michael Nilges's group has been exploring the use of
molecular dynamics in the interpretation of NMR data.
Beyond collaborative projects in the solution of individual
structures, this group has established important algorithms

in this field. Recently they have developed a simulated an-
nealing method that calculates structure without a distance
geometry algorithm. This removes the requirement that all
experimental data be expressed as distances and allows
the ambiguities in the NOE data to be resolved during
the structure calculation. This dynamic assignment method
requires much less intervention in the calculation and a
better sampling of NOE crosspeaks.

Direct experimental work on the protein folding problem
has been undertaken by Luis Serrano's group in collabo-
ration with Chris Sander's group using CheY whose aff3
parallel structure is related to p21 Ras. They have shown
that in CheY a folding intermediate is formed which is
not due to a prolyl bond isomerization and that the active
site is not formed until the final folding step. Similar work
on the SH3 domain shows that a two state model can
properly describe the work on the folding of this domain.
The group has also explored the idea of nucleation points
for protein folding by examining the stability of protein
fragments corresponding to the a-helices of several aff3
proteins.

Patrick Argos's group has also explored the determi-
nation of protein folds by examining established three-
dimensional structures and deriving rules that the observed
structures appear to obey. This extensive work has pro-
vided many guides for the design of proteins that have
been used in collaborative projects. They have also shown
that very distantly related tertiary structures display the
facile adaptation of sequence to structure with movement
of up to 5 A in the backbone but maintenance of the basic
protein fold.

Chris Sander's group has attempted to apply the principles
gleaned from an examination of protein structures to the
design of completely novel proteins. This work is a collabo-
ration with the NMR and protein crystallographic groups in
the Programme and has used four helix bundles derived
from Rop as well as the aff3 fold and TIM barrels. One
interesting adjunct to this work has been the establishment
of rules for structural features that are unlikely to be found
in any real protein. Using these rules and other tools
developed for protein design such as Whatlf (developed
by Gert Vriend), this group has examined the structures
available in the Brookhaven Protein Data-Base and has
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been able to indicate regions that should be reexamined
by the authors.

Other activities within the Programme

The Scientific Advisory Committee strongly encouraged
the Programme to establish a facility for the provision of
N15 and C13 labelled media for the labelling proteins for
NMR work. Hartmut Oschkinat's group has accomplished
this over the past two years. The result is that more
than a dozen groups outside EMBL as well as several
groups within the Laboratory are now able to attempt
experiments with labelled material for which the cost would
have previously been prohibitive.

EMBL has long provided services to the European molec-
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ular biology community over the computer network. The
past year has seen the extension of those services from
data and homology searches to the provision of special
purpose programs for the analysis of protein structure.
The PHD system, an electronic mail server, which was
implemented by Chris Sander's group provides a neuronal
network-based secondary structure prediction algorithm
which has proved to be extremely popular. Other services
are planned in the future. Over the next year, we will begin
offering access to several supercomputers with the help of
an European Union Access to Large Scale Installations
grant. We hope that these resources and the provision
of training in the use of high performance computing will
help to transform the way in which molecular biologists
approach their work in the future.

S. Fuller & D. Suck



Gene expression

The genes, encoded in DNA, are the library of information
from which an organism is constructed. The pathway of
gene expression, by which the information is turned into
the molecular components necessary for the structure and
function of the cells in the organism, is what we study in
the Programme. The order of events in gene expression
is universal. First, the DNA is made into RNA. The RNA,
especially in eukaryotic cells, is often made as a precursor,
and must be processed to the mature form. Next, most of
the RNAs produced by the cell are translated into protein.
The catalytic and structural activities of the cell are then
carried out by both RNA and protein components. The
pathway of gene expression has been summarized by
Francis Crick as "DNA makes RNA makes protein", the
so-called central dogma of molecular biology. '

The fact that essentially all the cells in an organism contain
the same set of genes poses an immediate problem. If all
cells contain the same genetic information, how can the
very different types of cells which give rise to organs like
liver, brain or muscle be generated. Related questions are
how all of these different cell-types can be generated from
a single cell, the fertilized egg, and how do they become
arranged into the definite pattern which characterizes the
organism. The answer to these puzzles lies in the regu-
lation of gene expression. Regulatory mechanisms which
control all of the different steps in the pathway of gene
expression exist and are used differently in different cells
with the result that no two cell-types express exactly the

same set of genes. In addition to this, gene expression
is not fixed. The organism, and its individual cells, has to
be able to respond to stimuli by changing the pattern of
expression.

The basic machinery utilized by various organisms for
gene expression increases in complexity with the level
of complexity of the organism itself. At first sight, this is
puzzling, as can be illustrated by a couple of examples.
RNA polymerases are complicated enzymes. To produce
accurate transcripts from DNA they must recognize, or
be directed to, the correct start sites. Then they have to
unwind the DNA template, correctly read the template by
inserting the correct RNA nucleotide opposite the DNA
strand at each position in the growing transcript, displace
the RNA transcript and rewind the template DNA, then
recognize the correct termination signals so as to stop
transcription at the correct point. In spite of this multifunc-
tionality, RNA polymerases can be relatively small. That of
the bacterial virus T7, for example, is a single polypeptide
of 90,000 Daltons. In a human cell, on the other hand, the
apparatus required just to bring the RNA polymerase to
the correct start site of the promoter of a protein-coding
gene requires of the order of 35 separate polypeptides
with a combined molecular weight of 1.5 million Daltons.
Similarly, removal of the intervening sequences that in-
terrupt the coding regions of messenger RNA precursors
in a human cell nucleus involves an estimated number of
roughly 100 trans-acting components, 5 of them RNAs,
the rest proteins, while removal of introns from transcripts
of bacterial viruses or of the genomes of cytoplasmic
organelles (e.g. mitochondria) probably requires only one
or a few protein co-factors. Indeed, in some cases, this
class of intervening sequence can catalyze its own removal
under special in vitro conditions.

So, why make such complex machines to catalyze these
reactions if simple ones can do the job. A major part
of the answer lies in the requirement for regulation. The
more complex the organism, the more it needs to have
its gene expression regulated, and, in particular, the more
regulators it needs to be able to respond to. Response to
a regulator is only possible if the basic machinery has a
target for that regulator. The more components are in the
basic machine, the more targets are available.
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PLATE 5

IRF can switch between an IRE-binding protein (IRE-BP) form
and an aconitase form (left). The IRE consists of an RNA-helix
interrupted by a cytosine residue five nucleotides 5' from a six-
membered loop typically containing the nucleotides CAGUGN.
To mediate translational repression, IRE elements have to be
located within 70 nucleotides from the 7 methyl-guanosine cap

IRF=IRE-BP

Fe t-...... ---
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Molecules of dual function

One of the interesting themes to emerge from the research
in the programme recently has been the discovery that
several of the proteins under study for one reason turn out
to have a second, often quite unrelated, function. A variant
of this is the experimental application of useful properties of
a molecule to achieve a desired end that has no connection
to the normal function of the molecule.

IRF

The best-studied example of this phenomenon is iron regu-
latory factor (Plate 5). Interest in this protein stemmed from
the fact that it binds to structural elements in the ferritin
and transferrin receptor mRNAs through which regulation
of their translation or stability, respectively, is achieved.
When this protein was sequenced, it was found to be
closely related to aconitase, a Krebs cycle enzyme of
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structure, whereas the distance to the translational start codon
is unimportant. In iron loaded cells (right) a 4Fe-4S cluster is
formed and converts IRF into the cytoplasmic enzyme aconitase.
The fourth iron in the iron-sulfur cluster is bound by citrate. The
disassembly of the cluster to the apoprotein form under iron
starvation conditions has yet to be directly demonstrated.

IRF=Aconitase
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the mitochondrion. Indeed, subsequent work has shown
that IRF can be converted between two functionally dif-
ferent forms. When loaded with iron, the protein is the
cytoplasmic aconitase. When iron is removed from its
iron-sulphur cluster, it looses enzymatic activity and, in its
place, gains RNA binding activity (Plate 5). In this form, it
prevents translation of ferritin mRNA and increases the
stability of transferrin receptor mRNA, thus causing an
increase in free cellular iron. In this way, IRF regulates
iron homeostasis in the cell.

U1A protein

The U1A protein is a component of U1 snRNP, one of
the nuclear RNPs required for splicing of messenger RNA
precursors. While the role of U1 A protein in splicing is not
understood in detail, experiments carried out in Xenopus
oocytes and in yeast suggest that splicing efficiency is
affected by the absence of the protein from U1 snRNP.



PLATE 6 Nucleosomes

Nucleosomes are the basic unit of chromatin, being com-
posed of histones H1-H4 plus DNA. In most situations,
they function to prevent access to DNA (see upper and
lower panels of Plate 7). In this way, they repress tran-
scription, and other events that require protein access to
specific DNA sequences on the chromosome. However,
this is not always the case. Two of the groups in the
Programme have good evidence that a nucleosome, posi-
tioned at a particular place on the promoters they study,
causes the DNA to fold in such a way as to bring proximally
and distally bound factors on the promoter close enough
for them to make a functional interaction (Plate 7, middle
panel). Thus, nucleosomes can have an activating, as well
as a repressing, effect on proteins that need to interact with
DNA in a specific way to achieve their function.
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Positioned nucleosomes contribute to the spacial organisation ofa promoter

Transcription is repressed by nucleosome postitioning.
Transcription is activated by nucleosome disruption.
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Human U1A pre-mRNA.

The U1 A protein binds to a hairpin loop of U1 snRNA
(Plate 6, lower part) and part of the sequence of this
loop is required for the binding. U1 A, however, also binds
to its own mRNA, and to its precursor (pre-mRNA), as
illustrated in the upper part of Plate 6. In this position,
the protein has nothing to do with splicing. Instead, it
prevents 3' end formation on the pre-mRNA by contacting
poly A polymerase, the enzyme responsible for adding
the poly A tail. In this way, excess of U1 A protein in-
hibits production of its own mRNA and thus functions
as an autoregulator. In a broader context, the ability
of U1A to interact with components of the splicing and
3' end formation machineries may have a function in
the coordination of these diverse RNA processing activ-
ities.

To add, artificially, to the functional diversity of the U1 A
protein, it was also shown this year that by substituting
the U1A binding site from U1 snRNA for the IRF binding
site in the ferritin mRNA it was possible to bring ferritin
translation under the control of the U1A protein, a finding
that provides insight into the mechanism of the IRF effect,
but also has obvious potential for experimental exploita-
tion.

PLATE 7

Interactions between sequence-specific DNA-binding proteins and
structural components of chromatin, such as nucleosomes, create
an active promoter.
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PLATE 8

Control of gene expression by DNA recombination
mediated by FLP recombinase/steroid ligand
domain fusion proteins.

Depicted is a segment of chromosomally integrated DNA that
contains a constitutively active promoter and two FLP recog-
nition targets (FRTs) which flank the neomycin resistance
gene (NEG). Before recombination (upper panel), NEG is
expressed but the downstream fJ-galactosidase (LacZ) gene
is not because the NEG gene with its processing signals
interrupt its open reading frame. FLP recombinase is in-
active because the steroid ligand binding domain (LBO)
incorporates the fusion protein into the HSP90 complex.
Upon adding ligand (middle panel), the fusion protein is
released from the HSP90 complex and FLP can bind FRTs.
Recombination between the two FRTs takes place and the
NEG gene is excised as a circle (lower panel). The LacZ
gene is now expressed and the circle is lost, either through
degradation or dilution.

lost
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Ligand binding domains

The ligand binding domains of the members of the steroid
hormone/vitamin receptor superfamily are a further exam-
ple of dual function. In the absence of ligand, this region
of members of the family has different functions. It can
prevent the entire protein from dimerizing (the active forms
of these receptors can be either homo- or heterodimers),
from binding DNA, or from activating transcription. Once
bound to ligand, the same domains cause dissociation
from cytoplasmic anchors or promote dimerization in some
cases and, in addition, in all cases become strong tran-
scriptional activators. One group in the programme has
been studying how these various activities are encoded in
this protein domain and controlled by ligand.

A second group has exploited the negative influence one
such domain has in the absence of ligand to use it as a

regulating switch to control a recombinase enzyme. This
was achieved by making a recombinase-Iigand binding
domain fusion (Plate 8). In this way, regulated DNA re-
combination between target sites for the recombinase has
been achieved. Depending on the relative orientation of
the sites between which recombination occurs, this can be
used to integrate DNA into or excise DNA from, particular
engineered sites on a chromosome, or alternatively, to
invert a segment of DNA on a chromosome to, for ex-
ample, bring a segment of DNA under the control of a
particular promoter. One of the tools most sorely needed
by molecular geneticists studying multicellular organisms
are ways to manipulate gene (or transgene) expression in
a controlled way. This new approach has great promise as
a possible means to this end.

I. Mattaj
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Physical Instrumentation

As mentioned in last year's report one new group was
established in the Physical Instrumentation Programme.
This group, under the leadership of Heinrich Harber, works
on scanning probe techniques. These techniques comple-
ment the other activities of the Programme. It has already
been shown that they are an excellent basis for collabo-
ration in the Programme and with groups both inside and
outside EMBL. Heinrich Harber received a joint appoint-
ment with the Cell Biology Programme to strengthen the
inter-Programme communication.

In collaboration with Anthony Hyman from the Cell Biology
Programme and Jan De Mey from University Paris VI,
Ernst Stelzer organized his third EMBO course on "Two-
and Three-Dimensional Light Microscopy".

The excellent services provided both by the mechanical
and electronics workshops have been appreciated· for the
realisation of several projects carried out by the groups of
the Physical Instrumentation Programme. We would like
to thank them for their precious help and point out the
important role of such service activities in the EMBL.

Scanning probe techniques

Scanning probe techniques (SPT) comprise a number
of recently developed methods such as scanning tun-
nelling microscopy (STM) and scanning nearfield optical
microscopy (SNOM), or atomic force microscopy (AFM)
and magnetic force microscopy (MFM). They use different
types of interaction to determine surface structures. These
methods represent not only new types of imaging instru-
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ments, which is why they are all named "microscopy", more
important they represent a new technology for measuring
and manipulating in the nanometer range in any environ-
ment, opening up a completely new field of interdisciplinary
experimental science related to physics, chemistry and
biology.

The parameters measured with these instruments are the
strength and nature of the local forces interacting between
probe and molecular structures or, at high resolution,
atoms. With the present scanning probe instruments con-
trol of the forces is, however, not yet satisfactory under
ambient conditions. With the STM images can be formed
not only by topological variations but also, and sometimes
only, by conductance differences. In the case of the AFM
changes in the compressibility, electrical forces or concen-
tration variations leading to very local pressure changes
can form the dominating features in the image. Although
many problems have to be solved, the instruments can, in
close cooperation with other techniques such as electron
microscopy (EM), help us to get reliable results on struc-
tures in their natural environment, especially their surfaces.

Scanning tunnelling microscopy

In the scanning probe techniques group Mounir Maaloum
used the STM for studies of microtubule structures. This
is a project in cooperation with Eric Karsenti (Cell Biology
Programme) to get more information on the polymerization
of tubulin with the final goal of studying the interaction
with motor proteins. The STM is "pocket-size" equipped
with tungsten tips etched in KOH by alternating current.
Microtubule samples were prepared by centrifugation on
a small piece of glass coated with a conducting, optically
transparent, layer of indium tin oxide (ITO, Sanyo).

Suitable preparation conditions for the observation of mi-
crotubules by STM were first determined by optical im-
munofluorescence microscopy. STM images were pro-
duced directly after preparation of microtubules without
further fixation. The height of the microtubules measured
by the z-movement of the tip in the feedback mode was
24 nm, which fits well to the value determined by EM,
indicating that the microtubules are still hydrated due to



PLATE 9

STM set-up

tightly bound water molecules. Long rows of subunits with
a periodicity of 3.8±0.3 nm were clearly visible on STM
images of microtubules. The separation between the rows
of subunits was 5±0.3 nm. Each row was slightly shifted
with respect to its neighbour by approximately 0.9 nm,
giving rise to transversal stripes of subunits with a tilt angle
of 80±2 degrees relative to the longitudinal axis of the
microtubule. These images are compatible with the left
handed three-start helix microtubule model. One out of ten
microtubules showed right-handed helices which probably
correspond to a view of the interior of a microtubule wall.
This can happen when microtubules open during absorp-
tion on the substrate. Also, the presence of tubulin sheets
at the end of microtubules have been observed by electron
microscopy of negatively stained specimens. Such sheets
could certainly be observed from both sides by STM and
the height measurement of 8 nm in the case of a right hand
structure also points to such an interpretation.

Close inspection of two STM images revealed a periodicity
of 7.6±O.3 nm in the contour levels of protofilaments. This
suggests that the a and (3 tubulin subunits are detected
differently by the STM probe, one appearing consistently
smaller or less dense than the other. It seems unlikely that
the observed difference in density could be attributed to a
size difference in the two subunits because their molecular
weights are very similar and their sequences are highly
homologous. The most likely explanation is that one of the
two subunits is more oriented towards the interior of the
microtubule. Indeed, this would result in a lower signal from
the tip passing in constant height mode over the surface
of the microtubule.

This study demonstrates that STM can give direct informa-
tion on the structure and organization of macromolecular
assemblies and can complement the classical methods
of electron microscopy and X-ray scattering. In the case
of microtubule structures this paves the way to further
investigations on the polymerization process and structure
of microtubules growing under more physiological condi-
tions. Together with the use of AFM the interaction of mi-
crotubules with motor proteins and microtubule-associated
proteins (MAPs) could be examined at the structural level.
Similar good results could be achieved on preparations of
tails of the bacteriophage T5. In some preliminary exper-
iments in cooperation with Vincent Guenebaut (Biological
Structures and Biocomputing Programme) it seems that
such well ordered protein structures are suitable objects
for STM studies.

Atomic force microscopy

An atomic force microscope integrated into a patch-clamp
set-up was developed during the year in cooperation with
Bert Sakmann at the MPI for Medical Research in Hei-
delberg. A more stable type of patch-clamp set-up was
made to satisfy the needs of AFM. The chamber, where
a constant flow of buffer solution guarantees the right
conditions for the experiments, consists of two glass plates
at the top and the bottom keeping the water inside just
by its surface tension. In this way the flow cell is freely
accessible from two sides. The chamber is mounted on a
xyz stage together with the optical detection of the AFM
lever movement and a double barrel application pipette.
The latter was integrated so that the set-up can also be

35



PLATE 10

AFM set-up

used for normal patch-clamp measurements. The patch-
clamp pipette itself is mounted on a piezo-tube scanner
fixed with respect to the objective of an inverse optical
microscope necessary to control the approach to the cell
and to the AFM lever.

At first the structure of the patch-clamp pipettes made of
different types of glass was studied in solution (Plate 11).
Further experiments with membrane patches on the pipette
worked best with inside out patches which seem to be
stabilized best as they bend to the inside of the pipette.
Also changes in the patch according to the changing
pressure in the patch pipette could be monitored and
the reaction of the patch on the change of the electric
potential across the patched membrane. On more fibre-
like structures of the membrane and on the rim of the
pipette resolutions down to 10-20 nm could be achieved
showing reproducible structures with dynamics that can be
activated by application of changing pressure inside the
pipette.
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PLATE 11

AFM image of the tip of a borosilicat glass patch-clamp pipette
pulled to a diameter of 2 Mm.

Light microscopy group

The light microscopy group concentrates its efforts on the
development of three-dimensional light microscopy and
video microscopy. Three-dimensional light microscopy is
based on confocal fluorescence microscopy. The group
investigates new techniques, builds instruments and sup-
ports users in EMBL and other institutions. Video mi-
croscopy is based on conventional microscopy and uses
cameras to observe cells, organelles, or reconstituted
systems, coupled with image processing and recording
equipment to document time-dependent morphological
changes.
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PLATE 12

Axial sections through the scattered
light point spread functions (a) of
a confocal microscope and (b) of
a 41r(C)-confocal microscope us-
ing lenses with a numerical aper-
ture of 1.4 (oil) and a wavelength
of 633 nm. The "point object" was
a gold bead having a diameter of
30 nm. The central axial full width
half maximum is 520 nm in the con-
focal (a) and 75 nm in the 41f(C)-
confocal case. The lateral extent is
200 nm in (a) and 160 nm in (b).
The height of the axial side lobes is
58%. A main effort during the next
year will be to remove these side
lobes using an observation from
the side (applying e.g. confocal {}-
microscopy) .

37



38

PLATE 13

Beads immersed in water are manipulated independently with
the multi-beam optical tweezers. (a) Five fluorescent beads with
a diameter of 1 J.Lm have been caught. They are visualized by
two-photon induced fluorescence emission. While three beads
remain in their position, two beads are moved. (b) The five beads
form a convex pentagon. (c) The beads are still in the same
position, but the contrast is now changed to phase contrast and
the laser operates in a continuous mode. All five beads are now
moved collectively and reach their final position indicated in image
(d). The optical tweezers can also accomplish such movements
axially (not demonstrated).



Several important developments in the field of light mi-
croscopy have been achieved. Firstly, the 41T-confocal
microscope was used to show that the axial resolution of
the central peak in terms of the full width half maximum
can be as low as 75 nm (Plate 12). This is the highest
resolution ever reported in far-field light microscopy. The
instrument was used for several 41T-confocal fluorescence
and 41T-confocal scattered light contrasts. These experi-
ments were very important for the further development of
instruments that have a resolution which goes beyond that
of currently available instruments.

Secondly, we continued our investigations of two-photon
absorption. As reported a year ago, two-photon absorption
confines the illumination volume and thus reduces the ef-
fects of bleaching. It also offers the resolution of a confocal
ultraviolet microscope although it excites the fluorophores
with infra-red light. An exciting result of two-photon spec-
troscopy is that xanthenes perform approximately 25 times
more efficiently than expected from their single-photon
spectra. This is related to the physically important finding
that while coumarins follow a strict square law dependence
(i.e. the fluorescence emission is proportional to the square
of the excitation intensity) xanthenes do not. In our exci-
tation wavelength-dependent measurements the exponent
varies between 1.5 and 1.85.

Thirdly, the development of a multi-beam optical tweezers
set-up was completed. EMBL now has an instrument with
which particles, organelles and most likely complete cells
can be manipulated with up to ten independent, intense
light beams (Plate 13). The laser can be Q-switched and
thus produces sufficiently intense laser light beams to
induce two-photon absorption. The pulses are sufficiently
high to drill holes into membranes and to ablate for exam-
ple, glass. The instrument has been incorporated into the
video microscope and will be used by members of the Cell
Biology Programme.

Fourthly, the fast modular confocal microscope has been
used to record images of reflecting and fluorescing sam-
ples. The demanding specification for the instrument has
been achieved: it produces more than twelve images
per second, is diffraction-limited and uses single photon
counting to provide us with an improved signal-to-noise
ratio. The microscope can use either the argon-ion laser,

or the titanium-sapphire laser as light sources. We will
now concentrate on the application of this instrument to
biological questions that were selected in collaboration with
the Cell Biology Programme at EMBL.

Fifthly, a very important new development is the confocal
'Z9-microscope. This instrument observes the sample at
an angle of approximately 90 degrees to the illumination
axis. This has several advantages: (a) the point spread
function becomes almost spherical, (b) the axial resolution
is improved by a factor of 3.5 and (c) when combined with
41T-microscopy the axial side lobes which contain about
50% of the energy and which are a serious problem in
the image forming process are effectively modified. The
instrument uses water immersion lenses, has a working
distance of two millimeters and is therefore suitable for
recording images of embryos and tissue sections. We
expect to have an instrument available in the middle
of 1994. The design allows us to implement a number
of confocal 19 contrasts as well as 41T-confocal 19 con-
trasts.

Service and support for the video microscope and the
compact confocal microscope (CCM) were continued. Soft-
ware development for operating the video microscope and
the image processing workstation has resulted in some
improvements which were well received by the scientists
at EMBL. Service for the CCM is now concentrated on
three-dimensional image processing. Basic usage of the
instrument has been taught in a course, and a sufficient
user-base exists for new users to tap for many fundamental
tasks. More than thirty-five scientists have used the CCM
during 1993 and more than six papers which used the CCM
were reported to us. It is interesting to note that most users
new to the CCM observe embryos, embryo sections and
tissue sections, rather than single cells as was previously
the case.

Microcomputing and data acquisition

The microcomputing and data acquisition group has con-
centrated on fast X-ray detection and acquisition sys-
tems, the development of high-speed computing elements
and image processing. Some of our resources have also
been put into "service" activities, mainly system software
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maintenance, extension or tuning of previously devel-
oped user interfaces and help for in-house and external
groups.

Data acquisition for synchrotron radiation

Providing state-of-the-art front-end and data acquisition
electronics for fast time-resolved experiments conducted
with synchrotron radiation (SR) using multiwire propor-
tional chambers has a high priority in our activities, both
because of present needs at the Hamburg Outstation and
the future requirements at the ESRF in Grenoble. This
work is done in close collaboration with the Grenoble and
Hamburg Outstations. A fast one-dimensional multiwire
(1 mm spacing) X-ray gas detector with built-in analogue
and digital front-end electronics was designed during the
year. It will be fitted with front-end electronics developed
and tested in ou"r group. A newly-developed chip integrat-
ing 16 low noise analogue charge preamplifiers together
with 16 discriminators was selected for its high sensitivity,
high bandwidth and high number of channels. The pre-
liminary results show that a fast 200-channel front-end
can be physically scaled down to be embedded into a
normal size detector without compromising on the overall
performances. A counting rate in excess of 1 M-events/s
per wire is expected. A multi-channel (up to 512) acquisi-
tion system has been designed to accommodate the infor-
mation flow produced by the parallel read-out electronics
associated with the linear wire-per-wire detector. The key
concept in the design was modularity. We started therefore
with the design and implementation of the basic building
block: a multi-channel counter-histogramming sub-module.
This sub-module will also serve as the core of the new
version of the calibration channel unit required to record
ancillary data for off-line processing of the time-resolved
experiments at a later stage. To build the complete data
acquisition system for the linear wire-per-wire detector we
will assemble four such sub-modules per eurocard and put
8 such cards in parallel.

The delay line based read-out method for multiwire pro-
portional gas filled detectors is very powerful and has
two main advantages, namely: (a) the limited front-end
electronic requirements and (b) the high resolution one
can achieve. In the past, systems allowing a maximum
count rate in the order of 600 kHz have been assembled
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in our group using commercially available direct time en-
coding modules. Such count rates do not allow very fast
kinetic measurement with area detectors. To cope with
high counting rates one has to go for short delay line time
constants to minimize the dead time per event. Shorter
delay lines imply better time resolution for the digitizing
unit. An application-specific integrated circuit (ASIC) for
time measurements has recently become commercially
available (MSC-Gleichmann-NEC). This chip provides very
high temporal resolution (around 220 ps) and has four
parallel channels which is convenient for area detector
applications. Bench tests to characterize fully this ASIC
are under way. Our plan is to design a four chip version
to overcome the read-out speed and limit the dead-time
to nearly the length of the delay line. Such a system will
allow us to work with delay lines as short as 120 ns, at
a resolution of 512 x 512 pixels and a nearly zero external
dead-time. This measuring device will have overall count-
ing rates in the range of 2 to 3 M-events/s which would
represent a sensible improvement.

Although wire-based gas detectors are unique devices that
can be tailored and optimized according to the experi-
mental requirements (linear, area, quadrant detectors) we
also started to think about future detector technologies
that should be made available to the biologists. A first
step in that direction has been made with our participation
in a large network, concentrating on gas detector and
electronics technology, in the context of the Human Capital
and Mobility Programme.

Multiprocessor architectures

Searching for protein sequence homologies against
databases is a very time-consuming process if one wants
to use highly sensitive methods such as the one developed
by Pat Argos at the EMBL. The very high volume of
required floating-point computations associated with the
algorithm's possibilities for parallelisation has caught our
attention. At the chip level digital signal processors (DSPs)
have been available for some time as well as software tools
to ease their implementation. These considerations have
been the basis for the design and the development of a set
of modular computing elements that can be flexibly config-
ured to provide dedicated solutions to some biocomputing
problems.



The hardware development work on fast computing ele-
ments has been based on the dual-ported architecture of
the Motorola 96002 DSP chip (200 MOPs and 60 MFlops).
A motherboard was designed around one DSP chip. The
DSP's dual bus architecture is used in such a way as
to provide space for 3 plug-in boards. The main char-
acteristics of these boards are as follows: (a) two local
bus extensions allowing up to 64 Mbytes of memory,
(b) two global extension ports to provide the addition of
coprocessors, dual-ported memories or data acquisition
hardware and (c) one slot for a standard bus interface.
We also designed a plug-in containing the same DSP
chip to increase the floating point power of the moth-
erboard. To solve the data flow problem between con-
secutive steps of the pipeline we designed and imple-
mented a two-paged fast memory (up to 16 Mbytes per
page).

At the same time, software has been written to handle
this multi-processor system on a per processor basis.
Implemented functions include system initialisation, the
downloading of programs into processors, reading and
writing processor memory, running programs and generic
communication facilities.

The sequence alignment algorithm mentioned above has
been implemented in assembly language for best execu-
tion speed. Work to integrate the system into the existing
environment is in progress.

Image processing

In the life sciences new imaging methods such as video-
microscopy or scanning probe techniques are developing
quite rapidly. It is therefore not surprising that the need
for the use or the improvement of existing methods as
well as the development of new approaches to process
biological images is becoming increasingly important. Our
present work has concentrated on the analysis and ex-
traction of features in serial sections to be able to pro-
duce three-dimensional representations allowing localisa-
tion of expression domains. A new and original method
to carry out automatic image segmentation based on
the wavelet transform has been developed and imple-
mented.

The study of the expression and distribution of genes
during early development of tissues is an important aspect
of developmental biology. Information about the global
spatial arrangement of gene expression domains is use-
ful in interpreting the function of these genes and their
interaction. To provide a reliable model to correlate ex-
actly the distribution of the gene transcripts with results
obtained by functional studies, a computer reconstruc-
tion strategy allowing visualisation in three dimensions
of the expression domains of several such genes on
the same embryo or sample has been developed. The
reconstruction of the sample from the stack of serial
cross-sections requires alignment and registration of the
sections. Further, a segmentation step is applied to dis-
tinguish and define the anatomical and functional regions
within each image. After labelling the different structures,
the pre-processed stack of images is passed on to a
three-dimensional visualisation program for the display of
the reconstructed sample. This strategy has been applied
to analyse the localisation of the HOX-4 gene complex.
It allows the simultaneous visualisation of three Hox ex-
pression domains on the same reconstructed embryo and
the study of the effect of a graft of chicken region on
the de novo expression of the genes of the HOX-4 com-
plex. The precise relationships between the transcription
domains of the three genes can thus be assessed in
either the normal wing bud or upon pattern modifica-
tion.

The goal of image segmentation is to split an image
into a set of connected regions, each defined by a uni-
form property (e.g. intensity, texture). Segmentation by
threshold selection is based on the clustering of grey-
levels around peaks of the histogram to define homo-
geneous grey-level areas. We have developed a seg-
mentation algorithm based on the use of the wavelet
transform as a new tool of peak analysis for thresh-
old selection. It is based on the detection of the zero-
crossings and the local extrema of a wavelet transform
which give a complete characterization of the peaks
in the histogram. These values are used for the un-
supervised selection of a sequence of thresholds de-
scribing a coarse-to-fine analysis of histogram varia-
tion. By these means, a multiscale analysis of the in-
formation content of the histogram of an image is pro-
vided.
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Scanning transmission electron microscopy and
scanning electron microscopy application and
electron microscope development

The development and application of the scanning transmis-
sion electron microscopy (STEM) continues to concentrate
on those features that are unique to STEM. These are the
capability to provide high-resolution transmission electron
microscopy information, the multiple simultaneous imaging
capability, the high efficiency and linearity in dark field,
and the ease of on-line computer data acquisition with
its consequent facility for quantitative electron microscopy.
Thus, the STEM is particularly suited to the following
applications:

(1) mass measurement and mass mapping;

(2) structural and localization studies of thin aperiodic
objects;

(3) high resolution labelling using small heavy metal clus-
ters;

(4) development and application of novel imaging modes;

(5) elemental mapping.

It is our aim to apply the STEM to biological questions
to obtain information that cannot be obtained with other
techniques.

On one of our STEMs, the HB5 STEM, mass measure-
ment has been offered as a facility, as in the preced-
ing years. Tobacco mosaic virus (TMV) has been used
as an internal standard and the collaborators came ei-
ther from the EMBL (e.g. Terje Ookland, Stephen Fuller,
Spyros Georgatos, Gareth Griffith, Andreas Merdes and
Beate Sodeik) or from outside (e.g. H. Saibil & K.
Palmer (London), N. Graf, N. Burns & A. Kingsman
(Oxford)). With the new multichannel-detector system,
mounted onto the Cryo-STEM, we started the evaluation
of absolute mass determination. This standard-less mass-
measurement is possible due to the electron counting
facility and the division into 30 rings of this multichannel
detector.

The STEM can also be used for atomic number sen-
sitive imaging, i.e. Z-contrast imaging. We elaborated
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on the utilisation of the element dependence of the
angular distribution of the scattered electrons for that
purpose. This kind of Z-contrast imaging was ob-
tained with the new multichannel detector mentioned
above. In this way, we are now able to discrimi-
nate between rvg nm colloidal silver and gold, specif-
ically distributed on thin sections. With smaller mark-
ers this approach will be useful in discriminating be-
tween closely spaced antigenic sites when steric hin-
drance occurs with double-labelling using probes of dif-
ferent sizes.

Application of the low voltage scanning
electron microscope

The two major advantages of the low voltage scanning
electron microscope (LVSEM) for the observation of bio-
logical structures are as follows: (a) the highly localized
signal of secondary and backscattered electrons; and (b)
reduced beam damage to surrounding areas at the point
of the incident beam. The reason for these advantages is
the lower primary energy and hence the small penetration
depth and the small interaction volume of the electrons at
low energy (0.4-1 keV).

Since the charge deposited on insulators, such as bi-
ological frozen hydrated specimens, is more localized
within the SE-electron escape depth, the SE-image of
biological samples is stronger influenced by charging arte-
fact compared to metals for example. We are there-
fore following two strategies to overcome charging prob-
lems:

(1) establishing new imaging modes, such as TV-mode
and frame averaging or more versatile acquisition
modes;

(2) rendering the surface of freeze-fractured or freeze-
dried specimens conductive by coating with a very
thin nm) heavy metal film.

To vitrify large biological samples we have modified a
conventional propane-jet to increase the cooling rate to
20,000 K/sec allowing us to freeze biological samples of
up to about 20-30 f-lm. These techniques will allow us to
investigate the cytoskeleton and the organelle organisa-
tion at macromolecular level in cultured cells and tissue



PLATE 14

5 nm gold balls on a carbon film, imaged (a) in the standard un-
corrected SEM mode (b) with chromatic and spherical correction.

fractions. Furthermore, investigations on the applicability
of the LVSEM are being substantially supported by the
Deutsche Forschungsgemeinschaft by funding a second
high resolution SEM (Philips XL-3D FEG) and a post-
doctoral position for two years.

Development of electron microscopes

The corrected high resolution low voltage
scanning electron microscope

For the first time in the world we could show an improve-
ment in the resolution of an electron microscope by means
of a spherical/chromatic multipole corrector (Plate 14). To
achieve this result, it was necessary to develop a new elec-
trostatic supply unit for our corrector. This unit helped us
to overcome magnetic hysteresis problems, which before

The improvement in resolution in the corrected mode is clearly
visible.

made a precise alignment of the corrector impossible.

The resolution limit is at the end of this year (1993) about
3 nm at an electron energy of 1 keV. To obtain a resolution
close to the theoretical limit of 1 nm, the alignment and
correction of spherical and chromatic aberration has to be
refined further by means of a fast and reliable alignment
and aberration measurement procedure.

The corrected 200 kV transmission
electron microscope

The sub- Angstrom transmission electron microscope
(S ATEM) project is now in the critical final stage of its
first developmental phase. The aim of the project is to
produce TEM-pictures showing a transferred spatial fre-
quency band up to 1/0.08 nm without any sign-reversal.
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PLATE 15 15). This final goal should be reached in the second-phase
of the development.

The extention of this frequency band can be achieved
by adjusting the spherical aberration coefficient Cs to the
required value set by the aberration coefficient Cs (Plate

Measured increase of the radius of the electron beam, guided on
a cylinder-like shape around the optical axis for various excited
hexapole-fields within the corrector. The increase of the radius is
equivalent to a negative spherical aberration.

The project is supported by the Philips Electron Optics Re-
search Laboratory, which provides technical support for the
test-microscope. The financial resources for all equipment
as well as for two positions for technical and scientific per-
sonnel are funded by the Volkswagen-Foundation. EMBL
is merely debited for the general mechanical and electronic
workshop support.

C. Boulin, M. Haider, H. Harber & E. Stelzer

Depending on the progress of this first phase, a second
phase is envisaged which aims producing at electron-
optical images of unprecedented high quality and a point-
to-point-resolution of better than 0.1 nm by transferring
the successful Cs-corrector-unit into the best commercial
200 kV TEM with a field emission gun.

The first phase should demonstrate the feasibility of
generating a negative spherical aberration by means of
hexapole-fields to compensate for the spherical aberration
of the objective-lens, which is always positive. This nega-
tive spherical aberration can be obtained by incorporating
two transfer-dubletts and two hexapole-elements into the
beam-path after the objective-lens of a commercial 200 kV
TEM.
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Biochemical instrumentation

The Programme concentrates on the development and
optimisation of new methods for sequence analysis and
synthesis of DNA and proteins, and on the innovative
design of biochemical instruments in this field. In addition
to the technological research, services for the scientists
at EMBL are provided. These include DNA and peptide
synthesis, DNA and protein sequencing, molecular weight
determination and characterization of macromolecules by
mass spectrometry, gel and film scanning and sorting
by fluorescence-activated cell sorter (FACS). Access is
provided to systems developed and constructed by the
Programme for automated microinjection in cells and low
light evaluation of cells by image processing. The groups
are in close contact with other Programmes, as well as
with the mechanical and electronic workshops and the
construction bureau at EMBL.

Automated DNA sequencing station
with fluorescent labels

The development of hardware, software, biochemical
methodology, robotics and automation of the EMBL auto-
mated DNA sequencing system was continued. Design of
the on-line automated DNA sequencing technology with a
throughput of 50-100 kilobases of sequence per device
per day, representing about ten-fold improvement over
the standard techniques, is in progress. This technology
development is supported by a grant from the European
Union.

A new high density array detector system was designed
and used in routine sequencing. It can handle curved
sample tracks not migrating through the gel in a straight

line. An improved array detector was built with two rows of
diodes closely spaced, allowing the coupling of two exci-
tation laser beams through only one light-coupler, allowing
us to double the number of samples run on one gel. A
device with 40 and more samples run simultaneously is
being developed.

The protocols used in the routine DNA sequencing work at
EMBL in our laboratory have been collected in a manual,
are continuously updated for each EMBO course and
made available to numerous external laboratories.

Automated low-redundancy DNA
sequencing by primer walking

Strategy for low-redundancy automated sequencing di-
rected by primer walking, based upon EMBL technology,
was devised and tested in routine projects on the stan-
dard EMBL sequencer and its commercial version A.L.F.
(Pharmacia). The error rate in the unedited raw data is
well below 1% up to 500 bases (up to 1000 bases with
the longer gel system), allowing efficient sequencing in
large scale projects with low (2-3 times) redundancy. A
cosmid insert was sequenced with this direct approach
with an overall low redundancy of 2.7 in the course of
the European Union Saccharomyces cerevisiae genome
sequencing project. In contrast, a typical overall sequence
redundancy in a random shotgun sequencing approach is
8-10 or higher.

Systems with 1000 bases resolution

The standard commercial version of the A.L.F. DNA se-
quencer (Pharmacia) was modified to allow routine sepa-
ration of up to 1000 bases per clone. Sequencing reactions
were performed with either fluorescent labelled primers or
fluorescein dATP as internal label. The increased reading
length allowed us to lower the number of sequencing
reactions, walking primers and gels by approximately 50%
compared to the standard sequencing device with 30 cm
glass plates. The modified device increases the reading
accuracy and efficiency and simplifies the assembly of raw
data even when repetitive sequences are present.
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Multiple DNA synthesizer, primers for sequencing

The multiple segmental DNA synthesizer, developed by
the groups of Brian Sproat and Wilhelm Ansorge, was
used routinely in the production of walking primers for the
S.cerevisiae sequencing project. The cycle time to extend
the 10 primers by one base is about 7.5 minutes, cost
per base is about 0.5 $. Software packages for reliable
primer selection were developed, achieving about 95%
efficiency with custom designed primers. The device for
simultaneous synthesis of 10 oligonucleotides with low
consumption of chemicals will be produced commercially
by Bertin, Paris. A small number of devices will be dis-
tributed by EMBL as a pre-series to interested laborato-
ries.

Simultaneous DNA sequencing
on both strands with two dyes

A sequencer with double throughput was built during the
year, running two clones simultaneously (each labelled
with one dye) in the same lanes on the gel. It allows
for the first time the simultaneous on-line sequencing of
two complementary strands of a double-stranded tem-
plate, in only one sequencing reaction with two different
primers each labelled with a different fluorescent dye.
The two reaction products are loaded together, excited
in two laser beams and detected at two different posi-
tions in the gel. The newly developed technique is ap-
plied to analysis of human polymorphic microsatellites and
full length cDNA clones as part of the EU BlaMED 1
program. Since the sequences of both strands of the
template are determined simultaneously, the costs of
labour, DNA template preparation and sequencing reac-
tions, as well as of gel casting, are reduced by a factor of
two.

Improvement of the Ca-repeat
map of human chromosome 21

To improve the genetic map of the human chromosome
21 using Ca-repeat microsatellites, about 150 clones were
sequenced and 30 new Ca-repeats isolated from a phage
library (LA21 NS01) have been identified in a collabora-
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tive project with the group of X. Estivill, Barcelona. Sub-
sequently they were localized to specific regions of the
chromosome. Their lengths range between 8 to 26 dinu-
cleotides, some of them being complex repeats. Fifteen of
them have been completely analysed in the Centre d'Etude
Polymorphisme Humain (CEPH) reference families, and
their genotypes are being included in the genetic map of
the human chromosome 21 .

DNA sequencing projects

Besides providing a sequencing service to EMBL scien-
tists, we are involved in projects and collaborations with
several groups on sequencing genes or cDNAs of great
interest. We were invited to take part in reviews of major
genome projects in the USA, Europe and Japan.

We participate in the sequencing of the yeast S.cerevisiae
chromosome XI (organised by B. Dujon, Paris) and chro-
mosome XV, a continuation of the genome project orga-
nized and funded by the European Union. The sequence
(670 kb) of chromosome XI is the second complete se-
quence of an entire eukaryotic chromosome to be pub-
lished in Nature. The results obtained so far in this project
already surpass the expectations and justify the initiative
of the European Union. New sequencing technologies and
strategies are tested in this project.

In collaboration with W. Pyerin, Heidelberg, the structure of
the gene encoding human casein kinase II (subunit alpha)
was studied. In collaboration with the groups of J. Celis
(Aarhus) and X. Estivill (Barcelona), and with support
from the European Union, we are applying the EMBL
technology to sequencing human cDNAs and analysis of
microsatellite regions. We collaborate with C. Herfarth and
H. Schackert, Heidelberg, in analysis and early diagnosis
of colon carcinomas.

DNA sequencing service

Over 125 staff members were regular users of the ser-
vice. Sequencing of single-stranded, plasmid, cosmid and
lambda DNA is carried out on the EMBL automated fluo-
rescent system and its commercial version A.L.F. (Phar-



macia). The sequence information is transferred via elec-
tronic mail to the user's file on the VAX computer. The
service provides vector DNA, host strains and advice in
cloning and sequencing strategies. If requested we pre-
pare the DNA. We provide a service for custom design
and synthesis of walking primers.

Over 2200 clones were processed, with average reading
on standard devices increasing from 370 to 450 bases,
in some cases the readings were as high as 720 bases.
The overall success rate has increased to 85%. Introduc-
tion of the internal label fluorescent dATP technique in
the service resulted in significant improvement in repro-
ducibility and in reading length. In addition, this technique
allowed us to offer sequencing using unlabelled walking
primers.

Automated robotic workstation,
cycle sequencing protocols

Sequencing reactions for the DNA sequencing service
are routinely performed on the robotic workstation with
continuously improving software and protocols. The plas-
mid DNA preparation method is being automated and
now works with one included centrifugation step. This will
greatly simplify the activities of the sequencing service.
Another gel loading robot has been constructed, integrated
directly into the EMBL automated sequencer and used
routinely.

Cycle sequencing protocols allow sequencing from small
amounts of DNA. A protocol using the new Sequiterm
thermostable DNA polymerase was developed resulting
in improved peak uniformity, strong label and resolution
(reading length around 1000 bases), not attainable up to
now with the standard thermostable DNA polymerases.
This technique will be valuable in direct sequencing of
large vectors.

Software developments - geneskipper program

A software environment for DNA sequence assembly and
analysis was developed, applicable both to small and
large sequencing projects. The program GENESKIPPER

includes three main parts: fragment assembly, sequence
analysis, and walking primer design. The editor allows
display of trace data and has tools for finding ambiguous
regions. The program performs restriction digest, pattern
search, open reading frame search and codon usage anal-
ysis, and it searches automatically for walking primers. It
is developed under MS-Windows, portable to MS-Windows
NT. This operating system allows the running of the pro-
gram on low price PCs. There is a great interest in this
program package among the laboratories involved in se-
quencing projects, as well as in its further improvement and
development, and the EMBL is distributing it for a nominal
fee.

Gel and film scanning

Molecular dynamics phosphor imager and the ultroscan
laser densitometer (Pharmacia LKB) are used by the
EMBL staff for scanning autoradiograms and coomassie
and silver stained gels. Maintenance, development, user
training and advice are provided. During the year we
upgraded programs for gel image files, condensation of
image files for storage size reduction and conversion of
image files to other file formats.

Microinjection and electro-transfection of cells

An automated microinjection system AIS, a commercial
version (Zeiss) of the device developed in the Programme,
is offered for use to groups at EMBL. There were about
19 users of the system from all Programmes at EMBL,
e.g. from the groups of lain Mattaj (studying the export
of RNA from the nucleus to the cytoplasm), Sara Court-
neidge (study of the interactions and activation of the Src
family of protein tyrosine kinases and their involvement in
signal transduction), Angus Lamond (characterization of
snRNP-rich organelles in cell nuclei), Lennart Philipson
(studies on the role of some genes in cell growth pro-
cesses). Other users were from groups of Kai Simons, Eric
Karsenti, Gareth Griffiths, Spyros Georgatos and Sharon
Tooze. With the group of Giulio Draetta microinjection
experiments were performed to investigate the function
of cyclins and cdc2-related protein kinases during the cell
cycle.
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External collaborative projects were carried out with
W. Just (Heidelberg) on electro-transfection and microin-
jection of DNA, microinjection of organelles, W. Pyerin
(Heidelberg) on microinjection and electro-transfection of
antisense oligonucleotides and antibodies against casein
kinase II. In collaboration with I. Todorov (visitor from
Bulgaria) cell cycle studies with antibodies against a
newly cloned human nuclear protein were continued. With
M. Elleder (Prague) we carried out tests with injections of
bodies of ceroid lipofuscinosis into mammalian cells to in-
vestigate the defective metabolism of the storage material.
With H. Schackert (Heidelberg) we injected plasmid DNA
into cancer cells, making it possible to study the effect of
the therapeutic agent 5-fluoruracile.

Optical tweezers and a laser microbeam system for mi-
cromanipulation of cells, organelles, macromolecules and
particles was set up late in 1993. It is accessible to users
from other Programmes. The protocols used in the routine
work in our laboratory have been collected in a manual,
which is updated for each EMBO course and made avail-
able to numerous external laboratories.

Low light level microscopy and micro-imaging

The standard system with a SIT camera, allowing fast and
accurate automated quantitation of weakly labelled fluores-
cent specimens by ratio imaging, was used extensively.
More than 500 cells can be automatically analysed in
less than 10 minutes. Variations in protein concentrations
higher than 10% are reliably detected in single living or
fixed cells. The method has been applied to evaluation
of results in automated microinjection experiments. Users
were e.g. groups of Giulio Draetta, Angus Lamond, lain
Mattaj and Lennart Philipson.

In collaboration with the group of Christian Boulin a fully
automated highly sensitive system was developed, using
a cooled slow scan CCD camera. The hardware, image
acquisition and all movable parts are controlled by a Sun
workstation. The advantage of the system, compared to
the ones presently in existence, is the complete automation
of image acquisition and analysis, allowing evaluation and
statistical analysis of a large number of samples with high
precision and without extensive storage of the correspond-
ing images.
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Flow cytometry

The flow cytometry facility was used by 21 users in
1993, by members of the following groups: Graf, Grif-
fiths, Draetta, Courtneidge, Philipson, Mattaj, Hurt, Becker,
Stunnenberg, Stewart. The FACScan was used 470 times
and the Epics flow cytometer 55 times. This constitutes
75% of the time available for the FACScan and 30% for
the Epics.

The FACScan is a complete unit suitable for running a
large number of routine samples for cell surface marker
immunofluorescence and for cell cycle. New applications
included the dual measurement of proliferation and cell
cycle in cells infected with temperature-sensitive mutant
viruses, and the characterization of a population of cells
differentiating along the thrombocyte lineage as deter-
mined by immunofluorescence. The major problem with
this device was the inability to store a large number of
data files. The purchase of a new workstation will alleviate
this problem as well as improving the quality of printouts
available for seminars and publications.

Branched oligoribonucleotides

Studies of the RNA debranching enzyme, involving the
synthesis of small branched oligoribonucleotides and their
analogues (collaboration with Angus Lamond), have pro-
gressed well. Small branched oligoribonucleotides are re-
quired to assay for the activity of the debranching en-
zyme which is involved in hydrolysing the 2' -5' phos-
phodiester linkage of the excised intron lariat produced
during RNA splicing. Purification of the enzyme will be
greatly assisted by preparing an affinity column bearing a
non-hydrolysable branched oligoribonucleotide. Reversed
2' -O-methylribonucleoside monomers have also been syn-
thesized so that we can analyse important interactions
between the enzyme and the riboses of the substrate near
the cleavage point. We have shown that electrospray mass
spectroscopy is an excellent way to check the authenticity
of the branched oligoribonucleotides prepared by chemical
synthesis. In the future we hope to be able to synthesize
branched oligoribonucleotides with sequences of different
lengths and base composition attached to the branch point
ribonucleoside.



Oligo(2'-O-alkylribonucleotides)

These analogues are useful for the affinity chromatography
of RNA-protein complexes (on-going collaboration with the
group of Angus Lamond) and the hybridization arrest of
translation of mRNA (collaboration with Matthias Hentze
group at EMBL and Jean-Jacques Toulme in Bordeaux)
and for the synthesis of hammerhead ribozyme analogues
suitable for cleaving mRNA.

We have continued studies on several interesting new
analogues in this series, and were eventually able to
synthesize a short 0ligo(2' -O-propargyluridine) and could
demonstrate the authenticity of the purified product by
mass spectroscopy.

We expect that the cyanomethyl group could be useful
for further developments in the synthetic hammerhead ri-
bozyme technology, since it is capable of coordinating tran-
sition metal ions. Unfortunately the cyanomethyl function is
not stable to the ammonia conditions required to remove
the standard protecting groups used in phosphoramidite
chemistry. Thus we were obliged to resort to a combina-
tion of allyl protection for the internucleotide linkage and
allyloxycarbonyl protection for the exocyclic amino groups
of the nucleobases. The cyanomethyl group is particularly
interesting since it can be reduced to aminoethyl or hydrol-
ysed to the amide or carboxylate.

The relatively complicated syntheses and very high
price of the commercially available 2'-O-allylribonucleotide
monomers forced us to rethink the synthetic strategies in-
volved in their manufacture. We decided to retain the very
useful 3' ,5'-O-(tetraisopropyldisiloxane-1 ,3-diyl) protection
of the ribose to block any undesired 3'-O-allylation and
enable easy large scale chromatographic purification of the
products using non polar solvents such as hexane. Uridine
was converted into the appropriate protected monomer in
44% overall yield. In the case of 2'-O-allylcytidine and 2'-
O-allyladenosine the use of appropriate protecting groups
enabled the synthesis of the desired monomers in 41 %
and 55% respectively in only 6 steps from cytidine and
adenosine. As expected, guanosine caused us the most
problems; however we were able to elaborate a 10 step
synthetic procedure from guanosine with an overall yield
of about 38%.

Analogues of aminoacyl-adenylates

The groups of Stephen Cusack in Grenoble and Tom
Steitz in the USA (Yale) are interested in solving the
crystal structures of several aminoacyl-tRNA synthetases
and as part of a collaboration we have synthesized stable
analogues of aminoacyl-adenylates. The seryl-adenylate
analogue is a potent inhibitor of seryl-tRNA synthetase
(a class 2 synthetase) and the crystal structu re of the
synthetase with the analogue bound has been solved
in Grenoble, revealing the amino-acid binding site. Crys-
tals of the glutaminyl-tRNA synthetase (a class 1 syn-
thetase) have been soaked in the appropriate adenylate
analogue and we are awaiting results from Yale. In addi-
tion to those analogues mentioned above we have also
prepared the glycine, leucine and valine analogues for
Stephen Cusack and we are currently trying to prepare
the cysteine analogue. Dieter S611 (Yale) is interested in
utilizing such aminoacyl-adenylate analogues for getting
mutants of gln-, glu- and trp-tRNA synthetases to study
the mechanism of this class of enzymes, and for this
purpose we have synthesized the corresponding 5'-O-[N-
(L-aminoacyl)sulphamoyl]adenosines, as part of a collab-
oration.

Oligonucleotide synthesis service

The service demands have increased yet again after
we had reached a plateau over the past two years.
A total of 4200 oligonucleotides were synthesized dur-
ing the year. Many of the oligomers were modified as
phosphorothioates, for use in antisense experiments in
the presence of nucleases, or were tagged with re-
porter groups such as fluorescein and biotin. In some
cases phosphorothioates could not be used for anti-
sense experiments e.g. in oocytes or Xenopus embryos
due to degradation by 3' -exonucleases and cytotoxi-
city, and in those cases we have synthesized other
analogues, viz. methoxyethylphosphoramidates, to cir-
cumvent these problems. Next year we plan to install
one of the EMBL multiple segmental synthesizers in
the service facility, for the routine synthesis of very
small quantities of short oligodeoxyribonucleotides. This
will enable users to obtain cheap PCR and sequencing
primers.
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We have started working on the synthesis of oligoribonu-
cleotides on a 25 J-lmol scale, to identify and solve the
associated problems. The use of ion-exchange HPLC and
simple desalting procedures for the purification of synthetic
oligoribonucleotides has been evaluated. Synthesis on this
scale will generate enough material for structural studies of
oligonucleotides and their analogues by X-ray crystallogra-
phy or NMR. Several projects are planned for the coming
year.

Biological mass spectrometry

Three mass spectrometers are now available, two of
which are also used in our service activities. Electrospray
and laser desorption ionize peptides, proteins or other
biomolecules from liquid or solid substrates and render
them accessible to mass spectrometric investigation. We
have made major advances in both these methods during
the year.

Mass spectrometry (MS) was used for quality control of all
synthetic peptides as well as to guide the synthesis. The
same has become possible for the synthesis of unusual
RNAs.

We have been increasingly successful in correlating infor-
mation from Edman degradation and mass determination.
This should lead to a lower error rate because of the
independent verification of the sequence.

In structural biology MS can now be used to validate the
primary structure of proteins before further experiments. A
good mass and peptide map will reveal problems early.
Phosphorylations can be revealed as a mass difference of
80 Da of a peptide compared to the sequence. Further-
more, the peptide in question can be partially sequenced
by MS to reveal the location of the phosphorylation (as
done in collaboration with Henk Stunnenberg). MS is a
general method to detect other post-translational modifi-
cations, such as glycosylations or sulphations.

In the spectra some three-dimensional structure of the
protein is preserved. In collaboration with Matti Saraste
this feature was used to confirm that the CUA site in an
engineered quinole oxidase was occupied by two coppers.
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Laser desorption mass spectrometry

In this technique a short laser pulse is aimed at a co-
precipitate of a light absorbing matrix and the analyte
solution. The resulting analyte ions are accelerated in a
vacuum system and their arrival time at a detector is mea-
sured. In spite of being very sensitive, the technique has
not had the widespread acceptance of electrospray mass
spectrometry. The main reason for this was its moderate
mass accuracy. We have now developed a method to
make a sub micrometer and extremely flat layer of fine
crystallites of the light absorbing matrix. Instead of co-
crystallizing it we then let the containing solution evaporate
on top of the thin layer. The new technique has resulted in
spectacular advances in all performance characteristics of
laser desorption mass spectrometry (LDMS). Mass accu-
racy is improved by about a factor of 10 and resolution has
at least doubled. At the same time sensitivity, which had
already been high, could be increased roughly by a factor
of one hundred. Thus it was possible to measure a good
signal of 50 attomoles (70 femtograms) of substance P, a
clean peptide standard.

We have modified our mass spectrometer to be able
to sequence peptides (collaboration with Kaufmann and
Spengler, Dusseldorf). Currently several peptides have
been sequenced at the picomole and sub picomole level
and the technique has yielded useful information on some
service projects. Sequencing peptides in unseparated mix-
tures has also been successful. Significantly, it seems to
be possible to elucidate the structure of sugars and other
substances for which there are no satisfactory chemical
alternatives.

Electrospray mass spectrometry

In electrospray mass spectrometry (ESMS) a liquid con-
taining the analyte molecules is dispersed into small
charged droplets which then emit the peptide or protein
ions of interest. Those ions are sucked into a vacuum
system and are mass analysed there. In the case of small
species, i.e. peptides, their structure can be analysed by
collision with rest gas in a collision chamber (MS/MS).
We have obtained an upgraded collision chamber with
greatly increased efficiency making future sequencing by
electrospray feasible even at small amounts. The main de-
velopment this year was the "Micro Electrospray" source.



This device replaces the normal electrospray source with a
miniaturized one. Ionization efficiency is greatly increased,
making well resolved spectra of large heterogeneous pro-
teins possible. Complete sequence information from less
than 100 femtomole of a tryptic peptide was obtained.

Database searching by mass spectrometric
and sequence information

We have now completed the software tools to search
proteins in protein databases by a set of peptide masses.
The technique is highly specific (especially with the mass
accuracy possible with the thin film technique) and should
allow identification of proteins in the databases at very low
amounts. In a further development we have found that the
accurate mass of a peptide together with just two or three
of its amino-acids (obtained by Edman degradation or by
MS/MS) are usually enough to locate uniquely a protein in
the database. These findings might have implications for
the human genome project and associated eDNA projects.

Protein analysis by microsequencing
and amino-acid analysis

The protein sequencing service has been operating since
July 1990. The total number of projects was 355 where
each project is comprised of one or several proteins.

Two hundred and forty one proteins were analysed this
year. Of these 126 requests were for amino-acid analysis,
78 requests for N terminal sequencing and 37 requests for
internal sequencing. The corresponding figures for 1992
were 88 amino-acid analyses, 43 N terminal analyses and
44 internal sequencing projects, a total of 175.

At the end of the year a new policy was adopted to improve
the handling of low protein samples. The samples are
divided into two categories: (a) service samples meaning
samples with 100 pmoles or more in the case of internal
sequencing and 20 pmoles or more in the case of N ter-
minal sequencing; (b) research samples meaning samples
with less protein. Category (a) covers routine sequencing
tasks and can be expected to be processed quickly (less
than three weeks in general) and to yield an adequate
sequence length of at least 15 residues. The requirements
and chance of success for research samples, category (b),
need to be discussed in detail with the sequencing service.

Peptide synthesis

During the year 1993, a total of 286 peptides were de-
livered with an increasing number of phosphopeptides
and microtubule-associated proteins (MAPs). Combined
with the usage of polyethylene glycol polystyrene support
(PEG-PS), UV monitoring appeared to be significantly
helpful in the synthesis of large peptides. The KH box,
a 56 amino-acid residue peptide has been synthesized
successfully in this way.

The fully automated semi preparative HPLC separative
system, developed last year, has proved to be very efficient
for the purification of peptides up to 30-40 residues. The
waiting time for the users has been reduced. Delivery of
purified peptides is now around two weeks.

Finally, routine mass spectrometry analyses can now be
carried out. They are regularly used for two main purposes:

For the identification and a purity check of the final
purified peptide.

As a guide in new chemical developments. It allows
us to optimize more quickly the chemical protocol of
particular reactions.

Courses organised during the year

An EMBO course on "Microinjection and Electro-
Transfection of Cells" was organized at EMBL in June.

New protocols and the DNA sequencing facility were pre-
sented in the EMBO course on "DNA Sequencing: Ad-
vanced Approaches and Automated Methods" which the
Programme organized in November at the EMBL.

A practical FEBS course on "Advanced Techniques in DNA
Sequencing and Microinjection" was organized in Septem-
ber at Charles University, School of Medicine, Prague.

A course on "Techniques in Molecular Biology" was organ-
ised by the Programme for the pre-doctoral students at
EMBL in December.

W. Ansorge
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Computer services

The Computer Group is responsible for running the main
computing facilities at the EMBL.

The VMScluster facility

As part of the agreement with Digital which saw the
addition of the large VAX 9000-420 in 1992, we took
delivery of the mid-range DEC 7000 AXP in July, five
months earlier than the contract specified. In addition we
were able to negotiate at no extra cost the installation
of a second processor in the system, giving the present
configuration of 2 scalar processors, each clocked at 182
MHz, and 256 Mbytes of memory. The DEC 7000-620 was
integrated with no problems into the existing VMScluster.
The performance of the machine is excellent and has taken
a large part of the batch processing workload off other
machines, in particular the VAX 9000-420.

In terms of reliability and availability of service, the VM-
Scluster has again proved to be exceptionally good. Had
it not been for the installation of a new main transformer
in the EMBL's electricity system, with the resultant brief
interruptions to the power supply in the laboratory, we
would have been able to claim 100% availability of VMS
service over the whole of 1993.

The Administration computing facility

A similar claim to the above may be made with regards
to the Administration computing facility, which should be
regarded as a critical resource within the EMBL.
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The Unix workstation environment

The most significant improvement in our main Unix en-
vironment was the addition of 128 Mbytes of memory to
the Silicon Graphics 480/VGX, the central node, giving a
total of 256 Mbytes of memory. This has greatly reduced
the amount of "swapping" that was previously taking place,
thus improving the utilisation of the 8 processors. Never-
theless we are still observing close to 100% CPU usage
over many months.

Throughout the year there were many purchases of indi-
vidual workstations, mostly from Silicon Graphics, but also
several Digital Alpha machines. There are now more than
80 Unix workstations at the EMBL.

DECmpp 12000 (MasPar MP-1)

The MasPar MP-1 system has been a great disappoint-
ment and a great success at the same time. The disap-
pointment has been the reluctance of software developers
at the EMBL, with the exception of one group, to invest
the necessary effort to adjust to the different programming
paradigm required to fully take advantage of the SIMD
model of the MasPar.

The success has undoubtedly been the Blitz service men-
tioned already in last year's report. Throughout 1993 the
MasPar processed more than 25,000 Blitz requests for
protein searches. We hope to be able to announce the
capability of searching DNA databases in the beginning
of 1994. Despite this number of requests, it should be
pointed out that this represents less than 10% usage of the
MasPar. Clearly the DNA searching capability will cause
considerably more load on the machine, but we feel that
the present configuration will be sufficient to allow us to
continue to offer the Blitz service with similar excellent
turnround time.

Supercomputer negotiations

Throughout the last two years we have been actively
engaged in negotiations aimed at purchasing a true super-



computer facility at the EMBL. The Computer Group has
played a coordinating role in the discussions both internal
within the EMBL and external with the supercomputer
manufacturers. After much thought a decision was made
at the end of 1993 to start concrete negotiations with
Silicon Graphics to purchase a 16-node Power Challenge
machine, based on the shared memory model of paral-
lel processing. The theoretical peak performance of the
system is rated at some 4.8 Gflops, and we are due
to take delivery of the machine in the first quarter of
1994.

External network connectivity

As mentioned in last year's report, we started the year
with our external network connection over a 64 Kbit leased
line to the ECRC (European Computer Industry Research
Centre) in Munich, which has a direct connection to the
EBONE node in Amsterdam. While we were very pleased
with the results of this phase, it was felt that this would
not represent a "quantum leap" in terms of throughput.
It would also have caused a doubling in our networking
budget. On the basis of our predictions that we will soon
achieve an average throughput on the Internet of more
than 1 Gigabyte (1000 Megabytes) per day, we needed
to propose a different solution. To this end, we connected
the EMBL's Ethernet to the neighbouring Max-Planck In-
stitute's Ethernet making use of the fibre-optic cable which
was used many years ago to connect the main labora-
tory to the building now functioning as the EMBL creche,
and which was used in those days to provide additional
office space for the then Biocomputing Programme. Both
institutes, the EMBL and the Max-Planck Institute, have
agreed to share the costs of a 2 Mbit connection to
the German national research network, the WiN (Wis-
senschaftsnetz). This is due to be installed very early in
1994 and we have high hopes that this will represent
the quantum leap in terms of throughput which we feel
is very necessary for the EMBL to continue to play an
important role in world-wide networking. It should also be
pointed out that this solution will cost the same as the
direct 64 Kbit direct connection to the ECRC would have
cost.

As an indication of our bandwidth requirements, we have
been observing a typical throughput of more than 400
Mbytes per day. Indeed we have observed peaks where
we have had almost 700 Mbytes in one day, which,
as back-of-the-envelope calculations will show, is some
64 Kbits/second over the whole day, equivalent to 100%

saturation of our network connection. It is also interesting
to observe that the ratio of outgoing to incoming traffic is
of the order of 2 or 3 to 1. This points out that the EMBL
is very much a "provider" of network services rather than
a "consumer".

Network services

Despite the figures mentioned above, it is safe to say that
the EMBL has become one of the major sites in the world
for network-related services for the molecular biology com-
munity. Over and above the traditional services mentioned
in last year's report ("anonymous FTP", Netserv, Blitz,
FASTA, Quicksearch, etc.), we also offer, in collaboration
with the EMBL Data Library group, Gopher and World-
Wide-Web (WWW) servers. Both of these are designed
to ease the difficulty and reduce the sheer bewilderment
associated with trying to navigate through the enormous
number of services available on the Internet. It is exciting
to observe the proliferation of these types of services,
especially within the molecular biology community.

The Apple Macintosh personal computer environment

There are now more than 200 Macintosh personal comput-
ers within the EMBL. Almost all newly purchased machines
come with direct Ethernet connection capabilities. What
has happened as a result of this has been that such ma-
chines are becoming genuine nodes on the Internet, with
the ability to access all of the above mentioned services.
Indeed, many users are able to avoid entirely having to
deal with the traditional VMS and Unix systems, both of
which cannot begin to compare with the Macintosh in terms
of ease of use. This is progress!

R.Omond
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Data Library PLATE 16

Species in the nucleotide sequence database

The accelerating growth of the databases continued in
1993, with SWISS-PROT reaching 11.4 million amino-
acids and the Nucleotide Sequence Database 158 million
base pairs - about five per cent of the size of the human
genome (roughly 20% of the current data are human).

The challenges of this growth, new and better user ser-
vices, and the decision to incorporate the Data Library
into a new EMBL Outstation, The European Bioinformatics
Institute, have made 1993 an exciting year.

We continue to distribute magnetic and optical media re-
leases of sequences and a wide range of other databases,
but 1993 has seen network access come to the fore as the
main way of accessing the data. Enhancements during
the year have included the provision of such access to
SWISS-PROT data between releases and our new BLITZ
server, developed in collaboration with the University of
Edinburgh, which allows network users to exploit our mas-
sively parallel computer to carry out rapid, exhaustive,
sensitive searches of the databases.

Other

Drosophila

C.elegans
Arabidopsis

Mouse

Data from genome sequencing projects

The flow sequence data from large-scale sequencing
projects now has an enormous influence on the compo-
sition of the Nucleotide Sequence Database, with the ten
most commonly sequenced species now accounting for
more than half the data in the collection. New to this "top
ten" in the last year are Caenorhabditis elegans, Arabidop-
sis thaliana and HIV type 1; pushed out are cattle, rabbit
and Xenopus laevis. Plate 16 summarizes the contribution
from these various species.

International collaboration

The collaboration with NCBI in the USA and DDBJ in
Japan continued, with the International Advisers meeting
in Mishima in April and a working meeting in Bethesda
in June. The latter concentrated on data exchange, data
quality and the co-ordination of the three groups.
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Research and development

Research and development included new and enhanced
Macintosh tools and continued exploration of object-
oriented methods as well as improvements to EMBL-
Search, our CD-ROM look-up tool and Clustal, a sophis-
ticated multiple sequence alignment program, reinstating
both of the programs as world leaders.

Support for the Data Library

Towards the end of the year a contract with the EU for two
years further support for the Data Library was finalized
in collaboration with the Martinsried Institute for Protein
Sequences (MIPS).

G. Cameron



The European Bioinformatics Institute

At the beginning of 1993 the EMBL Council decided to
locate a new Outstation, the European Bioinformatics In-
stitute, at Hinxton, near Cambridge in the UK. This decision
followed a detailed debate of alternatives and evaluation
of credible offers from three different locations.

The UK offer, made by a partnership of the Wellcome Trust
and the Medical Research Council (MRC), will provide
a custom-designed facility by early 1995. The site on
the Genome Campus at Hinxton Hall houses the Sanger
Centre, directed by Dr. John Sulston, which specializes
in genome-scale sequencing, and the development will
include new facilities for the Medical Research Council's
human genome mapping resource centre as well as ex-
tensive conference and training facilities.

The transition of the Data Library to Hinxton has already
begun and in mid-April the MRC will provide temporary
accommodation for the Data Library to allow it to relocate
in unexpanded form in Summer 1994. All existing services
will be provided from Hinxton by September 1994. Expan-
sion to a size of 70 staff will begin when the final building
is available in Spring 1995.

Initially the highest priority for the EBI will be ensuring con-
tinuity for the Data Library - a challenging task in its own
right. Indeed the maintenance, continual development and
improvement of the Data Library will remain the highest
priority of the EBI even as it expands its mandate.

The service mission of the EBI will be tightly coupled to
a basic research programme which will ensure its healthy
evolution. A Head of Outstation with a vision appropriate
to this blend of service and research is being sought.

With the help of an Ad hoc Advisory Committee (composi-
tion Table 2), the Director-General has refined the mission
of the EBI from the original proposal voted on by the
Council. The report of that committee, delivered recently,
is available from the Director-General's office.

Table 2
Composition of the

ad hoc Advisory Committee
for the EBI

Members
Prof. Michael Ashburner, Cambridge, UK
Dr. Amos Bairoch, Geneva, Switzerland
Prof. Charles R. Cantor, Boston, USA (Chairman)
Prof. Marvin Edelman, Rehovot, Israel
Prof. Alwyn Jones, Uppsala, Sweden
Sir John Kendrew, Cambridge, UK
Dr. David Lipman, Bethesda, USA
Prof. Klaus MOiler, Basel, Switzerland
Prof. Jens Reich, Berlin-Buch, Fed.Rep.Germany
Prof. Cecilia Saccone, Bari, Italy
Prof. Piotr Sionimski, Gif-sur-Yvette, France
Dr. John Sulston, Cambridge, UK
Observers
Dr. Etienne Magnien/Dr. Andreas Klepsch (EU, Brussels)
Dr. Michael Morgan (Wellcome Trust, London)
Dr. Fiona Russell (Medical Research Council, London)

Service activities of the EBI

Databases

The EBI will be a European collection point for nucleotide
and protein sequence data: the former as a continu-
ation of the Data Library's work in collaboration with
its global partners, the latter as a strengthening of the
co-operation with the University of Geneva in producing
SWISS-PROT.

Further collaborations with European groups developing
specialized databases will ensure co-ordinated access to
a broad range of biological information and the provision
tools for data entry, editing, validation and distribution.

In particular, the EBI may be expected to play a major
role in the database of three-dimensional biomolecular
structures, with a strong commitment to the development
of a single global database built in close collaboration with
the appropriate US partners.
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Software

First rate software expertise will be required to develop
tools for data collection, maintenance, validation and dis-
tribution and to explore biological data in the context of
diverse biological knowledge. The EBI will also distribute
and validate programs developed elsewhere.

A fundamental principle will be that of open, unrestricted
access to all software and data, with the only condition of
use being the acknowledgement of the source.

Training

The EBI will play a crucial role in advanced training in
bioinformatics, where the outstation will work closely with
EMBnet and other European collaborators in the provision
of high quality courses. The facilities of the Hinxton campus
will be customized for such training activities.

EMBnet

Close collaboration between the EBI and EMBnet will
assist the rapid dissemination of new databases and tools
to a wide audience. The EBI, like the present Data Library,
will use EMBnet for the distribution of its products.

Outreach activities fostering collaboration will include a
visitors programme allowing scientists to spend periods of
up to one year in residence at the EBI for research, high
level training, or software development.

Research and development

The long term viability of the EBI's services will depend
on research and development to keep them state-of-the-
art. This will involve tracking developments in information
technology and constant awareness of the informatics
implications of advances in biological research.

Basic research

The EBl's research programme will span the range
from fundamental bioinformatics to utilisation of primary
databases pushing the services to the limit and ensuring
constant improvement. The details will depend on the new
Head of Outstation, but it is likely that research groups will
be small and interactive, concentrating on topics such as
the relationship between structure and sequence and the
interpretation of genomes.
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Constituency

The constituency of the EBI includes, first and foremost,
the scientific research communities within the EU and
EMBL Member States. Among these are a wide spectrum
of biological researchers, biotechnological, agricultural and
pharmaceutical industry researchers, members of the com-
puter hardware, software and publishing industries.

The EBI will playa proactive role in strengthening the re-
lationship with the private sector, including non-proprietary
joint projects with industry, probably through an Industrial
Associates Programme.

Funding

The establishment of the EBI has been dependent on the
generous and increasing EU support for the Data Library
and the visionary contribution of the Wellcome Trust and
the MRC to the facilities and the transition costs. Additional
support for development and operation of the EBI will be
sought from public and private organisations.

It is envisaged that a size of 70 staff will be reached in
1996, with a gradual growth to 100 by the end of the
decade. Initial emphasis will be on service with 48 staff,
while the research component will be 13. The remaining
9 staff will provide organisational infrastructure. Later ex-
pansion will lean to research, where the EBI will seek grant
funding. During the build-up phase it is anticipated that the
annual budget will rise from its present level of a 6.1 million
Deutschmarks to a little under 12 million Deutschmarks by
1996.

Guidance

This crucial developmental stage and the specialized mis-
sion of the EBI have resulted in the decision to establish
a special Advisory Committee of experts which will meet
frequently during the first few years of EBI's operation.
This committee will have strong links to EMBL's Scien-
tific Advisory Committee and the continuing International
Advisers for Nucleotide Sequence Databases by including
representatives from both.

G. Cameron



The Outstation at the DESY, Hamburg

1993 was a turning point for synchrotron radiation in Ham-
burg: DORIS III became a dedicated synchrotron ring, with
the removal of the remaining high energy physics exper-
iment. This demonstrates the strong continuing support
from the DESY Directorate for the synchrotron radiation
community. DORIS came into operation in the middle of
the year and ran until December with periods of three
weeks of user time alternating with one week of machine
studies. During the first weeks of beam time, starting
in July, conditions were again very disappointing, with
frequent interruptions and instabilities in beam position,
but improved during the autumn. Our five beam-lines us-
ing radiation from the bending magnets were all oper-
ational throughout the useful beam time. These are, in
the old experimental hall, X31 (the lower intensity line for
protein crystallography), X33 (small-angle scattering) and
the EXAFS line, together with X11 (high intensity protein
crystallography) and X13 (small-angle scattering) in the
recently constructed HASYLAB V. A major project was the
completion of the first wiggler beam-line, described below.
There were more than 200 visitors representing almost
all the Member States using the facilities. DORIS III is
presently undergoing another transformation. During the
1993/4 winter shutdown the ring is being converted to run
positrons rather than electrons. Positrons, as anti-matter,

show much lower interaction with the residual ions and
molecules in the ring. The circulating positron beam is
thus much more stable in terms of temporal decay than its
electron counterpart, and the lifetime and stability of the re-
sulting synchrotron radiation is correspondingly enhanced.
Times between injections of up to 8 hours are anticipated
compared to 1-3 hours in recent years. Such stability is
vital for state-of-the-art synchrotron experiments.

Instrumentation

The construction of the wiggler beam-line station BW7B
was the main effort. The aim was to provide a high flux
beam-line for protein crystallography. The design follows
principles very well established in our laboratory. At the
rear end of the line we installed a big optical table sup-
ported at three points, allowing very precise adjustment
of components mounted on the table into the beam. The
entire unit can be rotated as the wavelength is changed
(Plate 17).

The first monochromatic X-ray photons were obtained
on October 7th. After a much too short period of com-
missioning the line was used to collect crystallographic
data using a MAR imaging plate scanner. Very rapidly
it became clear that because of the much higher flux,
new detector hardware and software will be necessary to
exploit fully the potential of this beam-line. Nevertheless
several data sets were collected successfully and with very
short exposures. As an example, during the last week of
beam-time BW7B was used to collect data on a crystal
of the trypsin-like proteinase from Fusarium oxysporum.
From the first images it was apparent that they diffract
to atomic resolution and 1.07 A data were collected with
about 10 s per exposure. This result shows the enormous
power of the new beam-line. It allowed us to collect atomic
resolution data in a total of 25 min exposure. Unfortunately,
as stated above, the scan time is rate limiting requiring
about 2 min for every 10 s exposed image.

In 1994 we will complete line BW7B to its final specifi-
cations, before we start building up the "straight through"
branch BW7A, which will operate independently and simul-
taneously.
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Protein crystallography

Lines X11 and X31 were functional throughout, with imag-
ing plate scanners and crystal cooling in the range 0° C
to room temperature on both. The Oxford Instruments
Cryostream was mounted on X11 later in the year al-
lowing some experiments at down to 100 K. Just before
the winter shutdown the wiggler line BW7B came into
operation and was intensively used as described. Many
visiting groups made use of the facilities. Several in-house
and collaborative projects were actively pursued, including
those on trypsin-like and subtilisin-like proteinases, chitin
metabolising enzymes (see biochemistry) and xylanases.
Details of several are given in the Research Report. Here
two projects are briefly described.

Collection of protein data to atomic resolution advanced
considerably. There are now data to 1.2 Aresolution or bet-
ter for more than 10 proteins or their complexes. Several
of these are in the final stages of refinement, by visitors or
in-house, using the "small molecule" program SHELX93
(G. Sheldrick, G6ttingen) with R-factors in the range 8-
10%. For a trypsin-like proteinase data had previously, in
1992, been collected to 1.1 Aat room temperature. Data
have been extended to 0.96 A resolution for this 20 kDa
protein at 120 K. The current R-factor is about 8%. The
detail available in such an analysis is illustrated in Plate
18, which shows the difference density around one of the
histidines from which the N-H hydrogens were omitted
from the model. Their positions are clearly visible from the
electron density.

We are studying HIV-1 reverse transcriptase (HIV-1 RT)
with T. Unge, B. Strandberg & colleagues (Uppsala). The
goal is the determination of the high resolution structure
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PLATE 17

Schematic diagram of the EMBL BW
7B side branch wiggler beam-line.

and its use for rational drug design. The work must
overcome two challenging problems, heterogeneity in the
C-terminal end of one subunit and the flexibility of the
molecule, which have led to great difficulties in obtaining
good crystals. One line followed by the Uppsala group is
the isolation of the "fingers" + "palm" domains of HIV-1 RT.
In 1992 they succeeded in performing gene construction,
expression and purification of these domains. Data have
been collected to 2.2 A. The X11 beam-line in Hamburg
was used, and also we made two visits to LURE, Orsay
during a shut down of the DORIS ring. The structure is
being refined and the current R-factor at 2.4A is 24%.
The electron density is easily interpretable in all parts
except for two loops which are probably flexible. There is
generally good agreement between the tertiary structure
of the "fingers" + "palm" domains (Plate 19) and those of
the structures published by T. Steitz and E. Arnold. There
are some differences in the relative orientation of the two
domains.



PLATE 18

The electron density around a histidine in the bacterial trypsin-like
proteinase at 0.96 A resolution and 120 K. The crystals were
grown at pH 4.9. The histidine hydrogens were omitted from the
model. The electron density shows that both nitrogen atoms in
the ring are protonated, but that the H atom in the bond to the
charged aspartate residue is much better defined. than the other
one.

Biochemistry and molecular biology

The activities of the biochemistry are carried out in close
collaboration with the crystallography group. The work
concentrates on bacterial proteins reflecting the limited
size of the group, the facilities in Hamburg and the desire to
proceed rapidly from cloning and over-expression to three-
dimensional structure. Two major projects are the DNA
binding protein HU, described in previous years reports,
and chitin degrading enzymes. The latter enzymes are
of particular biotechnological interest as chitin is a widely
spread fibrous polysaccharide. Chitinases are classified

PLATE 19

The fold of the two N-terminal "fingers + palm" domains of reverse
transcriptase from HIV-1. The positions of a few key amino-acids
have been marked. The crystal structure was determined at the
Department of Molecular Biology, Uppsala University (Drs. Torsten
Unge &Bror Strandberg and colleagues) and the EMBL Hamburg
Outstation (Drs. Zbigniew Dauter and Keith Wilson).

in two separate families, numbers 18 and 19 of glycosyl
hydrolases. The chitinase A (Mr 64 kDa) which we are
studying belongs to family 18. No structures are available
for this family as yet. The chiA gene was isolated, cloned
and over-expressed in previous years. Chitinase A was
crystallized and 2.25 A resolution native data have been
collected. The structure has been solved by isomorphous
replacement and a model is currently being built. One
domain clearly consists of an 8-stranded a{3 barrel. The
second step in chitin degradation is the breakdown of
chitobiose by chitobiase. The complete sequence of the
gene has now been determined. The gene encodes a
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protein of 99 kDa. Large amounts of protein (1 mg/g cells)
can be obtained. Good crystals were obtained and native
data collected to 2.0 A. The structure is being solved by
isomorphous replacement. We are currently analysing the
first electron density maps.

Non-crystalline systems

Beam-line X33 was made more user-friendly. Facilities
for time-resolved experiments which have been a ma-
jor activity in Hamburg were further developed as part
of a long collaboration with F. Cipriani at the Greno-
ble Outstation and were extensively used with the lin-
ear and area detectors for several projects, see Re-
search Report for summaries of these collaborations. In-
house the prime object of research continued to be yeast
Cu-metallothionein (Cu-MT) (Mr 6.2 kDa), an important
metal binding protein for which few structural data are
known. A sufficient amount of Cu-MT was purified to
estimate its radius of gyration (1.27 nm) by X-ray so-
lution scattering. Its value suggests that MT is a rather
anisotropic molecule which would also explain its anoma-
lous chromatographic behaviour. According to the UV/vis
spectra of the protein before and after exposure to X-
rays there is some radiation damage but this does not
seem to affect the scattering pattern during the course
of the measurement. New, more general, methods for
determining the shape and structure of particles using
spherical harmonics were developed. A formalism was
derived to take into account the density fluctuations in-
side a particle of known shape and to express the scat-
tering from two-component particles in terms of the po-
sitions and/or shapes of the components. These meth-
ods were implemented in the programs for contrast vari-
ation data analysis for one- and two-component struc-
tures and applied to the 50S ribosomal subunit. Algo-
rithms for fast smearing of theoretical curves using the
concept of resolution function which takes into account
all possible sources of instrumental smearing were im-
plemented. Their use in multivariant minimization shape
determination methods allows direct fitting of the data
from neutron contrast variation experiments and simul-
taneous processing of the synchrotron and neutron con-
trast variation data (collaboration with J. Skov Pedersen,
Ris0).
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Muscle

The muscle group was led from its establishment in Ham-
burg several years ago by Yuichiro Maeda. At the end of
January 1993 Yuichiro returned to Japan with several of his
colleagues to start up a new institute based around muscle
research. We wish him every success in this venture.
Support of muscle research in the Outstation has been
taken over by the remaining members of the team, headed
by Gert Rapp. Although they continue to collaborate with
visitors on a number of muscle projects, their work is not
restricted to muscle and also involves studies of biological
membranes. Most of the work involved X-ray diffraction
experiments on beam-line X13, which was rebuilt in the
new HASYLAB V experimental hall during 1992. The work
can be divided into (i) improvements of the beam-line, (ii)
in-house projects and (iii) collaborations (see Research
Report). A beam monitor close to the monochromator
(designed in collaboration with Hans Wittman, Heidelberg)
was installed at X13. With further minor modifications the
beam-line was routinely operated during the beam periods.
However, in some experiments problems arose from beam
position instabilities of DORIS. Experiments on solution
scattering would be impossible under these circumstances.
Efficient detectors capable of handling both the high local
and total count-rates achievable in lipid experiments are
still a challenge and it is hoped that the new systems cur-
rently being developed at EMBL Heidelberg and Grenoble
will be available in the near future. These are especially
important for experiments on single fibre muscle diffraction
where radiation damage is already a severe problem. In-
house projects fell into two areas. The first was studies on
muscle contraction. It was shown that the structure of the
thick filament in relaxed muscle depends on the nucleotide
attached to the cross-bridge (with J. Wray, Heidelberg). In
a further project the physiological significance of thermally
induced tension generation in rigor fibres was investigated
(with J. Davis, Baltimore). The other area was studies
of phospholipid phase transitions under non-equilbrium
conditions induced by a laser temperature-jump and under
conditions close to equilibrium. Small- and wide-angle re-
flections were recorded simultaneously to obtain informa-
tion on the phospholipid conformation. Under slow scan
conditions the transition fine structure is sensitive to pH
variations, the heating rate, temperature prehistory and
irradiation time (with B. Tenchov, Sofia).



EXAFS

Several in-house and collaborative projects were actively
pursued. One example of each is briefly discussed. In-
house a theoretical study of the temperature dependence
of EXAFS spectra of a zinc tetraimidazole complex was
pursued. Such studies are fundamental to the full inter-
pretation of EXAFS spectra in general and in biological
systems in particular. The calculated EXAFS were com-
pared with low noise temperature dependent experimental
spectra and a distinct underestimate was found in the
theoretical amplitude of the modelled signal. It was also
found upon inspection that a severe oscillatory modu-
lation of the theoretical amplitude exists (±25%

) which
was found to be an artefact. The implication for structural
analysis via EXAFS is an impairment of the static structure
determination beyond the first coordination shell and an
underestimate in the dynamic structure determination. In
a more directly biological application, an EXAFS studies
of the intermediate phases in bone mineralization was
continued with Eugene Rokita (Cracow). Although it has
been commonly accepted that mature bone is mostly
composed of poorly crystalline, non-stoichiometric hydrox-

yapatite crystals, neither the presence of other calcium
phosphate compounds in mature bone nor the compo-
sition of young bone are known with certainty. On the
basis of in vitro studies, a wide spectrum of calcium
phosphate compounds has been proposed as precursor
or intermediate phases in bone mineralization. Failure to
detect non-apatitic phases in bone is caused by the fact
that newly formed phases constitute only a small part of
the total bone minerals. Such compositions are difficult to
establish by conventional chemical or biochemical studies.
To characterize mineral(s) formed at the onset of bone
calcification we used a new approach based on strontium
as a marker in different calcium phosphate compounds
determined by EXAFS. The current experiment was aimed
at the identification of minerals involved in the formation of
long bone in rabbits. Several conclusions may be drawn
on the basis of qualitative examination of the spectra and
more detailed conclusions are in hand. This is an ideal
use of EXAFS in obtaining data within a tissue which is
normally resistant to most methods of analysis.

K. Wilson
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The Grenoble Outstation

It has been an eventful year for the Grenoble Outstation of
EMBL as the long talked of expansion of the Outstation be-
gins to become reality. The justification for this expansion
is the unique opportunity opened to European structural
molecular biology by the European Synchrotron Radia-
tion Facility (ESRF). This will be operating routinely from
September 1994 as will the totally refurbished reactor of

the Institut Laue-Langevin (ILL). This point was recognized
by the Outstation review (March 1993) and subsequently
by the EMBL Scientific Advisory Committee (SAC) who put
forward the long-term goal of a doubling of the size of the
Outstation, to permit both support for external visitors to
the ESRF and to develop an ambitious internal research
programme in structural biology.

As a first step in this direction the Grenoble Outstation of
EMBL has been planning for some time an extension to its
existing building. Finally, at the December meeting of the
EMBL Council, the go-ahead for the building extension was
given, sufficient funds (about 3 MOM) becoming available
as a result of special contributions from France and Great

PLATE 20

Achitect's impression of the planned extension to the EMBL
Grenoble Outstation due to be completed in early 1995. The large
bay window is of the new library.
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Britain. Plans for the extension are now well advanced and
building is due to begin in March 1994, to be completed by
early 1995. The new extension will have four floors each
of approximately 300 m2 and each being the continuation
of the existing levels (Plate 20). The new basement will be
occupied by the expanded instrumentation group. The ex-
tra ground-floor area will permit re-arrangement of general
facilites and result in a larger library, seminar room and
social space as well as extra offices. The first floor will
contain three large biochemistry laboratories and smaller
instrument rooms for in-house staff and visitors to the
ESRF and ILL. The top floor will be fully furnished at a
later date, when extra staff members at EMBL (or indeed
in-house biologists at the ESRF) are appointed.

An important financial contribution to the development of
facilities for ESRF visitors will come from the 1.7 MECU
award jointly to the Hamburg and Grenoble Outstations
of EMBL under the EU Access to Large Scale Facilities
Programme for a three year period from 1st January 1994.
This money is to be spent on direct visitor support as
well as upgrading and developing synchrotron facilites for
biologists.

In November 1993, the Outstation together with the ESRF
took part in the European Week for Scientific Culture and
organized various activities based around the theme of
structural molecular biology with the title "Au Cceur du
Vivant". This included a day of public lectures by eminent
biologists including Dr. Max Perutz and an open-day in
which about 1000 members of the public visited the ESRF
and EMBL.

At the ESRF itself, installation of the first beam-lines has
been proceeding. Of the few that have reached the oper-
ational stage, none are dedicated for biological use, but
nevertheless two beam-lines have been used for short
periods on several occasions for protein cystallographic
measurements. These test experiments would not have
been possible without a very close collaboration of ESRF
and EMBL technical and scientific staff and the use of, for
instance, the EMBL image-plate detectors.

On the so-called TROIKA beam-line, in collaboration with
Columbia University, the structure of the cell adhesion
protein N-cadhedrin was determined using the MAD tech-

nique. The experiment took advantage of the large anoma-
lous signal from the Yb atoms (around the LUI absorption
edge at 1.385 A) which had been substituted for Ca in
the cadhedrin molecule. On beam-line 1 (BL1), another
undulator beam-line, diffraction data were collected (with
visitors from Oxford University) at a wavelength of 0.95 A
from fragile plate-like crystals of bovine enterovirus using
a 180 mm image plate. Data to 4.3 Awere obtained with
about 15 usable images per virus crystal. The experiment
demonstrated the feasibility of data collection at ESRF
from virus crystals with large unit cell dimensions (in this
case about 400 A), and the Oxford group have gone on to
solve the virus structure. Again on BL1, this time with a
new 300 mm image-plate detector, data were also suc-
cessfully collected (with visitors from ETH-Zurich) from
native and mercury-derivatized nucleosome core particle
crystals. The crystals which were small (120 to 150 J-l) and
weakly diffracting were transported and mounted frozen to
-170°C.

Diffraction instrumentation group

The diffraction instrumentation group supports the collab-
orative work of the Outstation with the ILL and the ESRF.
Major projects presently being pursued at the ESRF are
the installation of a multi-wavelength anomalous dispersion
(MAD) beam-line (BL19) for X-ray protein crystallography
and a crystallographic endstation on the high flux beam-
line BL4.

Installation of beam-line components for BL19 commences
in May 1994 and the line should be ready for trial experi-
ments in the autumn. A rapid image plate changer with a
capacity of 25 to 50 plates has been designed, allowing
data to be collected quickly to minimize the problem of ra-
diation damage. BL4, which will be shared between protein
crystallography and small-angle scattering, is expected to
receive its first focused monochromatic beam in May 1994.
Installation of the biocrystallography endstation is sched-
uled immediately thereafter thus permitting the first test
experiments. The goniostat designed for the endstation
has a full circle X-cradle in an Eulerian geometry facilitating
routine coaxial and non-coaxial cryo-cooling from ambient
down to liquid nitrogen temperatures. Initial operation will
be with a 300 mm image-plate detector.
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Much of the effort of the group has gone into improving
the performance of the various types of detector cur-
rently under development. In the case of X-ray multi-wire
proportional counters using delay line read-out, various
developments now permit a count rate of 1.2 MHz and
a resolution of 0.6 mm to be been achieved on a 100 mm
diameter detector. A 300 mm diameter detector is now un-
der construction. Developments in the recording of neutron
diffraction patterns with image plates has continued, with
an investigation of the effects of different concentrations of
the neutron scintillator Gd203 added to the normal (X-ray
sensitive) Eu-doped BaFBr matrix. The spatial resolution of
the images recorded with this intrinsic neutron scintillator
were found to be far superior to those made when the
Gd203 was placed external to the plate. The latent image
formed by neutron Bragg reflections from a crystal at the
centre of a 300 mm diameter camera is recorded on the
image plate on the exterior of the drum, which after expo-
sure is rotated about a horizontal axis and read by a He-Ne
laser via a double mirror system. The horizontal movement
of the read head which collects the photo-stimulated blue
light is coupled electronically to the rotational motion of the
drum so that the image is scanned in 250 J.-l2 pixels in a
total read time of 4 minutes. This scanner can also be used
to read X-ray image plates off-line, which is particularly
important because many future synchrotron applications
will require the rapid scanning of large area image-plates.

Virus structure

Studies are continuing on the structure and function of viral
proteins using a combination of biochemistry, molecular
biology with low-dose negative stain electron microscopy.
On influenza virus, the emphasis has shifted from the
surface glycoproteins to the internal, RNA binding proteins.
The genetic information of influenza virus consists of 8
separate strands of RNA in the negative sense; this means
that transcription has to take place directly upon entry of
the virus into the host cell to make messenger RNA and
to start the replication process. Each viral RNA strand is
individually complexed with the major structural protein,
nucleoprotein, and each RNA-nucleoprotein complex has
its own viral polymerase complex attached. The resulting
structures, called RNP particles, are independent tran-
scription active units. We have started a new research
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project on the determination of the structure and inter-
action of the proteins and RNA in these complexes and
on the crystallographic structure of the individual protein
components. To this end, a collaboration with scientists
from the Wellcome Foundation has been established with
the ultimate goal of designing antiviral drugs. The first
results are fascinating and make biological sense. The
nucleoprotein appears to bind to the backbone of the viral
RNA without apparent sequence specificity. In doing so,
all secondary structure in the RNA is removed and the
bases are exposed to the exterior, so that the polymerase
can walk over the RNA without need for dissociation of the
nucleoprotein from the RNA. In this way, the nucleocapsids
are not functional in protecting the RNA but form structures
that are ready to start transcription as soon as they enter
the cell.

In parallel with the work on influenza virus, we have studied
the internal structure of the rhabdoviruses (another group
of negative strand viruses), in particular rabies virus and
vesicular stomatitis virus, in collaboration with A. Flamand
and Y. Gaudin, CNRS, Gif sur Yvette, France. The struc-
ture of the rabies viruses was expected to be similar to that
of influenza virus but more simple due to the existence of
only a single RNA segment. However, we found that, in
contrast to influenza virus where the nucleocapsids are
thought to be enclosed by a layer of "M-protein", in the
rabdoviruses the nucleocapsid is wound around a core of
M-protein. This rhabdovirus M-protein is peculiar since it
can only be isolated and kept soluble in the presence of
more than 600 mM salt, whereas in the infected cell it is
a soluble protein up to the moment it is incorporated into
the budding virion. We now found that self-association of
M-protein occurs only around nucleation sites. Removal of
these sites leads to the protein being soluble at physiolog-
ical salt concentrations. Definition of the nucleation sites
will give information on the virus assembly process and
the interaction of the sites with M-protein will present a
target for antiviral drugs.

Protein biosynthesis group

Structure-function relationships and specificity in the Es-
cherichia coli seryl-tRNA synthetase:tRNAser system have
been the main lines of study in the past year. This system



offers the unique possibility of studying the interaction
of a class II aminoacyl-tRNA synthetase with a class 2
tRNA (see below). The goals are to understand, at the
molecular level, how the enzyme specifically binds one
out of the twenty amino-acids in its active site and equally
selects a cognate tRNA from a pool of more than 50 tRNA
molecules.

Seryl-tRNA synthetase from Escherichia coli provides the
prime example of the structure of a class II aminoacyl-
tRNA synthetase whose structure determination in 1989
revealed both a novel protein and a new ATP binding fold
and gave substance to the existence of two classes of
aminoacyl-tRNA synthetases. The resolved structure of
the enzyme showed that the N-terminal domain of the
protein monomer featured a 60 A long arm formed from
2 antiparallel a-helices. The bacterial tRNAs for serine are
characterized by having large "extra" arms which mean
that they are composed of about 90 nucleotides instead
of about 76 nucleotides found for the majority of bacterial
tRNAs. The latter are termed class 1 tRNAs and the few
larger tRNAs which include those of tyrosine, leucine and
selenocysteine are called class 2. With both enzyme and
cognate tRNAs having large structural "arms" and knowing
that the anticodon region of the tRNA is not required for
recognition by the enzyme, it had been speculated that the
two arms might be important for enzyme:tRNA interaction.
The resolution of the structure of the crystal structure of
the enzyme:tRNA complex provided the neccesary confir-
mation. The importance of this "arm-in-arm" interaction has
been studied by the construction of enzyme deletion mu-
tants which lack either the tip or all of the helical arm. The
interaction of tRNAser with these mutants, the latter being
essentially the catalytic domain of the enzyme, was then
studied and shown to largely reduced affinity compared to
the wild-type enzyme whereas the catalytic parameters for
serine and ATP were not affected. The mutant without the
helical arm has also been crystallized and is being used
for other enzymological and structural studies.

The resolution of the crystals of the seryl-tRNA
synthetase:tRNAser complex is limited probably because
the intermolecular contacts are RNA:RNA. To overcome
this problem an enzymatically active fusion protein with
maltose binding protein attached to the N-terminus of the
enzyme has been constructed with the anticipation that

the extra protein bulk may induce prevent the RNA:RNA
contacts in complexes with tRNAser . Crystallization trials
of the fusion protein and complexes are proceeding.

Enzymological studies of the seryl-tRNA synthetase with
the substrates serine and ATP and the inhibitors serinehy-
droxamate and 5'-O-[N-(seryl)-sulfamoyl] adenylate have
been carried out. The inhibitors have been useful tools
in defining the sites of interaction and the conformation
of the substrates in the catalytic domain in combination
with crystallographic studies. The formation of Ap4A and
other derivatives of ATP in which the oxygen atom between
the (3 and 1 phosphorus atoms are replaced by a variety
of substituted methylene groups by seryl-tRNA synthetase
has been studied.

Crystallography group

During 1993 significant progress has been made in the
understanding of the structural basis of serine activation
by seryl-tRNA synthetase. This is the first step in the
process of aminoacylation of tRNAser by the enzyme
and involves the catalysis of the formation of the sta-
ble, enzyme-bound seryl-adenylate from Mg2+-ATP and
serine. Crystal structures have been determined at 2.5A
resolution of complexes of seryl-tRNA synthetase with
Mn2+-ATP (manganese is more readily identifyable than
magnesium in electron density maps), seryl-adenylate and
two analogues of seryl-adenylate that are inhibitors of
the enzyme (see above). These results show how the
enzyme specifically recognizes serine and ATP and also
localizes the magnesium binding site. Residues involved
in the serine side-chain recognition are special to seryl-
tRNA synthetase, but several other residues involved in
interactions with ATP, magnesium and the NH3+ group of
the serine are strongly conserved amongst all aminoacyl-
tRNA synthetases of class 2. Of particular interest is the
conformation of the ATP in the Mn2+-ATP complex. The
triphosphate is in an unusual bent conformation with the
major Mn2+ site spanning the a and (3 phosphates and
the two absolutely conserved arginines (in class 2 syn-
thetases), interacting respectively with the a and 1 phos-
phates. This conformation of the ATP is thought to be the
active conformation since firstly the extended form of ATP
(previously observed) is incompatible with simultaneous
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binding of the serine and secondly the bent conformation
is consistent with an in-line displacement mechanism for
the serine activation reaction.

DNA structure group

The structure of superhelical DNA molecules and long-
range interactions in DNA have important implications for
biological function. Many examples exist where protein-
induced or sequence-dependent bends in DNA can medi-
ate effects over distances of several hundred base pairs,
and it becomes important to describe such processes
quantitatively, using simple model systems. We are there-
fore using superhelical DNA to study the structure of
topologically constrained DNA domains and site-specific
intramolecular interactions in these molecules. We had
earlier shown by dynamic light scattering (DLS) and Monte-
Carlo models that bent segments can orient the structure
of superhelical DNA. Now we have been able to describe
the experimentally observed influence of a permanent
bend on the dynamics of superhelical DNA by Brownian
dynamics calculations, after making modifications to our
earlier model to include permanent bending. We find a
significant slowing down of the initial rate of supercoiling of
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a torsionally stressed DNA circle when a 100° permanent
bend is inserted.

In a series of combined depolarized DLS and circular
dichroism (CD) experiments we have characterized the
solution structure of rv300 bp DNA fragments containing
differently bent inserts. Our data show an increased flexi-
bility for the bent fragments, and an increased CD change
upon their insertion in a superhelix. This suggests that the
structural basis for the observed gel migration anomaly of
these DNAs might be an increased anisotropic flexibility
rather than static permanent bending.

To measure bend-induced structural changes in super-
coiled DNA in a more direct manner, we are developing
methods that allow to label 0.1-1 mg amounts of super-
coiled DNA in a sequence-specific manner. The strategy is
to introduce a biotin label at specific positions and then use
streptavidin conjugates to attach various reporter groups,
such as gold particles (as heavy markers for light and X-ray
scattering), of fluorophores (for energy transfer measure-
ments). First DLS measurements are under progress on
linear DNA molecules end-labeled with gold particles.

S. Cusack



Administration

EMBL financial review

Article IX (4) of the Agreement establishing the European
Molecular Biology Laboratory states that the "budget ....
shall be expressed in accounting units representing a
weight of 0.88867088 grammes of fine gold". Such eight
decimal place precision goes with a research institute
which weighs in microgrammes and measures in nanosec-
onds and has connotations of the gold standard, currency
exchange controls and eighteenth century mercantilism.
The use of fine gold, however, has been largely replaced
by fluctuating exchange rates, the trade in options, swaps
and other so-called financial derivatives, while those look-
ing for ways of reducing the risks and costs of international
trade talk of monetary union and free trade areas. Asso-
ciated with these means of creating what the British refer
to as a level playing field is the debate over constitutional
and institutional alliances: the alignment of nation states
and within these states enhanced interaction between the
public and private sectors or, more specifically, between
universities, research institutes, industry and public sector
healthcare organisations. This integrative process is not
at odds with diversity but actively encourages it. Ralph
Dahrendorf the German born sociologist now a peer of
the realm in Great Britain describes this process, on the
level of personal experience, as that of becoming a border-
hopper (Grenzganger). Other images are those of bridge-
building, networking, virtual laboratories and universities
without walls. EMBL is at the heart of this process and it
has astonishing financial as well as cultural implications.

During 1993 EMBL entered into contracts with the Euro-
pean Union at the rate of one a week with collaborators
from 18 European countries and one in collaboration with
Universidad de Buenos Aires. It entered into licensing
agreements with scientific and pharmaceutical companies
and with one of the first biotechnology companies in the
Federal Republic of Germany to be funded by venture
capital. One of its scientists was awarded one of the first
European Union Chairs designed to assist Eastern Europe
to strenghten its research activities. The decision was
taken to base the European Bioinformatics Institute (EBI)
in Great Britain with the Wellcome Trust agreeing to take
on the cost of providing premises and the U.K. Medical
Research Council offering £ 2 M towards the relocation of
the DNA Data Library. The french delegation confirmed
that a voluntary contribution of 7 million Francs would
be made available for the expansion of the Outstation
in Grenoble to allow for the planned collaboration with
the European Synchrotron Radiation Facility (ESRF). The
Israeli delegation gave a voluntary contribution towards
this expansion in France. The European Union made
available funds to the Laboratory and both its Outstations
under its Access to Large Facilities Programme and over
3 MOM under its Human Capital and Mobility Programme.
At the December 1993 Council meeting, in addition to
France and Israel, Great Britain, Norway and Switzerland
offered voluntary contributions while other Member State
delegations indicated that they too may be able to do so.
Governments, now becoming conscious of the benefits
to be derived from border-hopping - of which the above
are just a few examples - began to speak of high speed
information highways down which EMBL has been "driving"
information for the benefit of researchers worldwide for the
past ten years.

In the context of the changes in which EMBL is involved
(Article II (4) of the Laboratory Agreement states that it
should "organize and sponsor international cooperation, to
the fullest possible extent") ten years is a short period.
Many governments throughout the world have debts that
our great grandchildren may still be attempting to liquidate.
This, to arrive at the "bottom-line", is the context in which
the emergence of more integrated societies is taking place.
The pressure it imposes on governments - and by ex-
tension International Organisations - is immense. A new
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version of the saying that bad money pushes out good
has emerged in the form of debt repayment schedules
squeezing out the possibility for increased public sector
investment.

And yet EMBL continues to develop: the new Outstation
in the U.K., the extension of the Outstation in Grenoble,
the establishment of regional groups initially in Southern
Europe, the acquisition of parallel computing equipment,
the establishing of a protein structures data base alongside
the DNA data base and collaborative initiatives in different
parts of Europe. These developments are not random nor
due to the malfunctioning of a review gene. They coincide
with the maturing of molecular biology which makes its
enormous potential in terms of understanding and applica-
tions increasingly apparent. The investment made by the
Member States is showing returns: "This cooperation shall
include in particular the promotion of contacts between,
and the interchange of, scientists and the dissemination
of information the Laboratory shall also seek to co-
operate, to the fullest possible extent, with research insti-
tutions ... (Laboratory Agreement Article II (4)). However,
to misquote Charles Dickens: Income OM 10, expendi-
ture £ 3.50: contentment (subject to exchange rates and
transaction costs). Income FF 100, expenditure NKr 150:
misery (against subject to exchange rates and transaction
costs). Change, by definition, involves movement which
at times amplifies into turbulence as it did for the second
year in a row on the foreign exchange markets. 1993 also
saw the departure of Lennart Philipson and the arrival
of Fotis Kafatos assisted during 1993 by John Tooze.
It is regrettable that the incoming Director-General was
immediately confronted by the possibility that one of the
founding Member States would denounce the Laboratory
Agreement. This occurred by letter dated 28th December
1993 from the Italian Embassy in Bern. According to Article
XVI (1) of the Laboratory Agreement this denunciation
comes into effect at the end of 1994. As a consequence as
from 1995 EMBL's income will be reduced by 10.5 MOM
compared with the amount included in the proposed Indica-
tive Scheme (long term financial plan) for 1995. This reduc-
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tion is equivalent to 12% of total income for 1993. In terms
of contributions from the Member States it represents a
16.2% reduction, Italy having the third largest economy
amongst the Member States (based on statistics for the
years 1988-1990). The table below shows the distribution
of expenditure by the Laboratory in 1993.

KDM %
Personnel related costs 54,932 62
Operating costs 24,960 28
Capital expenditure 8,510 10

Total 88,402 100

The distribution by percentage of expenditure shows the
scale of the task confronting the Laboratory: the reduction
in income is greater than the total capital expenditure
during 1993. The plans to be implemented during 1994
to adjust to the reduction in income in 1995 will, however,
have the objective of maintaining a balanced distribution
of expenditure. As stated in the letter of 10 January 1994
from the Director-General and the Chairman of Council
to the delegates of the EMBL Council: "It is especially
important that the good functioning of EMBL, its morale
and its future attractiveness be safeguarded." Reducing
expenditure is easier than increasing income, but the art
lies in adapting while preserving, or even improving, the
integrity of the organisation. The words above about the
integrative process in which EMBL plays such a significant
role, written before their originator knew about the Italian
denunciation, remain true. Perhaps their importance is now
even greater as they show the adaptive nature of EMBL,
its ability to act as an agent of change. As I wrote in
last year's Annual Report: "As for the Member States of
the EC following the opening of borders in January 1993,
competition within EMBL for financial resources will be
intense. But that is, according to most economists, a good
way of maintaining quality and fostering innovation."

R.W. Rivington



Official visitors in 1993

20.01.93

01.03.93

18.03.93

05.05.93

06.07.93

Mrs. Glover and Consul General,
American Consulat, Stuttgart

Mrs. Liljenas,
UMINOVA, Umea, Sweden

Mr. M. Watanabe,
Japan Key Technology Centre and
4 members of the Protein Engineering
Research Institute, Osaka, Japan

Mr. A. Zickler,
Human Frontier Science Program
Strasbourg, France

Dr. Peng Jinzhi,
China National Centre for Biotechnology
Development leading
a Chinese Biotechnology Delegation
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Guided tours during 1993

18.01.93

12.03.93

20.04.93

29.04.93

07.05.93

12.05.93

25.05.93

08.10.93

01.11.93

Students of the Electromagnetics Institute,
Technical University of Denmark,
11 persons

Participants in the "Junior Humanities and
Science Symposium" of the European and
American Schools, Karlsruhe and Heidelberg,
Fed. Rep. Germany; 40 persons

Students of the Medical Faculty,
University of Leiden, the Netherlands
30 persons

Students of the Gymnasium Walldorf
Fed. Rep. Germany; 27 persons

Students of the European School,
Karlsruhe, Fed. Rep. Germany
10 persons

Students of the University of Turku,
Turku, Finland; 40 persons

Members of the Electronic Engineers
Association Telecom Heidelberg,
Fed. Rep. Germany; 30 persons

Students of the University Hannover,
Fed. Rep. Germany; 15 persons

Students of the Agricultural
University Wageningen,
the Netherlands; 25 persons

Total number of participants in guided tours: 228 persons
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Table 3

EMBL STAFF DEVELOPMENT

Category of Personnel December 1991 December 1992 December 1993 Man-Years
December 1993*

Staff Members 296 304 292 287.72
Supernumeraries 186 169 137 115.19
EMBL Predoctoral Fellows 79 97 98 98.00
EMBL Postdoctoral Fellows 42 29 34 34.00
EMBO Fellows 15 15 27 27.00
Visitors 122 148 177 159.24
Trainees 14 12 6 6.00

TOTAL 754 774 771 727.15

The figures show the total employees of the various categories during the month of December 1991, 1992 and 1993.

* The "Staff Complement" of the EMBL is based on man-years and the figures indicate the total number of posts that were
filled in terms of man-years in December 1993.
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Director-General

Fotis Kafatos*
Lennart Philipson*

Secretaries

Waltraud Ackermann
Susanne L0nstrup

Internal auditor

Edgar
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Associate Director

John Tooze*

Staff and Visitors

t deceased
* indicates group leaders
* indicates part of the year only
indicates part-time work

Fellows comprise: pre- and postdoctoral fellows
(EMBL, EMBO and external)

Visitors comprise: students, trainees,
visiting workers & visiting scientists

Assistants comprise: scientific and technical assistants,
data assistants and supernumeraries



Central Laboratory,
Heidelberg

Cell Biology

Programme coordinator

Kai Simons (Senior Scientist)

Secretaries

Anne Walter*
Eva Radeck*

Scientists

Carlos Dotti
Spyros Georgatos*
Fotini Gounari
Gareth Griffiths*
Jean Gruenberg*
Bernard Hoflack*
Eduard Hurt*
Tony Hyman*
Eric Karsenti* (Senior Scientist)
Robert Parton
Marino Zerial*

Fellows

Kirill Alexandrov (USA)(EMBL)
S0ren Andersen (Copenhagen)(EU)
Fernando Aniento* (Valencia)(Humboldt)
Petri Auvinen* (Turku)(Academy of Fin!.)
Thierry Berges (Bordeaux)(DFG)
Ariel Blocker (Paris)(EMBL)
Haralabia Boleti (Athens)(EMBL)
Brigitte Buendia· (Lyon)(INSERM)
Janis Burkhardt (USA)(Human Frontiers)

Denis Chretien* (Grenoble)(INSERM)
Michael Clague* (UK)(EMBO)
Paul Clarke (Dundee)(HFSPO/EMBL)
Sally Cudmore (Cork)(EMBO)
Michel Desjardins (Canada)(MRC)
Ben Distel* (Amsterdam)(EU)
Karima Djabali (Paris)(EMBO)
Valerie Doye (Paris)(EU)
Paul Dupree (Cambridge)(Roy.Soc.)
Suzanne Eaton (USA)(EMBO)
Neil Emans (Durham)(EMBL)
Emmanuelle Fabre (Paris)(Humboldt)
Klaus Fiedler (Basle)(Boehringer)
Anna Fra* (Milan)(HCM)
Thierry Gautier* (Paris)(EMBO)
Michael Glotzer* (USA)(Human Frontiers)
George Goulielmos* (Heraclion)(HCM)
Paola Grandi (Rome)(EMBL)
Rebecca Heald (USA)(American Cancer Society)
Meltsje de Hoop (Groningen)(HFSPO)
Hisanori Horiuchi* (Japan)(EMBO)
Lukas Huber (Innsbruck)(Erwin Schr6dinger)
Ingrid Hoffman (Vienna)(HFSPO/EMBL)
Elina Ikonen (Helsinki)(Academy of Fin!.)
Andrea Jahrhaus* (Heidelberg)(DFG)
Ralf-Peter Jansen* (Bochum)(DFG)
Iris Killisch* (Heidelberg)(HFSPO)
Frank Lafont* (Paris)(HCM)
Roland Le Borgne (Montpellier)(EMBL)
Thomas LUdwig* (Heidelberg)

(Boehringer Ingelheim)
Anne-Rose LOtcke (Marburg)

(Boehringer Ingelheim)
Christele Maison (Grenoble)(Region Rh6nes-Alpes)
Marfa Marcote* (Valencia)(EMBL)
Luis Martin-Parras (Madrid)(EU)
Fabienne Mauxion (Gif-sur-Yvette)(ARC)
JOrgen Meier (Fribourg)(EMBL)
Andreas Merdes (Heidelberg)(Stud.Stift.

des deutschen Volkes)
Stephane Meresse* (Lille)(EU)
Helene Munier-Lehmann* (Paris)(EMBO)
Masayuki Murata* (Japan)(Humboldt)
Carol Murphy (Galway)(EMBL)
Nicoletta Olivieri (Siena)

(Boehringer Ingelheim)
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Vesa Olkkonen (Helsinki)(EMBO)
Johan Peranen· (Helsinki)(HCM)
Sanjay Pimplikar (Canada)(DFG)
Jose Luis De la Pompa· (Madrid)(EMBL)
Athina Pyrpasopoulo· (Thessaloniki)(EMBL)
Sigrid Reinsch· (USA)(HFSPO)
Susann Remington· (USA)(HFSPO/EMBL)
Manuel Rojo· (Zurich)(EU)
Nikolaus Schlaich (Heidelberg)

(Boehringer Ingelheim)
Monika Schmelz· (Heidelberg)(DFG)
Anne Schmidt· (Montpellier)(EMBO)
Fedor Severin (Russia)(EMBO)
Georgios Simos (Saloniki)(EMBO)
Birgit Singer-KrOger (Basle)(EMBO)
Olivia Steele-Mortimer (USA)(EMBL)
Harald Stenmark (Oslo)(NAVF)
Leo Thomas· (Heidelberg)(DFG)
Regis Tournebize· (Montpellier)(EU/HCMPO)
Oliver Ullrich (Frankfurt)(DFG)
Isabelle Vernos (Madrid)(Wellcome Trust)
Gaetano Vitale· (Padova)(EMBL)
Christian Wimmer (Hannover)(EMBL)
Tamotsu Yoshimori· (Japan)(HFSPO)

Visitors

Giovanna Bacciocchi· (Milan)
Thomas Biederer· (Berlin)
Nicholas Bright· (Leicester)
Cecilia Bucci· (Naples)
Maria-Rita Casari· (Brasil)
Hans Dieplinger· (Innsbruck)
Jorge Dominguez· (Madrid)
Anne Doye· (Lille)
Caspar Frederikson· (Copenhagen)
Paul Gleeson· (Australia)
Jean-Pierre Gorvel· (Marseille)
Maika Grummt· (Heidelberg)
Sabine Himmelseher· (Ulm)
Jacomine Krynse-Locker (Utrecht)
David Lewin· (USA)
Dana Madison· (USA)
Varpu Marjomaki· (Jyvaskyla)
Olivier Martinez· (France)
Donata Orioli· (Pavia)
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Steve Pfeiffer· (USA)
Veronique Pizon· (Paris)
Christine von Poser· (Heidelberg)
Norbert Roos· (Oslo)
Thomas Scheibel· (Regensburg)
Rolf Smeets· (Nijmegen)
Peter Sorger· (TObingen)
Brian Storrie· (USA)
Rita Taba· (Brasil)
Oliver Weichenrieder· (Regensburg)
Edward Williamson· (USA)
Jing-Ping Yeo· (India)
Paola Zacchi· (Trieste)
Afroditi Zissopoulou· (Thessaloniki)

Assistants

Anthony Ashford
Ulrike Bauer
Marie-Helene Beuchat·
Mariann Brunkener
Maria Ericsson
Shamsa Faruki
Willy GalgenmOller·
Angelika Giner
Heinz Horstmann
Brigitte Joggerst
Liane Meyn
Alan Sawyer
Falk Schwesinger·
Brendel Sigrun
Mark Stapleton·
Hildegard Tekotte
Hilkka Virta
Heike Wilhelm



Differentiation

Programme coordinator

Thomas Graf (Senior Scientist)

Secretaries

Hilary Davies-Ruck
Isabelle Fraignaud·

Scientists

Dirk Bohmann*
Leonardo Brizuela
Stephen Cohen*·
Sara Courtneidge* (Senior Scientist)
Denis Duboule**
Anne Ephrussi*
Jon Frampton
Rudiger Klein*·
Marek Mlodzik*
Athanasios Papavassiliou
Giulio Superti-Furga
Rolf Zeller*

Fellows

Marfa Teresa Alonso· (Valladolid)(Span. Min. of Sci.)
Gema Alonso· (Valladolid)(Span. Min. of Sci.)
Daniel Bachiller* (Madrid)(Span. Min. of Sci.)
Vittoria Barone • (Naples)(EMBL)
Gabriele Basi· (Florence)(EMBL)
Gerrit Begemann (Heidelberg)(FCI)
Gerrit Blank· (Heidelberg)(DFG)
Riccardo Brambilla (Milan)(EU)
Wolfgang Breitwieser (Vienna)(Boehringer)
Tullia Casini (Pise)(EMBL)
Jose Luis De la Pompa· (Madrid)(EMBL)
Fernando Diaz-Benjumea· (Madrid)(EMBL)
Rosanna Dono (Naples)(ltalian Foundation for

Cancer Research/EMBL)

Michael Eillis· (USA)(EMBL)
Thorsten Erpel (USA)(EMBL)
Stefano Fumagalli (Milan)(EU)
Matthieu Gerard· (Strasburg)(EMBL)
Jolanta Glotzer· (Poland/USA)(EMBL)
Jean-Louis Goergen· (Nancy)(EU)
Yves Goldberg· (Heidelberg)(DFG)
Antoine Guichet· (Paris)(Academy of Paris)
Anna Haramis· (Athens)(EMBL)
Anders Isaksson· (Lund)(DFG)
Manfred Kegl (Vienna)(EMBL)
Norbert Kraut (USA)(DFG)
Holger Kulessa (Heidelberg)(DFG)
Domenico Lazzaro· (Heidelberg)(EU)
Filip Lim· (Australia)(Humboldt)
Jiri Lukas· (Prague)(EMBO)
Finn-Hugo Markussen (Bergen)(EMBL)
Kelly McNagny (USA)(HFSPO)
Liliana Minichiello· (Naples)(AIRC)
Medard Ng· (USA)(EMBL)
Carl Neumann· (Sri Lanka)(EMBL)
Lisbeth Olsen (Bergen)(NAVF)
Donata Orioli· (Pavia)(Univ. of Studies of Milan)
Torbj0rn Ramqvist (Stockholm)

(Swedish Cancer Soc.)
Armand Renucci· (Lyon)(HFSPO)
Serge Roche (Montpellier)(EMBO)
Fiorenzo Peverali· (Pavia)(HFSPO)
Fabio Rossi (Genova)(EMBL)
Irini Roussou* (Genova)(EMBL)
Thomas Schimmang· (Heidelberg)(DFG)
Andreas Schnapp· (Heidelberg)(EMBL)
Michael Sieweke (USA)(Boehringer Ingelheim)
Susan Smith· (Oxford)(EMBL)
Paolo Sordino· (Naples)(EMBL)
David Strutt* (Cambridge)(Wellcome Trust)
Mathias Treier (Tubingen)(EMBL)
Andreas Trumpp· (Fribourg)(EMBL)
Geraldine Twamley· (Cork)(EMBL)
Peter Uetz· (Heidelberg)(EMBL)
Gilbert Urier· (Lyon)(EMBO)
Loesje v.d. Voorn· (Amsterdam)(EMBO)
Volker Wiersdorff (Wurzburg)(EMBL)
Heather Wood· (Dublin)(EMBO)
Martin Zeidler (Brighton)(EMBL)
Aimee Zuniga (Paris)(EMBL)
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Visitors

Anna Auerbach* (Canada)
Johannes Beckers* (Heidelberg)
Stefania Bottardi* (Torino)
Barbara Cohen* (Berlin)
Sylvie Empereur* (Paris)
Franco Gabriellli* (Pise)
Lutz Kockel* (Berlin)
Jens Riese* (Heidelberg)
Markus Rojewski* (Karlsruhe)
Andre Perez da Silva* (Brasil)
Jozsef Zakany* (Szeged)

Assistants

Franca Casagranda*
Gabi Doderlein
Malin Erlandsson*
Sigrid Grieser*
Angelika Heber
Frank van der Hoeven*
Dominic James
Margarete Jones
Katarina Jonsson*
Marianne Lemaistre
Elizabeth McLeod
As sa Marknell
Anne-Marie Michon
Andre Pires-da-Silva*
Christine Pfeifle*
Hilda Schuhmacher-Lang
Sandra Scianimanico*
Lena Staszewski
Ursula Weber
Regina Zahn
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Biological Structures and Biocomputing

Programme coordinators

Stephen Fuller (Senior Scientist) } (Joint coordinators)
Dietrich Suck (Senior Scientist)

Secretaries

Nelly v.d. Jagt-Gonzalez
Fiona Berrie*
Helen Fry

Scientists

Ruben Abagyan
Pat Argos*
Belinda Bullard
Thomas Ceska
Toby Gibson
John Kenney
Werner KOhlbrandt*
Jeremy Lakey*
Kevin Leonard*
Peter Metcalf*
Michael Nilges*
Hartmut Oschkinat*
Gour Pada Pal
Annalisa Pastore*
Franc Pattus*
Johan Postma
Chris Sander* (Senior Scientist)
Matti Saraste*
Luis Serrano*
Demetrius Tsernoglou* (Senior Scientist)
Paul Tucker*
Gert Vriend
Rebecca Wade*
Da Neng Wang
Rik Wierenga*
David Wild



Fellows

Manfred Auer* (Heidelberg)(DFG)
Roberto Battistutta* (Padova)(University of Padova)
Francisco Blanco (Madrid)(EU)
Torben Borchert* (Copenhagen)(EU)
Paul Brownlie (London)(EU)
Sarah Butcher (London)(EU)
Georg Casari* (Salzburg)(EMBO)
Jose Castresana (Bilbao)(Basque

Government/EU)
Gareth Chelvanayagam* (Australia)(BMFT)
Denis Chretien* (Grenoble)(EMBO)
John Clayton* (York)(EU/HCM)
David Croft (Edinburgh)(Bruker & Bayer)
Philippe Cronet (Namur)(EMBL)
Thomas Dandekar (Munich)(DFG)
Eugene Demchuk (Russia)(EMBL)
Thorsten Dieckmann* (Martinsried)(EMBL)
Terje Dokland (Oslo)(EU)
Roberto Dominguez* (Cuba)(DAAD)
Sean O'Donoghue* (Australia)(EMBL)
Astrid Eder* (Heidelberg)(EMBL)
Frank Eisenhaber (Berlin)(BMFT)
Christian Engel* (Hannover)(EMBL)
Ralf Flachmann* (USA)(DFG)
Dimitrij Frishman (St. Petersburg)(Humboldt)
Frangoise van der Goot* (Saclay)(EMBO)
Vincent Guenebaut (Paris)(EMBL)
Volkhard Helms (Munich)(EMBL)
Rob Hendriks (Utrecht)(EMBL)
Marko Hyv6nen* (Helsinki)(EMBL)
Uwe Hobohm (Bremen)(BMFT)
Mechtild Hofmann* (Munich)(Bayer)
Liisa Holm (Espoo)(EMBO)
Rob Hooft* (Utrecht)(EU)
Simon Hubbard (London)(BMFT)
Ari-Pekka Huovila* (Jyvaskyla)(EMBL)
Sabina Improta* (Padova)(CNR)
Denis Jeanteur* (Compiegne)(EMBL)
Jacob John (India)(Boehringer Ingelheim)
Andre Juffer (Groningen)(Unilever Res. Lab.)
Panagiotis Kanellopoulos (Athens)(EMBL)
G6ran Karlsson* (G6teborg)(Swed. Science Found.)
Mark Kelly (London)(EMBO)
Radha Kishan (India)(EU)

Bernhard Kolmerer (Heidelberg)(DFG)
Hartmut Krafft-Czepa* (Heidelberg)(DFG)
Andreas Kuppe* (Eugene)(EMBL)
Siegfried Labeit (Heidelberg)(EU)
Pekka Lappalainen (Jyvaskyla)

(Academy of Fin!.)
Philip Lijnzaad (Wageningen)(EMBL)
Mathias LObben (LObeck)(EU)
Magali Mathieu (Paris)(EMBL)
Maria Marcias-Hernandez* (Zamora)(EMBL)
Perdeep Mehta (Zurich)(FNSR)
Lorenz Mitschang (Munich)(EMBUBayer)
Gervaise Mosser* (Paris)(ATIPE/CNRS)
Claudia MOhle-Gohl (Heidelberg)(EMBL)
Victor Munoz (Madrid)(EMBL)
Andrea Musacchio (Rome)(EMBL)
Giovanna Musco* (Milan)(DAAD)
Rashmi Nunn* (Sheffield)(EMBO)
Stephan Nussberger* (Munich)(EMBL)
Christos Ouzounis (Thessaloniki)(EU)
Jaime Pascual* (Madrid)(EMBL)
Bengt Persson (Stockholm)(Humboldt)
Mark Pfuhl (Berlin)(EMBL)
Anastasia Politou (USA)(EU)
Johanna Puonti-Kaerlas (Uppsala)(EU)
Angel Ramirez Ortiz (Madrid)(CAM/EMBL)
Christophe Romier* (Marseille)(EMBL)
Rainer Saffrich* (Heidelberg)(EMBL)
Martin Sagermann (Heidelberg)(EU)
Uwe Sauer (Heilbronn)(EMBL)
Edith Schlagenhauf (Basle)(EMBL)
Wolfgang Schliebs* (Bochum)(EU)
Reinhard Schneider (Heidelberg)(EU)
Phoebe Stewart* (USA)(Helen Hay Whitney)
Gunter Stier (Heidelberg)(DFG)
Pieter Stouten* (Utrecht)(HFSPO)
Yoshikazu Tahara* (Japan)(EMBL)
Gilles Trave (Montpellier)(ATIPE)
Alfonso Valencia (Madrid)(EMBO)
Ingrid Vetter* (Frankfurt)(FCI)
Ana Rosa Viguera (Bilbao)(EU)
Dirk Walther (Berlin)(EMBL)
Albert Weijland* (Paris)(EMBO)
Mathias Wilmanns* (USA)(EU)
Eva Wolf (Heidelberg)(DFG)
Graham Worth (Oxford)(EMBL)
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Visitors

Daan van Aalten· (Nijmegen)
Brigitte Altenberg· (Heidelberg)
Bryan Anderson· (New Zealand)
Roberto Bassi· (Urbino)
John Berriman· (Cambridge)
Melanie Bonhivers· (Paris)
Domenico Bordo· (Dist)
Peer Bork· (Berlin)
Ricardo Bringas· (Cuba)
Maria Castiglione-Morelli· (Naples)
Stephane Cociancich· (Strasburg)
Carola Daffner (Heiligkreutzsteinach)
Stephen Daleman· (Guelph)
Louise Dennis· (Oxford)
Vincenzo De Filippis· (Padova)
Laerte Oliveira· (Brasil)
Denis Duche* (Marseille)
Petra DOx* (Heidelberg)
Martin Egli· (Zurich)
Vincent Eijsink· (As)
Andreas Eisenhauer· (Furtwangen)
Elisabeth Eriksson· (Uppsala)
Federico Fogolari· (Udine)
Rutger Folmer· (Nijmegen)
Ulrike Goebel* (Heidelberg)
Juan Manuel Gonzalez Marias· (Bilbao)
GOnter Hauska· (Regensburg)
Cor Kalk· (Groningen)
Yoshiaki Kimura· (Japan)
Thomas Klabunde· (MOnster)
Dimitry Kuznetsov (Russia)
Ulrich LangO (Heidelberg)
Veli-Pekka Lehto* (Oulu)
Matthias Leippe· (Hamburg)
Renate Lieckfeldt (Heidelberg)
Paolo Lubini· (Zurich)
Dean Madden* (Heidelberg)
Gerry McDermott· (Glasgow)
Joachim Morr· (Frankfurt)
Ali Moussavi· (Iran)
Jan Mrazek· (Brno)
Ulrich MOhlner* (Hannover)
Heidemarie MOiler· (Planegg-Martinsried)
Thomas MOiler· (WOrzburg)
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Vassilios Nastopoulos· (Patras)
Goran Nesic· (Brasil)
Asa Nilsson· (Uppsala)
Gerald Nyakatura· (Braunschweig)
Guy Perkins· (Groningen)
Maite Pisabarro (Madrid)
Hannes Ponstingl· (Heidelberg)
Emma Poulsen· (Heidelberg)
Reinhart Reithmeier· (Canada)
Randy Read· (Canada)
Carolina Ribbing· (Uppsala)
Burkhard Rost· (Heidelberg)
Vivian Sarabiah· (Canada)
Gene Scarborough· (Chapel Hill)
Gerald Schafer· (Friedrichshaven)
Thomas Schyder· (Zurich)
Frank Seljee* (Amsterdam)
Dirk Jan Siotboom· (Amsterdam)
Jolanta Stouten· (Wroctaw)
Norbert Strater (MOnster)
Anne-Suse Ulrich· (Oxford)
Ivo Tews* (Hamburg)
Sandra Thullner • (Heidelberg)
Maxim Totrov (Russia)
Georg Tuparev· (Heidelberg)
Philippe Unger· (Strasburg)
Anna-Maria d'Ursi· (Naples)
Beatrice Vallone* (Rome)
Kurt Verbarg· (WOrzburg)
Thomas Wendt· (Heidelberg)
Richard Ward· (Oxford)
Michael Williamson· (Sheffield)
Dorothy Wright· (London)
Petra WOst<}· (Heidelberg)
Kimura Yoshiaki· (Japan)
Xenia Young· (USA)

Assistants

Rita Abagyan·
Jennifer Ashurst
Nathalie Bleimling
Volker Brachvogel
Patricia Buck
Lucie Carre·
Marek Cyrklaff



Karoline D6rr
Thure Etzold
Charles Ferguson·
Dave Goulding·
Brent Gowen
David Grindrod
Jaap Heringa
Catherine Joseph
Kalyani Kishan·
Anne Lakey·
Pontus Lindman·
Eva Lopez
Elke Penka·
Michael Scharf
Sandra Scianimanico·
Chor-Hiang Teo·
Raj Thiagarajan
Julie Thompson
Gerhard Vogt
Antony Warne
Hans van der Zandt
Johan Zeelen

Gene Expression

Programme coordinator

lain Mattaj (Senior Scientist)

Secretaries

Maryka Kimmins·
Christina Kjar·

Scientists

Peter Becker*
Matthias Hentze*
Angus Lamond*
Giovanni Paolella
Hans Sch6ler*
Bertrand Seraphin
Francis Stewart*
Henk Stunnenberg*
David Tollervey*

Fellows

Rein Aasland (Bergen)(EMBO)
Domingo Barettino (Madrid)(EU)
Joan Betz· (USA)(EMBL)
Thiemo Blank· (Heidelberg)(DFG)
Wilbert Boelens (Nijmegen)(EMBUEU)
Kerstin Bohmann (Giessen)(EMBL)
Alexander Brehm (Edinburgh)(DFG)
Thomas Bugge· (Copenhagen)(EMBO)
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Cinzia Calvio (Pavia)(DAAD)
Beatrice Cardinali (Rome)(EMBO)
Catherine Dargemont· (Paris)(EU)
Custodia Garcia Jimenez· (Madrid)(Spanish Nat!. Fund)
Nicola Gray (Edinburgh)(DFG)
Samuel Gunderson (USA)(Humboldt)
Yves Henry (Oxford)(EMBL)
Heike Hess (Berlin)(FCI)
Elisa Izaurralde (Geneva)(S.N.F.lHFSPO)
Artur Jarmolowski· (Poznan)(EMBO)
Hans Johansson (Stockholm)(EMBL)
Christian Kambach (Munich)(EMBL)
Marie Keaveney (Galway)(AvH/EU)
Gabor Lamm (Edinburgh)(EMBL)
Benoit Leblanc· (Canada)(MRC)
Joe Lewis (Vienna)(HFSPO/EU)
Colin Logie (Brussels)(EMBL)
Zoi Lygerou (.Athens)(EMBL)
Ojar Melefors (Stockholm)(EMBO/DFG)
Markus Meyer· (Munich)(EMBO)
Jacqueline Mermoud (Vienna)(EMBL)
Philip Mitchell· (Berlin)(EMBO)
Catherine Mitchelmore· (Cambridge)(EMBL)
John Morrissey (Cork)(EMBL)
Mark Nichols (USA)(EMBL)
Catherine Ovitt (USA)(EMBL)
Isabel Palacios· (Madrid)(EMBL)
Susan Palmieri (USA)(Humboldt)
Kostas Pantopoulos (Thessaloniki)(DFG/EU)
Efrosyni Paraskeva· (Thessaloniki)(EU/HCMPO)
Emanuelle Pascolo • (Paris)(CNRS)
Werner Peter· (G6ttingen)(EMBL)
Jens Pohl· (USA)(DFG)
Jean-Pierre Quivy (Grenoble)(EMBO)
Leonie Ringrose (London)(EMBL)
lain Russell (Edinburgh)(EMBL)
Raphael Sandaltzopoulos (Xanthi)(EMBL)
Veronique Sanguedolce· (Marseille)(EMBO)
Renata Stripecke (Munich)

(Braz.Gov. Grant-Ext.)
Ian Sylvester (Portsmouth)(EMBL)
Rafael Valcarcel (Madrid)(EMBO)
Patrick Varga-Weisz· (USA)(lnstallation. Grant)
Karsten Weis (Marburg)(Boehringer Ingelheim)
Heather Wood· (Dublin)(EMBO)
Young Yeom (USA)(EMBL)

Visitors

Graham Belsham· (Pirbright)
Jeremy Brock· (Glasgow)
Meinrad Busslinger· (Vienna)
Colin Dingwall· (Cambridge)
Monika Feigenbutz· (Heidelberg)
Puri Fortes· (Madrid)
Gregory Fotopoulos· (Athens)
Robert Holmgren· (USA)
Jochen Huber· (Marburg)
Paolo Macchia· (Naples)
Luc Rietveld· (Nijmegen)
Udo Rudloff· (Heidelberg)
Piet de Vos· (Leuven)
Gunter Weiss· (Innsbruck)

Assistants

Britta Goossen
Herbert Holz
Karin Hubner
Stefanie Kandels-Lewis
Caroline McGuigan
Elisabeth Petfalski
Maria Polycarpou-Schwarz
Sabine Quick
Ursu la Ryder
Jacky Schmitt·
Vera Sonntag-Buck
Helen Thomas·
Gayl Wall
Catherine Woodroofe·



Physical Instrumentation

Secretary

Julia Pickles

Scientists, Engineers

Franck d'Annunzio
Thomas Bastian
Christian Boulin* (Senior Scientist)
Avi Epstein
Max Haider*
Heinrich H6rber*
Jahanshah Khazaie
Wolfgang Offner·
Jean-Christophe Olivo
Ernst Stelzer*
Clemens Storz
Willem Tichelaar·
Joachim Zach

Fellows

Gerhard Braunshausen (Australia)(VW)
Stefan Hell· (Heidelberg)(DFG)
Philip K6ck (Graz)(EMBL)
Steffen Lindek (Lausanne/Heidelberg)

(Boehringer Ingelheim)
Mounir Maaloum· (Maroc)(EMBL)
Eugen Schwan (Heidelberg)(VW)
Roger Wepf· (Zurich)(EMBL)

Visitors

Philippe Baumlin· (Mulhouse)
Christoph Cremer· (Heidelberg)
Joachim Deubler· (Stuttgart)
Andre Fischer· (Heidelberg)
Sylvia Jeney· (Heidelberg)

Matthias Kroug· (Heidelberg)
Mathias Lan2er· (TObingen)
David Leroy (Lyon)
Karel v.d. Mast· (Eindhoven)
Goetz Pilarczyk· (Heidelberg)
Bernd Rinke (Heidelberg)
Harald Rose· (Darmstadt)
Arne Rosin· (Heidelberg)
Knut Urban· (Julich)
Timo Virta· (Seinajoki)

Assistants

Magdalena Akke·
Stefan AlbrechtO
Deryck Mills
Reinhard Pick
Peter Raynor
Nick Salmon
Georg Schafer·
Simon Sheldon·
Reiner Stricker

Electronic workshop

Carol Stettner

Eli Hazan
Conor Mullaney
Alfons Riedinger
Georg Ritter
Siegfried Winkler

Trainee

Theodoros Mouroutis·

Mechanical workshop

Hans FI6sser

Thomas Blum
Leo Burger
Gaetano Landomini
Helmuth Schaar
Otto Wernz

81



Instrumentation maintenance

Norbert Hassler

Geoffrey Coomber
Henk Scholten

Supernumerary

Abdullah Sulayici

Trainee

Gordon Crichton*

Construction bureau

Hans Wittmann
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Biochemical Instrumentation

Programme coordinator

Wilhelm Ansorge (Senior Scientist)

Secretary

Julia Pickles

Scientists, Engineers

Barbro Beijer
Mark Douglas
Holger Erfle
Neil Hewitt*
Roland Kellner
Murielle LeBreton*
Matthias Mann**
Dominique Nalis*
Rainer Pepperkok*
Rainer Saffrich*
Christian Schwager
Graham Smith
Brian Sproat*
Josef Stegemann
Anne-Marie Voie*
Hartmut VoB
JOrgen Zimmermann

Fellows

Ramon de la Caridad Gu'fmil Garcia (Cuba)(DFG)
Dietmar Grothues (USA)(EMBL)
Morten Gr0tli* (Oslo)(EMBL)
Stefan Herr (Heidelberg)(Boehringer Ingelheim)
Kenneth Morand (USA)(EMBL)
Angelika Schilke* (Knoll)(EMBL)
Christoph Sensen* (Cologne)(EMBL)
Gert Talbo (Odense)(EMBL)
Stefan Wiemann (Heidelberg)(EMBL)
Matthias Wilm (MOnster)(EMBL)



Visitors

JOrgen Albrecht (Erlangen)
Despina Alexandraki (Heraclion)
Armin Arnold (Heidelberg)
Eshrat Babaie (Oslo)
Andrea Banrevi (Budapest)
Vladimir Benes (Prague)
Julio Celis (Aarhus)
Stephen Coates (USA)
Francesco Colonna· (Bologna)
Savvos Christoforidis· (Ioannina)
Hajo Delius (Heidelberg)
Bernard Dujon (Paris)
Bernd Dworniczak (MOnster)
Milan Elleder· (Prague)
Xavier Estivill (Barcelona)
Marie-Pierre Gaub (Strasburg)
Helmut Hagedorn (Karlsruhe)
Carol Holm Hansen (Bergen)
Wilhelm Just (Heidelberg)
Dieter KObler (Heidelberg)
Stefan Kirsch (Heidelberg)
Tom Kristensen (Oslo)
Dennis LePaslier (Paris)
Roland Maiwald (Heidelberg)
Ejvind Martz· (Oslo)
Tony Murray (USA)
Frank Neipel (Erlangen)
GOnther Neuhaus (Zurich)
Francis Oudet (Strasburg)
Patrizia Polverino (Padova)

Livia Poteur (France)
Walter Pyerin (Heidelberg)
Ramezani Rad (DOsseldorf)
Gudrun Rappold (Heidelberg)
Frank Rosenbauer· (WOrzburg)
Hans Schackert (Heidelberg)
Andrew, Smith (Cambridge)
Christina Teodoru (Brasov)
Ivan Todorov (Sofia)
Mathias Uhlen (Stockholm)
Robert Ventzki (Heidelberg)
Cestmir Vlcek (Prague)
Ole Vorm· (Denmark)
Ute Wirkner (Heidelberg)
Marek Wolter· (Frankfurt)
Marianne Wright (Oslo)

Assistants

Viviane Adam
Marcus Bauer·
Dirk Boeschen·
Heiko Drzonek·
Tony Houthaeve
Richard Jacob
Samantha O'Loughlin
Laura Magris·
Peter Mortensen·
Martina MOllero.
Georg Papastavrouo.
Christian Ribbato.
Thomas Rupp
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Computer Group

Scientists &Assistants

Roy Omond*

Matthias Hage*
Britta Kunkel
Peter Rice
Erich Schechinger
Wolfgang Winkler

Trainee

Jaakko Hattula* (Tampere)
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Data Library

Secretary

Faith Duhaney

Scientists, Engineers

Howard Bilofsky*
Timothy Black
Brigitte Boeckmann
Graham Cameron* (Senior Scientist)
David Emmert
Rainer Fuchs
David Hazledine
Patrick Herde
Desmond Higgins
Rosalyn Huie*
Renate Kania
Catherine Rice
Peter Sibbald
John Smith
Michaela Sommerfeldt
Peter Stoehr
Gunter StoBer
Andrea Teynor-Maclachlan
Robert White*

Visitors

Amos Bairoch* (Geneva)
Jamie Davis* (USA)
David Sanders* (Cambridge)



Assistants

Hamid Abbassi-¢>
Rolf Apweiler-¢>
Goar Astvatsaturyants
Jillian Burton·
Charoula Christodoulou·-¢>
Shane Day·-¢>
Sarah Dotti-¢>
Nicole England-¢>
Edda F61Imer-Hausle-¢>
Paula Gillespie·
Penelope Goodliffe·-¢>
Deborah Hayhow·
Reid Hayhow·
Ralph Hemberger-¢>
Karen Isherwood·
Vivien Junker
Dharam Karki·
Rosita Linke·
Rachel Madigan·
Michele Magrane·
Tirza Mahfood-¢>
Li Malmberg·
Clare Martin·
Stewart Moulton
Claire O'Donovan
Ingrid O'Sullivan
Marina Pannone·-¢>
Sally Anne Stewart·
Chariklia Tsindikidou-¢>
Mary Ann Tuli
Timothy Wilson·-¢>

Additional Research Activities

The outgoing Director's laboratory

Scientists

Lennart Philipson·
Vincenzo Sorrentino

Fellows

Maria-Vittoria Barone (Naples)(EMBL)
Giuseppe Giannini (Rome)(Fond Cenci

BoIognetti-Istituto)
Dimitris Kletsas· (Athens)(EMBO)
Giovanna Marziali· (Rome)(ISS)
Alessandra Nori· (Padova)(Telethon)
Laura Ottini (Rome)(Univ. of Rome)
Antonio Fiorenzo Peverali (Pavia)(HFSPO)
Torbj6rn Ramqvist (Stockholm)(Swedish

Cancer Society)

Visitors

David Ron· (USA)
Marina Scrobogna· (Milan)

Assistant

Alexandra Charlesworth
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John laboratory

Scientists

David Thomas
John Tooze<>-
Sharon Tooze

Fellow

Andrea Dittie* (Marburg)(EMBL)

Visitors

Horst Kern (Marburg)
Joan Long* (London)
Sylvie Urbe* (Heidelberg)

Assistants

Michael Hollinshead
Bettina Stahl

Tom Creighton's laboratory

Scientists

Tom Creighton (Senior Scientist)
Nigel Darby
Johan Kemmink

Fellows

Tanja Kortemme* (Hannover)(EMBL)
Paul Morin* (USA)(Humboldt)
Andre Zapun (Geneva)(EMBL)

Visitors

James Hope* (Edinburgh)
Jeffrey Nelson* (Baton Rouge)

Assistants

Leanne Cooper*
Elke Penka*
Monique van Straaten

86

Scientific Administration

Scientific coordinator

John Tooze<>-

Szilard Library

Mary Holmes
Ingeborg Anhausser

Supernumerary

Regina Herhoff*

Photography and Drawing Office

Richard Harris

Sigrid Bednarczyk<>-*
Marietta Kaiser
Petra Riedinger
Alexander Sossick
Doros Stavros Panayi



Administration

Meetings secretariat

Frieda Glockner

Supernumerary

Veronique Goossens

FINANCE:

Head of finance

Roland Rivington

Secretary (Part-time supernumerary)

Ingrid Clay

Budget

Zuri Mahfood

Book-keeping

Albert StegmOller

Avy Altwarg
Daniela Becker

Bosshard

Supernumeraries

Martin Gawlitta
Seija Majoinen·
Anjariitta Savolainen

Trainee

Karen Bray·

Inventory & Price control

Annette Kuhlmey
Torben Poulsen

Purchase

Christian Moritz

Margaret Schnorr·
Gerlinde Stricker-Heft·
Maria Varela

Stores

Sean Bourke
Hans Herzog
Ingo Liedtke

PERSONNEL AND INFRASTRUCTURE

Konrad MOiler

Petra Seethaler
Tini Tan
Murielle Victouron

Supernumeraries

Ann Cooper
Christina Diehl·
Thomas Glaser
Bettina Parre·

Trainees

Birgit Baumann· (Heidelberg)(EMBL)
Fred Gonda· (India)(EMBL)
Nadja Oback· (Heidelberg)(EMBL)
Timothy Wilson· (Regensburg)(EMBL)

Telephonists (Supernumeraries)

Mary Culloo
Penny Goodliffe.!:?
Angela Rosenthal.!:?·
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Central Secretariat

Christina Kjar·

Supernumeraries

Fiona Berrie
Ingrid Clay-¢-
Servane Leillard·

Secretary for predoctoral fellowship programme

Maria Ittensohn

Course and Workshop Secretariat

Ingeborg Fatscher-¢-

Trainee

Julia Brown·

Operon Service (Part-time supernumerary)

Josefine Vogel

Building and remodelling

Ernst Heinmbller

Building maintenance

Helmut Kollenz

Supernumeraries

Norbert Ehmer
Antonio Quintana Pardo
Matthias Rehm·
Thomas Ruff-¢-
Christa Schmiemann-¢-
Carlos Verdera-Chico
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Biological safety officer and Laboratory steward

Claude Hantz

Supernumerary

JOrgen Beneke

Trainee

Frank Bieber·

- student laboratory (Part-time supernumerary)
Martha Friedmann

- media kitchen (Supernumeraries)
Ursula Billmaier
Angelika Fleckenstein·
Monika Fleckenstein
Heiko Kleinbauer·
Isolde Langle·
Manuela Munkel·

- animal house
Thomas Engelmann·
Mark Hodson
Barbara Stace
David Stoddart

Supernumeraries

JOrgen Baumann
Arndt Christeleit
Ludwig Merkel·
Helmut Schmitt

Canteen & Cafeteria

Claus Himburg·
Klaus Hoffmann·

Supernumeraries

Melinda Berta·
William Danquah·
Ingrid Fleckenstein·



Klaus Fleckenstein
Hartmut Gahrig·
Heidi Gatz·
Elzbieta Himburg·
Roswitha Hoffmann-¢>·
Anna Hofmann
Norbert Kornberger
Bezalel Kasten·
Anna Kujanska·
Andreas Leibert
Erika Leistner·
Frieda Leyer-¢>
Berta Maier-¢>·
Anthony Mc Conago·
Regina Moritz·
Hakim Mossa·
Domenico Pizzonia·
Ingo Reinhard·
Karin Wetterauer

Driver

Erich Honig

Supernumeraries

Manfred Klevenz
Heinrich Rey-¢>

Gardeners

Karl-Heinz Fleckenstein
Manfred Weingand

Part-time supernumeraries

Maik Grimm·
Helmut Moro

Language teacher (Part-time supernumerary)

Beth Portale·

Supervisor of EMBL children at
international school
(part-time supernumerary)

Barbara Scheucher

Nursery (part-time supernumeraries)

Patricia Appleton
Anja Attner·
lise Engelmann
Susanne Flasser
Susan Heikkinen·
Monika Hillesheim·
lise Hubner
Ruth Humphries·
Karin Kahmann·
Waltraud Kempny·
Inge Kassler
Kerstin Kretschmar-¢>·
Lucie Pfaffova·
Sybille Pichner
Gisela Runzi
Kristine Warne
Paula Waters·
Ute Wetzstein
Malgorzata Zirm·

Trainee

Yumiko Niimura·

Guesthouse caretaker

Egon Heer·

Housing service (part-time supernumerary)

Dieter Hinze
Klaus Neck·

Guesthouse & ISG (part-time supernumeraries)

Birgit Bauer·
Rita Bonnawitz
Elsa Elfner
Tracy Humphries
Bettina Koebe
Sabine Lehninger
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Inge Menrath·
Katja Piotrowski·
Damian-Robert Rogers·
Inge Schuhmacher
Elisabeth Stang
Rosemarie Thome
KEithe Wayer
Imelda Weber·
Kerstin Weichbrodt·

Trainees

Jennifer Noy·
Karen Stewart·

Housekeeping Service (Supernumeraries)

Hugo Belleman·
Gerhard Imkeit
Edgar Merx·
Friedheim Dertl
Kunibert Schenk
Manfred-Moshe Shami·
Mustafa Uyguner·
Karl Wolfbeisz·

Cleaning service (part-time supernumeraries)

Klaus-Dieter Eberlein

Adela Becker·
Hedwig Heger
Gertrud Leberer
Silke Luh·
Magdalena Merklinger
Ingrid Merx·
Magdalena Parmentier
Elisabeth Reichenbach·
Monika Reis
Klara Schmitt
Hilde Schuhmacher
Renate Sommer
Lore Thome
Caroline Weingand
Marianne Weis·
Medhin Woldegiorgis
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Security Service (part-time supernumeraries)

Hans Riemann

Hans-JOrgen Blum
Alex Jansen
Klaus Kellner
Heinz Lammel
York Lechtenborger
Bernd Meinhard
Werner Milbrodt
Josef Nawrat·
Heinrich Rey
Peter Rosner·
Helmut Rudolph
Hubert ROcker
Rolf Schade
Arno Ulrich·
Thomas Winkler·
Karl Zipp
Werner Zipp-Schemenauer



Outstation at DESY, Hamburg

Programme coordinator

Keith Wilson (Senior Scientist)

Secretaries

Margret Fischer-¢-
Gabi Jansen

Scientists

Christian Betzel
Zbigniew Dauter
Christoph Hermes
Michel Koch (Senior Scientist)
Yuichiro Maeda·
Hans-Friedrich Nolting
Gerd Rapp
Wojcieck Rypniewski
Dimitri Svergun
Alexei Teplyakov
Constantin Vorgias

Fellows

Christopher Dodge· (Hamburg)(EMBL)
Susanne Eschenburg (Berlin)(EMBL)
Gwyndaf Evans (Warwick)(EMBL)
Setsuko Fujita· (Japan)(EMBL)
Lan Kluwe· (Japan)(EMBUHumboldt)
Viktor Lamzin (Russia)(EMBL)
Paul Loeffen (Warwick)(EMBL)
Kayo Maeda· (Heidelberg)(EMBL)
Panagiotis Padas (York)(EMBL)
Michael Rappolt (Hamburg)(EMBL)
Eugene Rokita (Cracow)(EMBL)
Zehra Sayers (Hamburg)(GKSS)
Thomas Schneider (Munich)(EMBL)
Roelof van Silfhout (Hamburg)(EMBL)
Iva Tews (Heidelberg)(EMBL)

Engineers and assistants

Peter Bendall
Patricia Brouillon
Miroslava Dauter-¢-
Christopher Dodge·
Michael Hahn·
Beno-Hendrik Kunst·
Sandra McLaughlin
Andrea Miegel·
Bernd Robrahn
Galina Tepliakova-Obmolova
Howard Terry
Renaud Vincentelli
Marcia Visanji

Supernumeraries

Herma Ignatz
Tita Pohl-¢-

Thomas Gehrmann
Robert Klaring
Viktor Renkwitz

Driver and Caretaker

Albrecht Berger

Short-term visitors

F. Ahlers (Munster)
R. Albrecht (Hamburg)
P. Alzari (Paris)
G. Andersen (Aarhus)
A. Antson (York)
A. Arner (Lund)
C. Ashley (Oxford)
B. Badet (Gif sur Yvette)
A. Bagni (Florence)
H. Bartels (Hamburg)
A. Bashan-Zaytzev (Hamburg)
K. Beckbro (Uppsala)
H. Belrhali (Grenoble)
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L. Bellsolell (Barcelona)
W. Bennett (Hamburg)
H. Berchthold (Frankfurt)
C. Berthet (Grenoble)
A. Bigi (Florence)
M. Blaauw (Groningen)
K. v. Bohlen (Hamburg)
B. de Boer (Groningen)
D. Boisvert (USA)
L. Boque (Barcelona)
K. Braig (USA)
K. Brandenburg (Borstel)
J. Bravo (Barcelona)
B. Brenner (Hannover)
F. Briganti (Florence)
G. BOldt (Berlin)
H. Bunjes (Braunschweig)
C. Cardin (Reading)
C. Carmeli (Israel)
C. Chanach (Israel)
G. Cecchi (Florence)
F. Cipriani (Grenoble)
M. Clerc (Orsay)
M. Coli (Barcelona)
S. Cowen (Basle)
S. Cusack (Grenoble)
K. Czeslik (Bochum)
A.-M. Damas (Porto)
P. D'Angelo (Rome)
J. Davis (Baltimore)
G. Davies (York)
M. Delarne (Strasburg)
N. Dencher (Berlin)
B. Denchov (Sofia)
B. Denef (Leuven)
K. Diedrichs (Fribourg)
A. v. Dahlen (Oldenburg)
R. Dominguez (Paris)
M. Dosiere (Mons)
M. Drew (Reading)
M. Dreyer (Fribourg)
A.-K. Dume (Oldenburg)
H. Einspahr (USA)
U. Ermler (Frankfurt)
J. Erbes (Bochum)
M. Eriksson (Uppsala)

L.-O. Essen (Frankfurt)
W. Finckh (Mainz)
I. Fita (Barcelona)
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Seminars-Heidelberg

E. Reichmann (Vienna, Austria)
Epithelial-fibroblastoid cell transition induced by the
action of oncoproteins

C. Dargemont (Lausanne, Switzerland)
mRNA export from the nucleus studied in Xenopus
laevis oocytes

G. Knoll (Konstanz, Fed. Rep. of Germany)
Exocytosis in paramecium
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Evolutionary dynamics and RNA sequences and
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Internal initiation of protein synthesis on picor-
navirus RNA

C. Redfield (Oxford, U.K.)
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Characterization and cloning of NAD: arginine ADP-
ribosylarginine hydrolase, opposing arms of a mam-
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Cloning and characterization of the melanoma in-
ducing oncogene Xmrk of Xiphohorus
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Structural consequences of the insertion of amino
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Solution structure and dynamics of the trp-
repressor-operator complex determined by NMR

J. Collins (Edinburgh, U.K.)
Sequence database searches on massively parallel
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TLS-CHOP: conversion of a cell cycle checkpoint
to an oncogene
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Prediction of splice sites on human genes with
neural networks
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Role of desmin during myogenesis: studies by an-
tisense and homologous recombination

A. Moustakas (Cambridge, MA, USA)
Receptors for the transforming growth factors (3
TGF-(3): functional multimeric complexes

C. Spitzfaden (Zurich, Switzerland)
Cyclosporin and FK506: a common structural basis
of immunosuppressive drug activity

M. Hollstein (Lyon, France)
p53 mutations in human tumor - where do we go
from here

W. Filipowicz (Basle, Switzerland)
New intron-encoded small nucleolar RNAs in hu-
man cells

H. Eisenberg (Rehovot, Israel)
Structure and solvent interactions of recombinant
and native halophilic malate dehydrogenase

R. LOhrmann (Marburg, Fed. Rep. of Germany)
Structure and nucleo-cytoplasmic transport of Usn
RNPs

S. Di Nardo (New York, NY, USA)
Cell signalling and pattern formation in the
Drosophila embryo

S. Leibler (Princeton, NJ, USA)
Porters versus rowers: a unified stochastic model
of motor proteins

C. Chothia (Cambridge, U.K.)
Volume changes on protein folding and in protein
evolution

J. McCluskey (Adelaide, Australia)
Antigen processing and presentation: Immunology
meets basic cell biology
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D. Rio (Berkeley, CA, USA)
The mechanism of P element transposition and
regulation of transposition by tissue specific pre-
mRNA splicing

T. Nilsson (London, U.K.)
Protein retention and retrieval along the exocytic
pathway

M. Neu (Warrington, U.K.)
Structural studies on transferrins

R. Glockshuber (Graz, Austria)
Catalysis of oxidative protein folding by protein
disulphide isomerase (DsbA) from Escherichia coli

G. Cruciani (Perugia, Italy)
Identification by GOLPE of 3D-regions affecting the
inhibition power of a serie of glucose analogue
inhibitors of glycogen phosphorylase f3

J.M. Dura (Paris, France)
Heterochromatin and polyhomeotic gene regulation

F. Giraldez (Valladolid, Spain)
Proto-oncogenes in inner ear development

C. Shamu (San Francisco, CA, USA)
How unfolded proteins signal to the nucleus

P. Smith (Zurich, Switzerland)
Molecular dynamics simulations of peptides in ionic
solutions

D. Tautz (Munich, Fed. Rep. of Germany)
Evolution of segementation genes

M. Schmidt-Zachmann (Heidelberg, Fed. Rep. of Ger-
many)
Studies of nuclear import and export of proteins

S. Citti (New York, NY, USA)
Protein phosphorylation and tight junction assembly
in epithelial cells
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J. Hope (Edinburgh, U.K.)
Prions - a problem of protein folding?

T. Gonda (Adelaide, Australia)
Identification and characterization of proteins which
bind to the c-Myb leucine zipper region: implications
for the regulation of Myb activity

C. Klambt (Cologne, Fed. Rep. of Germany)
Molecular and genetic analysis of commissure for-
mation in the Drosophila CNS

V. Pollard (Birmingham, AL, USA)
RNA editing in trypanosome mitochondria

M. Bissell (Berkeley, CA, USA)
Extracellular matrix directs tissue specific genes via
novel enhancers: Implications for development and
breast cancer

D. Branton (Cambridge, MA, USA)
Cell shape changes in Drosophila spectrin mutants

D. Meyer (Los Angeles, CA, USA)
Ribosome binding to ER membranes: a novel re-
ceptor, a novel mechanism

E. Magnien (Brussels, Belgium)
EC funding for the life sciences; the case of the
Biotechnology Programme

J. Shavlik (Madison, WI, USA)
Using neural networks to refine the Chou-Fasman
algorithm

D. Neuhaus (Cambridge, U.K.)
NMR structure of intact human CD59: a small gly-
cosylated complement protein

G. Lange (York, U.K.)
Crystallographic studies of savinase, a subtilisin-
like proteinase, at high pH

W. Lang (Seattle, WA, USA)
Termination of transcription by RNA polymerase I
in yeast



M. Aebi (Zurich, Switzerland)
N-linked glycosylation in yeast: the oligosaccharyl-
transferase complex and the requirement for pro-
tein processing

B. Bottcher (Cambridge, U.K.)
Structure of non-crystalline specimens by cryo-
electron microscopy

S. Hermann (Eugene, OR, USA)
Yeast TBP-DNA interactions

U. Strahle (Oxford, U.K.)
Aspects of early morphogenesis of the zebrafish
embryo

J. Hoffmann (Strasburg, France)
The immune response of insects

J.A. Glomset (Seattle, WA, USA)
A new pathway of phospholipid synthesis in animal
cells

G. Ruvkun (Boston, MA, USA)
Generation of cell lineage asymmetry in C.elegans
by the POU gene unc-86 and by the antisense RNA
gene lin-4

J. Beggs (Edinburgh, U.K.)
Nuclear pre-mRNA splicing in yeast

S.M. Hughes (London, U.K.)
MyoD, cell lineage and innervation in the control of
muscle fibre type

U. Chen (Basle, Switzerland)
Differentiation of mouse embryonic stem cells to
lymphocytes and other cells in a combined in vitro
and in vivo system: a quick and efficient assay

S. Ner (Cambridge, U.K.)
A possible role for HMG-D, the Drosophila homo-
logue of HMG1, as the cleavage cycle histone H1

N. Sonenberg (Montreal, Canada)
Translation factors that are implicated in growth
control and tumorgenesis

R. Porra (Canberra, Australia)
Chlorophyll biosynthesis studied by NMR and mass
spectroscopy

W. Harz (Munich, Fed. Rep. of Germany)
The PHOS promoter in yeast: chromatin transition
and regulation

D. Moras (Strasburg, France)
Structure-function relationship in aspartyl-tRNA
synthetase - comparison of the aminoacylation re-
action with class I aminoacyl-tRNA synthetases

M. Werner (Boulder, CO, USA)
Developing the Hammerhead ribozyme as an RNA
restriction enzyme

A. Kramer (Geneva, Switzerland)
Characterization of protein factors that function
early during pre-mRNA splicing

S.B. Carroll (Madison, WI, USA)
Pattern formation in insect segments and ap-
pendages

J. Westendorf (Hamburg, Fed. Rep. of Germany)
Antracyclin-antitumour
antibiotics: cytotoxicity, genotoxicity and resistance
characteristics correlated with chemical structure

A. Miranker (Oxford, U.K.)
Hydrogen exchange and protein folding mecha-
nisms explored by combination of ESI-MS

P. Simpson (Strasburg, France)
Lateral signalling between cells during the seg-
regation of neural and epidermal precursors in
Drosophila: the role of Notch

M. Bennett (Stanford, CA, USA)
Molecular mechanisms of neurotransmitter release

A. Martin (Heidelberg, Fed. Rep. of Germany)
Modelling antibody combining sites: a combined
approach
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J. Lugtenburg (Leiden, The Netherlands)
Studies of isotopically labelled photosynthetic reac-
tions centers of rhodobacter spheroides

L. Ovchinnikov (Moscow Region, Russia)
The role of major cytoplasmic mRNP proteins in
translation

D. Rhodes (Cambridge, U.K.)
Crystal structure of the estrogen receptor - DNA
complex

M. Seabra (Dallas, TX, USA)
Deficiency of Rab geranylgeranylation in choroi-
deremia role of Rab escort proteins

A. Davies (London, U.K.)
The role of neurotrophins in the development of
sensory neurons

K. Kirschner (Basle, Switzerland)
Folding, function and evolution of Tim-barred en-
zymes

C. Butor (Paris, France)
Subcellular distribution of sialic acid O-acetylaton:
alcaline Iysosomes?

M. Meisterernst (Martinsried, Fed. Rep. of Germany)
Multiple factors involved in activated class II gene
transcription

P. Knaus (Cambridge, MA, USA)
TGF-f3 receptors: interaction and expression of the
receptors in normal and tumorigenic cells

W. Keller (Basle, Switzerland)
The biochemistry and genetics of the 3' end pro-
cessing reaction, leading to polyadenylated mes-
senger RNAs

B. Durand (Paris, France)
Molecular mechanisms of action of retinoid recep-
tors
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B. Ehresmann (Strasburg, France)
The genomic RNA of HIV-I in relation with two
steps of the retroviral cycle: RNA dimerization and
initiation of reverse transcription

P.-O. Angrand (Paris, France)
Expression of the hepatic phenotype: a somatic cell
genetic approach

M. Williamson (Sheffield, U.K.)
Application of chemical shifts to protein structure
determination

R. Berendes, A. Burger & D. Vosges (Martinsried,
Fed. Rep. of Germany)
Structure-function analysis of the voltage-depen-
dent ion channel annexin V: molecular biology, X-
ray crystallography, electron microscopy and elec-
trophysiology

R. Eritja (Barcelona, Spain)
Base-modified oligonucleotides as tools for molec-
ular biology studies

R. Di Lauro (Naples, Italy)
Thyroid-specific gene regulation

W. Sebald (WQrzburg, Fed. Rep. of Germany)
Interleukin-4 as molecular matchmaker

K. Kaplan (San Francisco, CA, USA)
A role for Src in cellular adhesion

E. Remboutsika (West Lafayette, IN, USA)
Transcriptional regulator Leu3 of yeast: modular
architecture and function

W.A. Cramer (West Lafayette, IN, USA)
Structure of the chloroplast cytochrome s: conse-
quences for electron transfer and translocation

R. Ficner (Martinsried, Fed. Rep. of Germany)
X-ray crystal structures of the light-harvesting
pigment-protein complex phycoerythrin from red al-
gae



Seminars-Hamburg

J. Grochowski (Cracow, Poland)
Light atoms anomalous scattering measurements:
feasibility, experimental methods

Y. Lvov (Moscow, Russia)
Assembly and X-ray structural control of supra-
molecular systems using charged macromolecules
(DNA, proteins and viruses) and polyions

M. Geeves (Bristol, U.K.)
Effect of hydrostatic pressure on X-ray scattering
by muscle fibres

H. Tsuruta (Stanford, CA, USA)
Allosteric transition of aspartate transcarbamylase
time-resolved X-ray scattering on holoenzyme and
static studies on its isolated subunits

D. Heinz (Oregon, OR, USA)
How amino acid insertions are tolerated in an a-
helix T4 lysozyme

V. Popov (Moscow, Russia)
Formate dehydrogenase: reconciling structure and
chemistry

A.J. Wilkinson (York, U.K.)
Ligand binding studies on myoglobin

V.A. Sole (Valencia, Spain)
K-shell X-Ray fluorescence yield measurements

D. Consalvo (Paris, France)
S1 f-- So excitation at 280 nm of a cage amine,
DABCO

H. Savage (York, U.K.)
Solvent structure around bio-macromolecules stud-
ies by neutron and X-ray diffraction between 15 K
and 293 K

Seminars-Grenoble

A. Aberg (Stockholm, Sweden)
The radical carrying protein R2 of ribonucleotide
reductase studied by X-Ray crystallography

D. Banner (Basle, Switzerland)
Structure of the tumour necrosis factor complexed
with its receptor

J. Brunner (Zurich, Switzerland)
New photocrosslinking approaches for the identifi-
cation of "receptors"

H. Grosjean (Gif-sur-Yvette, France)
tRNA recognition by selected modification enzymes

T. Irving (Ithaca, NY, USA)
Small angle X-ray diffraction of muscle at CHESS

G. Lange (North York, Canada)
Crystallographic studies of a subtilisin-like pro-
teinase at high pH and of a HIV receptor CD4

E.N. Moudrianakis (Baltimore, MD, USA)
Topography of the histone octamer surface and
docking of the nucleosomal DNA

C. MOiler (Cambridge, MA, USA)
Crystallographic studies of a NFkB DNA complex

J. Ortin (Madrid, Spain)
A reverse genetic approach to study the transcrip-
tion and replication of influenza virus RNA

J.R. Riordan (Toronto, Canada)
The cystic fibrosis transmembrane conductance
regulator

G. Ronto (Budapest, Hungary)
Biological dosimetry based on biosensors
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A. Sharff (Houston, lX, USA)
Maltodestrin binding protein: plasticity in molecular
recognition and signal transduction

J. Uppenbrink (Sussex, U.K.)
Cluster and surface science

R. Wade (Heidelberg, Fed. Rep. of Germany)
Simulation of diffusional motion during enzyme-
substrate encounter: an application to triose phos-
phate isomerase

E. Westhof (Strasburg, France)
Motifs of withdrawal and three-dimensional mod-
elling of a catalytic ARN
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Courses 1993

The following courses, conference and symposium were
held at the EMBL in Heidelberg in 1993:

EMBL Course 6.10.-17.10.1993 METHODS IN
CELL BIOLOGY

29.8.-04.9.1993 EXPLORING GENOME G. Griffiths & E. Karsenti
INFORMATION
H. Bilofsky 1O. 11 .-20. 11 .1993 DNA SEQUENCING:

APPROACHES, AUTOMATED
EMBO Courses METHODS AND ANALYSIS

W. Ansorge, T. Kristensen,
02.5.-07.5.1993 REFINEMENT TECHNIQUES B. Sproat & H. Voss

AND MAP INTERPRETATION
P. Metcalf, D. Suck, 6.12.-16.12.1993 DNA - PROTEIN
P. Tucker & R. Wierenga INTERACTIONS

P. Becker, D. Bohmann,
07.6.-12.6.1993 MICROINJECTION AND R. Di Lauro, I. Mattaj,

ELECTROTRANSFEC- A. Papavassiliou & C. Santoro
TION OF CELLS
W. Ansorge, R. Pepperkok &
A. Smith EMBL Conferences

20.6.-26.6.1993 SEQUENCE ANALYSIS AND
MOLECULAR EVALUATION 10.5.-13.5.1993 STRUCTURAL BIOLOGY
M. Gouy, D. Graur, S. Fuller, S. Harrison &
D. Higgins & P. Sharp D. Suck

5.9.-15.9.1993 TWO- AND THREE- 19.8.-22.8.1993 MOUSE MOLECULAR
DIMENSIONAL LIGHT GENETICS
MICROSCOPY A. Berns, R. Krumlauf,
J. de Mey & E. Stelzer A. McMahon & H. Scholer
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Collaborative Projects with other Laboratories

Staff member Collaborator Laboratory Country

Cell Biology

K. Simons K. Howell University of Colorado, Denver USA

K. Simons E. Lehtonen University of Helsinki, Helsinki Finland

K. Simons D. Papermaster University of Texas, San Antonio USA

J. Gruenberg M. Doree CNRS-CRBM, Montpellier France

J. Gruenberg v. Gerke Max-Planck Institute, G6ttingen Fed. Rep. Germany

J. Gruenberg J.-P. Gorvel Institute of Immunology, France
Marseille-Luminy

J. Gruenberg T. Kreis University of Geneva, Geneva Switzerland

J. Gruenberg V. Marjomaki University of Jyvaskyla, Jyvaskyla Finland

J. Gruenberg J. Ugelstad et at. University of Trondheim, Trondheim Norway

B. Hoflack B. Goud Pasteur Institute, Paris France

B. Hoflack P. Lobel Rutgers University, Piscataway USA

E. Karsenti J. Avila University of Madrid, Madrid Spain

E. Karsenti M. Bornens CNRS, Gif-sur-Yvette France

E. Karsenti P. Cohen University of Dundee, Dundee U.K.

E. Karsenti D. Glover University of Dundee, Dundee U.K.

E. Karsenti S. Leibler University of Princeton, Princeton USA

E. Karsenti M. Philippe CNRS/University of Rennes, Rennes France

E. Karsenti B.H. Toh University of Melbourne, Melbourne Australia

E. Karsenti C. Wylie University of Cambridge, Cambridge U.K.

E. Karsenti M. Yanagida University of Kyoto, Kyoto Japan

G. Griffiths R.W.Doms University of Pennsylvania, Philadelphia USA

G. Griffiths M. Esteban National Centre of Biotechnology, Spain
Campus of Auton. University, Madrid

G. Griffiths V. Gerke Max-Planck Institute, G6ttingen Fed. Rep. Germany
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Staff member Collaborator Laboratory Country

G. Griffiths B. Moss & E. Wolffe NIH, Bethesda USA

G. Griffiths S. Shuman Sloan-Kettering Inst., USA
New York

G. Griffiths B. Storrie Polytechnics Inst. USA
Blacksburg, Virginia

E.C. Hurt P. Silver Dana-Farber Inst., Boston USA

S.D. Georgatos G. Blobel Rockefeller University, New York USA

S.D. Georgatos M. Hatzfeld & K. Weber MPI for Biophysical Fed. Rep. Germany
Chemistry, G6ttingen

S.D. Georgatos J. Hess & P. FitzGerald University of California, Davis USA

S.D. Georgatos R. Quinlan University of Dundee, Dundee U.K.

M. Zerial C. Bucci University of Naples, Naples Italy

M. Zerial P. Chavrier Centre of Immunology of France
Marseille-Luminy, Marseille

M. Zerial D. Gallwitz MPI for Biophysical Fed. Rep. of Germany
Chemistry, G6ttingen

M. Zerial B. Goud Pasteur Institute, Paris France

M. Zerial A. Hall University College, London U.K.

M. Zerial E. Lehtonen University of Helsinki, Helsinki Finland

M. Zerial M. McCaffrey University of Cork, Cork Ireland

M. Zerial S. Narumiya University of Kyoto, Kyoto Japan

M. Zerial E.A. Nigg ISREC, Lausanne Switzerland

M. Zerial S. R. Pfeffer Stanford University School USA
of Medicine, Stanford

M. Zerial P. Philippsen Biocentre, Basle Switzerland

M. Zerial M. Seabra, M. Brown University of Texas, Dallas USA
& J. Goldestein

M. Zerial Y. Takai University of Kobe, Kobe Japan

M. Zerial G. Zabucchi University of Trieste, Trieste Italy

T. Hyman P. Sorger Whitehead Institute, USA
MIT, Boston

133



Staff member Collaborator Laboratory Country

Differentiation

T. Graf D. LePrince & D. Stehelin Pasteur Institute, Paris France

T. Graf A. Leutz 2MBH, Heidelberg Fed. Rep. Germany

T. Graf T. Nakano Kyoto University, Kyoto Japan

S.A. Courtneidge A.I. Magee National Institute for Medical UK
Reseach, London

S.A. Courtneidge M. Roussel St. Jude Children's Research USA
Hospital, Memphis, Tennesee

S.A. Courtneidge E. Wagner IMP, Vienna Austria

S.A. Courtneidge M. Waterfield The Ludwig Institute for U.K.
Cancer Research, London

D. Duboule P. Chambon Inst. of BioI. Chemistry, Strasburg France

D. Duboule A. Fj0se University of Bergen, Bergen Norway

D. Duboule A. Kuroiwa University of Sendai, Sendai Japan

D. Duboule G. Morata Centre for Mol. Biology, Madrid Spain

D. Duboule J. Papkoff Syntax, Palo Alto USA

R. Zeller P. Mundel University of Heidelberg, Heidelberg Fed. Rep. Germany

R. Zeller C. Tickle University College and Middlesex U.K.
School of Med., London

R. Zeller H. van Straaten University of Limburg, Maastricht The Netherlands

M. Mlodzik A. Fj0se University of Bergen, Bergen Norway

M. Mlodzik E. Hafen University of Zurich, Zurich Switzerland

M. Mlodzik Y. Hiromi Princeton University, Princeton USA

M. Mlodzik I. Kiss Inst. of Genetics of the Acad. Hungary
of Sciences, Szeged

S. Cohen S. DiNardo Rockefeller University, New York USA

S. Cohen H. Jackie MPI for Biophysical Chemistry, G6ttingen Fed. Rep. Germany

R. Klein M. Barbacid Bristol-Myers-Squibb, Princeton USA

R. Klein A. Davies St. Andrews University, St. Andrews U.K.

R. Klein A. Joyner Mount Sinai Hospital, Toronto Canada
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Staff member

R.< Klein

R. Klein

R. Klein

Collaborator

G. Lemke

E. Pasquale

A. Reith

Laboratory

Salk Inst. for BioI. Studies, San Diego

Cancer Research Centre, La Jolla

Ludwig Institute, London

Country

USA

USA

U.K.

Biological Structures and Biocomputing

D. Tsernoglou T. Buckley University of Victoria, Victoria Canada

D. Tsernoglou M. Kokkinidis University of Crete, Heraclion Greece

D. Tsernoglou P. van der Vliet University of Utrecht, Utrecht The Netherlands

D. Tsernoglou F. Winkler Hoffman-La Roche, Basle Switzerland

D. Suck M. Busslinger Inst. of Molecular Pathology, Vienna Austria

D. Suck R. Cortese IRBM, Rome Italy

D. Suck J. Frenz Genentech, San Francisco USA

D. Suck F. Eckstein MPI for experimental Medicine, Fed. Rep. Germany
Gottingen

D. Suck J. Sayers Univ. Coil. of North Wales, Bangor U.K.

F. Pattus D. Baty & D. Duche CNRS-CBBM, Marseille France

F. Pattus T. Buckley University of Victoria, Victoria Canada

F. Pattus A. Charbit & Pasteur Institute, Paris France
M. Hoffnung

F. Pattus M. Leippe Bernhard Noch Inst. for Tropical Fed. Rep. Germany
Medicine, Hamburg

F. Pattus A. Muga, A.R. Viguera Univ. of the Basque Country, Bilbao Spain
& F. Goni

F. Pattus Y. Nakatani & CNRS, Strasburg France
M. Yamamoto

F. Pattus J.-M. Pages CNRS-CBBM, Marseille France

F. Pattus O. Sorokine & Spectrometry Lab. of France
A. van Dorsselaer Bioorganic Mass, Strasburg

S. Fuller, D. Bamford University of Helsinki, Helsinki Finland
J. Kenney, &
S. Butcher
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Staff member Collaborator Laboratory Country

S. Fuller & R. Burnett Wistar Institute, Philadelphia USA
P. Stewart
S. Fuller & D. Ganem UCSF, San Francisco USA
P. Huovila
S. Fuller S. Harrison Harvard University, Boston USA

S. Fuller F. Heinz University of Vienna, Vienna Austria

S. Fuller H.-G. Krauslich DKFZ, Heidelberg Fed. Rep. Germany

S. Fuller M. Nassel, F. Birnbaum & 2MBH, Heidelberg Fed. Rep. Germany
H. Schaller

S. Fuller M. Rossman Purdue University, West Lafayette USA

S. Fuller H. Saibil Birkbeck College, London U.K.

L. Serrano B. Bukau DKFZ, Heidelberg Fed. Rep. Germany

L. Serrano M. Col Polytech. Univ. of Catalonia, Barcelona Spain

L. Serrano P. Mateo University of Granada, Granada Spain

L. Serrano M. Rico CSIC, Madrid Spain

K. Leonard J. Aarli Neurological Hospital, Bergen Norway

K. Leonard H. Weiss University of DOsseldorf, DOsseldorf Fed. Rep. Germany

W. KOhlbrandt H. van Amerongen & Free University, Amsterdam The Netherlands
R. van Grondelle

W. KOhlbrandt Y. Fujiyoshi PERI, Osaka Japan

W. KOhlbrandt A. Gall & R. Cogdell Glasgow University, Glasgow U.K.

W. KOhlbrandt G. Hauska University of Regensburg, Regensburg Fed. Rep. Germany

W. KOhlbrandt R. Henderson MRC LMB, Cambridge U.K.

W. KOhlbrandt H. Michel & A. Kroger MPI for Biophysics, Frankfurt/M Fed. Rep. Germany

W. KOhlbrandt R. Reithmeier University of Toronto, Toronto Canada

W. KOhlbrandt G. Scarborough University of North-Carolina, Chapel Hill USA

W. KOhlbrandt F. Zemlin Fritz-Haber Institute, Berlin Fed. Rep. Germany

P. Metcalf R. Etges University of Lausanne, Lausanne Switzerland

R. Wierenga J.K. Hiltunen University of Oulu, Oulu Finland

R. Wierenga W.G.J. Hoi University of Seattle, Seattle USA
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Staff member Collaborator Laboratory Country

R. Wierenga R. Jaenicke University of Regensburg, Fed. Rep. Germany
Regensburg

R. Wierenga H. Kessler Technical University Munich, Munich Fed. Rep. Germany

R. Wierenga W.-H.Kunau Ruhr University, Bochum Fed. Rep. Germany

R. Wierenga J. Martial University of liege, liege Belgium

R. Wierenga F.R. Opperdoes & ICP, Brussels Belgium
P.A.M. Michels

P.A. Tucker P. Bhattacharya University of lincoln, lincoln USA

P.A. Tucker M. Parker St. Vincents Hospital, Melbourne Australia

P.A. Tucker P. van der Vliet University of Utrecht, Utrecht The Netherlands

P.A. Tucker P. Roy NERC Institute of Virology, Oxford U.K.

M. Saraste R. Aasa & University of Goteborg, Goteborg Sweden
B. Malstrom

M. Saraste J. Farrar & A. Thomson University of Norwich, Norwich U.K.

M. Saraste B. Svensson & University of lund, lund Sweden
l. Hederstedt

C. Sander K. Aberer & W. Klas IPSI, Darmstadt Fed. Rep. Germany

C. Sander A. Bairoch University of Geneva, Geneva Switzerland

C. Sander H. Berendsen University of Groningen, Groningen The Netherlands

C. Sander H. Blocker GBF, Braunschweig Fed. Rep. Germany

C. Sander P. Bourne Columbia University, New York USA

C. Sander C. Delisi Boston University, Boston USA

C. Sander E. Dodson University of York, York U.K.

C. Sander R.F. Doolittle UCSD, San Diego USA

C. Sander V. Eijsink lMGT, As Norway

C. Sander H. Fritz University of Gottingen, Gottingen Fed. Rep. of Germany

C. Sander P. Gray University of Aberdeen, Aberdeen U.K.

C. Sander D. Hendriks UlA, Antwerp Belgium

C. Sander P. Herrlich & J. Seeman KFA, Karlsruhe Fed. Rep. Germany
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Staff member Collaborator Laboratory Country

C. Sander M. Kanehisa University of Kyoto, Kyoto Japan

C. Sander R. Kaptein RUU, Utrecht The Netherlands

C. Sander G. Klebe BASF, Ludwigshafen Fed. Rep. Germany

C. Sander T. Lengauer GMD, St. Augustin Fed. Rep. Germany

C. Sander M. Linschoten Duphar BV, Weesp The Netherlands

C. Sander T. Meitinger University of Munich, Munich Fed. Rep. Germany

C. Sander L. Oliveira School of Medicine, San Paulo Brasil

C. Sander J. Reich MDC, Berlin Fed. Rep. of Germany

C. Sander C. Rawlings London U.K.

C. Sander P. Rosch University of Bayreuth, Bayreuth Fed. Rep. of Germany

C. Sander F. Rippman E. Merck, Darmstadt Fed. Rep. Germany

C. Sander C. Saccone University of Bari, Bari Italy

C. Sander M. Sippe University of Salzburg, Salzburg Austria

C. Sander D. Stampff BNL, Brookhaven USA

C. Sander G. Suske University of Marburg, Marburg Fed. Rep. Germany

C. Sander J. Thornton King's College, London U.K.

C. Sander G. Venema RUG, Groningen The Netherlands

C. Sander S. Wodak Free University, Brussels Belgium

P. Argos F. Beltrame University of Genova, Genova Italy

P. Argos D. Bordo Institute of Cancer Italy
Research, Genova

P. Argos J. Devereux GCG Corporation, Winconsin USA

P. Argos R. Dolz Biocentre, Basle Switzerland

P. Argos W. Jager University of Heidelberg, Heidelberg Fed. Rep. Germany

P. Argos M. Karplus Harvard University, Cambridge USA

P. Argos D. Langosch MPI for Brain Research, Frankfurt Fed. Rep. Germany

P. Argos J. Levin & J. Garnier INRA, Paris France

P. Argos R. Lopez Biotechnology Institute, Oslo Norway
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Staff member Collaborator Laboratory Country

P. Argos S. Pascarella University of Rome, Rome Italy

P. Argos H. Schrauber WITEGA, Berlin-Buch Fed. Rep. Germany

P. Argos E. Troiano AITEK Company, Genova Italy

P. Argos J. de Vlieg Unilever Corporation, Rotterdam The Netherlands

R. Wade F. Gago University of Alcala de Henares, Madrid Spain

R. Wade E. Gill University of Oxford, Oxford U.K.

R. Wade G. Hui Bon Hoa Inst. of Phys.-Chemical BioL, Paris France

R. Wade J.A. McCammon & University of Houston, Houston U.S.A
B.A. Luty

R. Wade O.H. Olson & G. Peters Novo Nordisk, Copenhagen Denmark

R. Wade A. Palomer Menarini S.A., Barcelona Spain

R. Wade P.G. Wolynes & H. Bohr University of Illinois, Urbana-Champaign USA

A. Pastore B. Dobberstein DKFZ, Heidelberg Fed. Rep. Germany

A. Pastore M.A. Fogolari University of Udine, Udine Italy

A. Pastore A.M. Lesk School of Haematology, Cambridge U.K.

A. Pastore H. Molinari University of Sassari, Sassari Italy

A. Pastore A. Motta CNR, Naples Italy

A. Pastore M. Peckham King's College, London U.K.

A. Pastore E. Peggion University of Padova, Padova Italy

A. Pastore V. Saudek MERRELL DOIX, Strasburg France

A. Pastore F. Schubert University of Frankfurt, Frankfurt Fed. Rep. Germany

A. Pastore J. Trinick Bristol University, Bristol U.K.

A. Pastore L. Zetta CNR, Milan Italy

H. Oschkinat T. MOiler & W. Sebald University of WOrzburg, WOrzburg Fed. Rep. Germany

H. Oschkinat D. Oesterhelt MPI f. Biochemie, Martinsried Fed. Rep. Germany

M. Nilges A. BrOnger Yale University, New Haven USA

M. Nilges C. Hilbers University of Nijmegen, Nijmegen The Netherlands

M. Nilges G. King University of Sydney, Sydney Canada
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Staff member Collaborator Laboratory Country

Gene Expression

I. Mattaj U. Aebi Biocentre, Basle Switzerland

I. Mattaj E. Darzynkiewicz University of Warsaw, Warsaw Poland

I. Mattaj J.M. Egly CNRS, Strasburg France

I. Mattaj L.Gerace The Scripps Research USA
Institute, La Jolla

I. Mattaj W. Keller University of Basle, Basle Switzerland

I. Mattaj R. LOhrmann University of Marburg, Marburg Fed. Rep. Germany

I. Mattaj W. van Venrooij University of Nijmegen, Nijmegen The Netherlands

H. Stunnenberg H. Beug IMP, Vienna Austria

H. Stunnenberg M. Busslinger IMP, Vienna Austria

H. Stunnenberg I. Grummt DKFZ, Heidelberg Fed. Rep. Germany

H. Stunnenberg A. Munoz CSIC, Madrid Spain

H. Stunnenberg P. de Vos & G. Verhoeven University of Liege, Liege Belgium

A.I. Lamond M. Antoniou London U.K.

A.1. Lamond B. Clements University of Glasgow, Glasgow U.K.

A.1. Lamond P. Cohen University of Dundee, Dundee U.K.

A.I. Lamond A. Dejean Paris France

A.I. Lamond U. Pettersson Dept. Medical Genetics, Uppsala Sweden

D. Tollervey M. Beltrame University of Milan, Milan Italy

D. Tollervey R. Karwan University of Vienna, Vienna Austria

D. Tollervey S. Kearsey University of Oxford, Oxford U.K.

D. Tollervey F. Lacroute CNRS, Gif-sur-Yvette France

M.W. Hentze C. Beaumont Fac. of Medicine Xavier France
Bichat, Paris

M.W. Hentze T. Cox University of Cambridge, Cambridge U.K.
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Staff member Collaborator Laboratory Country

M.W. Hentze H. Hauser GBF, Braunschweig Fed. Rep. Germany

M.W. Hentze A.E. Kulozik University of Ulm, Ulm Fed. Rep. Germany

M.W. Hentze G. Lauquin University of Bordeaux, Bordeaux France

M.W. Hentze J. McCarthy GBF, Braunschweig Fed. Rep. Germany

M.W. Hentze G. WeiB University of Innsbruck, Innsbruck Austria

P. Becker S. Ner & A. Travers LMB, MRC, Cambridge U.K.

P. Becker V. Orlando & R. Para 2MBH, Heidelberg Fed. Rep. Germany

P. Becker M. Truss & M. Beato IMT, Marburg Fed. Rep. Germany

P. Becker T. Tsukiyama & C. Wu NCI, NIH, Bethesda USA

A.F. Stewart R. Herrera Whitehead Institute, MIT, Boston USA

A. F. Stewart A. Nordheim School of Medicine, Hannover Fed. Rep. Germany

A. F. Stewart A. Reik & G. Schutz German Cancer Research Fed. Rep. Germany
Centre, Heidelberg

Physical Instrumentation

M. Haider H. Saibil & K. Palmer Birkbeck College, London U.K.

W. Tichelaar D.H. Bamford University of Helsinki, Helsinki Finland

J. Zach J. Bach University of Heidelberg, Heidelberg Fed. Rep. Germany

C. Boulin A. Berry & C. Riekel ESRF, Grenoble France

C. Boulin P. Jarron & E. Heijne CERN, Geneva Switzerland

C. Boulin H. Stuhrmann GKSS, Geestacht Fed. Rep. Germany

C. Boulin P. Vachette LURE,Orsay France

C. Boulin H.G. Zachmann Inst. f. Techn. and Macromol. Chem. Fed. Rep. Germany
& HASYLAB, Hamburg

J.C. Olivo J.L. Vonesh Lab. of Mol. Gen. of France
Eukaryotes, Strasburg

E. Stelzer H.H. Gerdes University of Heidelberg, Heidelberg Fed. Rep. Germany

E. Stelzer C. Hennig University of Hamburg, Hamburg Fed. Rep. Germany

E. Stelzer B. Rinke University of Heidelberg, Heidelberg Fed. Rep. Germany

E. Stelzer I. Wacker MPI, Heidelberg Fed. Rep. Germany
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Staff member Collaborator Laboratory Country

Biochemical Instrumentation

W. Ansorge J. Albrecht & F. Neipel University of Erlangen, Erlangen Fed. Rep. Germany

W. Ansorge D. Alexandraki & Institute of Molecular Biology & Greece
M. Tzermia Biotechnology, Heraclion

W. Ansorge A. Banrevi National Inst. of Health, Budapest Hungary

W. Ansorge V. Benes & C. Vlcek Czech Academy of Czech Republic
Sciences, Prague

W. Ansorge D. LePaslier Genethon, Paris France

W. Ansorge R. Maiwald & S. Kirsch Inst. for Humangenetics, Heidelberg Fed. rep. Germany

W. Ansorge M.R. Rad University of Dusseldorf, Dusseldorf Fed. Rep. Germany

W. Ansorge C. Teodoru Transylvania University, Brasov Rumania

W. Ansorge U. Wirkner & W. Pyerin DKFZ, Heidelberg Fed. Rep. Germany

W. Ansorge M. Wright University of Oslo, Oslo Norway

B.S. Sproat A. Andrews Applied Biosystems USA

B.S. Sproat G. Krupp University of Kiel, Kiel Fed. Rep. Germany

B.S. Sproat D. S611 & T.A. Steitz Yale University, New Haven USA

B.S. Sproat J.-J. Toulme University of Bordeaux II, Bordeaux France

M. Mann R. Kaufmann & University of Dusseldorf, Dusseldorf Fed. Rep. Germany
D. Sprengler

M. Mann P. Roepstorff Odense University, Odense Denmark

Computer Group

R.Omond J. Collins University of Edinburgh, Edinburgh U.K.

P. Rice J. Devereux GCG Inc., Madison, Wisconsin USA

P. Rice M. Kr6ger Justus-Liebig University, Giessen Fed. Rep. Germany

P. Rice R. Lopez Biotechnology Centre, Oslo Norway
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Staff member Collaborator Laboratory Country

Data Library

Data Library M. Ashburner University of Cambridge, Cambridge U.K.

Data Library M. Attimonelli CNR, Research Area, Bari Italy

Data Library A. Bairoch Dept. of Med. Biochemistry, Switzerland
Univ. Med. Centre, Geneva

Data Library A. Beyer Intitute of Molecular Pathology, Vienna Austria

Data Library M. Bishop Clinical Research Centre, Middlesex U.K.

Data Library A. Bleasby SERC Daresbury Laboratory, Warrington U.K.

Data Library P. Bucher ISREC, Lausanne Switzerland

Data Library G. von BOltzingslowen Research Centre for Fed. Rep. Germany
Informatics, Karlsruhe

Data Library J.-M. Carazo Centre of Molecular Biology, Spain
Auton. University of Madrid, Madrid

Data Library W. Chen DKFZ, Heidelberg Fed. Rep. Germany

Data Library J. Collins University of Edinburgh, Edinburgh U.K.

Data Library S. Creuzet & D. Chaume C3NI/CNUSC, Montpellier France

Data Library DDBJ National Inst. of Genetics, Mishima Japan

Data Library P. Dessen Polytechn. Univ., Paris France

Data Library R. Doelz Biocentre, Basle Switzerland

Data Library D. Doran Hoffman-La Roche, Basle Switzerland

Data Library R. Durbin MRC-LMB, Cambridge U.K.

Data Library Electron. Publ. Div. Elsevier Science Publ. The Netherlands
B.V., Amsterdam

Data Library N.-E. Eriksson Biomedical Centre, Uppsala Sweden

Data Library L. Esterman Weizmann Institute, Rehovot Israel

Data Library P. Fernandes Gulbencian Institute of Sciences, Oeiras Portugal

Data Library P. Gad Biomedical Centre, Uppsala Sweden

Data Library M. Grabner University of Vienna, Vienna Austria

Data Library D. Graur Tel Aviv University, Ramat Aviv Israel
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Staff member Collaborator Laboratory Country

Data Library R. Harper State Computer Centre, Espoo Finland

Data Library C. Helgesen University of Bergen, Bergen Norway

Data Library R. Herzog Free University Brussels, Nivelles Belgium

Data Library M. Hirakawa The Japan Information Center of Japan
Science & Technology, Tokyo

Data Library M. Hollstein International Agency for France
Research on Cancer, Lyon

Data Library M. Kroger Justus-Liebig University, Giessen Fed. Rep. Germany

Data Library J. Leunissen University of Nijmegen, Nijmegen The Netherlands

Data Library M.-P. Lefranc Institute of molecular genetics, France
Montpellier

Data Library R. Lopez Biotechnology Centre, Oslo Norway

Data Library A. Luttke Cologne Fed. Rep. Germany

Data Library S. Marsh ICRF, London U.K.

Data Library H.-W. Mewes MIPS at the Max-Planck Inst. Fed. Rep. Germany
f. Biochemistry, Martinsried

Data Library H.-U. M011er BioBase, Aarhus University, Aarhus Denmark

Data Library W. Muller University of Cologne, Cologne Fed. Rep. Germany

Data Library Nat. Center for Biotech. Inf. NIH, Bethesda USA

Data Library J.H. Noordijk University of Nijmegen, Nijmegen The Netherlands

Data Library S. Pongor ICGEB, Trieste Italy

Data Library A. van Putten European Patent Office, Rijswijk The Netherlands

Data Library J. Remenyi Agricultural Biotechnology Hungary
Center, Godollo

Data Library M. Richardson Oxford University Press, Oxford U.K.

Data Library O. Ritter DKFZ, Heidelberg Fed. Rep. Germany

Data Library E. Rock Stanford University, Stanford U.K.

Data Library F. Rysavy UK HGM, Middlesex U.K.

Data Library C. Saccone University of Bari, Bari Italy

Data Library B. Savakis Research Centre of Crete, Heraclion Greece
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Staff member Collaborator Laboratory Country

Data Library C. Scarpelli CEPH/Genethon, Paris France

Data Library S. Suhai DKFZ, Heidelberg Fed. Rep. Germany

Data Library H. Ullitz-M01ler BIOBASE, University of Aarhus, Aarhus Denmark

Data Library A. Waters University of Leiden, Leiden The Netherlands

Data Library F. Wessels Circle Info. Systems, Heerlen The Netherlands
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Crystals of seryl-tRNA synthetase from T.thermophilus expressed
in E.coli. These were used to determined the structure of the
enzyme complexed with Mn2+-ATP and seryl-adenylate (see
Grenoble Outstation report).




