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Drosophila is back at the EMBL. The combination of molecular and histological techniques with the power of genetics
makes the fruit fly Drosophila one of the best organisms to
study development and differentiation of specific cell types. The
analysis of compound eye development in Drosophila allows
to study mechanisms of cell-cell interactions and signal transduction at the single cell level. The hexagonal array of units

in the eye is repeated about 800 times, as shown in the
wild-type panel. The mutant panel shows an area of the eye
that lacks the function of the seven-up gene, a member of
the steroid receptor gene superfamily. The identity and regular
arrangement of most photoreceptors is abnormal. For further
details, see the report by M. Mlodzik in the 1991 Research
Reports.
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Comments by the Director-General

leading to maintained or enhanced productivity with less
pollution of the environment. New approaches to medical
care and health prophylaxis will also have a profound
impact on everybody's life.

Interdisciplinary research requires core facilities

Ten years have elapsed since my first comments on the
research activities of the EMBL. It may, therefore, be
appropriate to depart from the usual style of presentation.
Since the programme coordinators will later in this report
provide a more detailed account of the significant contributions made during the last year within each research
programme, I will instead try to identify the foreseeable
changes in the role of molecular biology and also to
comment on some of the future problems that cannot be
solved with a purely reductionistic approach.

From molecular biology to life sciences
Life sciences have developed during the last century
mainly through important methodological contributions
each of which allowed a more detailed analysis of the
life processes. After a pure morphological approach at
the light microscopic level, the successive introduction of
endocrinology, biochemistry and, during the last decades,
molecular analysis, both at the protein structure and the
gene level, has finally transformed the life sciences from a
descriptive art to a true analytical science.
It is now clear that new developments in the life sciences will dramatically change our society during the
next decades. This will occur both in the industrial sector
through development of biotechnology, and in agriculture,
4

Future discoveries will probably emanate from an interdisciplinary approach. Several research groups with different
backgrounds will work together to solve an important complex problem. Molecular biology, which was introduced as
a reductionistic approach to the understanding of biological
processes at the molecular level, provides already an
important technology which is necessary to solve problems
within several areas of the life sciences such as developmental biology, cell biology, immunology and also some
aspects of ecology. The main emphasis in the near future
must, therefore, be on the optimal organisation of basic
research in the life sciences.
The major task is first to identify the very few gifted
scientists who, in an interdisciplinary team, can interact
with other groups in a research environment where all the
necessary technology is available. Secondly the technical
base in this environment must be provided through extensive core facilities. At present these facilities encompass
sequence analysis of proteins and nucleic acids, synthesis
of peptides and oligonucleotides, nuclear magnetic resonance, x-ray crystallography and confocal and electron
microscopy. In the future any new important technology
necessary for understanding the central questions within
the life sciences must be added. The services provided by
the core facilities must be led by scientists interested in
developing the technology further. Otherwise the service
units will stagnate and brake the progress of the basic
scientist depending on these facilities.

EMBL and life science in Europe
In a European perspective it is difficult and costly for individual countries to establish large interdisciplinary centres
with sufficient core resources. Another difficulty is that the
peer review system, the best instrument devised to ensure

the quality of basic research, cannot always operate properly at the national level. In small countries only one or two
groups are attacking similar basic research problems and
they cannot, of course, evaluate each other adequately. In
the larger countries a hierarchy has often been established
that prevents a truly objective assessment. The teaching
and training of graduate and postdoctoral students also
deserve a European base.
EMBL has, during the last decade, demonstrated that a
life science centre can operate successfully at the European level and the regular peer reviews of the EMBL
Programmes have repeatedly emphasized the advantages
of this structure. It is my conviction that irrespective of the
biological research topic, similar multidisciplinary centres
are required throughout Europe.
In addition, adequate support for graduate and postdoctoral students as well as transfer of research groups between different European or national centres is necessary
to establish a European base in the life sciences which
is competitive with that in the USA. A recent analysis of
the support of life sciences in the USA indicates that it
has grown by about 3% in real terms for each of the last
4 years. More importantly, although the overall support
for science in Europe, the USA and Japan is at a similar
level compared with the gross national product, the USA
is supporting basic science in health-related areas to at
least twice the level provided in Europe or Japan. The
USA is also leading the scientific citation league and the
gap between the USA and Europe is increasing.
To stimulate European collaboration in the life sciences
the EMBL hosted in early December last year a meeting
with representatives of other European organisations in
this area. The meeting discussed whether scientists in
biochemistry, cell biology, developmental biology, ecology,
immunology, microbiology and neurobiology can reach
consensus and jointly request an adequate level of support
for a European life science programme. This might be
achieved through a pan-European structure which coordinates the funding and strategy of all the various European
organisations representing basic life sciences. The conclusion of this meeting was clear. All participants agreed that
life scientists would profit from a joint support from the European governments or the European community, although

there was disagreement on the organisation of such support. Obviously a European life science programme should
be pursued further.
The EMBL and EMBO have over several years emphasized the need for an expanded life science programme
in Europe and put considerable effort into an attempt to
convince the governmental representatives in the EMBC
and the EMBL Council about the necessity for such an expansion. We can only hope that the European community
and the European governments will look favourably on our
attempts to find a consensus among the life scientists. We
foresee that it will be difficult to bridge between national
interests in supporting basic science and the requirements
of a pan-European action in the future. What is needed
is better communication between the different countries
and organizations. To put it simply, it is the same with
science as with politics - the common denominator is
communication.
The core facilities of the EMBL
Science at EMBL is thriving but to stay ahead it needs
funds. All of the Laboratory's basic science Programmes:
Cell Biology, Structural Biology, Differentiation and Gene
Expression, have done very well during the last years and
the Scientific Advisory Committee has repeatedly given
high marks in their reviews of the research Programmes
at the EMBL and emphasized the accomplishments, the
quality of the newly recruited group leaders, and our staffturnover system.
Let me first focus on the strengthening of methodology at
the EMBL. Newly developed technologies from the biological, chemical and physical fields must rapidly be introduced
into the core facilities of any centre focusing on basic
biological research. Such core facilities are very expensive
and require not only technical staff but also biologists,
chemists and physicists interested in an interdisciplinary
approach to biological problems. At the EMBL numerous
requests are constantly received from within the institute
and outside that all the technologies be made available
to the research Programmes and to visiting scientists.
Therefore the EMBL has to provide a core facility not only
for its research teams but also as a reference centre for
its Member States.
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The most recent addition to the EMBL's core resources
is the nuclear magnetic resonance facility. A 600- and
a SOO-MHz NMR machine have been installed in a new
construction behind the animal house. The SOO-MHz unit
was provided by the manufacturer for a trial period and we
must soon decide whether this or a higher-field machine
should be purchased.
Within the Biochemical Instrumentation Programme the
protein chemistry group must be strengthened considerably through the introduction of mass spectrometry in
combination with laser desorption and ion traps. Protein
characterization is now moving from the picomolar to the
femtomolar detection level. To provide this facility a major
investment in new equipment is required.
The computing hardware situation is rapidly changing due
to the development of parallel computers and supercomputers. Their introduction into basic life science research
leads also to new requirements for the EMBL within the
next years.
The availability of synchrotron facilities both in Hamburg
and for the near future through the collaboration with
the European Synchrotron Radiation Facility in Grenoble also needs substantial capital investments from the
EMBL.
Foremost among the core facilities at EMBL is the EMBL
Data Library. It is growing exponentially and even without
the genome projects the Data Library has already outgrown the alloted space. We rapidly need to take decisions
on the future housing and support of this activity. Together
with the European Communities the EMBL is attempting
to find a more permanent home for this service facility and
hopes to be able to establish the European Bioinformatics
Institute (EBI) in close proximity to the EMBL within the
next 2 years. Our US data base partners look forward to
a continued collaboration with the EMBL and also support
our attempts to create the EBI.
All these points demonstrate that the limited resources
available for capital investment at EMBL are far from
satisfactory and a very substantial increase in funds must
already be introduced next year. We hope that the Member
States will treat our request favourably.
6

Biological concepts versus technology

Numerous contributions in molecular biology teach us every day that the reductionistic approach alone may not
solve how the cell works. First we clearly need expertise from several different areas of biology to correlate
molecular analysis to biological functions at the cell, organ
and animal level. Secondly, it is clear that the current
technology available for studies of interaction between
molecules in our simplified in vitro systems allows characterization of interaction between, at the most, two or
three molecules. In several cases, however, it has been
demonstrated that the units guiding the phenotype might
be multimeric involving 10 to 20 different components. A
major technological breakthrough is therefore required to
allow a delineation of biological phenotypes. In essence
we have technology to dissect biological systems into their
individual molecules and identify the corresponding genes,
but we cannot rebuild and reconstitute all the components
of the life processes. We must traverse from our focus on
gene regulation and molecular dissection to understanding
the intricate function of the individual cell. It is like the
young boy who knows very well how to dismantle his parents' antique watch into its constituent parts; after having
accomplished his task he lacks the insight and knowledge
required to rebuild it into a functional watch.
Two examples from the EMBL may serve to emphasize a
requirement for new technology to understand interactions
between multimeric components.
Fast and complex three-dimensional structures

Gene expression in mammalian cells is governed by several transcription factors forming multimeric complexes
leading to gene activation or repression. The transcript
from each gene is transferred to the splicing machinery
consisting of numerous multimeric nucleoproteins. Many
of these events are controlled by post-translational modifications of the participating proteins.
In a collaboration between the Differentiation and Gene
Expression Programmes attempts have been made to
demonstrate the effect of protein phosphorylation on the
DNA binding properties of a dimeric transcription factor.
The proteins were isolated by a novel method and it

was demonstrated that dephosphorylation of the proteins
dramatically increased the DNA binding capacity of one of
the components in the dimer. The results in themselves
are interesting and suggest that this transcription factor is
controlled at the post-translational level. The studies on
interaction of these two proteins with DNA would be much
faster if a suitable method was available to observe the
three-dimensional (3D) structure of the proteins and their
association with the DNA. Likewise several other projects
in the Gene Expression Programme involving spliceosome
or snRNP structure use crude biochemical methods to
dissect the interaction between multiple proteins and the
various RNA moieties. Molecular genetics, using specific
mutations, or biochemical techniques, identifying interaction between proteins and RNA or DNA by cross-linking,
will only reveal a small window of what might really happen
in 3D when all these components interact with one another
inside the cell.
It is difficult to foresee how the favoured method of structural analysis using crystallography to delineate the tertiary
structure of proteins or nucleoproteins will reveal the organization of the complex multimeric units operating together
to activate transcription, to guide splicing or to control
translation in mammalian cells. It is, therefore, imperative
to develop alternative methods to establish 3D structures
of the components in a multimeric complex.
There are also other compelling reasons for developing more rapid structural information at the multimeric or
monomeric level. Through the genome project and the
ease by which we can isolate cDNA and determine its
primary structure a large and ever increasing number of
protein sequences become available. However, we lack
methods to ascribe function to these newly discovered proteins. If we could rapidly obtain 3D information about the
encoded protein, the folds might reveal possible similarities
with structures already determined by crystallography. Today we can determine the primary structure of a full-length
cDNA in weeks, but provided that the technical problems
can be overcome it may take 2-3 years to reveal the 3D
structure of a protein.
Therefore, to understand the function of the macromolecular complexes within the cell we must generate a major
emphasis on developing new methods to obtain reliable

3D structures of the entities that we have identified with
our reductionistic approach. X-ray holography now being
initiated requires such a high beam intensity that biological complexes may disintegrate. The nuclear magnetic
resonance (NMR) technique might not help much, since
within a reasonable time-span it can only provide the 3D
structure in solution of small proteins or peptides which
can be obtained at high concentrations in solution. NMR
will definitely not provide the final answer for the multimeric
units that we now are investigating.
At present further developments in electron microscopy
or different types of scanning microscopy, like the tunnel
or atomic force microscope, appear to be the only foreseeable way to reveal the surface of a multimeric component at high resolution. Ordinary electron microscopes
suffer from the necessity of using very high radiation intensity to achieve even moderate resolving power. Beam
doses needed to reach atomic resolution would result in
the destruction of most biological macromolecules. The
proposal recently made in the Physical Instrumentation
Programme at EMBL to design a corrector for the electron beam, initially applied to scanning microscopy at
low beam voltage, might be a first step towards a high
resolution electron microscope. After all, the wavelength
of the electron (0.037 A at 100 kV) is short enough for
high resolution, and hopefully this technique might allow
us to observe the important biological units in 3D. The
group in Physical Instrumentation at the EMBL working
with this technique has recently received a substantial
grant from the Volkswagen Foundation to improve on this
technology. It is my belief that if we cannot provide 3D
structure of multimeric units or proteins with high resolution
within a short time, a major gap between the identification of the gene and the delineation of the function
of its product will remain. In the end, however, we will
probably resort to x-ray or NMR structures of individual
subunits combined with EM structures of multimeric complexes.
From reductionistic to reconstitutional biology
To generate a deeper understanding of membrane and
vesicle traffic in animal cells a new reconstruction technology is required. The Cell Biology Programme at EMBL has
played a major role in defining the road map of membrane

7

traffic in the cell. The movement of proteins from one membrane compartment to another is carried out by membrane
vesicles. These vesicles are coated with proteins on their
cytoplasmic side and the binding of specific proteins on
the membrane is thought to be a prerequisite for budding
from the donor compartment, while stripping of the coat
appears to be required for fusion at the acceptor site. Such
membrane vesicles have in addition specific signals that
will ensure that they are correctly targeted within the cell.
Through in vitro assays and through cDNA cloning the Cell
Biology Programme has recently identified components of
the machinery required for membrane traffic.
The Golgi complex is the central post office in the cell. It
consists of a well ordered stack of membrane cisternae
with functional and topological polarity. In this organelle,
the processing, maturation and sorting of proteins destined for export and the endocytic circuits including the
cell surface take place. Many of the individual enzymes
that are responsible for the sequential modification of the
proteins passing through the Golgi complex have been
characterized, but little is known of the complex events
occurring during transit through this organelle. Its organization is complicated by the Golgi elements being tethered
to the microtubule network in a dynamic way. Although
we may dissect the individual components of this complex
organelle, we lack methods that would allow us to analyse Golgi structure and function as a whole. The biggest
problem is the dynamic structure of this organelle. Tubules
and vesicles are continuously formed. These are not only
involved in transport but also in interactions between Golgi
elements. In vitro assays have reconstituted some aspects
of Golgi function. However, the dynamic structure of this
organelle is difficult to capture in cell-free systems. Also in
this area 3D resolution within the cell might help and the
EMBL is, therefore, making a major effort in developing a
video confocal microscope. This approach will, however,
only give a superficial picture of the complex interaction,
since all the cellular components which can move in any
direction in 3D must be resolved at the molecular level.
Although some reconstruction experiments have already
been initiated, ultimately we must achieve reconstruction
by isolating purified organelles and, by mixing experiments, reproduce the specific events occurring inside the
cytoplasm of an animal cell, i.e. reassemble the boy's
watch. To achieve this goal a complete new biological
8

test bench focused on reconstruction must be invented
and designed, which is a suitable challenge for the next
decade.
The EMBL Administration

In addition to core facilities and interesting research Programmes, the administration of EMBL is trying hard to
provide an attractive research environment by also expanding on housing, recreation and other social facilities.
Last year the EMBL leased a hotel containing 51 single
rooms instead of only 17 rooms earlier. It has also rented a
71-apartment building called Buchwald mainly containing
one-room appartments and added another 24 flats to its
Boxberg guesthouse. A new kindergarten has been added
to the previously established nursery to take care of the
3 to 6-year old children of the staff. The canteen and the
cafeteria have been expanded so that we can house symposia, workshops and courses more efficiently. The new
cafeteria on the second floor of the EMBL is now a regular
meeting point. To build an international life sciences centre
obviously involves, in addition to organizing the scientific
base, major commitments in the social and recreation
sector. The Laboratory has now around 1,500 scientific
visitors every year staying for periods between hours and
several months. It also organizes and houses around a
dozen courses in addition to several workshops each year.
It is thus clear that the EMBL is gradually becoming the
favourite meeting place of European biologists.
Due to the drastic turnover of staff at EMBL we have
had major recruitments in several of the Programmes.
Three group leaders have arrived during 1991 in the Gene
Expression Programme and as many as five group leaders
have been recruited to the Biological Structures and Biocomputing Programme. The Differentiation, Cell Biology
and Biochemical Instrumentation Programmes have each
recruited one new group leader during last year.
Finally our Administrative Director, Jean-Frangois
Beerblock, left the EMBL in December after more than 7
years of service. EMBL wants to extend its thanks for his
devotion and especially the efficient way he established
contacts with industry, and concluded license and royalty
agreements with the European biotechnology industry. He
can feel satisfied when he now settles in Paris.

The EMBL is frequently asked by its delegates to provide
schemes for long-term planning of its activities. In a scientific field that is moving as rapidly as molecular biology and
progressively becoming an integral part of all disciplines in
life sciences, it is difficult to identify long-term goals for
the basic science activities. Going back only 10 years in
time no one could have predicted the rapid technology
development and the vast accumulation of biological data
emanating from molecular biology. The introduction of the
genome projects, the progress in developmental biology
and perhaps foremost the similarity in gene structure between all forms of life could not have been foreseen.
While we can and do try to plan in advance as much as
possible, the essence of basic research is to seize new
opportunities as they present themselves, however unexpected they may be. The EMBL must, therefore, operate
with considerable flexibility and needs sufficient funds to
develop rapidly in new directions and to build up a critical
mass in these fields. Perhaps it is useful to meet some
opposition in EMBL's strive in this direction, because the
spear carries farther on a head wind.
L. Philipson
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A European Ph.D. in molecular biology

In SP82, the Scientific Programme for EMBL 1983-1987
(EMBL/82/3), which was written early in 1982, the goal
of the Laboratory to institute a predoctoral training programme was outlined. The document also mentioned that
the long-term aim of the EMBL was to obtain a charter
giving it the right to award its own Ph.D. degree. The
Laboratory, over the past decade, has achieved its first
aim, a flourishing predoctoral programme. Today there are
close to 80 predoctoral fellows at EMBL; each year 20
new fellows are recruited and their average stay at EMBL
is a little over
years. Given the quality of the graduates
from allover Europe who apply to EMBL's predoctoral
programme, the annual recruitment could be increased to
at least 25 without any decrease in scientific standards if
funds were available. As things stand, over a quarter of
the predoctoral fellows at EMBL receive financial support
from outside agencies but go through the same selection
process as those awarded EMBL fellowships. Given the
success of the 40 predoctoral fellows who have already
graduated, the group leaders in the Laboratory are always
on the look out for new sources of outside funding. It would,
therefore, be no surprise if the programme over the next
few years increased further, leading to about 100 predoctoral fellows at EMBL Heidelberg at anyone time. The
administration of EMBL believes that a predoctoral programme involving such numbers justifies now examining
seriously the possibility of EMBL being authorized to award
its own Ph.D. degree, a proposal which, no doubt, would
initially receive a cold reception from Europe's university
administrators.
It is not, however, just the increase in size of the predoctoral programme that might justify such a decision in
favour of EMBL. The present arrangements for registering
EMBL's predoctoral fellows at universities or other degree
awarding institutions in the Member States of the Labora10

tory are ad hoc and not without problems. An example of
the sorts of problems that can arise is the future situation
of British predoctoral fellows at EMBL. British predoctoral
fellows typically hold B.Sc. or B.A. degrees from universities in the United Kingdom and are not eligible to register
for a Ph.D. at German universities. The latter require the
Anglo Saxons to hold an M.Sc. degree. Registration of
EMBL's British predoctoral fellows at universities in the
UK is, on the other hand, precluded because of residence
requirements. The solution to date has been to register these fellows with the Council for National Academic
Awards (CNAA) in London, but during 1992 the CNAA is
to be disbanded. The CNAA was originally established to
allow students at UK polytechnics and in industry to obtain
higher degrees. The British Government has now decided
to upgrade the polytechnics to universities and the CNAA
has become redundant. The EMBL is awaiting further
developments in the UK and is in close contact with the
Medical Research Council's National Institute for Medical
Research (NIMR) at Mill Hill in London, which also registered its graduate students with the CNAA and over the
years has greatly helped EMBL with registration matters. It
seems likely that alternative registration arrangements will
be devised, perhaps involving the UK's Open University,
to accommodate the graduate students at the NIMR and
other British research institutes in the same position and,
hopefully, at one remove the British predoctoral fellows at
EMBL.
Irrespective of which organization in Britain takes over the
role of the CNAA, the latter's demise prompts us to ask
why shouldn't EMBL be able to award the Ph.D. degree?
What are the pros and cons? Clearly EMBL does not
have the breadth of scholarship found in a university and
which is essential for an institution teaching undergraduates for their first degree, but no one is suggesting that
EMBL should award first degrees. The extent to which
the breadth of scholarship of a university is relevant to
graduate students working for a Ph.D. in the biological
sciences, or any other particular discipline for that matter,
is a moot point. Most graduate students at universities
(or at research institutes such as the NIMR or the EMBL)
are so preoccupied with their specific project, and keeping
abreast of developments in the immediately allied areas
of research, that the fact that they belong to a university

which also teaches many other disciplines in other faculties
is irrelevant to their daily lives and studies. Added to which
most universities have no collegiate life and, therefore,
offer no organized opportunities for graduate students in
widely separated fields to rub shoulders socially. The fact
that EMBL has expertise in only a small part of the world
of learning is hardly an argument against it being able to
award the Ph.D. degree.
All the predoctoral fellows at EMBL, regardless of their
nationality, live and work in Heidelberg or at the Outstations in Hamburg and Grenoble. Necessarily they have no
significant contact on a daily basis with the universities
or other bodies, such as the CNAA, in their homelands
with which they are registered as Ph.D. students; this
situation, which is inescapable, applies as much to the German predoctoral fellows as to those from other countries.
Moreover, the thesis committees of the EMBL predoctoral
fellows are comprised almost exclusively of in-house scientists, usually without representatives from the university
at which the student is registered. Indeed, the universities
or other organizations with which EMBL predoctoral fellows
are registered are selected either because they have no
residential requirements or will waive them; no one can be
in two places at once. That being the case, would it not
make more sense if EMBL not only trained its students but
also examined them and awarded their degrees? What
useful purpose is served by having EMBL predoctoral
fellows go to a university (or an organization like the CNAA)
with which they have had no significant contact for at least
years, if ever, simply to defend their Ph.D. thesis?
In other words why should an EMBL predoctoral fellow
receive a Ph.D. from a particular university when none
of the research presented in the thesis was done there?
The current situation is precisely analogous to registering
shipping under flags of convenience.
The argument made by some that registration with universities ensures that academic standards are not eroded
does not really stand up to scrutiny. Academic standards
vary not only between European countries, witness the
reluctance of German universities to accept a British B.A.
or B.Sc. degree as an adequate qualification for a graduate
student, but also between different universities within one
country. The present situation in which EMBL graduate
students defend their theses in different universities in

different countries is no way to ensure uniform standards
of examination of the theses, quite the opposite in fact.
The standard of examination could be more uniform if all
the EMBL predoctoral fellows were examined at the same
institution, the EMBL.
Those inclined to argue that EMBL should not examine
its own graduate students for fear of nepotism should ask
themselves, why are universities allowed to examin'e their
own graduate students, who more often than not were
also their own undergraduates, which, happily, is never
the case at EMBL? If members of a university faculty,
supplemented with external examiners, are considered adequate to examine impartially their own graduate students
then surely the more than fifty group leaders at EMBL,
supplemented by external examiners, could do the same
job for the Laboratory's predoctoral fellows, without loss of
integrity or jeopardy to academic standards. The SAC of
EMBL, the EMBO Councilor even a new committee drawn
from the EMBO membership, could nominate appropriate
external examiners for each candidate. With 20 examinations a year the task would not be too onerous.
The argument that the size of the EMBL predoctoral programme is simply too small to take seriously the idea
that the laboratory should be able to award a European
Ph.D. in Molecular Biology clearly carries much less weight
today than it did 10 years ago. When it comes to Ph.Ds.
quality is always much more important than quantity, but
aside from that with 20 predoctoral fellows graduating each
year the Laboratory output of doctorates is larger than
those of many individual departments in the faculties of
many national universities. The number argument is no
argument; if it were applied to university departments many
would be barred from taking graduate students.
The argument that if EMBL were authorized to award a
Ph.D. degree large national research institutes such as, for
example, the NIMR in London or the DKFZ in Heidelberg
might then demand the same status and privilege also cuts
little ice. There are clear distinctions between a European
international laboratory and a national institute. In the
context of postgraduate education the former makes every
attempt to recruit graduate students on an international
rather than national basis. Whereas a national research
institute is free to form close links with one or more national
11

universities, or a national body like the CNAA, the EMBL,
as a matter of principle, should not give preference to
a university or universities in anyone country. On the
other hand, an international organization like the EMBL
should not be obliged to have to make a series of ad
hoc arrangements and beg the favour of registration of its
students from this or that university in one Member State
after the other.
Which intergovernmental body in Europe could authorize
the EMBL to award the Ph.D. and also ensure recognition of the degree in the separate countries of Europe?
An obvious suggestion is the Council of Europe: indeed,
broadening the argument, one wonders why the Council of
Europe has not considered establishing under its aegis a
Council for European Academic Awards modelled on the
almost defunct Council for National Academic Awards in
London and fulfilling, on a European scale, the role that
the CNAA has played in the United Kingdom. Drawing on
the experience of the British CNAA, a Council of European
Academic Awards (CEAA) could award a European Ph.D.
degree in a wide variety of disciplines and could serve not
only international laboratories and organizations such as
ESA, ESO, CERN and the EMBL but also purely national
research laboratories like the NIMR in London or the DKFZ
in Heidelberg. Graduate students in international laboratories would, as a matter of course, register with the CEAA
whilst those in national laboratories could have the option
of registering with a domestic university or the CEAA. If a
CEAA existed EMBL would certainly be amongst its first
adherents.

12

EMBL offers its predoctoral fellows a unique environment
in which to live and work; the research training is excellent,
the Laboratory is very well equipped and adequately provided with consumable supplies, interdisciplinary collaboration is encouraged, the opportunities to hear and meet
endless visitors and seminar speakers from all over the
world are second to none, and the atmosphere is truly
European and international. The predoctoral programme
has proved its worth and the high quality of the Laboratory's doctorate graduates is reflected in their success
in competing for postdoctoral fellowships including those
offered by EMBO. There is in continental Europe today a
strong desire to integrate more closely economic, political,
social and even military institutions. A small but, in its
context, very significant step in that direction could be
taken by granting the EMBL the right to award a European
Ph.D. in molecular biology. Such a decision would be
entirely within the spirit that led to the establishment of
the Laboratory; it would greatly enhance the prestige of
EMBL while eliminating its dependence on the grace and
favour of national universities which has little, if anything,
in its favour for either party; finally such a move would not
in any way erode academic standards. This concession
would, of course, be contrary to the conservative view that
only universities should continue to have the right to award
degrees as in centuries past, but is that necessarily the
best policy as we approach the 21 st century and prepare
to abandon many hitherto sacrosanct national institutions,
or supplement them with European ones?
J. Tooze

Cell Biology

It is amazing that many life scientists still think that cell
biology is a methodology. They have not yet realized that
this view is a remembrance of things past when cell biologists mainly were scrutinizing the cell using the electron
microscope as their sole method of investigation. Unfortunately, this tradition still survives in many departments
of human anatomy, botany and zoology in universtities all
over Europe. Most students of medicine and biology are,
therefore, confronted with cell biology as a morphological
discipline. Today, the situation has changed radically. The
two new textbooks "Molecular Biology of the Cell" (Alberts
et al., 1988) and "Molecular Cell Biology" (Darnell, Lodish
& Baltimore, 1990) have paved the way for the integrative
approach of teaching this discipline. Modern cell biology
is striving to understand how an entire cell is organized
and how this organization supports cellular function. This
demands an integration of biochemistry, molecular biology and morphology. Most university departments are
ill-equipped to meet this challenge. It is amazing how
slowly traditional biochemists, molecular biologists and
morphologists are responding to the changing requirements. Also other fields such as immunology, neurobiology
and developmental biology will need a strong infusion
of the modern cell biology into their research strategies.
This is the case for the biomedical sciences as well. The
identification of gene products responsible for the genetic
defects in inherited diseases is only the fruitful beginning
of the elucidation of the pathophysiological mechanisms
of disease. The functioning of the gene products will have
to be clarified in their cellular contexts. The task is indeed
enormous. Reorganization of university structures will be
a prerequisite for exploiting the advances that are pouring
into the scientific journals. We need research and teaching
departments where interdisciplinary collaboration is consciousty being promoted.

This is the challenge that the Cell Biology Programme
tries to meet both thematically and methodically. We are
developing a wide range of experimental themes within
the Programme itself, and trying to integrate these into
a functional whole. The four areas that we are presently
concentrating on are membrane trafficking, cytoskeletal
networks, the cell nucleus and the cell cycle. These themes
together provide a comprehensive view of cell organization
in time and space. Although our tools for studying the
basic mechanisms for generating and maintaining cellular
organization have been continuously improved during the
last decade, it is obvious that these tools have to be
developed further. This is another important task of the
Cell Biology Programme. One example is the collaboration
with the confocal light microscopy group in the Physical Instrumentation Programme to develop microscopic assays
for assaying cellular functions both in living cells and in
reconstituted systems. We are trying to mirror the dynamic
interactions between organelles in their cellular context
by using both destructive and non-destructive intervention. The characterization of the machinery responsible
for cellular organization will demand novel methodology
where context will be more important than in the assays
previously used in biochemistry and molecular biology.
EMBL is the ideal environment for such an integrative
effort.

Membrane trafficking
The main emphasis is on the search for cellular machinery involved in regulating the translocation of proteins
across membranes of the endoplasmic reticulum, and in
delivering membrane components from one cellular compartment to another. The targeting of newly synthesized
proteins to the endoplasmic reticulum is best understood
in terms of molecular machinery. Several proteins have
now been characterized in the Programme and elsewhere.
The signal peptide responsible for targeting to the rough
endoplasmic reticulum binds to the C-terminal domain of
the SRP 54 protein of the signal recognition particle. Two
other proteins of this particle: SRP 68 and 72 have also
been sequenced. Recent studies are also beginning to
unravel the components of the machinery responsible for
movement of the newly synthesized proteins across the
13

membrane of the endoplasmic reticulum. These include
the signal sequence receptor and P37, a new protein being
characterized.
The characterization of the Rab subfamily of Ras-like GTP
binding proteins is being continued. Twenty-four members
have now been sequenced in the Programme and elsewhere. The Rab proteins have been localized to both the
secretory and the endocytic pathways in the mammalian
cell. These proteins play an important role in regulating
traffic. They represent the only molecules known so far
that define specificity in each step of membrane traffic.
The Programme is in the process of constructing aRab
catalogue. This catalogue should include the sequence
of the protein, its two-dimensional gel electrophoresis behaviour and its localization in the cell using immunofluorescence microscopy and immunoelectron microscopy. The
present data suggest that the Rab proteins will be excellent
markers for subcellular fractionation. It is our hope that a
complete Rab catalogue, including a library of specific Rab
antibodies, will give a new dimension to the now frustrating
task of identifying subcellular compartments.
The Golgi complex functions as a post office for sorting
proteins to endosomes, lysosomes, the cell surface and
for export from the cell. Two important receptors leave
the trans-Golgi network (TGN), the sorting compartment of
the Golgi, to the endocytic stations. One is the man nose6-phosphate receptor carrying lysosomal enzymes. The
cation-dependent receptor is being intensively studied in
the Programme. The exact function of this receptor is
being explored in transgenic mice lacking the receptor
(collaboration with the Differentiation Programme). The
sorting signals responsible for delivery to the endosomes
are being defined. Recent results suggest that they are
localized in the cytoplasmic domain of the protein. The
other receptor, the class" major histocompatibility (MHC)
protein has also had its sorting signals localized to the cytoplasmic tail. These class" MHC receptors bind peptides
in the endocytic stations and present them to T-cells in the
immune response. The mannose-6-phosphate receptors
and the class " MHC molecules represent fascinating
examples of proteins connecting the secretory pathway
with the endocytic traffic routes. Their function can only be
clarified by an integrative approach requiring all the tools
that modern cell biology can provide.
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Polarized cells such as epithelial cells and neurons have
to sort cell surface proteins to two domains of the surface membrane. In epithelial Madin-Oarby canine kidney
(MOCK) cells, this sorting is accomplished in the transGolgi network. Two types of transport vesicles are generated, one to the apical membrane and another to the
basolateral membrane. The search for machinery responsible for this sorting process has been successful during
the past year. Based on an analysis of the behaviour of
the protein framework in the apical vesicle, it has been
possible to devise an amazingly simple procedure for
isolating proteins belonging to the vesicle framework from
total MOCK cells. The first vesicle protein VIP 21 has been
sequenced and localized. This study is now paving the way
for an elucidation of this complex sorting process at the
molecular level.
Neuronal cells are especially interesting cells for studying
polarized membrane traffic. These cells have long surface
processes, axons and dendrites which form synapses in
the nervous system. Almost nothing is known about how
the axonal and the dendritic proteins are sorted to their
destinations. Could it be that epithelial and neuronal cells
use similar sorting mechanisms for newly synthesized cell
surface proteins in their trans-Golgi networks to generate
two carrier vesicles populations? Primary cultures of fretaI
rat hippocampal neurons have been used to study this
question. These cells undergo a sequence of developmental events after plating. First, several short processes
are formed, and one of these begins to grow rapidly to
form the axon. Subsequently, the remaining processes
start to elongate to become the cell's dendrites. Finally,
the axons form synapses with the dendrites and the cell
bodies of other neuronal cells in the culture. When these
mature neuronal cultures are infected with influenza virus
and with vesicular stomatitis virus (VSV), the delivery of
the newly synthesized influenza haemagglutinin (apical in
MOCK cells) is mainly axonal, whereas the delivery of VSV
glycoproteins (basolateral) is strictly somato-dendritic. We
have also found that the glypiated protein Thy-1 (apical in
MOCK cells) is present in hippocampal neurons in culture
and is exclusively located on the axonal surface (Plate 1).
This finding strengthens the hypothesis that the mechanisms of sorting of surface components in the TGN, may
be similar in neurons and epithelial cells. This would imply
that axonal and dendritic carrier vesicles are formed in the

PLATE 1
Thy-1, a glypialed protein (apically-located in MDCK cells) is
sorted to the axonal domain of cultured hippocampal neurons.
(A) Phase contrast image.

(8)
(C)

TGN and these would have to be transported specifically
into the axon or into the dendrites. This transport seems
to be microtubule-dependent because nocodazole blocked
the delivery of the viral marker glycoproteins both into the
axon and into the dendrites. One interesting future question is how the axonal and the dendritic carrier vesicles
recognize the appropriate microtubule tracks to the final
destination.

the virus acquires its membranes by being enveloped by
membrane cisternae deriving from organelles of the secretory pathway between the endoplasmic reticulum and the
Golgi complex. This unique wrapping process may have
implications for normal cellular events such as autophagy.

Viruses have served as indispensable tools in the elucidation of both the endocytic and secretory routes of the
cell. Vaccinia virus is of special interest to cell biologists
because of the way the virus nucleic acid gets enveloped
by several layers of membranes. It has long been believed
that vaccinia virus acquires its inner lipid membranes by
de novo synthesis. No other example in nature has been
known. However, this hypothesis has now been refuted by
recent work in the Programme. These studies indicate that

Labelling for MAP2, a dendritic marker.
Thy-1 labelling. Thy-1 is present on axons (small arrows) but
not dendrites (double arrowheads).

All cells continuously internalize (endocytose) fluid, proteins and lipid from the cell surface. The organization of
the endocytic pathway in different cell types is still under
heated discussion. This question can only be clarified by
a molecular analysis of the mechanisms involved. Studies
are being continued to dissect the molecular machinery
operating in the endocytic pathway. The Rab5 protein
has been localized to the cell surface and to the early
endosome. Rab5 is now the best characterized mammalian Rab. This protein is involved in regulating endocytic
traffic between the cell surface and the early endosome. In
vitro studies have shown that the protein regulates fusion
15

PLATE 2
Transient over-expression of wild-type Rab5 leads to an increase
in the size of early endosomes whereas mutated Rab5 causes
fragmentation. Arrows indicate HRP-Iabelled structures. Double
arrows indicate early endosomes.

(A) Control cell.
(B) Cell over-expressing wild-type Rab5.
(C) Mutant Rab5.
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between the endosomes. Studies in vivo have confirmed
this function (Plate 2) but they have also shown that
traffic from the surface to the endosome is slowed down if
mutated Rab5 is introduced into the cell.
Another approach to machinery is the isolation of the
organelle in question to define organelle-specific proteins.
This is now being done for early endosomes. Using a
combination of methods, it has been possible to narrow
down the number of proteins to less than 10. They are
now being isolated for further characterization. These studies are directed towards understanding the mechanisms
regulating endocytosis in non-polarized cells. Previously
the endocytic routes in polarized epithelial cells were
mapped. This work has now been extended to neurons.
16
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In mature hippocampal neurons it was found that there
are two segregated endocytic circuits, one involving the
somatodendritic surface domain connected to a network
of underlying endosomes, and another in the axonal nerve
terminals. The late endocytic compartments (late endosomes and lysosomes) involved in degradation were localized to the cell body and the proximal dendritic segments. Due to the spatial segregation of the early endosomes in the axonal nerve terminals, it was possible
to identify the carrier elements that moved endocytosed
material into the cell body. These were multivesicular
structures, similar to those seen in other cell types as
well. The organization of the neuronal endocytic circuits
is amazingly similar to that seen previously in epithelial
cells.

Microtubules, centrosomes and the cell cycle
The microtubules form a dynamic network of fibres, usually
originating at the centrosome. The microtubules play an
important role in intracellular movement and in the positioning of different organelles. Assays have been developed
to study the binding of transport vesicles to microtubules.
Two new proteins mediating binding have recently been
identified. CLIP-170 is a large 170 kDa protein which
binds endocytic carrier vesicles to microtubules. These
vesicles are multivesicular bodies involved in endocytic
transport from early to late endosomes. The protein is
preferentially localized to microtubules in the periphery
of fibroblasts, and binding is regulated by phosphorylation. CLIP-170 represents a new function somehow linking
motor activity to organelles moving along microtubules.
Video-microscopy is being used to study movement and to
identify other proteins involved. CLIP-60 is another protein
that mediates binding of apical and basolateral carrier vesicles to microtubules. These protein factors could provide
specificity to transport along microtubules, while motor
proteins would determine direction. These studies and
work being done elsewhere are now beginning to unravel
the complex processes of regulated movement within the
cell.
When the cell enters mitosis, the cytoplasmic network
of microtubules disappear and instead the microtubules
reorganize to form the mitotic spindle, the function of which
is to segregate the chromosomes to the two daughter cells.
Membrane traffic comes to a halt during division of the
cell. The centrosome duplicates during the cell cycle and
forms the two spindle pole bodies in the mitotic spindle.
In recent studies both duplication of the centrosome and
microtubule reorganization during the cell cycle have been
reconstructed in vitro. These cell-free assays make use
of extracts from frog eggs. The cell cycle is regulated
by a central kinase, the cdc2 kinase interacting with
different cyclins. A complex network of phosphorylationdephosphorylation reactions control the level of the cdc2
kinase activity during the different stages of the cell-cycle.
Studies both in the Cell Biology and Differentiation Programmes are dissecting these oscillatory cascades. The
change in microtubule behaviour during entry into mitosis
can be mimicked in vitro using centrosomes, egg extracts
and cdc2-kinase complexed to either cyclin A or B. In

fact, even the regulation of the length of the microtubules
can be determined simply by the amount and quality of
the cdc2-kinase added. This amazing result demonstrates
the power of the arsenal of tools that we have at our
disposal. The microtubule motor protein dynein involved in
intracellular organelle movements also plays a role in the
microtubule sliding required for spindle pole formation in
vitro: another demonstration of the utility of the machines
that are responsible for cellular organization. One more
example is the finding that cdc2-cyclin B kinase arrests
endosome fusion in vitro, suggesting that this cell cycle
kinase is responsible for cessation of membrane traffic
during mitosis.
The cell nucleus and intermediate filaments
The nuclear envelope is continuous with the endoplasmic
reticulum. It is organized by a scaffold of nuclear lamins
facing the inside of the nucleus. The scaffold is interrupted
by nuclear pores, through which transport of proteins and
nucleic acids into and out of the nucleus takes place.
The nuclear pores are extremely complicated structures,
the composition of which is poorly understood. One class
of proteins called nucleoporins has been identified. The
NSP-1 proteins belong to this family. Studies in the Programme have shown that this protein is essential for nuclear pore function. The number of pores is regulated by
the concentration of NSP-I in the yeast cell. Also transport
into the nucleus is dependent on the activity of NSP-1.
Genetic approaches are being used to search for proteins
interacting with NSP-1 in pore function.
The nucleus is not only the site of gene transcription, it also
has special structures called nucleoli in which ribosomal
RNA is processed and ribosome assembly is initiated.
One important problem for nucleolar function has been
identified. This is NOP-1 which is required for the formation
of ribosomes (in collaboration with the Gene Expression
Programme). Both 18S and 25S RNA synthesis could be
abolished by mutations affecting NOP-1. NOP-1 is a yeast
protein. Amazingly, the human homologue, fibrillarin, can
replace NOP-1 in yeast. However, yeast expressing fibrillarin became temperature-sensitive. This feature has now
been used to identify interacting gene products involved in
ribosomal RNA biogenesis.
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The nuclear envelope of mammalian cells disperses during
mitosis. This process is accompanied by the disassembly
of the lamin scaffold. This scaffold is attached to the
membrane by a PS8 protein. Dephosphorylation of this
protein reduced its binding to the envelope. A kinase has
been identified that phosphorylates pS8. This finding provides a tool to study the mechanism of lamin disassembly
and assembly during the cell cycle. Intermediate filaments
represent major constituents of the cytoplasmic matrix and
nuclear lamina with mechanical functions. The lamins are
intermediate filaments structurally. Despite their ubiquity
and abundance, the role of intermediate filaments in cellular organisation remains elusive. Cytoplasmic intermediate
filaments can bind to the nuclear lamins in vitro. Recent
studies have identified the binding sites by a combination
of sophisticated immunological and biochemical methods.
Could these interactions be responsible for the attachment
of intermediate filaments to the nuclear envelope? Injection
of antibodies against vimentin (a cytoplasmic intermediate
filament protein) resulted in arrest of mitosis. However,
the injected cells recovered and completed the cell cycle.
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One amazing feature of these mysterious filaments is that
they are cell-type specific. A new intermediate filament
protein called filensin has been characterized. Filensin is
expressed exclusively in the fibre cells of the eye lens.
The tissue specificity of intermediate filaments provides
tools for tumour diagnosis but what else are the filaments
good for? This is a challenging question that demands an
answer.
K. Simons
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Differentiation

Our life begins with two cells encountering each other
- an egg cell being fertilized by a sperm. The fertilized
egg then divides in a highly controlled fashion, giving
rise to an embryo which features the main body axes
(front-back, top-bottom, left-right) and ordered patterns of
cells. Eventually different tissues such as muscles, bones,
skin and the various organs are formed. In the process
of early embryonic development primitive cells diversify
into a multiplicity of different cell types (more than 200
altogether), each of which performs a specialized function
in the body. Cell growth and cell differentiation are normally
tightly coupled processes, that is, a cell does not usually
differentiate unless it also divides. However, there are
diseases such as cancer, in which these processes are
uncoupled, where cells divide in an uncontrolled fashion
and differentiation is usually blocked. In another type of
abnormality organs do not develop in the proper way,
leading, for example, to the formation of a cleft palate or
six toes instead of five. Much more often developmental
abnormalities are more severe and result in early death of
the embryo. In recent years it has become apparent that
both cancer and developmental diseases have a genetic
basis, originating from defects of individual genes. The discovery in the last decade that many of the genes involved
in normal and abnormal growth are one and the same as
those required for the diversification of cells demonstrates
that there is a link between cancer, differentiation and
development.
What are these genes and what do they do? These questions are at the heart of the interest within the Differentiation Programme. A small number of genes, approximately
100 of the estimated 100,000 genes of higher vertebrates,

when altered or aberrantly expressed, can lead to the
formation of cancer. Most or all of these genes, also
termed "oncogenes", encode proteins which are part of
the complex machinery that allows each cell to divide. For
example, if one cuts into one's hand 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. This example
illustrates the fact that cells in an adult organism do not
grow unless they are instructed to do so by substances or
other cells around them. How do these substances, which
typically are proteins encoded by genes, tell the cells that
they should divide and perhaps differentiate?
What follows is a brief account of what happens when cells
are stimulated to divide and/or differentiate. Binding of a
specific molecule to the cell surface represents the first
step in the so-called signal transduction cascade. Each
cell has little antennae, called receptors, which consist of
proteins that can bind e.g. to specific growth factors and
which also traverse the plasma membrane. The activated
receptors transmit the signal to the inside of the cell by
associating with other proteins. Typically these become
modified by, for example, the addition or removal of phosphate groups. After a series of complicated and largely
not yet understood additional events the signal travels
to the cell nucleus where two basic processes can be
initiated. The first one consists of turning on the cell cycle
machinery, again consisting of a number of proteins which
ultimately activate DNA replication (this is governed by a
protein complex which leads to the duplication of DNA).
The second basic process consists in the mobilization of
so-called transcriptional activators, which are proteins that
bind to specific DNA regions located outside the coding
region of genes. The result is that, depending on the type
of transcriptional activators involved, a given subset of
genes is switched on. Parallel to all this, another set of
proteins, which act as suppressors of growth is activated.
Normally these proteins ensure that cells stop dividing
when they have reached sufficiently high numbers. It has
become apparent over the last years that the inactivation
of suppressor genes in conjunction with the activation of
oncogenes is one of the main mechanisms common to the
formation of probably all types of cancer.
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Several groups in the Programme work on different aspects of growth control and differentiation in normal and
cancerous cells, studying genes involved in signal transduction, cell cycle control and transcriptional activation.
Other groups are studying mechanisms of early embryo
development, in particular the function of genes which are
believed or suspected to playa crucial role during pattern
formation and body axis specification. What follows is a
brief account of the most important findings of the different
groups of the Programme during the past year.
The Courtneidge group continues to investigate the role of
the tyrosine kinases of the src family in signal transduction.
In previous years they have shown that src family kinases
bind to the well characterized receptor for the platelet
derived growth factor (PDGF), and that this association is
coincident with novel tyrosine phosphorylations of the src
kinases. They also showed that an increase in the intrinsic
tyrosine kinase activity of this receptor is required for
the association to take place. Mutation of the sequences
necessary for interaction reduces the ability of the receptor
to transduce a mitogenic signal, suggesting that the association is important in PDGF-induced mitogenesis. Finally
they have shown that the so-called SH2 domain (a domain
found in many signalling molecules) of the src kinases is
required for the association and becomes phosphorylated
by the PDGF receptor upon association. Future experiments will examine whether this phosphorylation is required for the activation and subsequent functioning of the
src kinases. Further work of the group demonstrated that
the transforming proteins of polyomaviruses, the middle T
antigens, bind to and activate members of the src family
of tyrosine kinases. This is believed to be an essential
step in viral oncogenesis. The group is currently using the
middle T antigens from two different polyomaviruses, one
of which preferentially binds the Src protein and the other
exclusively binds the Fyn protein, as a model system to
compare and contrast the functions of these two members
of the src family of tyrosine kinases.
The Fasano group has been interested in understanding
how signals are transmitted through the Ras/adenylyl cyclase pathway in yeast. Using a combination of random
and site-directed mutagenesis, this group has determined
that residues on Ras that are distant from the GOP binding
site are critical for the activation of Ras by nucleotide ex-
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change factors. Moreover, residues of the adenylyl cyclase
that playa role in the activation of this enzyme by Ras have
been identified.
Giulio Draetta's group is focusing on the regulation of
the eukaryotic cell cycle, in particular on mechanisms
controlling the activation of the cyclin-dependent kinases.
They have found that, for a cyclin (cyclin A and B have
been tested) to interact efficiently with the cdc2 kinase in
vitro, an additional component is needed. This factor is
probably itself a protein kinase that phosphorylates cdc2
on a conserved threonine residue, a modification which
appears to be necessary for cell cycle progression. The
identification of this activating factor is currently underway.
Another line of research involved the characterization of
cyclin A. It was found that microinjection of anticyclin A
antibodies into human cells inhibits either DNA synthesis
or the onset of mitosis, depending on the point within the
cell cycle when the antibodies were injected. This is in
agreement with the discovery that two different kinases,
cdc2 and cdk2, can associate with cyclin A and that these
are activated at different times in the cell cycle. Further
work has led to the observation that the cdk2/cyclin A
kinase is also complexed to the E2F transcription factor
in S-phase cells. E2F is involved in controlling the expression of several genes which are transcribed in S-phase.
Phosphorylation of E2F by cdk2/cyclin A probably results
in a modulation of its transcriptional activity.
Dirk Bohmann's laboratory is interested in the nuclear side
of the pathways that convert extra-cellular signals, as for
example the docking of a growth factor to its cell surface
receptor, into changes of gene activity. Studies in this
group focus on the signal transducing transcription factors
c-Jun, c-Fos, and c-Ets-1. With several newly developed
approaches it was found that exposure of cells to growth
stimulatory agents causes, among other effects, a removal
of phosphate groups from c-Jun that would otherwise
prevent the protein from binding to DNA. In addition,
transcription factor phosphorylation helps to adjust the
concentration of active c-Jun protein to the concentration
of available DNA target sites, regulates the DNA-binding
activity of c-Ets, and generally regulates the half-life of transcription factors. Hence, protein phosphorylation seems to
be an important instrument of the cell to quickly turn on the
transcriptional activity of nuclear proto-oncogene products,

and, maybe even more important, to curb this activity
when it is not needed. It was thus interesting to compare
c-Jun and c-Fos with their virally-encoded, transforming
counterparts. It now appears that the viral versions of
the cellular transcription factors are no longer subject to
regulation by protein phosphorylation.
The group of Marek Mlodzik, who arrived in the second
half of 1991, is investigating the mechanisms by which
neuronal diversity is generated in the compound eye of the
fruitfly Drosophila. This eye consists of 800 "mini eyes" or
ommatidia, each containing a number of specialized cell
types. The different cell types are generated during larval
development following a complex series of cell-cell interactions which are necessary to activate or suppress genes
involved in fate determination. Using an "enhancer trap"
technique a number of these genes have been identified
and their products, which act either on the cell surface or
in the nucleus, are currently being studied.
Members of the Graf group are interested in understanding
how nuclear oncogenes transform haematopoietic cells,
how they cooperate in leukemogenesis and how they
interfere with normal blood cell differentiation. During the
year it was discovered that the combination of v-ets and
v-erbA, but neither one of these oncogenes alone, is a
potent inducer of erythroleukemia in chickens. In addition,
they found that the v-ets but not the full length c-ets
product is capable of binding to specific DNA sequences.
Alterations at the 3' end of c-ets, similar to those present
in v-ets, activate the protein's DNA binding capacity, an
observation which might explain the transforming potential
of v-ets. Finally, the group has established that the v-Mybets fusion protein of the E26 leukemia virus transforms
multipotent haematopoietic cells both in tissue culture and
in animals. The availability of proliferating multipotential
cells promises to become a useful model for the study
of lineage commitment mechanisms in haematopoietic
cells.
Rolf Zeller's group studies the involvement of two types of
genes in vertebrate pattern formation, using the chicken
embryo as a model. The limb deformity (Id) gene encodes nuclear proteins expressed in specific embryonic
cell types during morphogenesis. These proteins most
likely represent a novel class of transcriptional regulators.

PLATE 3
Ectopic expression of recombinant retroviral f3 galactosidase in
the wing bud of an day 4 chicken embryo (De la Pompa & Zeller,
unpublished). The embryo was fixed 20 hrs after the introduction
of retroviruses into the anterior margin of the wing bud. The
ectopic expression domain of the f3 galactosidase enzyme is
revealed by a colour reaction yielding a dark blue staining pattern.

Their temporal and spatial expression pattern together
with genetic analyses indicate that they are involved in
the morphogenesis of limbs, kidneys and probably other
embryonic structures such as the developing neural tube.
The group also studies the basic fibroblast growth factor
(bFGF) gene and has succeeded in isolating an alternatively spliced bFGF transcript expressed during chicken
embryogenesis. The function of this previously unknown
bFGF-like molecule and its possible role in embryonic
morphogenesis are currently being studied. A retroviral
vector system which allows ectopic expression of genes
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during limb pattern formation has been developed to study
the function of the above gene products in limb morphogenesis. This approach should also make it possible to
study interactions of different gene products and to probe
developmental gene hierarchies in vivo.
Uli ROther's group has continued to identify novel genes
important for development by screening transgenic mouse
lines for abnormalities caused by the transgene insertion.
One of the mutant lines shows a phenotype which indicates
that programmed cell death in limb development and thymocyte differentiation is inhibited. The transgene insertion
was mapped to chromosome 8 and at present attempts
are being made to identify the gene. For another mutant
called add (this mutant maps to the same locus as Xt and
Pdn mutants) it could be shown that the affected gene
corresponds to G1i3, a gene whose product contains a zinc
finger motif. The precise concentration of the gene product
seems crucial since add animals exhibit only a slight
reduction in the expression of this gene. In another line of
experimentation the interferon-inducible Mx-c-fos construct
was inserted into mice and used as a tool to assay for
fos-regulated genes in vivo. These studies showed that
the gene endo B is positively regulated by c-fos.
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Duboule's group has continued to investigate the molecular nature of vertebrate pattern formation. They could
show that the posterior part of the mouse embryo is
specified by a collection of 15 Hox genes, all related to
the most "posterior" of the Drosophila homeotic genes,
AbdB. Interestingly, these genes are activated following
a temporal sequence that follows their positional order
within the Hox gene complexes. Pattern-respecification
experiments involving the wing bud, performed in collaboration with C. Tickle and L. Wolpert, London, confirmed
the proposition that Hox family genes encode positional
information. In a new line of research, in collaboration with
the group of Roberto Di Lauro at EMBL, the group also
studied the nature of the equivalent patterning systems in
the head region and in the brain. Two novel gene families
(Dlx and Nkx) were shown to be potential candidates for
this function. The structural and functional comparisons between these families, in particular with regard to the known
differences in the patterning systems occurring in the trunk
versus the head, should lead to a better understanding of
how various parts of the mammalian body are built during
embryogenesis.
T. Graf

Biological Structures and Biocomputing

Membrane proteins and large assemblies

In his classic work "The Cell in Development and Inheritance" Wilson states that "from a general point of view the
cell membrane ... is of relatively minor importance, belongs
to the lifeless products of the cell, and hence plays no
role in active cell life". Today we know that a great many
biological processes are based on interactions involving
membranes. The importance of these systems is reflected
in the concentration of interest and effort on membrane
structural biology in the Programme.

Molecular biology seeks an understanding of basic biological phenomena at the molecular level. The groups in the
Biological Structures and Biocomputing Programme are
pursuing this understanding with a broad array of tools and
techniques. The biological questions addressed within the
Programme include membrane proteins and assemblies,
nucleic acid-protein interactions, protein sorting and dynamics. These fields are central to an understanding of
modern biology and represent the most active areas of
interaction between structural biology and other aspects of
cell and molecular biology represented in the Laboratory.
The past year has seen the introduction of protein NMR
to the Laboratory. Two instruments, a 600 MHz and a
500 MHz machine, have been installed and three new
groups headed by Michael Nilges, Hartmut Oschkinat and
Annalisa Pastore have been recruited which will specialize
in the use of NMR. Protein NMR, with its ability to examine
the solution structure and dynamics of small proteins,
provides an excellent complement to the techniques of
electron microscopy and x-ray crystallography which are
already established in the Programme. Another group
which recently arrived is that of Luis Serrano who is using
mutagenesis to examine the effect of substitutions on the
stability and folding of proteins. His work is a natural
addition to the theoretical work on protein structure being
done in the Programme. Rebecca Wade's group, also
recently arrived, is focusing on molecular dynamics as a
link between high resolution structure and the functional
properties of a protein. Together these new groups will
strengthen the Programme and provide a new set of tools
for understanding biology at the structural level.

The Fuller group is analysing the structural organization of
enveloped viruses. These studies will give us information
about the control mechanisms of macromolecular assemblies, and may also provide insight into the processes
involved in intracellular sorting. Cryo-electron microscopy
of detergent-treated Sindbis and Semliki Forest virus (SFV)
shows that the spikes at the 3-fold axes of the virus
particles are removed, thereby confirming a prediction of
earlier work suggesting two classes of interactions between spikes and the core.
Cryo-electron microscopy is being used to study other,
highly ordered complexes. A three-dimensional reconstruction of the adenovirus 2 virion at 35 A clearly shows
the trimeric structure of the hexons forming the capsid. The
structural features of the hexons seen in the reconstructions are in full agreement with the high resolution x-ray
structure, thus proving the validity of the combined use
of cryo-electron microscopy and icosahedral image reconstruction. The three-dimensional icosahedral reconstructions from cryo-electron micrographs of bacteriophages
P2 and P4 provide a basis for understanding the switch
between the P2 (T=7) and the smaller P4 (T=4) capsid,
which are both formed by the gpN protein. Using the same
technique, a study of the enveloped bacteriophage cp6 has
been undertaken and has already revealed the structure of
the cage. Cryo-electron microscopy is also being used by
the Fuller group to study the centrosome, the huge central
organelle of the cell, in an aqueous environment. A threedimensional reconstruction from a tilt series of a centriole
has shown for the first time the overall three-dimensional
structure of the intact particle and revealed an organized
structure of the pericentriolar material at one end. Although
it is known that the endoplasmic reticulum (ER) provides
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an environment for optimal folding of proteins, the role of
later compartments is unclear. The site and the process
of assembly of the surface antigen protein of hepatitis B
virus which forms 220 A diameter disks has been studied
by pulse chase analysis and immunochemistry. It appears
that the assembly occurs in a compartment of the ER which
lacks proteindisulfideisomerase (PDI), a fact which could
explain the highly cross-linked structure of the secreted
su rface antigen.
The question of intracellular sorting is addressed by the
Fuller group with their project aimed at identifying and
characterizing the KDEL-receptor. The KDEL C-terminal
sequence of certain soluble proteins has been shown to
be necessary and sufficient for their retention in the ER.
Using anti-idiotype antibodies, the Fuller and Vaux groups
had previously identified a 72 kDa protein as the putative
receptor for retention. It has now been demonstrated by
using a peptide carrying both a glycosylation site and
a KDEL-tail that this 72 kDa protein interacts with, and
is regulated by, the level of KDEL-Iigands in vivo. The
CDR-regions of two anti-idiotypic antibodies have been
cloned and expressed and site-directed mutagenesis is
now being used to identify the residues which are important
for recognition.
The problem of sorting and processing proteins is also
being addressed by the Metcalf group's work on cathepsin D, an intracellular aspartic protease located in the
Iysosomes. By comparing the structure of cathepsin D with
the known structures of secreted aspartic proteases such
as renin or pepsinogen, it is hoped to identify the phosphotransferase recognition site for labelling with mannose6-phosphate and thereby the lysosomal sorting signal.
The three-dimensional structure of cathepsin D has been
solved at 3.2 A by molecular replacement using pepsin as
a model. The crystals contain a non-crystallographic dimer,
which may be relevant for activity in solution. The electron
density map clearly shows part of the carbohydrate moieties at the two attachment sites. Work is under way to
determine the structure of inhibitor complexes and also to
produce recombinant cathepsin D, which would enable the
study of unprocessed protein.
The structure and function of bacterial pore forming proteins is being studied by a combination of x-ray crystallographic, electron microscopic, spectroscopic and genetic
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techniques in the groups of Tsernoglou, Leonard and Pattus. A model has been put forward earlier for the insertion
of colicin A into the membranes involving an umbrella-like
conformation bound to the lipid bilayer. Fluorescence energy transfer measurements of distances between fluorescent labels attached to cysteine residues have provided
support for the umbrella model of the membrane bound
form of colicin A. Also in agreement with this model are
experiments with mutants containing additional disulphide
bridges. All mutants tested were active in the reduced
form but blocked the colicin action at various stages in
the oxidized form, suggesting that membrane insertion and
formation of the ion channel are two separate steps. A
detailed analysis of the pH-dependence of the insertion
kinetics indicates that an insertion intermediate accumulates at the membrane interface. This intermediate appears
to have a "molten-globule"-like structure suggesting that
membrane insertion of colicin A involves a partial unfolding
without loss of secondary structure. The process is triggered by the low interfacial pH of the negatively-charged
membrane surface. The x-ray structure of the pore-forming
fragment of colicin A has now been refined to an R-factor of
18%, confirming the structure reported earlier. A search for
heavy atom derivatives is under way for crystals containing
the entire colicin N molecule (Tsernoglou).
In contrast to the all-helical protein colicin A, aerolysin is a
pore-forming protein consisting mostly of ,B-sheet, as was
shown by x-ray structure analysis of pro-aerolysin at 3 A
resolution (Tsernoglou). Image analysis of two-dimensional
crystals obtained by reconstitution of purified aerolysin
with E.coli phospholipids revealed seven-fold rotational
symmetry of the channel complex (Pattus, Leonard; Plate
4). The structure consists of a 17 A wide central channel
surrounded by 7 "spokes", each made up of two globular
protein domains. Combination of the heptameric structure
derived from electron micrographs with the high resolution
x-ray structure of the pro-aerolysin monomer will eventually
lead to a high resolution model of the channel.
An exciting new development in the field of poreforming proteins is the crystallization of the a-toxin from
S.aureas in hexameric form in the presence of detergent
(Tsernoglou). This opens the prospect of directly observing
at high resolution the structure of an intact membrane pore.
The orthorhombic crystals diffract to rv3.2 A and contain
one hexamer of M r 200,000 in the asymmetric unit.

PLATE 4

This stereo image of the aerolysin channel was produced by a
combination of the high resolution three-dimensional structure of
the isolated aerolysin molecule solved by x-ray crystallography

and the structure of the intact channel obtained by electron
crystallography.

Many membrane proteins form high quality two-dimensional crystals more readily than three-dimensional crystals and electron crystallography is therefore often the
only technique available to get high resolution structural
information. Two-dimensional crystals of excellent quality are available for the plant light-harvesting (LH) complex and the KOhlbrandt group has determined the structure at 6 A by electron diffraction and image analysis
(see 1990 Annual Report). Meanwhile, electron diffraction
amplitudes to 3.2 A resolution have been collected and
phases to ,,-,4.5 A have been obtained from images of
tilted two-dimensional crystals. The resulting three-dimensional map confirms the structural features seen at 6 A,
namely 3 membrane spanning helices and some 15 chlorophyll molecules. The good quality of the electron density
map should allow tracing of the chain and possibly fitting of the side chains in the helical regions. Prospects
for obtaining even higher resolution data are excellent
as it was found that using digalactosyl diacyl glycerol

as the only lipid results in much improved three-dimensional and two-dimensional crystals, the latter diffracting
to "-'2.2A.
The group of Ramon Serrano has been using immunological and genetic approaches to study the structure of
the yeast H+ ATPase, a very large membrane protein.
By generating antibodies against specific regions of the
protein and using these antibodies in microscopy they were
able to map the topology of this protein. This group has
also used genetics to study the basis of salt tolerance.
Isolation of salt tolerant mutants from yeast has revealed
two novel genes, HAL 1 and HAL2, which are involved in
this phenomenon. The fact that both genes are conserved
in plants validates the use of yeast genetics as a model
system. This group is leaving EMBL and returning to Spain,
to the Universidad Politecnica, Valencia, where they will
continue to exploit this genetic approach to plants and
yeast.
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Mammalian cytochrome oxidases are complex multisubunit enzymes which play a central role in the energy
metabolism of the cell. By focusing on the less complex
bacterial cytochrome oxidases with genetic and biochemical techniques, the Saraste group is trying to elucidate
the mechanism of this whole class of proton pumps, i.e.
to understand how the reduction of oxygen is coupled to
proton transport. The cytochrome oxidases are either purified from various bacterial sources or are cloned by PCR
techniques using oligonucleotides derived from the most
conserved peptides in subunit I (CO I). The structure of
the so-called CUA-centre located in the C-terminal domain
of subunit II (CO II) is still being debated. To address this
question, the C-terminal domain of the copperless E.coli
CyoA protein, the quinol oxidase subunit homologous to
CO II, has been expressed in E.coli. By site-directed
mutagenesis it was possible to construct mutants of this
protein which appear to contain a CUA -like centre. The
genetic and biochemical analysis of the oxidase from
the thermoacidophilic archaebacterium Sulfolobus acidocaldarius shows that it contains, in addition to the CO I
and CO II subunits, an apo cytochrome b, which is normally
a component of cytochrome bC1 and b6f complexes. The
much simpler Sulfolobus enzyme therefore appears to
combine the mechanisms of two different multi-subunit
mitochondrial enzymes.

Cytoskeletal and muscle proteins
A fruitful approach to elucidating the three-dimensional
structure of large molecular assemblies is to determine
the structures of its subunits or domains by x-ray crystallography or NMR and then reconstruct the macromolecular
arrangement by combining this knowledge with information from other sources e.g. electron microscopy. This
approach has recently been successfully applied to derive the structure of the actin filament and is now being
used by the Saraste group to derive the structure of
spectrin. Spectrin, a major constituent of the membrane
skeleton, is a heterodimer of a- and J3-subunits which
are made up from a canonical 106 amino-acid long repeat and a number of unique domains carrying the functional properties of spectrin. Several of these domains,
including the SH3 domain ("src-homology 3"), have been
expressed in E.coli and purified for structural studies.
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The SH3 domain is present in many proteins involved
in signal transduction, e.g. tyr kinases or G-protein activating protein (GAP). High quality crystals diffracting to
beyond 2 A have been obtained and the structure determination is under way in collaboration with the Wierenga
group.
The Leonard group is studying a number of giant muscleassociated proteins including titin (M r 3 x 10 6), nebulin
(M r 0.8 x 106), projectin (M r 0.8 x 106) and a protein from
z-discs in Lethocerus indicus. Titin, which spans halfsarcomers and consists of rv100 repeats of two domains
arranged in a regular pattern, has now been sequenced
to about 40%. Single type I (immunoglobulin-like) and
type II (fibronectin-like) repeats have been expressed in
E.coli and shown to bind to thick filament proteins. In
collaboration with the Pastore group, the structure of the
titin repeats is being studied with NMR techniques. CD
spectra indicate that the individual domains are monomeric
and folded in solution and exhibit a clear J3-sheet structure, as predicted. In contrast, the single nebulin repeat
shows extremely low solubility in aqueous solution and it
is therefore planned to study the super-repeat by NMR
techniques.
The Suck group has continued its efforts to express skeletal muscle actin, actin mutants and domains in E.coli,
using various expression systems. For the first time it has
been possible to express the N-terminal domain without
formation of inclusion bodies. The purified domain shows
the behaviour of a soluble, monomeric protein and is
presently being characterized. As an alternative way to
avoid the solubility problems encountered with E.coli, a
baculovirus expression system has been established, and
it could be shown that it is possible to express skeletal
muscle actin cDNA and a deletion mutant missing the loop
region around residue 270.

Protein-nucleic acid interactions
Protein-nucleic acid interactions are of central importance
for many biological processes and in recent years a growing number of high resolution structures of protein-DNA
and protein-RNA complexes has shed some light on the
structural basis of the recognition process. One impor-

tant result of these studies has been the variety of the
structural motifs involved in the recognition; another is
the realization that specific recognition not only involves a
direct "read-out" of the base sequence by specific H-bonds
but always involves an indirect "read-out" via contacts to
the sugar-phosphate backbone, which exhibits significant
sequence-dependent variations.
The long standing collaboration between the Tsernoglou
and Tucker groups has now led to a model for the chymotryptic fragment of the adenovirus 5 ssDNA binding
protein. At the present stage of refinement (R=25.3 % at 3 A
resolution) the fold of the molecule is clear, although there
is a flexible region of 21 residues (120-160) with poorly defined density. An interesting feature of the structure which
may explain the observed cooperativity of DNA-binding is
the interlocking of adjacent molecules by the C-terminal
arm of the protein, giving rise to a chain-like arrangement
of molecules.
The Pastore group (in collaboration with Tony Gibson)
has solved the solution structure of a 61 residue synthetic peptide representing the basic domain and the
so-called leucine-zipper region of the yeast transcription
factor GCN4. The study confirms the expected coiled-coil
structure of the leucine-zipper domain and shows that the
basic region is a flexible segment folded into a loose helix,
in the absence of DNA. IL-6DBP (interleukin 6 dependent
DNA binding protein), another member of the bZip-family of
proteins, is being studied in the Suck group by x-ray crystallography. The DNA-binding domain of IL-6DBP which
shows strong sequence homology with C/EBP has been
cocrystallized with a number of oligonucleotides containing
either a symmetrical C/EBP site or naturally occurring
IL-6 responsive elements from haptoglobin or haemopexin
genes. Various domains of the transcription factors LFB 1
and LFB3 are being studied by NMR (Pastore) and x-ray
crystallography (Suck). The myosin-like 32 amino-acid
long dimerization domains of LFB1 and also LFB3 was
shown by NMR not to form a coiled-coil structure, but
instead to consist of 3 distinct regions, an extended segment and 2 helical regions. Hexagonal crystals diffracting
to about 2.6 Aof an 80 amino-acid long homeodomain-like
region of LFB 1 have been grown and attempts to solve
the structure by molecular replacement are under way.
As a result of collaboration between the Graf and Suck

groups, the DNA-binding domains of the tissue-specific
transcriptional activators c-Myb and v-Myb have been expressed and recently cocrystals diffracting to rv2.5 A of
the c-Myb domain and an oligonucleotide derived from
the mim 1-promoter recognition element have been obtained. While c-Myb and v-Myb belong to the class of
homeodomain proteins, there is no structural information
available as yet for the so-called helix-loop-helix (HLH)
domains present in transcriptional regulatory proteins such
as Myc or MyoD. The BCS program suite was used by
the Argos group to model the domain present in Mycrelated regulatory proteins. The proposed structure is a
4-helix bundle made up of two antiparallel helical pairs
reminiscent of the Rop protein and shows the classical
"knobs into holes" packing of helical side chains. The Suck
group is continuing their work on DNase I and both an
active site mutant (H134Q) and a DNA-binding mutant
(Y76A) have been crystallized and their structures solved
by molecular replacement. A further mutant has been
constructed by inserting residues in the 173-176 loop,
which is expected to show increased sequence specificity
through major groove contacts. Crystallographic results
together with site-directed mutagenesis experiments have
confirmed the critical role of two histidines for DNase I
activity and have led to the proposal of a mechanism
involving general acid-base catalysis with H134 and H252
acting as the general acid and base, respectively. Hexagonal crystals diffracting to 2.5 A have been obtained of
phage T5 5' ,3'-exonuclease, an enzyme which shows
significant sequence homology with the 5' ,3'-exonuclease
of E.coli DNA polymerase I.
Microbody proteins
The studies of trypanosomal triose phosphate isomerase
(TIM) by the group of Rik Wierenga are aimed at the
design of selective inhibitors which may eventually lead
to the development of a potent drug against trypanosomiasis. Trypanosomal TIM has now been expressed in
E.coli allowing extensive crystallographic binding studies,
in particular with cyclohexapeptides which are known to
inhibit the enzyme selectively, as well as site-directed
mutagenesis. An active site mutant (Asp1 00-7Trp) and a
number of mutants affecting the dimerization have been
constructed and have been tested for activity. To under27

stand the relationship between sequence and the structural
and functional properties of different TIMs, the crystal
structures of the liganded and unliganded forms of chicken,
yeast and trypanosomal TIM have been compared. In
addition, the structure of E.coli TIM has been solved by
molecular replacement showing significant differences in
the dimer interface interactions around residues 45 to 47.
A second focus of the group's activities has been the study
of enzymes of the ,B-oxidation pathway. A search for heavy
atom derivatives is under way for yeast thiolase, while
crystals of a rat liver mitochondrial isomerase diffracting
to 3 A have been obtained.
Theoretical and experimental
approaches to protein folding

In recent years it has become clear that in vivo folding
of macromolecules in prokaryotic as well as in eukaryotic
cells involves a number of "helper" or chaperonin proteins.
Belonging to this group are POI (protein disulphide isomerase), members of the hsp70 and hsp60 families of
heat shock proteins, their prokaryotic analogues GroEI,
GroEs, OnaK, SecA and SecB and others. A very exciting
result was the finding that the ATPase domain of the
Hsc70 protein is structurally very similar to actin and also
to hexokinase. Meanwhile, sequence alignment based on
structural superposition to identify conserved sequence
motifs has led the Sander group to propose the presence
of the ATPase domain for a number of cell cycle proteins
and sugar kinases. This raises interesting questions concerning the evolutionary relationship of these proteins. A
breakthrough towards understanding of the mechanism of
chaperonin function can be expected from the analysis
of crystals of GroEI, SecA and SecB obtained by the
Tsernoglou group.
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Theoretical approaches to protein folding involve the design and prediction of protein structures. A necessary
prerequisite for this type of approach is the availability
of sequence and structural databases including software
tools for the fast screening of these databases and software packages for the building, refinement, analysis and
evaluation of model structures. A number of powerful software tools have been developed by the Argos and Sander
groups and some of them are now being widely used by
researchers at EMBL and other institutions. Among these
are the modelling system WHATIF, the sequence retrieval
system SRS, the tertiary structure modelling program BCS,
the amino-acid cluster recognizing program CLUSPROT
and MAXSPROUT, a program for the automatic model
building from Ca-positions. Genetic algorithms as a tool
for efficient searching of large conformational spaces have
been applied by the Argos group to fold a 4 antiparallel
,B-strand model protein. New criteria for the evaluation
of different conformational search procedures have been
tested using Met-enkephalin as a model case. The Sander
group has developed a fast Monte Carlo algorithm for side
chain optimization in proteins to be used for automated
model building by homology. The software packages and
databases developed in the Programme have been applied
to a number of cases, including the prediction of mutant
properties of neutral proteases, the design of inhibitors
for carboxypeptidase, the design of acid and protease
resistant lipases and the modelling of 7-helix bundle proteins. The Argos group has developed a molecular dynamics method which parameterizes dynamics in terms
of internal coordinates rather than the classical Cartesian
coordinates. The result is a program which is capable of
scanning conformations, and hence refining, much more
rapidly.
S. Fuller & O. 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 regulation 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.

For these reasons it is not only the basic molecular
mechanisms of gene expression which are interesting
but, perhaps even more importantly, how these expression mechanisms can be controlled. However, one cannot
properly appreciate the regulation of a process without
understanding the process itself in some detail. Therefore
groups within the Programme have been actively engaged
in studying both basic mechanisms of gene expression and
their regulation.
Transcriptional control

As mentioned above, a fundamental biological question
is how do different cells in an organism acquire their
unique properties, since they all contain the same DNA
sequences? One aspect of this problem, which is often overlooked, is that the DNA in cells is not naked,
and thereby freely accessible to regulatory molecules,
but rather is packaged into chromatin. The major protein
constituents of chromatin are the histones, but a multitude
of other proteins are also present. Chromatin is far from
being uniform, as can be assessed by probing with either
nucleases or DNA modifying agents or, at a different level,
by observations in the electron microscope. It is very likely
that the transcriptional activators which directly turn on the
expression of a particular gene can only gain access to
their binding sites in the regulatory regions of that gene
- its promoter(s) and enhancer(s) - if they are present
in a favourable chromatin conformation. It follows that the
decision to make the regulatory region of a gene available for use has to be made separately from, and earlier
than, the decision to begin transcription of the gene. Two
groups in the Programme are devoting their efforts to a
better definition of what is involved in chromatin "opening".
They study this problem either in developing embryos or
in cell-lines that differentiate in response to extracellular
signals, such as retinoic acid.
Retinoic acid has a multitude of effects on developing
organisms, all of which seem to be mediated through
receptor proteins that are better described as ligand inducible transcription factors. This family of proteins is only
functional in the presence of bound ligand, and includes
members which bind to steroid hormones, vitamins, thyroid
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hormone etc. Many of these receptors bind to similar or
even identical target regions on DNA, posing the question
of how they can achieve biological specificity. One group
in the Programme has been probing this question with
respect to the thyroid hormone and retinoic acid receptors.
They have discovered that the small differences in DNA
binding specificity seen previously in vitro can be much
amplified when genuine in vivo DNA targets are examined.
Activity of the receptors has also been shown to depend
upon interaction with other intracellular factors, including
some whose distribution is restricted to particular tissues
or developmental stages. Thus, only cells that contain the
correct combination of factors will be capable of responding to retinoic acid stimulation.
Similar, or identical, cellular factors are involved in the
action of another group of transcription factors. These
are members of the POU family, called octamer or Oct
factors, and some appear to play important roles in the
earliest stages of mammalian development and differentiation. These proteins, named after the length of the DNA
sequence to which they bind, can have either positive, negative or no effect on the activity of promoters or enhancers
containing their binding sites, depending on the cell-type in
which the promoter is found. Indeed, the earliest function
of one of the members of the family, Oct-4, is known to
precede the onset of transcription in the mouse embryo,
suggesting that at least this factor functions in ways other
than just transcriptional activation.

Ribonucleoproteins
Ribonucleoproteins (RNPs) are complexes consisting of
RNA and protein components. RNPs are involved in many
cellular processes. Four groups in the Programme work
on various aspects of RNP biology, ranging from detailed
analysis of RNA-protein and protein-protein interactions
within the RNPs all the way through to functional studies
of the role of RNPs in such diverse reactions as RNA
processing, regulation of protein synthesis and intracellular
transport.
Eukaryotic cells, in contrast to prokaryotes, produce essentially all of their RNAs in the form of precursors. These
RNAs usually contain extensions at either one or both of
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their termini as well as internal sequences which must be
removed to produce the mature RNA. Small nuclear (sn)
RNPs and small nucleolar (sno) RNPs are required for the
processing of messenger RNA and ribosomal RNA precursors respectively. Plate 5 is an outline of the pathway
of pre-ribosomal RNA processing in yeast. A battery of
methods including both molecular and classical genetics
and biochemistry are being employed in an intensive effort
to elucidate the functions of the sn and sno RNPs in RNA
processing. This is a field where technical innovation is
constantly required and over the past few years one of
the groups in the Programme, in collaboration with the
Biochemical Instrumentation Programme, has developed
a series of novel reagents which can be used to study
RNPs in various ways, ranging over biochemical purification to histological analysis of RNPs within living cells. The
methods have so far been used almost exclusively with
snRNPs, but they should, in principle, be applicable to the
study of any RNP in which some of the RNA is present in
the form of an accessible unpaired structure.
The new reagents can be used to chemically synthesize
polymers that closely resemble RNA in most respects,
but which also exhibit useful unique properties. RNA is,
for example, unstable both chemically and through susceptibility to destruction by many abundant degradative
enzymes, present both inside and outside cells. Since RNA
can function as a catalyst it is now possible to make a
synthetic RNA-like catalytic molecule which is much more
stable than natural RNA and is capable of, for example,
cleaving a specific mRNA. These synthetic RNAs have an
extremely promising future for both research and possibly
even clinical purposes since they are theoretically capable
of specifically inhibiting the expression of any particular
gene product.
A further problem which is unique to eukaryotic cells is
the targeting and transport of macromolecules to particular
intracellular organelles. The largest cellular organelle is
the nucleus, the site of RNA transcription. Since most
RNA molecules function in the cytoplasm they must be
exported from the nucleus before reaching their site of
action. Transport of RNA from the nucleus to the cytoplasm
and the inverse, transport of the snRNAs (in the form of
snRNPs) from the cytoplasm back into the nucleus has
been under study in the Programme. Signals on the RNA
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Cellular Iron

PLATE 6
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reduced iron uptake
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which are involved in targeting have been defined, and are
now being used to analyse the mechanism of transport in
more detail.
Gene expression responds rapidly to signals at levels
other than that of transcription. One group is interested
in the mechanism by which the intracellular level of iron
is maintained at a steady state. It turns out that this
is due, in large part, to changes in the translation of
mRNAs which encode proteins involved in the uptake of
iron into the cell and its intracellular storage (Plate 6).
The molecular basis of this control involves the formation
and dissociation of an RNP formed between an RNA
element present in the mRNAs and a cellular protein. The
affinity of this protein for the RNA is decreased by high
concentrations of intracellular iron, with consequences for
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the stability and translatability of the mRNAs to which
it binds. These changes in turn lead to a reduction in
the intracellular free iron concentration. Recent work has
shown that the binding site occurs in a small family of
mRNAs, and its functional significance in these newlydiscovered locations is under investigation. So too is the
mechanism by which the protein, once bound, can affect
the initiation of translation on the mRNA.
In summary, many different aspects of gene expression
are being studied in the Programme. The diversity and intricacy of the mechanisms and their regulation will provide
fascinating work for us in the years to come.
I. Mattaj

Physical Instrumentation

Microcomputing and data acquisition, confocal light microscopy and electron microscopy, are the three directions of research within the Physical Instrumentation Programme. Internal collaborations with the Cell Biology, the
Biological Structures and Biocomputing, and the Differentiation Programmes have been considerably strengthened.
This is probably the best way to achieve the design of new
or improved instruments that are useful to the biologists.
Microcomputing and data acquisition

The microcomputing and data acquisition group has invested a large part of its efforts both in hardware and
software for projects in scanning transmission electron
microscopy. These activities mainly concerned (a) the new
silicon quadrant detector and its associated data acquisition electronics and (b) user-friendly software to operate
the CryoSTEM.
Efforts have been put into the new CryoSTEM acquisition system. The new system will include a powerful
workstation (SUN Sparc II) driving a VMEbus bridge to
provide access to the VME crate hosting all the necessary
data acquisition modules and array processor cards. The
acquisition software has been rewritten and now has a
graphical interface for all detectors.
In parallel with the upgrade of the CryoSTEM data acquisition system two new interfaces were designed for the
quadrant detector system: (a) to send multiplexed images
to the VMEbus-based acquisition system and (b) to transfer single images in real time mode to the microscope's
frame buffers. The main objectives of these modifications
are to make the complete system more user-friendly and
to allow easier future implementation of new detector sys-

tems. A test installation will be carried out during the first
quarter of 1992 and a stable configuration is expected by
the middle of the year.
The project to replace the charge coupled device (CCD)
detection system attached to the CryoSTEM spectrometer by a more powerful linear micro-strip silicon detector
for electron energy loss spectroscopy is in progress. For
several reasons (density, low-noise requirements, speed),
the most critical part of this future detection system is the
front-end. The number of channels (512) clearly indicates
that it definitively makes sense to try to use highly integrated front-end electronics. Tests of an integrated octal
preamplifier and discriminator (from Smart Silicon Systems, lausanne) have been carried out. The first results
are quite promising with regard to the noise, amplification
and speed performances but we did not succeed in combining it with a fast external discriminator due to feedback
problems. Tests will be carried out early next year so that
mechanical design of the overall detector assembly can be
started. Work on a simple preprocessing system has been
started. It will allow us to test off-line several algorithms for
elemental mapping and help us to decide about the final
implementation of the preprocessor.
Preliminary work on future x-ray data acquisition systems
has been carried out as a consequence of the laboratory's
decision to put resources on x-ray detection systems for
future use in biology at the ESRF. A common effort associating the groups in the two Outstations in Grenoble and
Hamburg has been agreed and will hopefully be fully operational at the beginning of next year. As concerns the data
acquisition system, a clear option to go for VM E-based
electronics has been decided.
An agreement with a Grenoble based company (Biologic)
was reached late in the year for the transfer of the technology of the previously developed x-ray data acquisition electronics and associated software (developed in Hamburg).
These products will now be distributed by this company
avoiding internal manufacture by the EMBl.
Our image processing project, started last year to provide
a user-friendly working environment for the biologists, has
progressed quite satisfactorily. The development of this
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dedicated software also corresponds to the need of providing the biologists at the EMBL with original programs or
methodologies tuned to answer specific problems arising
from their research. During the year, the general capabilities of the software have been drastically improved and
augmented. Several routines are now available for image
restoration and enhancement, image segmentation and
interpretation. Image storage is now done in TIFF format
to provide the user with easy access to the networked
output devices. Beside these general purpose routines,
more specific work has been achieved and several collaborations, both internal and external, have been established.
A registration program has been developed to facilitate the
acquisition of serial cross-section images of the same area
of microscopic images. This program has been used in
collaboration with Domenico Lazzaro (Riccardo Cortese's
group) and Melanie Price (Roberto Di Lauro's group) for
correlating autoradiography images of embryonic mouse
brain images. We also use it in collaboration with Denis
Duboule for registering serial cross-sections of complete
organs to achieve their three-dimensional reconstruction
and visualize gene expression patterns. A copy of this
program was provided to P. Chambon's laboratory in
Strasbourg where it is used for autoradiographic image
processing.
Work with digital signal processors (DSP) has been carried
out. This has been done in the context of a study of
computing with parallel and pipelined architectures for
algorithms requiring an enormous amount of floating-point
calculations. Our interest in providing a very fast solution to
the computation problems involved in the sensitive method
for protein sequence comparison developed by Pat Argos
has triggered an in-depth analysis of the problem. We
have carefully evaluated the possibilities of parallelizing
and pipelining the various tasks. We also looked at the
possibilities of implementing in hardware some of the
rather tedious addressing algorithms and look-up table
operations to generate the different correlation matrices
involved in the computation.
The critical evaluation of several commercially available
DSP chips both with regard to their input/output architecture and instruction speed has dictated the choice of the
Motorola 96002 as the best candidate mainly because of
its dual I/O bus architecture. We have bought an IBM-PC
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based development system for the Motorola 96002 to
enable easy hardware and software development tailored
to the future applications. The design of a DSP board
that can be used as the basic building block for a system
dedicated to sequence comparisons was started.
Light microscopy group
The light microscopy group concentrated its efforts on
three-dimensional light microscopy and on video microscopy. Three-dimensional light microscopy is based on
confocal fluorescence microscopy. The group builds the
instruments and supports their usage by scientists from the
EMBL and from other institutions. The video microscope is
basically a conventional microscope that uses cameras to
record the movement of cells, organelles or reconstituted
systems and image processors and video recorders to
document time-dependent changes in morphology.
The collaboration with the University of Turku and the
Weizmann Institute in Rehovot has reached an important
stage with the completion of three models of the compact
confocal microscope (CCM; Plate 7). The microscopes
were finally delivered to Finland, Israel and the EMBL Cell
Biology Programme. With three identical instruments in
three different places we now hope to improve the development of image recording and image handling software.
This collaboration is possible because these instruments
were developed by engineers who kept usability in mind.
Potential users of the CCM are instructed at the EMBL
before carrying out experiments in their own laboratories.
In collaboration with Jan De Mey (Cell Biology Programme), Ernst Stelzer organized an EMBO course on
"Digital Light Microscopy". Leading international experts
instructed students from ten European states. The course
was very well received. The students and the instructors
stressed the importance of advanced training in light microscopy. The field is emerging rapidly while the number
of European experts is still very small, as is the opportunity
to receive excellent training.
Quite apart from the applied work in our group, efforts
were made to investigate the effects of certain objects on
the imaging properties in three-dimensional microscopy.

This has led to an improved understanding of some problems which were already apparent. The group also investigated new means of improving the axial resolution in
confocal fluorescence microscopy.

The main efforts during 1992 will be minor improvements
of the existing instruments and most importantly the development of a very fast beam scanner that is perfectly
diffraction limited and confocal.

PLATE 7
The arrangement of the compact confocal microscope is outlined
in this Plate. The light enters the microscope from the right
hand side, is expanded, passes a number of optical parts and
is deflected towards two scan mirrors and enters the microscope.
The confocal part is therefore out of the way behind the micro-

scope. The fluorescence emission is "descanned" by the same
two mirrors, passes the dichroic mirror and enters the detection
unit on the upper left hand side. Any two of the available detection
channels (4x fluorescence, 1 x reflection, 1 x transmission) can
be recorded in parallel per 0.6 seconds.
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Electron microscope development
Low voltage scanning electron microscope (L VSEM)

The LVSEM column was assembled including the coldstage as described in the previous Research Report.
With the present instrument, we could obtain a resolving
power of 5-6 nm at an electron energy of 1 keY. This
value agrees with the calculated resolution limit due to
the spherical and chromatic aberrations of the objective
lens. Therefore, we expect a significant improvement in
the resolving power when the corrector, needed for the
compensation of these aberrations, is incorporated in the
microscope in 1992.
In collaboration with different groups at EMBL, we investigated the usefulness of the present set-up for imag-

PLATE 8
Photograph of an uncoated, freeze-fractured and partially dehydrated yeast cell.
The image was taken with the LVSEM at
a temperature of 173 K.
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ing biological specimens. We were able to image uncoated frozen-hydrated or freeze-dried samples, such
as
freeze-fractured yeast cells (in collaboration with Ed
Hurt)
vaccinia viruses (in collaboration with Gareth Griffith
& Heinz Horstmann)
muscle sections (in collaboration with Kevin Leonard
& Charles Ferguson)
microtubuli (in collaboration with Denis Chretien &
Stephen Fuller).
The first results encourage us to continue with the biological applications and to improve the preparation techniques
to make the high resolution LVSEM a new important tool
in our laboratory.

Scanning transmission electron microscope (STEM)
Multichannel phase-contrast detector
The electronic hardware for the new multichannel detector was finished and the performance of the detector
was investigated. For these performance tests, the existing data acquisition system could be used. However,
this data acquisition system limits the routine application of the multichannel detector due to badly adapted
interfaces, which were designed for the old analog photomultiplier detector system. Nevertheless, a high number of images could be acquired and it turned out
that the performance of the quadrant detector is up
to expectations and as soon as the new data acquisition system is available this multichannel detector
will become the most frequently used detection system.

Data acquisition system for the CryoSTEM
To have a data acquisition system that is well adapted
not only to the new quadrant detector, but also to the
whole configuration of detectors, a new acquisition system,
based on a SUN Sparc station 2, has been developed.
For this system, all the drivers and interfaces have also
been adapted, to be able to select the required detector system by software and to have just one common
standard interface. At the same time, this new acquisition system has the required capability to handle all
the images we can acquire simultaneously and to carry
out the rescaling of the images needed for display online.

Transmission electron microscope (TEM)
Development of a corrected high resolution
transmission electron microscope
During the past years, several methods have been developed in electron microscopy that allowed the structures of
proteins to be resolved at an angstrom level. However, the
visualization of smaller details such as water molecules is
limited by the microscope. The limitation of today's electron

microscopes is determined by the axial aberrations of the
objective lens: the spherical and the chromatic aberration.
The only way to overcome this limitation is to compensate
for the aberration introduced within the objective lens by
an additional lens with a negative value for this particular aberration. The chromatic aberration alone allows
a point-to-point resolution of d=0.8 A if the accelerating
voltage is 200 kV and the energy spread of the electron
gun is kept at a very low level (::;0.6 eV). These two
requirements can be fulfilled by a 200 kV Philips eM 20
electron microscope equipped with a field emission gun.
Accepting a limit for the resolving power of d=0.8 A, only
the spherical aberration has to be corrected. A corrector
system for this purpose has been proposed by H. Rose
and we will follow this approach. The corrector consists of
two transfer dubletts and two hexapole-elements, whereby
the most crucial point will be the exact symmetry of the
multipole-fields we have to generate with these elements.
In collaboration with the groups of Prof. H. Rose (Darmstadt) and Prof. K. Urban (JOlich) a project has been
started to develop such a corrected high resolution TEM.
The first step of this project is to study the feasibility of the
correction of the spherical aberration within the coming two
years.
The possibilities of correcting the spherical aberration was
mentioned by Scherzer 50 years ago. However, in the past
all efforts to develop such a corrected TEM failed. We think
that we are able to finish this project successfully. The
Volkswagen Stiftung is also convinced that it is worthwhile
financing this project for the coming two years. Our final
goal is to achieve a point resolution of 0.8 A, which would
be an improvement by a factor of 3 compared with the best
commercially available microscopes.

STEM application

Mass measurement
As in the preceding years, mass measurement has been
offered as a facility on the HB5 STEM. The determinations
are carried out using TMV as an internal standard. A listing
of the measurements performed in 1991 is given in Table 1.
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Table 1
Object

In collaboration with

Result and conclusion

Bacillus subtilis phage
SPP1 portal protein,
expressed in E. coli

P. Oube, R. Lurz,
F. Zemlin, M. van Heel
(all Berlin) & P. Tavares
(Oeiras)

M r=747,000 ± 69,000, confirming results
from single particle image analysis,
which indicate a 13-mer (of 57,000)

Aeromonas hydrophyla
aerolysin

H.U. Wilmsen, F. Pattus
T. Buckley &
K.R. Leonard

M r =370,000 ± 60,000, indicating a
heptamer (of 50,000), in agreement
with results from SOS-PAGE of
boiled - not of unboiled - sample,
and with results from image
analysis of two-dimensional crystals

Bovine filensin
filament

A. Merdes &
S.D. Georgatos

Mass/length=2,900 ± 600/ A
(Classification of filensin filament
as an intermediate filament
requires further information about
an axial repeat)

O. Chretien, E. Karsenti

In progress
(Goal:
determination of MAP binding)

Complex of
microtubule with
microtubule associated
proteins (MAPs)

& S.D. Fuller.

Mass mapping

In collaboration with K.R. Leonard & S. Trachtenberg
(Jerusalem), we are determining radial density profiles of
vitrified helical particles. Radial density profiles specify the
boundary chosen for a structure in a helical reconstruction.
Whereas they are difficult to determine in the case of bright
field electron microscopy, they can be directly derived
from STEM dark field images. We obtained radial density
profiles for vitrified TMV and RNA-free helical polymers of
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TMV coat protein that show a maximum difference at a
radius of about 40 A, which can be attributed to the RNA
packaged in TMV. This result is in agreement with results
obtained by others with hydrated sols in x-ray diffraction
and with freeze-dried specimens in STEM dark field. The
resemblance between the overall shapes of the profiles
in STEM and those observed with hydrated sols in x-ray
analysis is greater in the case of vitrified specimens.
C. Boulin, M. Haider & E. Stelzer

Biochemical Instrumentation

The groups in the Programme work on the development
and optimization 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 technology research, services for the scientists at
EMBL in DNA and peptide synthesis, DNA and protein sequencing, gel and film scanning, automated microinjection
in cells and sorting with FACS are provided. The groups
are in close contact with other Programmes, as well as with
the mechanical and electronic workshops and the design
office at EMBL.
A new group leader, Matthias Mann, will join the protein
group in May 1992; he will be working on the development of mass spectrometry, together with laser desorption
and ion trap techniques. The aim is to develop these
techniques for faster protein and DNA characterization,
in particular protein sequencing. Analysis of protein modifications and determination of molecular weight will be
provided by mass spectrometry by the middle of 1992.
Automated DNA sequencing station
with fluorescent labels
One of the aims is to develop and push the automated online DNA sequencing gel technology to its limit in sequence
throughput, somewhere around 100 kilobases of sequence
per device per day. Such a system will be developed
during the next two years with a grant from the European
Communities. In parallel new unconventional sequencing
methods are being considered and analysed.
Key new developments on the EMBL automated sequencer and its commercial version A.L.F. (Pharmacia
Biosystems) were initiated and applied during the year.

Improvements in existing techniques leading to higher
sequence output are of importance to routine projects. This
can be achieved in several ways:
by increasing the number of clones run simultaneously on a gel, e.g. by running clones labelled with
two or more dyes;
by increasing the speed with which the bands migrate
in the gel, e.g. by using ultrathin gels allowing higher
voltages or by using new gel matrices;
by increasing the number of resolved bases in one
run, e.g. by increasing the separation distance in the
gel and by optimizing the sequencing reactions, and
by re-using the gels several times.
Protocols for reliable selection and synthesis of oligonucleotide primers for "walking" became crucial in the development of a fast, automated system and strategy for
routine small, as well as large sequencing projects. Our
efforts to optimize the primer selection resulted in greatly
improved reliability of the primers in sequencing, achieving
about 90% efficiency. This strategy accentuates the need
for the new automated multiple segmental oligonucleotide
synthesizer being developed in the Programme.
Higher data input requires a well adapted computer analysis station and good user software. Use of the automated reader significantly improved the determination of
sequences from raw data. We are building computer networks for use in the DNA sequence service and in large
sequencing projects.
New procedure for automated DNA
sequencing with multiple internal
labelling by fluorescent dUTP
A new procedure for automated Sanger sequencing with
multiple internal fluorescent labelling of DNA was introduced. In the sequencing reaction dTTP is replaced
by fluorescein-12-dUTP in the primer extension/labelling
step, which is incorporated into the growing chain during its enzymatic elongation by T7 DNA polymerase.
Compared to the end-labelling protocols, DNA sequencing with internal label results in stronger peak intensi39

ties due to the multiple labelling of the fragments, allowing sequencing of small amounts of DNA. Compared
to standard methods, it is currently possible to obtain
sequences using 5-10 times smaller amounts of DNA, e.g.
0.1-0.2 JLg of single-stranded, and 0.5-1 JLg of doublestranded DNA. Sensitivity will be further improved when
the other three fluorescein labelled dNTPs are also available, and even more label is incorporated in the DNA
fragments. Other current important protocols were adapted
for the technique with labelled dUTP, e.g. sequencing of
PCR products on magnetic beads, chemical degradation,
amplification of DNA by thermal cycling, or labelling of
DNA restriction fragments for fast analysis by fingerprinting.
A further advantage of this procedure, particularly for the
"walking primer" strategy, is the use of standard unlabelled
primers, the increased speed of the sequencing method,
the reduced cost and simplified software for sequence
assembly. We have noticed that the cost of labelling in
the sequencing is lowered by a factor of 100 and more
(less than 0.013 $ per reaction) by this procedure. Interestingly, mobility shifts of the bands in the sequence
pattern and lower band resolution, which could result from
muitiple internal fiuorescent iabeiiing, were not observed.
The resulting sequence reading length on single-stranded
templates and plasmids is 400-650 bases and appears to
be limited only by the resolution of the gel.
Recently, a newly developed dUTP labelled with a fluorescent dye emitting in red was tested in collaboration with
the Boehringer Mannheim Company, and turned out to
be successful. This will allow us to build DNA sequencers
with double daily throughput, running two clones simultaneously (each labelled with one dye) in the same tracks
on the gel and detecting at two different wavelengths. In
principle, this could be expanded even to three and more
dyes, thereby further increasing the throughput per day.
Robotics and automation of DNA
sequencing procedures
Several automated systems were constructed in collaboration with the mechanical and electronics workshops and
with the design office at EMBL.
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Automated gel loader

The device is particularly useful for routine use in·the
DNA sequencing service. It uses microtiter plate format
as the robotics for sequencing reactions. In future it will
be indispensable when re-loading and running the gels
several times becomes a routine operation. The modular
way in which the hardware· and software were developed
also allows us to use the device for the automation of
other processes. At present we are in contact with several companies interested in its commercialization under
licence from EMBL.
Pick-up of clones

An automated system, including a CCD camera with an
image processing system and a mechanical arm, for
picking-up clones and for differential screening of films and
bacterial colonies was designed and is being tested.
High speed on-line DNA sequencing
on ultrathin gels
A new sensitive detection system is at present under
development for prototypes operating routinely on ultrathin
siab geis, with a higher number of ciones being sequenced
simultaneously. A significant increase in the sequence
speed and output was achieved. According to the tests
carried out in our laboratory, DNA sequencing on ultrathin
slab gels (thickness about 100 JLm) allows at present
10-20 times higher sequencing speeds of 500-1200 bases
per hour per clone, and reading length up to 800 bases
(40 cm separation length in gel). These gels are apparently
less damaged during prolonged electrophoresis, and the
possibility of reloading them several times is an important
operational advantage.
The current commercial automated DNA sequencers employ 0.5 mm thick polyacrylamide gels, allowing operation
at speeds between 40-100 bases per hour per clone.
The sequencing speed is at present the limiting factor in
the sequence output per day. Reducing the gel thickness
to 0.3 mm, the sequencing speed of the EMBL A.L.F.
sequencer was increased to 200-450 bases/hour/clone.
Increase in speed and gel reloading allow up to 3 times
higher sequence output per day on the standard commercial device.

Polymerase chain reaction and solid
phase supports in DNA sequencing

A technique for sequencing polymerase chain reaction (PCR) products combining magnetic beads and
the fluorescein-12-dUTP labelling was developed. Nonspecific adhesion of the dUTPs to the bead surface, which
could limit the resolution, has not been observed. The DNA
fragment is selectively immobilized e.g. by a biotinylated
primer to the streptavidin coated support, and after elution
both the eluted strand and the immobilized strand are
used for bidirectional dideoxy sequencing. Availability of
the rhodamine and fluoresceine labelled dUTPs will enable
direct and simultaneous sequencing of the two strands,
using one label for the immobilized and the other for the
eluted DNA strand.
DNA sequencing projects

We participate in the genome sequencing of the yeast
S.cerevisiae chromosome XI, a project organized and
funded by the European Communities. In parallel we
started to sequence similar genes in the yeast S.pombe
and compare the two genomes. The first will be the casein kinase II gene, in collaboration with Giulio Draetta.
Peter Rice from the computer group collects all available
sequence and mapping data on S.pombe.
In collaboration with W. Pyerin, Heidelberg, we have studied the structure of the gene encoding human casein
kinase II (CK II) subunit (3. This collaboration continues
with the sequencing of casein kinase II Q subunits.
A new high speed DNA sequencer with a potential daily
throughput of 50-100 kilobases per device, analysing online two dyes, is under development with support from
European Communities. In collaboration with the groups
of J. Celis in Aarhus and X. Estivil in Barcelona, it will
be applied to sequencing human cDNAs and analysis of
microsatellite regions.
Techniques for the mapping of genomes

An automated high speed DNA fragment analysis system

for various applications, such as genome mapping by restriction fingerprinting, has been developed. Fluorescently
labelled DNA fragments are prepared by a rapid simultaneous restriction enzyme cutting and "fill-in" labelling
protocol, using several restriction enzymes and a DNA
polymerase together with fluorescent chain terminating
dideoxynucleotides or fluorescein-12-dUTP. Fluorescently
labelled DNA fragments up to 2 kb in length are analysed
within 15 to 25 minutes on mechanically stable hydrolink
slab gels of thickness 0.2-0.3 mm, and the data are stored
directly in the computer. One gel can be re-used up to 10
times within several days without loss in resolution, resulting in a throughput of several hundred samples per day in
one automated DNA fragment analyser. Compared to the
current techniques with fluorescent labels and commercially available devices for gene mapping, the procedure
and the system developed here reduce the labelling time
from 14 h to 1 h and the running time of the gel from 12 h
to about 20 min. The sample throughput is increased about
100 times.
As a model system we intend to apply this technique to
ordering a genomic library of the S.pombe yeast.
MUltiple DNA synthesizer, primers for sequencing

An improved version of the multiple DNA synthesizer was
developed in the Programme by the groups of Brian Sproat
and Wilhelm Ansorge, together with the mechanical and
electronics workshops and the design office at EMBL. The
aim was to increase the number of primers synthesized
simultaneously, as well as to synthesize oligonucleotides
at a much lower price. The device for simultaneous synthesis of 10 oligonucleotides, with a 6-10 times smaller
consumption of chemicals, will be produced commercially
by Bertin, Paris. Among those available on the market at
present, this synthesizer will produce the primers at the
lowest price·and with the highest throughput per day.
DNA sequencing service

Over 70 staff members were regular users of the service. Sequencing of single-stranded, plasmid, cosmid and
lambda DNA is carried out on the EMBL automated flu41

orescent system and its commercial version A.L.F. from
Pharmacia Biosystems. In addition, sequencing of PCR
and chemical degradation products are offered. The sequence information is transferred via electronic mail to the
user's file on the VAX computer.
Over 2000 clones were processed, with average reading
above 300 bases, but in good runs readings up to 650
bases were achieved.

Gel and film scanning facility
At the beginning of 1991 a Phosphor Imager (from Molecular Dynamics) was installed at EMBL. This device replaces
the standard use of x-ray films by image plates. The physical properties of the image plates result in exposure times
10 times shorter than those on radioactively-labelled gels
and filters. In addition, the image plates have a very high
dynamic range of 1:10 000 compared to 1:200 on films.
This enables us to compare on the same gel samples with
very different specific activities, without double exposures
and different exposure times.
The Phaimacia LKB ultioscan lasei densitometei is available to users at EMBL for scanning and quantification
of one-dimensional autoradiograms and coomassie blue
stained protein gels.

Microinjection and electro-transfection of cells
An automated microinjection service is offered to the
groups at EMBL on the commercial version (Zeiss Company) of the device developed in the Programme. Regular
users of the systems were the groups of Spyros Georgatos (injection of antibodies and synthetic peptides, studying their interaction with intermediate filaments), Thomas
Kreis (injection of antibodies and fluorescently labelled
proteins), Giulio Draetta (characterization of cell cycle
related proteins, investigation of the function of cyclins
and cdc2-related protein kinases during the cell cycle),
Lennart Philipson (studies on promoter control of the gas 1
gene, function and interaction of helix-loop-helix proteins
during cell proliferation). In a collaborative project with
the group of Angus Lamond snRNP-rich organelles in
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cell nuclei were characterized by microinjection of fluorescently labelled antisense oligonucleotides or antibodies to identify and follow splicing complexes in living
cells.
External collaborations were carried out with W. Just (University of Heidelberg) on electro-transfection and microinjection of DNA, microinjection of organelles, W. Pyerin
(German Cancer Research Centre, Heidelberg) on microinjection and electrotransfection of antisense oligonucleotides and antibodies against casein kinase II, A. Smith
(MRC, Cambridge) on gene targeting, both by microinjection and electro-transfection.
The hardware of the electro-transfection device has been
further improved in collaboration with the electronic workshop. It has been efficiently used for transfection of bacteria, yeast and mammalian cells. The method for electrotransfection of cells grown on glass coverslips was significantly improved. It was applied to the electroporation of
oligodeoxynucleotides, synthetic peptides, antibodies and
plasmid DNA.

Ultrasensitive lov" light level microscopy
and micro-imaging
A system was developed which allows sensitive and
fast automated quantitation of weakly labelled fluorescent
specimens. Low light level imaging technology combined
with quantitative image processing methods and computer
control of the moving parts of the system allow observation
in single living or fixed cells. Accuracy of the data is
increased by determining the ratios of the fluorescence intensities of the respective fluorophores in the same object.
Variations in protein concentrations higher than 10% can
be reliably detected in single cells. Users of the system
were the groups of Angus Lamond, Lennart Philipson,
Giulio Draetta and David Vaux. In collaboration with the
groups of Giulio Draetta and Lennart Philipson the system
was used to study expression of reporter genes fused to
promote regions of cell cycle regulated genes. In collaboration with the group of Angus Lamond it was applied
to visualization and tracking of snRNAs or pre-mature
RNA in living cells labelled by short fluorescent antisense
oligodeoxynucleotides.

Limitations of the method arise from the quality of the
camera and of the imaging system used. We are therefore
designing a new system using a cooled CCD camera
with appropriate computer technology to allow a further
increase in the sensitivity of the system, up to the level of
single photons. The computer part will be developed with
the group of Christian Boulin. The high dynamic range of
the CCD camera should increase the range of concentrations which can be reliably quantitated. The system is
also being developed for simultaneous analysis of different
fluorescently labelled molecules and will find applications
e.g. in studies of RNA splicing, DNA replication and in situ
hybridization.

Ed Hurt). A further application was the assessment of
the efficiency of electroporation by determination of FITC
dextran uptake.

Separation of biological particles

2'-O-alkyI0Iigoribonucleotides

During the past year, the EMBL fluorescence activated
cell sorter service facility was used extensively. Significant
improvements were made to the electronics of the system,
enabling higher speed measurements, data taking and
sorting of samples. Cell cultures have been maintained
as part of the facility. Preparation and staining of samples
has also been added to the flow cytometry service.

The application of this class of compounds as stable antisense derivatives has increased dramatically during the
year, the 2'-0-allyl analogues being of particular importance due to their low non-specific binding. An agreement
was concluded with Boehringer Mannheim for the commercialization of 2"-0-allylribonucleotide monomers suitable
for solid phase synthesis of 2'-O-allyloligoribonucleotides
by the phosphoramidite approach. These compounds will
be available early in 1992.

More than 200 experiments involving over 2500 samples have been carried out during the past year. Users
of the service included groups from the Cell Biology, Differentiation and Gene Expression Programmes.
Among the key applications has been immunofluorescence quantitation of chicken haematopoietic cells for
the group of Thomas Graf. Another major application
has been the analysis of the cell cycle, measured
by propidium iodide. Mammalian and yeast cells have
been studied extensively. Epithelial cell CCL64 cycle
responses to TGF,B and EGF have been investigated
(groups of Giulio Draetta and Vincenzo Sorrentino), and
other cytokine functions in cell cycle regulation have
been analysed (group of Sara Courtneidge), as was
the blocking of temperature-sensitive mutants (Thomas
Graf).
Yeast cell cycle analysis has been carried out. Mutants of
S.pombe have been studied extensively to assay certain
protein functions (Giulio Draetta). The cell cycle analysis in
cells containing the Gal::nsp1 gene was continued (group

Plans for the coming year include further improvements
in the recovery of viable sorted cells, the analysis and
separation of mammalian chromosomes, and the introduction of a fluorescence proliferation assay based
on bromodeoxyuridine uptake. The service will be expanded with another fast sorter which will be used
mainly for fast and short analysis tests, and will free
the capacity of the FACS device for sorting experiments.

The synthesis of the 2' -O-butylribonucleotide monomers
was completed and the routes to the 2'-O-butyladenosine
and 2'-0-butylcytidine monomers were improved and
made safer. The ability of the various 2'-0-alkyloligoribonucleotides to hybridize to complementary oligoribonucleotide targets was then determined by very careful
thermal analysis. The following order of stability was thus
determined: 2'-0-methyIRNA/RNA > 2'-0-allyIRNA/RNA
> RNA/RNA > 2'-0-butyIRNA/RNA. Moreover, 2'-0methyloligoribonucleotides form hybrids with complementary DNA of more or less identical thermal stability to
the corresponding DNA/DNA or RNA/DNA hybrids. Both
2' -O-allyl- and 2' -O-butyl-RNA form poor hybrids with complementary DNA. However we were astonished by the
result that two complementary 2'-0-butyIRNA dodecamers
gave a hybrid melting at 84° C in 0.1 M salt solution:
The methyl and allyl analogues melted almost 20° below
this, and the corresponding RNA/RNA hybrids melted at
59°C.
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Synthetic ribozymes
In collaboration with the group of Angus Lamond it has
been possible to replace almost all of the ribonucleotides
in a hammerhead ribozyme with 2'-0-allylribonucleotides,
with only a small loss in catalytic activity. Since the 2'-0alkylribonucleotides have such a wide range of interesting
properties it will be possible to force the synthetic hammerhead to adopt particular secondary structures preferentially. The plan is to develop this methodology further with
a view to antiviral therapeutics in addition to the production
of reagents for the molecular biologist.
Oligonucleotide synthesis service
Further expansion of this key facility took place during
the year. Almost 3800 oligonucleotides were synthesized,
compared with 2200 two years ago. The heavy demands
on this service led to the purchase of a fifth synthesizer
as well as a fully automated HPLC system. In addition
to oligodeoxyribonucleotide synthesis we offer oligoribonucleotide synthesis up to about 50 residues on a routine
basis, as well as incorporation of phosphorothioates, biotin,
fluorophores, psoralen and 2,4-dinitrophenyl residues.
Protein characterization
A new protein and peptide service for scientists at the
EMBL was set up and is expanding. During 1991 major
efforts concentrated on various chemical and enzymatic
digests of proteins, isolation of the resulting peptides by
reversed phase HPLC and sequencing internal fragments.
The best results were achieved by digests of proteins
directly within the polyacrylamide matrix after their onedimensional or two-dimensional gel electrophoretic separation. The fragments were then eluted out of the gel matrix
and separated by HPLC. This is a useful alternative to the
electrotransfer of a protein onto a polyvinylidene difluoride
(PVDF) membrane prior to digestion, particularly when
minute amounts of sample must be handled. Sample loss
and background contamination are the major difficulties
encountered when working in the low picomole range. For
isolation of protein fragments we miniaturized the HPLC
separation step for a routine use of columns down to
1.6 mm 10. As a result, the concentrating step on the small
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elution volume is no longer required and the sample can
be applied directly onto the sequencer. Several new as
well as already known proteins were analysed in this way.
A great number of sequencing runs were done for protein
analysis, e.g. checking N-termini of crystallized samples,
or confirming the correct protein fraction out of a complex
mixture. These routine applications yielded important information about the on-going work, and sometimes saved
considerable time and effort. Our experience confirms the
importance of such verifications.
Protein modifications like the localization of cystine bridges
and phosphorylation sites are of increasing interest in
characterization and functional studies. Combination of
sequence and amino-acid analysis provided information in
protein folding experiments and identification of phosphorylation sites. Due to the time required for these experiments only a few analyses could be carried out. For these
applications mass spectrometry will be the tool of choice.
Major goals for the immediate future will be to increase the
service capacity, to speed up the analyses and minimize
waiting time. An additional sequencer and other equipment
will be installed. Impiovement in sample piepaiation techniques, particularly for microsequencing, is a continuous
process.
Peptide synthesis
The recently acquired automated multiple peptide synthesizer (Abimed), developed at EMBL, now allows the production of a large number of peptides on various synthesis
scales (5-50 j.lmoles), thus offering new applications, such
as epitope mappings. A total of 260 peptides were synthesized and delivered during the year.
Together with the EMBL electronic workshop, we are now
developing a fully automated semi-preparative HPLC separation system. The aim is to increase the number of
purified peptides delivered.
Besides the service activity and the instrumentation development several collaborative projects were carried out with
other EMBL groups.

LFB 1 and LFB3 are two related homeoproteins involved
in the regulation of transcription of several liver genes.
Both proteins bind to DNA as dimers and the domain
responsible for dimerization has been identified as the
32 N-terminal residues of both sequences, a reminiscent
leucine zipper domain. These two peptides were synthesized adding a C-terminal -Gly-Gly-Cys-NH2 linker which
was used to bind covalently the two peptides chains with a
disulfide bridge. The two homodimers and the heterodimer
have been analysed by NMR for secondary structure determination (with the group of Annalisa Pastore).
Several dipeptides were synthesized by solution peptide synthesis methods to test a model for the
carboxypeptidase-N catalytic action. A specific inhibitor
N-benzoylglycyl-L-Ieucine was designed and has proven
to work effectively. To make sure that the model is correct, several similar, but according to the model studies
non-functional N-blocked dipeptides, were also produced.
These dipeptides did not inhibit carboxypeptidase-N activity, in agreement with predictions (with the group of Chris
Sander and Gert Vriend).
The synthesis of a peptide on an 8-branched polylysine
core forms a multiple antigenic peptide (MAP) system.
After deprotection and cleavage it may be used as an
antigenic macromolecule, thus avoiding the need for conjugation to a large carrier protein. Several MAPs were

produced (with the groups of Sara Courtneidge, Angus
Lamond and Rolf Zeller).
Cyclic hexapeptide 008, cyclo( -D-Pro-Phe-Thr-Lys(Z)-TrpPhe-), is a selective inhibitor of trypanosomal triosephosphase isomerase (TIM) for which the mode of binding is
not known. The synthesis of six cyclic hexapeptide 008
derivatives with an alanine substituting each amino-acid
position is in progress. This systematic screening should
point out the importance of the different amino-acids in the
enzyme binding site (with the group of Rik Wierenga).
Courses organized during the year
An EMBO course on "Microinjection and ElectroTransfection of Cells" was organized at EMBL in June.
New protocols and the DNA sequencing facility were presented in the EMBO course on "DNA Sequencing: Advanced Approaches and Automated Methods" organized
in November at EMBL.
A course on "Techniques in Molecular Biology" was organized by the Programme for the pre-doctoral students at
EMBL in December.
W. Ansorge & B. Sproat
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Computer Services

The connection to the Internet must be regarded as absolutely essential for many scientific collaborations. As a
measure of this, we are currently processing some 1,000
e-mail messages per day, though it should be pointed out
that most of this number are results of the Network File
Server and FASTA e-mail services described below.

Network file server (Netserv) and
FASTA e-mail service

The central computer services of the EMBL are maintained
by the Computer Group. These services consist of vvhat
can be viewed as three separate domains, namely the
VAXcluster, the Unix workstation environment, and the
Apple Macintosh personal computer network. In addition,
the EMBL's network connection to the rest of the outside
world is also taken care of by the Computer Group.

Network connection
As indicated in last year's report, the EMBL finally withdrew
from the EARN (European Academic Research Network)
and Bitnet at the end of the year, a move which except
for small savings has led to better connections. Now the
EMBL's only connection to the outside world is on the Internet, easily the biggest and most important research network in the world. Recent estimates have put the number
of computer nodes on the Internet at more than 500,000
(compared to ca. 3,500 on EARN/Bitnet). The Internet protocols, which are very prevalent on Unix computers, allow
much more functionality than the comparatively primitive
Bitnet.
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In collaboration with the EMBL Data Library, the Computer
Group offers the facility for scientists with almost any
conceivable network connection from the humblest personal computer to the most sophisticated supercomputer
to retrieve entries from the EMBL Nucleotide Sequence
Library, including the most up-to-date entries, in addition to
the numerous other important data collections maintained
by the Data Library, as well as an ever-growing collection
of public domain software in the area of molecular biology.
The File Server, now servicing over 3,000 requests per
month from all over the world, is certainly viewed as an
extremely valuable resource by the rest of the biology
community.
The FASTA e-mail service, whereby external users can
submit their own sequences to be compared against any
of several up-to-date databases maintained at the EMBL,
has also grown in popularity. Indeed, on occasions, the
service has been so embarrassingly popular to the extent
that the existing computer capacity has been insufficient
to allow even a same-day turnround, since these jobs are
processed at a lower priority than EMBL internal users'
jobs.

The VAX/VMS environment
The EMBL has been running VAX/VMS systems since
1981. Many of the machines purchased since then are
beginning to become non cost-effective. The annual expenditure for maintenance on some of these machines
dictates the necessity of withdrawing the more expensive
ones from maintenance, and perhaps replacing these with
more modern (and usually smaller) counterparts. To this

end, the VAX 8650, now more than 6 years old, was
taken out of maintenance at the end of the year. As a
replacement, a VAX 4000 model 200 was purchased, and
this machine has almost the same processing capacity
as the VAX 8650. We can expect to see several such
replacements being made in the coming year.
The Unix workstation environment
In keeping with the current trend throughout the research
community, the area where most new purchases and developments are taking place is in the Unix workstation environment. However, as indicated in previous reports, we
are experiencing a noticable management overhead since
we are now supporting more than 20 workstations from the
following manufacturers: Sun Microsystems, DEC, Silicon
Graphics, Evans & Sutherland, Stardent. There is, however, the hope that in the near future the situation will ease
with the introduction of OSF/1 and System V release 4,

the two emerging standards amongst the plethora of Unix
versions.
The Apple Macintosh personal computer environment
Many of the Apple Macintosh personal computers were
purchased in 1986. As with the VAX/VMS machines mentioned above, there has been a move this year to replace
the older systems with the new LC (Low Cost) Macintosh, giving a much higher performance at a much lower
price. It is estimated that there are now more than 200
machines distributed throughout the EMBL. It is always
very encouraging to note the scientists' acceptance of,
and in some cases, dependence on, these computers. The
Macintosh has without doubt become an integral part of
the equipment one would expect to find in the biologist's
repertoire of tools.
R.Omond
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Data Library

Alignments and consensus sequences
Listing of molecular biology databases (LiMB)
A sequence analysis bibliography
Codon usage tables
tRNA database
Alu database
Haemophilia B mutation database
Small RNA sequences

Data management
As always, the main challenge to the Data Library has been
the ever increasing rate at which nucleotide sequence data
are being generated. At the end of 1991 we were entering
sequences into the database three times faster than at the
start of the year.
In 1991 the first data from major genome sequencing
projects began to flow into the databases with both the European yeast chromosome III and the British C.elegans sequencing projects submitting their first sequences. Already
120 kilobases of data have been automatically transferred
from the local C.elegans project database (Cambridge,
U.K.).

Major hardware investments in the course of 1991 along
with updated DBMS systems and new software development have resulted in better productivity and will pave
the way for further improvements to take advantage of
workstations and a database server in a client/server architecture.

Data distribution

The data collections

CD-ROM has now overtaken magnetic tape as the main
distribution medium. The EMBL fiie server continued to
be popular, with requests for SWISS-PROT sequences
and Brookhaven structural data increasing dramatically
and, of course, the constant flood of requests for latest
nucleotide sequences and the free molecular biological
software. More than 170 programs are now available.

The kinds of data available from EMBL continued to expand with the following information now being available
(often as a result of collaborations with experts from elsewhere):

Also our servers allowing database searching for similar sequences have been in increasing demand, with an
average of more than 30 searches per day. Significant
enhancements are planned in the coming year.

Nucleotide sequence data
Protein sequence data (SWISS-PROT)
Eukaryotic promoter database (EPD)
E.coli database (ECD)
Protein pattern database (PROSITE)
Enzyme information
Restriction enzyme database (REBASE)
Protein structures
Transcription factor database (TFD)
Drosophila genetic information (FLYBASE)
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EMBnet
The annual EMBnet meeting in Crete in May produced
much useful technical discussion and established the principles for utilizing the funding now available under the EC's
BRIDGE programme. Projects to be funded so far include:
research on new protocols for daily updates, meetings
to discuss computer conferencing, and network software
licenses.

PLATE 9
A phylogenetic tree of six Plasmodium species derived from SSU rRNA sequences. Branch lengths
are proportional to estimated sequence divergencies. Figures below each grouping show bootstrap
confidence limits from 1000 bootstrap samples.
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International collaborations

Sequence analysis research

The three-way collaboration between EMBL, GenBank and
the DNA Database of Japan (DDBJ) continued with a
working meeting in Heidelberg in June 1991. As well as
detailed technical discussions, there was much redefinition
of coHaborative links to reflect reorganisations that have
taken place in the Japanese and .American operation.

The EMBLSCAN tool, developed in 1990 to rapidly locate
similar sequences, was enhanced for distribution on our
CD-ROM and incorporated into the normal production procedures to help avoid duplicate entries in the database.

Also three of the EMBL staff paid extended visits to the
National Centre for Biotechnology Information (NCBI) in
the USA to discuss practical aspects of the collaboration.
This resulted in developments in data exchange mechanisms and work on harm.onizing. editorial standards in the
databases.

GOB, the genome data base
In view of the importance of good links to mapping information, we reinforced our collaboration with the Genome
Data Base (GDB) from Johns Hopkins University and, with
them, we offered a week-long course at EMBL on the use
of GDB.

Also the CLUSTAL multiple sequence alignment program
was rewritten to include some innovative features and to
run on a larger range of computers.
The tree in Plate 9 (from Waters et al., 1991) was calculated using CLUSTALV. It shows the relationships between
the ribosomal RNAs of six species of Plasmodium, and
indicates that P. faIciparum , the most serious cause of
malaria in humans, is most closely related to the species
that parasitise birds.

International advisory committee
The international advisory committee for nucleotide sequence databases met for the fourth time in March in
Washington. The discussion, which was generally sup-
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portive of the efforts of the databases, stressed the importance of the EMBL/GenBank/DDBJ collaboration and
requested clarification of the relationships between the
existing databases and the new NCBI products.
Support for the Data Library
The Data Library continues to be supported jointly by
EMBL and the EC's BRIDGE programme.
The European Bioinformatics Institute
The European Bioinformatics Institute was conceived with
the recognition that the Data Library is rapidly outgrowing
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EMBL. With this in mind we have been collaborating with
the EC to refine plans for a new organisation to incorporate
and extend the mandate of the Data Library.
In 1991 the Basel consultancy firm Prognos completed
a report which followed on from the European Chemical
Industries' CEFIC study and focused on the structure
of the Data Library and its user community, particularly
EMBnet. This study saw sequence data banks as crucial to
research and in need of long-term Europe-wide financing.
The findings will provide background material for the new
EC-funded managerial study, in which the UK firm PA
Consulting will look in more detail at the proposed EBI
and develop an implementation plan.
G. Cameron

The Outstation at the DESY, Hamburg

The construction of the DORIS by-pass and of the new
HASYLAB buildings IV and V to house the new beam-lines
fell considerably behind the planned schedule. DORIS
only came into operation again in mid-summer and while
there were nominally 5-6 weeks of main-user time in this
period the machine was not sufficiently stable for routine
use. This beam-time was largely used for development
of facilities with a very limited amount of data acquisition
being possible. DORIS was operational for a further six
weeks in October and November. The beam conditions in
the first three weeks were again poor, but improved rapidly
in the second half, allowing at least a small number of
users to collect data. On account of the limited time we
concentrated on projects which could reach a reasonable
point within a short period. The delay in the construction
work meant that our mechanical workshop was effectively
out of action for a major part of the year.
It was not possible to install any of the planned beam-lines
in HASYLAB V. In January 1992 the reconstruction of
X11 (protein crystallography) and X13 (small-angle scattering) can be started. Completion of this reconstruction is
foreseen before the machine will start up again, hopefully
towards the end of March 1992.
Before the start-up in 1992, the front end of the wiggler beam-line, BW7, has to be constructed in the ring
by HASYLAB. Eventually two branches on the wiggler
line (straight through branch BW7A and deflected branch
BW7B) will be built by EMBL. First BW7B will be installed,

because it is a more straightforward design than BW7A. If
everything turns out as planned by EMBL and HASYLAB,
the interlock for the BW7 hutches can be tested in the
middle of April 1992. This is a very tight schedule and
will be hard to achieve with the delays in 1991. BW7B
will first be used for protein crystallography; at a later
stage it may accommodate some small-angle scattering
experiments. No major shut downs of DORIS are foreseen
during 1992-1994. A call for new proposals for beam-time
will be made when we are more certain of the start-up
dates, and the priorities committee will be re-convened
when the beam-lines are working successfully.
EXAFS

The EXAFS data acquisition system was implemented on
an IBM compatible PC. Data are now displayed on a high
quality colour monitor. PC versions of much of the EXAFS
data evaluation programs were written and a standard
file structure implemented. New options were added to
facilitate experimental work, in particular for less experienced users. The installation of a 13-element solid state
detector (financed by the DFG) was a major modification
to the EXAFS spectrometer. Most of the beam-time was
used to characterize this new detector system, which is
extremely useful for measurements of very dilute samples
exhibiting a large background, but is not the ideal system for more concentrated specimens. Due to the limited
beam-time and the commissioning of the new detector only
one experimental project was carried out, jointly with the
non-crystalline diffraction group. For cloned yeast metallothionein (MT), the recombinant protein binds Cu in vivo
and in vitro with a Cu:S ratio of approximately 8:12. X-ray
absorption measurements were carried out on a powder
sample from lyophilized truncated Cu-MT at 20 K. From
a first analysis each Cu is coordinated by three S atoms
at 2.24 A. Furthermore, a short Cu-Cu interaction (2.69 A)
and additional scatterers (possibly other Cu-Cu and Cu-S
interactions) are observed. It is not yet possible to define
the Cu-S cluster unambiguously, but it is already clear
that high symmetry clusters can be excluded. Additional
investigations on specially synthesized model compounds
(in collaboration with G. Henkel, Duisburg) should provide
a clear picture of the Cu-S cluster(s) in MT.
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Theoretical work on the modelling of thermal motion in the
EXAFS spectra of enzymes was continued. The aim of
this work is to include thermal motion effects correctly in
the EXAFS theory so that it is consistent over temperature.
This will enable more precise analysis of EXAFS data of
biological molecules and may lead to useful dynamical
information about the environment of metal centres in such
molecules.
Muscle
Only two test sessions of two days each (with minimal
set-up times) were possible for outside users. The group
therefore concentrated on improvements in instrumentation, use of the x-ray beam for feasibility experiments,
and the in-house project of crystallography of muscle
proteins. The existing beam-line X33 was improved. The
8 planar quartz mirror segments were cut in half to give
16 segments. These will be pre-aligned on an aluminium
bench which will be bent as a whole, thus simplifying
the frequently necessary alignment and focusing procedure.
The x-ray feasibility tests were primariiy temperature-jump
experiments on lipid samples where the small-angle (SAX)
and the wide-angle (WAX) reflections have been recorded
simultaneously. In this approach we followed a suggestion of M. Koch to connect two linear delay-line type
detectors electronically in series. The system was applied to phospholipids, which can exist in a variety of
phases. They are of interest not only because of their
occurrence in biological membranes but also as model
systems for studying phase transitions in general. One of
the questions investigated in recent years at the Outstation
was concerned with the kinetics of phase transitions of
lipids after rapid perturbation by a laser temperature-jump.
One detector covered the wide-angle and the other the
small-angle region. The intensities of the SAX and WAX
reflections change almost completely within a time frame
of 5 ms. Before speculating on the physical meaning of
the effects observed, the time courses have to be measured with a higher time resolution. This requires not only
improved performance of the data acquisition system but
especially an x-ray beam stable over a long period of time
(>2 h).

52

Other projects pursued were those on non-bilayer structures formed by the interaction of toxic peptides with
phospholipid membranes, with A. Colotto & P. Laggner
(Austrian Academy of Sciences, Graz), the solution scattering of myosin S1, with J. Wray (MPI Heidelberg) and
the cross-bridge attachment in single muscle fibres during
shortening, with P.J. Griffiths, C.C. Ashley (University of
Oxford), G. Cecchi & M.A. Bagni (University of Florence).
The crystallization of muscle proteins was actively pursued. Our aim is to apply protein crystallography to individual muscle proteins and myofilaments. Recombinant proteins are essential in the project. Expression systems have
been established for all the regulatory proteins. K. Maeda
(with K.C. Holmes's laboratory at the MPI, Heidelberg) has
also established expression systems for S1 and other fragments of myosin. Proteolytic digestion is a major problem
during their purification. The proteins expressed in E.coli
are now being used in crystallization trials. Our recent
NMR study with A. R6sch-Kleinkauf, H.R. Kalbitzer and
A. Wittinghofer (MPI, Heidelberg) of the carboxy terminus
of the myosin rod, an a-helical coiled-coil protein, has
suggested that the two chains of the molecule are not exactly in register. Systematic trials have therefore been carried out to obtain crystais of coiied-coii proteins, inciuding
segments of myosin rods and tropomyosin. Tropomyosin
crystals with a new morphology have been obtained from
lobster tail muscle tropomyosin from which 11 residues at
the carboxy terminus have been proteolytically removed to
avoid head-to-tail polymerization.
Non crystalline systems
The shut-down allowed the analysis of the data from most
of the previously studied projects and provided the opportunity to revise the balance between new developments
and collaborative projects. The number of collaborations
with outside groups will, in future, be more closely matched
to the number of trained staff in the group and measures
are being taken to reduce the support needed by less experienced users. The development of the IBM-PC system
for data acquisition is complete. Data collection is independent of the VAX-network. Most of the data processing
is now done on the IBM-PC which facilitates matters for
outside users.

PLATE 10
The shape of the octamer of yeast pyruvate decarboxylase calculated from the solution scattering pattern using spherical harmonics. The side of the square corresponds to 2 nm.

D

The gene corresponding to the truncated Cu-metallothionein (MT) with the signal sequence of 8 amino-acids
removed has been cloned and expressed in E.coli. The
recombinant protein has been characterized using various
biochemical and physical techniques. Previous structural
studies were hampered by a lack of rigorous criteria to
monitor simultaneously the homogeneity of the MT and
the amount of bound Cu. Preliminary EXAFS results (see
EXAFS group) confirm that copper is in the Cu(l) form
and coordinated to sulphur and calculations yield a Cu:S
ratio close to the value expected from the sequence.
This implies that early EXAFS interpretations were based
on an incorrect Cu:S ratio and illustrates once more the
need for much better coordination between biochemical
and structural work than can be achieved in practice with
collaborations or on a service basis.
Methods for shape determination of biological macromolecules in solution using spherical harmonics were further developed. The method was applied to several systems. The prototype of a graphics system for the presen-

tation of the restored shapes as three-dimensional solid
models, as illustrated in Plate 10, was developed for an
IBM-PC. A new method was developed to get a preliminary estimate of the characteristic function and structural
parameters without a priori information about the range of
particle sizes.
Projects included the solution scattering from DNA at very
low ionic strength (in-house), the quaternary structure of
yeast pyruvate decarboxylase with S. Konig, G. Hubner,
A. Schellenberger (Martin-Luther-University Halle), molecular packing in fibrin, with A. Bigi & N. Roveri (University of
Bologna), the in vitro calcification of tendon collagen, also
with A. Bigi & N. Roveri, ultrastructural investigations of
Morbus Dupuytren infected tissue, with H. Notbohm, (Medical University Lubeck), phase diagrams of rough mutant
lipopolysaccharides, with K. Brandenburg & U. Seydel (Research Institute Borstel), the induction of lamellar stacking
by cholesterol in model systems, with G.J. Somjen, T. Gilat
(Suraski Medical Centre, Tel Aviv) and E. Wachtel (Weizmann Institute, Rehovot), matrices of immune stimulating
complexes, with K. Westesen (Institute of Pharmaceutical
Technology, Braunschweig) and K. Lovgren (Dept. of Virology, Biomedicum, Uppsala), and phospholipid stabilized
oil-in-water emulsions, with K. Westesen (Institute of Pharmaceutical Technology, Braunschweig).
Work continued on detectors for synchrotron radiation, with
A. Gabriel, F. Dauvergne & F. Cipriani (EMBL Grenoble).
Small- and wide-angle scattering patterns can now be
recorded simultaneously using delay-line detectors connected in series. A new method for parallel read-out of
delay-line detectors was proposed: space-time - space
conversion. It is based on the fundamental properties of
delay-lines which imply that the phase (or time difference)
information in one delay-line can be readily retransformed
into spatial information using a second one. Pulse sources
like synchrotron radiation sources lend themselves particularly well to this approach since one readily obtains the
correct superposition of the signals corresponding to simultaneous events in the appropriate channels. Preliminary
results demonstrate the feasibility of the approach.
Wire chambers are one of the few types of detectors
allowing accurate measurements and fast framing and
essentially all time-resolved experiments or anomalous
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scattering measurements, which are the main justification for the use of synchrotron radiation, rely on these
devices. It is hoped that the EEC will fund the development of these detectors at the EMBL in the near future. Traditional wire chambers have limitations resulting
from space charge effects and from parallax which can
be circumvented by the use of parallel plate detectors.
A prototype of such a detector was tested on the X33
beam-line. The results represent a major step forward
in the development of chambers for high count rates. A
second approach to fast position-sensitive detectors relies
on position-sensitive photomultipliers and is being investigated.

Biochemistry and molecular cloning
A major focus is on the work with HU, a non-sequence
specific double-stranded DNA binding protein, ubiquitous
in substantial copy numbers in eubacterial cells. The
HU genes from five different Bacilli (closely related but
with different optimum growth temperatures) have been
cloned, sequenced and over-expressed. The sequences
for the three thermophiles are identical. Those for the two
mesophiles are also identical and differ from those of the
thermophiles at 11 positions. Site-directed mutagenesis
(SDM) is being used to determine the structural basis of the
increased stability of the thermophilic proteins. The most
stable mutant HU readily forms crystals and data have
been collected to a resolution of 2.4 A.
According to the current model four arginine residues are
involved in the HU-DNA interaction. SDM is being used to
investigate the role of each arginine residue in the formation of the HU-DNA complex. Preliminary results show that
the arginines do not contribute equally to this interaction.
NMR studies on the HU protein from Bacillus stearothermophilus, the duplex DNA d(TCAAGGCCTTGA)2, and
the complex of HU and this DNA fragment are being
performed with R. Kaptein and colleagues (University of
Utrecht).
HU from E.coli is being studied with J. Rouviere-Yaniv
(Pasteur, Paris). E.coli HU consists of two non-identical
subunits Q and (3. The hupA and hupB genes, which
encode the (3 and Q HU subunits respectively, have
been cloned and over-expressed. Both purified subunits
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can form heterodimers in the same manner as the nonrecombinant HU protein. A rapid procedure for the large
scale isolation of recombinant integration host factor (IHF),
homologous to HU, from E.coli has been developed. Our
attempts to crystallize IHF produced stable small crystals
which diffract poorly at present. Experiments to crystallize
under different conditions as well as in a complex with the
DNA binding site are under way.
Other projects involve cloning, over-expression, purification and crystallization of (1) the Bacillus stearothermophilus ribosomal protein L9, (2) the chitinase from Serratia marcescens, with A.B. Oppenheim (Hebrew University of Israel), (3) the plant proteins USP and vicilin, with
R. Bassuner (Gatersleben, Sachsen-Anhalt) and (4) the
c-jun oncogene protein, with Y. Spirou & M. Yaniv (Pasteur
Institute, Paris).

Protein crystallography
The refinement of rubredoxin from Desulfovibrio vulgaris,
with L. Sieker (University of Seattle) and G. Sheldrick (University of Gottingen), advanced considerably. The 1.0 A
resolution data which were collected previously were used
to refine the structure with and without restraints. Recentiy
a single crystal was used to collect improved data extending to 0.92 A resolution with a MAR Research imaging
plate scanner. The overall Rmerge factor was 3.8% and
the completeness 98.5%. The previous model was refined
against these data using the small molecule program
SHELX with anisotropic thermal parameters for all nonhydrogen atoms and isotropic parameters for hydrogens.
The model was weakly restrained. The refinement proceeded very satisfactorily, giving no non-positive definite
anisotropic tensors and allowing improved modelling of
some badly defined side chains as having multiple conformations. The final R factor for all reflections is below 8%
and for observed reflections with I >20-(1) is below 7%. The
50% thermal ellipsoids for the atoms of residue Phe30 and
the final electron density are shown in Plate 11. The 1.0 A
data allowed the successful solution of the structure with
conventional direct methods, probably the largest structure ever solved this way, and with the Patterson search
method. This result however is clearly dependent on data
to about 1.0 A, and probably, in addition, to the presence
of the iron-sulphur cluster.

PLATE 11
Residue Phe30 from the structure of rubredoxin refined at 0.92 A:
(a) the final electron density map;
(b) the 50% atomic thermal ellipsoids. The anisotropic motion of
the atoms at the end of the ring can be seen in both.

(a)

(b)
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The in-house research projects on subtilisin proteinases
and their complexes with peptides were actively pursued.
A complex of savinase with a substrate analogue based
on the antibiotic peptide bacitracin (from P. Fittkau &
K. Peters, University of Halle) not covalently bound in
the active site or substrate binding region was analysed.
Crystals of the uncomplexed leech inhibitor eglin-C were
obtained and data collected to 2.0 A. Other proteinase
projects included the refinement of a bacterial trypsin-like
proteinase, with S. Branner (NOVO-Nordisk, Copenhagen)
and of a complex of carboxypeptidase A, with S. Mangani
(University of Siena) & P. Orioli (University of Florence),
both at 1.4 A.
Other projects included an epidermal growth factor receptor: ligand complex, with W. Weber (University of Hamburg), the seed storage protein narbonin at 1.8 A, with
B. Schlesier (Institute for Genetics and Cultured Plants,
Gatersleben), carnation mottle virus, with A. Mikhailov,
E. Morgunova (Academy of Sciences, Moscow), and
D. Stuart, E. Fry (University of Oxford) and the structure
of two crystal forms of NAD dependent formate dehydrogenase at 2.0 and 1.8 A, with V.O. Popov (Institute of
Biochemistry, Moscow) and E.H. Harutyunyan (Institute of

Crystall ography,

osco'vv).

Collaborations were started with three groups studying the
structures of medium-sized biological molecules: oligopeptides with G. Sheldrick, E. Pohl, A. Heine (University
of G6ttingen), vitamin B12 coenzymes (cobalamins) with
G. Furber and Ch. Kratky (University of Graz) and vi-
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tamin 02 with I. Leban (University of Ljubljana). These
structures are intermediate between "small-molecule" and
macromolecular crystals. The crystals generally contain
a considerable number of water molecules, are mechanically fragile and sensitive to the loss of solvent. Such
structures often present great difficulties to conventional
small molecule structure solution programs. For all of the
structures we have recorded high resolution data (to 1 Aor
better) with short (about 0.7 A) radiation. The data permit
the solution of all of the structures by direct methods which
for several of them was not previously possible and the
refinement of more elaborate models (including anisotropic
atomic temperature parameters etc.). The conclusion is
that the synchrotron plus image plate combination is a
good way to solve such structures.
Visitors' projects included the natural selection of enzyme specificity (D. Wigley, D. Roper, E. Dodson &
G. Davies, University of York), three projects from the
University of Groningen: soluble lytic transglycosylase
from E.coli (A.M.W.H. Thunnissen, H.J.R. Rozeboom,
B.W. Dijkstra), human anti-thrombin III (H.A. Schreuder,
B. de Boer & W.G.J. Hoi) and the E2-component of the
pyruvate dehydrogenase multi-enzyme complex (A. Mattevi, G. Teplyakov-Obmolova & G.V'J.J. Hoi), and two
projects from the Albert-Ludwigs UniversiUH, Freiburg: the
high resolution structures of porin and of cyclodextrin glycosyltransferase. More details are given in the research
report.
K. Wilson

The Outstation at the ILL, Grenoble

During 1991 the EMBL Outstation at Grenoble has been
an intimate witness of important events occurring within
our much larger neighbouring international institutes, the
high-flux neutron source at the lnstitut Laue-Langevin (ILL)
and the European Synchrotron Radiation Facility (ESRF).
In March 1991 the ILL reactor was shut-down following the
detection during a routine examination of "traces inhabituelles allongees" (later confirmed as cracks) in a coolant
anti-turbulence grid in the reactor core. Major repairs to
the reactor will take at least another two years, so that
a start-up can not be envisaged before mid 1994. The
implications for the ILL modernization program with which
EMBL was involved (see below) are not yet clear, although
it will almost certainly be less ambitious than originally
planned.
On a more positive note, the European Synchrotron Radiation Facility has been taking shape with astonishing
speed and the first test of the storage ring will be held in
early 1992, well ahead of schedule. This makes it all the
more pressing that EMBL and ESRF formalize their draft
agreement on the form of the collaboration between the
two organisations, both of which have an obvious interest
in providing the best possible facilities at the ESRF for
biological experiments. Even in the absence of this agreement, the first practical evidence of the common interests
of the EMBL and ESRF has been the appointment of an
EMBL staff member, Andrew Thompson, to be instrument
scientist for the ESRF bending magnet beamline (BL19)
upon which will be built a station optimized for multiwavelength anomalous dispersion (MAD) measurements
for protein crystallography.

The scientific programme of the Outstation has now been
rationalized into groups in line with the rest of EMBL. The
four groups are (a) Protein biosynthesis led by Reuben
Leberman, (b) Macromolecular crystallography and dynamics led by Stephen Cusack, (c) Superhelical DNA led
by Jorg Langowski and (d) Diffraction instrumentation led
by Clive Wilkinson. However as can be seen from the
Outstation Research Reports, many projects cross group
boundaries to take advantage of the different expertise
available.
Diffraction instrumentation group
The aim of this group is to develop instrumentation to
advance the techniques of neutron and x-ray diffraction
for the determination of protein structures. New staff are
being particularly recruited in this group to build up at the
Outstation expertise in the various aspects of synchrotron
radiation such as beamline design and data collection
methods.
As mentioned above the absence of neutrons at the ILL for
most of the year has severely interrupted the program of
measurements on the low resolution neutron diffractometer
DB21, run jointly with the ILL. However some preliminary
experiments were done showing that the instrument could
be adapted, by the use of a graphite monochromator, to
measure data to intermediate resolution (5 A) on single
crystals of smaller proteins. In this way progress has been
made in locating the disordered N-terminus of FIS (factor
for inversion stimulation).
EMBL and ILL are currently working together on the design
of a quasi-Laue diffractometer for protein data collection
with neutrons, the aim being to speed up high resolution
data collection by having a large solid angle of detector
coverage and making use of beams with a broad wavelength· band. The lack of neutrons at the ILL has not
yet severely affected development work on this project
although it remains to be seen whether the ILL will be able
to finance all the new instruments originally planned for the
future. Good progress is being made on the development
of various possible detector sytems including both positionsensitive photomultiplier tubes and adaptation of the x-ray
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imaging plate to neutrons by addition of a gadolinium
scintillating foil.
Progress is also being made in the development of gas
detectors for x-rays with the aim of obtaining improved
characteristics (count-rate, spatial resolution and absence
of parallax) that will make them useful on high intensity
synchrotron sources. The developments involve changes
in the physical design of the detector electrodes (micro
gap) and a new faster method of signal read-out ("imageline").
As mentioned in the introduction, the Outstation is now
fully involved in the design of bending magnet beamline 19
at the ESRF which will be optimized for multi-wavelength
anomalous dispersion (MAD) studies on protein crystals.
Several designs are under consideration and will be discussed with the user community early in 1992.
Protein biosynthesis
This group is concerned with structure-function relationships between macromolecules involved in protein biosynthesis mainly in bacteiia, in paiticulaily the aminoacyltRNA synthetases, tRNAs and elongation factors. Much
of the work is involved with cloning, over-expression and
purification of large quantities of material suitable for crystallization trials.
The system most intensively studied is seryl-tRNA synthetase from E.coli, the enzyme responsible for specific
charging of all tRNAs ser with serine. The three-dimensional
structure of this enzyme was determined at the Outstation in 1989. The next step is clearly structural studies
of the complex with cognate tRNA. To this end, two
isoaccepting tRNAs (tRNA2ser and an amber suppressor) have been produced from synthetic genes using the
plasmid pOU71, which permits high-level expression at
42°C (about 20xchromosomal levels) and avoids instability problems. These tRNAs as well as tRNASelcys, also
charged by seryl-tRNA synthetase, have been purified via
the synthetase-tRNA complex and used in crystallization
trials. Very recently, crystals of the complex of seryl-tRNA
synthetase with tRNA2ser which diffract to about 6 A resolution have been obtained.
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The function of seryl-tRNA synthetase is being probed by
site-directed mutagenesis and sequencing of temperaturesensitive (ts) mutants. An interesting internal deletion mutant has been constructed in which residues 35-97 have
been replaced by a single glycine, thus drastically truncating the N-terminal helical arm of the synthetase. This
mutant has wild-type ATP-pyrophosphate exchange activity, but no aminoacylation activity, which is consistent with
the hypothesis that the helical arm is an important part
of the tRNA binding site. Kinetic studies of mutants are
planned using a newly acquired stopped-flow system set
up by Kjeld Larsen, recently recruited from Denmark.
In collaboration with two visitors from Kiev (Drs. M. Tukalo
& A. Yaremchuk) progress has been made on the seryltRNA synthetase from the extreme thermophile Thermus
thermophilus for which crystals of the synthetase and its
complex with tRNA are available (see below). In the course
of attempting to clone and sequence the gene for the
synthetase, it has been shown that the culture of Thermus
used to purify the protein and tRNA contained two strains
of thermophilic bacteria, the relative proportions of which
depend on the culture conditions. The gene sequences
of the seryl-tRNA synthetase from both strains is nearing
completion and will thus provide vital information for the
crystallographic work.
Crystallography group
The aim of this group is the determination of high resolution
protein structures, particularly of viral proteins and RNA
binding proteins and the understanding of the role of
protein dynamics in protein function.
The major success of the group during 1991 has been
the determination and refinement at 2.2 A resolution of
the structure of neuraminidase from influenza virus strain
B/Beijing (illustrated on the back cover). This enzyme
cleaves terminal sialic acid, a sugar molecule, from
oligosaccharides and is required to aid progeny virus to
escape from infected cells, since the viral receptor is
also terminal sialic acid. The structure of the B strain
neuraminidase is very similar to that of the previously
determined A strain enzyme. However an unexpected
discovery was of a strongly bound calcium ion close to,

but not in, the active site. Sequence comparisons show
that the calcium site should be universally conserved in
influenza virus neuraminidases and its presence has since
been confirmed in the A strain neuraminidase structure.
Follow up biochemical experiments have shown that enzyme activity can be destroyed by dialysis of the protein
against ion-exchange resin to remove the calcium and
regained by titrating back calcium or other divalent ions.
Crystallographic experiments are in progress to try to prove
that the tightly bound calcium ion can indeed be replaced
by, for example, barium. The structure of the complex of
neuraminidase and the reaction product sialic acid has
also been refined at 2.8 A resolution and shows how all
the defining side chains of the sialic acid are specifically
recognized by fully conserved residues. Only aspartic acid-

148 appears to be close enough to the cleaved glycosidic
bond to be involved in the catalysis, contrary to predictions
based on earlier site-directed mutagenesis experiments.
This structure will be particularly useful to groups designing
anti-viral drugs with whom we are collaborating.
Crystallographic work on seryl-tRNA synthetase from
Feoli is continuing with structures being refined from
crystals of two different space-groups, different solvent
conditions and at 2.3 A resolution from data measured at
cryo-temperatures (100 K). A common feature of these
results, also found in the case of the seryl-tRNA synthetase
from Thermus thermophilus, is the variable orientation of
the long helical arm of the enzyme, with rigid-body-like
rotations of up to several degrees being found (Plate 12).

PLATE 12
Comparison of the structure of seryl-tRNA synthetase from Ecoli
as determined in monoclinic crystals (arrow) and orthorhombic
crystals (two arrows). In the monoclinic crystals the dimeric
molecule has exact two-fold symmetry (the axis is vertical). In

the orthorhombic crystals the molecule is asymmetric and crystal
packing constraints force the flexible helical arms of the two
monomers to adopt significantly different orientations.
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In the absence of tRNA binding, the orientation of this arm
appears to be determined by crystal packing constraints
suggesting a significant flexibility in solution.
Three crystal forms of the complex of seryl-tRNA synthetase with its cognate tRNA from T.thermophilus have
been grown in the laboratory by Dr. A. Yaremchuk (Kiev).
Two of these are tetragonal with a very long cell dimension
of 470 A and diffract weakly only to about 6 A resolution.
A third form is monoclinic, has much more reasonable cell
dimensions and diffracts to about 4 A resolution. Attempts
to solve the structure by molecular replacement using the
known structure of the synthetase and a model of tRNAser
are making good progress.
Viral proteins and RecA
Apart from the crystallographic work on influenza virus
neuraminidase described above, biochemical studies are
also proceeding on two of the internal proteins of the
virus with a view to detailed structural studies and a better
undestanding of viral assembly. These are the M protein
which forms a layer interior to the viral membrane and
the nucleoprotein which complexes with the viral RNA.
A systematic comparison has also been made of the
appearance in the electron microscope of influenza virus
and vesicular stomatitis virus, both membrane containing
and somewhat fragile, using different negative stains or
frozen hydrated virus. This has proved very useful in
revealing difficulties in visualising the "true" nature of intact
v'iruses in
RecA protein of E.coli is necessary for homologous recombination
the control of the SOS response of DNA repair
following UV or drug treatment. Both activities require
the presence of DNA and ATP. "The interaction of RecA
with s!ngle- and double-stranded DNA is being studied
by a combination of electron microscopy, biochemistry
and neutron scattering. Recent results have attempted to
investigate further the binding of RecA to single-stranded
DNA and have shown that the pitch of the helical complex
is 5% larger than with double-stranded DNA. Furthermore,
it appears that initially RecA binds to single-stranded DNA
at the stoichiometry of 1 RecA per 6 nucleotides, but
matures over time to 1 RecA per 3 nucleotides, which
corresponds to current models of the active state.
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Superhelical DNA structure and dynamics
The group is concerned with how the large-scale conformation of DNA, particularly topologically constrained
superhelical DNA, modulated by regulatory proteins and
other factors, effects its biological function.
Using a new HPLC technique for the separation on a
preparative scale of topoisomers of superhelical DNA from
bacterial plasmids, it has been possible for the first time to
measure by dynamic light scattering the diffusion constant
and internal motions of almost "topologically monodisperse" superhelical DNA as a function of superhelical density. These results could then be compared to predictions
from a Monte-Carlo model of superhelix structure (developed in collaboration with the group of Prof. M.D. FrankKamenetskii, Moscow). The agreement between the model
(which contains no adjustable parameters) and the results
is very good.
Experiments on superhelical DNAs containing permanently
curved inserts or sequences bent by CAP protein gave
evidence that such curved sequences can "freeze" part
of the DNA structure, decreasing the amplitude of internal
motion. This finding correlates vvith results from the
Carlo simulations suggesting that curved sequences tend
to localize at the end loops of an interwound superhelix
and decrease the probability of loop formation in adjacent
regions, leading to an organisation of the superhelix over
range of
1000 base-pairs.

a

Light scattering measurements of the internal dynamics of superhelical DNA could only be interpreted semiquantitatively up to now due to the lack of a suitable
model for DNA dynamics. A Brownian dynamics model has
been developed which allows simulation of the dynamics,
using basic physical pro.perties 0.1 :DNA chains as well as
sequence dependent properties such as curvature. First
results with a starting model of a 281 base-pair DNA
circle show that the formation of the first interwound superhelical turn takes place during the first microsecond
and proceeds through transient formation of a toroidal
structure.
S. Cusack

Administration

It must be pointed out that the auditors, called the external
auditors, appointed by Council, have to report directly to
Council, the highest organ of decision at the EMBL. They
are, of course, independent from EMBL's management.
Article X(8) of the Agreement establishing the Laboratory
provides that "the Director-General shall furnish the auditors with such information and help as they may require to
carry out their duties."
The external auditors have free access to all documents
issued by the Laboratory and they can therefore form
the most comprehensive picture of how the accounts are
maintained to reflect the way in which public funds from
the Member States are being used. Regulations 21 and
2,2 of the Financial Regulations list the precise tasks of the
external auditors.

Audit at EMBL
Even if the EMBL budget is modest (77 MOM in 1991),

75% of its income con?ists of contributioflS fron the Member' State,s (14 West European countries-and Israel), i.e.

around three quarters or more of the money spent by
EMBL for fundamental research in molecular biology is
from public funds.
Agreemert
No wonder therefore that Article X(7) of
establishing the EMBL (May 1973) reads: "The Council
shall appoi:nt auditors to examine the accounts of the
The auditors shall 'submit a report on the
annual ,acqounts to the Council."
,
The auditors appointed by Council have up to now all been
experts from different Member States. Council asks the
delegations of the Member States whether they would be
willing to approach their national State Audit Office and ask
it to accept the duty of auditing the EMBL books.
Successively the national State Audit Offices of the Netherlands, Denmark, Switzerland, Austria and Finland accepted the mission for periods varying
three to six
years.

Although in the very first years of EMBL's existence the
external auditors could have an exhaustive overview of
the activities and resulting accounts of the Laboratory,
the expansion of the EMBL soon resulted in bigger tasks
requiring more time than they could provide for EMBL, after
taking into account their other national and international
responsibilities.
Three members of the appointed State Audit Office are
commissioned, :four weeks a year to audit in Heidelberg the EMBL books. However efficient they may be
and are, twelve working weeks (3 experts x 4 weeks)
are much too short a perioqto carry out the audit·'of
books of a fast growing Institute like EMBL. !he
growth is n.ot only reflected in the' annual -expenditLires
(1982: 39 MOM; 1991: 76 MOM), but also in the number of entries resulting from the increase in staff, staff
turnover, the expansion of activities (number of
groups) and variety of services (fellowships, workshops,
courses and social support: canteen, guest houses, nursery, etc.).
To submit to Council a proper report not later than the
31 st May following the end of the financial year (31 st
December), which includes an examination of financial
transactions as well as status of supplies and equipment,
observations on the methods of accounting and on the
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financial consequences of administrative practices, along
with a certification on the correctness of the financial
statements means that the external auditors need help.
The size of the task, given its importance, cannot be
properly carried out in twelve man/weeks (60 working
days). Rule 10 of the Internal Financial Rules provides
therefore for an internal audit.
The internal auditor is appointed by the Director-General
and reports to him exclusively. The internal auditor examines, on behalf of the Director-General, any action taken
by the Laboratory having financial implications, and verifies
whether such actions are in accordance with general legal
principles, the rules and regulations of the Laboratory,
decisions by Council, and are in line with the annual
budgets, the indicative scheme etc.
The Director-General and the internal auditor work in
close cooperation. They agree on a working programme
for each fiscal year on which the external auditors are
invited to comment. The internal auditor's reports are
usually discussed with the persons involved and with
the Director-General to allow for comment and clarification.
The reports are then made available to the external auditors who use them as one of the main sources of information for their own audit. The internal auditor spends at
least 100 working days at EMBL and has therefore a better
insight into the EMBL accounts.
Without going here into further detail, the advantages of
the audit structure, outlined above, must be pointed out.
The external auditors are appointed by Council, the
internal auditor by the Director-General. However a
very close cooperation is secured between all auditors, i.e. between the two organs of EMBL as defined in Article V of the Agreement establishing the
EMBL.
The persons responsible for activities covered by the
audit are informed of the auditors' statements and the
necessary clarifications are collected at the earliest
possible stage.
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The external auditors' report and the DirectorGeneral's comments on it are both standard documents submitted to Council for scrutiny together with
the annual accounts.
Both internal and external auditors are not just auditors in the restricted meaning of the function but also,
given the open and cooperative relations between the
persons involved, welcome advisers to the decision
making organs, Council and Director-General.
Any administrative decision resulting in a financial
implication is permanently scrutinized by the internal
and/or external auditors - the EMBL administration is
under constant review.
Last but not least, the EMBL audit system gives
delegations of all Member States full reassurance that
the most reliable and best possible use is made of the
public funds they have earmarked for the scientific
purposes of EMBL.
EMBL can be proud to have an efficient and transparent audit system. Not all international organizations have
both internal and external auditors. The external auditors
in some of these organizations would certainly welcome
the assistance and support of an internal audit function.
Finance

Laboratory income and expenditure
over 5 years (Table 2)
During 1991 the Laboratory implemented full cost accounting procedures. This is reflected most clearly in Table 2
by the amount shown as other income for 1991 (7,118
KDM) compared with 1990 (97 KDM). In previous years
such income was stated net of associated costs. Had this
procedure been maintained for 1991 expenditure would
be shown as 68,731 KDM rather than 76,888 KDM, an
increase over 1990 of 4.8% compared with an increase
in 1990 over 1989 of 11.2%. This clearly indicates a
reduction in expenditure growth in areas of cost not related
to income.

Table 2
THE LABORATORY'S INCOME AND EXPENDITURE OVER 5 YEARS
(KDM)
Income
Carried Forward
from Previous Year
Liquid. of Reserve
Ord. Contributions

Actual Actual Actual Actual Budget
1988 1989 1990 1991 1992
1,118

1,000

418

3
46,072 48,520 52,579 56,227 60,796

Expenditure

Actual Actual Actual Actual Budget
1988 1989 1990 1991 1992

Staff Costs
(gross)

32,571 34,304 36,226 44,586 46,183

Operating Costs

14,678 16,262 18,614 22,528 23,624

Capital Expenditure

Spec. Contributions

946

568

2,274

568

Reserve

Bank Interest

522

726

1,044

757

Carried Forw. to
Following Year

Other Income

28

43

97

7,118

8,707

329

295

237

External Sales

192

173

194

Pension Scheme

840

912

965

1,082

1,100

6,053

6,754

7,441

8,759

9,100

350

2,028

260

Support Fund
(Reserve Fund
as from 1991)
Totals

9,728 10,214

Transfer to
Reserve Fund

79
1,000

418

740
46

48,689 50,857 56,412 64,670 69,561

Unpaid Commitments

Internal Tax

8,007 10,019
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Contr. for Pensioners

Sub- Totals

7,775

349

56,103 58,991 65,599 76,888 80,021

56,103 58,991 65,599 76,888 80,021
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Table 3
MAIN ITEMS OF INCOME AND EXPENDITURE DURING 1991
(KDM)
Income
Ordinary Contributions
Special Contributions

Budget

Budget

Actual

Expenditure

56,227

56,227

56,227

568

568

Rev. 3

Bank Interest

Budget

Budget

Actual

Staff Costs
(inc!. Internal Tax)

40,669

44,589

44,586

568

Operating Costs

21,086

22,533

22,528

757

Capital Expenditure

9,208

9,731

9,728

Pension Scheme

1,020

1,050

1,082

Internal Tax

7,800

8,700

8,759

Unpaid Commitments

349

Other Income

4,785

8,280

7,118

Support Fund

563

2,028

2,028

Total Income

70,963

76,853

76,888

64

Rev. 3

Transfer to
Reserve Fund

Total Expenditure

46

70,963

76,853

76,888

This has been achieved despite major capital investments
to fulfil the Laboratory's Scientific Programme accepted
in principle by Council in 1990. To achieve this 2 MOM
was withdrawn from the Reserve Fund which by the end
of 1991 had a balance of 781 KOM. As Table 2 shows
the carry forward to the following year in 1991 was much
lower than in previous years. It should be noted that
whereas up until 1990 this was shown under income as an
amount "carried forward from the previous year" it is now
included at the foot of the table as a withdrawal from the
Reserve Fund. This reflects the second significant change
in procedure implemented during 1991 whereby use of
previous year surpluses requires the approval of Council.
The implementation of full cost accounting and changes in
the use of reserves reflect the need for and acceptance by
the Laboratory of high levels of financial control.

Financial situation:
1991 out-turn versus bUdget (Table 3)
This table reflects, as does Table 2, the impact of the
introduction of full cost accounting. Other income of 7,118
KOM compares with the original budget of 4,785 KOM. In
the course of the year the exact implications of full cost
accounting were calculated and reflected in the budget
revisions. The effectiveness of these calculations is shown
by the fact that actual expenditure in the year was 35 KOM
lower than the final budget revision with excess income of
11 KOM contributing to the total carry forward to 1992 of
46 KOM.

J.-F. Beerblock & R. Rivington
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Official visitors in 1991

19.03.91

Mr. J. Agar, Consul of the French Republic,
Baden-Baden, Fed. Rep. Germany

16.04.91

Dr. B. Vavakova & Dr. D. Sonolet,
Inst. f. Research and Socio-economomic
Information, Univ. Paris-Dauphine,
Paris, France

24.08.91

Mr. R. Mann, journalist,
"ABI-Berufswahl-Magazin",
Mannheim, Fed. Rep. Germany

14.10.91

Dr. W. Boder,
Volkswagen-Stiftung,
Hannover-D6hren, Fed. Rep. Germany

12.12.91

Mr. A. Konrad & Mrs. C. Wedel,
ZDF, Mainz, Fed. Rep. Germany
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Guided tours during 1991

03.04.91

Students of the Medical Student
Society, University of Utrecht,
Utrecht, the Netherlands; 40 persons

04.05.91

Steering Committee of the
European Science Foundation,
Strasbourg, France; 12 persons

14.05.91

Students of the IGH, International
Comprehensive School Heidelberg,
Heidelberg, Fed. Rep. Germany;
20 persons

2-3.06.91

French scientists representing INRA,
INSERM, CNRS, IBS, the University of
Grenoble, the Ministry of Education and the
Ministry of Research and Technology,
France; 10 persons

04.06.91

Students of the University of Uppsala,
Uppsala, Sweden; 30 persons

10.06.91

Swedisch Natural Science Research
Council, Stockholm, Sweden;
10 persons

11.06.91

Chemical Centre Lund
Lund, Sweden; 25 persons

01.07.91

Students of the Biotechnology Institute,
University of Helsinki, Helsinki
Finnland; 20 persons

31.01.91

Students of the Carl-Bosch-School,
Technical Gymnasium, Heidelberg
Fed. Rep. Germany; 15 persons

19.09.91

Students of the Georg-BOchner-School,
Darmstadt, Fed. Rep. Germany;
20 persons

04.02.91

Mr. Seung Duk Park, Ministry of
Science and Technology, with a
delegation of basic scientists,
Kwachon, S. Korea; 9 persons

16.10.91

Students of the Frankfurt School for
Social Studies, Diocese Speyer, Speyer,
Fed. Rep. Germany; 15 persons

26.02.91

Mr. P. Ponjaert, Consul-General of Belgium,
Frankfurt, Fed. Rep. Germany, and
members of the Belgian Parliament,
Brussels, Belgium; 32 persons

22.10.91

Police Headquarters, Heidelberg,
Fed. Rep. Germany; 12 persons

Total number of participants in guided tours: 270 persons
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Table 4
EMBL STAFF DEVELOPMENT

December 1989

December 1990

December 1991

Staff Members
Supernumeraries
EMBL Predoctoral Fellows
EMBL Postdoctoral Fellows
EMBO Fellows
Visitors
Trainees

275
148
45
22
26
106
13

281
178
56
35
27
124
16

296
186
79
42
15
122
14

293.17
152.45
74.00
39.00
15.00
130.80
13.00

TOTAL

635

717

754

717.42

Category of Personnel

Man-Years
December 1991 *

The figures show the total employees of the various categories during the month of December 1989, 1990 and 1991.
* 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 1991.
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Director-General

Lennart Philipson
Secretaries
Waltraud Ackermann
Nelly van der Jagt-Gonzalez
Internal auditor
Karl K6gelmayr t
Theobald Reiss

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
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Central Laboratory,
Heidelberg
Cell Biology

Programme coordinator

Kai Simons (Senior Scientist)
Secretary

Anne Walter
Scientists

Bernhard Dobberstein* (Senior Scientist)
Carlos Dotti·
Spyros Georgatos*
Hans-Hermann Gerdes·
Fotini Gounari·
Gareth Griffiths*
Jean Gruenberg*
Bernard Hoflack*
Eduard Hurt*
Wieland Huttner*·
Eric Karsenti*
Thomas Kreis*
Jan de Mey
Robert Parton
David Vaux*·
Marino Zerial*
Fellows

Vicky Allan· (USA)(EMBO)
S0ren Andersen· (Copenhagen)(DFG)
Fernando Aniento· (Valencia)(Humboldt)
Vilma Arce· (Costa Rica)(EEC)
Francis Barr· (London)(DFG)
Rudolph Bauerfeind· (Bonn)(Univ. of Heidelberg)
Thierry Berges· (Bordeaux)(DFG)
Jean Marc Berrez· (Besangon)(Humboldt)
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Ariel Blocker· (London)(EMBL)
Haralabia Boleti· (Athens)(EMBL)
Cecilia Bucci· (Naples)(Univ. of Naples/EMBL)
Brigitte Buendia (Lyon)(ARC)
Otto Braunling· (Heidelberg)(Univ. of Heidelberg)
Eric Chanat· (Rennes)(Univ. of Heidelberg/DFG)
Philippe Chavrier (Lyon)(EMBL)
Denis Chretien (Grenoble)(EMBO)
Michael Clague· (USA)(EMBO)
Paul Clarke (Dundee)(Welcome Trust)
Michael Desjardins· (Montreal)(MRC)
Maria Do Carmo Fonseca· (Lisbon)(EMBO)
Carlos Dotti· (Argentina)(EMBO)
Valerie Doye· (Paris)(EMBO)
Rainer Duden (Heidelberg)(EMBL)
Paul Dupree (Cambridge)(Roy.Soc.)
Neil Emans (Durham)(EMBL)
Marie-Anne Felix· (Paris)(CNRS)
Klaus Fiedler· (Basel)(FCI)
Hans-Hermann Gerdes· (Heidelberg)
(Univ. of Heidelberg)
Jean-Pierre Gorvel (Marseille)(Humboldt)
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Daniela Israel·
Carla Jenal-Eppinger<O>·
Marietta Kaiser·
Maryka Kimmins·
Bettina Parre·
Bettina Russ·
Petra Seethaler
Tini Tan·
Murielle Victouron
Supernumeraries

Dimitra Carapali·
Vanessa Gunther'¢>·
Ingrid O'Sullivan·
Anke Schweikart·
Trainees

Birgit Baumann· (Heidelberg)(EMBL)
Diana Kesselberg· (Darmstadt)(EMBL)
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Supernumeraries

Telephonists
Kristina von der Becke'¢-*
Tanita Ey'¢-*
Penny Goodliffe'¢-*
Rita Gutfleisch'¢-*
Gertrude Lechner'¢-·
Eleanor Warren'¢-*

Central Secretariat
Isabelle Fraignaud
Marianne Remy'¢-*
Helen Fry*
Penelope Goodliffe'¢-*
Christina Kjar

Trainees'
Andrea Lovewell* (Wolverhampton)(DAAD)
Nikola Pain· (Wolverhampton)(DAAD)

Secretaries for predoctoral fellowship programme
Maria Ittensohn
Bettina Winter·

Operon Service
Marietta Kaiser'¢-·
Josefine Vogel'¢-*

Building and remodelling
Ernst Heinmoller

Building maintenance
Kurt Kirsch·
Helmut Kollenz
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Guesthouse caretaker
Egon Heer

Course and Workshop Secretariat
Ingeborg Fatscher
Marietta Kaiser'¢-·
Yvonne Powell'¢-*

Christoph Doering'¢-*
Stefan Doeschl'¢-*
Norbert Ehmer*
Roland Friedl
Bernhard Funkert*
Gerhard Imkeit*
Markus Leopold'¢Simon Mendy*
Giovanni Miucci'¢-*
Antonio Quintana Pardo
Thomas Ruff'¢Semi Sattar'¢-*
Christa Schmiemann'¢Carsten Schmidt*
JOrgen Schmitt'¢-*
Rudolf SOfling'¢Matthias Veith
Carlos Verdera-Chico
Erhard Wagner'¢Fritz Wagner*

'¢-

Housing service (part-time supernumerary)
Klaus Neck

Guesthouse & ISG (part-time supernumeraries)
Gerhilde Back
Guido Baron·
Birgit Bauer·
Britta Baumann·
Lau ra Becker
Heike Beyer*
Krongthong Deuringer*
Elsa Elfner
Melanie Gloy
Helga Heinzmann·
Dieter Hinze
Suzanne Hunold·
Elke Ittensohn*

Betti na Koebe·
Audrey Kracht·
Beate Krampen·
Bettina Kuhn·
Marianne Lehmann
Sabine Lehninger
Inge Menrath
Inge Schuhmacher
Elisabeth Stang
Rosemarie Thome
Kathe Wayer
Gerlinde Weber·
Kerstin Weichbrodt

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

Nursery (part-time supernumeraries)
Patricia Appleton
Michaela Braus
lise Engelmann
Susanne Flasser
Birgit Griebl
Christine Harle·
Susan Heikkinen·
Ralf Hemberer·
lise Hubner
Julia Insley·
Waltraud Kempny
Inge Kassler
Lucie Pfaffova·
Gisela Runzi
Kerstin Vanselow·
Kristine Warne
Sylvia Welker·
Ute Wetzstein·

Security Service (part-time supernumeraries)
Hans Riemann
Hans-JOrgen Blum·
Gerhard Fertig·
Jurgen Jahnke

Alex Jansen
Klaus Kellner·
Fritz Klose·
Heinz Lammel
York Lechtenbarger
Werner Milbrodt·
Friedheim Oertl
Heiner Rey
Peter Rosner·
Helmut Rudolph
Hubert ROcker
Wolfgang Sanger·
Rolf Schade
Kunibert Schenk
Raimund Schink·
Thomas Winkler
Karl Zipp
Werner Zipp

Canteen & Cafeteria (Supernumeraries)
Klaus Hoffmann
Melinda Berta·
Barbara Borchers·
Jutta Darr·
Ingrid Fleckenstein·
Klaus Fleckenstein
Elvira Goetzmann·
Roswitha Hoffmann<>Anna Hofmann·
Gerhard Koch·
Bezalel Kosten
Andreas Leibert·
Erika Leistner
Frieda Leyer<>Silke Luh·
Frederic Maestrali
Berta Maier<>Frank Munderloh·
Katja Petillon<>-.
Manuela Reis<>Kay Sachse<>Thea Sauer·
Hildegard Seebold<>Karin Wetterauer
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Sabine Jung*
Martina Large*
Gertrud Leberer
Halina Maron*
Licia Musco
Magdalena Parmentier
Elisabeth Reichenbach*
Monika Reis
Klara Schmitt
Hilde Schuhmacher
Hilda Schuhmacher-Lang
Renate Sommer
Maria Steger*
Lore Thome
Josefine Vogel*
Gabi Wagner*
Caroline Weingand
Marianne Weis*
Medhin Woldegiorgis*
Manfred Zelitis*

Biological safety officer and Laboratory steward
Karlfriedrich Brauch*
Willi Siller
Marion Schwertfeger*
- student laboratory
Martha Friedmann
- media kitchen
Ursula Billmaier
Angelika Fleckenstein
Monika Fleckenstein
Annette Gerlinger
Regina Goller
Katherine Hehl
Heiko Kleinbauer*
Isolde Langle
Sibille Wfcek*
- animal house
Roland Balz
JOrgen Baumann*
J6rg Bensemann
Alfredo Castro Ibarra
Thomas Engelmann
Monika Hillesheim
Alex Klug
Ludwig Merkel
Helmut Schmitt
Barbara Stace
David Stoddart
Cleaning service (part-time supernumeraries)
Klaus-Dieter Eberlein*
Adela Becker
Ingrid Bender*
Anna Beneke*
Emilie Bonk*
Rita Bonnawitz*
Bergitta Dambrowski*
Renate Franzisky*
Hedwig Heger
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Driver
Erich Honig
Supernumeraries
Karl
Manfred Klevenz
Heinrich
Gardeners
Karl-Heinz Fleckenstein
Bernhard
Helmut Mora
Manfred Weingand

Outstation at DESY, Hamburg

Panagiotis Padas (York)(EMBL)
Sabine Pfeffer* (Berlin)(FEBS)
Thomas Schneider* (Munich)(EMBL)
Dimitri Svergun* (Moscow)(EMBL)
Galina Teplyakova* (Moscow)(EMBL)

Engineers and assistants

Programme coordinator
Keith Wilson (Senior Scientist)

Secretaries
Margret Fischer'¢>
Gabi Jansen

Scientists
Christian Betzel
Michael B6hm*
Zbigniew Dauter
Jules Hendrix
Christoph Hermes
Michel Koch (Senior Scientist)
Yuichiro Maeda
Hans-Friedrich Nolting
Gerd Rapp
Wojcieck Rypniewski*
Zehra Sayers
Alexei Teplyakov*
Constantin Vorgias

Fellows
Gwyndaf Evans (Warwick)(EMBL)
Setsuko Fujita (Japan)(EMBL)
Yoshie Harada* (Japan)(Univ.Osaka)
Michael Hennig (Berlin)(EMBL)
Silke Klupsch* (Hamburg)(EMBL)
Viktor Lamzin* (Moscow)(EMBL)
Lan Lee (Japan)(EMBL/Humboldt)
Paul Loeffen (Warwick)(EMBL)
Kayo Maeda (Heidelberg)(EMBL)

Peter Bendall
Patricia Brouillon
Miroslava Dauter'¢>
Herma Ignatz
Adrian Kingswell
Arno Lentfer
Sandra McLaughlin
Andrea Miegel
Jaap Pijpelink
Tita Pohl'¢>*
Bernd Robrahn
Blanka Sausner'¢>*
Howard Terry
Marcia Visanji

Thomas Gehrmann
Robert Klaring
Viktor Renkwitz

Driver and Caretaker
Albrecht Berger

Short-term visitors
F. d'Annuzio (EMBL Heidelberg)
A. Antson (Moscow)
H.-D. Bartunik (MPI Hamburg)
R. Bassuner (Gatersleben)
V. Beecken (MPI Hamburg)
A. Bigi (Bologna)
M. Boeglin (Strasbourg)
K. Brandenburg (Borstel)
M. Carrondo (Oeiras)
S. Cohen (Basel)
A. Colotto (Graz)
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M. Defoor (Leuven)
K. Diedrichs (Freiburg)
H.M. Einspahr (USA)
G. Ewald (Frankfurt)
L. Feigin (Moscow)
A. Gabriel (EMBL Grenoble)
R. Garratt (Brazil)
N. Genov (Sofia)
L. Germeroth (Frankfurt)
E. Harutyunyan (Moscow)
A. Heine (Gottingen)
W. Hinrichs (Berlin)
L. Jacob (MPI Hamburg)
M. Killenberg (Halle)
M. Kimura (Japan)
C. Kisker (Berlin)
S. Konig (Halle)
M. Korner (Hamburg)
A. Kreusch (Freiburg)
P. Laggner (Graz)
S. Langusch (Halle)
A.B. Legocki (Poznan)
B. Lichtenberg-Kraag (MPI Hamburg)
K. Lovgren (Uppsala)
E. Mandelkow (MPI Hamburg)
E.-M. Mandelkow (MPI Hamburg)
A. Marx (MPI Hamburg)
A. Mattevi (Groningen)
M. Millington (Hamburg)
P. Mittel (Freiburg)
Y. Muller (Freiburg)
G. Murshudov (Moscow)
J. Naismith (Manchester)
A. Nickitenko (Moscow)
H. Notbohm (Lubeck)
Z. Otwinowski (USA)
E. Pohl (Gottingen)
M. Redshaw (Manchester)
G. Rosenbaum (USA)
N. Roveri (Bologna)
M. Ruff (Strasbourg)
B. Schlesier (Gatersleben)
H. Schreuder (Groningen)
I. Serdyuk (Moscow)
J. Sevcik (Bratislava)
T.P. Singh (India)
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J. Sowadski (USA)
C. Steck (Freiburg)
S.E. Swerchkov (Moscow)
J.-C. Thierry (Strasbourg)
A. Thompson (Daresbury)
A.-M. Thunnissen (Groningen)
M. Thunnissen (Groningen)
M. Toney (Basel)
J. Tormo (Barcelona)
B. Trinczek (MPI Hamburg)
N. Verdaguer (Barcelona)
P. Verwer (Utrecht)
K. Westesen (Braunschweig)
J. Wray (Heidelberg)
G.A. Venin (Moscow)

Outstation at ILL, Grenoble

Wim Burmeister (Hamburg)(EMBL)
Laura Ferri (Milan)(EMBL)
Takemasa Kawashima (Paris)(EMBL)
Nicolas Nassar· (Grenoble)(Univ.Grenoble)
Claire Taupin· (Grenoble)(French Governm.)
Thomas ThOne (Hamburg)(EMBL)
Assistants

Programme coordinator

Stephen Cusack
Administrative assistants

Jeanne Bukowska-van Tol*
Frangoise Lafosse·
Brigitte Romero <7.
Library

Frangoise Lafosse <7.
Scientists

Carmen Berthet-Colominas
Jean-Marie Bois
Elisabeth DiCapua·
Masao Fujinaga
Andre Gabriel
Michael Hartlein
J6rg Langowski*
Kjeld Larsen·
Reuben Leberman*
Robert Ruigrok
Andrew Thompson*
Clive Wilkinson*
Fellows

Jocelyne Anselme* (Grenoble)(Univ.Grenoble)
Elizabeth Bates (Leicester)(EMBL)
Florence Baudin* (Strasbourg)(EMBL)
Valerie Biou (Paris)(EMBO)
Franck Borel (Lyon)(EMBL)

Annie Barge
Florent Cipriani*
Frangois Dauvergne
Marie-Therese Dauvergne
Sonia Dayan*
Ulrike Kapp
Dominique Madern*
Denis Pognant
Steven Price
Monique Romero <7
Joseph Sedita
Annie Simon
Christine Vincent·
Medical service

Dorte Lehman <7
Long-term visitors

Martine Cuillel* (Grenoble)(INSERM)
Elisabeth DiCapua· (Edinburgh)(EMBL)
John Willison· (Grenoble)(CEN)
Short-term visitors

H. Belrhali (Grenoble)
L. Channac (Grenoble)
G. Chirico (Milan)
A. De Geyer d'Orth (Grenoble)
W. Doster (Munich)
T. Duc (Grenoble)
Y. Dupont (Grenoble)
E. Fanchon (Grenoble)
S. Gair (London)
Y. Gaudin (Gif-sur-Yvette)
G. Jaworska (Warsaw)
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S. Harris (USA)
D.H. Harrison (USA)
H.G. Haubold (JOlich)
A. Jannisson (Grenoble)
M.J.H. Koch (EMBL Hamburg)
W. Kremer (Gottingen)
K. Kuroda (Annecy)
M. Lehman (Grenoble)
L. Mateu (Venezuela)
P. Nez (Saclay)
M. Pavlov (Moscow)
J. Prassl (Graz)
J.-P. Quivy (Grenoble)
V. Rodriguez (Grenoble)
C. Scholz (Constance)
M. Settles (Munich)
L. Siecker (Seattle)
D. Sillou (Annecy)
C. Steck (Freiburg)
P. Terech (Grenoble)
P. Timmins (Grenoble)
K. Toth (Budapest)
M. Tukalo (Kiev)
T. Veronese (Grenoble)
J. Vicat (Grenoble)
D. Vuaillat (Grenoble)
A. Yaremchuk (Kiev)
T. Zemb (Saclay)
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Scientific Advisory Committee

The Laboratory Council

Francesco Blasi (Copenhagen)
Maurizio Brunori (Rome)
Charles Cantor (USA)
Marc Chabre (Valbonne)
Nicole Ie Douarin (Nogent-sur-Marne)
Walter Fiers (Gand)
Dieter Gallwitz (G6ttingen)
Walter Gehring (Basel)( Chairman)
Harvey Lodish (USA)
Paul Nurse (Oxford)
Dieter Oesterhelt (Martinsried)
Joan Steitz (USA)
Nigel Unwin (Cambridge)
Mike Waterfield (London)
Kurt Wuthrich (Zurich)

Chairman

Prof. B. Hirt
(Switzerland)

Vice-Chairmen

Prof. J. Ortfn Monton
(Spain)
Prof. W. D6rfler
(Fed. Rep. Germany)

Chairman of the
Finance Committee

B. Sode-Mogensen
(Denmark)

Vice-Chairman of the
Finance Committee

B. Dodd
(United Kingdom)
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Delegates and Advisers

Observers

Austria

E. Wintersberger

Hungary

L. Ferenczy

Belgium

A. Bollen
N. Henry
M. van Montagu

EEC

B. Nieuwenhuis

Denmark

O. Noren
B. Rosengreen
B. Sode-Mogensen

EMBO

J. Tooze

EMBC

J. Weil

Finland

K. Kivirikko
M.-L. Tolonen

Auditors
(Austria)

France

J. Damagnez
P. Druet
J. Hanoune
I. Royer

M. Englert
W. Heindl
W. Stichler

Auditors
(Finland)

T. Herrala
M. Kivipelto
E. Miettinen

Federal Republic
of Germany

W. D6rfler
A. Hansen
V. Rieke

Israel

Y. Degani

Italy

G. Carante
A.lzzo
G. Tocchini-Valentini
S. Tokdemir

Netherlands

M. Vintges
P. van der Vliet

Norway

A. Andersen
J.R. Lillehaug
H. Prydz

Spain

J. Ortfn Monton

Sweden

J.E. Gustavsson
C. Kurland

Switzerland

P. Burkhard
B. Hirt
E. Jarolim
J. Leutert
M. Salm

United Kingdom

J. Alwen
B. Dodd
M. Kemp
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An in vivo system to study protein dimerization in
yeast: analysis of the HIV1 Tat-protein

M. Goulding (G6ttingen, Fed. Rep. of Germany)
Pax genes: putative regulators of early vertebrate
neurogenesis

I. Caras (San Francisco, CA, USA)
The signal for GPI membrane anchor attachment

T. Krude (Constance, Fed. Rep. of Germany)
Replication of SV40 chromatin in vitro

M. Bishop (San Francisco, CA, USA)
Proto-oncogenes: biochemical and biological functions

G. Winter (Cambridge, U.K.)
Making antibodies from their genes

D. Di Maio (New Haven, CT, USA)
PDGF receptor activation and cell transformation
by the bovine papillomavirus E5 protein
M. Lord (Coventry, U.K.)
Ricin: structure, mode of action and therapeutic
applications
M. Stitt (Heidelberg, Fed. Rep. of Germany)
Use of transgenic plants to study the regulation of
photosynthetic carbohydrate breakdown and plant
growth

A. Helenius (New Haven, CT, USA)
Protein folding in the endoplasmic reticulum
D. Beach (Cold Spring Harbor, NY, USA)
Regulation of the cdc25 phosphatases
M. Spiess (Basel, Switzerland)
Intracellular sorting of the asialoglycoprotein receptor
M. Karas (MOnster, Fed. Rep. of Germany)
Matrix-assisted laser desorption - a new technique
for mass spectrometry of biomacromolecules

D. Picard (Geneva, Switzerland)
Hormonal regulation of steroid receptor activity

R. Hynes (Cambridge, iviA, USA)

G. Gonnet (Zurich, Switzerland)
All against all protein sequence comparison using
novel computational methods

J.M. Sowadski (San Diego, CA, USA)
Three-dimensional structure of the catalytic subunit
of protein kinase

F. Dieterlen (Nogent-sur-Marne, France)
Interference of oncogenes with avian embryo development

H.L. Moses (Nashville, TN, USA)
c-myc and tumour suppressor genes: Role in TGF(3
growth inhibition

I.M. Fearnley (Cambridge, U.K.)
The application of mass spectrometry to the analysis of the mitochondrial NADH-ubiquinone oxidoreductase complex

K. Kaibuchi (Kobe, Japan)
Ras p21-like small GTP-binding proteins in signal
transduction

C. Hirschberg (Worcester, Mass, USA)
Topography of post-translational modifications in
higher and lower eukaryotes
E. De Curtis (San Francisco, CA, USA)
A laminin receptor involved in neurite outgrowth
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Genetic analysis of cell adhesion in flies and mice

E. Eriksson (Uppsala, Sweden)
Three-dimensional structure of human basic fibroblast growth factor (bFGF) to 1.6 A resolution
J. Walker (Cambridge, U.K.)
Structure of a complex membrane assembly mitochondrial NADH: ubiquinone oxidoreductase

G. Rubin (Berkeley, CA, USA)
The pathway of cell fate determination mediated
by the sevenless protein tyrosine kinase receptor
during Drosophila eye development
L. Meijer (Roscoff, France)
Cell cycle control in starfish and sea urchin eggs
U. Schibler (Geneva, Switzerland)
The regulation of liver-enriched transcription factors
V.V. Vlassov (Novosibirsk, Russia)
Oligonucleotide and polynucleotide affinity reagents
as tools for molecular biologists
A. Goffeau (Louvain-Ia-Neuve, Belgium)
A new proteolipid component in yeast plasma membranes
J. Delcour (Louvain, Belgium)
Methylation of mRNA cap is essential in yeast
H. Beug (Vienna, Austria)
Conditional oncogenes as tools to study events in
epithelial polarization and carcinogenesis
B. Goud (Paris, France)
Role of the small GTP-binding protein Rab6 in
intracellular transport
H. Jackie (G6ttingen, Fed. Rep. of Germany)
From gradients to stripes: determination of cell fate
in the Drosophila embryo
A.M. Colson (Louvain, Belgium)
Structure-function relationships of cytochrome b
and cytochrome oxidase using a genetic approach
J.-F. Tocanne (Toulouse, France)
Lateral mobility of lipids and cell plasma membrane
organization
M. Philippe (Rennes, France)
Cloning by differential screening of a family of
proteins which could play an essential role during
Xenopus early development

D. Brown (Baltimore, MD, USA)
Amphibian metamorphosis
M. Noll (Zurich, Switzerland)
Specification of sense organs in Drosophila
A. Kimchi (Rehovot, Israel)
The use of interferons and TGT-j3 to study the
molecular mechanisms of cell cycle arrest
F. Gropp (San Francisco, CA, USA)
Signal recognition particle mediated translocation of
bacterioopsin
G. Thomas (Basel, Switzerland)
The mitogen/oncogene activated 70K S6 kinase: its
role during mitogenesis and meiotic maturation
M. Little (Heidelberg, Fed. Rep. of Germany)
Clonal selection from human antibody-libraries
M.V. Wiles (Basel, Switzerland)
ES cells, to mesoderm, to haematopoietic lineages
C. Wah (Houston, TX, USA)
Electron
crystallographic
associated proteins

studies

of

actin-

P. Comoglio (Turin, Italy)
The hepatocyte growth factor/scatter factor receptor
H. Garoff (Huddinge, Sweden)
The formation and function of a viral membrane in
an animal cell
U. Fischer (Wetzlar, Fed. Rep. of Germany)
Near-field optical microscopy and related local
probe concepts

I. Grummet (Heidelberg, Fed. Rep. of Germany)
Molecular mechanisms
merase I transcription

regulating

RNA

poly-

R.G. Cutler (Baltimore, MD, USA)
Biology of human aging and longevity
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T. Wirth (Heidelberg, Fed. Rep. of Germany)
Regulation of activation and expression of immunoglobulin genes

Seminars-Hamburg

S.D. Dunn (London, Canada)
Subunit interactions in energy transduction by ATP
synthase
C. Niehrs (Los Angeles, CA, USA)
Cell fate determination by homeobox genes in
Xenopus laevis
F. Zorzato (Ferrara, Italy)
Physio-pathology of the ryanodine receptor/Ca 2+
channel
R. Jaenisch (Cambridge, MA, USA)
Fate, commitment and differentiation of mouse neutral crest cells

A. Thompson (Daresbury, U.K.)
The development of station 9,5 on the SRS wiggler
F. Oosawa (Nagoya, Japan)
The proton motor and ratchet model
G. Rosenbaum (Philadelphia, PA, USA)
Biological EXAFS and diffractions beamline X9 at
NSLS: design and some experiments
A.B. Legocki (Poznan, Poland)
Organisation and expression of plant genes involved in symbiotic nitrogen fixation
H. Yoshimura (Tsukuba, Japan)
Two-dimensional crystallization of proteins on mercury surface
Z. Otwinowski (New Haven, CT, USA)
Macromolecular diffraction - how to get the best
data
J. Oikarinen (Oulu, Finland)
Nucleotide regulation of histone H1 DNA binding.
Effect of phosphate analogues and lysine side
chain derivatization on nucleotide binding and hydrolysis
A. Vazina (Moscow, Russia)
The time-resolved investigation of muscle structure
during contraction
J. Sussman (Rehovot, Israel)
Three-dimensional
structure
esterase
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of

acetylcholin-

Seminars-Grenoble

F. Kamenetskii (Moscow, Russia)
Triple-stranded DNA

J. Arnez (New Haven, CT, USA)
Interactions formed by glutaminyl-tRNA synthetase
with the acceptor stem of tRNA Gin

K. Larsen (Cambridge, MA, USA)
Metal-ion inhibitors of carboxypeptidase: specificity
and site of interaction

P. Boulanger (Montpellier, France)
Self-assembly of adenovirus and HIV.1 capsid proteins expressed in baculo virus-insect cell system

G. Laver (Canberra, Australia)
The molecular basis of variation and virulence in
influenza virus

D. Blow (London, U.K.)
Structure of cholesterol oxidase: an enzyme of
steroid metabolism

M. Mirande (Gif-sur-Yvette, France)
Domain structure of eukariotic aminoacyl-tRNA
synthetases: implications

B. Dobberstein (EMBL Heidelberg, Fed. Rep. of Germany)
Signals and receptors involved in protein translation
across the membranes - Location of the endoplasmic reticulum

K. Nagai (Cambridge, U.K.)
Crystal structure of the U1 small nuclear ribonucleoprotein A and mapping of its RNA binding surface
by mutagenesis

J.A. Engler (Birmingham, USA)
Transport and processing of adenovirus fibre

Z. Otwinowski (New Haven, CT, USA)
Image plate detectors in protein crystallography:
past experience, future projects

F. Frowlow (Rehovot, Israel)
Macromolecular cryocrystallography. What for?
When? How?

D. S611 (New Haven, CT, USA)
What determines the identity of transfer RNA?

J. Geiselmann (Paris, France)
The molecular mechanism of rho-dependent transcription termination
E. Hewat (Grenoble, France)
Structural studies of bluetongue virus and baculo
virus by cryoelectron microscopy
A.J. Hay (London, U.K.)
The function of the M2 protein in influenza A virus
infection and its specific inhibition by amantadine

M. Takahashi (Strasbourg, France)
Etude structurale par dichro"lsme lineaire de complexe ADN-recombinase RecA
A. Takenaka (Tokyo, Japan)
Role of elementary interactions in protein-nucleic
acid recognition
S.C. West (Herts, U.K.)
Genetic recombination in E.coli: the formation and
resolution of holliday junctions in vitro

J.N. Jansonius (Basel, Switzerland)
Spatial aspects of vitamin B6-assisted enzymic
catalysis

J.C. Willison (Grenoble, France)
Biochemical-genetic studies of nitrogen fixation in
the photosynthetic bacterium Rhodobacter capsulatus

R. Kahmann (Berlin, Fed. Rep. of Germany)
The function of Gin and Fis in site-specific recombination

R. Zocher (Berlin, Fed. Rep. of Germany)
Biosynthesis of the fungal N-methyl-peptides enniatin and cyclosporin and related compounds
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Courses 1991

3.3.-13.3.1991

CELLULAR AND MOLECULAR
BIOLOGY OF YEAST
O. Fasano, E. Hurt, R. Serrano &
D. Tollervey

26.5.-5.6.1991

ANTIBODIES IN CELL BIOLOGY
B. Burke, B. Geiger & T. Kreis

23.6-4.7.1991

SUBCELLULAR FRACTIONATION
OF TRANSPORT VESICLES
J. Gruenberg, B. Hoflack &
A. Wandinger-Ness

8.7.-13.7.1991

MICROINJECTION AND ELECTROTRANSFECTION OF CELLS
W. Ansorge, R. Pepperkok &
A. Smith

18.7-1.8.1991

ELECTRON MICROSCOPY IN
MOLECULAR CELL BIOLOGY
OF CELLS AND TISSUES
G. Griffiths & R. Parton

6.10-17.10.1991

ADVANCED DIGITAL LIGHT
MICROSCOPY
J. De Mey & E. Stelzer

13.11.-23.11.1991

DNA SEQUENCING:
APPROACHES, AUTOMATED
METHODS AND ANALYSIS
W. Ansorge, T. Kristensen,
B. Sproat & H. Voss

The following courses, conference and symposium were
held at the EMBL in Heidelberg in 1991:

EMBL Course
26.8.-30.8.1991

EMBL Conference
EXPLORING GENOME
INFORMATION
H. Bilofsky

EMBO Courses
20.1.-28.1.1991
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21.8.-25.8.1991

MOUSE MOLECULAR
GENETICS
D. Hanahan, R. Palmiter,
U. ROther & E. Wagner

EMBO Annual Symposium
DNA-PROTEIN INTERACTION
D. Bohmann, R. Di Lauro, I. Mattaj,
P. Monaci & A. Nicosia

16.9-19.9.1991

MOLECULAR MECHANISMS
OF SIGNAL TRANSDUCTION

Collaborative Projects with other Laboratories
Collaborator

Laboratory

Country

K. Simons

S. Bhakdi

University of Mainz, Mainz

Fed. Rep. Germany

K. Simons

E. Lehtonen

University of Helsinki, Helsinki

Finland

B. Dobberstein

O. Bakke

University of Oslo, Oslo

Norway

B. Dobberstein

J. Brunner & B. Martoglio

ETH, Zurich

Switzerland

B. Dobberstein

S. Prehn

Humboldt University, Berlin

Fed. Rep. Germany

B. Dobberstein

T. Rapoport

Central Inst. of Mol. Biology,
Academy of Science, Berlin

Fed. Rep. Germany

W. Huttner

J. van Mourik

CLB, Amsterdam

The Netherlands

W. Huttner

T. Pfeuffer

University of WOrzburg, WOrzburg

Fed. Rep. Germany

W. Huttner

P. Rosa

University of Milan, Milan

Italy

W. Huttner

J.G. Scammell

University of South Alabama, Mobile

U.S.A.

W. Huttner

L. Scopsi

INT, Milan

Italy

W. Huttner

A. Tixier-Vidal

College de France, Paris

France

J. Gruenberg

A. Aspnas

University of Turku, Turku

Finland

J. Gruenberg

K. Blomberg

Wallac Oy, Turku

Finland

J. Gruenberg

M. Doree

CNRS-CRBM, Montpellier

France

J. Gruenberg

V. Marjomaki

University of Jyvaskyla, Jyvaskyla

Finland

J. Gruenberg

P. Melangon

University of Colorado, Boulder

U.S.A.

J. Gruenberg

J. Rothman

Sloan-Kettering Memorial, New York

U.S.A.

J. Gruenberg

J. Ugelstad et a/.

University of Trondheim, Trondheim

Norway

B. Hoflack

F. Brodsky

UCSF, San Francisco

U.S.A.

B. Hoflack

B. Goud

Pasteur Inst. Paris, Paris

France

B. Hoflack

P. Lobel

Rutgers University, Piscataway

U.S.A.

T. Kreis

V. Allan

MRC-LMB, Cambridge

U.K.

T. Kreis

W.E. Balch

Res. Inst. Scripps Clinic, LaJolla

U.S.A.

Staff member

Cell Biology

123

Staff member

Collaborator

Laboratory

Country

T. Kreis

R.D. Klausner

NIH, Bethesda

U.S.A.

T. Kreis

V. Malhotra

UCSD, LaJolla

U.S.A.

T. Kreis

J. Slot

University of Utrecht, Utrecht

The Netherlands

T. Kreis

B. Storrie

Virginia Polytech. Inst., Blacksburg

U.S.A.

T. Kreis

G. Warren

ICEF Laboratories, London

U.K.

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

M. Doree

CNRS-CRBM, Montpellier

France

E. Karsenti

D.M. Glover

University of Dundee, Dundee

U.K.

E. Karsenti

T. Hunt

University of Cambridge, Cambridge

U.K.

G. Griffiths

R. Draper

University of Texas, Dallas

U.S.A.

G. Griffiths

H.-P. Hauri

Biocentre, Basel

Switzerland

G. Griffiths

vv.

University of rviunich, Munich

Fed. Rep. Germany

G. Griffiths

P. Rottier

University of Utrecht, Utrecht

The Netherlands

G. Griffiths

A. Virki

University of California, San Diego

U.S.A.

E.C. Hurt

W. Herth

University of Heidelberg, Heidelberg

Fed. Rep. Germany

S.D. Georgatos

G. Blobel

Rockefeller University, New York

U.S.A.

S.D. Georgatos

M.M. Portier

College de France, Paris

France

S.D. Georgatos

K. Radsak

University of Marburg, Marburg

Fed. Rep. Germany

M. Zerial

E. Lehtonen

University of Helsinki, Helsinki

Finland

M. Zerial

E.A. Nigg

ISREC, Lausanne

Switzerland

M. Zerial

S.R. Pfeffer

Stanford University, Stanford

U.S.A.

T. Graf

F. Cormier &
F. Dieterlen-Lievre

Inst. for Mol. and Cell.
Embryology, Nogent-sur-Marne

France

T. Graf

P. Chambon

Inst. of BioI. Chemistry, Strasbourg

France

Neupert

Differentiation

124

Staff member

Collaborator

Laboratory

Country

T. Graf

J. Ghysdael

Curie Inst., Orsay

France

T. Graf

D. LePrince, C. Queva,
B. Vandenbunder &
D. Stehelin

Pasteur Inst. at Lille, Lille

France

T. Graf

A. Leutz

2MBH, Heidelberg

Fed. Rep. Germany

T. Graf

J. Lipsick

SUNY, Stony Brook

U.S.A.

T. Graf

S. Ness & D. Engel

Northwestern University, Evanston

U.S.A.

T. Graf

K. Weston

Chester Beatty Res. Inst., London

U.K.

T. Graf

H. Wolfes

Med. School, Hannover

Fed. Rep. Germany

U. ROther

K. Beyreuther

2MBH, Heidelberg

Fed. Rep. Germany

U. ROther

G. Ciliberto

IRBM, Rome

Italy

U. ROther

B. Fleckenstein

University Erlangen-NOrnberg,
Erlangen

Fed. Rep. Germany

U. ROther

W. Franke

DKFZ, Heidelberg

Fed. Rep. Germany

U. ROther

W. Huttner

University Heidelberg, Heidelberg

Fed. Rep. Germany

U. ROther

D. Huylebroeck

InnoGenetics, Gand

Belgium

U. ROther

D. Komitowski

DKFZ, Heidelberg

Fed. Rep. Germany

U. ROther

B. Kyewski

DKFZ, Heidelberg

Fed. Rep. Germany

U. ROther

M.-G. Mattei

Centre for Medical Genetics, Marseille

France

U. ROther

E. Wagner

IMP, Vienna

Austria

S. Courtneidge

J. Cooper

The Fred Hutchinson Research Inst.,
Seattle

U.S.A.

S. Courtneidge

J. Feuteun

Gustave-Roussy Inst., Villejuif

France

S. Courtneidge

E. Wagner

IMP, Vienna

Austria

S. Courtneidge

M. Waterfield

Ludwig Inst. for Cancer Research,
London

U.K.

O. Fasano

V. Bocchini

University of Naples, Napels

Italy

O. Fasano

A. Parmeggiani

Polytechnical School, Palaiseau

France

D. Duboule

D. Boncinelli

11GB, Milan

Italy

D. Duboule

P. Chambon

Inst. of BioI. Chemistry, Strasbourg

France
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Staff member

Collaborator

Laboratory

Country

D. Duboule

D. Ede

Glasgow

U.K.

D. Duboule

P. Gruss

MPI for Biophysical Chemistry, G6ttingen

Fed. Rep. Germany

D. Duboule

F. Karch

University of Geneva, Geneva

Switzerland

D. Duboule

G. Morata

Centre for Mol. BioI., Madrid

Spain

D. Duboule

C. Peschle

ISS, Rome

Italy

D. Duboule

B. Robert

Pasteur Inst., Paris

France

D. Duboule

C. Tabin

Harvard Medical School, Boston

U.S.A.

D. Duboule

C. Tickle & L. Wolpert

Middlesex School of Med.,
London

U.K.

D. Bohmann

J. Ghysdael

Curie Inst., Orsay

France

R. Zeller

A.E. Carrasco

Inst. of Cell. Biology, Buenos Aires

Argentina

R. Zeller

J. Fallon

University of Wisconsin, Madison

U.S.A

R. Zeller

H. van Straaten

University of Limburg, Maastricht

The Netherlands

R. Zeller

C. Tickle

University College and Middlesex
School of Med., London

U.K.

G. Draetta

E. Harlow

MGH Cancer Research Centre,
Charlestown

U.S.A.

G. Draetta

P. Jansen-DOrr

DKFZ, Heidelberg

Fed. Rep. Germany

G. Dreatta

A. Kimchi

Weizmann Inst., Rehovot

Israel

G. Draetta

E. Villa Moruzzi

University of Pisa, Pisa

Italy

Biological Structures and Biocomputing
D. Tsernoglou

S. Bhakdi

University of Mainz, Mainz

Fed. Rep. Germany

D. Tsernoglou

T. Buckley

University of Victoria, Victoria

Canada

D. Tsernoglou

D. Jahny

University of Stuttgart, Stuttgart

Fed. Rep. Germany

D. Tsernoglou

M. Kokkinidis

University of Crete, Heraklion

Greece

D. Tsernoglou

P. van der Vliet

University of Utrecht, Utrecht

The Netherlands

D. Suck

B. Connolly & A.F. Worrall

University of Southampton,
Southampton

U.K.

D. Suck

R. Cortese & V. Poli

IRBM, Rome

Italy
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Staff member

Collaborator

Laboratory

Country

D. Suck

R. Cortese, R. De Francesco, P. Monaci & A. Nicosia

IRBM, Rome

Italy

D. Suck

O. Dahl

University of Copenhagen, Copenhagen

Denmark

D. Suck

J. Sayers

University of 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

Y. Nakatani &
M. Yamamoto

CNRS, Strasbourg

France

F. Pattus

J.-M. Pages

CNRS-CBBM, Marseille

France

F. Pattus

A.R. Viguera, A. Muga &
F. Goni

University of the Basque Country, Bilbao

Spain

S. Fuller

D. Bamford

University of Helsinki, Helsinki

Finland

S. Fuller

R. Burnett

Wistar Inst., Philadelphia

U.S.A.

S. Fuller

D. Ganem

University of California, San Francisco

U.S.A.

S. Fuller

M. Nassel, F. Birnbaum &
H. Schaller

2MBH, Heidelberg

Fed. Rep. Germany

S. Fuller

M. Rossman

Purdue University, West Lafayette

U.S.A.

S. Fuller

H. Saibil

Birkbeck College, London

U.K.

R. Serrano

R.G. Gillies

University of Arizona, Tucson

U.S.A.

R. Serrano

A. Hager

University of TObingen, TObingen

Fed. Rep. Germany

R. Serrano

R. Perona

Inst. of Biomedical Research, CSIC,
Madrid

Spain

R. Serrano

M.T. Pinol

Pharmaceutical Faculty, Barcelona

Spain

R. Serrano

F. Portillo

Dept. of Biochemistry, Univ. Aut6noma,
Madrid

Spain

R. Serrano

E.W. Weiler

Ruhr-University, Bochum

Fed. Rep. Germany

K. Leonard

G. Butcher

AFRC Babraham, Cambridge

U.K.

K. Leonard

E. Fyrberg

Johns Hopkins University, Baltimore

U.S.A.

K. Leonard

R. Newman

ICRF, London

U.K.

K. Leonard

M.C. Reedy

Duke University, Durham

U.S.A.

K. Leonard

J. Sparrow

University of York, York

U.K.
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Staff member

Collaborator

Laboratory

Country

K. Leonard

S. Trachtenberg

Hebrew University, Jerusalem

Israel

K. Leonard

H. Weiss

University of Dusseldorf, Dusseldorf

Fed. Rep. Germany

W. Kuhlbrandt

K.H. Downing

Donner Lab., Lawrence Berkeley
Laboratory, Berkeley

U.S.A.

W. Kuhlbrandt

Y. Fujiyoshi

PERI, Osaka

Japan

W. Kuhlbrandt

A. Gall & R. Cogdell

University of Glasgow, Glasgow

U.K.

W. Kuhlbrandt

J. Lepault

CNRS, Paris

France

W. Kuhlbrandt

H. Michel

MPI f. Biophysics, Frankfurt

Fed. Rep. of Germany

W. Kuhlbrandt

F. Zemlin

Fritz Haber Inst., Berlin

Fed. Rep. Germany

P. Metcalf

M. Adrian

University of Lausanne, Lausanne

Switzerland

P. Metcalf

M. Baudys

Inst. of Org. Chemistry and
Biochemistry, CSAV, Prague

Czechoslovakia

P. Metcalf

C. von Bonsdorff

University of Helsinki, Helsinki

Finland

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 Groningen, Groningen

The Netherlands

R. Wierenga

H. Kessler

Technical University, 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

K. Muller

Hoffmann-La Roche, Basel

Switzerland

R. Wierenga

F.R. Opperdoes &
P.A.M. Michels

ICP, Brussels

Belgium

P.A. Tucker

G. Shoham &
R. Nechustai

Hebrew University, Jerusalem

Israel

P.A. Tucker

L. Ten Eyck

San Diego Super Computer Center,
San Diego

U.S.A.

P.A. Tucker

M. Pique

Scripps Clinic Research Inst., La Jolla

U.S.A.

P.A. Tucker

N. Straeter

University of MOnster, Munster

Fed. Rep. Germany

M. Saraste

R. Aasa & B. Malmstrom

University of Goteborg, Goteborg

Sweden

M. Saraste

R. Gennis & L. Lemieux

University of Illinois, Urbana

U.S.A.
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Staff member

Collaborator

Laboratory

Country

M. Saraste

T. Haltia & M. Wikstrom

University of Helsinki, Helsinki

Finland

M. Saraste

C. von Wachenfeld &
L. Hederstedt

University of Lund, Lund

Sweden

C. Sander

H. Berendsen & B. Dijkstra

University of Groningen, Groningen

The Netherlands

C. Sander

H. Blocker, S.C. Emery &
W. Klaus

GBF, Braunschweig

Fed. Rep. Germany

C. Sander

B. Bukau & H. Bujard

2MBH Heidelberg, Heidelberg

Fed. Rep. Germany

C. Sander

G. Cesareni

University of Rome, Rome

Italy

C. Sander

V. Eijsink & G. Venema

University of Groningen, Haren

The Netherlands

C. Sander

C. Frommel

Humboldt University, Berlin

Fed. Rep. Germany

C. Sander

H. Fritz, K. Figura, &
C. Peters

University of Gottingen, Gottingen

Fed. Rep. Germany

C. Sander

M. van Heel

Fritz Haber Inst., Berlin
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Back Cover:
View along the four-fold axis of the tetrametic neuraminidase
molecule from influenza virus strain B/Beijing/1 187. In green is
shown the location of bound sialic acid, the enzyme reaction
product. The green spheres are calcium ions, one on the fourfold axis and one in each of the sub-units near the active site.
The structure was solved and refined at 2.2 A resolution at the
Grenoble Outstation of EMBL.

