Front Cover:
Three-dimensional map of plant light-harvesting complex at
6 A resolution determined by electron crystallography. Lightharvesting complex is the major antenna of solar energy in the
photosynthetic membrane of green plants, binding about 50% of
all chlorophyll on earth. It consists of three protein monomers related by threefold symmetry. The map shows the three membranespanning a-helices (pink) and the fifteen chlorophyll molecules

(green) within each monomer very clearly. The uncoloured parts
of the map correspond to less well defined (and possibly less well
ordered) regions of the polypeptide above and below the membrane plane. For further details, see the report by W. KOhlbrandt in
the 1990 Research Reports. (Colouring program: S. Fuller; Photo:
D.N. Wang)
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Comments by the Director-General

to achieve this goal in a flexible and pragmatic way without
too much interference with the individual scientists so that
they can generate new knowledge in an independent and
productive way. The guiding principle should be that we
do not need to teach the tree to bear fruit but we have to
nurture it.
In the last year the EMBL has again shown that an interactive collaborative research environment encompassing
scientists with widely different backgrounds can give rise
to interesting results.
Translational regulation

Until the middle of this century most countries in the
world based their economy on the availability of natural
resources. The industrialization process focused mainly
on converting oil, iron or wood into marketable products.
Recently, with the threatening exhaustion of natural resources, the economy became more focused on the exploitation of knowledge provided by technology and the
natural sciences. For the next century it will be necessary
to pay much more attention to the generation of knowledge
since most of the economy will depend on new knowledge
which must be accumulated at an increasing pace. An
urgent topic is the understanding of the interplay in nature
to prevent ecological catastrophies caused by the exploitation of technology. The basic sciences will thereby fulfil an
important role. The current emphasis on the application
of science will be replaced by increased expenditure on
the generation of new scientific knowledge which is less
predictable than contributions in the applied area. The
Director-General of UNESCO, Federico Mayor, has clearly
emphasized this idea in stating: "Applied science does not
exist, only science that can be applied".
The EMBL is placed very favourably in this development
since it is a basic science research institute in molecular
biology which has strongly emphasized new and alternative ways to support basic science and at the same
time helped to integrate the European science effort. For
the next decade it is clear that we should encourage the
scientific mind so that ideas can flow freely. We should try
4

In recent years there has been an impressive advance in
the characterization of the transcriptional process and the
pre-mRNA splicing mechanism. As reported in previous
Annual Reports the EMBL has made significant contributions in both these fields. There are also, however, controls
at other levels of gene expression in mammalian cells.
The translational machinery has been analysed in great
detail for several years but the investigation of the mechanism of translational control has recently gone through
a renaissance because all the participating proteins can
now be made available in large amounts and the specific
mechanisms can, therefore, be investigated. An mRNA
generated through transcription and splicing must first
interact with several initiation factors before it can be translated by the ribosomes into a polypeptide. Many of these
events are gradually being clarified and the translational
initiation machinery of several viruses has been used to
over-express proteins in mammalian cells. Both up- and
down-regulating elements have been identified, and the
translational controls involve both recognition of the cap
structure and specific elements that remove the secondary
structure domains in RNA prior to translation. The initiation
factor responsible for this helicase activity has recently
been cloned and over-expressed. The negative controlling
elements seem to operate partially through phosphorylation of specific initiation factors, and these events can be
induced by some components responsible for the cellular
defense against viral infection or by some of the heat shock
genes. The 3'-end of the mRNA, through its poly A tail,
and the poly A binding protein also seem to have a role
in the initiation of translation. It is also clear that simple

metabolic events like amino-acid starvation or lack of specific metals might lead to activation of specific translational
events.
Several groups including one at the EMBL have specifically focused on the regulatory RNA elements that are
influenced by iron. These elements are defined secondary
sequence structure motifs in the mRNAs. The biological function of these elements is to provide a specific
binding site for a protein that has been called the ironresponsive element binding protein (IRE-BP). When the
cells are starved of iron this protein binds strongly to the
IRE which has various biological consequences. When
it binds to the untranslated region of ferritin mRNA, it
represses translation from this messenger but when it
interacts with multiple IRE elements available in the 3'
untranslated region of the transferrin receptor mRNA, it
is stabilized. A similar conserved IRE motif is also present
in the 5' untranslated region of the murine and the human
mRNAs encoding the erythroid specific 8-amino levulinic
acid synthetase (e-ALAS). This enzyme has long been
considered to catalyse the rate limiting step in haem
biosynthesis. The expression of this enzyme is probably
translationally controlled although the mechanism of regulation and the identification of the regulatory signal have
been elusive. The demonstration of an IRE element in
the mRNA may help to reconcile some of the conflicting
views of the regulation of haem biosynthesis during erythroid differentiation. A computer search revealed similar
elements in another enzyme in intermediary metabolism
whose mRNA also encodes an iron-sulphur protein, suggesting that several of the cellular components affected
by iron might be translationally controlled through similar
mechanisms.
With all the technological tools now available it might be
appropriate to focus both on post-transcriptional control
mechanisms influencing mRNA stability and on the initiation and elongation controls in translation to achieve a
better understanding of gene expression.
In 1990 Riccardo Cortese left the EMBL to set up the
IRBM research institute in Rome. He was instrumental in
building up the Gene Expression Programme and inspired
everyone with his enthusiasm and friendliness. lain Mattaj
succeeded him as programme coordinator.

Network antibodies

Antibodies with desired specificities can now be generated
both in vivo and in vitro. Over-expression in bacteria and
mammalian cells or peptide synthesis can be used for
preparation of the desired antigen. Monoclonal antibodies
produced by in vivo or in vitro immunization serve as useful
tools for identifying and localizing the epitopes in cells
or in protein complexes. They also serve as the antigen
for the generation of anti-idiotypic or network antibodies
which may allow identification of the binding pocket for the
initial antigen. Network antibodies have allowed characterization of some cellular receptors and proteins interacting in
transcription complexes by starting with the ligand of the
receptor or an epitope from a single transcription factor.
This approach was used in a collaboration between the
Cell Biology and Structural Biology Programmes and a
candidate receptor for the retention of soluble proteins
in the endoplasmic reticulum was identified. In this case
an anti-idiotypic antibody mimicking the retention signal
was used to identify the receptor. Work is continuing to
sequence the receptor protein and isolate the clone to
establish unequivocally that this protein is really the retention receptor. Another candidate receptor protein has
been identified by genetic studies and may be a pore which
controls the environment in which recognition occurs.
Network antibodies have also been used to dissect interactions between intermediate filaments within the mammalian cell. The anti-idiotypic antibodies have identified
some protein domains involved in filament-filament interactions within the cells. They have also led to clarification
of the anchorage of some intermediate filaments to the
nucleus where laminin B appears to be involved.
With further refinement, network antibodies could be used
to understand protein-protein and protein-DNA interaction
in a very precise manner and to identify some of the
components participating in the complex units governing
transcription, translation and vesicular transport within animal cells.
Nuclear transport

Nuclear transport in eukaryotic cells involves nuclear
pores, which are channels for transport into and out of the
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nucleus. Some remarkable results were obtained in this
area in the Cell Biology Programme. One of the nuclear envelope proteins (NSP1) was identified in yeast by genetic
and immunological techniques and it was demonstrated
that this protein is part of the nuclear pore channel. By
using temperature-sensitive alleles, NSP1 was shown to
participate in the transport of proteins into the nucleus. In
an elegant experiment with a construct containing a fusion
protein between dihydrofolate reductase and NSP1 it was
established that the protein targets to the nuclear periphery
via the carboxyterminal domain which consists of heptad
repeats of a hydrophobic nature. The NSP1 protein has a
homologue in mammalian cells called p62 which also was
cloned.
In collaboration the Cell Biology and the Gene Expression Programmes characterized a yeast nucleolar protein,
NOP1. When cells are depleted of this protein they can no
longer make new ribosomes, mainly because of a faulty
processing and maturation of ribosomal RNA. The human
homologue of NOP1 had earlier been identified and is
called human fibrillarin. The sequences of the yeast and
the human proteins are around 70% identical. By exploiting
the yeast genetic system the two groups are well on
their way to study the function of fibrillarin and to identify
suppressor mutations in other yeast nucleolar components
that can interact with the human protein.
In the Gene Expression Programme the old problem of
exit and entrance of small nuclear RNP particles and their
RNAs into the nucleus has been reinvestigated. It appears
that a mono-methyl guanosine cap structure favours exit
out of the nucleus while the trimethyl cap structure of the
snRNAs seems to be a signal for reentering the nucleus.
It was discovered that karyophilic protein transport and U
snRNP transport could be inhibited by either wheat germ
agglutinin or trimethyl cap dinucleotide analogues establishing that more than one pathway for nuclear transport
must exist. These combined studies on molecular transport
out of and into the nucleus demonstrate again the benefit
of collaboration within the EMBL.
Signal transduction complexes or transductosomes
In the Differentiation Programme progress has been made
concerning the description of the early events in the sig-
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nal transduction pathway that is established intracellularly
when a growth factor stimulates the cell to enter the proliferative state. Binding of the best studied growth factor,
called platelet derived growth factor (PDGF), to its receptor
leads to dimerisation of the receptor and activation of
the tyrosine kinase in its cytoplasmic domain. As a result
the receptor autophosphorylates on at least two tyrosine
residues and changes its conformation, which leads to the
binding of several proteins. Some of these proteins had
previously been identified as a lipid kinase (Raf-1), phospholipase Cg and the so-called GAP protein (involved in
control of the GTPase activitiy of the Ras-protein). Studies
at EMBL have now identified several of the proteins of the
sre family in this complex, and shown that binding of PDGF
to its receptor stimulates the tyrosine kinase activities of all
the sre family proteins. It is not clear yet whether this giant
complex is formed on each dimer of the PDGF receptor, or
whether different PDGF receptors complex with only one or
two of these proteins. However, the formation of a complex
in vivo of all these proteins involved in signal transduction
hints at the possibility that signal transduction is mediated
by a special signal transduction complex that may be
called a "transductosome", by analogy to ribosomes and
spliceosomes involved in protein translation and mRNA
splicing, respectively. How this putative transductosome
transfers the signals to the nucleus in mammalian cells
where transcription is initiated, and in particular the role of
the sre family of tyrosine kinases in this process, is still unresolved. These questions can perhaps best be answered
by designing dominant negative mutations in individual
proteins of the complex, and screening for defects in signal
transduction in cells expressing them.
Haematopoietic cell differentiation
The early stages of cell differentiation in haematopoietic
cells are also being clarified gradually. The work at the
EMBL analysing one of the avian leukemia viruses is of
special interest in this regard. This E26 leukemia virus encodes two oncogenes involved in transcriptional activation,
v-myb and v-ets, in a single fusion protein. This virus is
unique in its capacity to transform haematopoietic cells of
both the myeloid and the erythroid lineage. To establish the
role of the individual one-genes, viruses were constructed
expressing either the Myb or the Ets protein or both proteins. In the myeloid lineage v-myb but not v-ets induces

cell transformation. In the erythroid lineage on the other
hand both v-myb and v-ets weakly transform erythroblastlike cells. These cells exhibit a mature phenotype with
low capacity for self-renewal. The transforming efficiency
of the two oncogenes is enhanced if both proteins are
either coexpressed as separate proteins or as a fusion
protein. Cells transformed with the myb-ets fusion protein
clearly exhibit a more immature phenotype than if the two
separate proteins are coexpressed. These results suggest
that the two oncogenes can cooperate in transformation
of erythroid cells both in trans and in cis and the mode
of cooperation is reflected in the differentiation phenotype
of the transformed cell. More recent results showed that
the immature erythroid cells transformed by the myb-ets
fusion protein can give rise to myeloid or eosinophil lineage
cells if superinfected with retroviruses expressing kinase
or ras-type oncogenes. These results suggest that the
myb-ets oncogene can transform pluripotent stem cells.
A new group leader, Marek Mlodzik, will join the Differentiation Programme in 1991 after postdoctoral training
at Berkeley, California. This means that the EMBL will
reintroduce the Drosophila system as a complement to
the developmental biology groups already established in
the Differentiation Programme. After his Ph. D work on
homeotic genes he is now working on the development
of the compound eye which may serve as a model system
for studying differentiation of single cell lineages.
Protein-folding

The speed at which protein structure is determined at
high resolution by crystallography or peptide domain structures are elucidated by NMR is increasing significantly.
After the over-expression has been achieved and crystals
have been made, structural information can be available
within months. During 1990 the crystallographers at the
EMBL both in the Biological Structures and Biocomputing Programmes in Heidelberg and the two Outstations
determined new structures and in some cases provided
information about the interaction between enzymes and
ligands. The trypanosomal triosephosphate isomerase including its complex with the substrate and the seryl-tRNA
synthetase are notable examples of the x-ray crystallography effort. The three-dimensional structure of the plant
light-harvesting complex determined by electron crystal-

lography is another remarkable contribution. Concurrently
the biocomputing experts are devising new programs for
comparing protein sequences at the primary sequence
level. New computer programs are also helping to understand the domains of different proteins and to clarify evolutionary or protein-folding patterns. Expanding the
work in the Differentiation and Cell Biology Programmes,
one group has compared several GTPase domains which
are structural motifs involved in molecular switches in
a variety of important cellular functions such as growth
control, protein biosynthesis and membrane traffic. When
the amino-acid sequences of 100 members of different
sub-families were compared and mapped onto the crystal
structures of the mammalian Ras p21 and a bacterial
elongation factor, patterns of strongly conserved residues
were observed. A common conserved structural core was
identified that may be useful for model building by homology with other GTP binding domains. Some sequence
regions that may be involved in the function of these
proteins were identified outside the effector loop and the
nucleotide binding sites, suggesting specific mutation experiments.
Recent results in cell biology and gene expression seem,
however, to suggest that protein-folding is a much more
complex and difficult problem than originally anticipated. In
planning a research programme on protein folding it may,
therefore, be necessary to review some of these results
since with some proteins folding to the correct tertiary
structure may require more information than the proteins
available in primary sequence. The unfolding and refolding
required for the translocation of several proteins to the
mitochondrion suggest that there probably are numerous
proteins involved in denaturation and folding. Recently,
some of the heat-shock proteins have been identified
as chaperones or scaffolding proteins for these events.
Similar proteins residing in the endoplasmic reticulum bind
to the immunoglobulin heavy chains or to viral subunit
monomers. The latter must be trimerized before they can
be properly assembled. All this may point to the fact that
only a few of a very large family of scaffolding or chaperone
proteins have been identified.
As shown in other laboratories some of the transcription
factors in macrophages and T-cells may in addition only
recognize the cognate enhancer sequences in the DNA
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after interaction with protein-folding isomerases. Immunosuppressive agents like cyclosporin seem to interact with
cyclophilin, a proline peptidyl isomerase, leading to inhibition of the isomerase enzymatic activity which may
prevent the transcription factor from binding to DNA. This
isomerase may change the tertiary structure of the transcription factor so that it can bind to DNA through the
reorganisation of a loop structure in the protein. Since at
least two isomerases are involved in the activitation of the
transcription factor a drastic change in the protein structure within the cell may alter the tertiary structure of the
repressed protein. In addition protein disulfide isomerase
has long been known to enhance the rate of protein folding
of several proteins.
The protein-folding problem, therefore, may require in addition to modelling and computational analysis contributions
from groups within Cell Biology and Gene Expression providing an experimental understanding of how the tertiary
structures of proteins are accomplished in vivo. There may
be many folding proteins functioning as chaperones and
isomerases. More emphasis on the experimental side of
protein-folding appears to be necessary. This problem is
probably one of the most important outstanding problems
that needs to be solved within molecular biology.
A recent but worrying result in molecular biology might in
fact infer a defective mechanism in the folding pathway.
The scrapie agents causing neurological diseases in animals and man seem to have an infectious moiety mainly
consisting of proteins. Even if it is not entirely ruled out
that RNA or DNA is involved substantial evidence favours
a proteinaceous infectious agent. It would be detrimental
to the dogma of molecular biology if such agents existed
since most of us believe that nucleic acids must direct
the amplification of an infectious agent. However, if the
scrapie proteins belong to the class of folding chaperones,
a defective folder could possibly serve a catalytic function
inside the cell and thereby amplify the signal by defective
folding of itself. If this hypothesis is correct this research
field may gain in impact and importance.
To have access to all technology in this field the EMBL,
on the advice of the SAC, decided to recruit both an
operational and a theoretical NMR group and to purchase
a 600 MHz NMR machine early in 1991. We will then
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have all the facilities available to study protein-folding
with cell biological, molecular and structural as well as
computational techniques. To provide additional expertise
in this interesting field we have been fortunate to have Tom
Creighton, an expert in protein-folding, join the EMBL as a
senior scientist. He came from the Laboratory of Molecular
Biology in Cambridge.
EMBL's instrumentation projects
close to the market

During 1990 many of the instruments and chemical
reagents developed at the EMBL received considerable
attention from industry. The automatic DNA sequencer
is now sold as the ALF machine through Pharmacia
Biosystem in Sweden, the image plate scanner developed
at the Hamburg Outstation has been licensed by MARresearch in Hamburg and the multiwire detectors developed in Grenoble and Heidelberg have now been licensed
to Bio-Logic in Grenoble. The RNA oligonucleotides with
protected hydroxyl groups developed in the Biochemical
Instrumentation Programme will soon find a licensee and
the multiple oligonucleotide synthesizer also developed
in this Programme will probably be manufactured commercially in the near future. A major software package
for molecular graphics database handling and molecular
design called WHAT IF is also being licensed to pharmaceutical and instrument companies. In addition we have
several collaborative agreements with industry on instruments developed or improved at the EMBL. For example
the confocal microscope is being further developed in
collaboration with Carl Zeiss. A corrector for transmission
electron microscopes is envisaged in collaboration with
Philips in the Netherlands. As a result of these agreements with industrial companies, the EMBL has, during
the last years, generated additional income. Our policy
to make only the prototype version of instruments or to
describe a new technique and immediately try to find a
licensee within the Member States has obviously been
successful and has led to a small but significant increment in the budget. This procedure allows the scientists
and the engineers at the EMBL to focus on new developments once the prototype has been completed. The
EMBL has furthermore now reached an agreement with
the EMBL Council on how to administer these additional
funds.

During 1990 we added a new service group providing
peptide synthesis and protein sequencing in the EMBL and
we are at present looking for a group leader experienced
in mass spectrometry for protein characterization and sequencing.
The Outstations

The EMBL was proposing that the Outstations should
have the same general structure as the Programmes in
Heidelberg with appointed group leaders and a coordinator functioning as the head of each Outstation. This has
already been introduced in Hamburg and Grenoble will
follow shortly.
The major focus of the scientific programme of the Grenoble Outstation, encompassing groups in molecular biology,
biochemistry and crystallography, is the study of structurefunction relationships in aminoacyl tRNA synthetases. Following the crystal structure determination of seryl-tRNA
synthetase from E.coli, work is now continuing (in collaboration with visitors from Kiev) on crystals of the complex
of the same synthetase from Thermus thermophilus with
its cognate tRNA. The crystallography group has also
solved the structure of the neuraminidase from a B-strain
of influenza virus. In addition, the Outstation is continuing
its collaboration with the ILL on the design and prototype
construction of a quasi-Laue neutron diffractometer for
protein crystallography. The EMBL Council has already
accepted in principle an expansion in Grenoble to provide
a biological support and research laboratory serving both
the ILL and the ESRF, but we are still awaiting decisions from both these organisations about a more formal
agreement covering the collaboration. Since the French
Research Councils will establish an institute for structural
molecular biology in Grenoble in close proximity to the
ILL and ESRF, discussions have started as to whether
EMBL should provide facilities in, for instance, molecular
genetics, over-expression of proteins and fermentation,
so that a collaborative protein engineering project can be
initiated in Grenoble.
In the Hamburg Outstation the instrument development,
the crystallography and the muscle work have been exceptionally successful. The remodelling for the relocation
of the beam line X11, X13 and later X12 as well as the

addition of the new wiggler station on the bypass were
started during last year. This will lead to additional space
for the EMBL plus a synchrotron source generated by
the electron beam that will be usable throughout the year
almost as a dedicated source. The image plate scanner
that was designed, developed and built in Hamburg has
now been licensed to a manufacturer and has been very
appreciated by other synchrotron facilities, as well as by
x-ray crystallography laboratories within Europe. Copies of
this detector manufactured in the Outstation were shipped
to Cambridge and soon to LU RE but from next year
the licensee will take over the production of the detector.
The EMBO/EMBL expansion projects

The foundation of a European Institute or Centre for Biolnformatics came one small step nearer to realisation when
the European Chemical Industry Federation (CEFIC) finalized its EC supported study on bioinformatics in Europe.
CEFIC proposes a separate institute for the coordination,
collection and distribution of the nucleic acid data. The
EMBL, hopefully together with the European Communities,
should now execute a managerial study identifying how
such a centre should be organized and launched. We hope
that the centre will be in the proximity of the EMBL so
that it can profit from the collaboration between the basic
molecular biologists in the EMBL and its staff who will
be responsible both for research and for the services of
relevant bioinformation. To speed up this project Howard
Bilofsky with experience both from management and computer science joined the EMBL in 1990 as a consultant.
The proposals for an expansion of the EMBO/EMBL activities were presented to the EMBO membership. The
EMBO members gave highest priority to increasing postand predoctoral fellowships throughout Europe as well as
to the establishment of a programme of European research
groups at the assistant professor level. New EMBLs were
only favoured by a minority of the members, especially
those from Italy, Greece and Spain. This proposal has
been presented to both the EMBC and the EMBL Council,
and a redrafted proposal was sent out at the end of 1990 to
all delegates for the information of the science ministers in
the Member States. The research groups proposed might
be incorporated within the university structure in Europe; in
9

special cases, several such groups may form a mini-EMBL
in one of the Member States. Hopefully this expansion
will be supported by other European organisations, rather
than by the national budgets for basic research. Soliciting
interest for an expansion of the EMBO/EMBL programme
is the beginning of a long process but in view of a strong
requirement for more emphasis on basic rather than applied science in the future it is necessary to persist with
this proposal. It is clear that the first step is the longest
one and once agreement has been reached the expansion
could proceed rapidly.
L. Philipson
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Towards a European molecular biology

The last, but by no means the least important purpose
of EMBL laid down in the Agreement establishing the
Laboratory is the advanced training and teaching. The
Laboratory fulfils this function in several ways, for example, by organising in collaboration with EMBO advanced
practical courses, eight in 1990, by holding symposia and
workshops, by training postdoctoral fellows and by its
graduate student programme. If, as many would agree,
students are Europe's biggest asset for the long term future
of its science, the small EMBL investment in its predoctoral
programme - an experiment to test the viability of a PhD
training programme on a European rather than a national
basis - bears no relationship to the importance of this facet
of the Laboratory's activities.
Currently at EMBL there are 63 predoctoral fellows working
for their PhD degrees either from Heidelberg University or
from universities in their homeland. Forty of them have
EMBL fellowships and the remainder fellowships from
other agencies. All the "predocs", however, regardless of
the source of their stipend go through the same stringent
and highly competitive selection procedure. They all also
receive the same stipend with the Laboratory topping up
external fellowships to the EMBL level; to have different
rates of pay for the same job would only lead to dissension.
Once within the programme the predoctoral fellows are
exposed to a well equipped research environment that
encourages interdisciplinary collaboration and is international. Added to which in their first year the predoctoral fellows attend short but intensive formal lecture and practical
courses organised by each of the four major Programmes
at the EMBL Heidelberg, in a local version of an American
graduate school. The predoctoral fellows' evaluations of

each course make interesting reading and provide the
feedback necessary to improve the courses and adapt
them to the requirements of the participants.
If the publication records of the EMBL predoctoral fellows,
their success in obtaining postdoctoral positions in outstanding laboratories in both Europe and the USA, and
the fierce competition each year first amongst the EMBL
Programmes and then amongst the group leaders in those
Programmes for the incoming predoctoral fellows are valid
criteria, the conclusion is clear, the EMBL predoctoral programme goes from strength to strength. The predoctoral
fellows' contributions to the intellectual life of the groups
in which they work, and with few exceptions they work
very hard, amply repays the Laboratory's investment in this
programme, so much so that EMBL will aim for a further
expansion to reach a steady state population of about 80
predoctoral fellows instead of the current 60. That target
would mean on average two graduate students per eligible
research group which, by the standards of many groups in
national research institutions and universities, is a modest
number.
In EMBL's Annual Report for 1987, and elsewhere (Endeavour, 14, 95-98, 1990) I have argued the case for establishing in Europe an international predoctoral fellowship
programme, on a much larger scale than that operated
at EMBL, precisely designed to encourage outstanding
graduates to pursue studies for a PhD degree in a foreign
country; a programme involving people at the very outset of
their research careers that would increase exchange and
collaboration between European laboratories; that would at
minimal cost help break down national barriers to mobility
and not least contribute to international understanding and
mutual appreciation of national idiosyncrasies. Two lines
of evidence indicate that amongst the graduates of Europe
there is a demand for such a programme. First a very large
number of applications are received for the dozen or so
fellowships EMBL can offer. Second EMBO receives numerous inquiries about the possibility of obtaining financial
support for young scientists wishing to do their PhD in a
foreign but European laboratory.
The recent political changes in eastern Europe have resulted in many forlorn requests for fellowships from ambi11

tious young graduates, or their mentors, in those countries.
With prospects so bleak at home they are desperate to
move to Western Europe to be able to do some stateof-the-art research for their PhD. In the past such an
idea would for political reasons have been inconceivable.
Today the political barriers have gone but financial ones
remain. All the requests for predoctoral support that EMBO
receives, regardless of from which European countries,
are turned down because EMBO has no funds for a
predoctoral fellowship programme. To my mind a European
predoctoral fellowship programme, to include the whole of
Europe, would be one of the most timely and rewarding
investments that could be made. If many young graduates
from eastern Europe end up in American graduate schools
enhancing the USA's intellectual resources, and which
resources will be more important in the future, Western
Europe will have only itself to blame.
There is no gainsaying the fact that many young graduates
in Europe, from Ireland to the Urals, would jump at the
opportunity of studying for a PhD in a foreign country. But
what are the views of the scientific establishment, those
who head the laboratories in Western Europe that are the
potential recipients of foreign predoctoral fellows? At least
as far as molecular biologists are concerned we now have
some data. Last year a set of proposals for a really large
increase in the size and scale of the EMBO programmes
as well as a proposal to establish a network of EMBLs was
sent to the EMBO membership. They were asked for their
comments and whether or not they endorsed the entire
package proposals or some of them. The set of proposals
comprised an increase in the existing EMBO long and
short term fellowship programmes, the establishment of
an EMBO predoctoral fellowship programme, the establishment of a programme of EMBO investigatorships and
finally the establishment of further EMBLs.
Of the 380 EMBO members who replied all but 8 were
in favour of the whole package or parts of it. How could
the result have been otherwise? Molecular biologists are
bound to endorse a proposal to channel more funds to
their field. However, the priorities many ·of the members
attached to the various proposals and in particular the
proposed predoctoral fellowship programme were more
revealing. Apart from the 8 who wanted nothing of the
package none of the other 372 commented against the
12

proposal to establish a European predoctoral fellowship
programme and many singled it out for special endorsement. To give some examples of the comments: "A scheme
of predoctoral fellowships would be very timely and highly
desirable"; "From the UK viewpoint it would be excellent
to have molecular biological graduate students working in
European laboratories"; "I am especially in favour of an
increase in long term fellowships and the graduate student fellowships"; "I especially approve of the predoctoral
scheme"; "Most effective of all would be a larger predoctoral support program than that suggested in the document
thus making a bigger investment in the longer term future
of European science"; "I really believe the creation of a
graduate student program and the establishment of EMBO
research groups would greatly help in breaking the static
habit of many national universities, mine included". Those
comments made by EMBO members working in France,
Switzerland, Italy, Belgium and the UK are typical of the
many which were strongly in support of launching an
EMBO predoctoral fellowship programme. The conclusion
seems clear, amongst the senior molecular biologists in
Europe there is considerable enthusiasm for a European
predoctoral fellowship programme.
A comment made often was that all the EMBO fellowship
programmes, the short and long term fellowships that
exist and the proposed predoctoral fellowships, should
be extended to include Eastern European scientists. Max
Birnstiel, the retiring president of EMBO Council summed
it up in a nutshell when he said that with regard to Eastern
Europe what we now urgently need is a Marshall Plan for
Science. But do we have in Europe a latter day General
Marshall to set it up and give his name to it?
The proposal to attempt to establish a predoctoral fellowship programme was not at all contentious but the proposal
to establish a network of EMBLs was, and it provoked
some forthright comments. First let it be said that over
300 of the 380 EMBO members who replied endorsed
the entire package of proposals, including a network of
EMBLs. The latter proposal has, therefore, the support
of the great majority of the respondents. That stressed,
the remaining replies fell into two opposed camps, those
strongly against the idea or wanting to shelve it for the foreseeable future and those strongly in favour. The primary
reasons for opposing the proposal had to do with money.

It was argued that the money used to establish additional
EMBLs would inevitably result in a reduction in the financial
support of national laboratories and in particular drain it
away from already hard pressed universities. Although the
EMBO proposals emphasized that funding for an enlarged
EMBO programme and more EMBLs would have to be
additional to existing funding for national laboratories and
not at their expense, these members were not persuaded
that that could in practice be achieved. The opponents
argued against further investment in buildings, bricks and
mortar.
One from Britain wrote: "I support all aspects of the expansion apart from the setting up of a network of EMBL
labs, which I oppose. If such labs are set up in smaller
countries, or those that are weak scientifically, they are
unlikely to work in the near future, if ever. If they are set
up in countries with strong molecular biology, they will
duplicate and detract from existing resources." That is a
particularly interesting statement because the comments of
the EMBO members revealed that there is a North versus
South division of opinion about additional EMBLs. The
strongest opponents were, almost without exception, from
North European countries with strong national molecular
biology groups, with a long tradition of excellent research
in the field but with current financial problems. On the
other hand, those giving additional EMBLs a high priority
were almost exclusively from the South of Europe and in
particular Italy, where there is clearly very strong support
for establishing an EMBL. I quote two examples that summarise the views of many Italian EMBO members: "Considering the conditions of basic research in my homeland,
I feel strongly that the creation of one or two EMBLs in
Italy would have a tremendous impact, for the reasons
listed in the document but also because they would set a
visible standard of objectivity in evaluating programs and
efficiency in administering funds, thus influencing the local
institutions and their way of managing research." and "I am

particularly in favour of EMBO research groups and of a
network of EMBLs. As an Italian I do not see any possibility
to rescue the Italian academic system from the inside. The
power (the positions and the money) is solidly in the hands
of people who have often little to do with science. I do not
see possibilities of major changes in the near and far future
unless other forces from the outside will destabilize this
power. An European enterprise can do that. I also think,
as mentioned in the EMBO document, that the national
scenarios are definitely too narr9w for modern science."
To find that the different countries in Europe have different
strengths and weaknesses, different needs and priorities,
which extend even to molecular biology, is no discovery.
If, however, such differences are allowed to result in a
stalemate, or in the pursuit of nothing better than the
lowest common denominator they will certainly persist and
may well burgeon. If questions of European collaboration
are always answered from a purely national point of view
then attempts at integrating our separate countries into a
European whole that transcends its parts are doomed to
fail.
Knowing that over 300 of the 380 respondents support the
proposals for more EMBO short and long term fellowships,
for new programmes of predoctoral fellowships and EMBO
investigatorships and for a network of EMBLs, the EMBO
and the EMBL will continue to campaign for the complete
package, attaching only one crucial condition, namely that
the funding must be additional to, and not at the expense
of, the budgets of national laboratories and universities. Although one item or another may be more readily achieved
than the rest, and given the repercussions of events in the
Persian Gulf none may be easy to realise, the final goal
remains the complete set of proposals each satisfying a
different need but all in the end synergistic.
J. Tooze
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Cell Biology

This century has witnessed the increasing molecularization
of biology. The success of the molecular approach has
been immense not only in biochemistry, genetics, microbiology and immunology but in cell development and neurobiology as well. This trend will surely continue. We are
presently expanding rapidly growing catalogues of intraand extra-cellular proteins, asking whether each protein is
essential or not, and, in favourable cases, assays have
been devised to demonstrate the possible function of the
protein under study. We are becoming much more efficient
at identifying novel proteins. When the genome projects
have been completed the catalogues will be finished. On
the other hand, the complementary task of placing the
proteins in context in their environments inside and outside cells is receiving less attention. The most powerful
approach to protein function today is not biochemistry,
but the homology search which has the advantage over
experimental work in that it demands almost no effort.
The tremendous success of this reductionist strategy to
biological research unfortunately also has negative consequences. In my opinion it stifles our imagination and
narrows our scientific perspectives. Who wants to devise
novel methods to analyse interactions within the cell or
between cells in space and time? Painstaking efforts will be
necessary to overcome the technical difficulties. We have
to face it, too little time and effort is being invested in these
areas today. Granting agencies will have to acknowledge
that excessive funding of topical subject areas will affect
the willingness of imaginative scientists to prepare the way
for novel approaches to cellular function. The challenge will
be to mirror the dynamic interactions between molecules
in their cellular context by using both destructive and
non-destructive methods. The hope is that the conscious
search for context will fertilize our thinking and experimental ingenuity. At least it will make us aware of the immensity
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of the task that lies ahead of us in biology and lead us back
to the humble status of observers of nature.
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, microtubular
networks, the cell nucleus and the cell cycle. These themes
together provide a comprehensive view of cell organisation
in time and space.
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 the 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 54 kDa
protein of the signal recognition particle. This domain of
the protein can now be expressed in bacteria. Together
with the Biological Structures Programme, a detailed study
of the signal peptide - 54 kDa protein interaction is under
way.
A novel family of GTP binding proteins is being characterized in the Programme. More than 20 members of
this family have been identified. These proteins play an
important role in membrane traffic. They seem to function
as switches which have to be turned on to allow membrane
transport vesicles to fuse with the acceptor compartment
to deliver their cargo of proteins and lipids. In other words
they might function as traffic lights. When the lights turn
green, traffic proceeds. These Rab proteins have been
localized to both the secretory and endocytic pathways in
the eukaryotic cell. Rab5 is now the best characterized
mammalian Rab. Research in the Programme has shown
that this protein is involved in regulating endocytic traffic
between the cell surface and the first compartment, the

early endosome, in the endocytic pathway. In vitro assays
have shown that the protein regulates fusion between
the early endosomes. A concerted effort is under way
to characterize the other Rab proteins. These proteins
are especially interesting because they represent the only
molecules known so far that define specificity in each step
of membrane traffic.
Another interesting protein molecule defined by recent
studies in the Programme is the iJ-COP. This protein was
found to have homology with proteins working as adaptors in clathrin-coated vesicles which function to transport
proteins and lipids in the endocytic pathway. The iJ-COP
is found in vesicles derived from the Golgi complex. Exactly where they function is not yet known. Newly synthesized lysosomal enzymes are transported in clathrincoated transport vesicles from the trans-Golgi network in
the Golgi complex to the endocytic pathway. The enzymes
are bound to mannose-6-phosphate receptors which have
to return to the trans-Golgi network after delivering their
cargo. A protein kinase activity has now been identified
in one of the adaptor proteins in the coated vesicles.
This kinase phosphorylates the receptor. It could be that
this modification regulates the recycling of the receptor.
Another class of passengers using the route to the endocytic pathway from the Golgi complex are class II major
histocompatibility proteins. These proteins play an important role in antigen presentation in the immune response.
The sorting of these proteins in the trans-Golgi network
depends on one of the three subunits (the Ii chain) of the
class /I proteins. The Ii chain dissociates from the class
II protein complex after reaching the endocytic pathway.
Here the class II proteins then bind peptides from ingested
antigens for delivery and presentation at the cell surface.
These two examples, lysosomal enzyme delivery and class
/I protein involvement in the immune response, illustrate
how the connections between different compartments in
the secretory and in the endocytic traffic routes serve to
facilitate important cellular functions. Practical applications
such as vaccine development and treatment of allergy and
autoimmune diseases will require a deeper understanding
of protein traffic in the eukaryotic cell. For most pharmaceutical companies this must come as a great surprise
judging from the fact that they have included little cell
biological expertise into their research and developmental
programmes.

Not only lysosomal enzymes and class II histocompatibility proteins exit from the trans-Golgi network. Proteins
destined for the cell surface or for export also leave the
Golgi complex but in different carrier vesicles. Neuropeptides and peptide hormones are packaged into storage
granules which deliver their cargoes to the outside of
the secretory cell upon stimulation. The packaging process seems to involve selective aggregation of the cargo
proteins and secretory granule membrane proteins. This
process also seems to be regulated by GTP-binding proteins.
Polarized cells such as epithelial cells and neurons have
to sort cell surface proteins to the two domains of the
cell surface. This seems to be done in some cell types
by sorting the two classes of cell surface proteins into
two types of transport vesicles in the trans-Golgi network.
Recent work in the Programme suggests that the sorting
mechanisms in epithelial cells and neurons are similar. The
plasma membrane of the axons seems to be equivalent to
the apical cell surface of epithelial cells, and the plasma
membrane of the dendrites and of the cell body of neuronal
cells to the basolateral plasma membrane domain. Preliminary results using specific GTP-binding proteins confirm
the equivalency of these cell surface domains. This novel
insight is providing new approaches to study both epithelial
and neuronal cell organisation.
Viruses have served as indispensable tools in the elucidation of both the endocytic and secretory routes of
the cell. A new project has been started to study the
biogenesis of vaccinia virus. This virus is of special interest to cell biologists because of the way the virus
nucleic acid gets enveloped by several layers of membranes. First results suggest that virus membrane assembly starts in a compartment which is localized between the endoplasmic reticulum and the Golgi complex.
This compartment was previously characterized by several
groups in the Programme, and it might also be involved
in the retention of soluble proteins in the endoplasmic
reticulum. This retention mechanism is under scrutiny in
the Programme. The vaccinia project may provide unique
insights into the organisation of this important segment
of the secretory route which involves quality control of
newly synthesized proteins and probably autophagy as
well.
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Microtubules and the cell cycle

The microtubules belong to the cytoskeletal elements of
the cell. During interphase they form a dynamic network
which plays a central role in intracellular movements and
in positioning of organelles. In addition, they guide the
movement of many transport vesicles from one organelle
to another. When the cell enters mitosis the interphase
microtubules disappear and reorganize to form the mitotic
spindle which guides the segregation of the chromosomes
into the two daughter cells. The control of the interphase
and mitotic microtubules is being studied in cell-free assays. A central regulating enzyme is the cdc2 kinase. The
results suggest that microtubule behaviour during mitosis
is controlled by the degree of phosphorylation of a factor,
regulated by the cdc2 kinase and a type I phosphatase
in concert. The activity of the cdc2 kinase during the cell
cycle is regulated by phosphatases of different types. The
cdc2 kinase also regulates membrane traffic during the
cell cycle. Results from other laboratories suggest that this
regulation is mediated by Rab proteins. Elucidation of this
link promises to throw light on key targets in the network
of traffic routes in the cell.
The microtubules in interphase cells function as cables for
transport of carrier vesicles in the cell. In epithelial cells
many microtubules run from the apical plasma membrane
across the cell to the basal side. These microtubules
are much more stable than those found in fibroblasts
which continuously assemble and dissemble. The delivery
of endocytosed cargo from the early endosomes in the
cell periphery to the late endosomes in the cell center
takes place along microtubules. The apical and basolateral endocytic circuits meet in the late endosome. This
meeting event has now been reconstructed in vitro. Two
mechanochemical motors, cytoplasmic dynein and kinesin
which mediate transport of organelles in opposite directions, were shown to be involved in the meeting process,
confirming the essential role of microtubules in the process.
A new microtubule binding protein (pp170) has been identified and characterized. This protein preferentially associates with one (+) end of microtubules. Interestingly, the
protein accumulates in regions of cell-cell contact in epithelial sheets.
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Several assays for microtubule function both in cell-free
extracts and in living cells have been developed using
video microscopy. A continuing effort is under way to
extend our methods to study membrane traffic in the living
cell or in reconstituted systems with the aid of sophisticated
light microscopy.
The cell nucleus

The nuclear envelope is continuous with the endoplasmic
reticulum. It is organized by a scaffold of nuclear lamins
facing the inside of the nucleus. This 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
NSP1 proteins belong to this family. Studies in the Programme have shown that this protein is essential for
nuclear pore function. Temperature-sensitive mutants of
NSP1 have been generated. These yeast mutants are not
capable of transporting proteins into the nucleus at the
non-permissive temperature.
Intermediate filaments are abundant cytoskeletal elements
with unknown function. They are highly homologous to the
nuclear lamins. Recent studies suggest that the lamins
interact with the cytoplasmic intermediate filaments. However, the topology of these interactions is still obscure. Do
the intermediate filaments have to penetrate the nuclear
pores to reach the lamins? Do these filaments play any
role in nuclear transport processes? Of all the cytoskeletal
elements in the cells the intermediate filaments remain the
most mysterious.
Another protein localized to the nucleolus is being characterized. This protein, NOP1, is involved in ribosomal RNA
processing (in collaboration with the Gene Expression
Programme). NOP1 depleted cells can no longer make
ribosomes. These studies provide tools for analysing the
organization of the cell nucleus. The mammalian nuclear
envelope disappears in mitosis. How is this disassembly
and reassembly in the cell cycle regulated? What happens to the intermediate filaments during the disassembly?
There is no lack of unanswered problems in cell biology.
K. Simons

Differentiation

What are the underlying principles of cell differentiation
and embryonic development? How is a multipotent stem
cell in an embryo instructed to become a blood cell or
a skin cell? How do our cells know when to rest and
when to divide? What happens in cancerous cells when the
mechanisms which regulate cell growth and differentiation
fail? Why are our organs what they are, where they are
and why do they exhibit defined sizes characteristic for
our species? How are the main body axes defined during
embryogenesis? These are the types of questions in which
the Differentiation Programme is interested. A molecular
approach to these questions must involve the identification
of genes and proteins which are crucial in these processes.
It is obvious that to understand growth control, differentiation and development a multidisciplinary approach is
necessary. Within the Programme we attempt to combine the insights gained from developmental geneticists,
working with complex animal systems, and those obtained
by investigators who are studying mechanisms of "signal
transduction" during growth control and differentiation at
the single cell level. Signal transduction is the process by
which external cues (such as growth factors, hormones, or
cell surface associated molecules) are transmitted from the
surface of the cell to the nucleus, resulting in the turning
on or turning off of genes needed for cell division and
differentiation. It has become increasingly clear over the
last 5 years that many of the genes involved in growth
control and cancer ("oncogenes") are in fact master genes
which can also control cell differentiation and development.
These facts are reflected in the composition of the Programme: some groups pursue a more developmental genetic approach, searching for and characterizing genes

that are important in embryonic development; others focus
more on those involved in signal transduction and their role
during growth control. This latter group includes molecules
acting at the cell surface, in the cytoplasm and in the
nucleus. Research is performed in a wide spectrum of
different organisms such as yeast, chicken, mouse and
mammalian cell cultures.
Ulrich Ruther's group uses the transgenic mouse system
to search for genes which are important in determining the
mammalian body plan and organ development. For these
studies the group has worked primarily with the c-fos gene,
a proto-oncogene which encodes a transcriptional activator
whose over-expression/mutation can cause aberrant bone
formation. To identify the stages during which the gene
acts one would like to be able to introduce it in an inactive
form and to activate it during different phases of development. This is most easily accomplished with an inducible
promoter linked to the exogenous c-fos gene. Work with
the interferon inducible Mx promoter has turned out to be
difficult, probably because the promoter is not absolutely
silent in the absence of inducer. The group has therefore also been analysing another promoter (CRP) which
promises to be more tightly regulated. In addition, efforts
have continued to inactivate the endogenous c-fos gene by
homologous recombination. In a different line of research
aimed at identifying new genes important for development, a large number of mouse lines containing various
transgenes were crossed to obtain homozygous sublines.
Several mutations were detected using this approach, including one called add which affects limb development and
causes malformation in digits. This mutation was found to
map to the same locus as two other well known mutations
which cause a similar phenotype. Attempts are now being
made to identify the coding regions and the product of the
gene.
A different approach to study embryonic development in
mammals has been taken by Denis Duboule's group.
Based on the finding that a family of homeodomaincontaining genes (the "homeotic genes") in Drosophila determine the segmental identities of the fly, they have been
isolating mammalian homologues (called "Hox" genes)
and studying their function in higher vertebrates. The working hypothesis is that these genes act as transcriptional
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activators/repressors which control other genes involved
in developmental pathways, resulting in the functional
specification of individual cells during differentiation. Earlier
work by Duboule's group showed that developing mouse
limbs exhibit a characteristic expression pattern of genes
of the HOX-4 (formerly HOX-5) complex (there are 4 Hox
gene complexes each containing several genes, which
have arisen by duplication during evolution) in that different
areas of the limb express one, two, three, four or five
members of the Hox-4 gene family. Since it was known
that the area expressing all five genes corresponds to
the "Zone of polarizing activity" or ZPA, an area whose
transplantation in the limb leads to digit duplications, these
results support the notion that homeoproteins are involved
in determination of pattern formation and the correct development of arms and legs. It has recently been shown that
the ZPA is an area of high retinoic acid concentration and
that retinoic acid acts as a morphogen during limb development, possibly causing the observed pattern of homeoprotein expression. Based on these findings Duboule's group,
in collaboration with C. Tickle and L. Wolpert (London),
has been able to demonstrate that the transplantation of
beads soaked in a retinoic acid solution (which mimics
transplanted ZPA in its biological effects) induces an ectopic pattern of homeoprotein expression, similar to that
found normally only in ZPA. This is consistent with the
notion that the activation of the retinoic acid receptor is
translated directly or indirectly into a specific expression
pattern of HOX-4-complex genes which probably specify
patterns in this part of the body.
Rolf Zeller's group has cloned the chicken limb deformity
(Id) gene. Previous genetic analysis of the murine Id locus
revealed that the Id gene products must be involved in
regulation of limb pattern formation. Antisera have been
raised against the Id gene products (formins) to analyse
their function during pattern formation. These studies revealed that formins are large nuclear proteins expressed
in specific cells during embryogenesis. The group also
studies the regulation and function of the basic fibroblast growth factor gene during limb pattern formation and
organogenesis. For this work the chicken embryo is used
as a model since it is much more accessible to experimental manipulation than the mouse. The group has now
also developed a retroviral vector system which allows the
introduction and expression of various types of genes in
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defined areas of the chick limb with the goal to characterize
their effect on limb pattern formation.
In their studies on the role of src family tyrosine kinases
during signal transduction, members of Sara Courtneidge's
group have now shown that several of these molecules
(Src, Fyn and Yes) are complexed with the cytoplasmic
domain of a well characterized growth factor receptor (the
PDGF receptor). This suggests that in fibroblasts either
a giant complex is formed between the intracellular part
of the receptor and several Src family proteins (as well
as other proteins such as phosopholipase CI", the Raf-1
serine kinase and the GAP protein) or that different PDGF
receptor complexes exist which contain only one type of
Src protein (plus other proteins). Historically, the cellular
Src protein has first been found to associate with the
middle T protein of the mouse DNA tumour virus polyoma.
This association leads to the constitutive activation of the
tyrosine kinase of Src and is believed to be an essential
step in the oncogenesis by the virus. The Courtneidge
group has now discovered that the middle T antigen
of a hamster polyoma virus (which causes lymphomas)
associates specifically with Fyn protein. This raises the
interesting possibility that in lymphoid cells Src is replaced
by Fyn as the major tyrosine kinase molecule which is
active in signal transduction and which controls cell growth.
Giulio Draetta's group is studying the role of protein kinases during cell cycle control. A molecule which has
been found to be of central importance is the cdc2 protein
kinase first identified in yeast. The kinase forms complexes
with a protein called "cyclin", of which there are at least
three different forms (A, B, and X). The complex between
cdc2 and cyclin B is formed during the G2 phase of the
cell cycle. This complex remains inactive until after the
S-Phase (DNA synthesis) when a tyrosine phosphatase
activates the cdc2 kinase, leading cells into mitosis. Exit
from mitosis is then achieved by the degradation of the
cyclin B molecule. The story is, however, complicated by
the fact that at least one other protein of unknown function,
called Suc1, binds to the complex. In addition, other complexes formed between cdc2 kinases and different cyclins
exist which probably play important roles at discrete cell
cycle stages. To elucidate these mechanisms, the group
has now mapped functional domains on the cdc2 protein
and found that cyclin Band Suc1 proteins bind in different

regions of the molecule. In addition, an assay system has
been developed which enables the isolation of suppressors
of the lethal phenotype caused by Suc1-over-expression.
This approach should help to test the hypothesis that the
Suc-1 protein somehow targets the cdc2 complex to the
activating phosphatase.
Ottavio Fasano's group has gained further insight into the
function of the RAS gene in yeast. The RAS gene is
known to play an important role in signal transduction in
both yeast and in mammals. In the latter it is often found
as an oncogene which encodes a mutated, constitutively
active form of the Mr 21,000 Ras protein (p21 Ras). Using
random mutagenesis of the Ras protein the group has
screened for mutations which are capable of deregulating
its function. The three-dimensional structure of the mutant p21 Ras proteins has been analysed in collaboration
with the Biological Structures Programme. All inactivating
mutants cluster within defined regions of loops L2 and
L4-L5. The loop L2 is necessary for interaction with the
targets of p21 Ras (adenylyl cyclase in baker's yeast) and
loops L4-L5 with the effector of p21 Ras GTP. This work
promises to yield detailed information about how p21 Ras
is activated by GTP and how the activated p21 protein in
turn activates its target(s) in yeast.
Dirk Bohmann's group is trying to understand how transcription factors are activated when mammalian cells are
stimulated to grow after exposure to growth factors. In
most cells this involves the synthesis of the c-Jun and
c-Fos proteins which form a heterodimer as part of the
AP-1 transcriptional activator complex. The group has now
found that c-Jun protein isolated from unstimulated cells is

essentially unable to bind target sequences on the DNA.
Its DNA binding activity, however, can be restored if the
protein is treated with a phosphatase or if the cells are
pre-treated with a phorbol-ester, known to activate protein
kinase C. These results indicate that the activity of c-Jun
can be repressed by phosphorylation and that growth
factor stimulation or activation of protein kinase C can
restore the ability of the AP-1 complex to regulate genes
critical for cell growth. It will now be interesting to identify
the putative phosphatase which triggers the process in vivo
and to determine how the activity of this molecule is itself
regulated.
Thomas Graf's group has continued its work on the mechanism by which the transcriptional regulator-oncoproteins
Myb and Ets cooperate in inducing cell proliferation of
haematopoietic cells in vitro and how they cause leukemia
in chicks. For this purpose they have dissected the mybets containing E26 leukemia virus and found that the
two encoded proteins can cooperate both when they are
expressed separately as well as when they are fused
(as is the case in the original virus isolate). Interestingly,
only virus constructs expressing the fusion proteins cause
leukemia. In addition, constructs expressing the Myb-ets
fusion protein but not the separately expressed proteins
are capable of transforming haematopoietic stem cells
which are capable of differentiating along the erythrocytic,
myelomonocytic and eosinophilic lineages. These findings
define a novel mechanism of oncogene cooperation consisting in the fusion of two proteins involved in transcriptional regulation.
T. Graf
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Biological Structures and Biocomputing

The study of structural biology today is one which combines a diverse range of techniques and has an impact on
all areas of modern molecular biology. It remains the field
of biology which struggles with the complexity of molecular
structure in an attempt to understand biological processes.
A structure itself may seem relatively uninteresting to the
general biological community until it is embedded into the
biological framework in which it functions. This requires
a combined effort of a number of disciplines and can
result in rapid and very satisfying progress in biological
understanding based on the structure. Truly, structural
biology has become too important to be left to those who
only solve structures.
The past year has seen some dramatic changes occur
in the Programme. In May, the Biological Structures Programme and the research activities of the Biocomputing
Programme were merged. (The Computer group and the
Data Library were placed under the Director General.) One
goal of the combined Programme is to recruit scientists in
the two disciplines who will complement each other. Toward this end, the decision was taken to bring protein NMR
to the Laboratory. This technique has now proven its worth
in solving a number of small proteins and protein domain
structures. It is an ideal complement to the modelling of
domain structures and evaluation of the success of protein
designs which forms a part of the biocomputing activity in
the Laboratory. A new group leader, who works on the
structures of nucleic acid binding domains, will set up this
activity. The mechanism of protein folding is a problem
which unites experimental and computational approaches.
The group of Tom Creighton has recently joined EMBL
and will help to complement the theoretical work on protein
folding. Together these activities will increase the already
broad range of interactions between the computational and
experimental groups in the Laboratory.
The Programme has been very active in the teaching
of EMBO courses during the past year. In addition to
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the biannual course on "Cryo-electron Microscopy and
Image Reconstruction", a new course "Novel Imaging
Modes in Molecular Biology" was offered in collaboration with the Physical Instrumentation Programme. This
course presented some of the new developments in microscopy such as atomic force and scanning tunnelling
microscopy and attempted to visualize a set of biological
samples with each of these techniques. Such a side by
side comparison of specimens under such a range of
instruments had not been previously attempted and the
lessons learned were extremely valuable for both the
students and the staff. Another relatively recent development is the advent of low temperature x-ray crystallography which formed the focus of an EMBO course in
the Spring. Finally, an EMBO workshop, "Protein Design
on Computers", involved students in the first stages of
the protein design cycle and produced some intriguing
designs which are being followed experimentally (Plate 1).

PLATE 1
Structure cartoon of Shpilka, designed de novo at the EMBO
course "Proteins Design on Computers". The protein was designed to be a scaffold for a series of jJ-sandwich proteins with
varied topology of loop connections, which can be used to test
protein folding pathways.

Although the motivation for our work is the biological results produced, the EMBL is also a centre for the methodological developments which lead to these results. The
courses are important as a way of sharing our expertise
with that of other structural biologists.
The Programme has focused on several major areas of
biological research: membrane proteins and complexes,
nucleic acid-protein interactions and muscle proteins. The
fact that several individual groups have projects in more
than one of these areas reflects the nature of structural biology. For example, Pat Argos' group is predicting spanning
regions of membrane proteins and modelling the structures
of DNA binding domains and the repeating motif in the
muscle filament protein, titin.
Membrane proteins and complexes

Studies of membrane proteins represent the largest fraction of the effort within the Programme. This activity is
unique to EMBL in that it represents an unusually large
group of workers focusing on the structural aspect of the
problem. The approaches used range from the genetic
to the computational and the problems approached range
from the formation of conducting channels to the recognition of signals in membrane transport.
Ramon Serrano's group is focusing on the plasma membrane H+ ATPase of yeast as a convenient system in
which genetics and biochemistry can be used to establish
features of the enzyme which are relevant to the similar
ATPases in other systems. Their work has resulted in
fine mapping of the enzyme, identifying and localizing
the regulatory, carboxy-terminal domain. Localization has
been performed by immunocytochemistry. Their knowledge about the yeast ATPase has been applied to the plant
plasma membrane enzyme to investigate the regulation
of the enzyme in response to acidification or salt stress.
The question of salt resistance in plants is an important
one for agriculture and the Serrano group has investigated
the development of salt resistance in yeast as a model
for this process. The work was originally directed toward
understanding the role of the H+ ATPase in this process
but recently has focused on two genes, HAL1 and HAL2
which encode novel soluble proteins necessary for salt
adaptation.

The group of Matti Saraste is concentrating on another
H+ pump, cytochrome oxidase. The mammalian oxidases
are among the longest studied enzymes but they consist
of more than a dozen subunits. This group has started
with the simpler and more tractable, prokaryotic terminal
oxidases to gain a basic understanding of the mechanism
through a combination of genetics and biochemistry. One
important advance in the last year is the isolation and
cloning of a terminal oxidase from Sulfolobus acidocaldarius which appears to contain a single subunit. Mutagenesis
has focused on the three subunit enzyme of Paracoccus denitrificans and has produced the unexpected result
that mutation of DCCD reactive glutamate traditionally
believed to be involved in proton transport does not affect
this process. Further mutagenesis work has focused on
introducing hydrophilic and antigenic domains to aid in
crystallization and in mapping the orientation of domains
in the protein.
The group of Franc Pattus has been instrumental in the
studies of pore forming proteins in the laboratory. They
have bypassed the problems of membrane protein crystallization by focusing on pore forming proteins which are
produced in a water soluble form but which are capable
of inserting into biological membranes and forming ion
channels. This approach has allowed a very successful
collaboration with crystallographic and electron microscopy
groups (vide infra) as well as detailed studies of function
by genetic, electrophysiological and spectroscopic means.
One major goal of the past year has been testing the
model of colicin insertion into membranes derived from
the high resolution structure. Protease protection, labelling
with hydrophobic probes and fluorescence energy transfer
has been used to test predictions about exposure and
inter-residue distances from the insertion model. So far
all the evidence supports the "umbrella" configuration of
the inserting protein which was originally proposed. This
work has been assisted by site directed mutagenesis to
allow labels to be placed at the desired sites throughout the
protein. In contrast to colicin which is an a-helical protein,
aerolysin is primarily composed of fJ-sheet. An important
question is the mechanism of channel formation. This has
been approached by mutagenesis which shows that two
histidines located in the amino-terminal third of the protein
playa key role in the oligomerization of the protein needed
for channel formation.
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Demetrius Tsernoglou's group has been able to obtain high
resolution structures of two important pore forming proteins
by x-ray crystallography. Their high resolution structure of
the pore forming fragment of colicin A provides the basis
for the functional studies which are now under way. Their
studies of the complete colicin N are far advanced making
use of the colicin A structure for the solution. The work on
aerolysin has now resulted in a high resolution map which
reveals this pore forming protein to be mostly j3-sheet with
some strands as long as 45 A (Plate 2). The group has also
obtained crystals of the medically important pore forming
protein a-toxin and of phosphoporin.

PLATE 2
Schematic representation of the membrane-channel-forming toxin
aerolysin based on a preliminary interpretation of an electron
density map calculated at 3 A resolution.
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Kevin Leonard's group has used electron microscopy and
image processing to study the structures of the large
complexes formed by some membrane proteins. These
complexes are too large to be tractable by x-ray crystallography. The combination of biochemistry and electron
microscopy can be a rich source of biological information
about them. Work on complex I (the respiratory chain
NADH:ubiquinone reductase) which comprises 25 nuclear
and 6-7 mitochondrially encoded subunits has revealed
the enzyme to be divided into two parts. These two parts
can be assigned to the two arms of the L shaped complex
and can be defined by the separate genetic origin of

(most of) their subunits, their independent assembly and
their distinct contributions to the electron pathway. Microscopy and image processing are being combined with
x-ray crystallography to understand the structure of the
pore formed by aerolysin. The monomer which was crystallized must polymerize to form the pore. Two-dimensional
crystals of these pores have been formed and are being
analysed to provide a context in which the formation of
the channel from the subunits of known structure can be
understood.
The structures of membrane proteins at high resolution can
be determined by electron crystallography when good twodimensional crystals are available. The formation, growth
and analysis of good two-dimensional crystals of light
harvesting complex (LHC-II) has been a major project
in Werner KOhlbrandt's group for several years before
arriving at EMBL and since his arrival has resulted in a
6 A structure of this molecule in three dimensions. Crystals were grown from detergent solubilized LHC-II and
data combined from electron diffraction and electron microscopy. The structure shows that the LHC-ll polypeptide
spans the membrane with three a-helices, two of which
are inclined by about 60 0 with respect to the membrane
plane. The map also shows the positions of the porphyrin
head groups of the fifteen chlorophylls in the monomeric
complex. The positions and distances between the chlorophylls suggest that energy is transmitted by exiton coupling
within the monomer and Forster transfer between adjacent
molecules. This is one of the first three membrane protein
structures to be solved by this technique, a significant contribution since only four membrane protein structures are
known. Beyond revealing an intriguing and novel structure
it indicates that electron crystallography has a very bright
future.
Membrane traffic remains an important part of the biology
of membrane proteins and a topic which is closely tied
to structural biology. Work at the EMBL has resulted in
the development of cryo-electron microscopy as a tool
for studying the complex and fragile biological structures
associated with membrane traffic. An extreme example of
this is the structure of the centriole which is being explored
in a collaboration of Stephen Fuller's group with that of
Eric Karsenti (Cell Biology). A combination of tomography
and the common lines analysis developed for icosahedral

reconstruction of viruses has yielded a structure of the
complete centriole. The structure is enormously complex
and will require reconstructions of labelled and partially
reconstituted centrioles in order to assign features reliably.
Among the intriguing features which are apparent from the
reconstruction are a complex organization to the pericentriolar material, a switch in the number of microtubules
forming the barrel and an internal structure resembling a
vesicle. Work is now concentrating on the development of
algorithms for increasing the resolution of the reconstructions and evaluating the reliability of the features observed.
Work on adenovirus has demonstrated that cryo-electron
microscopy of single particles in combination with image
reconstruction gives reliable structural data. The structure
of the hexon in the reconstructed virus precisely matches
that observed by x-ray crystallography. Beyond allowing
the identification of the interaction sites of hexon with itself
and other proteins in this virus, this result validates the
work done this year in which icosahedral reconstructions
from cryo-electron micrographs were compared. This work
is being performed by two groups in the Programme and
includes reconstructions designed to evaluate the interactions between spike and capsid in Semliki Forest virus, the
mechanism of size control in the P2/P4 phage system, the
assembly of the membrane phage ep6 and a comparison
of reovirus and rotavirus structures.
The nature of the signals in intracellular transport is being
addressed in a direct way by the work of Peter Metcalf's
group. The sorting of lysosomal enzymes from the secretory pathway involves transfer of a mannose-6-phosphate
signal to a specific site on the protein. The recognition of
this site appears to be at the level of the three-dimensional
structure of the proteins involved. In collaboration with
Bernard Hoflack's group (Cell Biology) they have crystallized cathepsin 0 and are determining its structure. The
completed structure will be compared with that of homologous secreted proteins to identify the lysosomal sorting
signal on cathepsin D.
Computational approaches are also revealing in their application to membrane systems. The group of Chris Sander
is using modelling tools and sequence comparison to
propose structures for seven a-helical bundles such as
the
and serotonin receptor. A first promising
result is that the same rules which govern soluble a-helical
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bundles such as Rop govern the transmembrane ones.
Sequence comparison has also been used as a probe of
the Rab structures. A collaborative project involving two
Biocomputing groups and Kai Simons' group (Cell Biology)
has generated a useful set of relationships between the
various Rabs dividing them into structurally similar families.
A very different approach to the recognition of sorting
signals is the use of anti-idiotypic antibodies to identify the
-KDEL receptor which is responsible for the retention of
soluble proteins in the endoplasmic reticulum (ER). This
work--is a collaboration between Stephen Fuller's group
and those of John Tooze (EMBO) and David Vaux (Cell
Biology). Since the identification of the 72 kDa putative
receptor work has focused on attempts to clone the protein
and to demonstrate its function in vivo. Recent work has
shown that the level of the putative receptor is controlled
by the level of -KDEL tails in the ER. A separate question
is the nature of the recognition of the signal. This is
being approached by modelling of homologous sequences
and by exploring the structure of the idiotypic and antiidiotypic antibodies. Cloning of the CDR regions of all
the monoclonals used in the receptor work has been
completed and work to model and express these antigen
binding domains is underway.
Nucleic acid - protein interactions

The study of proteins which interact with nucleic acids is
a classical aspect of molecular biology and one in which
structural biology has played a very important role.
The structure and mechanism of DNase I is being explored
by Dietrich Suck's group through work on complexes with
double-stranded oligonucleotides. The structure of the uncleaved octamer duplex d(GGTATACC)2 has been solved
and compared to the previously solved d(GCGATCGC)2
which is cleaved in the crystals. The different packing of
the molecules in the two structures gives rise to very small
differences in the protein and has only minor effects on
the conformation of the DNA. These results support the
hypothesis that the groove width and bendability of the
DNA are the important parameters which determine the
cutting rate of DNase I. The disposition of residues suggest
that His252 may playa role in catalysis in addition to the
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previously established His134. Mutants of DNase 1 have
been crystallized and are also being studied to define the
catalytic mechanism.
The structure of P1 nuclease has also been completed
by this group to a resolution of 2.8 A. Surprisingly the
enzyme is very similar to phospholipase C with which it
is not significantly homologous. The molecule consists of
14 a-helices, a single j3-hairpin and four N-Iinked glycans.
The active site appears to involve three zinc ions and
sits in the bottom of a cleft where it seems inaccessible
to double-stranded DNA or RNA. Soaking the crystals
with a thiophosphorylated dinucleotide results in binding
in the active site and in a second site 20 A away. At
both sites, only a mononucleotide is visible. The interaction
with the protein is primarily through stacking with exposed
aromatic rings. The arrangement of residues suggests that
the enzyme may function via a nucleophilic attack by a zinc
activated water molecule.
The Metcalf group has determined the structure of a crystal form of native RNase T1 containing three independent molecules. They are comparing them with previously
solved structures of the RNase complexed with guanosine
nucleotides. Beyond being the first structure of the native protein available, the presence of three independent
molecules in this crystal form allows the separation of the
meaningful changes in structure from those imposed by
crystal contacts.
The groups of Paul Tucker and Demetrius Tsernoglou
have been making recent progress on the adenovirus DNA
binding protein. Only a single gold derivative is available
for the crystals of the 39 kDa chymotryptic fragment of this
protein. The synchrotron at the Hamburg Outstation has
been used to collect anomalous difference data for this
derivative and these data have produced a 3.5 A SIRAS
map in which a C n backbone can be traced.
The structures of protein domains which interact with nucleic acid have been explored by modelling and by NMR.
Three examples have been followed from sequence motif
to experiment. The earlier prediction for the 30 residue zinc
finger motif was used to identify the location of base specific residues and this was then used to guide the search
for these residues in the Krox20 protein in collaboration

with the Patrick Charnay group (Differentiation). A joint
modelling and mutagenesis project was undertaken with
the group of Thomas Graf (Differentiation) to explore a
predicted structure for the myb oncogene product. Small
crystals of this protein have also been obtained so that
these predictions may soon be exposed to experimental
test. Finally modelling was combined with NMR (Annalisa
Pastore's group) in the determination of the GCN4 DNAbinding domain providing the first data on the structure of
this leucine zipper domain.
Other nucleic acid binding proteins are being pursued
at the level of crystallization and these include Ets (in
collaboration with Thomas Graf - Differentiation), interleukin 6 dependent DNA binding protein and transcription
factor LFB 1 (in collaboration with Cortese group - Gene
Expression) .
Muscle proteins
Although the structure of actin has only recently been
solved to atomic resolution, as a result of a collaboration
of Dietrich Suck's group with W. Kabsch and K. Holmes
from the MPI for Medical Research, the work generating
the context for interpreting this fundamentally important
structure is already underway. A major obstacle in studying
the complexes of actin crystallographically is the tendency
of the molecule to polymerize. The high resolution structure
provides a means to overcome this dilemma by exploiting
the domain structure of the molecule. The small domain
of actin comprises 140 residues from the N-terminus and
some 35 residues from the C-terminus and can be considered the "functional" domain because it is the site of
interaction with many actin binding proteins. By genetic
engineering, constructs have been made which express
this small domain and efforts are under way to refold these
proteins. An alternative approach, only possible because
of the availability of the structure is to use site-directed
mutagenesis to produce non-polymerizing variants of the
entire actin molecule.
Kevin Leonard's group is characterizing and sequencing
proteins involved in the muscle cytoskeleton. For the massive protein titin (M r 3000) more than 25% of the molecule
has been completed and shown to have a repeating pat-

tern of two types of 100 amino-acid domains arranged
as an 11 domain super repeat. The two domains have
been modelled in collaboration with one of the Biocomputing groups and these models are being refined as more
sequence data becomes available.
Microbody proteins
Microbody proteins are an intriguing and relatively unexplored area for structural research. Among the reasons for
particular interest are that several of these proteins express novel and multiple enzymic activities, carry specific
targeting signals and are potential targets for anti-parasite
drug design. One promise of structural biology is that the
availability of high resolution structures should lead to the
rational development of drugs. The group of Rik Wierenga
is pursuing this goal with their studies of trypanosomal
triose phosphate isomerase (TIM). This enzyme is central
to glycolysis in the parasite and its host so a useful drug
must exploit the differences in the structures which distinguish the trypanosomal enzyme from the mammalian one.
So far nine different structures of TIM complexed with substrate analogues have been refined. Through an intense
collaboration with other European laboratories several new
inhibitors, cyclopeptides, have been obtained. These cyclopeptides turn out to be selective inhibitors (with very
high affinity) of the catalytic activity. The mode of binding is
yet unknown. The refined structures have greatly improved
our insight in the importance of the flexibility of three loops
near the active site; for example the large movement of
the classical flexible loop of TIM is also important for
the correct positioning of the catalytic glutamate, which
is the first residue of this loop. Work over the last year
has allowed the over-expression of the trypanosomal TIM
in E.coli. This breakthrough will allow the crystallographic
study of the mode of binding of the inhibitory cyclopeptides.
Among the other proteins being studied are members of
the )3-oxidation pathway. Crystals of thiolase which diffract
to 2.4 A at room temperature have been obtained.
Protein folding
Although protein folding is not a classical topic of structural biology it is becoming a larger part of the work of
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many groups in the Programme. Folding of proteins in
vivo has long been known to involve several proteins.
Work is underway on the crystallization of two of these
"folding catalysts". Protein disulphide isomerase, one of
the -KDEL proteins, has been purified and efforts are under
way to produce useful crystals. The Tsernoglou group has
pursued the crystallization of the GroEL protein for some
time and has recently produced useful crystals of this
protein. A second approach to protein folding is that of
protein design. The Sander group has concentrated in this
area and produced a 4 helix design based on the Rop
protein. The predicted structure of this protein has been
confirmed by NMR studies and further similar designs are
under way. The Wierenga group has been studying the
requirements for the formation of the TIM barrel by investigating the structure of the completely synthetic octarellin
made of eight repeats of a sequence predicted to have a
turn-strand-turn-helix secondary structure.

Development of new tools and methods
The Tucker group has invested a great deal of time in the
past few years in the establishment of area detectors in the
Laboratory. The success of this effort can be seen in the
large number of structural biologists who have used these
instruments both from EMBL and other institutions. This
support for crystallography has been extended through the
work of the group toward developing X-windows based
software for crystallographic computing and by the implementation of low temperature crystallography in the
Laboratory.
A concerted effort has now been initiated in collaboration
with the Physical Instrumentation Programme to exploit the
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unique features of the cryo-STEM which is nearing the end
of its first development stage. Several specimens which
are under study in the Programme are going to be used as
test specimens to evaluate critically the advantages of this
microscope over more conventional methods. The projects
selected are high resolution data collection for adenovirus,
localization of MAPS and microtubule GTP caps (with the
Karsenti group from Cell Biology), labelling of muscle filaments with clusters of different metals, elemental mapping
of LHC-ll crystals and spliceosome complexes with the
Lamond group from Gene Expression. Such a concerted
effort has not been attempted previously and should result
in a clear demonstration of the value of this instrument.
The development of software for sequence alignment and
structure analysis is being very actively pursued. The
graphics and modelling package WHATIF is now in use
at more than a hundred institutions. The sequence motif
searching package SCRUTINEER and the multiple sequence alignment tools have been accepted as uniquely
valuable and have given rise to many intriguing biological
results. One methodological advance in the past year has
been the installation of a sensitive sequence comparison
method on a transputer network in the Laboratory allowing
protein sequences to be compared by this computationally
intensive method to the entire database in a reasonable
length of time. The popularity of these tools has placed
a load on the development groups and resulted in the
establishment of a Sequence Interpretation Consultancy
to effect an easier access to these tools on the part of
the members of the Laboratory. The need for this service
activity emphasizes the importance that structural work
plays in modern molecular biology.
S. Fuller & D. Suck

Gene Expression

For these reasons it is not only the mechanisms of gene
expression which are interesting, but also, and ultimately
perhaps even more so, how these mechanisms can be
controlled. However, one cannot study the regulation of a
process before understanding the process itself in some
detail. For this reason groups within the Programme have
been actively engaged in studying both basic mechanisms
of gene expression and their regulation.
Transcriptional control

The genes, encoded in DNA, are the library of genetic
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 summarised
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.

Several groups in the Programme work on various aspects
of transcription. Two of the groups have concentrated on
the problem of cell type-specific gene expression using either thyroid or liver (hepatocyte) cells for their experiments.
The question asked was a simple one. What is it that limits
e.g. albumin production to hepatocytes or thyroglobulin
production to thyroid cells. First, DNA sequences within
the promoters of the genes required for tissue-specific
gene expression were defined. These turned out to be,
mainly, binding sites for protein factors whose function
was to activate transcription from the promoter. In the past
year several of these transcription factors have been identified, purified, and their genes have been cloned, enabling
molecular analysis of their function to begin. Without going
into great detail, the following is a summary of the most
important new insights into cell type-specific transcription,
obtained both in the Programme and, in parallel, in other
laboratories.
The transcription factors responsible for activating tissuespecific gene expression are themselves made in a limited
number of cell types. They are not expressed in a single
cell type, however, but in a variety of tissues in a way which
is often temporally regulated (i.e. specific for certain developmental stages). This is an important point since if the
transcription factor responsible for e.g. hepatocyte-specific
activation were only expressed in liver cells, the original
question about how tissue-specificity is generated would
not have been answered but only transferred to a different
step in the hierarchy of control mechanisms. Instead, these
factors appear to be used to mediate multiple differentiation events. Specificity does not arise from a single factor
but rather from the combination of transcription factors
present in a particular cell type. It has been known for
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some time that promoters generally contain multiple factor
binding sites, but what has now become evident is that
most, if not all, transcription factors are members of families of closely related proteins. Often, different members of
these families can form dimers or higher order oligomers
in solution before they bind to DNA. Thus, combinatorial
diversity is increased not only by promoters containing
different combinations of binding sites but also by different
cell-lines producing various combinations of transcription
factor family members. These can oligomerise in a variety
of combinations to produce complexes that bind to the
same DNA sequence but nevertheless have quite different
functional properties.

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 two 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.

Progress is also being made on the question of how
external stimuli can cause alterations in the pattern of transcription within cells. A DNA-binding transcription factor involved in mediating the response to interleukin-6 was identified and its gene cloned. Studies on the mechanism of
action of intracellular receptors whose activity is dependent
on the binding of a particular ligand, like a steroid hormone
or retinoic acid, with the goal of defining biochemically how
such ligand-dependent transcription factors function, are
also being carried out.

A further problem which is unique to eukaryotic cells is
the targeting and transport of macromolecules to particular
organelles. The largest cellular organelle is
cfue 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
which are involved in targeting have been defined, and now
are being used to analyse the mechanistics of transport in
more detail.

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 RN P 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
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. A battery of methods including
both molecular and classical genetics and biochemistry

28

A more universally required transport process is that by
which proteins are exported into the extracellular medium.
This has long
a topic of study in the Cell Biology
Programme. In particular, the involvement of an RNP
called signal recognition particle (SRP) in protein export
from eukaryotic cells has been thoroughly investigated.
Now two groups, one in the Cell Biology and one in
the Gene Expression Programme, have shown that also
prokaryotes have an RNP with properties similar to SRP.
Both the RNA and at least one protein component have
been well conserved, to the extent that the human RNA
component can functionally replace the bacterial one. The
involvement of the bacterial SRP in protein export, and
possibly in other functions, is now under study.
Gene expression responds rapidly to signals at levels other
than that of transcription. One group in the Programme
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. 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 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 newly-discovered locations is under
investigation.
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

29

Physical Instrumentation

The three groups in the Physical Instrumentation Programme concentrate on three-dimensional light microscopy,
electron microscope development and microcomputerbased instrumentation. The instruments developed are
applied in collaboration with the biological Programmes.
At present we are looking for a young physicist who will
start a new group and complement the existing groups.
In July, the first EMBO practical course on "Novel Imaging
Modes in Molecular Biology" was organized in collaboration with the Biological Structures and Biocomputing Programme and the Biozentrum in Basel. This course introduced students to microscopes that are not in wide-spread
use such as scanning transmission electron microscope,
scanning tunnelling microscope, atomic force microscope
and high resolution low voltage scanning electron microscope. In collaboration with the Cell Biology Programme,
the Physical Instrumentation Programme will be organizing
an EMBO course on "Advanced Digital Light Microscopy"
in October 1991.

Three-dimensional light microscopy
There are certain prerequisites for making threedimensional light microscopy an important and useful tool.
Instruments must be available to record the data, threedimensional imaging must be understood to process the
data and biological systems must be available which can
and, very importantly, should be observed in all three
dimensions. The latter task is performed in collaboration
with the Cell Biology Programme.
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This has guaranteed that the investigations are of biological significance and are well embedded in the forefront
of modern biological research. Three-dimensional intensity
distributions are recorded to complement information that
was gathered with, for example, biochemical characterizations.
The instrumental development has led to the modular
confocal microscope (MCM), which is currently used for
investigations. Three new modules have been developed:
an experimental detector unit to record point spread functions with a charge coupled device (CCD) camera, a microspectrofluorometer and a fast scanner unit. Based on
the experience gained from the MCM, new beam scanning
microscopes have been designed, that allow the use of
more detectors, more than one laser, are smaller and
have an even better long time stability. The Cell Biology Programme and two European research facilities will
receive copies of this instrument in 1991. An important
part of our work is dedicated to three-dimensional image
processing. The basis for all further developments is the
application visualization system (AVS) from Stardent which
becomes available on several platforms. The most important new modules are data import and data vectorization.
The latter is of interest to reduce the amount of storage
space required to visualize three-dimensional data sets. By
finding appropriate three-dimensional polylines data sets
of microtubule networks can be reduced to 5% in terms
of file size. A solid basis for any kind of image processing
is the understanding of image formation. This allows us to
evaluate the exact information content, to estimate what
information is missing, to understand the limits of light
microscopy and, very importantly, to search for new and
efficient contrasts. For this research we have employed
several postdoctoral fellows and intend to continue this
policy.

Electron microscope development and
scanning transmission electron microscope
(STEM) application
Low voltage scanning electron microscope (L VSEM)
In April 1990 we received a Philips 525 SEM from our
industrial collaborator. This instrument is the basic mi-

croscope from which the new LVSEM will be developed.
We have designed the new electron optical column of the
LVSEM, which mounts on the Philips specimen chamber
and is partly driven by the Philips electronics. The characteristic features of the column are
a field emission gun,
a housing for the multipole corrector,
a double deflection system, and
an electrostatic detector objective lens (EDOL).
The EDOL is a new type retarding immersion lens, which
decelerates the electrons from 8 keV to their final energy
(0.5-2 keV). Keeping the electrons at a higher energy
within the column makes them less sensitive to electronelectron interactions and to external stray fields. A quadrant detector is incorporated in the lens. The secondary
electrons emitted by the specimen are guided to different
quadrants depending on their emission direction. Using
a proper combination of the single quadrant signals it is
possible to obtain an image of the topography which can
easily be interpreted by the human eye.
The components of the column were built by the mechanical workshop and a preliminary version of the LVSEM was
assembled at the end of the year. First tests revealed
that all new components work in principle as predicted.
A detailed investigation of their performance will start in
January 1991.
In addition, we commenced the development of extremely
precise and stable voltage and current supplies (stability
< 10-7 ) for the final version of the microscope. Assembly
and test of this version will be the main task of the LVSEMproject in 1991.
A new electrically isolated liquid nitrogen cooled cold stage
for the Philips SEM 525 macrochamber was designed
to fulfil the requirements for biological applications. This
specimen chamber provides enough space to incorporate
all necessary parts without restricting the versatility of this
stage. The cold stage is similar in design to the side-entry
system of the Cryo-STEM: with a portable air-lock for the
insertion of vitrified specimens, and for the transfer under
vacuum of freeze-dried specimens from the freeze-dryer to
the microscope. The stage itself is mounted on a vibration-

damping support, thermally insulated and isolated from
ground potential (this is necessary for the operation of the
EDOL).
STEM Multichannel phase-contrast detector
One of the unique features of the STEM is that it is
capable of recording simultaneously all transmitted electrons regardless of their scattering angle. However, this
often-cited advantage of STEM over TEM has not often
been utilized due to the lack of an appropriate detector
system. In collaboration with Christian Boulin's group such
a detection system has been developed and installed. This
detector consists of 30 rings, which are split into quadrants, and therefore allows the angle-resolved detection
of electrons. Due to the electron counting properties of
this detector it is best suited for low dose applications
and is a very good approximation to an ideal detector.
HBS upgrade and STEM maintenance

The new acquisition system differs from the original HB5
and CryoSTEM systems in two ways. First, the old EMBLdesigned frame store is replaced by commercial display
memory which is an integral part of the microcomputer
incorporated into each STEM. The microcomputer itself
therefore becomes an integral part of the microscope
instead of a relatively loosely-coupled data acquisition
system. Second, the old photographic display is replaced
by a laser printer modified to produce 225 gray levels
instead of the usual simple black and white images. The
new system is much cheaper to use and is free from the
geometric distortions inherent in display-based systems.
Publication-quality images can be obtained by sending
the data to the Slidewriter facility in the photographic
laboratory.
STEM applications
Mass measurement and mass mapping
STEM is the most suitable technique to determine the
31

masses of large macromolecular assemblies such as
viruses. In the past, however, part of the mass values
measured for the enveloped Sindbis and Semliki Forest viruses were significantly lower than those expected.
This discrepancy has been eliminated: first, by improved
preservation of the viruses during specimen preparation
by the use of freeze-drying instead of air-drying, and,
second, by correction of the non-linearity which is caused
by the large thickness of the virus relative to that of
the standard. The mass values thus determined were
48.6 MDa for Sindbis, and 47.3 MDa for Semliki Forest
virus (expected values 46.4 MDa, and 48.8 MDa, respectively).
In collaboration with R. Lurz (Berlin) and P. Tavares
(Oeiras), we determined the mass of the Bacillus subti/is phage SPP1 portal protein to establish its oligomeric
state; the protomeric mass - deduced from nucleotide
sequence analysis - is 57 kDa. The mass measured
for the sample, which was expressed in E.coli, was
755 + 65 kDa. The mean value is closest to that of
a 13-mer, which has also been found by P. Dube and
M. van Heel (Berlin) by single particle image analysis of top views; until now, the portal proteins of the
double-stranded DNA phages were thought to be 12mers.
Two mass mapping projects are in progress. In collaboration with G. Hofhaus, H. Weiss (Dusseldorf), and Kevin
Leonard (EMBL), we are investigating the mass distribution
within Neurospora crassa mitochondrial NADH:ubiquinone
reductase in two-dimensional crystals. The aim is to
confirm that the enzyme, as well as the hydrophobic
and hydrophylic parts that were studied, contains the
full sets of subunits. In the second project, we are investigating if STEM dark field can be used to generate radial mass density profiles of vitrified helical objects to replace the weakly-defined ones obtained in
TEM bright field phase contrast. In STEM, we have
already attained better resolution for the profile of tobacco mosaic virus in the vitrified state compared to
that obtained earlier in the freeze-dried state by Steven
et al. (1984). This approach will be applied to the
flagellar filament of Salmonella typhimurium (in collaboration with S. Trachtenberg (Jerusalem) and Kevin
Leonard).
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High resolution labelling with heavy metal clusters
In collaboration with M. Laschever, S. Weinstein, A. Yonath
(Rehovot), and W. Jahn (Heidelberg), we investigated the
extent of labelling in a sample of E.co/i tRNA Phe , labelled
with undecagold (diameter 8 A) at nucleotide X at position
47. The label attached to tRNA can be visualized with
the Cryo-STEM. A long-term goal is to carry out high
resolution localization in various complexes involved in
protein synthesis.

Applications of novel imaging modes
The application of Z-contrast, in collaboration with B.
Bohrmann & E. Kellenberger (Basel), using the CryoSTEM was continued to further evaluate the compactness of chromatin in different types of organism, i.e.
Amphidinium or Euglena cells. Z-contrast is a thicknessindependent imaging mode, which can be used to determine the local concentrations of substances of a particular
atomic composition. The cells were embedded together
with E.coli, which is used as an internal standard. The
values measured last year were confirmed. Furthermore,
with this imaging mode we could achieve very high contrast
enabling sub-ceHular structures such as membranes or
ribosomes to be visualized with quality similar to heavymetal-stained sections.

Microcomputing and data acquisition
Microcomputing is now a well established tool for the
molecular biologist and therefore the time spent helping
users and updating software has increased in recent years.
We are quite convinced that with the availability of even
more powerful microcomputers and their associated peripherals, allowing large local storage to be exploited "on
the bench", the impact of microcomputing on the daily work
will increase.

Software support for electron microscopy
The Cryo-STEM software package has been expanded
during this year. The package now features two addi-

tional capabilities: (1) an enhanced spectrum processing program to carry out elemental mapping (interactively
and graphically define the integration boundaries for the
required computations), and (2) an on-line fast Fourier
transform (FFT) utility to assess the quality of the recorded
images.
A VMEbus-based array processor board has been added
to the Cryo-STEM data acquisition system. This card is
organized around the Intel 860 microprocessor that has
a peak performance of 66 MFlops. Software development
has been carried out to provide on-line FFTs of the acquired images (a 512x512 FFTis executed in about 3
seconds). Further developments will allow some simple but
useful image processing functions to be performed on-line
at high speed.
Hardware & software development
on the HB5 STEM
The VMEbus-based data acquisition system was upgraded. The new architecture includes two powerful
graphic cards (1 Kx 1K pixels) and a 16 MByte VME/VSB
memory board. The interface to the microscope has been
redesigned to support very fast transfers via the VSBbus.
The STEM data acquisition program is based on two
menus. The main menu allows the control of the acquisition
itself while the option menu allows the user to take care of
the book-keeping of the recorded information.
Detector systems for the Cryo-STEM
The STEM can produce multiple simultaneous images
if used in connection with multiple detector systems. In
practice, this advantage has seldom been fully utilized,
mainly because of the practical difficulties in designing
such detector systems and their associated electronics.
Imaging in STEM is usually carried out using filtered
bright-field and dark-field detectors which are conventional
scintillator/photomultiplier combinations converting the 100
KeV electrons into light. We have implemented a new
kind of detector based on ion implanted silicon, a technique developed for high energy physics. Direct single
electron detection is possible with such detectors so that

the quality of imaging should be improved compared to the
analog measurements. The silicon quadrant detector was
put into use after a relatively long period of design and
development. This high risk technological project required
several new techniques to be introduced into the palette of
our activities. The design of the pulse-counting front-end
required very low-noise preamplifiers and discriminators to
be packaged properly to avoid any external noise source
and cross-talk. The design of the multi-channel counter
application specific integrated circuit (ASIC) was successful and the integrated circuit produced meets the initial
specifications allowing a counting frequency of better than
60 MHz per channel and a readout speed in excess of
20 MHz. Last but not least the parallel and pipelined
multi-processor digital front-end required to process on the
fly each pixel at a speed of 4 JLs was quite demanding in
terms of hardware and software development. An integer
processing unit (IPU) has been developed around a fast
byte-slice arithmetic and logic unit. A minimum instruction
set has been implemented according to the needs of the
present application. This board is the basic building block
for the implementation of the fast parallel and pipelined
processing system. A software package was developed
to handle in a user-friendly way all the problems resulting
from the running of a parallel and pipeline multi-processor
system. The new detector system permits independent
selection of the inner and outer acceptance angles for
dark-field images with the various non-standard phasecontrast modes. The design of a new digital pre-processing
system to be used for the spectroscopy measurement with
the Cryo-STEM has been started. This new system using
a silicon linear microstrip detector will ultimately replace
the CCD-based detection system presently available on
the microscope. The increase in performance will affect
both the detection efficiency and the speed per pixel. The
two factors are of fundamental importance for experiments
with biological samples.
Image processing
The development of an image processing package is currently in progress. The aim of this project is to build a set
of image processing software that manages, on the one
hand, image quality improvement (contrast enhancement,
filtering, deblurring, etc.) and on the other, quantitative
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morphometric measurements and pattern recognition. After defining the needed configuration and computer requirements, we have installed an image processing subsystem (Imaging Technology Series 151)" on a Sun workstation. The first step consisted in building a user-friendly
interface. We have chosen to develop our programs under
OPENLOOK, which is the standard SUN user interface
for Xlib and X11, to have our software running without
changes on any UNIX machine with complete network
transparency. By now, a number of image processing
features have been developed. These capabilities are centered around three. functions: (1) display and storage of
images, (2) image enhancement and (3) measurements.
Each of these items has been designed to achieve high
speed execution either on the whole image or on an area
of interest interactively defined. Segmentation capabilities,
either manual or automatic, have been developed to extract the useful information from images. A complete set of
parameters is already available to provide characterization'
of image features. Linear and non-linear filtering combined
with histogram-based processing routines allow improvement in image quality. Further developments will consist of
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multi-image correlation programs, distortion correction and
pattern recognition by means of statistical analysis.
Software for multiple peptide synthesis
The software package described in last year's report has
been substantially improved both in terms of user interface
and speed of computation. We have added some software
protection, to avoid non-authorized users modifying the
working conditions, and automated nearly all the processing from sequence and peptides input to execution. Most
of the HyperCard code contained in the package has been
rewritten and transformed in a single compiled application.
This work has been done 'according to the feedback we
obtained from the users in the Rainer Frank group. The
present version of the software has been sold to Abimed
who had previously acquired the licence for the production
and commercialization of the multiple peptide· synthesizer.
C. Boulin, M. Haider & E. Stelzer

Biochemical Instrumentation

Automated DNA sequencing station
with fluorescent-labels

The last five of the limited number of EMBL automated
DNA sequencer prototypes, constructed in collaboration
with the mechanical and electronic workshops, were delivered in the first half of the year to the collaborating European laboratories active in the DNA sequencing field. These devices enabled those laboratories to
work with a technology developed at EMBL and tested
in a large scale sequencing project (60 kb of the human
hypoxanthine phosphoribosyltransferase (HPRT) gene locus), before the commercial version (A.L.F.) of the DNA
sequencer was made available by Pharmacia Biosystems.
The groups in the Programme continued their 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 technological research, services
are provided for the scientists at EMBL in DNA and peptide synthesis, DNA and protein sequencing, automated
microinjection in cells and sorting with the fluorescence
activated cell sorter (FACS). The groups are in close contact with other Programmes, as well as with the mechanical/electronic workshops and the design office at EMBL.
After the departure of the group of Rainer Frank (protein
chemistry group) by the middle of the year, the first priority
was to ensure continuity in the service work provided by
that group in protein sequencing and peptide synthesis.
New staff joined EMBL in the first half of the year and
started work in July 1990, setting up the Protein and Peptide Service Unit in a new laboratory with new equipment.
The techniques and methods were established within a
few weeks and sequencing, synthetic peptides, amino-acid
analysis and help in protein preparation and purification
have been provided continuously since then. Research
projects and instrument design are planned and we are
currently searching for suitable candidates for the position
of group leader in protein chemistry.
Two EMBO courses on "Microinjection and Electrotransfection of cells" and on "Advanced Methods in DNA Sequencing" were organized at EMBL during the year.

Also in collaboration with the EMBL workshops the construction of an automated gel loading system was started,
loading from microtiter plates used in the robotics for
sequencing reactions. The device will be particularly useful
for routine use in the DNA sequencing service.
A "universal" protocol for purification and sequencing reactions of double-stranded DNAs was developed, optimised
for routine use manually as well as on the robots. Time
saving in the procedure amounts to 50 minutes and automation is completed without centrifugation steps. Sequence readings up to 600 bases were observed on good
plasmid DNA samples. Modifications of this protocol were
applied to direct sequencing of cosmid and lambda DNA.
The method will be applicable to "walking primer strategy",
avoiding subcloning steps.
A novel method for Sanger DNA sequencing in one lane
on a gel and with only one fluorescent-label for all four
bases of one clone was developed. By carrying out the
reactions in one tube and adjusting the ddNTPs ratios,
the sequence is deduced from the peak magnitudes corresponding to the four bases. The use of only one lane
on the gel quadruples the sequence output of the EMBL
device. The method uses the T7 DNA polymerase and
buffer-containing manganese ions in one tube reaction and
results in uniform overall peak magnitudes. The use of
only one dye may be significant for the "walking primer"
strategy, as well as for mapping of sequences and rapid
screening of clones.
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The optimized protocols and the DNA sequencing facility
were presented in the EMBO course on "DNA sequencing:
Advanced Approaches and Automated Methods" which
were organized at the EMBL.
High speed on-line DNA sequencing on
ultrathin slab gels
A potentially significant increase in the sequence speed
and output, by an order of magnitude, was achieved
in tests with ultrathin slab gels. The current commercial
automated DNA sequencers operate 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. According to the tests carried out in our laboratory, DNA sequencing on ultrathin slab gels (thickness
about 100 ILm) allows at present 10-20 times higher sequencing speeds of 500-1 ,200 bases per hour per clone
(at 60-80 V/cm), and reading length up to 700 bases
(40 em separation length in gel). Possibly even higher
sequencing speeds could be obtained with still higher
voltages.
However, new and still more sensitive detection system
and design is required for prototypes operating routinely on
ultrathin slab gels and with higher number of clones being
sequenced simultaneously. Such a system is at present
being developed in the Programme.
High speed automated DNA sequencing systems using
ultrathin slab gels could become a useful tool for fast DNA
sequencing in small as well as large scale projects.
Polymerase chain reaction (peR) and
solid phase supports in DNA sequencing
Over the past years we have been using several solid
phase supports in processing of DNA samples (purification
of DNA templates and sequencing reactions), e.g. glass
fibre filters for preparation of M13 templates or the Hybond
paper (Amersham) in chemical degradation sequencing reactions. Increased reproducibility and yield in the reactions
is the advantage of the solid phase supports, since buffers
and reagents can be changed rapidly due to the easy
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separation of reaction solutions from the solid support. In
addition these methods are amenable to automation and
were adapted and developed for a robotic workstation.
Further supports will be tested, including magnetic beads
after the group of M. Uhlen in Stockholm has demonstrated
the potential of the bead technology, as well as several
membranes. Using PCR, the sequencing reactions may
be carried out directly from the bacterial colonies. The
previous experience of the group in designing devices for
magnetic bead sorting will be useful for automation of the
method.
DNA sequencing projects
The complete sequence of about 60 kilobase pairs of
the human HPRT locus, determined using the automated
EMBL DNA sequencing technology in collaboration with
the team of C.T. Caskey from Baylor College of Medicine
(Houston), has been published (Genomics, 1990). The sequence was analysed with the help of Peter Rice from the
Biocomputing Programme. It is the first large scale (over
10 kb) sequencing project undertaken with an automated
system and fluorescent-labels. Interspersed repetitive DNA
sequences compose 30% of the human HPRT locus. Even
the presence of 49 Alu repeats did not pose difficulties in
compiling the sequence, indicating that the random DNA
sequencing method is compatible with a high density of
interspersed repeats.
In collaboration with W. Pyerin, Heidelberg, we have studied the structure of the gene encoding human casein
kinase II (CK II) subunit {3, isolated from human genomic
DNA. The sequence primary structure was analyzed in the
EMBL sequencing station, the gene spans 4.2 kb and is
composed of seven exons.
We will participate in the sequencing project for the yeast
S. cerevisiae, as well as in other Programmes organized
by the European Community.
Work on possible approaches for realisation of the
sequence-tagged-sites (STS) mapping of genomes was
initiated and tests were carried out. The method for direct
sequencing of cosmid and lambda DNA, developed during
the year, may be useful in this respect. In the spring of

1991 we will organize at EMBL a second workshop to
discuss the possibility of an international collaboration on
mapping and sequencing of the S. pombe genome.
Multiple DNA synthesizer, primers for sequencing
An improved version of the multiple DNA synthesizer
is under development together with the mechanical and
electronics workshops and the design office at EMBL.
The aim is to increase the number of primers synthesized simultaneously, as well as to synthetise oligonucleotides at a considerably lower price. The function
and reliability of the synthesizer will be tested during
1991.
During the past few months several approaches to the
direct in situ labelling of primers using fluorescentlylabelled amidites have been tested. We have obtained
very encouraging results with universal primer synthesized using labelled amidites provided by Pharmacia
Biosystems. Clearly, the labelled amidite approach is
a key step in the simplification of routine sequencing, e.g. in the "walking primer" strategy, both for the
DNA sequencing service facility and for large scale
projects.
DNA sequencing service
Over 60 staff members were regular users of the service. Sequencing of single-stranded, plasmid, cosmid and
lambda DNA is carried out on the EMBL automated
fluorescent system and its commercial version A.L.F.
from Pharmacia Biosystems. EMBL is possibly the only
place where direct cosmid and lambda sequencing is offered. Recently sequencing of PCR products and chemical
degradation were added. The sequence information is
transferred via electronic mail to the user's file on the VAX
computer.
Over 2,000 clones were processed, with average reading
above 300 bases, and in good runs up to 650 bases. Regular discussions with the users help to improve the service
performance. By far the largest influence on sequencing
results has the quality of DNA template preparation.

Microinjection and electro-transfection of cells
The service capacity of the automated injection station
was significantly increased after addition of the commercial
version of the device from the Zeiss company to the
automated microinjection system developed at EMBL. An
EMBO course on "Microinjection and Electro-Transfection
of Cells" was organized at EMBL.
The equipment for the automated evaluation of microinjection experiments was further improved. Computer assisted
evaluation and quantification of fluorescence light emission
in living or fixed cells at low light levels and in real-time is
now possible.
In collaboration with the group of Lennart Philipson experiments were carried out to characterize the role and
interaction of several helix-loop-helix proteins (e.g. MyoD)
in the G1IS-phase transition of the eukaryotic cell-cycle.
In a collaborative project with the group of Angus Lamond
fluorescently-Iabelled antisense oligonucleotides made of
2' -OMe RNA were injected to label individually and follow
snRNPs in living cells. There were numerous collaborations with external laboratories.
The electro-transfection technique has been further improved. A quick and inexpensive test for transfection
efficiency in eukaryotic cells has been developed. The
hardware of the system has been further improved in
collaboration with the electronic workshop. A method for
electro-transfection of cells grown on glass coverslips was
established.
Separation of biological particles
The FACS was used extensively as a service tool during the year. Particular attention was paid to questions
concerning experimental design, staining techniques and
interpretation of results. In a number of cases, staining
procedures were also performed for the users. Experiments were carried out with groups from the Cell Biology,
Differentiation and Gene Expression Programmes.
The applications included the analysis of HeLa cell elutriation fractions, cell-cycle analysis of S. pombe mutants
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(Draetta's group). The screening of samples in transfection
assays (Di Lauro) and the endoplasmic reticulum (ER)
retention (Fuller) were studied using fluorescein isothiocyanate (FITC) single colour immunofluorescence with the
aim of enriching low frequency positives in a viable form.
Two colour immunofluorescence has been used to analyse
. cells from a number of tissues from mice in which immune
function has been compromised by oncogene expression
(ROther), and to study the differentiation pathways of avian
haematopoietic cells (Graf). Subcellular components have
been analysed, in particular the properties of endosomes
from Madin Darby canine kidney cells during fusion experiments (Gruenberg).
2'-O-alkyloligoribonucleotides and
oligoribonucleotides
Continued interest in the use of 2' -O-methyloligoribonucleotides as antisense probes for investigating RNA
processing (in collaboration with Angus Lamond's group)
has led to the synthesis and biological evaluation of related
analogues. In particular, the 2'-O-allyl analogues have
excellent properties (reduced non-specific binding) and
moreover they are easier and cheaper to make than the
2' -O-methyl compounds.
A novel biotin-containing reagent has been developed,
allowing the direct solid phase synthesis of multibiotinylated 2' -O-alkyloligoribonucleotides. These compounds are useful for affinity purification of RNA-protein
complexes. Additionally, fluorescent-labelled 2'-O-alkyl
RNAs have been microinjected in nuclei in order to
locate the various snRNPs involved in RNA splicing.
It is expected that many of the new reagents that have
been developed will be commercialized.
Suitably protected monomers have also been developed
for chemical RNA synthesis to include the more uncommon nucleosides, for example, N6 -methyladenosine, N2 methylguanosine and pseudouridine. Mixed sequences of
ribo and 2' -O-methylribonucleotides are proving useful for
studying protein-ribose interactions of RNA binaing proteins.
38

Oligonucleotide synthesis service

The core facility expanded further during the year and now
runs four commercial 3-column synthesizers. A total of
3,167 oligonucleotides were synthesized, compared with
2,200 during 1989. From this figure nearly 300 were RNA
based (pure oligoribonucleotides, pure 2' -O-alkyl compounds as well as mixed sequences). The majority of
these oligonucleotides also contained additional modifications such as fluorophores, psoralen, biotin and 2,4dinitrophenyl residues.
Protein sequence analysis
Microsequencing is performed according to Edman degradation using a pulsed-liquid gas phase sequencer with online microbore-HPLC (high pressure liquid chromatography) for identification of phenylthiohydantoin (PTH) aminoacids. Spotted or electroblotted samples are sequenced in
the low picomole range. The N-terminus was confirmed to
verify the expressed protein (Suck, Graf) or for structural
studies (KOhlbrandt). Single amino-acid exchanges with
recombinant proteins could be detected (Huttner). Chem'ical and enzymatic digests in situ and in vitro, starting
with protein amounts down to the 15 pmol range, gave
internal sequence information for protein identification and
for oligonucleotide probes (Georgatos). Peptide mapping
to determine phosphorylation sites was achieved by numerous HPLC-separations and sequencer runs (Stunnenberg). The purification of bacterial membrane proteins was studied varying chromatographic parameters
(Saraste) and several steps in the sequencing procedure
(Pattus). N-terminal sequence analysis was carried out
to confirm the correct sequence of difficult synthetic peptides.
Amino-acid analysis
Amino-acid analysis proves to be another important tool
for protein analysis and supplements protein sequencing
and peptide synthesis. Starting with protein amounts in the
low picomole range (1-10 picomole), after auto-hydrolysis
and derivatization in the amino-acid analyser, the PTHamino-acids are detected down to 10-20 picomole. N-

terminal blocked samples, on which it was not possible
to obtain any sequence information, could be detected
by amino-acid analysis (Vaux). The amounts of protein
samples e.ither on polyvinylidense difluoride (PVDF) matrices (Georgatos) or in solution (Philipson, Simons) were
determined. Characterization of synthetic peptides was
done systematically by amino-acid analysis.
Peptide synthesis
Automated solid phase peptide synthesis, using Fmocchemistry was established and peptides have been synthesized on variable scale. Cleavage protocols, purification and characterization procedures were standardized.
In particular, the equipment for analytical and preparative HPLC, together with characterization by amino-acid
analysis and in special cases by peptide sequencing,

guaranteed reliable synthetic products. In the first five
months 80 synthetic peptides were delivered to the users
at EMBL. There is an increasing demand for post-synthetic
modifications of peptides, and these special applications
are carried out in parallel with the routine work. Specifically,
an increase in the hydrophobicity of synthesized peptides
was achieved by esterification (Vaux); the formation of heterodimers via disulfide bridges was performed and used
for NMR studies (Cortese).
Additional liquid phase synthesis will be set up to produce series of dipeptides (Sander) and other applications. Forthcoming special projects will be the synthesis of
phosphotyrosine-containing peptides (Vaux) and of large
peptides (> 50 residues).

w.

Ansorge & B. Sproat
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Computer Services

The past year has been one of consolidation in the area
of computer services at the EMBL.
The VAXcluster continued to be the main computer service
workhorse with now more than 600 registered users, of
whom some 200 could be termed regular users. In accordance with the estimate at the time of purchase in 1989 of
the VAX 6000-420 that there would be adequate capacity
for the whole of 1990, no additional VAX computers were
installed in the year.
The installation of the two vector processors on the main
VAX 6000-420 machine took place in the middle of the
year. Although we are still in the learning phase, initial
experience in using these has been very positive. For
some applications there has been a 3 to 5 fold speedup
in the running time. Indeed one application in the area of
sequence analysis has been improved by a factor of 10
and it is extremely encouraging to see vector processing,
which is normally a technique used in heavily numerical
computation, being used in areas not intuitively suitable
for such techniques.
The place where most new activity was focused was in the
area of the workstations running the Unix operating system. Several such machines were purchased throughout
the year, ranging from low-end models for two-dimensional
graphics and software development, to two high-end models equipped with stereo for high quality three-dimensional
graphics. These latter two systems, a Stardent GS2000
and a Silicon Graphics Iris 4D/210VGX, are proving to
be very popular. Since all of these workstations have a
significant processing capability, it has become abundantly
clear that connectivity and integration of these computers
into fhe existing computer service framework is of great
importance. We have made excellent progress in this
field with the installation on the VAXcluster of MultiNet, a
software product which allows us to make disks on the
VAX computers transparently accessible from the Unix
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workstations. This has ,been fundamental to our goal of
achieving a homogeneous computing environment despite
the heterogeneity of the two main operating systems in
use at the EMBL, namely VMS and Unix. We can expect
to see some very interesting developments in the field of
distributed computing in the coming year.
External networks

The EMBL was connected to the Internet in the first part of
1990. The Internet is without a doubt the most important
world-wide computer network. Internet is based on the
TCP/IP protocol suite, and is estimated to be accessible by
some three million researchers, using over 315,000 host
computers! Clearly it is of vital importance for the EMBL to
playa part in this network. Further, at the July meeting of
the EMBnet project in Uppsala, it was decided to base
the EMBnet on TCP/IP, which confirms the decision to
connect to Internet. It is now foreseen that the EMBL
will withdraw from the less functional EARN (European
Academic Research Network) which corresponds to Bitnet
in the USA. This is not to imply that there will be a
decrease in functionality, since there are several gateways
between the Internet and Bitnet, so that collaboration with
researchers at Bitnet sites will not be impaired. Internet will
drastically improve
network accessibility of the EMBL.
The EMBL Network File Server, described in previous
reports, increased in popularity to the extent that it is
now handling between two to three thousand requests per
month. Its functionality was increased in a collaboration between the EMBL Data Library and the Computer Group to
allow researchers to submit sequence homology searches
using the FASTA and QUICKSEARCH algorithms against
the most up-to-date data. This service is held in high
esteem by a large number of external users. In addition,
due to valuable work from R. Fuchs of the EMBL Data
Library, the Server now maintains a collection of the most
popular molecular biology software in the public domain.
Indeed the Network File Server has now become widely
recognised as perhaps the most important repository in
the world for such software.
R.Omond

Data Library

In 1990 we began to see the benefits of the previous years'
efforts in areas of data management, .software development and data access. The work done in creating links
between different kinds of data (mostly via SWISS-PROT)
has been particularly pleasing as have the improved data
exchange mechanisms between GenBank, EMBL and the
DNA Database of Japan (DDBJ).
Progress in encouraging the direct submission of data to
the databases was, however, not so heartening. By the end
of 1990 we were receiving 80% of the data directly from
researchers rather than abstracting them from the literature
but the remaining 20% of published data not submitted is
equivalent to the entire input in 1986.
The databases

Aside from our two major databases, the nucleotide sequence database and SWISS-PROT, we now also distribute a number of smaller databases, many of them
prepared in collaboration with experts at other sites. Information now distributed by EMBL includes:
Nucleotide sequence data
Protein sequence data (SWISS-PROT)
Eukaryotic promoter information (EPD)
A composite E.coli database (ECD)
Enzyme information
A restriction enzyme database
Protein structures
Detailed transcription factor information
Drosophila genetic maps
Alignments and consensus sequences
A list of molecular biology databases
A sequence analysis bibliography
Codon usage tables.

Quality information resources covering the breadth of biological knowledge can only be maintained if we take
advantage of expertise throughout the world. The model
we are pursuing concentrates on building links between
relatively autonomous data collections, and in 1990 we
have made good progress in this direction. Plate 3 shows
the links now maintained between the EMBL databases
and others.
Data management

Since the installation of our nucleotide sequence database
in the ORACLE®RDBMS in 1989 we have been able to
make substantial progress in building software to enable
our staff to be many times more efficient in processing
incoming data as well as ensuring that the data are
presented to the users in a more useful and consistent
way.
In the cou rse of the year we have also developed better data exchange mechanisms with the American and
Japanese groups, ensuring that new entries and updates
made by them are included in our database within 24
hours. Further work on unifying the databases is planned
for 1991.
Data distribution

Data are distributed to our users as quarterly releases
on CD-ROM and magnetic tape as well as intermediate data being available from our computers via our
network fileserver. Subscribers to the quarterly releases
are tending, to our satisfaction, to migrate from magnetic tape to CD-ROM, and of particular note is the
steady increase in use of the fileserver which now processes about 3000 requests per month. This increase
is probably due to the fact that the newest GenBank
and DDBJ data are now available and to the recent
introduction of a large range of software on the fileserver.
Within the EMBnet project we also update about 14 remote
copies of the database throughout the Member States.
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PLATE 3
Cross-links between databases.

EPD

Eukaryotic promoters

EMBL

Nucleotide
sequence database

TFD

Drosophila Genetic
Map Database

Transcription factors

PDB

3D protein structures

PROSITE

ECD

E. coli database

MIM

SWISS-PROT

Protein sequence- database

Protein patterns

Genetic diseases

ENZYME

EC nomenclature

REBASE

Restriction enzymes

Relationships between sequences
In 1990 we developed two new methods aimed at determining how new sequences relate to the existing sequences. The first of these uses multivariate analysis
techniques to explore which groups of sequences might
form biologically related families. The second uses complex indexing structures to enable very rapid identification
of new sequences which are so similar that they probably overlap with or duplicate sequences already in the
database.

Scientific Advisory Committee
At their annual meeting the International Advisory Committee for the nucleotide sequence databases expressed sat-
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isfaction with the improved data throughput and suggested
a future emphasis on the presentation of the contents of
the three databases as a unified whole allowing users to
subscribe to only one database. At the European meeting
the main recommendation was for a management study
to be sponsored collaboratively with the EC to investigate
how to support the Data Library and related services in the
future.

Support for the Data Library
The Data Library is currently supported jointly by the Laboratory's budget and by the EC under the BAP programme.
Details are now being finalised for continued EC support
under the BRIDGE program which should run for two years
from March 1991.

The European Bioinformatics Institute

It is becoming clear that increases in the volume and complexity of the information to be represented and growing
user demand will soon require a level of expansion not
supportable within EMBL. To cope with these problems
plans are being formulated for· a new European Bioinformatics Institute (EBI) which will:
continue to provide the information services currently
provided by the Data Library;
develop the database structure and software tools
to cope with the anticipated increases in volume,
complexity, and demand for the data;
work on the design of the next generation of biological
sequence databases;
carry out research in bioinformatics and database
design;
collaborate extensively with other European database
providers and centres of scientific expertise;
provide training and consultancy.
We expect to make substantial progress with the planning
of this institute in the coming year.
G. Cameron
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The Outstation at the DESY, Hamburg

The Outstation continued to provide access to synchrotron
radiation for scientists working in the field of molecular
biology. The radiation available during 1990 was very
restricted. The DORIS ring was shut down in the first part
of the year, only coming on-line in April. There were then
five weeks of useful parasitic beam-time when all five of
our beam-lines were available, followed by a further five
weeks of main-user time when only the three lines situated
in the Hamburg Synchrotron Laboratory (HASYLAB) could
be used. In July 1990 a major shut down began, to allow
the construction of the so-called by-pass. This severely
limited the number of experiments we were able to carry
out on the beam-lines during the year. Nevertheless we
had about 150 visitors using the facilities. We have concentrated our efforts on completing projects already started,
and on those which were accorded highest scores by our
priorities committee. In particular in protein crystallography
we were fortunate in having established in the preceding
years automated means of data collection with the imaging
plate scanner and easily aligned beam-lines, allowing us
to make optimum use of the limited radiation available.
The by-pass essentially entails the complete rebuilding of
one side of the DORIS ring, around the position which
used to accommodate the Crystal Ball high energy physics
experiment. The by-pass includes seven straight sections
in which insertion devices, wigglers or undulators, will
be installed. Wigglers are series of magnets introducing
additional local bending of the trajectory of the circulating electrons, and hence increasing the intensity of the
emitted radiation and reducing the critical wavelength (i.e.
giving more intensity at shorter wavelength). Undulators
are multipole magnetic systems giving an extremely high
intensity over a very small wavelength range. Straight
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section seven has been allocated for the construction by
EMBL in collaboration with HASYLAB of a wiggler beamline, which in the first instance is intended primarily for
protein crystallography. The by-pass construction is now
well under way, with the result that we are at present living
in the midst of a building site. New building is taking place
on both sides of the EMBL bunker IV to accommodate
the new-lines, as well as the X11 and X13 lines turned
round to take radiation generated from the electrons. In
addition considerable modification to bunker IV is being
carried out to utilise the space liberated by the move of the
latter beam-lines, and because of the need to give up some
of the previous space for the by-pass lines. It is hoped that
the actual construction work will be complete by about
April 1991. It is planned that the first beam-lines, those
in HASYLAB (X31, X33 and EXAFS), should be available
again in early summer of 1991, with X11 and X13 probably
not being available until towards the end of the year. It is
impossible to give definite dates for this however as we are
dependent upon the completion of what is to all intensive
purposes a new DORIS ring with new magnets installed on
one side, the completion of the building programme, and
therefore a mild Hamburg winter. No major shut downs
are foreseen at present for the period 1992-1994, when
we hope to have more stable beam conditions.
The imaging plate scanner
The imaging plate scanner designed, developed and built
in-house during 1988, primarily as a detection system for
protein crystallography, has continued to play the central
role in the acquisition of crystallographic data. Only one
or two projects, such as Laue diffraction and some of the
measurements of ribosomal subunit data by Ada Yonath
and her group, have continued to use photographic film.
Towards the end of the beam-time a second scanner
was completed. This scanner was used to record some
muscle diffraction patterns with greatly reduced exposure
times, as well as being used for crystallography. The
rights of manufacture have been passed on from EMBL
to MAR Research of Hamburg, and the first commercial
devices are expected to be delivered in 1991. The physical
dimensions of the present scanner do present an upper
limit to the number of reflections which can be resolved

PLATE 4
A 0.5 0 rotation image of a crystal of carnation mottle virus
recorded on the imaging plate scanner on beam-line X11. The

data extend to 3.2 A at the edge of the image, but have only been
processed to 3.5 A to date.

with diffraction from our beam-lines. The typical size of
a reflection on the plate is 5 pixels (about 0.75-1.0 mm)
at normal crystal-to-plate distances. The number of pixels
across the whole image, after transformation to cartesian
coordinates, is 1186 by 1186, i.e. there are almost 600
pixels between the centre of the pattern and the edge
of the plate. It should be pointed out that the current
configuration requires the circular plate to be centred pn
the direct beam. This means that 110-120 reflections can
be resolved on each side of the beam: giving for example
a limiting resolution of about 3 A for a cell dimension of
350 A. We have to date encountered very few prolects
where this is in practice a limitation to data

Carnation mottle virus
As an example of the power of the imaging plate, data were
collected on crystals of carnation mottle virus (CMV), in collaboration with Katerina Morgunova and Albert Mikhailov
of the Academy of Sciences, Moscow. The space group is
123, with cell dimension a=382 A. Two shifts, each of less
than 12 hours, were devoted to this project. Essentially
complete data to 6 A were collected from a single crystal.
Six other crystals were tested on beam-line X11, and
the best three used to collect 90% complete 3.5 A data,
with a merging R factor for all data of about 7.5%. A
representative image is shown in Plate 4.
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PLATE 5
A region of the difference electron density map of fJ-cyclodextrin
with the hydrogen atoms excluded from the model.
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With these data the structure has been solved by Katerina
Morgunova with David Stuart and colleagues in Oxford,
using tomato bushy stunt virus as a model. The analysis
has led to a high quality map of CMV at 3.5 A resolution,
from which a model is being built. CMV is of course a
relatively small virus, and the centred cell further reduces
the problems of overlapping reflections. Nevertheless the
complete data collection required less than 24 hours, with
a further 2 days for integration of the intensities, for a new
virus. This project benefited tremendously from the use
of the imaging plate, especially the possibility of rapidly
recording data with x-rays of short (0.96 A) wavelength,
substantially extending the effective lifetime of the virus
crystal.

P-Cyclodextrin

The extremely high quality diffraction data which can be
recorded from the imaging plate is illustrated from the
results on this supra- rather than macro-molecular sized
system. Cyclodextrins are cyclic oligosaccharides made
up of a-1,4-linked glucose residues. They are of considerable scientific and commercial interest through the
formation of inclusion complexes. j3-cyclodextrin contains
seven glucoses. One of us (K.S.W.) attempted (and failed)
to solve the structure of j3-cyclodextrin in 1971 as a toochallenging undergraduate project. In the intervening years
it was solved by Wolfram Saenger and colleagues, with
an R-factor of 7.3% at 1.5 A resolution. With the imaging
plate we collected data on beam-line X31 to a limiting
resolution of 0.87 A, using radiation of wavelength 0.65 A.
The structure has been refined to an R factor of 3.7 % . The
significance of this work can be appreciated from Plate
5, which shows a region of a difference electron density
synthesis for the final model in which the hydrogen atoms
have not been included. In the Plate the positions of the
hydrogen atoms on the carbon atoms can be clearly seen.
Even more impressive however are the two alternative
positions for the hydrogen atom statistically disordered
in a hydrogen bond between the oxygen atoms of two
adjacent glucose rings. This shows that half-electrons can
be straightforwardly identified with data of this quality and
resolution. Similar applications to other medium sized biological structures, and even to small proteins, are planned
for the future.

Biochemistry and molecular genetics

In 1989 we began to expand the biochemical facilities in the Outstation to include gene cloning and overexpression, and in the future site-directed mutagenesis.
The work has concentrated on bacterial proteins, especially nucleic acid binding proteins from thermophilic
bacteria. The gene for DNA binding protein HU from
B.stearothermophilus and from three other Bacilli have
been cloned and over-expressed. The proteins have been
investigated for thermostability, and the three-dimensional
structure of HU in solution is being studied in collaboration
with Robert Kaptein and colleagues. The aim is to obtain
co-crystals of HU with oligonucleotide and also to study
such complexes in solution. Cloning, over-expression and
crystallisation of an Mr 17,000 nucleic acid binding protein from B.stearothermophilus has also been achieved.
Similar studies of other proteins from this organism are
planned. In addition a number of other proteins have been
purified and are being used in crystallisation trials.
EXAFS

The EXAFS beam-line in HASYLAB has up till this year
been controlled over a CAMAC serial highway from the
now outdated VAX750, with local control being via an LSI
computer. This was replaced by a system comprising a
dedicated microVAX with a direct CAMAC interface to the
CAMAC serial crate controller. The system was installed,
tested and used successfully throughout 95% of the available beam-time in 1990. For the future it is planned to carry
out data acquisition using a dedicated IBM compatible
personal computer, freeing the microVAX for other activities. This work is being done in close collaboration with F.
Golding (Manchester) and the system should be ready by
the next beam-time. A most important acquisition was a
customised multi-element solid state detector system, purchased entirely through a "DFG-Schwerpunktprogramm".
This was delivered at the end of 1990. After thorough
tests this new detection system will be installed on the
beam-line in 1991, and will allow us to get better data from
more dilute samples. In house projects actively pursued included studies on D-xylose isomerase from Streptomyces
rubiginosus (with C. Sudfeldt and H. Witzel, University
of Munster), on bacitracin complexes with divalent metal
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ions with the protein crystallography group, and absorption measurements on zinc(lI) imidazole tetrafluoroborate
recorded as a function of temperature (with R. F. Pettifer,
University of Warwick) as a model of the active site of
carbonic anhydrase and other enzymes. Several visitors'
research programmes were also carried out, a relatively
novel one of which is now described. E. Rokita, of the
Jagiellonian University of Cracow, continued his studies of
the ossification process. Strontium was used as a tracer
for the calcium environment in bones by carrying out Sr K
edge spectroscopy. Measurements were performed on
rabbit bone samples obtained from Sr-treated animals and
on selected Sr-containing model compounds. Our study
shows that the first mineral formed in embryonic bones
is amorphous calcium phosphate, which is transformed
into tricalcium phosphate and hydroxyapatite after three
months. At the end of the ossification process hydroxyapatite remains as the main component of bones.
Muscle
Work in the muscle group has centred on two particular
areas in 1990. Firstly the extraction of cDNA corresponding
to the major muscle proteins, and the development of
expression systems for these proteins was continued. This
work is founded on the belief that full three-dimensional
knowledge of the structure of the individual proteins is
required to complement, and facilitate the understanding
of, the diffraction studies of intact muscle fibres. Studies
are being carried out on troponin, tropomyosin and myosin,
or parts thereof, from a number of different organisms.
Secondly time-resolved studies of the changes occurring
in the different states of muscle fibres have progressed
considerably. The techniques used all involve the rapid,
ideally instantaneous, induction of changes in the chemical or physical parameters of muscle (or indeed other
biological systems). They include rapid temperature jump,
flash excitation and flash photolysis of compounds such
as caged ATP. The instruments used typically involve high
intensity light sources such as a Xe flash lamp and an
erbium glass laser. A typical application is the following of
the change in structure (via the change in the diffraction
pattern) of skinned rabbit psoas fibres after a 5 to 15 degree temperature jump. A number of studies were carried
out in collaboration with external visiting groups. These
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were concerned with the exploitation of the high intensity
available on the synchrotron beam-lines to perform timeresolved studies as described above, or to allow accurate
measurements from single muscle fibres. An
of
the importance of the latter type of study on the detection of
the radial cross-bridge force by lattice spacing changes in
intact single muscle fibres was reported in Science (1990),
250, 1409-1411.
Phospholipid phase transitions
Aqueous dispersions of phospholipids have been widely
discussed as structural models for the role of lipids in
biological membranes. Their most interesting characteristic
is the mesomorphic phase behaviour which we investigated with the method of infrared-laser induced temperature jump relaxation, whereby the phospholipid system
is rapidly heated through a phase transition by the laser
pulse, and the structural rearrangements during the relaxation to the new equilibrium state are monitored by
the time-development of the diffraction pattern. With this
technique, a time-resolution in the order of 0.3 ms has
been achieved so far. Such investigations on heterologous phase transitions, i.e. transitions between phases
of different symmetries, have led to the detection of transient intermediate, ordered structures which are not visible
under equilibrium or close-to-equilibrium, slow scanning
conditions.
Small-angle scattering
Improved sealed pressurized linear gas detectors built by
Andre Gabriel and Frangois Dauvergne (EMBL-Grenoble)
were installed and used for projects requiring a higher
spatial resolution such as those on lipids and bacteriorhodopsin. The X33 beam-line was equipped with a microVaX with a new CAMAC interface and the drivers were
modified by F. Golding (Manchester). This configuration
was also implemented on the EXAFS beam-line. The
PC-CAMAC system was used and further developed and
its display facilities were enhanced. Software was also
produced to allow processing of data acquired with the
delay line detectors produced in Grenoble and commercial
PC cards with our standard programs. The latter now

also include conversion routines for data input to other
popular data analysis and graphics software packages.
The yeast mt gene was cloned and expressed in bacteria. The mt gene in yeast chromosomal DNA was amplified using the in vitro amplification technique (PCR)
and a clone obtained in E.coli in which the gene is
stable but still expressible after induction with isopropylfJ-D-thiogalactoside. Different conditions for cell growth
and induction are now being tested. Expression of the
gene for a shorter sequence which does not include the
eight N-terminal amino-acids which are coded for in the
yeast gene but cannot be detected in purified yeast MT
is also being investigated. The main collaborative projects
during 1990 were: A time-resolved x-ray diffraction study
of the structural changes in bacteriorhodopsin during the
photocycle (with N.A. Dencher & G. Buldt (Free University
Berlin) & D. Oesterhelt (MPI, Martinsried)) and projects
on collagen and fibrin (A. Bigi & N. Roveri, University of
Bologna), on pathological collagen in Morbus Dupuytren

tissue (H. Notbohm, Med. Univ. Lubeck), on the cofactor
and activator induced structural changes in yeast pyruvate
decarboxylase (PDC) (G. Hubner, S. Konig & A. Schellenberger, Martin-Luther University, Halle/S.), on the kinetics
of binding of tropomyosin to actin filaments (Ch. Weigt &
A. Wegner, Ruhr-University Bochum) and on the effect
of troponin phosphorylation on the interaction with thin
filaments (K. Vlachantoni & K. Jacquet, Ruhr-Universitat
Bochum), on structural polymorphism of deep rough mutant lipopolysaccharide (K. Brandenburg & U. Seydel, Research Institute Borstel), on the effect of cholesterol on
aggregational forms of lecithin and bile salts (G.J. S6mjen
& T. Gilat, Ichilov Hospital, Tel-Aviv & E. Wachtel, The
Weizmann Institute of Science, Rehovot, Israel). Further,
the group of the Max Planck Society (E. Mandelkow et al.,
MPG Hamburg) pursued its project on assembly of tubulin
and related proteins.
K.S. Wilson
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The Outstation at the ILL, Grenoble

The Grenoble Outstation of the EMBL is situated on the
site of the Institut Laue-Langevin (ILL) which provides high
flux neutron beams for research in physics, chemistry and
biology. An important role of the Outstation is, therefore,
to provide laboratory facilities for visiting biologists performing neutron small-angle scattering or crystallographic
experiments. Also, in collaboration with ILL scientists, the
Outstation is developing biological applications in neutron
scattering, notably in relation to the low-resolution study of
crystals of protein-nucleic acid or protein-lipid complexes.
The Outstation also has a very active in-house research
program focusing on a small number of structural biological
problems which are studied all the way from the molecular
cloning and protein purification to the structural investigation by x-ray crystallography, neutron scattering, electron
microscopy or light scattering.
Neutron crystallography

The Outstation is continuing to run jointly with the Institut
Laue-Langevin the low-resolution neutron diffractometer
OB21. This instrument is used to study crystals of complexes since use can be made of the special properties of
neutrons to distinguish between, for example, protein and
detergent even at low-resolution. Thus the technique is especially useful when one component is slightly disordered
so that it is not revealed in a corresponding conventional
x-ray crystal structure determination. This is the case in
recent studies of the lipid-binding protein Iipovitellin and
various membrane-protein crystals, where the location of
the lipid or detergent could be determined. A significant
proportion of the available beamtime is being spent on
studies of various crystals of ribosome subunits and direct
methods are being developed to assist in interpreting the
results without prior structural information.
In order to speed up data collection rates for high resolution
neutron diffraction measurements on protein crystals, a
50

new instrument is under design, again in collaboration with
the ILL. This instrument is called the quasi-Laue diffractometer since the idea is to use a non-monochromatic
incident beam (e.g. with D.).,J)... 1"'.125%) to maximize the
number of Bragg reflections measured simultaneously.
The instrument design in addition requires a large area
of position-sensitive detectors to maximize coverage of
reciprocal space. Testing of suitable detectors is underway, with trials being done on both photomultiplier based
systems with a ZnS-LiF scintillator, and the image-plate
x-ray system adapted with a gadolinium scintillator.
Aminoacyl-tRNA synthetases

The study of these enzymes, whose role is the
specific charging of an amino-acid onto its cognate
tRNA, is a major focus of the laboratory involving
close collaboration between molecular biologists, biochemists and crystallographers. Most work is being
done on the seryl-tRNA synthetase, either from E.coli
(a mesophile), B.stearothermophilus (an obligate thermophile) or T. thermophilus (an extreme thermophile), but
the asparaginyl- and valyl-enzymes are also being studied.
Following the determination of the crystal structure of the
seryl-tRNA synthetase from E.coli reported last year, the
atomic model has now been fully refined at 2.5 Aresolution
to an R-factor of 20.9% for all measured data (Cusack et
al., 1990). The two remarkable features of the structure
are (a) the extraordinary N-terminal anti-parallel helical
arm stretching 60 A into the solvent, which is presumed to
be involved in tRNA-binding and (b) the globular domain,
structured around a seven-stranded anti-parallel fJ-sheet,
which contains the dimer interface and the putative active
site. Seryl-tRNA synthetase is thus the first synthetase of
known three-dimensional structure, which does not contain a dinucleotide-binding (Rossmann) fold as part of its
catalytic domain. On the basis of sequence comparisons it
is now clear that all twenty synthetases fall into two major
classes; class 1 (characterized by two motifs) comprising
the enzymes for arginine, cysteine, glutamine, glutamic
acid, isoleucine, leucine, methionine, tryptophan, tyrosine,
and valine and class 2 (characterized by three motifs) containing the enzymes for alanine, asparagine, aspartic acid,

glycine, histidine, lysine, phenylalanine, proline, serine and
threonine (Eriani et al., 1990; Cusack et al., 1990). The reason for this particular division remains a mystery. However
the knowledge of the seryl-tRNA synthetase structure permits identification of motif 1 of class 2 synthetases with the
dimer interface and the other two motifs with the active site
and strongly suggests that the anti-parallel fold is common
to all class 2 synthetases. Further sequence analysis suggests the possible evolution of these synthetases; for example, that the aspartyl-, Iysyl- and asparaginyl-enzymes
evolved from the primordial class 2 catalytic domain by
addition of a common N-terminal tRNA-binding domain and
that the histidyl-, prolyl- and threonyl-enzymes by addition
of a common C-terminal tRNA-binding domain. It is clear
that further understanding of this kind will throw important
light on the evolution of the protein biosynthetic machinery
and possibly the genetic code.

amino-acid sequence must be determined which is currently underway. Large bipyramidal crystals of the complex
have been obtained, but diffract only to about 6 A at a
synchrotron, probably because of a high solvent content.
However, even at this resolution, enlightening information
could be obtained on the mode of interaction of the tRNA
with the enzyme, for instance which part of the tRNA
interacts with the helical arms of the protein. Efforts to
co-crystallize the E.coli complex with various tRNA Ser
iso-acceptors (including the tRNA Selcys, involved in incorporation of selenocysteine into certain enzymes) have not
yet succeeded and attempts are also continuing to obtain
over-expression of these tRNAs for further structural work.

Unfortunately with the original monoclinic crystal form it
has not been possible to visualize the binding of the
small substrates, ATP and serine, to the enzyme. There
is, however, excess electron density in the active site
which has tentatively been identified from its shape and
size as a tightly bound detergent molecule, possibly a
hexyl-furanoside, arising from the crystallization medium
(which contains an uncharacterized detergent mixture).
This led us to resume crystallization trials with pure detergents leading to a new orthorhombic crystal form of
the seryl-tRNA synthetase which diffracts to about 3 A.
Needle-shaped crystals grow in pure ,B-hexyl- and ,Bheptyl-glucoside both native and in the presence of ATP.
However in ,B-octyl-glucoside, crystals only grow in the
presence of ATP. Thus there is some hope that these latter
crystals may contain ATP bound to the enzyme, since the
detergent may be too large to enter the active site.

As reported last year, early attempts to produce sitedirected mutants of seryl-tRNA synthetase often failed
possibly due to a translational regulation mechanism. To
overcome this problem, the pAX vector system is now being used to produce fusion proteins with ,B-galactosidase.
Since the activity of the wild-type fusion protein is identical to that of the native protein, functional properties
of mutants can be assayed without cleavage of the ,Bgalactosidase. In this way it has been shown that the
mutations R268H and G280V, both found in motif 2 of
class 2 synthetases, incur loss of both aminoacylation
and pyrophosphate exchange activity and deletion of the
N-terminal helical arm (residues 1-97) generates a protein
with no aminoacylation activity but still some (reduced)
pyrophosphate exchange. Production of site-directed mutants appears to be less problematic in the case of
asparaginyl-tRNA synthetase, where the mutation Y426S
has been found to have a significant effect on the Km value
for ATP in the amino-acid activation reaction. This residue,
found in motif 3 of class 2 synthetases, is thus likely to be
involved in ATP-binding.

The obvious next step was to try to crystallize the complex
of the seryl-tRNA synthetase with tRNA Ser. Success in this
endeavour has come through a collaboration with three Soviet visitors, Maria Garber (Pushchino), Anna Yaremchuk
and Mikha"ll Tukalo (Kiev), who first crystallized the seryltRNA synthetase from T. thermophilus and subsequently
the complex of this enzyme with tRNA. The crystals of
the native enzyme diffract to 2.5 A and the structure has
been solved by molecular replacement using the E.coli
enzyme model. However, to complete the refinement the

The valyl-tRNA synthetase has been used in a new method
to define crystallization conditions. This involves measuring by dynamic light scattering the translational diffusion
coefficient upon titration of the protein solution with different precipitants. Both ammonium sulphate and sodium
citrate lead to behaviour favourable to crystallization, that
is a low percentage of large aggregates and a constant
diffusion constant for the monomer protein peak. Conventional crystallization trials have subsequently resulted in
fine needle-like crystals in sodium citrate.
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Influenza virus proteins

Influenza B virus differs from influenza A in only being
able to infect human beings, and the absence of antigenic shift resulting from the possibility of recombination
with a pool of animal influenza virus strains means that
influenza B does not give rise to pandemics as is the
case with influenza A. Influenza B viral proteins are typically 30% homologous with those of influenza A and
thus their study can give insight into the important functional features. We are studying three influenza B proteins; the two surface glycoproteins haemagglutinin and
neuraminidase and the M-protein found interior to the viral
membrane.
As reported last year, trigonal crystals of the neuraminidase were grown that diffract to very high resolution. The structure has now been solved by a Ph.D.
student, Wilhelm Burmeister, using the method of multiple
isomorphous replacement followed by non-crystallographic
symmetry averaging. This de novo structure determination
was necessary as the co-ordinates of an A-strain neuraminidase have never been published. The structure is
now partially refined at 2.2 A resolution. As expected from
the conservation of disulphide bridges, the overall fold of
the protein is very similar to the A-strqin neuraminidase.
Comparison of the two structures should reveal interesting
details about the zones of antigenic variation and the active
site which may ultimately be important for anti-viral drug
design.
RecA-DNA interactions

The RecA protein of E.coli is responsible for homologous
recombination and control of the SOS system of DNA
repair. In vitro activity can be monitored using the strand
exchange reaction and Lex A repressor cleavage; both
reactions being DNA and ATP dependent. Measurements
of enzymatic activity coupled with physical measurements
by electron microscopy and small-angle neutron scattering
are being used to characterize structurally the active form
of RecA. It has been found that significant LexA cleavage
activity and ATP hydrolysis can both be induced by high
salt (above 600 mM) in the absence of DNA. Other polyanions such as heparin, tRNA and RNA oligonucleotides also
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induce LexA cleavage, but are poor inducers of ATPase
activity. Furthermore, the activity, however induced, correlates with a structural transition from an inactive compact
form (filaments of 5.5 RecA per helical turn and a pitch of
75 Ato an active open form (6 RecA per turn and a pitch
of 95 A-1 05 A as shown by neutron scattering experiments
and cryo-electron microscopy.
Supercoiled DNA

Understanding the biological role of supercoiled DNA and
the modification of DNA structure by permanent or proteininduced bends requires fundamental physical studies to
be made on such DNA molecules. This problem is being
tackled at the Outstation by a combination of theoretical
and experimental methods. Plasmids with curved inserts
show an increase in diffusion constant indicating a more
compact structure. In cryo-electron micrographs, the same
preparations are observed to give interwound structures
with the proportion of branched to unbranched molecules
increasing with increasing curvature of the inserts. These
results suggest that bends might preferentially appear
in the end loops of branched structures, thus providing
a mechanism for a large scale re-organisation of DNA
structure. A Monte-Carlo procedure has been developed
in collaboration with a Soviet group to predict properties of circular worm-like chains including torsional strain
and bent stretches. First results indicate good agreement
between the hydrodynamic properties predicted from the
Monte-Carlo simulations and experiment. An alternative
simulation approach based on Brownian dynamics has
been used to predict the internal dynamics of circular DNA
and to compare these with the results from dynamic light
scattering experiments.
X-ray detectors

Linear and two-dimensional wire proportional chambers
for x-ray detection developed over a number of years
by Andre Gabriel are now available commercially through
a licensing agreement with the Grenoble firm Bio-Logic.
With a CAMAC interface, these detectors have a countrate of up to 500 kHz with a spatial resolution of
1 mm. A data acquisition program for Macintosh is

also now available through a collaboration with the
firm XREM and the Alliance Universitaire de Grenoble.
To enhance the performance of these detectors with a
view to applications in synchrotron radiation, a number
of developments are in progress. These include a new
arrangement of anode and cathode wires, considerably
reducing the anode-cathode spacing. This has the effect
of improving the count-rate to several MHz and reducing
parallax problems. An upgrade in the electronics is also
in progress. Future developments will be the application of the delay-line readout system to detectors based
on position-sensitive photo-multiplier tubes, which will be
adaptable to different beams (e.g. x-rays, visible light or
neutrons) simply by changing the scintillator.
S. Cusack
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Administration

paid by the States joining EMBL after the ratification of the
Agreement by the 10 original "founding fathers": Austria,
Denmark, France, Federal Republic of Germany, Israel,
Italy, the Netherlands, Sweden, Switzerland and the United
Kingdom. This ratification was completed on July 5, 1974.
However, it soon appeared that the EMBL budget would
include other sources of income.

The contributions of the Member States
and other sources of income

Contributions versus budgets

The Agreement establishing the EMBL mentions that the
Laboratory will be funded by two types of contributions:
ordinary and special contributions. The latter are those

Table 1 shows how the contributions developed in comparison to the budgets during the last 10 years.
Table 1

MEMBER STATES' CONTRIBUTIONS VERSUS BUDGET
(MOM)
Year

Contributions
Ordinary

Special

Total

0/0 of
Budget

1982

43.0

30.0

-

30.0

70

1983

45.0

33.0

-

33.0

73

1984

46.0

36.0

-

36.0

78

1985(1)

48.0

38.0

0.4

38.4

80

1986(2)

50.0

42.0

0.6

42.6

85

1987(3)

54.0

45.0

1.2

46.2

85

1988

56.0

46.0

1.0

47.0

84

1989

59.0

48.0

0.6

48.6

82

1990(4)

65.0

52.6

2.3

54.9

86

1991 (5)

71.0

56.0

0.6

56.6

80

(1)
(2)
(3)
(4)
(5)
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Budget

Greece and Finland joined
Norway joined
Spain joined
Belgium joined
Full cost accounting system is introduced

The ordinary contributions increase on the basis of the cost
variation indices agreed by Council and by the net growth,
if any, granted when the budget is voted upon.
The third type of increase is the special contributions by
the new Member States which have joined since 1982:
Greece, Finland, Norway, Spain and Belgium. These special contributions are calculated on the estimated value of
the capital costs spent on establishing the Laboratory in
1978 and based on the net national income of each new
Member State for the years 1971-1975. This payment is
made in one or several yearly instalments (1 to 5 years);
thus special contributions from new Member States may
coincide.
These types of contributions make up 70-85% of the total
budget; in recent years usually 80-85% (1982 was an
exceptional year with more than 6 MDM carried forward
from the previous year).
Plate 6 shows the ordinary contributions (in percentages)

of the 15 Member States of EMBL for the year 1991
(Belgium joined in 1990 but was only included into the
scale of contributions in 1991). It should be noted that the
scale of ordinary contributions is based on the average net
national income at factor cost of each Member State for the
three latest preceding calendar years for which statistics
are available (figures supplied by the UN).

Other sources of income
The other main sources of income, which add up to 1520% of the budget are:
Internal Tax:
The contributions of the Member States include gross
salaries. The salaries are paid to the staff after deduction of
the internal tax which is used as income for the Laboratory.
This is the main source of income after the contributions
of the Member States and amounts to about 10% of the
total budget.

Scale of Ordinary Contributions of EMBL Member States
(on the basis of average national income

1985-1987

as published by the United Nations)
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Pension Scheme:
The EMBL Pension Scheme was introduced on January
1, 1978. The contributions are booked as income. The
pension contributions of the fixed-term contracts are reimbursed to the staff leaving the Laboratory and can
therefore be budgeted. No Pension Fund has been established. However, the Member States have guaranteed
the payment of the pensions, hopefully through additional
commitments outside the regular budget.

price. Thereby, some profit is generated and booked as
income. However, the amounts involved are never high.
The EMBL workshops and service groups give absolute
priority to the research within the EMBL. The return from
sales is therefore never more than 1% of the total budget.

Carry Forward:
This is the unspent fraction of a yearly budget which
is transferred to the following year where it appears as
an income (2-3% of the total budget). Obviously, when
100% of the budget is spent, there is no carry forward.
The amounts carried forward have over the past 8 years
decreased gradually.

From the above it can be seen quite clearly that the
different kinds of income are of very different nature.
Whereas the ordinary and special contributions are 100%
reliable, and internal tax and pension contributions can be
estimated with reasonable precision, the other resources
cannot be calculated accurately (bank interest, sales)
or are unexpected (unpaid commitments and miscellaneous).

Bank Interest:
40% of the ordinary contributions are paid in February,
40% in May and 20% in September, resulting in liquidities
being available before they are needed to face the commitments. They are invested in bank deposits and the returns
in interest constitute a source of income dependent on the
current interest rate (rv 1-2% of the total budget).
Unpaid Commitments:
If the orders placed during a financial year are not due for
payment at the end of the year the unpaid commitments
then appear as income in the budget of the following year
%
( rv O.5
of the total budget).
Sales:
EMBL in the course of its research develops instruments,
software and chemicals, which are attractive to similar
research institutes and to industry. If the prospective
market is of sizeable importance, licensing contracts are
concluded with outside firms including, sometimes, patent
protection (see Annual Report 1989). At present, and
for the immediate future, EMBL is not taking patents on
biological products, including DNA clones, and it readily
shares them with anyone requesting them. On the other
hand when the market for an instrument is limited or
when a number of prototypes are manufactured to launch
a product, the EMBL workshops or service groups produce small numbers of units which are sold at a reduced
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Other Income:
Some miscellaneous minor income may also arise.

Therefore, the expenditures must be closely scrutinized
during the year so as to keep them within the income
limits.
Conclusion
The EMBL budget increased by 65% during the past 10
years, including inflation, whereas the ordinary contributions of the Member States increased by 87%, including
the contributions of the new Member States.
Finance

Trends of income and expenditure (Table 2)
The rapid growth of the budget between 1989 and 1991
needs an explanation.
Between 1989 and 1990 no net growth was granted.
The overall cost variation index amounted to 4.76 % . The
ordinary contributions increased by 6.07% before Belgium joined. The Member States approved the 1990 budget subject to a reassessment of the interpretation of
the indicative scheme, including ordinary contributions of
51 ,469 KDM and a transfer from the Support Fund of
350 KDM.

Table 2
THE LABORATORY'S INCOME AND EXPENDITURE OVER 5 YEARS
(KDM)
Income

Actual Actual Actual Actual Budget

1987

1988

1989

1990

Carried forward
from previous year

1,023

1,118

1,000

418

Liquid. of Reserve

392

3

Ord. Contributions

44,600 46,072 48,520 52,579 56,227
1,170

946

568

2,274

Bank Interest

398

522

726

1,044

Other Income

678

28

43

97

Spec. Contributions

Sub- Totals

1991

568

Expenditure

Actual Actual Actual Actual Budget

Staff Costs
(Net; gross as
from 1989)

23,978 32,571 34,304 36,226 40,669

Operating Costs

14,858 14,678 16,262 18,614 21,086

Capital Expenditure
Reserve
Carried forw. to
following year

1987

1988

8,210

7,775

97

79

1,118

1,000

1989

1990

8,007 10,019

418

1991

9,208

740

4,785

48,261 48,689 50,857 56,412 61,580

As from 1988
Unpaid Commitments

329

295

237

External Sales

192

173

194

Pension Scheme

840

912

965

1,020

6,053

6,754

7,441

7,800

350

563

Internal Tax
Support Fund
(Reserve Fund as
from 1991)
Totals

48,261 56,103 58,991 65,599 70,963

48,261 56,103 58,991 65,599 70,963
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Table 3
MAIN ITEMS OF INCOME AND EXPENDITURE DURING 1990
(KDM)
Income
Carried forward
from 1988

Budget

Budget
Rev. 3

Actual

700

418

418

Liquidation of Reserve
Ordinary Contributions

51,469

52,579

52,579

Special Contributions

568

2,274

2,274

Bank interest

600

600

1,044

Pension Scheme

1,000

1,000

965

Internal Tax

7,150

7,150

7,441

Unpaid Commitments

250

250

237

Sales

200

200

194

Other Income

50

50

97

Support Fund

350

350

350

Total Income

62,337

64,871

65,599
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Budget

Budget
Rev. 3

Actual

Staff Costs
(inc!. Internal Tax)

35,502

36,232

36,226

Operating Costs

17,701

17,619

18,614

9,134

11,020

10,019

Expenditure

Capital Expenditure
Reserve

740

Carry Forward to 1991

Total Expenditure

62,337

64,871

65,599

The contributions of Belgium were added to the 1990
Budget:
1,110 KDM to the ordinary contributions leading to an
8.4% overall increase (including inflation),
1,706 KDM as a one-time special contribution to the
other special contributions.
These increases were shown in revision 3 of the 1990
budget.
If we now turn to the 1991 budget, we face another striking
increase but for totally different reasons. The ordinary
contributions increase by 6.9% or 3,648 KDM (including
inflation at 3.59%), but the special contributions are reduced by 75% or 1,706 KDM - 563 KDM are therefore
transferred from the Reserve Fund to keep the budget
at the level originally requested. It should be noted that
the budget increases in the previous years have been so
low (1987/1988 - 0.5%; 1988/1989 - 1.5%; 1989/1990 0%) that in 1991 it was necessary to receive a reasonable
increase to maintain the development of the Laboratory
both in staff and equipment.
But the major part of the overall increase between 1990
and 1991 - 5,364 KDM - stems from the introduction, as
from January 1, 1991, of the full cost accounting system in
the bookkeeping of EMBL. All income and all expenditure
will be booked; no compensation whatsoever will take
place. In other words, the increase is mainly a technical
one.

This accounts for the fact that the breakdown of the income
side of the budget is shown in a different way. "Other
income" now includes all sorts of miscellaneous income,
such as external sales, bank interest, nursery, canteen ... ,
with the exception of pension contributions and internal
tax.
As from January 1, 1991 the Reserve Fund will replace
the Support Fund and the method of running it has been
agreed with the Member States.
Financial situation:
1990 out-turn versus budget (Table 3)
Both the original budget and its third revision are shown to
illustrate the impact of the Belgian contributions.
On the other hand, the actual out-turn exceeds the budget
by 740 KDM, resulting mainly from an excess of income:
in bank interests, due to the upward trend of the
interest market, 444 KDM;
in internal tax, due to the increase in staff and
salaries, 291 KDM.
The bank interest trend is not predictable and the increase
in salaries depends on the recommendations of the Coordinated Organizations (OECD, WEU, etc.) confirmed by a
vote of the EMBL Council.
J.-F. Beerblock
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Official visitors in 1990

10.01.90

H. Rapp, journalist,
ZDF, Mainz, Fed. Rep. Germany

16.01.90 &
07.03.90

Dr. A. Gisolf,
SDR, Television Editorial Department,
Mannheim, Fed. Rep. Germany

19.01.90

A. Priel, journalist,
Tel Aviv, Israel

19.04.90

T. Weidenbach, journalist,
WDR, Cologne, Fed. Rep. Germany

25.04.90

K. Ritter, producer,
SDR studio-Mannheim, Mannheim,
Fed. Rep. Germany

25.05.90
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J. Korhonen, journalist,
"Helsingin Sonomat", Oulu, Finland

29.05.90

Mr. A. Gidon,
Chief electronics engineer,
Weizmann Institute of Science,
Rehovot, Israel

01.06.90

Dr. J. Dhar & Dr. G. Nath
Dept. of Science and Technology,
and Dr. B.M. Ghandi, Dept. of Biotechnology,
New Delhi, India

20.06.90

O.W. Christensen,
Bencon Pharma, Hvidovre, Denmark

27.07.90

Mrs. A. Schwachula,
Martin-Luther University,
Dept. of Medical Immunology,
Halle-Wittenberg, Fed. Rep. Germany

07.08.90

Dr. N. Zacherl,
Institute for Molecular Pathology,
Vienna, Austria

25.09.90

Dr. D.J. McLaren, Head of the
Human Genome Secretariat,
Medical Research Council, London, UK

26.09.90

Prof. J. Rrman, Director of the
Institute of Molecular Genetics,
Czechoslovakian Academy of Science,
Prag, Czechoslovakia

01.10.90

S. Kadari, T. Netzer, A. Dines & Y. Elrom,
Administrators of the
Weizmann Institute of Science,
Rehovot, Israel

11.10.90

B. Ritzert, journalist,
"Die Zeit", Munich, Fed. Rep. Germany

15.10.90

Prof. Faith, University of Hong-Kong,
Hong-Kong

12.12.90

Prof. U. Hochstrasser,
retired Director of the Federal
Department of Education and Science,
Bern, Switzerland

Guided tours during 1990

20.03.90

House of Commons Select Committee
on Education, Science and the Arts,
London, UK; 20 persons

16.07.90

Physics students of the
University of Uppsala, Uppsala, Sweden;
8 persons

26.04.90

Society of Economists,
Hanau, Fed. Rep. Germany; 24 persons

2-9.09.90

Students of the University of Jyvasklya,
Jyvasklya, Finland; 41 persons

15.05.90

Scientists of the Karolinska Institute,
Stockholm, Sweden; 28 persons

11.09.90

18.06.90

Members of the Heidelberg City Administration
participating in a further education course,
Heidelberg, Fed. Rep. Germany;
25 persons

Students of the University of Bergen,
Institute for Microbiology and Plant
Physiology, Bergen, Norway; 16 persons

26.09.90

Students and Professors of the
Academy of Science, Moscow & Leningrad,
USSR; 12 persons

26.06.90

Students of the Heinrich-Pesch House,
Ludwigshafen, Fed. Rep. Germany;
20 persons

14.10.90

5-16.09.90

Students of the University of Bergen,
Centre of Biotechnology, Bergen, Norway;
14 persons

Students and Professors of the
Mathematics and Science Programme of
the University of Maryland, Heidelberg,
Fed. Rep. Germany; 27 persons

Total number of participants in guided tours: 235 persons
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Table 4

EMBL STAFF DEVELOPMENT

Category of Personnel

December 1988

December 1989

December 1990

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

263
124
35
25
15
95
10

275
148
45
22
26
106
13

281
178
56
35
27
124
16

277.52
121.13
56
35
27
122.3
15.5

TOTAL

567

635

717

634.45

Man-Years 1990*

The figures show the total employees of the various categories during the month of December 1988, 1989 and 1990.
* The "Staff Complement" of the EMBL is based on man-years and the figures indicate the total number of posts that were
filled in 1990 during the whole of that year.
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Director-General

Lennart Philipson
Secretaries

Waltraud Ackermann
Nelly van der Jagt-Gonzalez
Christina Kjar*
Internal auditor

Karl K6glmayr O

Staff and Visitors

* indicates group leaders

* indicates part of the year only

o 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)
Spyros Georgatos*
Hans-Hermann Gerdes*
Gareth Griffiths*
Jean Gruenberg*
Bernard Hoflack*
Eduard Hurt*
Wieland Huttner*
Eric Karsenti*
Thomas Kreis*
Jan de Mey
Sharon Tooze
David Vaux*
Marino Zerial*
Fellows
Oddmund Bakke (Trondheim)(NAVF/EMBL)
Francis Barr (London)(DFG)
Jean Marc Berrez (Besanc;on)(ARC)
Andre Brandli* (Basel)(EMBL)
Cecilia Bucci* (Naples)(Univ. Naples/EMBL)
Brigitte Buendia (Lyon)(EEC)
Eric Chanat (Rennes)(EMBO/INSERM)
Philippe Chavrier (Lyon)(ARC/EMBO)
Denis Chretien* (Grenoble)(Fond.Sci.Lyon)
Maria Do Carmo Fonseca (Lisbon)(EMBO)
Carlos Dotti (Argentina)(EMBO/Humboldt)
Rainer Duden (Heidelberg)(EMBL)
Neil Emans (Durham)(EMBL)
Marie-Anne Felix (Paris)(Ec.Norm.Sup.)
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Hans-Hermann Gerdes* (Marburg)(EMBL)
Jean-Pierre Gorvel* (Marseille)(Humboldt)
Fotini Gounari* (London)(EMBL)
Rob Hendriks (Utrecht)(EMBL)
Dagmar Hennig (Giessen)(EMBO)
Stephen High (Bristol)(EMBO)
Lukas Huber* (Innsbruck)(Erwin Schrodinger)
Ralf-Peter Jansen (Bochum)(DFG)
Paula Karecla* (London)(Roy.Soc.)
Panos Kouklis* (Ladenburg)(EMBL)
Toshihide Kobayashi* (Japan)(HFSP)
Hartmut Krafft-Czepa<> (Heidelberg)(Boehringer)
Teymuras Kurzchalia* (Berlin)(EMBO)
Marianne Lehnert-Wilzenski* (USA)(EMBO)
Dagmar Leiss* (Martinsried)(DFG)
Thomas Ludwig* (Heidelberg)
(Boehringer Ingelheim Fonds)
Anne-Rose LOtcke* (Marburg)(DFG)
Henrich LOtcke (Marburg)(EMBO)
'Alessandra Luzzago (Brescia)(Humboldt)
Danielle Masson* (Lausanne)(Swiss NatI.ScLFound.)
Andreas Merdes* (Heidelberg)(Stud.Stift.
des deutschen Volkes)
Stephane Meresse (Lille)(EEC/DFG)
Nancy Mize (USA)(EMBL)
Ann Mutvei (Stockholm)(NYRP)
Ulf Nehrbass (TUbingen)(EMBL)
Christof Niehrs* (Berlin)(EMBL)
Thomais Papamarcaki* (Ioannina)
(Univ.loanninaiEMBO)
Robert Parton (Leicester)(EMBO)
Jean Pieters (Maastricht)(EMBO)
Sanjay PimpHkar (Canada)(Humboldt)
Franca Pischedda* (Turin)(AIPC)
Anne Regnier-Vigouroux (Marseille)(EMBO)
Janet Rickard (Liverpool)(NATO/SERC/EMBL)
Karin Romisch (Konstanz)(EMBL)
Jochen Scheel (TObingen)(EMBL)
Giorgios Simos* (Salonica)(EMBO)
Beate Sodeik (USA)(EMBL)
Olivia Steele-Mortimer* (USA)(EMBL)
Jane Stinchcombe (Brighton)(EMBL)
Fulvia Verde (Pisa)(EMBL)
Irene Wacker-Schroder (Heidelberg)(Boehringer)
Angela Wandinger-Ness (USA)(CRI)
Christian Wimmer* (Hannover)(EMBL)

Visitors
Eeva Aaku-Saraste* (Helsinki)
Athanassios Alevisopoulos* (Athens)
Claude Antony* (Paris)
Gabriel Benmeir* (Israel)
Ingela Bergqvist* (Umea)
Morgane Bomsel* (Paris)
Katja Clauer* (Heidelberg)
Peter De Biasi* (Heidelberg)
Marion De Lepper* (Heidelberg)
Karima Djabali* (Paris)
Torgeir Flatmark* (Bergen)
Gilles Freiss* (Montpellier)
Evelyne Friederich* (Luxembourg)
Martine Humbert* (Marseille)
Sabine Kain* (WOrzburg)
Eero Lehtonen* (Helsinki)
Joseph Lin* (USA)
Joe Makkerh* (Cambridge)
Marco Mantovanelli* (Heidelberg)
Varpu Marjomaki* (Jyvaskyla)
Ian Mather* (USA)
Theodoropoulos Panayiotis* (Crete)
Philippe Pierre* (Strasbourg)
Siegfried Prehn* (Berlin)
Norbert Roos* (Oslo)
Patrizia Rosa* (Milan)
Nikolaus Schlaich* (Heidelberg)
Petra Schrotz* (Heidelberg)
Luise Stempka* (Heidelberg)
Agathe Subtil* (Paris)
Christian Vannier (Nice)
Senen Vilaro* (Barcelona)
Sabine Zachgo* (WOrzburg)

Gregor Fismero
Willy GalgenmOller*
Angelika Giner
Michael Hollinshead
Ruth Hollinshead
Heinz Horstmann
Ruth Jelinek*
Brigitte Joggerst-Thomalla
Mark Kail
Hildegard Kern
Angus King
Jutta Lauer*
Ulrike Mathieuo*
Liane Meyn*
Laura Netzer*
Brigitte Pilz*
Alan Sawyer
Bettina Stahl*
Hilkka Virta
Carmen Walter
Ursula WeiB

Assistants
Anthony Ashford
Ulrike Bauer
Roland Bei Bwanger*
Otto Braunling
Mariann Brunkener*
Julia Coleman*
Maria Ericsson*
Shamsa Faruki
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Differentiation

Programme coordinator

Thomas Graf (Senior scientist)
Secretary

Hilary Davies-ROck
Scientists

Dirk Bohmann*
Sara Courtneidge*
Giulio Draetta**
Denis Duboule*
Ottavio Fasano*
Jon Frampton*
Achim Leutz
Scott Ness
Ulrich RUther*
Rolf Zeller*
Fellows

Daniel Bachiller (Madrid)(Span. Min. of Sci.)
Gabriele Basi* (Florence)(EMBL)
Tullia Casini (Pisa)(EMBL)
Jose-Luis De la Pompa* (Madrid)(Span. Min. of Sci.)
Massimo De Marchis* (Genova)(EEC)
Francesco Di Blasi (Palermo)(EEC/EMBL)
Pascal Oolle* (Strasbourg)(EMBL)
Bernard Ducommun* (USA)(EMBL)
Georg Feger* (Ulm)(EMBL)
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Jon Frampton* (Glasgow)(EMBO)
Yves Goldberg (Brussels)(EMBL)
Belinda Hall (London)(Humboldt)
Juan-Carlos Izpisua-Belmonte (Valencia)(EMBL)
Constantin Kavounis* (Thessaloniki)(EMBL)
Manfred Kogl* (Vienna)(EMBL)
Norbert Kraut* (USA)(EMBL)
Robert Kypta (Oxford)(EMBL)
Filip Lim (Australia)(EMBO)
Thomas Metz (Basel)(EMBL)
Carel Meijers (Rotterdam)(Sophia Found.lEMBO)
Mario Mirisola* (Palermo)(ltal. Min.
Sci. Res. & Techn.)
Carol Murphy (Galway)(EMBO)
Toru Nakano* (Japan)(Uehara Mem.Found.)
Tetsuro Noguchi* (Marseille)(EMBL)
Catherine Ovitt (USA)(EMBL)
Michele Pagano* (Naples)(EEC)
Athanasios Papavassiliou* (USA)(EMBL)
Armand Renucci (Lyon)(EMBL)
Tonnie Rijkers (Utrecht)(EMBL)
Irini Roussou* (Crete)(EMBO)
Thomas Schimmang (Heidelberg)(OFG)
Susan Smith (Oxford)(EMBL)
Matthias Treier* (TObingen)(EMBL)
Andreas Trumpp (Freiburg)(EMBL)
Geraldine Twamley (Cork)(EMBL)
Emin Ulug* (USA)(EMBL)
Gilbert Urier* (Lyon)(EMBO)
Arturo Verrotti* (Milan)(EEC/
(Ital. Min. Sci. Res. & Techn.)
Aimee Zuniga* (Paris)(EMBL)
Visitors

Kerstin Bohmann* (Giessen)
Paolo Brambilla* (Milan)
Fabio Caradonna* (Palermo)
Emmanuelle De Vendittis* (Naples)
Rama Khokha* (Canada)
Holger Kulessa* (Heidelberg)
Angelika Philipp* (Heidelberg)
Brigitte Raynaud* (Toulouse)
Gregorio Seidita* (Palermo)
(Szeged)
Vincenzo Zappavigna* (Rome)

Assistants

Pat Blundell
Andrew Cartwright
Catherine Chavrier
Gabi Doderlein
Hildegard Falkenstein
Sigrid Grieser
Angelika Heber
Marianne Lemaistre*
Asa Marknell
Thomas Pohl*
Monika Stein*
Frank van der Hoeven*
Catherine Woodroofe
Regina Zahn

Biological Structures and Biocomputing

Programme coordinators

Stephen Fuller} (Joint coordinators)
Dietrich Suck
Secretaries

Christine Barber
Christine Raulfs
Scientists

Pat Argos*
Belinda Bullard
Thomas Ceska
Jaap Heringa
John Kenney
Werner Kuhlbrandt*
Jeremy Lakey*
Kevin Leonard*
Arthur Lesk**
Peter Metcalf*
Ali Moussavi
Gour Pada Pal
Michael Parker
Annalisa Pastore
Franc Pattus*
Johan Postma
Chris Sander* (Senior Scientist)
Matti Saraste*
Ramon Serrano*
Anna Tramontano*
Demetrius Tsernoglou* (Senior scientist)
Paul Tucker*
Gert Vriend
Rik Wierenga*
David Wild
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Fellows

Ruben Abagyan* (Moscow)(BMFT)
Raghuvir Arni (Brazil)(EMBL)
Sylvie Baudet* (Orsay)(EMBO)
Daniel Ben-Avraham* (USA)(EMBL)
Domenico Bordo* (Genova)(EMBO/SERC)
Monetta Castiglione-Morelli* (Naples)(EMBL)
Gareth Chelvanayagam* (Australia)(DAAD)
Terje Dokland (Oslo)(NAVF)
Wolfgang Eberle* (Heidelberg)(Boehringer Ingelheim)
Roberto Gaxiola (Mexico)(DAAD)
Toby Gibson (Cambridge)(EMBL)
Ulrich Glaeser* (Rehovot)(DFG)
Juan-Manuel Gonzales-Manas* (Bilbao)(EMBO)
Uwe Hobohm* (Bremen)(EMBL)
Liisa Holm* (Espoo)(EMBO)
Ari Huovila (Jyvaskyla)(EMBL)
Denis Jeanteur* (Compiegne)(EMBL)
Jacob John* (Heidelberg)(EMBL)
Constantin Kavounis* (Thessaloniki)(EMBL)
Hartmut Krafft-Czepa o (Heidelberg)(Boehringer)
Siegfried Labeit (Heidelberg)(DFG)
Armin Lahm (Heidelberg)(EMBL)
Jeremy Lakey* (Norwich)(EMBL)
Philip Lijnzaad* (Wageningen)(EMBL)
Mathias Lubben* (Lubeck)(EMBO)
Dominique Massotte (Liege)(EMBL)
Martin Noble (Cambridge)(EMBL)
Stephan Nussberger (Munich)(EMBL)
Victor Nwosu (Southampton)(EEC)
John van der Oost* (Amsterdam)(EMBO)
Christos Ouzounis (York)(EMBL)
Michael Palmgren* (Lund)(EMBO)
Antonio Parets Soler* (Valencia)(CICYT)
Stefano Pascarella* (Rome)(EMBO)
Alberto Piani* (Brazil)(UN Ind.Dev.Org.)
Kathryn Pratt (Harpenden)(EMBL)
Martin Sagermann* (Heidelberg)(BAP)
Michael Scharf (Heidelberg)(HFSP)
Edith Schlagenhauf* (Basel)(EMBL)
Reinhard Schneider (Heidelberg)(BAP)
Peter Sibbald (Canada)(Humboldt)
Phoebe Stewart (USA)(Helen Hay Whitney)
Pieter Stouten (Utrecht)(EMBL)
David Thomas (Cambridge)(EMBO)
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Frangoise van der Goot* (Saclay)(EMBO)
Alfonso Valencia (Madrid)(EMBO)
Catherine Venien-Bryan* (Paris)(INSERM)
Jose-Manuel Villalba* (Cordoba)(CICYT)
Martin Vingron (Vienna)(EMBL)
Jakob de Vlieg* (Groningen)(EMBL)
Anne Volbeda (Groningen)(EMBL)
Da Neng Wang (Stockholm)(EMBL)
Richard Ward (Oxford)(EMBL)
Simon Weston (Portsmouth)(EMBL)
Hans-Ulrich Wilmsen* (Bochum)(DFG)
Visitors

Marc Adrian* (Lausanne)
Talmon Arad* (Rehovot)
Dennis Bamford* (Helsinki)
Sylvie Baudet* (Paris)
Frank Bieber* (Mannheim)
Isabelle Broutin* (Gif-sur-Yvette)
Wim Burmeister* (Grenoble)
Glenn Campbell* (USA)
Serge Chwetzoff* (Villejuif)
Hans-Peter Deigner* (Mannheim)
Bill Dettmer* (USA)
Monique Erard* (Toulouse)
Alejandro Ferrando* (Valencia)
Alexej Finkelstein* (Moscow)
Dimitri Frishman* (Leningrad)
Martin Fusek* (Prag)
Javier Gamo* (Madrid)
Gilbert Garriso* (Madrid)
Adam Godzik* (Warsaw)
Ulrike Goebel* (Heidelberg)
Rita Grandori* (Milan)
Dirk Hendriks* (Antwerp)
Gotz Hofhaus* (Dusseldorf)
Espen Hvaleby* (Oslo)
Esmeralda Ibarz* (Barcelona)
Stephen Jackman* (USA)
Claudio Klein* (Freiburg)
Bernhard Kolmerer* (Heidelberg)
Dittmar Labeit* (Mannheim)
Ulrike Lang (Heidelberg)
Inigo Larrinoa* (San Sebastian)
Edward Lea* (Norwich)

Jonathan Levin* (Jouy-en-Josas)
Annika Ljungstrom* (Umea)
Lena Marknell* (Uppsala)
Mauro Marra* (Rome)
Alexej Mazur* (Vladivostok)
Martin Muhleisen* (Heidelberg)
Stephane Nauche* (Liege)
Rachel Nechushtai* (Jerusalem)
Heiko Ohlenbusch* (Strasbourg)
Elke Penka* (Heidelberg)
Greg Petsko* (USA)
Kla.us Piontek* (Zurich)
Christine von Poser* (Heidelberg)
Oleg Ptitsyn* (Moscow)
Mary Reedy* (USA)
Ziv Reich* (Rehovot)
Marta Roldan-Medina* (Granada)
Burkhard Rost* (Heidelberg)
Holger Schwarz* (Mannheim)
Gil Shoham* (Jerusalem)
Jose Manuel Siverio* (Tenerifa)
Helen Smith* (Cambridge)
Boguslaw Stec* (Cracow)
Phoebe Stewart-Hexem* (USA)
Gunter Stier (Heidelberg)
Jolanta Stouten o * (Wroclaw)
Norbert Strater* (Munster)
Iva Tews* (Heidelberg)
Sandra Thullner* (Heidelberg)
Thomas Thune* (Grenoble)
Peter Timmins* (Grenoble)
Shlomo Trachtenberg* (Jerusalem)
Georg Tuparev (Sofia)
Hans-Joachim Unger* (Heidelberg)
Catherine Venien-Bryan* (Oxford)
Ingrid Vetter* (Karlsruhe)
Marie Vandamme* (Strasbourg)
Hanns Weiss* (Dusseldorf)
Manfred Weiss* (Freiburg)
Jutta Willamowski* (Grenoble)
Eva Wolf* (Heidelberg)
Masakuni Yamamoto* (Strasbourg)
Klaus Zemke* (Berlin)

Assistants

Brigitte Altenberg-Greulich o
Volker Brachvogel*
Patricia Buck
Anna Cyrklaff
Marek Cyrklaff
Bill Dettmer
Nathalie Didat
Karoline Dorr
Thure Etzold*
Charles Ferguson
Karlheinz Gross o *
Adrian Kingswell*
Anne Lakey
Marieke Lamers
Consuelo Montesinos
Catherine Rice*
Mathias Rose o *
Raimund Schnobel o
Sandra Scianimanico
Hubert Sommerfeldto*
Michaela Sommerfeldt*
Alec Tucker
Gerhard Vogt O
Antony Warne*
Anna Wyrwas*
Johan Zeelen*
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Gene Expression

Programme coordinator

Riccardo Cortese* (Senior scientist)
lain Mattaj*
Secretary

Heide Seifert
Scientists

Enzo De Simone
Roberto Di Lauro*
Matthias Hentze*
Angus Lamond*
lain Mattaj**
Paolo Monaci
Alfredo Nicosia
Henk Stunnenberg*
David Tollervey*
Fellows

Silvia Barabino (Pavia)(EEC)
Vittoria Barone* (Naples)(EEC)
Monica Beltrame (Milan)(It.Min.PubI.Educ.)
Anders Berkenstam* (Huddinge)(EMBL/NFR)
Jorge Bernues* (Barcelona)(EEC)
Ben Blencowe (London)(EMBL)
Thomas Bugge* (Copenhagen)(EMBL)
Anne Constable* (Manchester)(EMBL)
Guiseppe Damante* (Catania)(EEC)
Thomas Dandekar (Paris)(Boehringer Ingelheim Fond)
Mario De Felice (Naples)(EEC)
Raffaele De Francesco (Milan)(EMBO)
Guy de Martynoff (Brussels)(lnoGenetics)
Helen Francis-Lang (York)(EMBL)
Karl-Heinz Friedrich* (Martinsried)(DFG)
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Jutta Gerstner (Heidelberg)(DFG)
Fotini Gounari* (London)(Boehringer Ingelheim)
Nicola Gray* (Edinburgh)(EMBO)
Samuel Gunderson* (USA)(Humboldt)
J6rg Hamm* (Berlin)(Boehringer Ingelheim/EMBL)
Elisa Izaurralde* (CH/Uruguay)(Fonds Natl.Suisse)
Hans Johansson (Stockholm)(EMBL)
Christian Kambach (Munich)(EMBL)
Gabor Lamm (Edinburgh)(Boehringer)
Renata Lonigro (Camerino)(EEC)
Olivier Lonnoy* (Liege)(EEC)
Jueren Lou* (Shanghai)(WHO)
Jacqueline Mermoud* (Vienna)(EMBL)
Catherine Mitchelmore (Cambridge)(EMBL)
John Morrisey* (Cork)(EMBL)
Giovanni Paolella (Naples)(Humboldt)
Huw Parry* (London)(EMBL)
Giulia Piaggio (Rome)(EEC)
Valeria Poli (Turin)(EEC)
Melanie Price (Leicester)(EMBL)
Dipak Ramji (Leeds)(EMBL)
Veronique Ribes* (Paris)(EEC)
lain Russel (Edinburgh)(EMBL)
Menno Sasker* (Groningen)(DAAD)
Daniel Scherly* (Geneva)(EMBO)
Kenneth Simmen (Edinburgh)(EMBL)
Renata Stripecke* (Munich)(Braz.Gov.)
Licia Tomei (Naples)(EEC)
Frangois Tronche* (Paris)(EMBL)
Pierre Vankan (Basel)(EMBO)
Maria del Mar Vivanco-Ruiz (Bilbao)(EMBL)
Jan Vos (Wageningen)(EMBL)
Heather Wood* (Dublin)(EMBO)
Visitors

Nicola Apicella* (Naples)
Giuseppina Arpaie* (Naples)
Elio Biffali* (Naples)
Wilbert Boelens* (Nijmegen)
Kerstin Bohmann* (Giessen)
Eliana Coccia* (Rome)
Francesco Curcio* (Udine)
Rolf de Groot* (Utrecht)
Stefania Guazzi* (Torino)
David Hornby* (Sheffield)

Sara Ingrassia* (Brescia)
Ralf Janknecht* (Hannover)
Anneke Koster* (Amsterdam)
Domenico Lazzaro* (Rome)
Sophie Le Brun* (Leicester)
Francesco Mancini* (Naples)
Emilia Mira* (Madrid)
Maurizio Nuzzo (Naples)
Kostas Pantopoulos* (Thessaloniki)
Giacomo Paonessa* (Rome)
Murielle Rallu* (Paris)
Pilar Santisteban* (Madrid)
Bina Santoro* (Rome)
Gabriele Seethaler* (Salzburg)
Margaret Shaw* (Heidelberg)
Elisabetta Sporeno* (Rome)
Ingrid Sulston* (Leeds)
Kurt de Swaaf* (Heidelberg)
Rosalba Tafi* (Rome)
Karsten Weis* (Marburg)
Mariastella Zannini* (Naples)

Assistants
Carolyn Blance*
Nina Dathan
Luisa De Magistris
Britta Goossen
Peter Hirschmann
Hanna Lehtonen
Caroline McGuigan
Goetz Mertens o *
Michele Pischetola
Maria Polycarpou-Schwartz
Ursula Ryder
Jacky Schmitt
Mary-Jo Sibbald
Vera Sonntag*
Susanne Stampfli*
Petra Stevenson*

Physical Instrumentation

Secretary
Julia Pickles

Scientists, Engineers
Thomas Bastian
Christian Boulin* (Senior Scientist)
Avi Epstein
Max Haider*
Arthur Jones* (Senior Scientist)
Philippe Leyendecker
Jean-Christoph Olivo*
Ernst Stelzer*
Clemens Storz
Willem Tichelaar
Jouko Viitanen*
Joachim Zach

Fellows
Martin Barth (USA)(EMBL)
Stefan Hell* (Heidelberg)(EMBL)

Visitors
Magdalena Akke* (Lund)
Talmon Arad* (Rehovot)
Pascal Benzonana* (Geneva)
Ornit Biran* (Haifa)
Bernd Bohrmann* (Basel)
Christoph Cremer* (Heidelberg)
Thomas Cremer* (Heidelberg)
Annette Draeger* (Salzburg)
Dominique Kern* (Mulhouse)
Ibrahim Kharboush* (Cairo)
Stine Kraft* (Rostock)
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Ari Kuusisto* (Turku)
Fabrice Manns* (Bordeaux)
Renate MOller* (Heidelberg)
Gisela Paatz* (Heidelberg) .
Fred Reinholz* (Rostock)
Eugen Schwan* (Heidelberg)
Shlomo Trachtenberg* (Jerusalem)
Assistants

Frank d'Annunzio o*
Pekka Hanninen
Jahanshah Khazaie
Robert Morrison
Rainer Pick
Georg Schafer
Reinhold Stricker
Electronic workshop

Carol Stettner
Bruno D'Orazio*
Eli Hazan*
Alfons Riedinger
Georg Ritter
Kurt Stroh
Siegfried Winkler
Visitors

Ben Giertz* (Beersheva)
Klaus Holzwarth* (Kaiserslautern)
Eugen Schwan*

Hans Flosser
Thomas Blum
Leo Burger
Philip Goodman
Gaetano Landomini
Helmuth Schaar
Otto Wernz
Wolfgang Zengerling
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Visitor

Erel Avner* (Rehovot)
Instrumentation maintenance

Peter Collins
Norbert Hassler
Yves Sorensen
Abdullah Sulayici
Construction bureau

Michael Bleimling*
Hans Wittmann

Biochemical Instrumentation

Secretary

Julia Pickles
Scientists, Engineers

Wilhelm Ansorge* ("Senior Scientist")
Babro Beijer
Holger Erfle
Rainer Frank**
Heinrich Gausepohl*
Adolfo Iribarren*
Roland Kellner*
Dominique Nalis*
Rainer Pepperkok
Uwe Pieles*
Christian Schwager
Brian Sproat*
Josef Stegemann
Hartmut VoB
Jurgen Zimmermann*

Stefanie Denger* (Heidelberg)
Thomas Dietrich* (Heidelberg)
Sergio Drajner* (Argentina)
Bernd Dworniczak* (Munster)
Evelyne Friederich* (Paris)
Marie-Pierre Gaub* (Strasbourg)
Stefan Herr* (Heidelberg)
Wilhelm Just* (Heidelberg)
Tom Kristensen* (Oslo)
Peter Nicholaus* (Heidelberg)
Peter Mombaerts* (Cambridge)
Walter Pyerin* (Heidelberg)
Gunther Schutz* (Heidelberg)
Andrew Smith* (Cambridge)
Klaus Stucky* (Kaiserslautern)
Mathias Uhlen* (Stockholm)
Assistants

Armin Bosserhoff*
Edward Davey*
Neil Hewitt*
Tony Houthaeve*
Margot Kraft*
Philippe Neuner*
Samantha O'Loughlin*
Graham Smith*
Robert Ventzki<>*
Susan Weston

Fellows

Ram6n de la Caridad Gu'imil Garcia* (Cuba)(DAAD)
Salvatore De Simone* (Brazil)(DAAD)
Mark Douglas* (Liverpool)(Roy.Soc.)
Zbigniew Lesnikowski* (l6di)(EMBO)
Uwe Pieles* (G6ttingen)(EMBL)
Jochen Wallach (Heidelberg)(EMBL)
Visitors

Michael Becker* (Heidelberg)
Gianluca De Bellis* (Milan)
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Computer Group

Data Library

Secretary

Secretary

Christine Raulfs
Scientists, Engineers

Faith Duhaney
Scientists, Engineers

Dominic Fedronic
Roy Omond*
Peter Rice

Howard Bilofsky*
Timothy Black*
Brigitte Boeckmann
Graham Cameron*
David Emmert
Rainer Fuchs
David Hazledine
Patrick Herde
Rosalyn Huie
Patricia Kahn o
Catherine Rice*
Bernd Rochert
Michaela Sommerfeldt*
Peter Stoehr

Visitors

William Gilbert* (USA)
Rodrigo Lopez Serrano* (Oslo)
Luis Pezzi* (Madrid)
Felice Tirone* (Rome)
Assistants

John Anthony Juschkao *
Erich Schechinger
Wolfgang Winkler

Fellow

Desmond Higgins* (Dublin)
Visitor

Amos Bairoch (Geneva)
Assistants

Hamid Reza Abassi o*
Rolf Apweiler
Marion Becko *
Lucy Bowden*
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Colin Byrne*
Petrina Cairns*
Charoula Christodoulou o
Anastasia Daskarolis o
Nicole England*
Edda F61lmer-Hausleo
Matthias Fricko*
Lucy Gill*
Vivien Harvey*
Dominic James*
Renate Kania*
Esther Keck*
Isolde Keck
Kathleen Kelley*
Dianne Learmonth*
Tirza Mahfood*
David Michalovich*
Marina Pannone*
Monika Schrimpf*
Chariklia Tsindikidou o *
Karin Zojero *

Additional Research Activities

Lennart Philipson's laboratory
Scientists

Lennart Philipson
Vincenzo Sorrentino
Fellows

Claudia Cicala* (Messina)(lst. di Sanita, Rome)
Carmela Ciccarelli* (Rome)(Univ.Rome)
Giuseppe Giannini* (Milan)(AIRC)
Bengt Kallin* (Stockholm)(Swed.Cancer Soc.)
Rainer de Martin (Vienna)(EMBO)
Giovanna Marziali* (Rome)(ISS)
Fiorenza Peverali* (Pavia)(CNR)
Visitors

Eliana Coccia* (Rome)
Gunnar Houen* (Copenhagen)
Assistants

Alexandra Charlesworth

Tom Creighton's laboratory
Scientist

Tom Creighton* (Senior Scientist)
Fellows

Christopher Bagley* (Australia)(NHMRC)
Jonathan Ewbank* (Cambridge)(EMBL)
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Scientific Administration

Administration

Scientific coordinator

Administrative Director

John Toozeo
Szilard Library

Mary Holmes
Ingeborg Martin
Photography and Drawing Office

Richard Harris*
Bill Mairs*
Sigrid Bednarczyko*
Yves Cully*
Silvia Pfliegensd6rfer*
Petra Riedinger
Alan Summerfield
Visitors

Shmuel Engelstein* (Rehovot)
Natan Kronenberg* (Rehovot)
Haya Yoskowitch* (Rehovot)

Jean-Frangois Beerblock
Meetings secretariat

Frieda Leenart
Niamh Hiney*
Christina Kjar*
FINANCE:
Budget

Zuri Mahfood
Book-keeping

Albert StegmOller
Daniela Becker
Agnes Bosshard
Johann Brandalik*
Seija Majoinen*
Amos Peek*
Supernumeraries

Petra Manser-Schmidt
Detlev Prellwitz*
Trainees

Douglas Bochan* (USA)(DAAD)
Susanne Simpich* (Mannheim)(Univ. Mannheim)
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Inventory & Price control
Torben Poulsen
Wolfgang Rather*
Annette Kuhlmey*

Purchase

Isabelle Fraignaud
Helen Fry
Niamh Hiney*
Christina Kjar*

Trainees
Alexandra Bartenbach* (Heidelberg)(Univ.Heidelberg)
Denise Hewitson* (Wolverhampton)(DAAD)
Diana Kesselberg* (Darmstadt)(Univ. Darmstadt)
Jacqueline Porter* (Wolverhampton)(DAAD)

Christian Moritz*
Cornelia Borgmann*
Gerlinde Stricker-Heft
Maria Varela

Secretaries for predoctoral fellowship programme
Maria Ittensohn
Bettina Winter*

Trainee
Claude Conti* (Thevenon)

Course and Workshop Secretary
Ingeborg Fatscher*

Stores
Sean Bourke
Hans Herzog
Ingo Liedtke

PERSONNEL AND GENERAL SERVICES

Operon Service
Marietta Kaisero*

Building and remodelling
Ernst Heinmoller
Dagmar Weitho*

Konrad MOiler
Regina Dorfero*
Carla Jenal-EppingerO
Maryka Kimmins
Bettina Russ
Petra Seethaler
Murielle Victouron

Supernumerary
Vanessa GOnthero*

Telephonists
Ulla Friedericho*
Rita Gutfleischo*

Central Secretariat
Marianne Remyo

Visitor
Orli Deutsch* (Tel-Aviv)

Building maintenance
Kurt Kirsch
Helmut Kollenz

Supernumeraries
Christoph Doering*
Stefan Doeschl*
Roland Friedlo
Markus Leopoldo*
Antonio Quintana Pardoo
Christa Schmiemann*
JOrgen Schmitto*
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Carlos Verdera-Chico<>
Erhard Wagner*
Fritz Wagner*
Guesthouse caretaker

Egan Heer
Housing service

Klaus Neck<>*
Guesthouse & ISG (Supernumeraries)

Gerhilde Back<>*
Guido Barono*
Britta Baumanno*
Laura Becker<>
Heike Beyero*
Krongthong Deuringer<>*
Elsa Elfner<>*
Christel Erkes<>*
Melanie GI6y<>*
Magda Goliaso
Helga Heinzmanno
Dieter Hinze*
Elke Ittensohn<>
Ute Kleebeck*
Beate Krampeno*
Bettina Kuhn<>
Marianne Lehmann<>*
Sabine Lehninger<>*
Inge Menrath<>*
Susanne Pleineso
Kay Sachseo*
Inge Schuhmacher<>
Hildegard Seebold<>*
Elisabeth StangO
Judith Steger<>
Rosemarie Thome<>
Kathe Wayer<>
Kerstin Weichbrodt<>*
Gerlinde Weber<>*
Supervisor of EMBL children at
international school
(Supernumerary)

Barbara Webero
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Nursery (Supernumeraries)

Patricia Appleton<>*
Michaela Brauso
lise Engelmanno
Susanne FI6ssero
Birgit Grieblo
Christine Harleo*
Lynn Hohmeister<>*
Anne Huguenino*
Waltraud KempnyO
Gisela ROnzio*
Kristine Warne<>*
Sylvia Welkero*
Security Service (Supernumeraries)

Hans Riemanno
Siegfried Bernhardt<>
Gerhard FertigO
JOrgen Jahnkeo
Alex Janseno
Fritz Klose<>
Heinz Lammel<>
York LechtenbergerO
Friedheim Oertl*
Helmut Rudolfo
Hubert ROckero*
Wolfgang Sanger<>
Rolf Schadeo
Kunibert Schenk<>*
Raimund Schink<>
Thomas Winkler<>
Karl Zipp<>
Werner Zipp<>
Klaus ZuffingerO
Canteen (Supernumeraries)

Klaus Hoffmann
Barbara Borchers*
Klaus Fleckenstein
Eliahou Hazan*
Bezalel K6sten*
Frederic Maestrali*
Ralf Teufel*

Annette GrOber<>*
Anna Hofmann<>
Roswitha Hoffmann<>
Claudia Kraus<>
Erika Leistner
Frieda Leyer<>
Irmhild Licht<>
Eva Link*
Berta Maier<>
Kristiane Metzner<>*
Reinhard Schumm<>*
Anne Siebert<>
Andrea Stoll<>*
Karin Wetterauer

Cleaning service (Supernumeraries)

Adela Becker<>*
Ingrid Bender<>
Ursula Billmaier<>*
Renate Franzisky<>*
Hedwig Heger<>
Katherine Hehl<>
lise HObner<>
Inge Kosslero
Gertrud Leberer<>
Haline Maron<>*
Licia Musco<>
Magdalena Parmentier<>*
Manuela Reis<>
Monika Reis<>
Klara Schmitt<>
Hilde Schuhmacher<>
Hilda Schuhmacher-Lang<>*
Renate Sommer<>
Lore Thome<>
Josefine Vogel<>
Caroline Weingand<>*

Biological safety officer and Laboratory steward

Willi Siller
Karlfriedrich Brauch*
- student laboratory
Martha Friedmann<>
Roberto Alcaide Ramon*
Elsa Schmidt
- media kitchen
Angelika Fleckenstein*
Monika Fleckenstein
Annette Gerlinger
Regina Goller
Isolde Langle
- animal house
Roland Balz<>
Jorg Bensemann
Alfredo Castro Ibarra*
Thomas Engelmann
Monika Hillesheim
Alex Klug
Ludwig Merkel
Helmut Schmitt
Barbara Stace*
David Stoddart

Driver

Erich Honig
Supernumeraries

Karl Deuringer<>*
Heinrich Rey<>*
Gardeners

Karl-Heinz Fleckenstein<>
Hubert Schwade<>*
Manfred Weingand
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Outstation at DESY, Hamburg

Students & Trainees

Evangelia Alexandraki* (Greece)
Gilbert Garrido* (Spain)
Technicians and engineers

Programme coordinator

Keith Wilson (Senior scientist)
Secretaries

Margret Fischer
Gabi Jansen

Peter Bendall
Patricia Brouillon
Miroslava D.auterO
Adrian Kingswell*
Arno Lentfer
Sandra McLaughlin
Andrea Miegel
Jaap Pijpelink*
Bernd Robrahn
Howard Terry
Marcia Visanji*

Scientists

Christian Betzel
Michael Bohm
Zbigniew Dauter
Jules Hendrix*
Christoph Hermes
Michel Koch* (Senior scientist)
Yuichiro Maeda
Greg Nicolae
Hans-Friedrich Nolting
Zehra Sayers
Constantin Vorgias*
Fellows

Gwyndaf Evans (Warwick)(EMBL)
Setsuko Fujita* (Japan)(EMBL)
Michael Hennig* (Berlin)(EMBL)
Silke Klupsch (Hamburg)(EMBL)
Gudrun Lange* (Hamburg)(Stift.Stip.Fond.)
Lan Lee* (Nagoya/Peyin)(EMBL/Humboldt)
Paul Loeffen (Warwick)(EMBL)
Panagiotis Padas* (York)(EMBL)
Sabine Pfeffer (Berlin)(FEBS)
Gert Rapp (Heidelberg)(EMBL)
Alexander Stewart* (Oxford)(EMBL)
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Thomas Gehrmann
Robert Klaring
Mogens Kretzschmer
Viktor Renkwitz
Driver and Caretaker

Albrecht Berger
Supernumeraries

Christian Gotzo*
Herma IgnatzO
Blanka Sausnero
Long-term visiting workers

Alfred Antson* (Moscow)
Emil Harutyunyan (Moscow)
Viktor Lamzin* (Moscow)
Eugeniusz Rokita (Cracow)
Wojcieck Rypniewski (Poznan)

Short-term visiting workers
S. AI-Karadaghi (Lund)
G. Andersen (Aarhus)
A. Antson (Moscow)
A. Arner (Lund)
B. Arni (EMBL Heidelberg)
C.C. Ashley (Oxford)
M.A. Bagni (Florence)
K. Bartels (MPI Hamburg)
H.-H. Bartsch (MPI Hamburg)
H.-D. Bartunik (MPI Hamburg)
R. BassOmer (Gartersleben)
V. Beecken (MPI Hamburg)
W. Bennett (MPI Hamburg)
C. Berthet (EMBL Grenoble)
A. Bigi (Bologna)
K. von Bohlen (MPI Hamburg)
K. Brandenburg (Borstel)
A. Bruhnsen (MPI Hamburg)
G. BOldt (Berlin)
M. BOhner (WOrzburg)
J. Cavarelli (Strasbourg)
G. Cecchi (Florence)
E. Cedergren (Lund) .
M. Coli (Martinsried)
C. Collyer (London)
S. Cusack (EMBL Grenoble)
G. Davies (York)
H. Decker (Munich)
N.A. Dencher (Berlin)
B. Dettmer (EMBL Heidelberg)
M. Donatz (ZOrich)
B. Donzelmann (MPI Hamburg)
A.K. Duhme (Oldenburg)
U. Evers (MPI Hamburg)
G. Ewald (Frankfurt)
S. Gamblin (Bristol)
N. Genov (Sofia)
L.Germeroth (Frankfurt)
R. Gordon (Frankfurt)
P.J. Griffiths (Oxford)
N. GOnther (Hamburg)
H. Hansen (MPI Hamburg)
K. Harlos (Oxford)
E. Harutyunyan (Moscow)

B. Hazes (Groningen)
A. Headfield (Oxford)
D. Heese (Marburg)
L. v.d. Heidt (Utrecht)
R. Henderson (Cambridge)
R. Hilgenfeld (Frankfurt)
W. Hinrichs (Berlin)
L. Howell (Gif-sur-Yvette)
Q. Huang (MPI Hamburg)
G. HObner (Halle)
E. Huizinga (Groningen)
H.E. Huxley (USA)
M. Ito (Japan)
L. Jacob (MPI Hamburg)
K. Jacquet (Bochum)
Y. Jones (Oxford)
M. Jusupov (Strasbourg)
H.-R. Kalbitzer (Heidelberg)
N. Kamiya (Japan)
C. Klein (Freiburg)
M. Knossow (Orsay)
M. Kockerling (Duisburg)
S. Koenig (Halle)
N. Krauss (Berlin)
M. Kriechbaum (Graz)
W. KOhlbrandt (EMBL Heidelberg)
P. Laggner (Graz)
A. Lahm (EMBL Heidelberg)
V. Lamzin (Moscow)
R. Lapatto (London)
G. Larsson (Lund)
A. Leslie (Cambridge)
J. Li (Cambridge)
J. Littlechild (Bristol)
S. Lorenz (Berlin)
F. Mallet (Cambridge)
E. Mandelkow (MPI Hamburg)
E.-M. Mandelkow (MPI Hamburg)
A. Marli (Lund)
A. Marx (MPI Hamburg)
A. Mattewi (Groningen)
Y. Mauguen (Orsay)
N. McDonald (London)
P. McLaughlin (Cambridge)
P. Metcalf (EMBL Heidelberg)
S. Meyer (MPI Hamburg)
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H. Michel (Frankfurt)
A. Mitchler (Strasbourg)
H. Monaco (Padua)
D. Moras (Strasbourg)
Y. Muller (Freiburg)
D.B. Murphy (MPI Hamburg)
G. Musil (Martinsried)
J. Newman (Uppsala)
S. Nyborg (Aarhus)
J.D. Oliver (USA)
M. Parker (EMBL Heidelberg)
H. Patel (MPI Hamburg)
J. Pedersen (Aarhus)
R. Pettifer (Warwick)
J. Pless (MPI Hamburg)
K. Poole (Heidelberg)
D. Popp (USA)
A. Potersman (Strasbourg)
S. Priggemeyer (MOnster)
W. Quail (Canada)
M. Rappolt (MPI Hamburg)
T. Reckstein (ZOrich)
P. Rehse (MPI Hamburg)
T. Richmond (ZOrich)
A. Richter (Marburg)
P. Rigolet (Orsay)
K. Ritsert (Martinsried)
M. Rizzi (Padua)
K. R6hm (Marburg)
M. R6hm (Marburg)
E. Rokita (Cracow)
A. Rompel (MOnster)
N. Roveri (Bologna)
S. Rupp (MPI Hamburg)
D. Sargent (ZOrich)
A. Schiemann (MOnster)
B. Schlesier (Gartersleben)
M. Schrumpf (Heidelberg)
T. Sixma (Groningen)
D. Smith (Gif-sur-Yvette)
G. Somjen (Tel Aviv)
D. Stammers (UK)
T. Stehle (Freiburg)
R. Sterner (Munich)
A. Stewart (USA)
R. Storm (Frankfurt)
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D. Stuart (Oxford)
M. Stubbs (Martinsried)
D. Suck (EMBL Heidelberg)
C. Sudfeldt (MOnster)
L. Summers (MPI Hamburg)
A. Teplyakov (Groningen)
I. Tews (EMBL Heidelberg)
J.-C. Thierry (Strasbourg)
S. Thirup (Aarhus)
G.Thoms(MPI
A.-M. Thunnissen (Groningen)
R. Todd (Cambridge)
J. Torma (Barcelona)
J. Troller (Frankfurt)
D. Tsernoglou (EMBL Heidelberg)
G. Tsiotis (Frankfurt)
A. Tucker (EMBL Heidelberg)
P. Tucker (EMBL Heidelberg)
C. Vlachantoni (Bochum)
N. Volkmann (Hamburg)
A. Volweda (EMBL Heidelberg)
H. Watson (Bristol)
W. Weber (Hamburg)
A. Wegner (Bochum)
C. Weigt (Bochum)
M. WeiB (Freiburg)
S. Weston (EMBL Heidelberg)
D. Wigley (York)
H. Winkler (LObeck)
H.T. Witt (Berlin)
I. Witt (Berlin)
J. Wray (Heidelberg)
A. Yonath (MPI Hamburg)
L. Yu (USA)
G. Zanotti (Padua)
B. Zanten (Groningen)

Outstation at ILL, Grenoble

Nicolas Nassar (Grenoble) (Univ.Grenoble)
Thomas ThOne* (Hamburg) (EMBL)
Anya Yaremchuk* (Kiew)(FEBS)
Students & Trainees

Programme coordinator

Stephen Cusack
Administrative assistant

Jeanne Bukowska-van Tol
Library

Frangoise Lafosse o *
Claude Manson o *
Scientists

Carmen Berthet
Jean-Marie Bois
Masao Fujinaga
Andre Gabriel
Michael Hartlein
J6rg Langowski
Reuben Leberman
Robert Ruigrok
Clive Wilkinson
Fellows

Jocelyne Anselme (Grenoble) (Univ.Grenoble)
Corinne Albiges-Rizo (Grenoble) (Univ.Grenoble)
Elizabeth Bates* (Leicester)(EMBL)
Valerie Biou (Paris) (EMBO)
Wim Burmeister (Hamburg) (EMBL)
Christine Chatellard (Grenoble)(Univ. Grenoble)
Giuseppe Chirico* (Milan)(Univ. Milan)
Trevor Forsyth* (Keele)(EMBO)
Werner Kremer (G6ttingen) (DFG)

Ademarlaudo Barbosa* (Rio de Janeiro)
Hassan Belrhali* (Grenoble)
Franck Borel (Lyon)
G. Hanoun (Sudan)
Grazyna Jaworkska* (Warsaw)
Frederico Nardi* (Grenoble)
Jean-Pierre Quivy (Grenoble)
Sandrine Romero* (Grenoble)
Marcus Settles* (Munich)
Frangois Thibault (Grenoble)
Assistants

Annie Barge
Frangois Dauvergne
Marie-Therese Dauvergne
Sonia Dayan
Ulrike Kapp*
Dominique Madern
Beatrice Millet-Cortolezzis*
Denis Pognant*
Steven Price
Monique Romeroo
Joseph Sedita
Annie Simon
Medical service

Dorte Lehmann o
Long-term visiting worker

Martine Cuillel (Grenoble)(INSERM)
Elisabeth DiCapua* (Edinburgh)(EMBL)
Short-term visiting workers

G. Barnes (ESRF Grenoble)
P. Dubey (ZOrich)
M. Ehrenberg (Uppsala)
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M. Garber (Pushchino)
U. Giessen (ILL Grenoble)
H. Haubold (Hamburg)
K. Klenin (Moscow)
C. Kurland (Uppsala)
M. Pavlov (Moscow)
U. Selent (Hannover)
I. Serdyuk (Pushchino)
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Using a Macintosh to run the genetics computer
group (GCG) programs
V. Bankaitis (Urbana, IL)
An essential role for a phospholipid transfer protein
in yeast Golgi functions
M. Ehrman (Boston, MA)
A genetic approach to determine the topology of
membrane proteins
C. Dingwall (Cambridge, U.K.)
Transactivation in HIV-binding of the transactivator
protein to RNA
E. Feytmans (Namur, Belgium)
Simultaneous sequence and structural alignments
of several protein sequences; relationship between structurally conserved regions and physicochemical profiles

P. Haffter (Ithaca, NY)
Genetic link between a specific translational activator and the small subunit of the mitochondrial
ribosome in yeast

I. Campbell (Oxford, U.K.)

Protein modules: structure and function studies using expression, NMR and mutagenesis

G. Blobel (New York, NY)
The continuing saga of protein translocation across
membranes
H. Saibil (London, U.K.)
Structure of squid photoreceptor microvilli
V. Allan (San Francisco, CA)
Cell cycle control of organelle transport
J. Lewis (Vienna, Austria)
Identification and characterization of mammalian
methylated DNA-binding proteins
T. Boehm (Cambridge, U.K.)
Developmental expression of rhombotin gene
promoters: promoter truncation by chromosomal
translocation in a T-cell tumour
R. Schnabel (TObingen, Fed. Rep. of Germany)
Embryogenesis of the nematode C.elegans: a genetic approach

R. Paro (Heidelberg, Fed. Rep. of Germany)
Imprinting cellular memory in the chromatin of
Drosophila homeotic genes

M. Stewart (Cambridge, U.K.)
Molecular interaction in myosin and intermediate
filaments

G. Krohne (Heidelberg, Fed. Rep. of Germany)
Nuclear lamins: structure, expression and assembly

E. Moran (New York, NY)
Transforming functions of the adenovirus E1 A gene
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D. MOiler (Bern, Switzerland)
Translational regulation in yeast
R.F. Gaber (Evanston, IL)
Molecular and genetic analysis of K+ transporter
families in yeast
B. Moss (Bethesda, MD)
Regulation of vaccinia virus gene expression
M. Kulomaa (Jyvaskyla, Finland)
Structure and expression of the chicken avidin
genes
M. Uhlen (Stockholm, Sweden)
Automation of solid phase sequencing and cloning
J. Denecke (Gent, Belgium)
Molecular analysis of protein transport in the plant
endosomal system
A. Pefla (Mexico City, Mexico)
Mechanisms on ion transport in yeast
A. Hyman (San Francisco, CA)
The role of the kinetochore in chromosome movement at mitosis
P. de Arajo (Sao Paolo, Brasil)
Characterization of the trehalose carrier from Saccharomyces cerevisiae
D. Baltimore (New York, NY)
Control of immuno differentiation
K. Nagai (Cambridge, U.K.)
Crystal structure of the U1 small nuclear ribonucleoprotein A and mapping of the RNA binding surface
by mutagenesis
E. Ziff (New York, NY)
Gene regulation by growth factors
M.M. Portier (Paris, France)
What is the meaning of the co-expression of peripherin and neurofilament proteins

J.-L. Castrillo (La Jolla, CA)
Transcriptional control of the human growth hormone gene
H. Scholer (Gottingen, Fed. Rep. of Germany)
The transcription factor oct-4 maps to an early
embryonic lethal mutant in the mouse T-complex
G. Webster (London, U.K.)
Structural studies of DNA mispairing
F. Pugh (Berkeley, CA)
Transcriptional studies on Sp1, coactivators and
TFII D in promoter activation
J. Pines (San Diego, CA)
Bi-cycling through the mammalian cell cycle
M. Pierotti (Milan, Italy)
Activation of different oncogenes in human carcinoma of the thyroid gland
C. Griesinger (Frankfurt, Fed. Rep. of Germany)
Three-dimensional NMR in biology
L. Serrano (Cambridge, U.K.)
Barnase as a model protein to study protein folding
and stabiIity
E.D. Sverdlov (Moscow, U.S.S.R.)
The human Na, K-ATPase genes: from protein to
gene family and backwards
J. Yates (Pasadena, CA)
Structural studies of membrane proteins and enzyme active sites by tandem mass spectrometry
J. Lipsick (Stony Brook, NY)
Mechanism of action of myb oncogene
P. Labhart (La Jolla, CA)
Mechanism of transcription termination by polymerase I in Xenopus laevis
L.R. Brown (Canberra, Australia)
NMR studies of membrane proteins
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G. d'Urso (Seattle, WA)
Cell cycle control of DNA replication by the p34 cdc2
protein kinase
T. Steitz (New Haven, CT)
The structural basis for Gln-tRNA synthetase ability
to discriminate among tRNAs
K. Unsicker (Marburg, Fed. Rep. of Germany)
Neurotrophic functions of basic fibroblast growth
factor and ciliary neurotrophic factor
F.M.D. Vellieux (Groningen, Netherlands)
Trypanosomal GAPDH: structure determination by
the Laue method. Prospects for drug design
S.S. Wijmenga (Nijmegen, Netherlands)
Three-dimensional NMR experiments on proteins
and nucleic acids
U. Aebi (Basel, Switzerland)
Intermediate filaments, nuclear lamins and nuclear
pore complex: structure, assembly and interactions
M. Wilmanns (Basel, Switzerland)
Comparisons of I3la-barrel structures and evolutionary implications
P. van der Vliet (Utrecht, Netherlands)
The role of octamer binding (POU) protein in enhancement of replication of adenovirus DNA
M. Billeter (ZOrich, Switzerland)
NMR on proteins: from the assignment of spectra
to molecular structure and internal dynamics
F. Rippmann (London, U.K.)
Modelling of the heat shock protein peptide-binding
domain
G. Winter (Cambridge, U.K.)
Engineering of antibodies
T.A. Holak (Martinsried, Fed. Rep. of Germany)
High resolution structures of proteins from NMR
data
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W. Neupert (Munich, Fed. Rep. of Germany)
Translocation of proteins into mitochondria
R.W. Gracy (Denton, TX)
Aging and the accumulation of abnormal proteins:
triosephosphate isomerase as a probe
B. Edgar (Oxford, U.K.)
The developmental genetics of cell-cycle regulation
in Drosophila
R. Schekman (Berkeley, CA)
Control of vesicle traffic early in the secretory pathway
S. Mittnacht (Cambridge, MA)
The retinoblastoma protein: biochemical alterations
linked to protein phosphorylation
U. Deuschle (New York, NY)
The control of G1IS transition in fission yeast
M. Nilges (New Haven, CT)
Refinement of NMR structures
A. Ephrussi (Cambridge, MA)
Germ plasm assembly and pattern formation in
Drosophila
E.B. Lane (Dundee, U.K.)
Heads, tails and keratin networks: an approach
to the analysis of intermediate filament domain
function
A. Hoffmann (New York, NY)
Cloning and characterization of human TFIID
U. Deuschle (New York, NY)
The control of G1 IS transition in fission yeast

Seminars-Hamburg

C.A. Collyer (London, U.K.)
Inhibitors of D-xylose isomerase
K. Peters (Halle, Fed. Rep. of Germany)
The use of synthetic peptide-inhibitors for the characterization of proteases
M. Cygler (Montreal, Canada)
The structure of a complex between antibody FAB
fragment and oligosaccharide antigen at 2 A resolution

P. Welters (Cologne, Fed. Rep. of Germany)
Interaction of a rhizobial HU-Iike protein with a specific sequence in a plant gene 5 upstream region
K. Appelt (La Jolla, CA)
X-ray structures of HIV proteinases complexed with
statine containing peptide antibiotics
I. Yamashita (Tsukuba, Japan)
X-ray fibre diffraction study of bacterial flagella filaments

N. Genov (Sofia, Bulgaria)
Fluorescence properties of subtilisins

W. Boys (Leeds, U.K.)
DNA binding proteins

H. Lucke (Houston, TX)
The 1,7 A structure of phosphate binding protein

R. Ballin (G6ttingen, Fed. Rep. of Germany)
PAX1 is undulated molecular analysis of a "kinky"
tail mouse mutant

V. Lamzin (Moscow, U.S.S.R.)
Solution and refinement of 2 crystal forms of formate dehydrogenase
N.S. Blom (Delft, Netherlands)
Computer generation of convergent beam electron
diffraction patterns
R. Pauptit (Basel, Switzerland)
Towards a structure of porin from E.coli

W. Rypniewski (Madison, WI)
The structure of bacterial ferredoxin
C. Gualerzi (Berlin, Fed. Rep. of Germany)
Mechanism of translational initiation in prokaryotes
W. Schildkamp (Ithaca, NY)
A tunable and focusing monochromator for powerful
sources
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Seminars-Grenoble

J.-F. Gibrat (Jouy-en-Josas, France)
Normal mode analysis of human lysozyme: study
of the relative motions of the 2 domains

T.F. Wild (Lyon, France)
Vaccinia-measles recombinant viruses: new strategy of vaccination against measles

K. Simons (EMBL Heidelberg, Fed. Rep. of Germany)
Sorting of surface glycoproteins in polarized cells

K.C. Holmes (Heidelberg, Fed. Rep. of Germany)
The structure of actin

R.K. Bryan (Oxford,U.K.)
The importance of prior information in maximum
entropy calculations

S. Wain-Hobson (Paris, France)
Variation and evolution of HIV genomes

A. di Pietro (Lyon, France)
Nucleotide binding to yeast mitochondrial F1 ATPase: structure-function relationship
A. Stasiak (Lausanne, Switzerland)
Molecular mechanism of the RecA mediated recombination reaction
J. Dubochet (Lausanne, Switzerland)
Cryoelectron microscopy of DNA and chromatin
M. Springer (Paris, France)
Translational control of gene expression in E.coli
J.A. McClellan (Dundee, U.K.)
DNA structure and supercoiling inside living cells
C. Kurland (Uppsala, Sweden)
Codon preference and codon evolution
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J.-P. Benoit (Orsay, France)
Analysis of x-ray diffuse scattering from biological
macromolecular crystals
H.D. Chanzy (Grenoble, France)
Structural and morphological aspects of crystalline
polysaccharides
J. Garcia de la Torre (Murcia, Spain)
Calculation of hydrodynamic properties of biological
macromolecules in solution
M. Sprinzl (Bayreuth, Fed. Rep. of Germany)
Structural and functional features of GDP/GTPbinding, regulatory proteins
F. Wittinghofer (Heidelberg, Fed. Rep. of Germany)
The three-dimensional structure of the Ha-ras
oncogene product p21, and its mutants in the
triphosphate conformation

Courses 1990

The following courses, conference and symposium were
held at the EMBL in Heidelberg in 1990:

4.6-9.6.1990

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

2.7-13.7.1990

NOVEL IMAGING MODES IN
MOLECULAR BIOLOGY
M. Haider, A. Engel &
S. Fuller

2.9-13.9.1990

EXPRESSION OF RECOMBINANT
PROTEIN USING VACCINIA VIRUS
(VACCINATION) AGAINST SMALLPOX REQUIRED)
H. Stunnenberg & J. Schmitt

30.9-13.10.1990

PROTEIN DESIGN ON COMPUTERS
C. Sander & G. Vriend

15.10-24.10.1990

METHODS IN CELL BIOLOGY
K. Simons & I. Mellman

29.10-9.11.1990

CRYO-ELECTRON MICROSCOPY
AND THREE-DIMENSIONAL IMAGE
RECONSTRUCTION
S. Fuller & K. Leonard

14.11-24.11.1990

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

EMBL Courses

19.2-2.3.1990

26.11-30.11.90

ONCOGENES, GROWTH CONTROL
AND DIFFERENTIATION
T. Graf

EMBL Conference 1990

DNA SEQUENCING
W. Ansorge & J. Stegemann

23.4-26.4.1990

ONCOGENES AND GROWTH
CONTROL
T. Graf, H. Land & R. Nusse

EMBO Courses

9.4-12.4.1990

CRYOGENIC TECHNIQUES
APPLIED TO MACROMOLECULAR
CRYSTALLOGRAPHY
D. Suck & P. Tucker

EMBO Annual Symposium 1990

17.9-20.9.1990

THE MOLECULAR BIOLOGY OF
VERTEBRATE DEVELOPMENT
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Collaborative Projects with other Laboratories
Collaborator

Laboratory

Country

K. Simons

H.-P. Hauri

Biozentrum, Basel

Switzerland

K. Simons

E. Lehtonen & L. Saxen

Univ. of Helsinki, Helsinki

Finland

B. Dobberstein

R. Frank

2MBH, Heidelberg

Fed. Rep. Germany

B. Dobberstein

H. Gausepohl

Abimed, Langenfeld

Fed. Rep. Germany

B. Dobberstei n

S. Prehn

Humboldt Univ., Berlin

Fed. Rep. Germany

B. Dobberstei n

T. Rapoport

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

Fed. Rep. Germany

W. Huttner

H. BodenmOller

Boehringer-Mannheim, Tutzing

Fed. Rep. Germany

W. Huttner

M. Bownes

Univ. of Edinburgh, Edinburgh

U.K.

W. Huttner

S. Craig

Univ. of Oxford, Oxford

U.K.

W. Huttner

E. Degryse

Transgene, Strasbourg

France

W. Huttner

G. Kreil

Inst. of Molecular Biology, Salzburg

Austria

W. Huttner

J. van Mourik

CLB, Amsterdam

Netherlands

W. Huttner

P. Rosa & A. Zanini

Univ. of Milan, Milan

Italy

W. Huttner

J.G. Scammell

Univ. of South Alabama, Mobile

U.S.A.

W. Huttner

L. Scopsi

INT, Milan

Italy

W. Huttner

A. Tixier-Vidal & D. Gourdji

College de France, Paris

France

W. Huttner

K. Unsicker

Univ. of Marburg, Marburg

Fed. Rep. Germany

W. Huttner

B. Wiedenmann

Univ. of Berlin, Berlin

Fed. Rep. Germany

J. Gruenberg &
B. Hoflack

A. Aspnas

Univ. of Turku, Turku

Finland

J. Gruenberg &
B. Hoflack

K. Blomberg

Wallac Oy, Turku

Finland

J. Gruenberg &
B. Hoflack

M. Doree

CNRS-CRBM, Montpellier

France

J. Gruenberg &
B. Hoflack

R. Frank

2MBH, Heidelberg

Fed. Rep. Germany

Staff member
Cell Biology
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Staff member

Collaborator

Laboratory

Country

J. Gruenberg &
B. Hoflack

S. Kuznetsov

Moscow State Univ., Moscow

U.S.S.R.

J. Gruenberg &
B. Hoflack

P. Lobel

Centre for Advanced Biotechnology,
Piscataway

U.S.A.

J. Gruenberg &
B. Hoflack

V. Marjomaki

Univ. of Jyvaskyla, Jyvaskyla

Finland

J. Gruenberg &
B. Hoflack

T. Schroer

Johns Hopkins Univ., Baltimore

U.S.A.

J. Gruenberg &
B. Hoflack

J. Ugelstad

Univ. of Trondheim, Trondheim

Norway

T. Kreis

V. Allan

MRC, Cambridge

U.K.

T. Kreis

M.-H. Bre

Univ. of Orsay, CNRS, Paris

France

T. Kreis

J. Davoust

Immunological Centre, INSERM-CNRS,
Marseille

France

T. Kreis

M. Doree

CNRS-CRBM, Montpellier

France

T. Kreis

R. Frank

2MBH, Heidelberg

Fed. Rep. Germany

T. Kreis

J. Rothman

Sloan Kettering, New York

U.S.A.

T. Kreis

K. Stanley

The Heart Research Inst., Sydney

Australia

T. Kreis

F. Wieland

Univ. of Heidelberg, Heidelberg

Fed. Rep. Germany

E. Karsenti

A. Adoute

CNRS,Orsay

France

E. Karsenti

J. Avila

Univ. of Madrid, Madrid

Spain

E. Karsenti

M. Bornens

CNRS, Gif-sur-Yvette

France

E. Karsenti

P. Cohen

Univ. of Dundee, Dundee

U.K.

E. Karsenti

M. Doree

CNRS-CRBM, Montpellier

France

E. Karsenti

D.M. Glover

Univ. of Dundee, Dundee

U.K.

E. Karsenti

T. Hunt

Univ. of Cambridge, Cambridge

U.K.

G. Griffiths

M. Birnbaum

Medical School, Harvard

U.S.A.

G. Griffiths

B. Doms

NIH, Bethesda

U.S.A.

G. Griffiths

R. Draper

Univ. of Texas, Dallas

U.S.A.

G. Griffiths

H.-P. Hauri

Biozentrum, Basel

Switzerland

G. Griffiths

K. Mostov

Univ. of California, San Francisco

U.S.A.
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Staff member

Collaborator

Laboratory

Country

G. Griffiths

W. Neupert

Univ. of Munich, Munich

Fed. Rep. Germany

G. Griffiths

S. Pfeffer

Standford Univ., Stanford

U.S.A.

G. Griffiths

P. Rottier

Univ. of Utrecht, Utrecht

Netherlands

G. Griffiths

G. Schatz

Biozentrum, Basel

Switzerland

E.C. Hurt

M. Hall

Biozentrum, Basel

Switzerland

E.C. Hurt

W. Herth

Univ. of Heidelberg, Heidelberg

Fed. Rep. Germany

S.D. Georgatos

G. Blobel

Rockefeller Univ., New York

U.S.A.

S.D. Georgatos

M.M. Portier

College de France, Paris

France

T. Graf

J. Ghysdael

Inst. Curie, Orsay

France

T. Graf

D. LePrince, B. Vandenbunder & D. Stehelin

Inst. Pasteur de Lille, Lille

France

T. Graf

A. Leutz

2MBH, Heidelberg

Fed. Rep. Germany

T. Graf

J. Lipsick

State Univ. New York, Stony Brook

U.S.A.

U. ROther

K. Beyreuther

2MBH, Heidelberg

Fed. Rep. Germany

U. ROther

G. Ciliberto

IRBM, Rome

Italy

U. ROther

W. Franke

DKFZ, Heidelberg

Fed. Rep. Germany

U. ROther

D. Huylebroeck

Innogenetics, Gent

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

J. Schmidt

GSF, Munich

Fed. Rep. Germany

U. ROther

G. SchOtz

DKFZ, Heidelberg

Fed. Rep. Germany

U. ROther

T. Tokuhisa

ICMR, Kobe

Japan

U. ROther

E. Wagner

IMP, Vienna

Austria

S. Courtneidge

S. Cheng

Integrated Genetics, Framingham

U.S.A.

Differentiation
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Staff member

Collaborator

Laboratory

Country

S. Courtneidge

J. Cooper

The Fred Hutchinson Research Inst.,
Seattle

U.S.A.

S. Courtneidge

J. Feuteun

Inst. Gustave-Roussy, Villejuif

France

S. Courtneidge

E. Wagner

IMP, Vienna

Austria

O. Fasano

M. Baroni

Univ. of Milan, Milan

Italy

O. Fasano

A. Parmeggiani

Ecole Polytechnique, Palaiseau

France

O. Fasano

E. De Vendittis

Univ. of Naples, Naples

Italy

D. Duboule

D. Boncinelli

11GB, Naples

Italy

D. Duboule

P. Chambon

Inst. of Biochemistry,
Faculty of Medicine, Strasbourg

France

D. Duboule

P. Charnay

CNRS Lab. of Mol. Genetics,
Ecole Normale, Paris

France

D. Duboule

S. Gaunt

AFRC, Babraham

U.K.

D. Duboule

C. Goridis

Immunological Centre, INSERM-CNRS,
Marseille

France

D.Duboule

P. Gruss

MPI for Biophysical Chemistry, G6ttingen

Fed. Rep. Germany

D. Duboule

J.-L. Guenet

Pasteur Inst., Paris

France

D. Duboule

N. Jenkins

NCI, Cancer Research Center, Frederick

U.S.A.

D. Duboule

F. Karch

Univ. of Geneva, Geneva

Switzerland

D. Duboule

P. Lonai

Weizmann Inst., Rehovot

Israel

D. Duboule

C. Peschle

ISS, Rome

Italy

D. Duboule

B. Robert

Pasteur Inst., Paris

France

D. Duboule

L. Stubbs

MRC, London

U.K.

D. Duboule

C. Tabin

Medical School, Harvard

U.S.A.

D. Duboule

C. Tickle & L. Wolpert

Middlesex Hospital Medical School,
London

U.K.

D. Bohmann

M. Fischer & H. Schaller

Univ. of Heidelberg, Heidelberg

Fed. Rep. Germany

D. Bohmann

J. Ghysdael

Inst. Curie, Orsay

France

G. Draetta

E. Harlow

Cold Spring Harbor Laboratory,
Cold Spring Harbor

U.S.A.
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Staff member

Collaborator

Laboratory

Country

G. Draetta

M. Wright

CNRS, Toulouse

France

G. Draetta

E. Villa Moruzzi

Univ. of Pisa, Pisa

Italy

Biological Structures and Biocomputing
D. Tsernoglou

S. Bhakdi

Univ. of Mainz, Mainz

Fed. Rep. Germany

D. Tsernoglou

T. Buckley

Univ. of Victoria, Victoria

British Columbia

D. Tsernoglou

D. Jahny

Univ. of Stuttgart, Stuttgart

Fed. Rep. Germany

D. Tsernoglou

M. Kokkinidis

Univ. of Crete, Iraklion

Greece

D. Tsernoglou

P. van der Vliet

Univ. of Utrecht, Utrecht

Netherlands

D. Suck

B. Connolly & A.F. Worrall

Univ. of Southampton, Southampton

U.K.

D. Suck

R. Cortese & V. Poli

IRBM, Rome

Italy

D. Suck

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

IRBM, Rome

Italy

D. Suck

W. Kabsch, & K.C. Holmes

MPI for Medical Research, Heidelberg

Fed. Rep. Germany

D. Suck

F. Sakiyama

Osaka Univ., Osaka

Japan

F. Pattus

D. Baty & C. Lazdunski

CNRS Biochem. and Mol. Biology
Centre, Marseille

France

F. Pattus

T. Buckley

Univ. of Victoria, Victoria

British Columbia

F. Pattus

A. Charbit & M. Hoffnung

Pasteur Inst., Paris

France

F. Pattus

Y. Nakatani

CNRS, Strasbourg

France

F. Pattus

T. Pugsley

Pasteur Inst., Paris

France

F. Pattus

P. Timmins

ILL, Grenoble

France

S. Fuller

D. Bamford

Univ. of Helsinki, Helsinki

Finland

S. Fuller

R. Burnett

Wistar Inst., Philadelphia

U.S.A.

S. Fuller

J. Dubochet

Univ. of Lausanne, Lausanne

Switzerland

S. Fuller

D. Ganem

Univ. of California, San Francisco

U.S.A.

S. Fuller

H. Kern

Philipps Univ., Marburg

Fed. Rep. Germany
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Staff member

Collaborator

Laboratory

Country

S. Fuller

J. Lepault

CNRS, Gif-sur-Yvette

France

M. Nassel, F. Birnbaum

2MBH, Heidelberg

Fed. Rep. Germany

R. Serrano

J.P. Donaire

Zaidin Experimental Station, Granada

Spain

R. Serrano

R.G. Gillies

Univ. of Arizona, Tucson

U.S.A.

R. Serrano

A. Hager

Univ. of TObingen, TObingen

Fed. Rep. Germany

R. Serrano

C. Larsson

Univ. of Lund, Lund

Sweden

R. Serrano

B.C. Monk

Public Health Research Inst., New York

U.S.A.

R. Serrano

R. Perona

Inst. of Biomedical Research, CSIC,
Madrid

Spain

R. Serrano

M.T. Piriol

Pharmaceutical Faculty, Barcelona

Spain

R. Serrano

F. Portillo

Dept. of Biochemistry, Univ. Autonoma,
Madrid

Spain

R. Serrano

E.W. Weiler

Ruhr-Univ., Bochum

Fed. Rep. Germany

K. Leonard

T. Arad

Weizmann Inst., Rehovot

Israel

K. Leonard

R. Newman

ICRF, London

U.K.

K. Leonard

M.C. Reedy

Duke Univ., Durham

U.S.A.

K. Leonard

J. Trinick

Bristol Univ., Bristol

U.K.

K. Leonard

H. Weiss

Univ. of DOsseldorf, DOsseldorf

Fed. Rep. Germany

K. Leonard

A. Yonath

MPI, Hamburg

Fed. Rep. Germany

W. KOhlbrandt

H.J. Butt

Univ. of California, Santa Barbara

U.S.A. &
Fed. Rep. Germany

W. KOhlbrandt

K.H. Downing

Donner Lab., Lawrence Berkeley
Laboratory, Berkeley

U.S.A.

W. KOhlbrandt

Y. Fujiyoshi

PERI, Osaka

Japan

W. KOhlbrandt

F. Zemlin

Fritz Haber Inst., Berlin

Fed. Rep. Germany

P. Metcalf

M. Adrian

Univ. of Lausanne, Lausanne

Switzerland

P. Metcalf

R. Etges

Univ. of Lausanne, Lausanne

Switzerland

P. Metcalf

M. Fusek & M. Baudys

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

Czechoslovakia

S. Fuller

& H. Schaller

& MPI for Biophysics, Frankfurt

119

Staff member

Collaborator

Laboratory

Country

P. Metcalf

H. Haupt & S. Baudner

Behringwerke, Marburg

Fed. Rep. Germany

P. Metcalf

A. Tulinsky

Michigan State Univ., East Lansing

U.S.A.

P. Metcalf

F. Waltz

Kent State Univ., Kent

U.S.A.

R. Wierenga

J.K. Hiltunen

Univ. of Oulu, Oulu

Finland

R. Wierenga

W.G.J. Hoi

Univ. of Groningen, Groningen

Netherlands

R. Wierenga

H. Kessler

Techn. Univ., Munich

Fed. Rep. Germany

R. Wierenga

W.-H. Kunau

Ruhr-Univ., Bochum

Fed. Rep. Germany

R. Wierenga

J. Martial

Univ. of Liege, Liege

Belgium

R. Wierenga

K. MOiler

Hoffmann-La Roche, Basel
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Back Cover:
Stereo diagram of the trimer of dUTPase viewed along the 3-fold
axis. The three subunits are shown in different colours. The
enzyme has a novel fold. The depression proposed to contain
the active site is shown by the white square. Side chains are
only shown for those conserved residues which are accessible
to solvent in the trimer. The study is a collaboration with Eila
S. Cedergren-Zeppezauer (University of Stockholm), and Gunilla
Larsson and Per-Olof Nyman (University of Lund).

