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Three-dimensional structure of the pore-forming fragment of col-
icin A. The protein is thought to enter cell membranes via elec-
trostatic interactions which orientate the molecule with respect
to the membrane followed by insertion of a hydrophobic helical
hairpin. Helices are represented as cylinders, residues involved

in the electrostatic interaction are represented in ball-and-stick
fashion and the hydrophobic helical hairpin is coloured white. For
further information see reports by D. Tsernoglou (p. 70) and F.
Pattus (p. 76) in the Research Reports 1988.
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Comments by the Director-General

This year for the first time we experienced extensive agree-
ment both within and outside the EMBL on the scientific
policy as well as the future activities in the Laboratory. It
is obvious that the EMBL has now become accepted and
fulfils an important role in European molecular biology. This
state of affairs is different from the recent past when the
EMBL had to fight hard for changes in policy or for an
expansion of its scientific programmes. The only caveat
is that I am used to disagreement and when there is
none I am probably on the wrong course. All the same
the Laboratory is now providing significant and interesting
contributions in many areas of molecular biology. The
interaction with the scientific community and the delegates
from the Member States is also excellent. Evidence for this
dramatic change in our relationship was the fact that the
EMBL Council at the end of the year unanimously accepted
the proposed budget for 1989.

Inauguration of the EMBL Operon

An operon is a unit of coordinated expression and the
name was coined by Drs. Jacob and Monad in Paris when
in the 60s they made their seminal contributions on gene
expression in bacteria. Commemorating this fundamental
European contribution the new auditorium of the EMBL
was given this name at its inauguration in December 1988.
The EMBL Operon will hopefully be a major expression
unit for European molecular biology. The new building,
which has been supported by the Member States and by a
generous contribution from the Land Baden-WOrttemberg,
was almost finished at the end of the year and the first
groups could move in. This building will allow us to expand
the Biocomputing Programme and especially its DNA Data
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Library and computer network (EMBNet). One entire floor
will be reserved for these activities and through additional
support from the European Community we can expand the
DNA Data Library to a size comparable to our collaborative
partner GenBank in the USA. The top floor of the new
building has not yet been fitted and equipped. The EMBL
Council agreed at the last minute to add this floor and
we hope that funds will soon become available for the
completion of the interior. One floor in the new building
will allow for a moderate expansion of the Gene Structure
and Regulation Programme now renamed the "Gene Ex-
pression" Programme. By moving part of the Biochemical
Instrumentation Programme and the Photography Labora-
tory to the same floor, the EMBL will obtain more space
within the old building for teaching and training activities
as well as for an expansion of the Biological Structures
Programme.

The auditorium together with the further expansion of the
EMBL was a long desired goal. Between 1982 and 1988
the EMBL has more than doubled in personnel; in that
context it can easily be understood that an expansion
was absolutely necessary. More important than the space
expansion are, however, the scientific achievements.

Dissection of intracellular transport

Two new groups have started to work in the Cell Biology
Programme focusing on the dissection of endocytosis in
mammalian cells. One group jointly led by Jean Gruen-
berg and Bernard Hoflack is utilizing biochemical methods
including vesicle separation by affinity chromatography on
magnetic beads which have been developed at the EMBL.

Essentially two different pathways lead to the Iysosomes in
the cells, one is from the cell surface through endocytosis
and the other directly from the Golgi apparatus through
the trans-Golgi network. The external molecules are, after
formation of receptor-ligand complexes, internalized via
coated vesicles and delivered to an early endosome. From
here the internalized proteins in the endosomes are either
recycled back to the cell surface or transported via later en-
dosomes into the lysosome. The only sorting signal defined
so far in this pathway is the mannose-phosphate signal
in lysosomal hydrolases, which is recognized by specific



receptors in the Golgi apparatus. These enzymes destined
for the Iysosomes are transported through the trans-Golgi
network to an acidified compartment most likely a late
perinuclear endosome which is fused into the Iysosomes.
The sorting receptors involved in this pathway are recycled
back to the trans-Golgi network allowing for a reversion of
the forward flow of molecules from the trans-Golgi network
to the IYsosomes.

Little is, however, known about early and late endosomes
which might consist of several different vesicles. The
lack of specific markers for this compartment makes it
extremely difficult to define the size of the pool of en-
dosomes and its turnover compared with the lysosomal
compartment. By using affinity chromatography on mag-
netic beads and specific antibodies that can recognize the
cytoplasmic tails of some of the molecules that are inserted
in the early and late endosomes, it should be possible
biochemically to separate and characterize the different
classes of endosomes and determine the pool size as
well as their destination in the mammalian cell. In addition
in vitro methods for vesicle fusion and transfer of rec-
ognizable molecules between purified vesicle populations
might reveal the details of the endocytotic pathway. This
project thus requires specific antibodies and the second
new group in this Programme, led by David Vaux, will
provide techniques to study the important protein-protein
recognition events which must guide the sorting machin-
ery. He has developed an in vitro method to isolate sub-
classes of anti-idiotypic antibodies that are monoclonal
and directed against epitopes involved in protein-protein
interaction. He started studying the interaction of a viral
membrane glycoprotein with its cytoplasmic partner, the
core protein, and is now moving towards studies of the
interaction between cell surface receptors and proteins
involved in the formation of coated vesicles. Concurrently
with this approach other groups in the Programme are
trying to identify protein components specific to different
compartments in the endocytic pathway by eDNA cloning.
A reductionistic approach using in vitro methods to study
molecular transfer between different classes of membrane
vesicles and precise tools like anti-idiotypic antibodies and
cDNA clones combined with new biochemical separation
methods to purify the vesicles will be necessary to under-
stand the details of membrane traffic in the mammalian
cell.

Haematopoietic differentiation

The Differentiation Programme has contributed signifi-
cantly to the understanding of the role of several one
genes in arrest of haematopoietic differentiation and iden-
tified several discrete events in the differentiation pathway.
The viral srbA oncogene, a truncated thyroid hormone
receptor which blocks differentation of erythroid precursor
cells, suppresses the transcription of the genes for band 3
protein and carbonic anhydrase, both of which guide anion
transport in the differentiating erythroblast. The band 3 pro-
tein has a dual function since it provides in its N-terminal
end a cytoplasmic region which functions as a cytoskeleton
anchor, while the anion transport function resides in the
C-terminal transmembrane domain. It has also been pro-
posed that this protein might be involved in elimination of
retired erythrocytes by the immune system since clusters
of this protein may provide binding-sites for antibodies
which can signal phagocytosis by the macrophages. The
band 3 cDNA has been cloned from chicken cells and
extensively characterized utilizing for the first time the
EMBL automatic DNA sequencing device.

Further dissection of chicken retroviruses containing two
oncogenes has demonstrated that the ets-gene of the
myb, ets-eontaining E26 leukemia virus, has a distinct
effect on the differentiation of cells along two lineages.
This was demonstrated by the isolation of a viral mutant
that carries a single point mutation in the ets gene and
which blocks the differentiation of transformed erythroid
cells in a temperature-sensitive fashion while, in trans-
formed myeloid cells, it leads to a lineage switch from
myeloblasts to granulocytes. These results suggest that
the ets gene either directly or through interaction with
v-myb is involved in the commitment of haematopoietic
cells towards a specific cell lineage.

A bridge between studies on haematopoietic differentiation
and embryonic development was established when it was
demonstrated that the leukemia inhibitory factor (LIF), a
polypeptide factor capable of inducing the differentiation
of the myeloid leukemic cell line MI, is able to maintain the
pluripotency of embryonic stem (ES) cells. The previously
described LIF is thus probably identical to the "differen-
tiation inhibitory activity" (DIA) and shows that the same
protein can act as an inducer or repressor of differentiation,
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depending on the cell type. This finding should greatly help
in establishing and growing ES cells which with the devel-
opment of homologous recombination techniques provide
an important route for the generation of transgenic animals.

Since several group leaders in the Differentiation Pro-
gramme have accepted top positions in national labo-
ratories, new group leaders are being recruited. Ulrich
Ruther was promoted to a group leader position and he
will use embryonic stem cells for generating transgenic
mice and further improve the methods for homologous
recombination in vitro. Denis Duboule, who came from
Strasbourg, has made significant contributions in the iden-
tification and mapping of mouse homeobox genes. He will
continue his research on the function of the homeotic gene
network during mouse development. Two additional new
group leaders will join the Programme in 1989 working on
different aspects of developmental biology.

Polymorphic and polyfunctional
transcription factors

Remarkable progress in the understanding of basic mech-
anisms responsible for the regulation of tissue-specific
gene expression has recently been recorded. A major
breakthrough was provided by the finding that cloned
segments of DNA introduced into culture cells displayed
cell type-specific expression. The DNA sequence of these
cis-acting elements was determined and with the combi-
nation of DNA binding assays and in vitro transcription
several cell-specific trans-acting factors were identified.
This year some of these factors were purified and the
corresponding cDNAs cloned and characterized. Several
laboratories around the world including the EMBL have
contributed to this dramatic progress during the last 3
years. At the EMBL the Gene Expression Programme
has specialized in the factors involved in transcription of
liver-specific genes, and of genes involved in making small
nuclear RNA.

Some of the factors governing liver-specific expression
are only present in liver tissue while others appear to be
ubiquitous. When one of these factors had been purified
and the clone identified, it was established that several
similar factors obviously exist either encoded in different
genes or generated by alternative splicing of the RNA. The
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so-called nuclear factor 1 (NF-1) concurrently cloned by
at least three groups, one of them at the EMBL, seems
to consist of a whole family of proteins which differ in
structure between different tissue. Similar families have
been identified for other DNA-binding proteins and the
different genes obviously code for distinct functions. We
may therefore expect to find hundreds of transcription
factors that might either activate or repress RNA synthesis.
An interplay between them will ultimately control tissue-
specific expression. How these factors are stored in the
cell before they are called upon to regulate transcription
is still unclear, but preliminary results suggest that some
persist preformed for long periods and are modified as a
result of specific stimuli. Whether the modulation involves
phosphorylation, methylation, glycosylation or interaction
with specific inhibitors has still to be resolved.

At the end of the year two important transcription factors
essential for liver-specific expression were cloned as cD-
NAs at the EMBL. Since they can be overproduced in a
recombinant expression system and since the DNA se-
quences recognized by the proteins have been identified,
these DNA protein complexes may be attractive targets
for structural analysis leading to a collaboration between
the Gene Expression and the Biological Structures Pro-
grammes.

Two groups moved their laboratories to the new building
and one new British group leader, David Tollervey, com-
ing from the Pasteur Institute and working on U snRNP
genetics in fission yeast joined this Programme.

Structure of membrane proteins

Colicins are antibiotic proteins produced by and active
against closely related bacteria. They attach to specific
receptors and mediate their own translocation to a target
inside the cell. Most of the colicins form a channel in
the membrane. This pore-forming activity appears to be
located within the carboxy terminal third of the molecule
since such a fragment from colicin A was shown to pos-
sess pore-forming properties similar to those of the entire
molecule. This fragment is soluble in detergent-free buffers
but can spontaneously insert into lipid bilayers. The struc-
ture of this fragment was determined at the EMBL to high
resolution revealing that the pore-forming domain consists



of 10 a-helices organized in a three-layer structure. Two
of these helices are buried within the structure. They form
a hydrophobic hairpin loop similar to that found in pro-
teins anchored in the membrane. The structural analysis
was dependent on an isomorphous replacement deriva-
tive generated by protein engineering changing a serine
into a cysteine residue to allow binding of mercurials. A
model has been proposed in which the hydrophobic hairpin
is oriented perpendicular to the membrane surface and
spontaneously penetrates into the membrane leading to a
conformational change of the protein. The channel might
then arise by involving other segments or oligomerisation
of the protein. This important result opens a new way to
analyse the structure of membrane proteins by making
predictions about membrane insertion mechanisms from
the structure of the precursor. Further analysis by pro-
tein engineering can provide unequivocal evidence for the
model. The results also indicate that structural analysis of
truncated units of large molecules may lead to a precise
understanding of the function of defined domains. The
structural studies may thereby proceed fast enough for
a detailed structural analysis to go hand in hand with a
genetic analysis. The colicin structure was determined in
less than one year from the crystallization of the cysteine
mutant to a refined structure. A further reduction in time by
a factor of 2 or 3 is probably desirable to make structural
analyses an equal partner to genetic experiments.

Another interesting result in the Biological Structure Pro-
gramme derives from studies of the yeast proton pump.
An important stimulus for proliferation of mammalian and
yeast cells is an increase in intracellular pH. In animal
cells this is achieved by activation of a sodium-proton
exchange system while in fungi and plants it is caused by
a proton pumping ATPase. To answer whether intracellular
alkalinization is only coincident with cell proliferation or
whether it constitutes a regulatory signal, the gene for
the yeast plasma membrane proton pump was introduced
into mouse and monkey fibroblasts. The transformed cells
had an elevated intracellular pH and acquired several
tumorigenic parameters suggesting that the yeast proton
pump behaves as an oncogene in mammalian cells. These
results support a crucial role of intracellular pH in growth
control of animal cells and may form the impetus for
a detailed structure analysis of the proton pump. In an
attempt to strengthen the Biological Structures Programme

several group leaders were recruited during the year.
Werner Kuhlbrandt from the Federal Republic of Germany
returned after extensive training in England and is studying
the structure of the light harvesting complex from the
chloroplast membrane. Rik Wierenga from the Netherlands
is focusing on drug design based on the comparison of the
structure of a trypanosome enzyme and its mammalian
counterpart and Peter Metcalf, an Australian crystallogra-
pher moved from the Grenoble Outstation to Heidelberg.
He is setting up a group studying the structure of the
components of the adenovirus DNA replication complex.

Yeast as a genetic tool for mammalian cells

Even if today one can easily clone cDNA and the corre-
sponding gene as well as identify the protein primary se-
quence of any gene product, the physiological analysis of
the isolated gene is hampered in mammalian cells mainly
due to diploidy and inefficient methods for homologous
recombination. A eukaryotic genetic system is therefore
an essential complement to the biochemical experiments
in mammalian cells. Yeast which can be cultivated both
in a haploid and a diploid form constitutes for a number
of the events controlling cell replication, metabolism and
transcription, an ideal genetic tool, because the yeast cells
can easily be analysed for the function of the specific gene
due to an effective homologous recombination system. The
genes involved in mitosis, meiosis and metabolism (the
3M genes), accounting for about 300/0 of all the genes,
are probably similar between yeast and even human cells.
The most convincing experiment, which was recently car-
ried out in England, demonstrated that a human cDNA
could complement a growth defect in fission yeast. This
argument leads to the suggestion that many problems in
mammalian cell systems should be functionally analysed
in a yeast system. It appears that the fission yeast may be
advantageous since the transcriptional machinery in this
system is more similar to mammalian cells than that of
budding yeast.

At the EMBL a yeast group is present in each Programme;
these groups can complement the biochemical studies
in mammalian cells. In the Cell Biology Programme one
group is using yeast to identify the proteins involved in
nuclear transport and cell cycle regulation. In the Biological
Structures Programme one group is studying the proton
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pumps of yeast and comparing them to similar systems in
mammalian cells controlling intracellular pH. In the Gene
Expression Programme the fission yeast is used to anal-
yse the detailed structure and function of the U snRNP
proteins. In the Differentiation Programme suppressors
of temperature-sensitive mutations in ras oncogenes and
adenylate cyclase in yeast over-express a protein kinase
structurally related to mammalian protein kinases. Instead
of introducing a Programme centered on yeast biology, the
EMBL provides the know-how in each Programme.

Technical development and basic science

The EMBL is striving towards a close collaboration be-
tween the technical development projects and the research
groups in the basic science Programmes. This has now
been achieved for almost all the developmental projects.
The CryoSTEM which is now functional is being used to
resolve the mass and structure of the spliceosome. This
collaboration, initiated in the Gene Expression Programme,
also involves a group in Biochemical Instrumentation de-
veloping new methylated antisense RNA probes which
make the oligonucleotides stable to nuclease degradation.
An experienced electron microscopist in the Physical In-
strumentation Programme is using the technical facilities
available with the CryoSTEM including a new spectrometer
and phase contrast as well as darkfield modes to char-
acterize the spliceosomes. The confocal scanning laser
microscope combined with sophisticated image processing
techniques allows the cell biologists to explore the three-
dimensional structure of cells thus conferring a high degree
of precision in localization experiments. The development
in this field is now guided by both the Physical Instru-
mentation and the Cell Biology Programmes. In fact, two
groups in the latter Programme, together with a specialist
in fluorescent detection methods and the physicists are
now building the next generation of confocal microscopes,
in collaboration with a commercial company.

The Enraf-Nonius FAST and the Nicolet-Xentronix detec-
tors are fully operational in Heidelberg in the Biological
Structures Programme, and the commercial image plate
system is being commissioned, at present. This allows
the use and evaluation of representative systems currently
available for conventional sources, by both in-house staff

8

and outside visitors. Detectors are also being developed in
the Hamburg and Grenoble Outstations for the specialized
needs of synchrotron radiation: commercial systems for
this application will probably not be available as the market
is too restricted.

The automation of the DNA sequencing is likewise a joint
project between two groups in the Biochemicallnstrumen-
tation Programme in collaboration with the Gene Expres-
sion Programme. Based on this experience, the EMBL will
start a DNA sequencing facility for in-house projects during
next year and plans to establish a minigroup in the Gene
Expression Programme which may help in devising new
gene technology for simplified DNA sequencing.

These examples demonstrate how the close collabora-
tion between biologists concerned with specific biological
questions and instrumentation experts can lead to new
user-friendly technology.

Role of the EMBL in the human genome project

Since several scientists and delegates have repeatedly
asked about the role of the EMBL in the human genome
project it may be appropriate to define our immediate
goals.

The human genome project has been extensively dis-
cussed in the press and at various other levels. The USA
have committed around 50 million dollars for the project
in 1989 through two governmental agencies. Several Eu-
ropean governments and the European Community have
also expressed an interest in launching an activity in this
direction. In addition, American, Japanese and European
scientists have founded the Human Genome Organization
(HUGO), which is modelled after EMBO. The primary goal
for HUGO is to help to coordinate the human genome
activities worldwide. This organization also encourages a
discussion of the ethical, social and moral issues of the
project along with the technical advances.

The project

The human genome project involves the following aspects
that will be carried out in parallel:



(1) Instrument development for the automation of the
DNA sequencing steps, including robots for DNA
extraction, solid phase and automatic sequencers,
multiple oligonucleotide synthesizers and software
for assembly of sequences. At the same time new
biological techniques are required for cloning and
sequencing large DNA fragments to reduce the time
consuming steps of establishing overlapping clones
(contigs).

(2) Physical mapping involving restriction fragment length
polymorphic (RFLP) markers, restriction enzyme
maps with rare cutters, random oligonucleotide
screening, chromosome separation and identification
of functional sequences by cDNA libraries.

(3) Coordination and design of interfaces among data
bases of nucleic acid and protein sequences, genetic
maps, physical maps, large clones, two-dimensional
protein gels, monoclonal antibodies, and three-
dimensional protein structures.

(4) Correlation between physical and genetic maps in-
volving human pedigree analysis, advanced human
genetics on specific diseases and reverse genetics.

To achieve coordination there must in the first instance be
extensive collaboration between groups working on spe-
cific genes, gene clusters, or specific chromosomes. There
is, however, an absolute requirement for international col-
laboration on the data banks from the start of this and
similar projects, which will not only encompass the human
genome but at the same time the yeast, Drosophila and the
mouse genomes. If common standards are not developed
for the different data bases and the relationships between
them, the progress will be slow and the production of an
integrated system will be difficult. By contrast the technique
and instrumentation development is probably best carried
out on a competitive basis, and does not necessarily need
international collaboration.

Role of the EMBL

If the EMBL were to make a major contribution to the
human genome project at least half of the EMBL's present
capacity would have to be reserved for it. Such a proposal
would cripple EMBL's role in basic science; the human
genome project is in many respects more applied than
basic. On the other hand EMBL has a responsibility to par-

ticipate in the international coordination of the data banks,
and will therefore in 1989 launch the European Molecular
Biology network (EMBNet) to help in the dissemination
of sequence and related information, as well as in the
interaction with the Member States over national nodes.
EMBL will, in addition, attempt to establish a European
node both for the genomic and the physical maps since the
US bodies, currently servicing these maps, would like to
have a European collaborator. In the very long-term future
it will be necessary to establish a European Institute of
Bioinformatics, hopefully through close collaboration be-
tween the EMBL and other European organizations. In the
opinion of the EMBL there must be a strong representation
of the basic science interest in such an institute, to prevent
domination by the commercial and applied interests.

Finally the EMBL has already started developing proto-
types of robots for DNA extraction, multiple oligonucleotide
synthesis and fluorescent DNA sequencing that are about
to become commercially available. To gain experience
with large scale sequencing EMBL is collaborating on the
sequencing of the HPRT gene which is located on the X
chromosome. In addition, in 1989 an internal sequencing
service unit will be established that should take care of
most of the DNA sequencing within the EMBL.

Thus, in order not to interfere with its role in basic science
EMBL will first focus on two areas in the human genome
project: (i) data base coordination and (ii) instrument and
technique development.

The Outstations

The scientific programme of the Grenoble Outstation
was reviewed in 1988 and was praised for its well-
focused projects on crystallography of amino-acyl tRNA
synthetases, adenovirus proteins and studies on protein
dynamics using inelastic neutron scattering. The major
conclusion was that the future of the Outstation should be
considered in the context of a laboratory devoted both to
x-rays and neutron scattering, and that the EMBL should,
therefore, try to reach an agreement with the recently
founded European Synchrotron Radiation Facility (ESRF)
in Grenoble concerning biological support and collabora-
tion. The EMBL Council has accepted this long-term goal

9



and asked the EMBL to start negotiations with the ESRF
about the establishment of a biological support laboratory
as well as direct participation in the synchrotron beam-
lines in Grenoble. In the long-term future the EMBL might
thereby build up a strong outstation in Grenoble that can
apply both neutron scattering and synchrotron radiation to
solve structural problems in molecular biology. The EMBL
has, therefore, started to discuss with the ESRF how it can
become a collaborative partner and how the collaboration
between the two organizations should be accomplished.
The EMBL Council has furthermore strongly supported the
plans to keep the Hamburg Outstation fully functional until
the ESRF beam-lines are available and operative.

In the Hamburg Outstation progress has been made on an
in-house version of the image disc detector which is now
available on the remodelled X-11 beam-line for crystallog-
raphy. The X-13 beam-line has also been intensified this
year. The projects on small-angle scattering and on Laue
crystallography of proteases are also progressing well. The
plans for a new wiggler beam-line alongside the EMBL
bunker have progressed. Since the DORIS synchrotron
may only provide electrons in the future, it is necessary for
the EMBL to reverse the X-11 and the X-13 high intensity
lines presently situated on the positron side in the EMBL
bunker. They will be resited on a symmetrically placed
bending magnet in the electron direction within a new build-
ing which will be built by HASYLAB. The advantage of this
rearrangement is that they can after a short close-down
period of 4 months be used both in main and parasitic
user-times greatly extending the service to users. At the
same time HASYLAB has indicated approval for EMBL to
construct one wiggler beam-line in a new building built in
juxtaposition to the EMBL building. The EMBL would be
responsible for funding the beam-line from the beryllium
window including the optical and other elements unique
to this line and the wiggler itself. According to the plans
the EMBL would, by 1991, have one wiggler line with
10-1 00 times the intensity of the present ones, as well as
its current beam-lines on the electron side of the beam and
all of them will be available in both main and parasitic user
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times. Experience can thereby be gained with the wiggler
line concerning optical elements and biological samples
under extreme intensity similar to those anticipated at
the ESRF lines. The EMBL Council has accepted this
extension although they have not yet provided the financial
support which will be required in the 1990 budget. It is
clear that this extension in Hamburg, as well as possible
collaboration with the ESRF, necessitates an increase in
the EMBL budget.

The single most important
contribution of the EMBL

Several times when the EMBL tries to convince new Mem-
ber States to become affiliated we are asked the question
&lwhat is the single most important contribution of the EMBL
now when the technological and instrument facilities are no
longer in the absolute forefront?" The answer is probably
EMBL's organization of research in large Programmes with
several independent groups working together on a central
problem where the critical mass is provided through recruit-
ment of individual group leaders with different background
and interest, but all focused on solving a major important
topic in biology. If one wants to sort out anything as the
single most important contribution it is the opportunity that
EMBL offers to young scientists to become independent
and make their mark in an innovative environment which
provides sufficient consumables and equipment to further
their research. The success of the group leaders leaving
the EMBL in obtaining senior appointments is evidence
for this notion. During the last 7 years 43 group leaders
have left and 40 of them have been offered and have
accepted senior positions at the national level. The EMBL
conclusion from this experiment is that it is remarkable to
see how well people swim when they are thrown into cold
water. For the leadership of the EMBL it means that you
must succeed through others rather than through your own
scientific contributions.

L. Philipson



Do we need a European
Predoctoral Programme?

One of the greatest attractions of science and the pursuit
of scientific research is its truly international, indeed supra-
national, character. Scientific theories and experimentally
established data inherently transcend political and geo-
graphic boundaries, differences in ideology, culture and
language. As the history of this century has shown, those
countries that transiently attempt to deny or ignore this
truth are eventually, and to their own enormous cost,
forced to acknowledge it. Because of science's intrinsic
international character, academics involved in research
in the natural sciences have traditionally been amongst
the most mobile professionals in our societies; they share
methodologies, language, theories and goals; they place
value on international reputations of both institutions and
individuals, recognizing that in science, unlike some other
professions, purely parochial or national reputations carry
little weight.

However, the young European scientist's first exposure
to this mobility in employment really only begins after
the postdoctoral stage has been reached. In Europe the
overwhelming majority of research scientists obtain their
first degree and their doctorates in the same country. That
is, of course, equally true of the USA but in a nation
of that size, with massive financial resources devoted
to basic research and a very large scientific community,
staying within national borders has an altogether different
meaning. For the situation in the USA to be comparable
to the present situation in Europe, it would require that
graduates from universities in Rhode Island do their PhDs
only in that state, graduates from California likewise and so
on fifty times over. The coast to coast migration of graduate
students, that takes place each year in America as new

graduates seek places in graduate schools throughout the
USA, wouldn't happen. That would be patent nonsense to
any American scientist or academic, but it is precisely the
sort of situation we burden ourselves with in Europe.

Indeed, the situation in Europe is bleaker than that. There
are a tiny minority of university departments, which, as
a matter of principle, attempt to follow the policy of not
hiring as PhD students their own graduates. There are
also, of course, basic research institutes funded by both
governmental and private money, that are independent
of universities and, therefore, must recruit their doctoral
students from outside, but they do so usually only from
the national universities.

With these few exceptions the tendency is for university
departments to recruit their own graduates as PhD stu-
dents and, all too often, thereafter to recruit their PhDs
to permanent jobs. What little mobility there is, is within
national boundaries.

The reasons for internal recruitment of graduate students
are not hard to find. When the faculty of a university
department recognizes.an outstandingly good student they
want to keep him or her after graduation in their depart-
ment to reap the benefit, regardless, perhaps, of the best
interests of the student. On the other hand, the student,
discouraged from looking to wider horizons, finds it simpler
to accept the local offer of a stipend and a familiar place to
start research, without facing competition or the upheaval
of moving. The net result is immobility and intellectual
inbreeding to an extent that cannot be in anyone's best
interests, not least because it discourages in the student
a sense of intellectual independence.

The notion that there should be more mobility within the
scientific community in Europe receives much lip service
but at the predoctoral level there is precious little in the
way of practical measures to encourage it. The adven-
turous new graduate, who despite tradition would like to
move abroad to work for a PhD, and is willing to accept
the challenge of language and cultural changes that that
entails, finds two additional and formidable obstacles. First
the universities in the several European countries do not
automatically accept one anothers graduates as having
received an equivalent education. A German university,
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for example, will accept a British graduate with an MSc as
a PhD student but not a graduate with only a BA or BSc.
The solution to this problem is obviously not to attempt to
standardize and homogenize undergraduate teaching and
curricula, which would be neither desirable nor feasible,
but simply to institute real graduate schools along the
American lines to iron out differences in background. They
would benefit national students as much as foreigners.
Secondly, financial support in the shape of stipends and
predoctoral fellowships are normally provided by national
agencies to :"'lational institutions for national graduate stu-
dents. The situation as far as funding goes reinforces all
the other pressures to have a purely national education,
and often a purely parochial one, until the postdoctoral
level. Is this really how we intended to achieve, in the most
cost effective way, the strongest science base in Europe
with which to compete with the USA?

Compared to the magnitude of the problem, the existing
international predoctoral programmes, for example that
run by the Commission of the European Community and
the EMBL predoctoral programme, are in numerical terms
insignificant. But despite its miniscule size, the EMBL
predoctoral programme has taught one lesson, namely
that there is a real demand for international predoctoral
fellowships. If there is virtually no mobility at this level in
Europe it is not because of lack of interest from young
graduates.

To date EMBL has provided from its budget a maximum of
8 predoctoral fellowships annually for which some 110-130
young graduates have applied each year. Choosing the
8 young graduates from the 25 to 30 candidates short
listed for the final round of selection has repeatedly proven
difficult, even invidious. Excellent candidates have been
turned down, even though group leaders at EMBL would
have welcomed them, simply through lack of fellowships.
Since the programme began its success - measured by
the research achievements of the predoctoral fellows - has
resulted in increasing competition from the Laboratory's
group leaders for the few fellows available. In 1989, in
response to this demand, the programme will be increased
by 50%, which means to 12 fellowships per year, but 30
group leaders at EMBL have asked to compete for these
graduate students in 1989, a ratio of supply to demand
of 1:2.5. Clearly many first-rate graduates would seize

12

the opportunity to work abroad for their PhD, despite the
obstacles, if such opportunities were open to them. All
it would take to encourage this mobility would be the
provision of modest stipends that could be competed for
internationally and a greater degree of flexibility on the part
of universities when it comes to recognizing one anothers
degrees.

Europe is in transition. In 1992 the European Community
will finally adopt measures designed to make its Member
States a single economic unit, a real common market
place freed from domestic industrial subsidies and other
protectionism in one form or another. Given this draught,
if not wind, of change in the corridors of political power,
and the increasing realization that only by forging itself
into a more coherent integrated unit can Europe hope to
compete internationally, is it beyond the financial resources
and the willpower of the second or third richest community
in the world, with the longest tradition of modern scientific
research, to increase significantly the opportunities to work
for a PhD in a foreign, but European, laboratory? All that
has to be done is to institute some international predoctoral
fellowship programmes of significant size. At the bottom
of the academic hierarchy, graduate students cost less to
hire than any other category of researchers. Therefore,
in monetary terms, the cost of such programmes cannot
be a serious obstacle. On the other hand, the prospective
benefits, both from strengthening science in Europe and
increasing international understanding and the integration
of Europe's several nation states are very great. Today's
graduate students, over the next decade, will mature into
Europe's leaders in basic research. Perhaps if Europe
made serious efforts to facilitate international exchange
and mobility at this earliest level of real research work, the
tendency to look always westwards for leadership would
be less strong.

If there is to be in Europe in 1992 a real common market
for industrial and agricultural products, why not also open
up a common market place for graduate students and
academic institutions to compete for one another. Anyone
who has seen the promotional literature from American
graduate schools, which compete fiercely and nationwide
for the pick of each year's group of graduates, can only
be left wondering how Europe, divided and parochial,
has survived as well as it has thus far. Not even the



most prestigious US graduate schools sit back on their
laurels waiting for the best to seek them out, rather they
make every effort to attract the best, knowing that if they
do not they will quickly loose out to their competitors.
They compete in a common market of 250 million people
for the best to ensure they maintain their position; they
realize that their future lies in continually recruiting the most
intelligent and innovative graduate students. It may be no
exaggeration to suggest that in the long run if Europe does
not open up its graduate student market, its other common
market will increasingly become dependent on imported
technological innovations.

J. Tooze
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Cell biology

In his autobiography ClWhat Mad Pursuit", Francis Crick
reflects on the use of the word Clrecently" in different areas
of research. Clln classical studies (Latin and Greek) recently
means within the last twenty years. In neurobiology and
psychology it usually means within the last few years,
whereas in modern molecular biology it means within the
last few weeks". The spectacular progress in molecular
biology, especially in the field of genetics, has led to the
conviction that all problems in the life sciences can be
solved by reducing them to their molecular level. This is
the conviction that guides the research in the Cell Biology
Programme, as well. We need to identify the molecular
components of the cellular machinery, responsible for
generating and maintaining cellular organization. The cell
has to be taken apart and the isolated bits of the basic
mechanisms characterized to find out what they are made
of an'd how they work. This is an immense task that has
only just begun.

While it is evident that the molecular approach will give
us work for years to come, it is also becoming apparent
that alternative approaches have to be worked out. The
reductionist approach has its limits. Many of the difficulties
that we encounter today stem from our reluctance to take
a wide enough view. Cellular organization is generated
by a complex interplay between the cellular machinery,
distributing proteins and lipids to different sites within the
cell, and the cytoskeletal networks. By homogenizing tis-
sues and cells to a structure-less jelly, many of the cellular
functions that we would like to analyse are lost. We need
novel methods that can be used to study these functions
either in the living cell itself, or in experimental systems
in which sufficient cellular organization is maintained to
preserve the function under study. This is the challenge
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that the Cell Biology Programme has to meet both the-
matically and methodologically. We are trying to develop
a wide enough range of experimental themes within the
Programme itself, and to integrate these into a functional
whole. The three areas that we are concentrating on are
membrane trafficking, microtubular networks, and the cell
cycle. These themes together provide a comprehensive
view of cell organization in time and space. We have
a commitment to the development of new methodology
and technology to study cell structure and organization.
Compared to the advanced state of the methods used in
molecular biology, the methodological arsenal available to
cellular biologists is inadequate.

Most important for the task is the recognition that there
exists a gulf to be bridged between reductionist molecular
biology and the cellular approaches in order to reach an
integrated understanding of cellular function. Or as Sidney
Brenner has formulated this problem: Cllt may be wrong to
believe that all the logic is at the molecular level. We may
need to go beyond the clock mechanisms." The search for
this logic will require a multi-leveled approach.

Membrane trafficking

The distribution of newly synthesized membrane glycopro-
teins starts in the endoplasmic reticulum. From there the
glycoproteins are transported to their destinations inside
and outside the cell. The early segments of the exocytic
pathway are common to all proteins, leaving the endoplas-
mic reticulum to the next station, the Golgi complex. In the
Golgi, proteins pass through several subcompartments be-
fore they reach the exit. This is the trans-Golgi network and
it functions as the main sorting site for membrane proteins
in the exocytic pathway. Several groups in the Programme
are studying the structure and function of this important or-
ganelle. A new method has been devised to isolate eDNA
clones, encoding Golgi proteins. This involves the use
of polyclonal antibodies and expression cloning. Several
proteins have been identified and one of these proteins
has been localized to the trans-Golgi network. The proteins
exit from this organelle by inclusion into vesicular carriers.
These elusive intermediates in membrane traffic have now
been isolated, using a combination of new methods. In
fibroblasts and hepatocytes, cell-free assays have been



devised to release the membrane vesicles, which carry
proteins to the cell surface. In epithelial cells, the vesicles
destined to the apical and the basal cell surface domains
have been isolated from perforated cells. A class of GTP-
binding proteins has been identified in the vesicles. These
are now being characterized. The working hypothesis is
that these serve a function in the vectorial transport be-
tween the trans-Golgi network and the cell surface. A
cell-free assay has also been constructed to study the
formation of secretory granules in neuroendocrine cells.
Newly synthesized secretory proteins are selectively pack-
aged into these granules by aggregating with one another.
Neuronal cells are especially interesting models for mem-
brane traffic to the cell surface. These cells have long
surface processes, axons and dendrites. Almost nothing
is known about how membrane components are sorted
into these different specializations of the cell surface. Re-
cently, a culture system has been devised elsewhere that
allows the growth of polarized neuronal cells with axons
and dendrites. The function of the trans-Goigi network in
these different cell types is now being analysed to find
out whether common pathways and mechanisms are used
or whether each cell type has its own specific delivery
system. Epithelial and neuronal cells could, for instance,
use modulations of the same two delivery systems to
generate and maintain their surface polarity.

Membrane components are not only delivered to the cell
surface. They are continuously being internalized in mem-
brane vesicles into the endocytic pathway. A major effort
is underway in the Programme to study this complicated
pathway. A new cell surface receptor has been identi-
fied that has homology with the low density lipoprotein
receptor. This new receptor binds apoE protein and has a
potentially important function in cholesterol and lipoprotein
metabolism. The endocytic pathway plays a decisive role
in regulating cholesterol levels in vertebrates.

The different stations in the endocytic pathway, the early
and late endosomes and the Iysosomes still lack molecular
definition. Assays have been worked out not only to study
delivery between these compartments but also to analyse
the connections between the endocytic and the exocytic
pathways. Newly synthesized lysosomal enzymes, bound
to their mannose-6-phosphate receptors, are delivered to
the late and probably also to the early endosomes. Also

class II histocompatibility antigens are routed to the endo-
cytic pathway where they function in antigen processing.
Antigens are endocytosed for processing by lysosomal
proteases. This process represents an exciting interface
between immunology and cell biology, in which comple-
mentary approaches will be essential for an understanding
of the principles involved.

Results during the year have shown that the endocytic
pathways in epithelial cells meet in the late endosomes.
Probes, internalized from the apical and the basal sides,
are delivered to early endosomes, distinct for the two sides
of the cell. Delivery then occurs deeper into the pathway,
to the late endosomes, where mixing takes place. These
studies have made use of biochemical assays, confocal
microscopy and immunoelectron microscopy. Together,
these methods provide quantitation with both spatial and
time resolution, unattainable by any of the methods alone.

Microtubules

The microtubules form networks of cables throughout the
cell. In motile fibroblasts, the microtubules are nucleated by
the centrosome in the centre of the cell. The microtubules
exhibit dynamic instability; the bulk of the microtubules
disassemble and reassemble every 15 minutes. In fully
polarized epithelial cells, the microtubules have a much
more complicated organization than that seen in fibrob-
lasts. This organization has now been elucidated for the
first time with the aid of confocal and electron microscopy.
In these cells, the microtubules have their minus ends in
the apical segment of the cells and they are not nucleated
by the centrosomes. The microtubules are much more
stable than in fibroblasts. The factors that regulate the
different organization and behaviour in these two cell types
remain to be defined.

The microtubules play an important role in guiding and
orienting intracellular movement. The positioning of the
different compartments in the exocytic and the endocytic
pathways are maintained by microtubules. Studies in neu-
ronal cells in other laboratories have led to the identification
of proteins involved in the movement of vesicular carriers
along microtubules. Studies at the EMBL are directed
at identifying the molecular components of microtubule- .
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organelle interactions in non-neuronal cells. These studies
are carried out at two complementary levels. One is to
set up cell-free assays and use these to characterize both
the attachment and the translocation steps of organelle
movement. The other level is to study the movement in liv-
ing cells using advanced light microscopy and fluorescent
probes. A test system has been devised to analyse the
interaction between microtubules and the carrier vesicles,
released from perforated epithelial cells. Specific cytosolic
proteins mediate the attachment. These are now being
characterized.

The movement of larger elements of the endocytic and
the exocytic pathways can be followed by video-enhanced
fluorescence microscopy. The reclustering of the dispersed
Golgi elements has been analysed following microtubule
disassembly and reassembly. The movement of the vesic-
ular carriers cannot yet be traced with any precision. A new
generation of confocal microscopes, operating at low light
levels and at video speed, will be necessary for this task.
Such a microscope is under construction in the Physical
Instrumentation Programme.

The cell cycle

Cellular organization changes dramatically during the cell
cycle. When vertebrate cells enter mitosis, the nuclear
envelope disassembles, the cytoplasmic microtubules de-
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polymerize and reassemble to form the mitotic spindle.
Membrane traffic stops. Little is known about how these
changes are brought about. The elucidation of the regu-
latory elements involved would provide important insight
into how cells organize themselves. Two complementary
experimental systems are being used to study the cell
cycle in the Programme. One is the Xenopus toad eggs
and the other is the budding yeast Saccharomyces cere-
visiae. The advantage with the former system is the ease
of biochemistry and experimental manipulation and that
of the latter is the superior genetics. During the year two
important advances have been made. A cell-free assay
has been constructed from Xenopus eggs that mimics
the essential cell cycle events in vivo. With this system,
it is possible to study the cascade of kinases and phos-
phatases, regulating the different stages of the cell cycle.
Also centrosome duplication and microtubule reorganiza-
tion can be analysed in the test tube. In yeast, a novel
protein has been identified that plays an essential role in
the cell cycle. Antibodies against this protein have been
used to show that the protein is part of the spindle pole
body which is functionally related to the centrosome in
higher eukaryotes. These antibodies cross-react with a
protein present in centrosomes. The function of this protein
is not yet known, but it probably plays an important role in
nuclear division.

K. Simons



Differentiation

One of the major unresolved questions of biology is how
an organism develops from a fertilized egg cell into an
adult. During development, early embryo cells rapidly di-
vide and undergo a process of specialization or "differ-
entiation". What is the molecular basis of growth control
and differentiation? It is known that cells of different types
all contain the same full complement of genes and that
cells with different phenotypes express different, although
overlapping, subsets of those genes. Thus, differentiated
cells express common genes ("housekeeping genes") as
well as cell type specific genes which determine the cell's
phenotype and particular function ("differentiation genes").
The mechanisms which establish the characteristic gene
expression patterns in different cell types are unknown, but
almost certainly involve how the cells respond to signals
in their environment, such as diffusible factors or cell-cell
contacts.

A fruitful approach to unravel the molecular basis of devel-
opment and differentiation is to study cancer cells. Work
over the last decade has revealed that a small number of
cellular genes, approximately 50 of the estimated 100,000
genes of higher vertebrates, when mutated or aberrantly
expressed, can lead to the formation of neoplasia. Most
or all of these genes, also termed "proto-oncogenes" in
their normal form, turn out to be involved in the growth
control cascade which begins with growth factors and
ends in the nucleus. The ability of cells to divide and
differentiate is strictly dependent on signals from outside,
protein factors that are recognized by specific cell surface
receptors. These receptors become activated and in turn
emit signals to the interior of the cell which typically include
the phosphorylation of a number of proteins that serve as
signal transducers molecules. Finally the signal(s) reaches

the nucleus where certain genes become activated while
others are repressed. The so called "trans-acting factors"
have a key role in this latter process, these are proteins
that either by themselves or in a complex with other
proteins interact with specific recognition sequences on
the DNA, thereby regulating the activity of adjacent genes.
More and more evidence indicates that at least some of
the genes which are involved in growth control also playa
role during differentiation and development.

Most of the research efforts in the Differentiation Pro-
gramme focus on the investigation of the superfamily of
oncogenes and their role during growth, differentiation and
development. These genes are being studied using a large
spectrum of technical approaches in a variety of systems
ranging from yeast to mice. The following presents an
outline of some of the achievements made within the
Programme during the past year.

Role of growth factors and receptors
(oncogenes) in mouse development and
growth control

In exploring alternative routes for the introduction of genes
into mice, Erwin Wagner's group has been studying embry-
onal stem (ES) cells. The maintenance of pluripotent ES
cells in culture requires the presence of a soluble factor
produced by so-called feeder cells. The group has now
succeeded in identifying this protein as being identical
to LIF (leukemia inhibiting factor), a factor which has
previously been cloned and sequenced by the group of
Nicolas Gough (Melbourne). ES cells can be grown in the
presence of recombinant LIF for extended periods of time
(more then 20 generations) without losing their capacity
to generate chimaeras following microinjection into blasto-
cysts and implantation into foster mothers. These results
are of theoretical importance for embryologists and may
also have practical implications for the growth of ES cells
from different species. The growth of undifferentiated ES
cells can also be induced from within by introducing the
polyoma virus oncogene middle T. Even though these
cells do not appear to express LIF, it is still possible they
produce yet another factor. Chimaeras generated from
these cells exhibit an arrest of embryonal development at
midgestation, accompanied by the formation of cavernous
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haemangiomas. These haemangiomas are composed of
transformed endothelial cells, which, following transplan-
tation into another animal, again induce the formation of
haemangiomas. Interestingly, the tumours arise mainly
through the recruitment of host cells, suggesting the in-
volvement of a soluble factor whose nature remains to be
determined.

In parallel studies aimed at determining the role of growth
factors on the growth and differentiation of haematopoietic
stem cells, it was found that introduction of the epidermal
growth factor (EGF) receptor gene into bone marrow cells
leads to the proliferation of IL-3 dependent mast cells. This
observation provides an interesting example of a single
cell type that requires and responds to two growth factors
which synergise through an unknown mechanism.

Similar studies performed by the groups of Bjorn
Vennstrom and Hartmut Beug using avian cells showed
that introduction of the EGF receptor into bone marrow
cells in the presence of EGF causes the proliferation not of
mast cells, but of erythroid cells. Also in contrast to the sit-
uation with mouse mast cells expressing the EGF receptor,
these erythroid cells proliferate even in the absence of their
natural growth factor (EPO). Interestingly, EGF appears
to trigger in them a different response than EPO since
only EPO, but not EGF, facilitates their differentiation into
erythrocytes.

Identification of genes in quiescent fibroblasts
stimulated by serum growth factors

Rodrigo Bravo's group has shown that serum stimulation
of quiescent fibroblasts results in the transient activation
of some 80 genes. Patrick Charnay's group investigated
the mechanism of regulation of two of the serum-induced
genes and found that they contained multiple copies of
a consensus sequence of the "serum response element",
previously identified in the promoter of the c-fos gene.
Most of the serum induced cDNAs have now been se-
quenced and some of the genes have been identified.
One of the most interesting findings was that the presence
of the c-jun gene was among those genes which are
activated within 30 to 60 min, like the c-fos gene. This fits
with the recent discovery by others that the c-jun and c-fos

18

gene products, both of which have oncogenic retroviral
homologues, form a complex. This protein complex binds
to DNA and induces the transcription of other genes. One
indication of the complexity of events in the nucleus is the
isolation by Bravo's laboratory of a fos-related gene, fos-B,
another potential complex forming, trans-acting oncogene.
Among the other 80 genes there is one which encodes
a protein related to the family of steroidlthyroid hormone
receptors and two which encode proteins with a predicted
zinc finger structure. These proteins are potential transcrip-
tional regulators with possible functions in growth control.
Studies in Charnay's group in collaboration with a group
in London indicate that one of these zinc finger genes
has a characteristic and highly specific expression pattern
in mouse embryos, suggesting a role in development or
differentiation.

Besides nuclear protein encoding genes, several of the
serum induced genes code for secreted proteins, some
or all of which are potential growth factors themselves.
Finally, several genes code for cytoskeletal-cell matrix
proteins where it is assumed that they have a role in
wound healing. Taken together, these studies suggest that
a large number of genes participate in events leading
to cell growth. They also raise the intriguing possibility
that serum stimulated cells enter a second loop of growth
regulation before the signal is totally dampened.

Role of nuclear oncogenes in growth
control and differentiation of avian
haematopoietic cells

The groups of Hartmut Beug and Bjorn Vennstrom con-
tinued their work on the mechanism by which v-erbA, the
thyroid hormone receptor, turned into an oncogene that
blocks the differentiation of erythroid cells. Using hybrid
constructs between v-erbA and the normal counterpart
gene encoding the full receptor (c-erbA) they found that
v-erbA inhibits the expression of the band 3 gene, an
anion transporter, and that of carbonic anhydrase while it
has no repressing effect on other erythroid genes. What
remains is to find out whether the differentiation block
induced by v-erbA can be overcome by the constitutive
expression of these two genes. A first step in this direction
has been the cloning of the chicken band 3 gene, and



the determination of its nucleotide sequence, using the
automated sequencing technique- developed by Wilhelm
Ansorge at the EMBL.

Thomas Graf's group focused on the mechanism of trans-
formation of avian haematopoietic cells by the myb, ets
containing E26 leukemia virus. This virus has the unique
capacity to transform both myeloid and erythroid cells.
Myeloid cells transformed by this virus are dependent for
their proliferation on cMGF, a chicken myelomonocytic
growth factor. This factor has now been cloned and found
to be a distant relative of mammalian G-CSF and IL-6.
The group has also isolated and characterized a novel
type of E26 mutant which is temperature-sensitive for
erythroid cell transformation and which exhibits a point
mutation in the ets gene. Unexpectedly, the same mutant
induces a lineage switch from transformed myeloblasts to
promyelocytes, the precursors of neutrophil granulocytes.
This suggests that different conformations of the myb, ets
protein determine the phenotype of transformed myeloid
cells and raises the possibility that the corresponding
cellular homologues play a key role in haematopoietic
differentiation.

Studies on signal transducing oncogenes
in yeast and mammals

Two oncogenes which have been implicated in signal
transduction are ras and src. The proteins encoded by

these genes, p21 ras and pp60c-src, are parts of a cascade
of protein kinases whose activation leads to the production
of second messengers. Ottavio Fasano's group, which is
studying the function of ras in yeast, isolated and char-
acterized a series of point mutants which define possible
novel functional domains of p21 rase In a search for sup-
pressors of ras-defective strains they found one strain with
a mutation in the adenylate cyclase gene as well as two
others with mutants in two protein kinase-related genes.
The role of these genes in the transduction of the p21 ras
signal is now being further investigated.

Sara Courtneidge's group has been studying the mecha-
nisms by which the products of src and src-related genes
such as fyn are activated as tyrosine kinases. Previous
studies showed that in polyoma virus transformed cells,
the polyoma middle T antigen associates with pp60c-src
and with an 80 kD phosphoinositol kinase. It is thought that
in this complex, the masking by middle T of a regulatory
phosphorylation site in pp60c-src leads to the activation
of its tyrosine kinase activity. They found that the p59fyn
protein also forms a complex with the polyoma middle T
antigen. These observations suggest that in mammalian
cells different protein complexes exist between oncogenes
and cellular molecules whose interaction might be a pre-
requisite for signal transduction. They also raise the inter-
esting possibility that these different complexes are part of
signalling pathways.

T. Graf
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Biological structures

Modern molecular biology, unlike classical descriptive bio-
logy, is based on the correlation of molecular function with
molecular structure. At first sight, a protein structure seems
so bewilderingly complex that the basis of a particular
function would be obscure. Perutz, for example, described
the first protein structures as "visceral" in contrast to the
appealing simplicity of the double helical structure pro-
posed for DNA. It is, however, only by determining such
structures and by dealing with their complexity that we
can pass from a description of biological processes to
an understanding of them. The work within the Biological
Structures Programme is aimed at the determination of
new structures of important biological molecules and the
testing of structural models for their function. Three central
biological themes are being addressed by the work within
the Programme: membrane protein structure and function,
nucleic acid-protein interactions and muscle protein as-
semblies.

The tools of the modern structural biologist range from
those classically associated with the field such as electron
microscopy and x-ray diffraction to those of genetic engi-
neering and cell biology. For this reason, the Programme is
the most diverse in the Laboratory in terms of techniques.
The Programme has grown within the past year by the ar-
rival of the Kuhlbrandt, Metcalf and Wierenga groups which
has increased our strength in electron and x-ray crystallog-
raphy. These groups complement the ones already using
these techniques as well as those specializing in genetic
and biochemical approaches to give the Programme a
great deal of flexibility in addressing structural problems.
The introduction of area detectors to the Laboratory by
the Tucker group for the rapid collection of x-ray diffraction
data has had an enormous impact on the speed with which
conventional crystallographic analysis can be completed.
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A new high resolution transmission electron microscope
with a low temperature stage and a high resolution den-
sitometer have opened the road for the determination
of structures at the atomic level by electron microscopy.
These improvements in biophysical techniques have been
matched by an increasing utilization of genetic engineering
as a structural tool. In the work on DNase I-DNA interac-
tions, enveloped virus capsid structure and on the active
site of the yeast H+ ATPase, mutagenesis is being used
to test and refine structural models. In the work on the
domains of actin and on colicin A, site-directed mutations
are being exploited to overcome difficulties with the least
controllable portions of structural analysis, the production
of suitable crystals and suitable isomorphous derivatives.
Informal surveys indicate that roughly 100/0 of attempts to
crystallize proteins are successful and that fewer than 100/0
of the crystals obtained can be utilized to produce a high
resolution structure. Genetic engineering is beginning to
shorten those discouraging odds.

The Programme is unique among structural biology depart-
ments in the amount of effort being devoted to membrane
systems; seven of our nine groups are studying membrane
proteins or complexes. The Nobel prize recently awarded
to Deisenhofer, Michel and Huber for the determination
of the structure of an intrinsic membrane protein is one
indicator of the worth of the few pieces of structural infor-
mation that have been obtained for membrane proteins.
The field remains relatively unexplored and members of
the Programme are following a variety of approaches in
studying these structures.

One very successful approach to the study of membrane
proteins is the study of soluble bacterial toxins, such as
the colicins, which kill bacterial or eukaryotic cells by
forming ion channels in their membranes. The structure
of the carboxy-terminal domain of colicin A has been
determined to 2.5 A in a collaboration between the Pattus
and Tsernoglou groups. This 204 amino-acid fragment is
the portion of the molecule which is responsible for pore
formation. Although this fragment is water-soluble, it can
interact with lipids to form a stable complex which has been
studied by biochemical and spectroscopic methods. Such
studies indicate that the structural change which occurs
upon the penetration of the peptide into the lipid bilayer
is a transformation to an inside-out configuration without a



great change in secondary structure. This result validates
the use of the three-dimensional structure of the water-
soluble form of the protein as a basis for understanding
the interactions leading to pore formation. The structure
of the pore-forming domain can be described as a bundle
of ten a-helices which are arranged in three layers (see
cover). The middle layer consists of three helices, the first
two of which are completely buried and comprise only
hydrophobic residues. The structure resolves the paradox
that colicins can exist as both water-soluble proteins and
as membrane proteins; these hydrophobic regions adopt
a helical hairpin motif which is completely buried within
the protein. Thus residues which interact with lipid in the
membrane-bound form of the protein are interior in the
water-soluble form. The observation of a helical hairpin
within colicin is particularly intriguing because such struc-
tures have been proposed for the signal sequences that
function in protein translocation across membranes. The
insertion of the colicin molecule into membranes may thus
provide a paradigm for the understanding of a broad class
of membrane insertion and translocation events.

The scarcity of three-dimensional crystals of membrane
proteins has led to the development of a methodology
for working with two-dimensional crystals. The KOhlbrandt
group has grown very well-ordered two-dimensional crys-
tals of the light-harvesting chlorophyll alb-protein complex
from chloroplast membranes (LHC-II) and is using them
to determine the structure of this intrinsic membrane pro-
tein. The methods used are a combination of electron
diffraction, high resolution electron imaging and recently
developed methods of image processing. This work has
produced a map of this protein in projection to 3.7A
resolution, a level of detail that could only be obtained from
x-ray crystallography until recently. Trimers of the protein,
which are believed to be the active form in chloroplast, are
observed in the crystal. The map shows the monomers
clearly resolved and gives evidence of approximate two-
fold symmetry within the monomer which is supported by a
careful analysis of the sequence. Features consistent with
membrane-spanning a-helices perpendicular to the plane
of the membrane and others indicating helices inclined
relative to the plane are present. These features indicate
that the light harvesting complex will have a structure
quite different from either the reaction centre or bacteri-
orhodopsin.

The availability of powerful techniques for the analysis
of two-dimensional crystals has led to the development
of general methods for their production. The Pattus and
Leonard groups have been successful in growing a number
of two-dimensional crystals on lipid monolayers. Crystals
have been obtained from proteins such as a-toxin and
other difficult to crystallize objects such as thin filaments.
Image analysis of two-dimensional crystals and helical ar-
rays has proved to be the only successful approach to the
structures of large multimeric complexes such as the mito-
chondrial cytochrome c reductase and NADH:ubiquinone
reductase and is being used by the Leonard group for
subunit localization.

The Fuller group is addressing the formation of membrane
protein assemblies through a study of the structures of en-
veloped viruses and of lipoprotein particles. The enveloped
viruses are icosahedrally symmetric in their native state
so that a three-dimensional structure can be determined.
The lipoprotein particle has rotational symmetry that can
also be exploited to yield three-dimensional structural in-
formation. In both cases the native structure and, hence
the symmetry, is destroyed upon dehydration so that the
methods of cryo-electron microscopy are essential.

The Serrano group is using genetic engineering, biochem-
istry, immunology and electron microscopy to approach the
structure of the H+-ATPase of yeast. This enzyme is a
member of a family of homologous ATPases from plants
and animals. A detailed model has been developed for
the common structural features of eukaryotic proton pumps
based on the conserved motifs within this family. This de-
tailed model is being tested by site-directed mutagenesis
in the yeast system. An interesting set of results has been
obtained from the expression of the yeast H+-ATPase in
prokaryotic and eukaryotic cells. The yeast H+-ATPase is
toxic in bacteria, causing inhibition of growth. In animal
cells, the yeast H+-ATPase behaves as an oncogene. This
result forces a reinterpretation of the role of intracellular pH
in cell proliferation and opens the way to an understanding
of the initial stages of cell transformation by increased
proton transport.

Actin is a central molecule in many cellular processes
and knowledge of its structure would be a major accom-
plishment. The Suck group, in collaboration with Wolfgang
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Kabsch (MPI fOr medizinische Forschung), has made im-
portant progress this year toward this goal in their work
on crystals of the skeletal muscle actin-DNase I complex.
The combination of several new heavy atom derivatives
measured with the area detectors has led to a much
improved 3.5 Amap. Agreement with their previous high
resolution structure for DNase I alone provides a valuable
test for the quality of the map of the complex. In the
latest map, secondary structural features are clearly visible
in both the actin and the DNase I regions. These latter
features match the known structure of DNase I although
none of that information was included in the calculation
of the map. A four-stranded ,B-sheet flanked by helices
is found in the small domain of actin, another ,B-sheet
is present in the large domain. This map confirms that
actin consists of two clearly separated domains with very
little connecting density and that the adenine nucleotide is
bound between them.

The work on the triose phosphate isomerase from try-
panosomes by the Wierenga group shows the importance
of the availability of high resolution structural informa-
tion. Detailed comparison of this structure with the cor-
responding one in mammalian systems reveals a number
of differences near the active site of the enzyme. These
differences are now being used for the design of inhibitors
which are selective for the trypanosome protein. Such
inhibitors would be promising candidates for the treatment
of diseases caused by these parasites.

The Metcalf group has produced a low resolution struc-
ture of reovirus by icosahedral reconstruction from cryo-
electron micrographs. The structure confirms their previous
hypothesis about the packing of the subunits in the core
and reveals the first details of the arrangement of subunits
in the outer shell of the virion. The Fuller group has been
studying structures formed by the capsid proteins of en-
veloped animal viruses produced in E.coli as a means for
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testing the folding models for them. The models were de-
veloped for the hepatitis Band Semliki Forest virus capsid
proteins in collaboration with Patrick Argos (Biocomputing
Programme) on the basis of sequence homology with
the known structures of picornaviral capsid proteins and
make a number of strong predictions about the effects of
mutations on the stability of the structure. A collaboration
with Michael Nassel, Frank Birnbaum and Heinz Schaller
(Zentrum fOr Molekulare Biologie, Universitat Heidelberg)
has shown that the effects of deletion mutants on the
assembly of the hepatitis B capsid are those predicted by
the model. A similar effort is underway with David Vaux
(Cell Biology Programme) to test the effect of mutations
on the Semliki Forest virus capsid protein.

An intriguing class of proteins are those which appear to
catalyse the folding or assembly of other proteins. The
Leonard group has obtained two-dimensional crystals of a
member of the chaperonin family of heat shock proteins
which are suitable for three-dimensional reconstruction.
The Fuller group is using an immunological approach to
characterize the mechanism of retention of similar proteins
in the lumen of the endoplasmic reticulum.

Some of the most important work of the Programme is also
the least visible. This is the continuing effort to produce
useful amounts of interesting proteins and to obtain well-
ordered two- or three-dimensional crystals of them. At
present every group in the Programme is involved in some
stage of this process in systems ranging from the yeast
ATPase to whole enveloped viruses through synthetically
prepared domains of large proteins. This work may not
bear fruit immediately however it will form the basis for
advances in our understanding of the structural basis of
biological function in the future.

S. Fuller & D. Suck



Gene expression

Genes, by means of a highly accurate mechanism of
duplication, are responsible for the transmission of ge-
netic information to the progeny and, through transcrip-
tion, processing and translation, specify the synthesis of
proteins and therefore, indirectly, much of the "activity"
characteristic of individual cells and organisms. The basic
molecular mechanisms responsible for gene expression,
that is replication, transcription, processing and translation,
are well understood and many of the enzymes involved
have been characterized. It must be borne in mind however
that these processes are highly regulated both during
development and adult life in the sense that they take place
only at precise times during development and in specific
cells and tissues. The temporal and spatial regulation of
gene expression is at the root of the phenomena of growth
and differentiation, including of course their pathological
alterations. For a long time the molecular mechanisms
responsible for the regulation of gene expression have
eluded investigation, but in the last few years there have
been major break-throughs, largely due to the develop-
ment of recombinant DNA technology. The various groups
in the Programme of Gene Expression have developed
and exploited a variety of experimental systems in an
attempt to reproduce regulatory mechanisms in vitro as
a step towards understanding them.

Cell-specific transcription

A multicellular organism derives from a single cell, the
egg, which upon fertilization multiplies to generate a large
variety of differentiated cell types which constitute the
various tissues and organs. Each cell type is character-
ized by the presence of cell type-specific proteins whose

synthesis depends on the activity of cell-specific genes. An
important and still incompletely resolved problem in biology
is the mechanism responsible for the selective activation of
genes in different cell types. In the case of hepatocyte- and
thyroid-specific genes, which are studied by two groups in
the Programme, selective activation occurs primarily at the
level of transcription: the transcriptional apparatus present
in these cell types is thus specialized. This specialization
is reflected in the presence of a certain number of nuclear
proteins, called trans-acting factors, whose synthesis or
activity is cell-specific. An interaction between these trans-
acting factors and specific DNA sequences present in the
control region of cell type-specific genes is established.
The formation of these complexes is thought to be both
necessary and sufficient for the activity of the gene(s). In
addition it appears that negative trans-acting factors, or
repressors, also play a role in modulating the expression
of cell-specific genes in the corresponding cell type, and in
preventing their expression in other cell types. A primary
task is therefore the identification of the cell-specific pos-
itive and negative trans-acting factors and the elucidation
of their mechanism of action. During the last few years
we have developed several expression systems, including
transgenic mice, transfection of cultured cells and cell-free
in vitro transcription, in which cloned segments of DNA,
with or without prior manipulations, have been transcribed.
This work has led to the identification, purification and
characterization of several liver-specific and at least one
thyroid-specific trans-acting factor. More recently it has
been possible to clone the genes coding for some of
the liver-specific trans-acting factors. This study has led
to the conclusion that these genes are also regulated
at the level of transcription. How is this accomplished?
Are there specific transcriptional activators responsible for
the expression of transcriptional activator genes? What
regulates the regulators? Future work in the Programme
will address this fundamental question.

Processing of the information:
the splicing of mRNA

Down the pathway of gene expression the next step at
which control may be exerted is at the level of processing
of mRNA precursors. The primary product of transcription
is a precursor RNA which undergoes a series of modifi-
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cations to generate the mRNA molecule from which the
genetic information is translated into proteins. One of the
most important steps in this pathway is the removal of
intron sequences. This is a very complex reaction involving
multiple and specific cleavages of the RNA precursor and
ligation of the resulting fragments into a single mRNA
chain. The chemistry of this reaction has been worked out
in several laboratories and the outstanding problem is now
to identify and characterize the complex machinery which
is responsible for it and to understand the molecular basis
for its differential regulation in different cell types. A large
number of molecules are involved in splicing complexes.
Some of these are proteins and are organized in several
distinct RNP particles. Each RNP contains a small RNA
molecule and several proteins. On top of the extraordinary
complexity of the splicing apparatus, it has been shown
that its biosynthesis is very complex: both polymerase II
and polymerase III transcriptional units are involved, in
some cases in a unique hybrid situation. The biosynthesis
of protein and RNA is highly regulated during development.
From a single precursor RNA, several different mRNAs can
be generated by alternative and often cell-specific splicing
reaction. Groups in the Programme are working on several
aspects of this phenomenon, including the biosynthesis of
the RNA and protein subunits of the components of the
splicing complexes, the in vitro assembly of the various
components into mature particles, and the reproduction in
vitro of the splicing reaction. In addition, in collaboration
with the electron microscopy groups and the Physical
Instrumentation Programme, it has been possible to obtain
micrographs of the splicesome, which reveal extremely
interesting details of the interaction between the splicing
machinery and the RNA substrates. More recently these
biochemical and morphological studies are complemented
by direct genetic analysis of the splicing apparatus in
simple eukaryotic cells. This coordinated effort of several
groups has led to several interesting results: a rather
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detailed description of the cis- and trans-acting elements
necessary and sufficient for the synthesis of several small
RNA genes; the determination of the various steps of the
pathway leading to the assembly of the small RNAs and
proteins into mature particles and of the various snRNAs
into an active spliceosome.

Regulation of translation

Often molecular mechanisms responsible for the regulation
of gene expression can be best understood in specialized
systems and a considerable amount of information has
been gathered from the study of the expression of viral
genomes during their life cycle. A group in the Programme
is using vaccinia virus as an experimental system. The
results obtained have clarified that control at the level of
the efficiency of translation plays a crucial role in vaccinia
gene expression, and this control is achieved by a molec-
ular mechanism that had not previously been observed
in eukaryotes. This work is also relevant in view of the
possible applications of vaccinia virus in medicine. In ad-
dition the vaccinia virus system can be effectively used as
a eukaryotic expression vector and it has been possible
to develop several collaborative projects both within and
outside the Programme, aimed at the overproduction of
several proteins of biological interest. In particular, the
vaccinia expression vector appears ideal for the study of
post-translational modifications of proteins, e.g. phospho-
rylations, glycosylation etc. Control of gene expression at
the level of translation is a relatively neglected area. It is
however becoming increasingly clear that the cell regulates
the entrance of mRNAs into the translational machinery.
A new group, working on this phenomenon, will join the
Programme during 1989.

R. Cortese



Physical instrumentation

Electron microscopy development

This year has been notable first for a substantial in-
crease in the biological applications of both the STEM and
CryoSTEM. Prof. Michael Beer, spending a sabbatical year
with us, and Eric Carlemalm, previously at the Biozentrum
Basel, increased significantly the dedicated users within
the group. This has led to additional collaborations within
the Laboratory, in particular with the Gene Expression
Programme. The basis of this expansion has been our
success in using small heavy metal clusters as specific
labels, a technique for which the STEM, with its high
efficiency dark-field mode, is particularly suited. A crucial
factor in this work has been the collaboration of Brian
Sproat in the production of these labels. The method has
been applied to a number of samples such as myosin and
ribosomes but the studies with the greatest potential for
future work were those on the structural and functional
analysis of spliceosomes in collaboration with Angus La-
mond (a collaboration catalyzed by Michael Beer).

As has been pointed out in previous years, the STEM
instrument is ideally suited to all forms of quantitative mi-
croscopy. The mass measurement techniques described
in past reports continue to be applied to a variety of
specimens. To expand the service, we have designed a
separate freeze-drier with a portable airlock for the si-
multaneous preparation of multiple specimens. The range
of imaging modes available on the CryoSTEM, already
greater than any competitive instrument, continues to in-
crease. The true dark-field described in last year's report
also makes possible true z-contrast imaging while a new
data-acquisition system for the CCD parallel detector will
allow up to four elemental maps to be produced simul-

taneously. Finally, a new multi-segment silicon detector
designed in collaboration with Christian Boulin will make
possible two alternative phase-contrast imaging modes
together with variable-geometry dark-field operation. To
utilize fully the available detectors it has been necessary
to modify the specimen stage to provide axial as well
as lateral movement. In this we are fortunate to have
the continued collaboration of our former colleague, J-C.
Homo, now in Strasbourg. As part of our technical support
for the electron microscopy activities in the Structures
Programme, we have designed (with the collaboration of
Hans Wittmann) a side-entry cryo-holder and removeable
cryo-shield for the newly-acquired JEOL 2000 TEM. This
year saw also the completion of the first and most crucial
step in the development of the proposed low-voltage scan-
ning electron microscope (LVSEM), namely the design
and construction of the multi-pole corrector system. The
prototype corrector is now complete and will be tested early
in the new year. The design of the prototype column is
complete and construction can commence as soon as the
tests are successfully completed.

Confocal light microscopy development

This year the final modifications were made to the current
version of the beam scanning confocal microscope, col-
laborations with cell biologists using the instrument were
established and the development of a new generation of
confocal microscopes was initiated. In addition software
is being developed for video enhanced fluorescence mi-
croscopy at the EMBL and for three-dimensional image
processing. The confocal beam scanning laser microscope
(CBSLM) for confocal fluorescence and confocal reflection
microscopy has been built at the EMBL. The instrument
has now been used for more than a year with a large num-
ber of different biological specimens, experimental proto-
cols and fluorophores. The instrument is relatively stable,
has a high detection efficiency and is easy to use. The
further development of the CBSLM was stopped after the
temperature control and the positioning devices had been
successfully integrated. The main purpose of our collabo-
rations has been to gather three-dimensional data sets to
perform colocalization experiments and to check the qual-
ity of preparation methods. The main conclusion that can
be drawn is that the preservation of the three-dimensional
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structure of a cell is a very complex task that has not
yet been solved. Many of the preservation techniques that
have been developed for conventional (two-dimensional)
fluorescence microscopy are of no use when it comes to
gathering a three-dimensional data set. The main reason
is that the cells are intentionally flattened to improve the
contrast by decreasing the out of focus contribution. The
main effort of the group was, however, the development
of a modular confocal microscope (MCM) based on our
experience with the CBSLM. The heart of the MCM will
be a conventional inverted research microscope with the
instrumentation for confocal microscopy attached to it, so
that the user can switch between the conventional and
the confocal mode. The instrument will have two parallel
detection channels, makes better use of the available laser
wavelengths, runs at four times the speed of the CBSLM,
is completely programmable and has improved optical and
mechanical characteristics that should improve the detec-
tion efficiency and the long-term stability of the instrument.
Considerable effort has also been put into the development
of software, both for the confocal microscopes and also
for the analysis of images that are recorded with a video
microscope either in fluorescence, or in Nomarski contrast
(in collaboration with Thomas Kreis). The long-term goal
of this latter project is the automatic tracking of particles
and the automatic analysis of the motion.

Microcomputing and data acquisition

Modern instrumentation development is increasingly reliant
on microcomputing (both hardware and software) espe-
cially if the instruments are required to be simultaneously
powerful, reliable and user-friendly. Therefore the use of
up-to-date development tools for the design becomes es-
sential to minimize the engineering effort required.

Detectors and data acquisition
for electron microscopy

The work on the CCD detector for the CryoSTEM electron
energy loss spectrometer has not progressed as quickly
as expected because of serious interference and noise
problems. Most problems have been solved and work is in
progress to solve the remaining problems and to bring this
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detector into operation as soon as possible. The silicon
quadrant detector was ordered (from MICRON Ltd., UK)
and was finally delivered before Christmas. The "delays"
in obtaining this detector have mainly been due to the
tight specifications in our design. Preliminary tests of the
prototype detector will begin early in the new year. The
data acquisition part of the project has progressed quite
well. Thanks to the cooperation and the help of Heidelberg
University we have been able to develop an application
specific integrated circuit (ASIC) to solve the problem of
the large number of counting channels. A special counter
chip with sixteen independent inputs (eight bits deep) has
been designed. The digital parallel pipelined preprocessor
designed to reduce the data from the silicon quadrant
detector has been assembled. The software has been
developed and is currently being tested. Communications
hardware and software (to the VME system) is under
development and the complete system should be ready
for testing by mid-89.

Software for mUltiple peptide synthesis

Following on the lines of the software development started
last year for the automation of DNA sample preparation we
have implemented a new software package for multiple
peptide synthesis (see also Biochemical Instrumentation
report). The package was written in order to help the users
to:

(a) enter protein sequences;
(b) compute sets of peptides of defined length and incre-

ment;
(c) define the chemistry to be followed;
(d) produce the documentation for the project (list of

peptides, weight of amino-acid derivatives and other
chemicals needed to carry out the synthesis); and
finally

(e) automatically generate a Metafile describing the
needed steps to be performed by the robot so that
the peptides can be constructed.

The code produced by our HyperCard package is then
translated into a BASIC program using the compiler pre-
viously written for the DNA sample preparation project.
Compilation as well as execution of the resulting programs
are started from HyperCard. As a conclusion we can say



that such a package is an important step towards setting
up a peptide production workstation. The main advantage
over other systems lies in the automatic generation of the
robot software. This not only saves a lot of time for the
operator but has the advantage of producing error free
programs which therefore do not require to be debugged
before the production runs.

X-ray detectors and data acquisition

Two commercial area detector systems (Nicolet X1 DDA
and Enraf-Nonius FAST) were installed in December 1987.
Software systems have been installed, developed and
maintained. The relative performance of the two instru-
ments over the year has been evaluated in terms of
fundamental parameters, reliability and usage on current
problems in the Biological Structures Programme. Where
time has allowed, visitors from Member State laboratories
have been given the opportunity of making their own exper-
imental comparison of the two instruments. Experimental

work has also been carried out on the instruments by
members of the Grenoble (Cusack) and Hamburg (Betzel,
Dauter) Outstations. A successful EMBO practical course,
featuring area detector usage, was run in October. In
December 1988 a third system (MAC Science, DIP 100)
based on Fuji image plate technology has been installed
and is currently undergoing preliminary trials. Our contribu-
tion to synchrotron radiation data acquisition systems has
seen our first VME module development, as announced
in last year's report. This work has been carried out in
the context of a purchase by the ESRF (Grenoble-France)
of a "Gabriel" area detector equipped with the data ac-
quisition system developed in our group. We had again
several requests from European laboratories (LURE in
Orsay, Hamburg University, Mainz University and ESRF in
Grenoble) for the two-dimensional data acquisition system
developed in our Programme.

A.Jones
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Biochemical instrumentation

The activities of the groups in the Programme are focused
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. The groups are in close contact with other
Programmes as well as with the mechanical and elec-
tronic workshops. In addition to the technological research,
service is provided to the scientists at EMBL in DNA
and peptide synthesis, in protein sequencing, automated
microinjection into cells and sorting with the fluorescence
activated cell sorter (FACS). A DNA sequencing service
will start in January 1989.

Automated workstations for use in the DNA and protein
analysis were set-up and used in projects from the biologi-
cal Programmes. The DNA sequence technique developed
at the EMBL was applied to several projects in EMBL and
outside laboratories.

Modified oligoribonucleotides, more stable than DNA or
RNA and with high resistance to degradation by most en-
zymes, were synthesized and used in electron microscopy
to visualize the spliceosome structure and to study the
mechanism of pre-mRNA splicing.

A second gas phase protein sequencer was built and in-
stalled in 1988, and its performance gives full satisfaction.
Solid-phase peptide synthesis has proved to be a versa-
tile tool for the study of protein-protein interactions and
synthetic peptides are now extensively used in immunol-
ogy, cell biology and vaccine research. Since systematic
investigations at the molecular level require large numbers
of peptides, two methods for multiple peptide synthesis
were adapted allowing simultaneous synthesis of several
hundred peptides per week.
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Two EMBO courses, on IIMicroinjection and Electro-
transfection of Cells" and on "Automated DNA Sequenc-
ing", were organized at EMBL during the year.

Automated DNA sequencing station
with fluorescent labels

The sequence technique, developed in collaboration be-
tween the groups of Wilhelm Ansorge and Brian Sproat,
was applied to several projects of groups from EMBL
and outside laboratories. The main objective was to adapt
the technology to applications in routine sequencing. The
development of an automated DNA sequencing facility
at EMBL comprises the automation of pick-up of clones,
template purification, sequencing reactions, loading sam-
ples on gels and the device for on-line sequence deter-
mination using fluorescent labels. The facility includes a
computer system for analysis of DNA sequences and the
new multiple segmental DNA synthesizer for primers in
the IIwalking" strategy. In addition to the hardware, the
software for control and analysis is being developed and
a large effort is being devoted to the development and
optimization of new biochemical procedures relevant to
DNA sequencing.

The speed of sequencing with the EMBL automated device
was increased to 100-150 bases per hour. It is possible
to increase the speed to about 200 bases per hour if gels
can be cast reproducibly. Design improvements resulted in
a simplified gel casting procedure allowing its automation,
a factor of importance for routine sequencing. The EMBL
automated sequencer was tested in the laboratory of H.
Prydz in Oslo, where good results were obtained in routine
sequencing projects. The device will be tested in several
other laboratories. The commercial version of this system
should be available from Pharmacia LKB in 1989.

A computer station allowing the acquisition of the se-
quence data, their analysis, clean-up and transfer to the
VAX central computer was set-up and its build-up will be
continued this year with the participation of Peter Rice
from the Biocomputing Programme. The software for the
automated determination of sequences was significantly
improved, to about the same accuracy as achieved by an
operator.



The resolution of the automated methods is strongly af-
fected by the uniformity in the height of the peaks. Sig-
nificant improvements in peak uniformity were achieved
with the unmodified T7 DNA polymerase and with the
thermally resistant Taq DNA polymerase. In the latter case
the fluorescent background is extremely uniform and the
sequence can be read above 500 bases. Uniform peak
heights would be expected with the Maxam-Gilbert chemi-
cal degradation sequencing protocol, but this method was
until recently not possible with fluorescent labels. Last
year a technique was developed in collaboration with A.
Rosenthal (Institute of Molecular Biology, Berlin-Buch) for
sequencing fluorescein-labelled oligonucleotides by solid
phase chemical degradation. During 1988 this method was
extended and a complete procedure was established for
sequencing fluorescently-Iabelled long DNA fragments by
chemical degradation. In particular, the difficult labelling
problem was solved by first extending enzymatically the
annealled fluorescent primer and then degrading chem-
ically the generated labelled DNA fragment, creating a
hybrid method between the Sanger enzymatic technique
and the Maxam-Gilbert chemical technique. The resulting
peak uniformity will allow us to reduce the number of
lanes on the gel, which are necessary with one fluorescent
label for correct sequence deduction, from four to two,
or even to only one lane. In tests the correct sequence
was obtained in only one lane from reproducible peak
amplitudes, with chemical degradation reactions carried
out in only one reaction tube and loading the product in one
gel sample slot. In addition, tests with chemical degrada-
tion of DNA fragments, produced during DNA amplification
by polymerase chain reaction from genomic DNA, have
demonstrated the feasibility of simple direct genomic se-
quencing with our non-radioactive automated sequencing
device and the developed chemical degradation technique,
without subcloning. Similar tests aimed at reducing the
number of lanes on the gel necessary for correct sequence
determination with the Sanger dideoxy technique were
carried out. It seems possible to reduce the number of
lanes to two, and hopefully in the future to only one lane.

Efficient routine sequencing of a large number of sam-
ples requires optimization and automation of standard bio-
chemical protocols. The standard protocol for purification
of M13 single-stranded templates, the most critical step
for efficient DNA sequencing, is tedious and prone to

errors, and cannot be easily automated. The protocol for
Sanger dideoxy sequencing reactions is laborious due to
the repetitive character of the pipetting steps. We have
set up an automated workstation consisting of two robotic
systems. The automated procedure for template purifica-
tion, as developed in our laboratory in collaboration with
T. Kristensen, Oslo, does not involve phenol extractions
and alcohol precipitations. Bacteriophages are precipitated
from media supernatants with acetic acid and -recovered
on glass fibre filters. In one cycle (about 30 minutes) 24
templates are purified, and it would be possible to process
about 200 templates per day. For dideoxy sequencing
reactions performed by the workstation, the duration of one
complete cycle (up to 48 templates) is about 50 minutes.
Running the robot for eight cycles, up to 384 templates
(1536 reactions) can be performed per day. For work with
more than two gels per day we have automated loading of
samples on the gel. A dedicated tool will be developed in
the future for an optimized gel geometry and the number of
sample lanes used on the gel for sequence determination.
The development of the automated workstation carried
out in the group of Wilhelm Ansorge in collaboration with
the EMBL workshops is summarized in two EMBL patent
applications and a license agreement for its production was
concluded with Eppendorf, Federal Republic of Germany.
The workstation should be available commercially in 1989.

More than 600,000 bases of raw data were sequenced
in the automated station using fluorescent labels. DNA
sequencing for groups at the EMBL will be started early
1989. The users will deliver phage supernatant and the
sequence will be deposited for them in a file on the VAX
computer.

MUltiple segmental DNA synthesizer

The new multiple segmental DNA synthesizer, constructed
by the groups of Wilhelm Ansorge and Brian Sproat to-
gether with with Carol Stettner, Siegfried Winkler, Hans
FieBer and Hans Wittmann from the workshops and design
office at EMBL, was tested. In routine synthesis of IIwalk-
ing" primers for DNA sequencing it functioned according
to expectations. It allows simultaneous synthesis of 10-
20 oligonucleotides and we intend to negotiate a license
agreement for its commercial production.
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DNA sequencing of human hypoxanthine
phosphoribosyltransferase (HPRT) gene
and of the chicken erythroid band 3

In collaboration with C.T. Caskey from Baylor College
of Medicine (Houston) and J.L. Mandel (Strasbourg) the
sequence of the human HPRT gene locus, about 60 kb in
length is being determined. It is the first large scale (over
10 kb) sequencing project undertaken with an automated
system and fluorescent labels. 88% (all but about 7 kb)
of the sequence of the gene has been obtained and over
800 clones were sequenced with an average read of 340
bases, but readings as high as 550 bases were achieved.
The sequence was analysed with the help of Peter Rice
from the Biocomputing Programme. The project will be
finished in March 1989. The sequence of the HPRT gene
will allow, among other studies, the rapid characterization
of mutations at the locus and the modelling of mechanisms
giving rise to mutations in man. The sequence combined
with non-cloning strategies has been used by T. Caskey
in Houston to characterize major genomic rearrangements
in the HPRT gene of patients with Lesch-Nyhan syn-
drome.

With Bjorn Vennstrom and Martin Zenke from the Differen-
tiation Programme the sequence of the chicken erythroid
band 3 cDNAs (about 3.2 kb in length) was determined.
Contrary to the sequencing results reported previously our
nucleotide sequence analysis of the cDNA clones sug-
gested that two chicken erythroid band 3 polypeptides are
produced by different mRNAs with different translational
start sites.

Microinjection and electro-transfection of cells

The automated capillary microinjection device has been
applied extensively to projects of groups at the EMBL and
from other laboratories. Regular users were the groups
of Lennart Philipson (investigation of inhibition of DNA
synthesis), Wieland Huttner (protein transport in secre-
tory vesicles), Jean Davoust (investigation of endocyto-
sis by injection of Rh-Iabelled clathrin, photobleaching),
Henk Stunnenberg (function of the poly A head at the
5' end in late vaccinia virus genes), Ulrich ROther (gene
targeting in embryonic stem cells), David Vaux (release
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of the Semliki Forest virus from infected cells). With the
groups of Eric Karsenti and Thomas Kreis microtubule dy-
namics in Madin-Darby canine kidney and Vero cells was
studied by fringe pattern photobleaching and by immuno-
microphotometry. The injected cells were also analysed
by electron microscopy. The electro-transfection technique
was applied by Erwin Wagner to embryonic stem cells, by
David Tollervey to yeast and by Roberto Di Lauro and Keith
Stanley to bacteria.

External collaborative projects were carried out with the
groups of P. Chambon (Strasbourg) in which a technique
for microinjection of several non-adherent cell lines was
established. Expression in injected cells was quantified by
FACS analysis. With H. Bujard from the 2MBH (Heidel-
berg) the quantitative aspects of the lac repressor system
in eukaryotic cells were investigated.

The EMBL automated microinjection system was made
commercially available during 1988 by Zeiss. One of these
units will be installed at the EMBL in addition to the device
already in operation to help satisfy the growing number of
applications.

Separation of biological particles

The fluorescence activated sorter was installed and its
function verified in acceptance tests. Experiments were
performed for scientists from the Differentiation and the
Cell Biology Programmes. Applications ranged from sepa-
rations of cells and vesicles to detection of gene expres-
sion products. Continuous flow electrophoresis was used"
by the biology Programmes for purification and separation.
The new EMBL apparatus for separation of large DNA
fragments, with straight electrodes rotating around the gel,
gave good resolution with a straight and uniform band
pattern. It will be used for tests in DNA mapping.

Modified oligoribonucleotides

Research efforts were concentrated on the large scale-
synthesis of building blocks to enable the preparation"
of 2'-O-methyloligoribonucleotides. These compounds are
chemically more stable than DNA or RNA and their resis-



tance to degradation by most enzymes renders them very
useful. In addition we have employed modified deoxycyti-
dine residues containing long spacer arms terminating in
amino groups to enable chemical incorporation of multiple
biotins at the 5'-end of such probes, the 5'-hydroxyl group
being free for kination. The use of other base modifications
to allow multiple labelling with several different labels is
progressing well. In collaboration with Angus Lamond and
Eric Carlemalm, tetrabiotinylated 2'-0-methyl RNA probes
were synthesized and then hybridized to pre-mRNA. Vi-
sualization of the various structures was achieved, with
the aid of streptavidin-gold particles, using electron mi-
croscopy. During the year the modified RNA probes were
found to be very useful for studying spliceosome structure
and the mechanism of pre-mRNA splicing. Further sub-
stantial developments are to be expected in the coming
year.

Oligonucleotide synthesis service

The service expanded considerably during 1988 with the
acquisition of a second commercial synthesizer. A total of
1400 oligonucleotides were synthesized during the year for
the groups at EMBL, compared with 821 the previous year.
This year's figure includes 108 fluorescent sequencing
primers, the majority ofwhich were synthesized on our
linear segmental column multisynthesizer, and 52 2'-0-
methyloligoribonucleotides. Many modified derivatives are
now routinely available, and further expansions of this
essential facility are foreseen.

Sequence analysis and synthesis
of proteins and genes

The research is focused on the development of new meth-
ods for sequence analysis and synthesis of proteins and
genes and on the construction of innovative biochemical
instruments in this field. In parallel to the methodological
research a central protein chemistry facility at EMBL is
provided. Using a set of EMBL-built instruments we pro-
vide technological and experimental support to scientists
in-house and externally, concerning the microisolation and
analysis of proteins as well as the synthesis and purifica-
tion of peptides.

In collaboration with scientific groups at EMBL and exter-
nally several biological projects are being pursued, which
concern the structural and functional characterization of
proteins involved in regulation of gene expression, signal
transduction and neural cell adhesion.

To improve the capacity and sensitivity in protein mi-
crosequence analysis a second gas phase sequencer was
built and installed in 1988 by the group of Rainer Frank.
The construction of the new sequencer is based on a
miniaturized multi channel valve system which has been
developed for applications in microchemical instruments.
Owing to its compact design the microsequencer could be
integrated into the housing of an analytical high perfor-
mance liquid chromatograph and therefore provides ideal
conditions for on-line identification of PTH-amino-acids.
The new instrument has performed excellently and during
the year N-terminal and internal sequence data from sev-
eral proteins were obtained which led to the identification
of the corresponding cDNA clones.

Solid-phase peptide synthesis has proved to be a versa-
tile tool for the study of protein-protein interactions and
synthetic peptides are now extensively used in immunol-
ogy, cell biology and vaccine research. Since systematic
investigations at the molecular level require large numbers
of peptides we have adapted two methods for multiple
peptide synthesis which allow several hundred peptides to
be synthesized simultaneously per week. While the first
method employs derivatized polyethylene pins as solid
supports for the individual peptides, the second method
uses conventional Merrifield resins and related supports
for the immobilization of the peptide chain during synthe-
sis. Both synthesis methods are based on the orthogonal
Fmoc-chemistry and we use the BOP-reagent (Castro's
reagent) for in situ activation of the amino-acid build-
ing blocks. The BOP-reagent has been introduced by
the group as a universal coupling reagent in automated
continuous-flow Fmoc peptide synthesis and is now used
in many peptide laboratories. During the year we have
further studied the reaction kinetics of this coupling method
and side reactions occurring with particular amino-acids
could be eliminated.

By using the described methods for multiple peptide syn-
thesis we have synthesized sets of overlapping peptides

31



corresponding to the complete amino-acid sequence of
several proteins. Amongst others the antigenic epitopes
of human tumour necrosis factor (TNF) were determined
and the epitope of a neutralizing monoclonal antibody
was identified. Similarly on the cytoplasmic domain of the
Semliki Forest virus spike glycoprotein E2 the amino-acid
residues which are responsible for spike-nucleocapsid in-
teraction, were mapped.

The performance of the robotic workstation, which has
been developed for the micromanipulation of liquids and
for applications in molecular biology, was demonstrated
by its use in a DNA sequencing protocol. With only minor
changes in the configuration of the modular components a
similar system was used to set up a robotic workstation
for the automation of our protocols for multiple peptide
synthesis. The workstation is capable of synthesizing pep-
tides either on a micro scale on polyethylene pins or in
milligramme amounts in a 46 column reactor. In collab-
oration with the microcomputer group versatile software
was developed which allows for easy programming of
simultaneous syntheses of nested sets of peptides derived
from the primary structure of an individual protein.

w. Ansorge, R. Frank & B. Sproat
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Biocomputing

Groups in the Biocomputing Programme at EMBL per-
form research in theoretical and computational biology;
provide the general computing facilities in the Laboratory
(hardware, networks and software); collect, annotate and
distribute genetic sequence and other data in collaboration
with groups in Europe, the USA and Japan; and have
begun to develop a computer network infrastructure for
molecular biology in Europe (EMBNet).

The first build-up phase of Biocomputing, begun in 1986,
has led to the hiring of new staff and the availability of
one floor of a new building at the end of 1988. The total
number of staff and visiting workers has now reached
nearly 40 persons, with approximately half in research and
half in service activities. The second build-up phase is
expected to be accomplished over the next two years, with
additional space and resources to be allocated to several
new research groups and to the expansion of the Data
Library.

Biocomputing staff and visitors continue to interact and
collaborate closely with colleagues in the Biological Struc-
tures Programme. A joint seminar series, journal club and
predoctoral fellows course are held.

Analysis of protein structures
and sequences

Three groups focused on the analysis, prediction and re-
design of protein sequences and structures. Families of ho-
mologous proteins, with sequences and structures related
by evolution, are an excellent basis for the development of
theoretical concepts and for their subsequent application.
Examples in 1988 included globins, immunoglobulins and
T-cell receptors, polymerases, zinc-finger protein domains,

subtilisin proteases, parallel alpha-beta barrel structures
(TIM barrels), Ca-binding domains of the troponin C class,
Ras-related proteins, glyceraldehyde 3-phosphate dehy-
drogenases and viral core proteins.

An important problem is the detection of distant relation-
ships, where sequence similarity is weak. Several new
methods were developed and refined for aligning the struc-
tures of distantly related proteins (e.g. a mollusc globin in
the family of globins) as well as for the sensitive alignment
of distantly related sequences (e.g. viral coat proteins from
picornaviruses and retroviruses).

PLATE 1

Chicken triose phosphate isomerase was the first known protein
structure that contained a sheet closed into the form of a bar-
rel, with helices packed around it. Now seventeen domains are
known with this type of structure. With the availability of several
structures, the principles of the architecture of this folding pattern
can be investigated.
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PLATE 2

The "elbow angle" in immunoglobulins measures the relative
orientation of the VL-VH dimer and the CL-CH1 dimer. The contact
between the VH and CH1 domains involves a conserved set of
residues that form the molecular analog of a flexible llball-and-
socket" joint.

The prediction of protein folding remains unsolved, but a
number of observations based on analysis of known three-
dimensional structures have increased our understanding
of the structural roles of particular amino-acids in particular
structural situations: in oligomeric interfaces, in the interior
layers of TIM barrels, in domain linker peptides, in a con-
tact region of immunoglobulins important for interdomain
motion, in certain short hair-pin loops and so on.

Results obtained from sequence analysis using computer
methods provide an important link between the experi-
mental work of molecular biologists and our own theo-
retical work. Methods for sequence database searches,
sensitive pairwise alignment, multiple sequence alignment,
motif definition and secondary structure prediction were
improved by several groups and applied to sequences of
biolog ical interest.
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Prediction and design of protein structures

The prediction of protein structures from the amino-acid se-
quence and the design of protein sequences with desired
structural characteristics not only provide an acid test for
theoretical ideas but also can be very useful in guiding ex-
periments. Several three-dimensional structures predicted
at EMBL have been or will be confronted with experimental
data: the antigen binding sites of anti-lysozyme antibodies;
the three-dimensional structure of a zinc-containing DNA-
binding finger domain; the three-dimensional structure of
a thermostable member of the subtilisin protease family
(successful prediction of a Ca binding site); the outline
structure of the T-cell alpha-beta receptors based on se-
quence similarity to the immunoglobulin family; and the
outline structure and possible antibody combining sites of
the AIDS-related simian immunodeficiency virus (SIV) p24
core protein based on possible homology to the foot-and-
mouth disease VP2 coat protein.

Testable protein engineering rules were developed for in-
creasing the thermal stability of proteins, derived from anal-
ysis of thermophilic and mesophilic members of protein
families. Protein design work progressed with the design
of several variants of the bacterial Rop protein. Gene
synthesis and protein expression as well as structural crys-
tallographic and NMR work on rop variants is in progress
in collaboration with external laboratories.

Molecular dynamics

The software package GROMOS from Groningen Univer-
sity supplemented by PRE-GROMOS developed at EMBL
continues to be the molecular dynamics workhorse. The
package has now been made more user-friendly and ex-
tended to make simulations in water easier, to inspect
a simulated trajectory using molecular graphics and to
perform crystallographic refinement. It runs both on VAX
and SUN computers.

The following list of 1988 projects shows the breadth of
problems in which molecular dynamics is useful: theoreti-
cal modelling of a zinc finger motif, two-dimensional NMR
refinement of a dimeric neuropeptide, energy analysis of
4-stranded DNA models, molecular dynamics x-ray refine-
ment of colicin A and structural changes and free energy
estimates of native and mutant Rop protein dimers.



RNA structure

Nucleic acid sequence analysis has focused on RNA struc-
ture. Exploiting the conservation of secondary structure in
families of RNA sequences, the goal was to derive con-
sensus structures which are more reliable than structures
calculated separately for individual sequences. This was
achieved by defining a novel similarity measure between
secondary structures of sequences (rather than between
the sequences themselves). Biologically interesting con-
sensus structures were obtained for sets of U2 and U3
snRNAs and a-globin mRNAs.

Data analysis

Mathematical methods continue to provide powerful tools
in data analysis, especially in structural biology. Maximum
entropy methods have been applied to the phase problem
of x-ray crystallography (incorporation of prior information
on bond lengths and bond angles) and to the determination
of decay rates from dynamic light scattering experiments.
Three-dimensional reconstructions have been made from
electron micrographs of disordered specimens of herpes
viruses. Image processing software is being developed on
a new generation of workstations.

EMBL Data Library

1988 saw major developments in the Data Library. In-
creased data flow rates required expansion and stream-
lining of data processing methods, including the design of
relational data base tables for more efficient and versatile
data management; new kinds of data were distributed,
increasing the value of the services offered; electronic
network access to the data collections, updated daily, was
offered; an increased proportion of data were submitted
directly by researchers; and design work has begun for
the next generation of data bases.

The nucleotide sequence data collection had increased
to over 24 million nucleotides at the end of 1988. De-
rived and imported collections of protein sequences (2.4
million amino-acids), restriction enzymes and eukaryotic
promoters are also made available. Tapes are distributed
to just under 200 sites, many of whom redistribute the data,

and the total user community is of the order of 10,000
scientists. As a result of the close collaboration between
the US, Japanese and European sequence data bases,
direct data submissions from scientists using a single Data
Submission Form is increasing and two journals (Nucleic
Acids Research and Plant Molecular Biology) have taken
the lead in requiring evidence of data submission to the
data bases before publication.

To make the information accompanying sequence data
more useful, more accessible by software, more easily
extendable and directly convertible from one data base to
another, a design for a new feature table has been finalized
in collaboration with GenBank (US) and DDBJ (Japan) and
its gradual implementation is planned. A further important
step toward upgrading and unifying the sequence data
bases is implied by the design of a common CD-ROM
format which is in progress. Distribution of data on 500
MegaByte read-only compact optical disks will start in
1989, will gradually replace distribution on magnetic tape
and, because of the low cost of CD-ROM readers, will put
sequence data within reach of thousands of microcomputer
users not connected to a computer centre or international
network.

Projected mapping and sequencing of genomes will pro-
vide major new challenges over the next few years. A
key aspect will be that data library resources cannot in-
crease in strict proportion to the size of the data collection.
Exchange of information between data bases of different
types, integration of diverse data bases, involvement of the
scientific community in data transmission and annotation,
use of modern software and hardware tools, development
of annotation algorithms and computer networking across
international boundaries will become increasingly impor-
tant.

International cooperation between the EMBL data library,
GenBank and DDBJ, guided by the International Advi-
sory Committee for Nucleotide Sequence Databases, will
continue to have a central role. Financial support by the
Biotechnology Action Program of the Commission of the
European Community for the next two years will provide
the data library with a realistic chance to remain an equal
partner in the rapidly developing field of molecular biology
and biotechnology-related databases.
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Computing facilities

The EMBL computer facility has gained in quality and
power by the addition of a number of workstation comput-
ers (VAX Stations 2000, 3200 and 3500 as well as SUN-3's
and a SUN-4), upgrade of the PS390 graphics terminal,
and especially by further integration of all computers and
terminals into a laboratory-wide network. The heart of the
facility is the now totally integrated VAXNMS cluster with
17 central procossing units (CPU) and seven GigaBytes
of magnetic disk mass storage. The SUNIUNIX cluster (5
CPUs) and Apple Macintosh network (about 90 personal
MacPlus and MacSE computers and several Macll's) are
closely linked in via Ethernet, with files and data bases
available throughout the system.

The use of world-wide electronic networks has increased
significantly in 1988, both in quality and in quantity. Elec-
tronic mail on EARN/bitnet is now sent routinely via gate-
ways to other Internet networks, making available to any-
one at EMBL electronic mail service connecting thousands
of universities and research institutions round the world.

A first project in parallel computing, using transputers,
was started in the Biocomputing Programme, another in
Physical Instrumentation, exploring the possibly dramatic
improvements in compute power by multiple processor ma-
chines for special applications such as sequence analysis,
image processing and molecular dynamics.

Network file server

A relatively simple but very effective vehicle for electronic
distribution of data, the network file server (bitnet address:
NETSERV@EMBL) was installed and developed by the
computer group in 1988. In response to electronic mail
requests, the file server, a computer program with access
to data bases, currently sends over 400 data sets a month
to scientists connected to academic mail networks in Eu-
rope and the rest of the world. In this way the newest
EMBL nucleic acid sequences are available as electronic
mail as soon as entered and well before they appear in the
next regular data library release. Protein three-dimensional
coordinate data sets are also on NETSERV, by license
agreement with the Protein Data Bank (USA), as well as
protein structure data derived or produced at EMBL.
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EMBNet - European Molecular Biology Network

EMBNet was created on a trial basis in 1988 to (1) ad-
dress the need for novel methods of data distribution and
data capture brought about by the accelerated growth of
data bases; (2) provide for closer communication in the
European molecular biology community; and (3) initiate
or strengthen biocomputing research and services in all
EMBL Member States.

EMBNet is not an academic mail network like EARN/Bitnet
but provides much more: close links between com-
puters with functionality far beyond simple mail traf-
fic. It allows for file transfer on demand, remote 10-
gins, pre-programmed daily transfer of data, an in-
ternational central bulletin board, remote execution of
jobs etc. Currently using the proprietary Deenet protocol
(over postal packet switching networks like TRANSPAC
or DATEX-P), will use the international Open
Systems Interconnection (OSI) standard when avail-
able.

By the end of 1988, automatic nightly transfer of the
newest nucleic acid sequence data entered at EMBL had
begun to CITI2 in Paris, and other trial nodes at bio-
computing centres in Daresbury, UK and Nijmegen, the
Netherlands and a trial link to a pharmaceutical company
in Basel, Switzerland were to follow suit. Eventually, one
node with several full-time staff and modern hardware and
software is to be added in each of the EMBL Member
States, provided adequate funding can be made avail-
able.

Software export

Well-tested software developed by Biocomputing staff is
being distributed to academic users free of charge under
the EMBL software policy guideline passed in 1988 and
new software was added during the year: ISSC, an interac-
tive sensitive sequence comparison program for proteins
(it analyses search matrices on a VAX or SUN worksta-
tion screen) and DSSP, a pattern recognition algorithm
for definition of protein secondary structure given atomic
coordinates.



Training and support

Sequence analysis and data base software is now used
routinely by almost all research groups at EMBL and
molecular graphics software by an increasing number. Ma-
jor molecular biology software packages and data bases
have been installed at EMBL by Biocomputing staff and
support and maintenance has further improved in 1988.
Tutorials provided intensive half-day practical training in
the use of sequence analysis packages, in protein struc-
ture prediction, in sensitive sequence comparison and in
molecular graphics. Biocomputing staff have also taught
the use of computing techniques in a number of practical
EMBO courses. The first Biocomputing software catalogue
will soon be available for internal EMBL use.

Biocomputing technical documents

The first two issues in a series of Biocomputing Technical
Documents are now available. Copies are available from
the Biocomputing secretary.

(1) Protein Design Exercises, edited by C. Sander, 1987
- report from a 1986 EMBO course;

(2) The Downloader and The Editor, PS300 Function
Network Support Programs for VAx/VMS systems,
by Heinz E. Bosshard, 1988 - a fast and convenient
software system for downloading function networks to
Evans & Sutherland PS300 series graphics terminal.

Visitors' programme

The Biocomputing visitors' programme provides an op-
portunity for collaborative work visits of three to eight
weeks duration. In 1988, visitors worked on projects in
the areas of prediction of protein structure (Finkelstein,
USSR; Nishikawa, Japan), NMR structure determination
of an antibiotic/dipeptide complex (Molinari, Italy), protein
model building (Frommel, GDR; Holm, Finland), evolu-
tion of protein structure (Godzik, Poland), multiple se-
quence alignment (Waterman, USA), database pattern
searches (Staden, UK), automatic alignment of protein
three-dimensional structures (Taylor, UK) and cluster anal-
ysis (Haeseler, FRG).

New groups

During 1988, Heinz Bosshard, who built up the computer
graphics group from its very beginnings nine years ago,
left EMBL to take up a position at Brookhaven National
Laboratories (N.Y.). Arthur Lesk's group has now assumed
responsibility for maintaining and developing computer
graphics at EMBL.

In 1989, there will be opportunities for new research groups
in Biocomputing, as the Programme enters its second
expansion phase.

C. Sander
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The Outstation at the DESY, Hamburg

The EMBL Outstation at the Deutsches Elektronen-
Synchrotron (DESY), Hamburg, is responsible for provid-
ing synchrotron beam-lines and data collection facilities
for the European molecular biology community. Research
using the radiation is carried out by the in-house scientists
and visitors. Over 150 visitors from external groups came
to the Outstation in 1988. All scientists from the Member
States may apply for time on the EMBL beam-lines by
contacting the head of the Outstation.

DESY came back into full-time operation, after a long shut
down since October 1986, in May of 1988. The storage
ring DORIS was run as a dedicated synchrotron source
for two periods of five weeks and provided beam-time
in parasitic mode (when the experimental conditions are
dictated by the high energy physics users) for a further 15
weeks. During parasitic time both the two beam-lines in the
EMBL bunker (X11 for protein crystallography and X13 for
small-angle scattering) and the three in HASYLAB (X31 for
protein crystallography, X33 for small-angle scattering and
the EXAFS line) can be used. In dedicated (main-user)
time only the three HASYLAB lines are available.

DORIS ended operation in early December and will restart
at the end of January for a full year's beam in 1989. The
priorities committee of external scientists, including several
users, last met in November 1987 and we plan the next
meeting for mid-1989.

Instrumentation and development

The most exciting development in the Outstation has been
the in-house design, construction and testing of an image
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plate scanner in much less than one year. The image plate
(storage phosphor) recently produced for medical imaging
seems to offer new possibilities as a detection system
for protein crystallography. We tested the plates and this
confirmed the large dynamic range and high sensitivity. At
the beginning of 1988 it was decided to build a scanner for
the plates to be mounted on a beam-line in the Outstation.

We have used the scanner for preliminary collection of
protein crystallographic data during the last two months.
As compared to photographic film the sensitivity seems to
be 20 to 50 times higher. Some of the more challenging
applications were the collection of our first Laue patterns
(see back cover) and the observation of diffraction from
ribosomal subunit crystals up to a resolution of 4.7Aby
Ada Yonath.

A striking advantage of the image plate is its high sensitiv-
ity at shorter wavelengths: the absorption by the crystal
and capillary become negligible, removing the need for
absorption correction and giving a much cleaner diffrac-
tion pattern. As an example, preliminary data to 1.35A
were collected on a crystal of thermitase with a smallest
dimension of 25 microns by Alex Teplyakov from Moscow
using a wavelength of 0.8 A.

The interface to the MicroVAX computer and the software
to control the scanner have also been developed in-house.
Although some modifications in the data read-out and
software need to be made before the system is routinely
used, the superiority of the plate over film makes its further
development our highest priority, with the aim of replacing
film methods as our standard means of data collection for
most projects.

The device is not, as stated above, a real-time detector,
and the instrumentation group will return to development
of such a system as soon as the scanner system is fully
commissioned.

Workshop activities

As well as providing support for the operational beam-lines
the workshops have completed two major projects this year
with the instrumentation group. The first is the construction



of the mechanical parts of the scanner described above.
The second is the completion of the X13 beam-line for
small-angle scattering. The beam-line is similar to the
protein crystallography line X11, with horizontal focusing
using a Ge(111) monochromator crystal and vertical with
a flat segmented mirror mounted on a continuously bent
bench. This will be available for experimental work early in
1989.

Protein crystallography

Both the X11 and X31 beam-lines were in use this year.
X11 provides the highest intensity of the two lines and X31
is a lower intensity source which has a narrower wave-
length band-pass and is very easily and quickly tunable.
Most data were recorded on film. In the last weeks of
beam-time we carried out initial tests on X31 of the image
plate scanner built in-house (see above). The tests were
most encouraging. Work planned forthe next year includes
further development of X31 for multi-wavelength studies
and for Laue photography.

Subtilisin proteases

The structural programme on subtilisin-like proteases has
been actively pursued during 1988. To gain a better un-
derstanding of the evolutionary and functional relations and
also the different thermostability and calcium binding prop-
erties of the members of this family, we have analysed the
structures of four enzymes. In collaboration with the NOVO
Research Institute we have analysed two subtilisins from
Bacillus lentus. With Prof. Genov of the University of Sofia
we have analysed the structure of mesentericopeptidase
complexed with eglin. With Dr. Hahne of the Humboldt
University and with the University of Groningen, thermitase
complexed with eglin has been solved. All structures have
been refined at high resolution.

A new project is the binding and co-crystallization of pep-
tide antibiotics with proteases, to solve the previously un-
known structures of the antibiotics and the structural mode
of the inhibition. Our first result is the refined structure of
bacitracin in complex with one of the proteases, see back
cover.

Glucose isomerase

Glucose isomerases are being studied by several groups
reflecting the great commercial interest in the system for
converting glucose to fructose for food and soft drinks ad-
ditives. X-ray structures of four glucose isomerases have
been published. Our interest in the S.albus enzyme arose
from the study being carried out on this system by the
EXAFS group in Hamburg and the University of Munster.
The University also provided us with large crystals which
diffract to 1.6 A. This is an ideal system to determine the
structure at very high resolution, to compare the EXAFS
and crystallographic results on metal binding in detail, and
to act as a model system for multi-wavelength studies. We
also plan a detailed comparison of the structure with those
from other groups. We currently have a medium resolution
model which we are refining and have carried out some
metal binding studies.

Other projects

In addition to glucose isomerase our studies of metallopro-
teins are concentrated on blue copper proteins. We have
now published the structure of the pseudoazurin from Al-
caligenes faecalis refined at 1.55 A. Anomalous scattering
measurements have been made at various wavelengths
around the copper edge. A novel blue protein with molec-
ular weight 65 kD has been isolated and crystallized. Its
structure is currently under study.

Other collaborative projects actively under study are bac-
terial dehydrogenases with Prof. Stezowski (Stuttgart), d-
UTPase with Dr. Cedergren (Stockholm) and Prof. Nyman
(Lund), trichosanthin with Dr. Zhou (Fuzhou), lectins with
Prof. Delbaere and Prof. Quail (Saskatoon), amicyanin with
Prof. Canters (Leiden), photosystem 1 with Prof. Witt and
Prof. Saenger (Berlin), 5S RNA and intact elongation factor
Tu with Prof. Erdmann (Berlin) and the repressor of primer
protein with Prof. Kokkinidis (Crete).

Visitors' projects in 1988 included those from the Biozen-
trum (Basel), the Free University (Berlin (West», the Uni-
versity of Freiburg, the University of Groningen (Nether-
lands), the Max-Planck-Gesellschaft units (Hamburg),
the Max-Planck-Institute (Frankfurt), Purdue University
(USA), the Institute of Crystallography (Moscow), the Uni-
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PLATE 3

(A) XANES spectra and (B) Fourier transforms of the k3 -weighted
fine structure of glucose isomerase, (1) frozen solution, (2) poly-
crystalline, (3) lyophilized: energy-zero at 7717 eV.
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versity of Troms0(Norway), Harvard University (USA),
Aarhus University (Denmark), the University of Padova
(Italy), EMBL Heidelberg, the University of Crete (Greece),
MPI Martinsried, the University of York (UK) and the ETH
ZOrich (Switzerland).

EXAFS

The EXAFS beam-line was further improved by the in-
stallation of a new cooling system for the monochromator
crystals. This almost completely eliminates thermal drift of
the x-ray energy, which is always a potential problem with
an intense synchrotron source. Such problems are exacer-
bated with dilute biological samples where there is only a
small number of metal atoms present in a macromolecule,
giving a very low signal.

Investigations on phosphatases in collaboration with the
University of MOnster continue. EXAFS measurements
were started on the binuclear centre at the active site of
kidney bean purple acid phosphatase. The two subunits
each contain one Zn(II)/Fe(III) centre. Spectra at both

o 2 3 5

REDUCED RADIUS (A)
metal edges were recorded for the native protein and for
substrate complexes at two different pHs. It appears that
the spectra at the Fe edges are similar for all three, but
that there are significant changes in the Zn spectra.

Glucose isomerase (collaboration with the University of
MOnster) has two metal sites per 47 kD monomer of the
tetrameric enzyme. The characterization of the binding of
Co to the tight binding site has been completed, and that
of the weak site is in hand. For the IItight" site samples
were studied under different physical conditions: frozen
solutions, freeze dried protein and polycrystalline material.
Plate 3 illustrates a typical problem of interpreting x-ray
absorption data as the results under the three conditions
have small but significant differences. These can be in-
terpreted as a partial loss of ligands (solvent?) in the
lyophilized enzyme. This study emphasized the need for
careful analysis of model compounds to extract the best
results from EXAFS data on proteins.

New collaborations have been begun with the University of
Utrecht on the Fe centre of soya bean lipoxygenase-1 and
with the University of Florence on alkaline phosphatase.
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Small-angle scattering

Solution, gels and fibres

A complete CAMAC data acquisition and evaluation sys-
tem for linear or quadrant detectors was implemented on
an IBM-AT. This puts the techniques for time-resolved
scattering developed during the last decade within the
reach of the individual scientist.

Investigations into the structure of chromatin were actively
pursued. Model calculations of the electric dichroism of
chromatin in the uncondensed and condensed state were
made and these results were compared with those of
the experiments (in collaboration with R. Marquet & c.
Houssier, University of Liege). Measurements on chro-
matin with shorter linker from Ehrlich ascites (in collabora-
tion with P.E. Nielsen, University of Copenhagen and H.
Notbohm, Medizinische Hochschule, LObeck) indicate that
the diameter of the condensed fibres is significantly smaller
than that for chicken erythrocyte chromatin. The structural
effects of the interaction of chromatin with different interca-
lating drugs and the solubility effects of amino-acids were
also studied.

A collaboration was started with L. Boehm (University of
Stellenbosch, South Africa) to obtain measurements on
chromatin from mitotically active cells.

Studies on keratin filament structure were continued with
the biochemical characterization and fractionation of calf
hoof keratin polypeptides. Comparison of x-ray and elec-
tron microscopic observations of in vitro reconstituted fil-
aments with those obtained from native tissue indicate
differences in polypeptide organization in the two types of
filaments.

Major user projects were: on collagen: small-angle x-ray
diffraction from dermatosparactic skin (T. Nemetschek et
al., University of Heidelberg), calcification of collagenous
tissues (A. Bigi & N. Roveri, University of Bologna), in
vitro assembly (G. Suarez, New York); on phase transitions
in lipids (U. Seidel & K. Brandenburg, Forschungsinstitut
Borstel) and on microtubule assembly (E. Mandelkow et
a/., MPG Unit, Hamburg).

Muscle

Usually muscle has a well-ordered structure giving rise to
detailed fibre diffraction patterns. Owing to the large size of
the units the patterns are weak and the intensities closely
spaced. Synchrotron radiation is essential for two particular
types of experiment: firstly time-resolved studies where
changes in the diffraction pattern must be followed on
the millisecond time-scale as the mechanical or chemical
state of the muscle is varied; secondly in studies of single
fibres of muscle, which are free of the inhomogeneity
between the fibres, patterns can in principle be obtained,
but because of the small volume of the sample they are
very weak. The projects of the visiting groups fully exploit
these two advantages. In addition synchrotron radiation
is vital for the recording of patterns of the highest quality
using somewhat longer exposures. The in-house projects
currently emphasize this aspect with the aim of obtaining
more accurate structural information.

In house, the influence on the structure of the thin fil-
ament of calcium ion binding to the regulatory troponin
was studied with D. Popp and K.C. Holmes (MPI Hei-
delberg). Diffraction patterns from capillary orientated thin
filaments showed that the Ca2+ binding alone induces
a highly cooperative conformational change at pCa=6.8.
Small-angle solution scattering showed that this change,
however, is not associated with a gross mass movement
in the azimuthal direction in the filamentous cross section.

The structural study of muscle in the intermediate level of
activation was continued with A.A. Stewart, C.C. Ashley
(Oxford) and J.D. Potter (Miami). The results indicate that
each thin filament is activated as a unit and the helically
aligned myosin heads are fully disordered on activation
of one thin filament out of six surrounding the myosin
filament.

The fluorescence intensity from labelled troponin incorpo-
rated into skinned fibres was followed in the transition from
the rigor to relaxed state induced by photolysis of ATP from
"caged-ATP", with R.S. Goody (MPI Heidelberg) and J.D.
Potter (Miami). The fluorescence decay was compared
with the time course of x-ray intensity changes and that
of force.
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Visitors' projects included: time-resolved x-ray diffraction
measurements combined with "caged-ATP" and "caged-
Ca2+" techniques (MPI Heidelberg and Univ. of Philadel-
phia), and with laser temperature jump (MPI Heidelberg).
By use of single skinned fibres from rabbit, the equatorial
reflections under isotonic and isometric conditions (Univ. of
London and Univ. of Ulm) and outer equatorial reflections
(Univ. of Ulm and NIH (USA)) were studied. Using single
intact fibres from frog, stiffness and equatorial reflections
were simultaneously measured (Univ. of Florence (Italy)
and Oxford Univ. (UK)).

Beam-line X13 has been completed and will be brought
into operation in 1989, see above. X13 will have a smaller
focus due to the smaller source. Construction of an off-
line drum scanner for an imaging plate x-ray detector
system is in progress, to complement that developed for
the crystallography line.

K. Wilson
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The Outstation at the ILL, Grenoble

One of the important fields of biology today is the determi-
nation of the structures of biological macromolecules (e.g.
proteins, nucleic acids) and of complex biological objects
which assure cell function (e.g. the ribosome) or disturb it
(e.g. viruses). The main tool in this field is x-ray crystal-
lography whenever monocrystals are available. Neutrons
are mainly useful when such crystals do not exist or are
of insufficient quality. The role of the Grenoble Outstation
consists in optim izing the use of the neutron beams pro-
duced by the reactor of the Institut Max von Laue-Paul
Langevin for this kind of research, in close collaboration
with the scientists of that Institute. Right from the start,
the Outstation was equipped with x-ray generators, since
the two types of radiation, x-rays and neutrons, are com-
plementary. Some time ago, the evolution of the scientific
programme (studies of the adenovirus fibre) led the labo-
ratory to become involved in protein crystallography. The
installation of the European Synchrotron Radiation Facility
(ESRF) in close proximity to the EMBL Outstation has quite
naturally favoured the development of this activity. This
evolution was supported in the context of the review of
the laboratory carried out in Spring 1988, the conclusions
of which recommend a gradual though steady increase of
the activity in x-ray crystallography, whilst maintaining the
use of neutrons at an adequate level. During 1988 this
evolution was already visible.

The service activity which is inherent to the work of the
Outstation is carried out in various ways. Firstly by the
existence of well-equipped biochemical laboratories which
enable visitors to do all the necessary preparatory work,
and of equipment (x-rays, electron microscopy and light
scattering) supplying complementary information to that
given by neutrons. This is well-illustrated by the studies of
the mechanism by which a plant virus releases its nucleic

acid, which is the infectious agent. These studies, carried
out by J. Witz (Strasbourg), combine neutron scattering
and electron microscopy; their realization is optimal thanks
to the Outstation which contributes the biochemical and
biophysical support. Another example is a study of the
complex between DNA and the RecA protein, a protein
involved in the recombination. This research combines
neutron scattering experiments with electron microscopy

PLATE 4

Electron micrograph showing helices of RecA protein com-
plexed with linear, double-stranded DNA in the presence of
ATP,S, none hydrolysable·analogue of ATP. Negative staining
was done with 1% uranyl acetate. The bar represents 50 nm.
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on samples prepared on the site. These experiments were
carried out thanks to the daily cooperation between sci-
entists from the ILL and the EMBL and a scientist (E.
DiCapua) who, with the support first of EMBO and then
of ILL, has been able to work on a long-term basis in
Grenoble.

Another aspect of the service activity is the development
of original fields of research using neutron scattering.
The Outstation has focused on two methods. The first
one is low-resolution crystallography, useful whenever the
crystals of a macromolecular complex lack sufficient quality
to obtain the structure at an atomic resolution. First applied
to virus structures, it has subsequently found an important
field of application in the determination of the ribosome
structure. With A. Yonath (Hamburg) a long-term research
programme has been initiated, which will complement the
work carried out for many years by K. Nierhaus (Berlin)
on ribosomes in solution. The second method developed
by the Outstation concerns the study of the movements
which affect the structure of a protein. These movements
are essential for the functioning of an enzyme and inelastic
neutron scattering is a unique method to obtain information
on these movements. In the course of this year, a study
(in collaboration with W. Doster, Munich) of the variation of
the movements in myoglobin as a function of temperature
has shown that these are very similar to those observed
in amorphous substances.

Other service activities are linked with the supply of x-ray
detectors. The demand is such that preliminary moves
have been established to have their manufacturing and
distribution carried out by an external company. The Out-
station concentrates its energy on developing new types
of detectors, essentially bearing in mind their applications
at the ESRF.

The Outstation has the facilities and the expertise to pro-
vide deuterated macromolecules to external laboratories.
An example of this was the expression of cloned adenylate
cyclase for the Max-Planck-Institute in Heidelberg. This
support activity requires competent scientists who, in par-
allel, pursue an independent scientific activity centered on
three themes: aminoacyl-tRNA synthetases, the proteins of
the adenovirus structure, and the structure and dynamics
of DNA.
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Aminoacyl-tRNA synthetases from E.coli

For several years, the group headed by Reuben Leberman
has been working on this family of enzymes which playa
key-role in the correct translation of genetic information.
This year, the main effort has been on seryl-tRNA syn-
thetase. Neutron scattering experiments have shown that
this enzyme, which is a dimer, binds two tRNA molecules
separated by approximately 9nm. Modifications of the en-
zyme through directed mutagenesis were carried out to
test hypotheses concerning the amino-acids thought to
play a critical role. But the most important achievement
has been the determination of the structure at a 0.6
nm resolution by the crystallography group directed by
Stephen Cusack. The position of the two ATP molecules
the enzyme can bind has been tentatively determined. The
major part of the data at high resolution has already been
collected, although the laboratory is not yet equipped with
an area detector.

Work continues on other synthetases. A strain of bacteria
has been engineered which expresses the leucyl-tRNA
synthetase at a level of 40 percent of the total amount
of bacterial proteins and the gene of the asparaginyl-tRNA
synthetase has been sequenced. Crystallization trials on
both proteins are being pursued.

Adenovirus proteins

The Outstation is interested in the proteins which constitute
the apexes of the icosahedral structure of this complex
virus: the fibre, an elongated protein which recognizes the
cellular receptor, the penton base and protein Ilia which
links the fibre to the rest of the virus. This work is aimed at
determining both the structure of these proteins and their
role in the morphogenesis of the virus. Large quantities of
protein Ilia have been prepared through cloning and gene
expression in E.coli. Biophysical studies show that this is
an elongated protein. Work is in progress to compare it
to its homologue in a mutant not capable of encapsiding
the DNA although the two proteins only differ by two
amino-acids. The first results suggest a small difference in
conformation between the native and the mutant protein.
As for the fibre, four types of crystals have been obtained,
two of which diffract to medium resolution; unfortunately,



though progress has been made, their quality is not yet
sufficient to enable the structure to be solved. Electron
microscopy has shown that the adenovirus type 2 fibre
is much longer (37 nm) than initially indicated (27 nm).
The protein expressed in E.coli has now been purified;
this recombinant protein is a trimer just like the native
protein, but with a different conformation. An important part
of the work is now devoted to understanding the folding
mechanism of this protein, so as to be able to renature the
recombinant protein into the native form.

B. Jacrot
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Administration

Computing

Computers were first used by the Administration in 1976.
From 1976 to 1984, EMBL used two different specific soft-
ware programs for personnel and finance book-keeping. In
1984, new tailor-made programs were introduced, taking
into account the peculiarities of the EMBL book-keeping
(e.g. any commitment is booked as an expenditure; EMBL
has 17 personnel categories and a turnover of up to 500
members of personnel per year etc.). At that time no
adequate standard programs were available.

From 1984 to 1986 the Administration explored new soft-
ware but it soon became clear that additional information
was required. As from 1986 some adjustments became
necessary and were made by an in-house programmer;
however, some major shortcomings remained and further
adjustments within the existing system would have been
costly and insufficient.

The administrative staff has during this time accepted that
computer tools make for efficiency and better working
conditions, but they have been limited by the specificity
of the current programs. An overall reappraisal led to the
decision to look for standard packages which would need
only minimum adjustments.

In 1988 the market was investigated and, after detailed
talks with several suppliers, standard programs were iden-
tified which could be adapted to EMBL's specific needs.
These are currently being installed and will eventually be
connected to the text processing devices already avail-
able. They were selected in close cooperation between
all departments of the Administration and with the advice
of the Computer Group responsible for the hardware. The
new programs will be introduced during 1989 without any
additional hardware.
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Saving time in the Administration is a necessity now more
than ever: bearing in mind that between 1984 and 1987 the
number of book-keeping entries increased by about Sook,
staff complement by over 40% (all categories included),
and that the Administration staff increased by only 2 per-
sons in 4 years (50/0), it is high time to update the software
to absorb the additional workload and maintain efficiency.

The new software programs should not only bring the
Administration computing to the latest level of the current
techniques but also respond to nearly all needs and re-
quests and, last but not least, do away with a lot of tedious
and time-consuming manual tasks.

Contingency funds:
a change in the procedure

If the information contained in table 1 "Development of
Income and Expenditure 1984-1988" (p.4S) can help es-
tablish a draft budget at the Sub-Technical Materials,
Maintenance) they do not help at a more detailed level
(Budget codes, Accounts): there, budgets for indemnities
or removals, family allowances etc. can only be estimated.
Who can safely say at which date new staff will
from which country, with or without family, or whether
existing members will leave before the agreed end of their
contract?

Therefore it was decided in December 1988 that, as from
the Draft Budget 1989, budget estimates of the Sub-
Headings would be made as realistic as possible, based
on previous experience, and that contingency funds would
be reserved in one single account in each Heading. As
a result internal transfers from Chapter to Chapter will be
more transparent: most of them will come from one single
source instead of being drawn out of many accounts.

It is true that unallocated funds hardly fit into the principles
of public book-keeping, but both the delegates of the
Member States and the auditors have agreed that this
new procedure would contribute to clarity. We have also
been informed that the latest developments in public book-
keeping philosophy are in favour of the new procedure
under the technocratic term of IIpromotion of cost-linked
thinking".



Finance

Distribution of income and
expenditure 1984-1988

The figures in table 1 (p.48) and Plate 5 below show three
main features over five years:

- the total income increased by 20%, partly due to the
addition of 4 new Member States;

- the fluctuations in the distribution of funds between the
various Headings and Sub-Headings are very limited;

- the total number of members of personnel increased
by 420/0.

Income

The contributions of the Member States increased by 30%
because of

- the contributions of the new Member States;
- the special contributions or entrance fees of the new

Member States;
- the modest net growth granted by the Member States;
- the agreed inflation rates.

The relative reduction of other income (150/0) during the
same period is mainly due to the downward trend of the
interest rates.

Expenditure

Here the stability in the distribution of funds between the
expenditure chapters is obvious. One exception is that
some of the funds were earmarked and spent for the
construction of the new building.

Plate 6 (p.50) gives a detailed breakdown of Heading 1
(Staff Costs) from 1984 to 1988 as an example.

Trends of income and
expenditure (Table 2, p.49)

Income

Between 1985 to 1988 the ordinary contributions of the
Member States increased from 38,200 KOM to 46,072
KOM or 20.6%. These figures include the contributions of
four new Member States. The original Member States have
increased their contribution from 37,206 KOM to 41,874
KDM, or 12.5%. All figures include both cost variation
indices and net growth.

Distribution of Income and Expenditure 1984-1988
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TABLE 1

Development of Income and Expenditure 1984-1988 (Outturn)

YEARS 1984 1985 1986 1987 1988

MOM Ok MOM % MOM % MOM % MOM %

INCOME 46.6 100 48.5 100 50.9 100 55.0 100 56.1 100
out of which

Contributions 36.1 7Z5 38.6 80 42.3 83 45.8 83 47 84

Others* 10.5 22.5 9.9 20 8.6 17 9.2 17 9.1 16

EXPENDITURE 44.1 47.3 49.6 53.9 55.1

H.1 Personnel Costs 26.3 59.6 28.3 60 29.2 59 30.8 57 32.6 59
out of which

Staff members** 1Z3 66 17.5 62 1lJ.0 62 18.9 61 20.4 63

Supernumeraries** 1.1 4 1.2 4 1.8 6 2.1 7 1.9 6

Fellows+Visitors 1.6 6 2.2 8 2.5 8 2.9 9.5 3.0 9

Social charges 6.3 24 7.4 26 6.9 24 6.9 22.5 7.3 22

H.2 Operating Costs 12.9 29.3 14.0 29.5 14.4 29 14.9 28 14.7 27
out of which

Technical material 4.9 38 5.4 39 6.0 42 6.5 44 6.7 46

Maintenance 1.8 14 2.0 14 2.0 14 2.0 13 1.8 12

Administrative Costs 0.7 5 0.7 5 0.7 5 0.8 5 0.9 6

Others 5.5 43 5.9 42 5.7 39 5.6 38 5.3 36

H.3 Capital Exp. 4.9 11.1 5.0 10.5 6.0 12 8.2 15 7.8 14
out of which

Buildings+alterations 0.9 18 0.9 18 1.6 27 3.1 38 3.7 47

Scientific equipment 3.5 72 3.8 76 3.9 65 4.6 56 3.3 42

Others 0.5 10 0.3 6 0.5 8 0.5 6 0.8 11

Staff 402 409 456 515 570

* inclusive Internal Tax (included in gross salaries)
** gross salaries only



Table 2

THE LABORATORY'S INCOME AND EXPENDITURE OVER 5 YEARS

All figures in 1000 OM

Income Actual Actual Actual Actual Budget Expenditure
1985 1986 1987 1988 1989

Actual Actual Actual Actual Budget
1985 1986 1987 1988 1989

1,836 1,213 1,023 1,118

38,200 41,705 44,600 46,072

380 602 1,170 946

474 367 398 522

Carried forward
from previous year

Liquid. of Reserve

Ord. Contributions

Spec. Contributions

Bank Interest

634 6 392 3

1,000 Staff Costs
(Net; gross as)
from 1988)

- Operating Costs

48,520 Capital Expenditure

568 Reserve

450 Carried forw. to
following year

22,344 22,874 23,978 32,571 34,092

13,980 14,385 14,858 14,678 16,822

5,058 6,017 8,210 7,775 8,255

6 392 97 79

1,213 1,023 1,118 1,000

6,053 6,800

Other Income

Totals

As from 1988

Unpaid Commitments

External Sales

Pension Scheme

Internal Tax

1,077 798 678 228

42,601 44,691 48,261 48,689

329

192

840

224

250

400

957

Totals 56,103 59,169 42,601 44,691 48,261 56,103 59,169

(Comments p.47)

Note: Contrary to the previous years, and as from 1988,
all sources of income are and will be shown, so that the
figures in Tables 2 and 3 are consistent. The main other
sources of income are:

- unpaid commitments;
- external sales;

- pension scheme contribution;
- internal tax.

This demonstrates that the EMBL salaries are taxed ac-
cording to an independent system. Therefore, on the ex-
penditure side the gross salaries are shown instead of the
net amount as in the past.
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PLATE 6 (Comments p.47)

Evolution of H1 Personnel Costs 1984-1988
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The Indicative Scheme 1988-1990 provided a modest net
growth.

1987-1988 0.5°,fc,
1988-1 989 1.5%
1989-1990 0 %

However, new activities have appeared over the years and
new sources of income should be found. Up to now EMBL
has received

- the ordinary and special (limited in time) contributions
of the 4 new Member States (Greece since 1985;
Finland, 1985; Norway, 1986; and Spain, 1987);

- a 2.7 MOM grant from the Land Baden-WOrttemberg as
a contribution to the new building completed in 1988;

- a 1 MECU grant from the EEC, Brussels, for the
expansion of the Data Library.

The Laboratory hopes that within a short time all West
European countries will be Member States of the EMBL
as they are, except for one, of the EMBC.
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A new Indicative Scheme will be established for the period
1991-1993. As far as can be forecast now, funds will be
necessary for several major projects:

- expansion of the facilities in the Hamburg Outstation;
- expansion of the facilities in the Grenoble Outstation in

close cooperation with ESRF;
expansion of the Data Library and Biocomputing in
Heidelberg;

- new research fields in molecular biology.

The research conducted at EMBL experiences vast de-
velopments at a quick pace and EMBL, after 10 years
of activity on its present site, has achieved world-wide
recognition so that it is repeatedly invited to participate in
major scientific projects. Thanks to the policy of medium-
term contracts (up to 9 years maximum) a number of
ex-EMBL scientists are dispersed throughout in the world,
maintaining contacts and multiplying the opportunities of
interaction.



Table 3

MAIN ITEMS OF INCOME AND EXPENDITURE DURING 1988

All figures in 1000 OM

Income Budget Actual Expenditure Budget Actual

Carried forward 1,118 1,118 Staff Costs 32,574 32,571
from 1987 (inc!. Internal Tax)

Liquidation of Reserve 3 3 Operating Costs 15,147 14,678

Ordinary Contributions 46,072 46,072 Capital Expenditure 8,132 7,775

Special Contributions 946 946 Reserve 79 79

Bank interest 670 522

Pension Scheme 827 840

Internal Tax 5,425 6,053

Unpaid Commitments 270 329

Sales 400 192

Other Income 201 28 Carry Forward to 1989* 1,000

Total Income 55,932 56,103 Total Expenditure 55,932 56,103

* The carry forward to 1989 consists of excess of income (171 KDM) and unspent provisions (829 KDM). See table 2.
(Comments p.52)
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Financial situation: 1988 outturn
versus budget (Table 3, p.51)

Income

Several discrepancies can be observed between budget
and outturn.

(a) Bank interest proceeds amount to 522 KDM against
the expected 670 KDM (inflated through the reduction
of the contributions by 312 KDM last year). In spite of
the fact that the outturn is short by 148 KDM, it is a
remarkable result in view of the low level of interest
rates during the major part of the year. In compliance
with a recommendation by Council, several Member
States made the effort to pay their entire contribution
for the year during the first 1988 quarter (85% of
the contributions were paid by the end of June). The
average overall bank interest rate was 3.770/0;

(b) On the other hand, sales amounted to only 192 KDM
versus the expected 400 KDM because fewer items
of obsolete equipment were sold and the turnover in
devices manufactured in the EMBL workshops and
invoiced to outside research institutions diminished.

(c) Internal tax proceeds exceeded the forecast 5,425
KDM by 628 KDM because the total amount of
salaries paid to EMBL members of personnel ex-
ceeded the original budget;

Expenditure

The actual expenditure for Heading 1 has exceeded the
total budget (rev.1) of 31,147 KDM by 1,427 KDM, in par-
ticular because the budget for indemnities and other grants
was overspent (3,409 KDM against 2,400 KDM) mostly
due to several departures which took place at an earlier
date than agreed in the contracts. The quick turnover
of staff led to additional removal expenses (381 KDM
against 210 KDM). Finally, the social security expenses (in
particular, contributions to Health Insurances) amounted to
1,853 KDM instead of the budgeted 1,600 KDM.

Fortunately, savings (or postponements of not urgently re-
quired purchases) were achieved in Headings 2 and 3, and
internal transfers (within the agreed limits) compensated
for the overspending in Heading 1.
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The 171 KDM of excess income resulted mainly from the
internal tax. The figure of 829 KDM shows unspent or
uncommitted provisions.

J.-F. Beerblock

Personnel

Children's nursery at EMBL

Since 1 March 1988 EMBL has been running a Day
Nursery for children under 3 years of age, housed in
the former student guest house at EMBL. This solved a
problem that had become increasingly pressing in recent
years because of the rise in the number of staff with very
young children.

The situation was particularly difficult for children under
three. The few local day nurseries could not meet the
constantly growing need for places for EMBL children.
This demand was most urgent for the visiting scientists at
EMBL, whose average stay is between one and two years
and of whom about half have children under 5 years.

Since 1984 EMBL had attempted to set up its own Nursery.
Such an institution is subject to numerous conditions under
the laws of the Federal Republic of Germany and the plans
therefore had to be abandoned.

It was not until 1987 that the City Council of Heidelberg,
which provided sustained support for the plan, gave final
approval for a Nursery to be set up in the old guest house
for students at EMBL.

Following many discussions between the EMBL adminis-
tration, members of the personnel and the Staff Associa-
tion, plans for the Nursery were agreed. It was to have
a trial period of six months and the contributions from
the parents were to cover most of its organizational and
running costs.

Thanks to the demand from EMBL staff, the Nursery's
six-month trial period proved very successful, not least be-
cause of the great interest shown by staff members in this
facility. In December 1988 there were already 15 children
in the Nursery and the number of enrolments indicates that
this number will rise to between 18 and 20 in 1989.



PLATE 7

The picture shows from left to right, the First Mayor of Heidelberg,
Dr. K. Korz, Baden-WOrttemberg's Minister for Science, Prof.
Helmut Engler, and the Director-General of EMBL, Prof. Lennart
Philipson, during the inaugural ceremony.
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General

Inauguration of the new building at EMBL

Many representatives of public life in Baden-WOrttemberg,
together with delegates of the EMBL Council and members
of the Finance Committee, were present on 30 Novem-
ber 1988 as Prof. Lennart Philipson, the Director-General
of EMBL, performed the opening ceremony for the new
building and auditorium of the EMBL. In the presence of
Baden-WOrttemberg's Minister for Science and Culture,
Prof. Helmut Engler, the deputy mayor of Heidelberg, Dr.
Karl Korz and the chairman of the EMBL Council, Prof. Jan
Drenth, the new auditorium, which can be divided into two
lecture rooms with a total of 350 seats, was given the name
"The Operon" (Plate 7). This name honoured the seminal
contribution of the French scientists, FranQis Jacob and
Jacques Monad who discovered the unit of coordinated
expression for genes in bacteria, which they named "the
operon". In allusion to this discovery, Professor Philipson
explained his hope that an auditorium bearing such a name
would serve as the stage for many dramatic discoveries at
EMBL.

The inauguration was the culmination of efforts by EMBL
over a number of years to secure an auditorium with a
capacity to meet the Laboratory's growing requirements for
a lecture theatre for its seminars and teaching and training
activities.

The construction of a sufficiently large lecture theatre
was discussed when the main Laboratory was designed,
but could not for financial reasons be realized at that
time. From the beginning, all the larger EMBL meetings
have, therefore, had to be arranged in the auditorium
of the nearby Max-Planck-Institute for Nuclear Physics.
At the opening ceremony Professor Philipson took the
opportunity of expressing his appreciation for the long-
standing cooperation with this Institute.
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However, it was not only a suitable lecture theatre that
had been lacking; with the increasing number of staff and
the setting up of the new "Biocomputing" Programme, the
construction of an annex building with laboratories and
office space became increasingly pressing.

In his first scientific programme written in 1982 when
he assumed the Director-Generalship, Professor Philipson
drew attention to the need for an auditorium.

It was mid-1986 when the Council and the Finance Com-
mittee received a detailed proposal from the Administration
with building plans, room distribution, cost estimates, a
financial plan and time schedule. The basic construction
costs, excluding equipping and fitting-out the building, were
estimated at OM 6.8 million.

At its meeting on 1 July 1987, the Council of EMBL
approved the building proposal. This decision was made
much easier by the commitment by the Land Baden-WOrt-
temberg and the European Community to provide finan-
cial backing for the new building and the "Biocomputing"
programme. The Land Baden-WOrttemberg contributed the
sum of OM 2.7 million.

The foundation stone was laid on 9 December 1987 and
the topping-out ceremony followed on 9 June 1988. Shortly
after the inauguration on 30 November 1988 the first
scientific groups moved into the new building. The new
auditorium was also ready in time for the meetings of the
EMBL Council and the Finance Committee on 1 and 2
December 1988. It proved possible not only to keep to the
time schedule but also to remain within the original cost
estimate.

K. MOiler



Official visitors in 1988 26.07.1988 S. Kadari, T. Netzer, A. Dines &
Mr. Weiner, Weizmann Institute,
Rehovot, Israel

21.09.1988 Prof. M. Limonta,
Centre for Genetic Engineering and
Biotechnology, Havanna, Cuba

18/19.01.1988 M. Avenbleij 22.09.1988 R. Bi, J. Liu, H. Chung & J.-P. Shi,
De Volkskrant, Netherlands Chinese Academy of Sciences,

Peoples Republic of China
26.01.1988 O. Sonderskov, R. Strand &

J. Kyeling, Inst. of Medical Biochemistry, 28.09.1988 G. Cozzi,
Aarhus University, Denmark International Centre for Genetic

Engineering and Biotechnology,
04.04.1988 Dr. B. Drujan, Triest, Italy

Venezuelan Inst. of Scientific Research,
Caracas, Venezuela 03.10.1988 Dr. M. Broekhuizen & Dr. C. Ladage,

Ministry of Education and Sciences,
08.03.1988 M. Guibert, Zoetermeer, the Netherlands

Embassy of the French Republic,
Baden-Baden 13.10.1988 Dr. F. Solymosy,

Biological Research Centre of the
18.04.1988 A. Eide, Hungarian Academy of Sciences,

Drammens lidende, Buskeruds Blad, Szeged, Hungary
Drammen, Norway

02.11.1988 G. Mack,
26.04.1988 L.E. Zapata, Institute for Marketing Research,

Inst. for Technological Research, Heidelberg
Bogota, Columbia

30.11.1988 Prof. Dr. H. Engler,
29.04.1988 Dr. A.J. Driesel, Minister for Science and Art

Dechema Institute, of the Land Baden-WOrttemberg,
Frankfurt am Main Stuttgart

27.05.1988 Dr. K.M. Roa, 08.12.1988 Dr. R. Morris,
Defence Ministry, Texas Research and Technology Foundation,
Gwalior, India San Antonio, Texas, USA

27.06.1988 Dr. H. Forsberg, 16.12.1988 M. Greffrath,
Academy for Engineers, Die Zeit, Hamburg
Stockholm, Sweden

19.12.1988 Prof. R. van Geen,
26.07.1988 J. Lustig, President of the National Council

Faculty of Exact Sciences, for Science Policy,
University of Jerusalem, Israel Brussels, Belgium
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Guided tours during 1988

17.03.1988

09.06.1988

July 1988

25.08.1988

10.11.1988

06.12.1988
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Biology students of the
State University of Utrecht,
The Netherlands; 42 persons

Members and guests of the
Max-Planck Society,
Munich; 20 persons

Journalists from the
Rhein-Neckar region; 21 persons

Teachers of the
Johannes-Kepler-Hauptschule,
Mannheim; 41 persons

Economy students,
Heidelberg; 25 persons

Medical students of the
University Clinic Uppsala,
Sweden; 46 persons



Table 4

EMBL STAFF DEVELOPMENT

Category of Personnel December 1986 December 1987 December 1988 Man-Years 1988*

Staff Members 253 251 263 257.80
Supernumeraries 56 109 124 80.07
EMBL Predoctoral Fellows 36 32 35 32.17
EMBL Postdoctoral Fellows 13 15 25 19.08
EMBO Fellows 15 11 15 12.17
Visitors 79 94 95 103.75
Trainees 4 3 10 10.90

TOTAL 456 515 567 515.94

The figures show the total employees of the various categories during the month of December 1986, 1987 and 1988.

* The "Staff Complement" of the EMBL is based on man-years and the figures indicate the total number of posts that were
filled in 1988 during the whole of that year.

57



Director-General

Lennart Philipson

Secretaries

Waltraud Ackermann
Nelly van der Jagt-Gonzalez

Internal auditor

Karl Koglmayr<>
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Staff and Visitors

* indicates group leaders
* indicates part of the year only
<> indicates part-time work
Fellows comprise: pre- and postdoctoral fellows

(EMBL, EMBO and external)
Visitors comprise: students, trainees,

visiting workers & visiting scientists
Assistants comprise: scientific and technical assistants,

data assistants and supernumeraries



Central Laboratory,
Heidelberg

Cell Biology

Programme coordinator

Kai Simons (Senior scientist)

Secretary

Anne Walter

Scientists

Bernhard Dobberstein* (Senior scientist)
Gareth Griffiths*
Jean Gruenberg*
Bernard Hoflack**
Eduard Hurt*
Wieland Huttner*
Kathryn Howell**
Eric Karsenti*
Thomas Kreis*
Jan de Mey
Keith Stanley*
David Vaux**

Fellows

Victoria Allan (York)(EMBL)
Robert Bacallao (USA){NIH)
Oddmund Bakke* (Trondheim)(EMBO)
George Banting (London)(Royal Society)
Mark Bennett (USA)(NIH)
Morgane Bomsel (Paris)(EMBO/CNRS)
Heather Bond (Leeds)(Royal Society)
Andre Brandli (Basel)(EMBL)
Paola Braghetta (Padova)(Univ. Padova)

Brigitte Brake (Innsbruck)(DFG)
Brigitte Buendia (lyon)(EEC)
Karen Button (Bath)(EMBL)
Eric Chanat (Rennes)(EMBO/EMBL)
Ivanmatteo de Curtis* (Milan)(EMBL)
Carlos Dotti* (Argentina)(EMBO/Humboldt)
Rainer Duden (Heidelberg)(EMBL)
Evelyne (Luxembourg)(DFG)
Hans-Hermann Gerdes (Marburg)(EMBL)
Detlef Gussow* (Amsterdam)(EMBL)
Marie-Therese Haeuptle* (Lausanne)(EMBUDFG)
Ute Hamann (Epalinges)(EMBL)
Joachim Herz (Heidelberg)(EMBL)
Wai Chang Ho (USA)(Boehringer Ingelheim Fonds)
Paula Karecla* (London)(EMBL)
Klaus Lingelbach (Australia)(EMBO)
Joachim Lipp (Heidelberg)(DFG)
Alessandra Luzzago* (Brescia)(EMBL)
Daniela Marazziti* (Pisa)(DAAD)
Rafaele Matteoni* (Pisa)(EMBL)
Nancy Mize* (USA)(EMBL)
Ann Mutvei* (Stockholm)(Nordic Yeast Res.Prog.)
Ulf Nehrbass* (Bern)(EMBL)
Christof Niehrs (Berlin)(EMBL)
Robert Parton (Leicester)(Royal Society)
Sanjay Pimplikar* (Canada)(DFG/Humboldt)
Kristian Prydz (Oslo)(NAVF)
Janet Rickard (Liverpool)(NATO/SERC)
Karin Romisch (Konstanz)(EMBL)
Jean Salamero* (Paris)(CNRS)
Jochen Scheel* (Tubingen)(EMBL)
Ulrich Seydel* (Martinsried)(DFG)
Peter van der Sluijs* (Groningen)(Humboldt)
Kyuyong Song* {USA)(EMBUBoehringer

(Ingelheim/DFG)
Jane Stinchcombe (Brighton)(EMBL)
Harald Stotz* (Bonn)(DFG)
Sharon Tooze (Heidelberg)(EMBL)
Fulvia Verde (Pisa){EMBL)
Angela Wandinger-Ness (USA)(NIH)

Visitors

Claude Anthony (Paris)
Stefano Bonatti* (Naples)
Marie-Helene Bre (Gif-sur-Yvette)
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Giorgio Bressan* (Padova)
Patricia Caldera Munoz* (USA)
Annuk Chestier* (Paris)
Jorge Dominguez Reyes* (Madrid)
J6rg Ehrenpreis* (Heidelberg)
Marie-Anne Felix (Paris)
Anita Hung-Leo* (Venezuela)
Lynne Jesaitis* (USA)
Harry Jonitz* (Haidelberg)
Heike KOtt* (Heidelberg)
Kimmo Lahteenmaki* (Helsinki)
Thomas Ludwig (Heidelberg)
Paul Luzio* (Cambridge)
Ulrike Mathieu* (Heidelberg)
Andreas Merdes* (Heidelberg)
Joseph O'Connor* (USA)
Siegfried Prehn* (Berlin)
Sally Prigent* (Cambridge)
Stephen Rabinowitz* (Oxford)
Patrizia Rosa* (Milan)
Thomas Schimmang (Erlangen)
Christoph Schuster* (Heidelberg)
Michael Simm (Heidelberg)
Birgit Singer* (Heidelberg)
Brian Storrie* (USA)
Elisabeth Sztul* (USA)
Teppo Tuomikoski* (Oulu)
Christian Vannier* (Nice)
Krystn Wagner* (USA)
Peter Walter* (USA)

Assistants

Ruth Back
Bernd-Uwe Barth*
John Dickson*
Shamsa Faruki
Nicholas Flint
Hege Hardersen<>*
Michael Hollinshead
Heinz Horstmann*
Ruth Jelinek
Brigitte Joggerst-Thomalla*
Mark Kail*
Hildegard Kern
Mirjana Kutnjak<>*

60

David Murfitt*
Elizabeth Phillips
Margueritte Ragueneau*
Bettina Stahl*
Hilkka Virta
Carmen Walter*
Jane Webb
Ursula WeiB
Heike Wilhelm*



Differentiation

Programme coordinator

Thomas Graf (Senior scientist)

Secretary

Hilary Davies

Scientists

Hartmut Beug**
Rodrigo Bravo*
Patrick Charnay*
Sara Courtneidge*
Denis Duboule**
Ottavio Fasano*
Achim Leutz*
Rolf MOller**
Scott Ness
Manfred Renz**
Ulrich ROther*
Colin Stewart*
Bjorn Vennstrom**
Erwin Wagner**
Lindsay Williams*
Martin Zenke*

Fellows

JOrgen Adamkiewicz* (Essen)(DFG)
Catherine Boulter* (Oxford)(EMBL)
Elena Carra* (Palermo)(EEC)
Philippe Chavrier (Lyon)(ARC/EMBO)
Georg Feger (Ulm)(EMBL)
Douglas Forrest* (Glasgow)(Royal Society)
Jon Frampton* (Glasgow)(EMBO)
Ulrike Fuhrmann (Cologne)(EMBL)
Franco Gabrielli* (Pisa)(Min.Pubb.lnstr.)

Josee Golay (London)(Swiss Nat!. Sc. Found.)
Yves Goldberg* (Brussels)(EMBO)
Roberto Gristina* (Palermo)(EMBO)
Konrad Heckl (Vienna)(Schrodinger Found.)
Martino Introna* (Milan)(EEC)
Juan Izpisua-Belmonte* (Valencia)(EMBL)
Uwe Janssen-Timmen* (Essen)(DFG/EMBL)
Ann Johnsson* (Uppsala)(EMBO)
Khash Khazaie* (London)(EMBO)
Karla Kovary* (Brazil)(CNPD)
Robert Kypta (Oxford)(EMBL)
Patrick Lemaire (Paris)(EMBL)
Frances Lucibello* (London)(Wellcome Trust)
Pietro Masturzo* (Milan)(EEC)
Thomas Metz (Basel)(EMBL)
Alberto Munoz* (Madrid)(Fund. Juan March)
Tetsuro Neguchi* (Marseille)(EMBL)
Catherine Ovitt (USA)(Humboldt)
Franca Pischedda (Turin)(AIPC)
Armand Renucci* (Lyon)(EMBL)
Olivier Revelant (Paris)(Rh6ne Poulenc)
Thomas von ROden* (Mainz)(EMBO)
Tonnie Rijkers* (Utrecht)(EMBL)
Rolf-Peter Ryseck (Heidelberg)(EMBUEMBO)
Jan Sap (Leuven)(EMBL)
Marcus Schuermann* (Amsterdam)(Boehringer-

(Ingelheim Fond)
Gisela Sterneck (Munich)(EMBL)
Luisella Toschi (Milan)(CNR)
Emin Ulug (USA)(Boehringer Ingelheim Fond)
Christine Vesque* (Paris)(LNFCC)
Reinhard Wallich* (USA)(EMBUDFG)
Marino Zerial (Trieste)(EMBL)

Visitors

Adriano Aguzzi* (ZOrich)
Guido Boehmelt* (Heidelberg)
Emmanuelle De Vendittis* (Naples)
Christine Disela* (Gottingen)
Sally FOrstenberg* (USA)
Brigitte Galliot* (Strasbourg)
Samuel Goldenberg* (Brazil)
Shuichi Hirai* (Paris)
Eva Holmstrom* (Uppsala)
Michael Hug* (Heidelberg)
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Adriana Maddalena* (Palermo)
Uta M6hle-Steinlein* (Mainz)
Manfred Neuberg* (Heidelberg)
Monika Schr6ter* (Heidelberg)
Frank Schubert* (Heidelberg)
Christoph Schuster* (Heidelberg)
Mika Tirronen* (Helsinki)
Zhao-Oi Wang* (Vienna)

Assistants

Cathrin Bloching*
Pat Blundell
Otto Braunling*
Andrew Cartwright*
Gabi Doderlein
Hildegard Falkenstein*
Sigrid Grieser
Angelika Heber
Lynda Henry*
Jack Hunter*
Susan Hunter*
Christina Kurz*
Heather Macdonald-Bravo
Asa Marknell
Dagmar Muller*
Kristina Nordstr6m*
Shirley Pease*
Thomas Pohl
Carina Raynoschek*
Evi Roschall*
Andreas Schedl<>*-
Doris Sommer
Mirka Vanek*
Carmen Walter-M6I1er*
Claudia Winter*
Catherine Woodroofe*
Regina Zahn
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Biological Structures

Programme coordinators

Stephen Fuller} (Joint coordinators)
Dietrich Suck

Secretary

Christine Barber

Scientists

Belinda Bullard
Gianni Cesareni**
John Kenney*
Werner Kuhlbrandt**
Kevin Leonard*
Peter Metcalf**
Gour Pal
Michael Parker
Franc Pattus*
Ramon Serrano*
Demetrius Tsernoglou* (Senior scientist)
Rik Wierenga**

Fellows

Grazia Bottaro* (Messina)(DAAD)
Angel Cid* (Madrid)(Span. Min. of Educ. & Sc.)
Pilar Eraso (Madrid)(EEC)
Ari Huovila* (Jyvaskyla)(EMBL)
Gail Hutchinson* (Cambridge)(EMBL)
Constantin Kavounis (Thessaloniki)(EMBL)
Armin Lahm* (Heidelberg)(EMBL)
Jeremy Lakey (Norwich)(EMBO)
Alessandra Luzzago* (Brescia)(EEC)
Dominique Massotte (Liege)(EMBL)
Jean-Frangois Menetret (Paris)(NatI.Serv.)
James Murray* (Cambridge)(EMBL)
Martin Noble* (Cambridge)(EMBL)
Jose Manuel Pardo (Madrid)(Fund. Juan March)



Francisco Portillo (Madrid)(EEC)
Phoebe Stewart* (USA)(NIH)
Catherine Venien* (Paris)(INSERM)
Anne Volbeda* (Groningen)(EMBL)
Da Neng Wang* (Stockholm)(EMBL)
Richard Ward (Oxford)(EMBL)
Elisabeth Weber* (Strasbourg)(Humboldt)
Simon Weston* (Portsmouth)(EMBL)
Hans-Ulrich Wilmsen (Bochum)(EMBL)

Visitors

Marc Adrian* (Lausanne)
Raghuvir Arni* (Brazil)
Piero Battaglia* (Rome)
Carl-Henrik von Bonsdorff (Helsinki)
Anastassios Bosopulos* (Thessaloniki)
Tom Buckley* (Brit. Columbia)
Roger Burnett* (USA)
Luisa Castagnoli* (Heidelberg)
Claudia Cicala (Messina)
Celina Cziepluch* (Heidelberg)
Vincente Conejero* (Valencia)
William Dettner* (USA)
Alfred Esser* (USA)
Carmen Garcia-Vallejo (Madrid)
Mathias Gautel* (Heidelberg)
Roberto Gaxiola* (Darmstadt)
G6tz Hofhaus (Dusseldorf)
Michael Kokkinidis* (Crete)
Siegfried Labeit* (Heidelberg)
Ulrike Lang* (Heidelberg)
Inigo Larrinoa* (San Sebastian)
Brian Monk* (New Zealand)
William Newcomb* (USA)
Victor Nwosu* (Southampton)
Ida Pernice* (Messina)
Mathias Pohl* (Heidelberg)
Reinhold Rausch<>* (Heidelberg)
Mary Reedy* (USA)
Alejandro Silva-Rodriguez* (Cuba)
Gunter Stier* (Heidelberg)
John Trinick* (Bristol)
Guido Voit* (Heidelberg)
Hanns Weiss* (DOsseldorf)
Sabine Wrissenberg* (Constance)

Assistants

Patricia Buck
Marie-Pierre Reck
Anna Cyrklaff*
Marek Cyrklaff
Nathalie Didat
Charles Ferguson
Graham Frost
Adrian Kingswell
Anne Lakey
Imelda Mendoza Baisas*
Consuelo Montesinos
Alec Tucker
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Gene Expression

Programme coordinator

Riccardo Cortese (Senior scientist)

Secretary

Heide Seifert

Scientists

Marco Bianchi
Enzo De Simone*
Roberto Di Lauro*
Paolo Di Nocera*
Angus Lamond*
lain Mattaj*
Henk Stunnenberg*
David Tollervey**

Fellows

Rosario Ammendola* (Naples)(Univ.Naples)
Silvia Barabino* (Pavia)(EMBL)
Ben Blencowe* (London)(EMBL)
Thomas Dandekar* (Paris)(Boehringer Ingelheim Fond)
Raffaele De Francesco* (USA)(EMBO)
Monique Frain (Paris)(CNRS)
Helen Francis-Lang (York)(EMBL)
Fotini Gounari (London)(EEC)
Giovanna Grimaldi* (Naples)(EMBL)
J6rg Hamm (Berlin)(Boehringer Ingelheim/EMBL)
Eis Hardon* (Utrecht)(EMBL)
Michael Kazmaier* (Bern)(DFG)
Renata Lonigro (Camerino)(EMBL)
Catherine Mitchelmore* (Cambridge)(EMBL)
Paolo Monaci (Rome)(Villa Rusconi)
Gianni Morrone (Naples)(Min. of Educ.)
Alfredo Nicosia (Siena)(EEC)
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Salvatore Oliviero* (Turin)(EMBO)
Giacomo Paonessa* (Naples)(EMBL)
Huw Parry (London)(EMBL)
Giulia Piaggio* (Rome)(AIRC)
Valeria Poli* (Turin)(EMBL)
Melanie Price (Leicester)(EMBO)
Dipak Ramji* (Leeds)(Roy.Soc.)
Veronique Ribes* (Paris)(EEC)
Fabio Rossi* (Genova)(Min. Publ.lnstr.)
Beate Schwer* (Basel)(EMBL)
Kenneth Simmen* (Edinburgh)(EMBL)
Alison Sinclair (London)(EMBL)
Daniel Scherly* (Geneva)(EMBO)
Guido Swart (Leiden/Palaiseau)(Humboldt)
Graham Tebb* (Oxford)(EMBL)
Maria del Mar Vivanco-Ruiz (Bilbao)(EMBL)
Jan Vos* (Wageningen)(EMBL)

Visitors

Catherine Abbott* (London)
Daria Acampora* (Naples)
Rosaria Arcone* (Naples)
Michael Beer* (USA)
Monica Beltrame (Milan)
Eric Carlemalm* (Basel)
Donato Civitareale (Rome)
Christos Cladaras* (USA)
Ferrucio De Lorenzo* (Naples)
Paola Fiorentini (Genova)
Franco Gabrielli* (Pisa)
Lina Ghibelli* (Rome)
Stefania Guazzi* (Genova)
Gabrielle Haider* (Salzburg)
Manuela Helmer-Citterich* (Rome)
Gabor Lamm* (Edinburgh)
Heidrun Lange* (Heidelberg)
Marco Lobias* (Australia)
Angelo Lupo* (Naples)
Nicoletta Malgaretti* (Milan)
Joachim Mestermann* (Heidelberg)
Angus Ogilvy* (Edinburgh)
Giulio Russo* (Naples)
Cinzia Traboni* (Rome)
Marco Tripodi* (Rome)
Martin Verbeet* (Amsterdam)



Assistants

Jorg Bensemann*
Carolyn Blance
Nina Dathan
Luisa De Magistris
Peter Hirschmann*
David Kirk
Ulrike Martin
Maurizio Nuzzo*
Ursula Ryder
Jacky Schmitt
Susanne Stampfli
Petra Stevenson
Stacy Wiedenmann

Physical Instrumentation

Secretary

Rachel Wainwright

Scientists, Engineers

Christian Boulin*
Elisabeth Cistac
Jean Davoust*
Avi Epstein
Max Haider
Arthur Jones* (Senior Scientist)
Richard Kempf*
Philippe Leyendecker
Ali Moussavi*
Ernst Stelzer*
Clemens Storz
Willem Tichelaar
Paul Tucker

Fellows

Cecile Butor* (Marseille)(EMBL)
Pierre Cosson* (Paris)(ENS)

Visitors

Bernadette Arnoux* (CNRS)
Michael Beer* (USA)
Christian Betzel* (EMBL Hamburg)
Eric Carlemalm (Basel)
Steven Cusack* (EMBL Grenoble)
Zbigniew Dauter* (EMBL Hamburg)
Annette Draeger* (Salzburg)
Jan Drenth* (Groningen)
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Armand Ducruix* (CNRS)
Bauke Dijkstra* (Groningen)
Lars Hansen* (Trams,,)
Eduard Hough* (Trams,,)
Joel Jaeger* (Basel)
Cor Kalk* (Groningen)
Michael Kokkinidis* (Crete)
Anne-Marie Lambert* (Strasbourg)
Leif Landeman* (Goteborg)
Stefan Lanio* (Heimstetten)
Rene Muller* (Heidelberg)
Nicolas Nassar* (Grenoble)
Susanne Popp* (Heidelberg)
John Sedat* (USA)
Errki Soini* (Turku)
Leslie Somers* (Stuttgart)
John Stezowsky* (Stuttgart)
Jean-Claude Thierry* (Strasbourg)
Matthias Willmanns* (Basel)
Stephane Wisshaupt* (Mulhouse)

Assistants

Pekka Hanninen*
Mark Kail*
Johanshah Khazaie
Robert Morrison
Rainer Pick
Georg Schafer
Reinhold Stricker

Electronic workshop

Carol Stettner

Bruno D'Orazio
Alfons Riedinger
Georg Ritter
Eugen Schwan
Kurt Stroh
Siegfried Winkler

Visitor

Ariel Yagil* (Tel Aviv)
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Mechanical workshop

Hans Flosser

Antonis Beloubassis
Thomas Blum
Leo Burger
Philip Goodman
Gaetano Landomini
Helmuth Schaar
Otto Wernz
Wolfgang Zengerling

Instrumentation maintenance

Norbert Hassler
Peter Collins
Yves Sorensen
Abdullah Sulayici

Construction bureau

Michael Bleimling
Petra Riedinger
Hans Wittmann

Visitor

Daniel Barak* (Rehovot)



Biochemical Instrumentation

Scientists, Engineers

Wilhelm Ansorge*
Babro Beijer
Rainer Frank*
Heinrich Gausepohl
Rainer Pepperkok
Christian Schwager
Brian Sproat*
Hartmut VoB

Fellow

Keith Ashman (Aberstwyth)(EMBL)

Visitors

Fatima Almeida de Alvedo* (Kaiserslautern)
Veronika von Arnim* (Bonn)
Allan Bankier* (Cambridge)
Wolf Brandt* (S.Africa)
Hermann Bujard* (Heidelberg)
Andrew Civitello* (USA)
AI Edwards* (USA)
Holger Erfle (Heidelberg)
Marie Pierre Gaub* (Strasbourg)
Gery Gish* (Gottingen)
Adolfo Iribarren* (Argentina)
Doris Koesling* (Berlin)
Tom Kristensen* (Oslo)
Beatrix Kuen* (Vienna)
Markus Lindemann* (Bremen)
Andre Rosenthal* (Ost-Berlin)
Andrew Smith* (Cambridge)
Rainer Stiemer* (Paris(
Guido Volckaert* (Leuven)
Jochen Wallach (Heidelberg)
JOrgen Zimmermann* (Heidelberg)

Assistants

Armin Bosserhoff
Edward Davey
Margot Kraft
Philippe Neuner
Peter Rider
Brigitte Schneider
Josef Stegemann
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Biocomputing

Programme coordinator

Chris Sander (Senior scientist)

Secretary

Christine Raulfs

Scientists, Engineers

Pat Argos*
Heinz Bosshard**
Richard Bryan*
Graham Cameron*
Dominic Fedronic
David Hazledine
Patrick Herde*
Jaap Heringa*
Shirley Jones*
Patricia Kahn
Arthur Lesk*
Annalisa Pastore
Johan Postma
Roy Omond*
Peter Rice
Peter Stoehr*
Gunter StoBer
Anna Tramontano*
Robert Vogel*

Fellows

Domenico Bordo* (Rome)(EMBO)
Toby Gibson (Cambridge)(SERC)
Danielle Konings (Utrecht)(Roy. Dutch

Acad.of Sciences)
Luis Menendez-Arias* (Madrid)(EMBO)
Susan Miller* (London)(EMBL)
Martin Vingron (Vienna)(EMBL)
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Visitors

Miguel Beato* (Marburg)
Amos Bairoch* (Geneva)
Bernd Bussian* (Darmstadt)
Steve Emery* (Braunschweig)
Alexej Finkelstein* (Moscow)
Cornelius Frommel* (East-Berlin)
Adam Godzik* (Warsaw)
Stavros Hamodrakas* (Athens)
Arndt van Haeseler* (Bielefeld)
Tim Havel* (USA)
Liisa Holm* (Espoo)
Hans Kalbitzer* (Heidelberg)
Michael Kokkinidis* (Crete)
Jorg Langowski* (EMBL Grenoble)
Stuart McGavin* (Dundee)
James Milner-White* (Glasgow)
Henriette Molinari* (Milan)
Ken Nishikawa* (Japan)
Alfred Nordheim* (Heidelberg)
Heiko Ohlenbusch* (Strasbourg)
Renas Rechid* (Heidelberg)
Michael Schaefer* (Heidelberg)
Reinhard Schneider* (Heidelberg)
Yuri Sprizhitskii* (Moscow)
Rodger Staden* (Cambridge)
William Taylor* (London)
Rob van Unen* (Eindhoven)
Gert Vriend* (Groningen)
Michael Waterman* (USA)

Assistants

Brigitte Altenberg-Greulicho
Rolf Apweilero
Marion BeckO*
Brigitte Boeckmann
Philipp BucherO*
Charoula Christodoulouo
Anastasia DaskarolisO*
Sylvie Karcher*
Amanda Lennon
Michael LieserO*
Katrin MasteO*
Barbel Meissnero



Sibylle ReichlingO*
Catherine RiceO*
Bernd R6chert°
Rudiger RothfuchsO*
Michael Scharf
Erich Schechinger
Raimund Schnobel
Michaela SommerleldtO*
Rudiger Sultemeyer
Wolfgang Winkler
Karin ZojerO

The Director's Laboratory

Scientists

Lennart Philipson
Vincenzo Sorrentino

Fellows

Claudia Cicala (Messina)(lnst.di Santa, Rome)
Carmela Ciccarelli* (Rome)(Univ.Rome)
Michael Etzerodt* (Aarhus)(EMBO/EMBL)
Bengt Kallin* (Stockholm)(Swed.Cancer Soc.)

Visitors

Pietro Chiurazzi* (Rome)
Chiara Locardi* (Rome)
Arturo Sala* (Rome)

Assistants

Robert King*
Claudia Winter*
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Scientific Administration

Scientific coordinator

John Toozeo

Szilard Library

Mary Holmes
Jane List

Photography

Claus Christensen*
Bill Mairs*

Raimund MOller*
Alan Summerfield
Arnim Weischer

Visitor

Shalom Nidam*
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Administration

Administrative Director

Jean-Franc;ois Beerblock

Meetings secretariat

Frieda Leenart

Christina Kjar

Administrative computing

Brian HiII*

Building and remodelling

Ernst Heinmoller

Visitor

Luis Szriber* (Rehovot)

Building maintenance

Udo Kirsch
Helmut Kollenz
Willi Riedle



Supernumeraries

Roland Friedl<>
Carlos Verdera-Chicoo
Antonio Quintana Pardoo

FINANCE:
Budget

Zuri Mahfood

Bookkeeping

Albert StegmOller

Daniela Becker*
Agnes Bosshard*
Johann Brandalik
Ulrike Dreiling*
Norbert Heger

Trainees

Ina Decker* (Heidelberg)
Baruch Marcovich* (Haifa)
Reuben Pellech* (Be'er-Sheva)

Inventory & Price control

Wolfgang Rather
Maria Varela

Purchase

Torben Poulsen

Gerlinde Stricker
Cornelia Bihl*
Reinhard Retzlaff*

Stores

Hans Herzog
Klaus Hoppner
Ingo Liedtke*
Donald McPhee*

Trainee

Hedwig Boonstoppel* (Enschede)(DAAD)

PERSONNEL AND GENERAL SERVICES

Konrad MOiler

Jean-Philippe Arnold*
Carla Jenal-Eppinger
Maryka Kimmins*
Christine Pearce*
Petra Seethaler
Werner Sester
Murielle Victouron*

Supernumeraries

Sibylle Hofmeyer<>
Dagmar Schon*

Telephonists

Susanne Eberhard<>*
Rita Gutfleisch<>*
Maria Ittensohn<>*
Jasmin Taylessani<>*

Central Secretariat

Marianne Remy<>

Zarina Baloch*
Isabelle Fraignaud
Helen Fry*
Maria Ittensohn<>*
Sybille Reichling*
Jacqueline Reid*

Trainees

Christine Abinal* (Strasbourg)(EMBL)
Catherine Cazaro* (Montpellier)(EMBL)
Julia Graham* (Wolverhampton)(DAAD)
Karin Joris* (Leuven)(EMBL)
Merrill Rowan* (Wolverhampton)(DAAD)
Sabine Sulger* (Heidelberg)(IM)
Elizabeth Weeden* (Wolverhampton)(DAAD)

Guesthouse caretaker

Egan Heer
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Guesthouse (Supernumeraries)

Laura Beckero
Manfred Fischer<>*
Helga Grabarek<>*
Petra Klostermann<>*
Bettina Kuhno
Inge Schuhmachero
Kathe WayerO
Karl-Heinz Fleckenstein<>

Supervisors of EMBL children at international school
(Supernumeraries)

Rosalind Barrett-Lennard<>*
Barbara Webero

Nursery (Supernumeraries)

Carole Ashley<>*
lise Engelmann<>*
Susanne Fl6sser<>*
Waltraud KiII<>*
Brigita Lechner<>*
Heike MaaB<>*

Security Service (Supernumeraries)

Hans Riemanno

Roland Balzo
Siegfried Bernhardt<>*
Anton Dick<>*
Gerhard Fertig<>*
JOrgen Jahnkeo
Alex Janseno
Fritz Klose<>
Klaus Komanns<>*
Heinz Lammel<>*
York Lechtenboerger<>*
Lothar Niehaus<>*
Rolf Schadeo
Raimund Schink*
Edwin Seibel<>*
Thomas Winkler<>*
Karl Zipp<>*
Werner Zippo
Klaus Zuffinger<>*
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Canteen (Supernumeraries)

Klaus Hoffmann

Leo Becker

Jutta Glaser<>*
Anna Hofmann<>*
Roswitha Hoffmanno
Ines H6nickeo
Thomas Kniesbecko
Claudia Krauso
Erika Leistner
Daniela Leuchs<>*
Frieda Leyer<>
Irmhild Licht<>*
Eva Link
JOrgen Link<>*
Eva LintzO
Claudia Michaeliso
Sylvia Rothermel<>*
Jutta Schmieg<>*
Anne Siebert<>*
Achim Weil<>
Karin Wetterauer
Melanie Wirges*
Ursula WitteO
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A. Vaheri (Helsinki, Finland)
Fibronectin and local proteolysis in malignant trans-
formation and tissue destruction

H.G. Simon (Freiburg, Fed. Rep. of Germany)
Cloning of the cDNA for the murine T cell specific
proteinase TSP-1 and the expression of the gene
in vitro and in vivo

96

M. Field (Cambridge, MA)
The development of a combined quantum mechan-
ical and molecular mechanical potential and its use
in investigating enzyme and solution phase reac-
tions

E. von Kitzing (G6ttingen, Fed. Rep. of Germany)
DNA curvature

P. Datto (New Haven, Conn.)
Multistep carcinogenesis: in vitro and in vivo stud-
ies with mouse keratinocytes

E. Fanning (Munich, Fed. Rep. of Germany)
Viral and cellular DNA-binding proteins to the SV40
origin of replication

G. Galli (Rome, Italy)
Immunoglobulin gene expression during B-cell de-
velopment

S.L. Ang (Boston, MA)
The human T-cell receptor y-6 complex

E. Berger (Basel, Switzerland)
Localization of galactosyltransferase and sialyl-
transferase in HeLa cells

D. Skup (Montreal, Canada)
Multiple levels of regulation in the expression of
virus inducible genes

M.-F. Carlier (Gif-sur-Yvette, France)
Role of nucleotide hydrolysis in the dynamics of
actin filaments and microtubules in vitro

C. Gautier (Lyon, France)
The genome hypothesis: evolutionary implication of
some molecular processes

A. Matus (Basel, Switzerland)
Microtubule associated proteins and neuronal mor-
phogenesis

B. Wasylijk (Strasbourg, France)
Oncogene control of enhancer activity



B. Gills (Fort Collins, CO)
The role of sodium/protein exchange in cell prolif-
eration

P. Walter (San Francisco, CA)
Protein targeting to and translocation across the ER
membrane

J. Caulfield (Boston, MA)
Schistosomula use Iysophosphatidylcholine in de-
fence against human blood cells

J. Sedat (San Francisco, CA)
The structure of the nucleus: new insights using
three-dimensional microscopy

D. Sherrat (Glasgow, U.K.)
Novel recombination mechanisms: DNA topology
and novel proteins

V. Gerke (G6ttingen, Fed. Rep. of Germany)
Splice site recognition in mammalian preRNAs

J.-C. Perriard (Zurich, Switzerland)
The role of isoproteins in cytoarchitecture and cell
functions

L. Taiz (Santa Cruz, CA)
Vacuolar ATPase from plants

M.W. Hentze (Bethesda, MD)
Iron responsive elements; a new class of specific
RNA regulatory elements that control translation
and cytoplasmic mRNA levels

A. Noegel (Martinsried, Fed. Rep. of Germany)
Homologous recombination as a new tool to inves-
tigate the cytoskeleton of Dictyostelium

J. Favor (Neuherberg, Fed. Rep. of Germany)
LOpx, X-linked cataract in the mouse, or everything
you wanted to know about cataracts

M. Perez (Madrid, Spain)
Protein phosphorylation in Rous sarcoma virus
transformed cells

G.I. Evan (Cambridge, U.K.)
Proteins encoded by myc proto-oncogenes

R. Nusse (Amsterdam, the Netherlands)
The role of the int-oncogene in mammary cancer
and in development

D. Baltimore (Cambridge, MA)
Control of immunoglobulin gene expression

I. Mellman (New Haven, CT)
Structural and functional diversity of Fc receptors

E. Schaerer (Epalinges, Switzerland)
Cell surface targeting of the polymeric immunoglob-
ulin receptor in transfected rabbit mammary cells

G. v. Heijne (Huddinge, Sweden)
Beasts from the protein sorting zoo: of SPs, STs,
USPs, SSTs, cTPs, mTPs, and all the rest

T. Hunt (Cambridge, U.K.)
Protein synthesis, proteolysis and the control of the
cell cycle

R. Zeller (Boston, MA)
Analysis of the mouse limb deformity locus: a
molecular approach to pattern formation

A. Koj (Cracow, Poland)
The network of inflammatory cytokines regulating
synthesis of acute phase proteins

D. Draper (Baltimore, MD)
Structure of a protein-mRNA! complex regulating
ribosomal protein translation

R. Kay (Cambridge, U.K.)
Morphogens, cell differentiation and pattern forma-
tion in Dictyostelium

K. Drickamer (New York, NY)
Molecular dissection of an endocytic receptor

P. Metcalf (EMBL, Grenoble)
Trypanosome variant surface glycoproteins
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P. Boquet (Paris, France)
ADP-ribosylation of a P21 G-protein by a clostridial
exoenzyme. Functional consequences for a cell

J. Doorbar (Birmingham, U.K.)
Identification and analysis of proteins encoded by
the human papilloma viruses

L. Kuhn (Epalinges, Switzerland)
Endocytosis and post-transcriptional regulation of
transferrin receptor

D. Wilkinson (London, U.K.)
Expression of proto-oncogenes int.1 and int.2 dur-
ing mouse development

G.S. Payne (Los Angeles, CA)
Characterization of protein transport in clathrin-
deficient yeast

A. Stoler (Chicago, IL)
Keratins: gene expression in normal and abnormal
tissues

B. Thorens (Cambridge, MA)
Characterization and functional expression of a
novel glucose transporter

A. Graessmann (Berlin, (West))
DNA methylation - chromatin structure and regula-
tion of TK gene expression

M. Hatano (Kobe, Japan)
In vivo regulation of class II MHC expression by
anti-sense RNA

K.-E. Magnusson (Linkoping, Sweden)
Fluorescence recovery after photobleaching com-
bined with image-intensified digital video mi-
croscopy; application to transport processes in ep-
ithelial and phagocytic cells

H. Hellinga (New Haven, CT)
Studies on the inverse folding problem: old proteins,
new sequences, new functions
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A. Smith (Cambridge, U.K.)
Targeted integrations into Ig gene sequences

M. Saraste (Helsinki, Finland)
Structural studies on membrane complexes: spec-
trin and cytochrome c oxidase

J.V. Small (Salzburg, Austria)
Contraction and controversy in smooth muscle

A. Ducruix (Gif-sur-Yvette, France)
Preliminary results on the structure of collagenase

H. Pelham (Zurich, Switzerland)
Protein sorting in the endoplasmic reticulum

J. Frampton (Glasgow, U.K.)
Regulation of erythroid gene co-expression: a pos-
sible mechanism from studies on the mouse 0:1
globin gene promoter

G. Wiche (Vienna, Austria)
High molecular weight proteins as mechanical inte-
grators of the cytomatrix

W. Alexander (Victoria, Australia)
Oncogene cooperation in B lymphoid proliferation
and tumourigenicity in EJ-L-myc transgenic mice

B. Storrie (Blacksburg, VA)
Intracompartmental dynamics of animal cell or-
ganelles

U. Gullberg (Lund, Sweden)
DIF: a differentiation inducing factor for myeloid
leukemic cells

B. Dijkstra (Groningen, the Netherlands)
Structure and catalytic mechanism of phospholi-
pase A2

E.A. Dzierzak (Cambridge, MA)
Retroviruses as developmental probes of cell fate
and gene expression in the murine haemopoietic
system



M. Bustin (Bethesda, MD)
Gene structure and DNA binding domain of the
HMG-14/17 family of chromosomal proteins

G. Borisy (Madison, WI)
Microtubule dynamics in mitosis and interphase

P. Vankan (Basel, Switzerland)
Transcription of plant U snRNA genes

M. Waterman (Los Angeles, CA)
Oceans and islands: a mathematical analysis of
genomic mapping by fingerprinting random clones

E. Hofer (Basel, Switzerland)
Glioblastoma derived T-cell suppressor factor/
transforming growth factor-,82, a potent inhibitor of
T-cell proliferation

H. Eibel (Freiburg, Fed. Rep. of Germany)
Depletion of cell population by expression of self-
specific antibodies in transgenic mice

M. Waterman (Los Angeles, CA)
Sequence comparisons by dynamic programming:
algorithms and statistics

W. Taylor (London, U.K.)
Sequence databank alignment

G. McAllister (New Haven, CT)
A tissue-specific snRNP associated polypeptide

C. McPhalen (Basel, Switzerland)
Aspartate aminotransferase: structural studies on
how the protein influences catalysis by its cofactors

A. Luini (S. Maria Imbaro, Italy)
Translation of hormonal signals from receptors to
the secretory machinery in a clonal line of ACTH
secreting cells

K. Nishikawa (Kyoto-Fu, Japan)
How to detect weak sequence similarity of proteins
for tertiary structure prediction

T. Yao (Tokyo, Japan)
The Protein Engineering Research Institute of Os-
aka,Japan

R. Staden (Cambridge, U.K.)
Pattern searching in DNA and protein sequences

A. von Finkelstein (Moscow, USSR)
Theory of cooperative transitions in protein
molecules

A. v. Haeseler (Bielefeld, Fed. Rep. of Germany)
5S rRNA and tRNA-trees: some results obtained by
tree reconstruction methods

T. Havel (La Jolla, CA)
Introduction to the basic concepts of distance ge-
ometry

J. Milner-White (Glasgow, U.K.)
Protein molecular graphics: hairpins and loop motifs

D.O. Furst (Gottingen, Fed. Rep. of Germany)
The organization of titin filaments in skeletal muscle

H. Diggelmann (Epalinges, Switzerland)
The regulation of mouse mammary tumour virus
gene expression by progestins, androgens and glu-
cocorticoids

A. Steven (Bethesda, MD)
Molecular motifs in viral receptor-recognition pro-
teins

P.M. Harrison (Sheffield, U.K.)
Understanding ferritin through site-directed muta-
genesis, metal binding and structural studies

F. Heitz (Montpellier, France)
Influence of the nature of the aromatic side-chains
on the conductance of the gramicidin channel

B. Luscher (Seattle, WA)
Studies on the metabolism of the two nuclear on-
coproteins Myc and Myb: functional implications
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A. Pahler (New York, NY)
Multi-wavelength anomalous dispersion phasing
and the structures of unligated and selenobiotinyl-
streptavidin

D. Bohmann (Berkeley, CA)
AP-1: a family of jun related transcription factors

J.E. Rothman (Stanford, CA)
Enzymology of intracellular protein transport

R. Tjian (Berkeley, CA)
Structure, function and specificity of eukaryotic tran-
scription factors

T. Havel (La Jolla, CA)
The determination of the solution conformations of
biological macromolecules by distance geometry

J.P. Gorvel (Marseille, France)
Differential glycosylation of enterocyte glycopro-
teins

I. Lasters (Brussels, Belgium)
Architectural layout of ,B-barrel proteins

Y. Sprizhitskii (Moscow, USSR)
Bioinformatics in the USSR: the modern state and
future developments

M. Ptashne (Cambridge, MA)
A universal (perhaps) activator of gene expression

G. Vollmer (GieBen, Fed. Rep. of Germany)
On the limits of human knowledge

A.S. Kolaskar (Pune, India)
Analysis of nucleic acid sequence data - Biological
and structural implications

E. Fyrberg (Baltimore, MD)
Myofibril form and function in Drosophila: new in-
sights from the molecular genetic approach

G. Michaels (Bethesda, MD)
Structure and function of zinc finger proteins
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F. Solymosy (Szeged, Hungary)
Small nuclear RNAs in plants

D.L. Wild (Missisauga, Canada)
Distribution of disordered protein and RNA in
tomato bushy stunt virus

E. Carafoli (Zurich, Switzerland)
The calcium pump of plasma membranes.
Structure-function relationships

J. Piette (Paris, France)
The jun-family of oncogenes: a link between the
UTPA"- and cAMP-dependent signalling pathways?

M. Shoham (Rehovot, Israel)
Life in the Dead Sea: adaptation of proteins to
extreme salinity

P. Ekblom (Tubingen, Fed. Rep. of Germany)
The role of extracellular matrix in the conversion
of a mesenchyme to a polarized epithelium during
mouse development

R. Perona (Madrid, Spain)
Expression of a heterologous proton pump is onco-
genic in fibroblasts: an increase in cell pH may
trigger proliferation

W. Herr (Cold Spring Harbor, NY)
cDNA cloning of the ubiquitous octamer binding
protein gene (oct-1). Identification of a new class
of DNA binding domain containing a homeo-box
sub-domain

K. Garson (Ottawa, Canada)
Mapping of the functional domains of the v-reI
oncogene

M. Rossmann (West Lafayette, IN)
Structural studies of picornaviruses and their com-
plexes with antiviral agents

H. Bellen (Basel, Switzerland)
Transposon tagging of cell-specific developmentally
regulated genes in Drosophila



M.W. Kirschner (San Francisco, CA)
In vitro studies of cell cycle regulation

G. Schatz (Basel Switzerland)
Transport of proteins into mitochondria

R. Kucherlapati (Chicago, IL)
Gene replacement in mammalian cells

T. Bachi (Zurich, Switzerland)
Video microscopy of enveloped viruses

N. Nicola (Melbourne, Australia)
Haematopoietic growth factor receptors

J. Thorner (Berkeley, CA)
Peptide hormone signal transduction in yeast

R. Roeder (New York, NY)
Eukaryotic transcription factors and mechanisms

S. Misquith (Brussels, Belgium)
The intracellular fate of formaldehyde-treated BSA
in endothelial rat cells

D. Barak (Rehovot, Israel)
Helping handicapped people with daily aids

I. Herskowitz (Rehovot, Israel)
Genetic programming of cell specialization in yeast

The yeast cell cycle: regulation by mating factors
and regulation of gene expression

R. Leapman (Bethesda, MD)
Biological applications of EELS

E. Hough (Tromsoe, Norway)
The structure of phospholipase C from B.cereus

S. Riva (Pavia, Italy)
Structure of a human gene encoding hnrpn protein
A1 : evidence for alternative splicing

M. Barbacid (Princeton, NJ)
The role of oncogenes in cancer development

P. Nurse (Oxford, U.K.)
Cell cycle control genes in yeast and their verte-
brate homologues

O. Noren (Copenhagen, Denmark)
Intracellular transport and targeting of an apical
membrane protein: intestinal aminopeptidase N

G. Menestrina (Povo, Italy)
Ion channel formation by E.coli haemolysin in
model lipid membranes

G. Schutz (Heidelberg, Fed. Rep. of Germany)
Coordinate control of liver gene expression by ge-
netically defined transacting loci

P. Jones (Basel, Switzerland)
Differential use of the two promoters of the caudal
gene during Drosophila development

S. Georgatos (New York, NY)
Nuclear lamina: organization principles and anchor-
age functions

C. Hughes (Cambridge, U.K.)
The molecular biology of haemolysin export by
E.coli

S.A. Benson (Princeton, NJ)
Genetic analysis of surface permeability in E.coli

R. Burnett (Philadelphia, PA)
The structure of adenovirus virion

G. Tachas (Melbourne, Australia)
Collagen expression in vascular smooth muscle of
different phenotypes
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Seminars-Hamburg

K.-D. Jany (Stuttgart, Fed. Rep. of Germany)
Proteinase K - protein and gene structure

M.G. Rossmann (West Lafayette, IN)
Neutralizing picornaviruses with antibodies and an-
tiviral agents

L. Yu (Bethesda, MD)
Equatorial x-ray diffraction from single muscle fibres

M. Struck (Zurich, Switzerland)
Studies on reconstituted nucleosome core particles
and application of a new versatile crystallization
method

K. Vorgias (Gottingen, Fed. Rep. of Germany)
Evidence on the mechanism of intermediate fila-
ment formation

o. Farver (Copenhagen, Denmark)
Structure and reactivity of blue copper proteins

J. Helliwell (York, U.K.)
Synchrotron radiation and protein crystallography

w. Hahne (Berlin, Democratic Rep. of Germany)
Thermitase: physiochemical studies and compari-
son with subtilisins

R. Pettifer (Warwick, U.K.)
Elementary information theory

M.Z. Papiz (Daresbury, U.K.)
Recent developments at the SRS

I. Glover (Daresbury, U.K.)
Multiwavelength anomalous dispersion phasing ex-
periments on "Y-crystallin

K. Kleppe (Bergen, Norway)
Nucleic acid binding proteins in E. coli: structure of
the bacterial nucleoid
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Seminars-Grenoble

A. Flamand (Gif-sur-Yvette, France)
The molecular basis of virulence: avirulent mutants
of rabies virus

J. Davies (Paris, France)
Aspects of antibiotic resistance: function and evo-
lution

M. Frey (Marseille, France)
Crystal packing and morphology of protein crystals

S. Fuller (EMBL, Heidelberg)
Enveloped virus structures

A. Klug (Cambridge, U.K.)
Zinc fingers - a novel protein motif for nucleic acid
recognition

R. Ladenstein (Martinsried, Fed. Rep. of Germany)
Structure and function of an icosahedral enzyme
complex: heavy riboflavin synthetase from Bacillus
subtilis

A. Liljas (Uppsala, Sweden)
Enzyme construction, protein destruction and pro-
tein synthesis

v. Luzzati (Gif-sur-Yvette, France)
The cubic phases of lipid-containing systems; struc-
ture, physical properties and biological significance

R. Monier (Villejuif, France)
The c-myc gene in cell transformation and human
cancer

R. Poljak (Paris, France)
Three-dimensional structure and specificity of anti-
lysozyme antibodies

G. Schulz (Freiburg, Fed. Rep. of Germany)
Structure-function relationships in adenylate ki-
nases



J. Jenkins (Orsay, France)
Glucose isomerase: structure and function

M.J. Schilstra (London, U.K.)
Tubulin assembly and GTP hydrolysis

M. Shoham (Rehovot, Israel)
Life in the Dead Sea - Adaptation of protein struc-
ture to extreme salinity

D. Stuart (Oxford, U.K.)
The structure of foot and mouth disease virus

H. Stunnenberg (EMBL, Heidelberg)
Unusual transcription regulation and usually high
levels of protein expression in the late phase of
vaccinia virus infection

P. van der Vliet (Utrecht, the Netherlands)
DNA-protein interactions at the origin of adenovirus
replication
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Courses 1988

The following conference, courses and symposium were
held at the EMBL in Heidelberg in 1988:

EMBL Conference

EMBO Courses

25.4-6.5.1988

30.5-4.6.1988

27.7-6.8.1988

29.8-9.9.1988

16.9-26.9.1988

2.1 0-8.10.1 988

SUBSTRACTIVE HYBRIDIZATIONS:
CLONING AND IDENTIFICATION OF
SPECIFIC TRANSCRIPTS
J. Mallet, N. Faucon Biguet,
T.A. Rhyner & P. Vernier

MICROINJECTION AND ELECTRO-
TRANSFECTION OF CELLS
W. Ansorge, A. Smith &
M.P. Gaub

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

CONSTRUCTION AND USES OF
EXPRESSION LIBRARIES IN
MOLECULAR CELL BIOLOGY
K. Stanley & J. Luzio

DYNAMICS OF CELLULAR
ORGANIZATION
G. Griffiths & K. Simons

MACROMOLECULAR CRYSTALLO-
GRAPHIC DATA COLLECTION
TECHNIQUES
P.A. Tucker & D. Suck

19.9-22.9.1988

EMBL Course

ONCOGENES AND
GROWTH CONTROL
T. Graf, H. Land &
C.-H. Heldin

16.11-26.11.1988 DNA SEQUENCING: APPROACHES,
AUTOMATED METHODS AND
ANALYSIS
W. Ansorge, G. Volckaert &
A. Bankier

EMBO Annual Symposium 1988
25.1-5.2.1988
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ONCOGENES, GROWTH CONTROL
AND DIFFERENTIATION
T. Graf

26.9-29.9.1988 ORGANELLE GENOMES AND
THE NUCLEUS



Collaborative Projects with other Laboratories

Staff member Collaborator Laboratory Country

Cell Biology

K. Simons G. Hansson Univ. of Gothenburg, Gothenburg Sweden

K. Simons G. van Meer Univ. of Utrecht, Utrecht Netherlands

W. Huttner M. Bownes Univ. of Edinburgh, -Edinburgh U.K.

W. Huttner P. De Camilli Yale University, New Haven USA

W. Huttner E. Degryse Transgene, Strasbourg France

W. Huttner J.G. Scammell Univ. of South Alabama, Mobile USA

W. Huttner B. Spruce Imperial College, London U.K.

W. Huttner A. Tixier-Vidal College de France, Paris France

W. Huttner B. Wiedenmann Univ. of Heidelberg, Heidelberg Fed. Rep. Germany

W. Huttner A. Zanini Univ. of Milan, Milan Italy

K. Howell J.-P. Kraehenbuhl Univ. of Lausanne, Lausanne Switzerland

K. Howell J. Ugelstad & R. Schmid Univ. of Trondheim, Trondheim Norway

J. Gruenberg & J. Giossl Centre for Applied Genetics, Vienna Austria
B. Hoflack
J. Gruenberg & P. Lobel Centre for Advanced Biotechnology, USA
B. Hoflack Piscataway

J. Gruenberg & E. Saini & I. Hemmila Wallay Oy, Turku Finland
B. Hoflack
J. Gruenberg & J. Ugelstad & collaborators Univ. of Trondheim, Trondheim Norway
B. Hoflack
K. Stanley U. Beisiegel Univ. Hospital Eppendorf, Hamburg Fed. Rep. Germany

K. Stanley U. Myklebost Inst. for Cancer Res., Montebello Norway

K. Stanley S. Rogne Agricultural Univ., Aas Norway

E. Karsenti A. Adoute CNRS,Orsay France

E. Karsenti J. Avila Univ. of Madrid, Madrid Spain
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Staff member Collaborator Laboratory Country

E. Karsenti M. Bornens CNRS Lab. of Mol. Genetics, Gif-sur- France
Yvette

E. Karsenti M. Doree CNRS Centre of Macromolecular Bio- France
chemistry, Montpellier

E. Karsenti T. Hunt Univ. of Cambridge, Cambridge U.K.

E. Karsenti P. Nurse Univ. of Oxford & ICRF, U.K.
Oxford & London

G. Griffiths W. Neupert Univ. of Munich, Munich Fed. Rep. Germany

G. Griffiths P. Overrath MPI f. Biology, Tubingen Fed. Rep. Germany

G. Griffiths S. Rabinowitz Univ. of Oxford, Oxford U.K.

G. Griffiths P. Rottier Univ. of Utrecht, Utrecht Netherlands

G. Griffiths A. Varki Univ. of Calif San Diego, La Jolla USA

G. Griffiths P. Webster Int. Lab. f. Res. in Animal Diseases, Kenya
Nairobi

Differentiation

T. Graf A. Habenicht Univ. of Heidelberg, Heidelberg Fed. Rep. Germany

T. Graf D. Leprince & D. Stehelin Inst. Pasteur de Lille, Lille France

T. Graf J. Lipsich Univ. of California, San Diego USA

H. Beug D. Engel, H.R. Choi & Northwestern University, Evanston USA
N. Yew

H. Beug M.J. Hayman State University of New York, USA
Stony Brook

H. Beug & A. Ullrich Genentech, San Francisco USA
B. Vennstrom
M. Renz S. Goldenberg Oswaldo Cruz Foundation, Brazil

Rio de Janeiro
E. Wagner A. Aguzzi University Hospital, Zurich Switzerland

E. Wagner G. Ciliberto Inst. of Biochemistry, Naples Italy

E. 'Wagner N. Gough WEHI, Melbourne Australia

E. Wagner G. Keller Basel Institute for Immunology, Basel Switzerland
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Staff member Collaborator Laboratory Country

E. Wagner D. Kom itowski DKFZ, Heidelberg Fed. Rep. Germany

E. Wagner S. Kvist Ludwig Inst., Stockholm Sweden

E. Wagner B. Kyewski DKFZ, Heidelberg Fed. Rep. Germany

E. Wagner K. Rajewsky Inst. for Genetics, Cologne Fed. Rep. Germany

E. Wagner W. Risau MPI, Munich Fed. Rep. Germany

E. Wagner J. Schmidt GSF, Munich Fed. Rep. Germany

E. Wagner G. SchOtz DKFZ, Heidelberg Fed. Rep. Germany

E. Wagner J. Trotter Inst. f. Neurobiology, Heidelberg Fed. Rep. Germany

R. Bravo K. Alitalo Univ. of Helsinki, Helsinki Finland

R. Bravo M.C.S. Armelin Univ. of Sao Paolo, Sao Paolo Brazil

R. Bravo P. Chambon Inst. of Biological Chemistry, Strasbourg France

R. Bravo M. Cole Princeton University, Princeton USA

R. Bravo R. Kroczek Max-Planck group for Rheumatology, Fed. Rep. Germany
Erlangen

R. Bravo M.G. Mattei Centre for Medical Genetics, Marseille France

R. Bravo R. MOiler Philipps University, Marburg Fed. Rep. Germany

R. Bravo L. Parada NCI, Frederick Cancer Research Facility, USA
Frederick

R. Bravo I. Raska Inst. of Exp. Medicine, Prague CSSR

R. Bravo D. Skup Cancer Inst., Montreal Canada

R. Bravo R. Weinmann The Wistar Inst. of Anatomy and USA
Biology, Philadelphia

R. Bravo D.G. Wilkinson Nationallnst. for Med. Research, London U.K.

R. Bravo M. Yaniv Pasteur Inst., Paris France

P. Charnay M.G. Mattei Centre for Medical Genetics, Marseille France

P. Charnay J. Starck, C.S. Qiao, Univ. of Lyon, Lyon France
F. Marie & J. Godet

P. Charnay D.G. Wilkinson & S. Bhatt Nationallnst. for Med. Research, U.K.
London

S. Courtneidge M. Hanley MRC Mol. Neurobiol. Unit, Cambridge U.K.

107



Staff member Collaborator Laboratory Country

S. Courtneidge M. Fried ICRF, London U.K.

o. Fasano E. De Vendittis Univ. of Naples, Naples Italy

Biological Structures

D. Tsernoglou M. Crumpton & R. Newman ICRF, London U.K.

D. Tsernoglou K.D. Jany Techn. Hochschule, Darmstadt Fed. Rep. Germany

D. Tsernoglou M. Kokkinidis IMBB Res. Centre, Univ. of Crete Greece

D. Tsernoglou J. Rosenbusch & N. Konig Biozentrum, Basel Switzerland

D. Tsernoglou M. Salas Univ. of Madrid, Madrid Spain

D. Tsernoglou P. v.d. Vliet Univ. of Utrecht, Utrecht Netherlands

D. Tsernoglou F. Winkler Hoffmann-La Roche, Basel Switzerland

D. Suck B. Connolly, A.F. Worrall Univ. of Southampton, Southampton U.K.
& V. Nwosu

D. Suck W. Kabsch MPI for Medical Research, Heidelberg Fed. Rep. Germany

F. Pattus D. Baty & C. Lazdunski CNRS Mol. Biological Centre, Marseille France

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

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

F. Pattus J. Lepault CNRS Centre of Mol. Genetics, Gif-sur- France
Yvette

F. Pattus R. Misra & S. Benson Princeton University, Princeton USA

F. Pattus T. Pugsley Pasteur Ins1., Paris France

S. Fuller D. Bamford Univ. of Helsinki, Helsinki Finland

S. Fuller R. Burnett Wistar Inst., Philadelphia USA

S. Fuller A. van Brunnen 2MBH, Heidelberg Fed. Rep. Germany

S. Fuller N.Dimmock Univ. of Warwick, Warwick U.K.

S. Fuller D. Ganem Univ. of California, San Francisco USA

S. Fuller H. Kern Philipps University, Marburg Fed. Rep. Germany
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Staff member Collaborator Laboratory Country

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

R. Serrano R. Perona Inst. of Biomedical Research, Madrid Spain

R. Serrano E.W. Weiler Ruhr-Univ., Bochum Fed. Rep. Germany

K. Leonard T. Arad Weizmann Institute, Rehovot Israel

K. Leonard R. Newman ICRF, London U.K.

K. Leonard M.C. Reedy Duke University, Durham USA

K. Leonard J.A. Trinick AFRC Inst. of Food Res., Bristol U.K.

K. Leonard H. Weiss &G. Hofhaus Univ. of Dusseldorf, Dusseldorf Fed. Rep. Germany

W. KOhlbrandt K.H. Downing & Univ. of California, Berkeley USA
R.M. Glaeser

P. Metcalf M. Adrian Univ. of Lausanne, Lausanne Switzerland

P. Metcalf C. Hughes Univ. of Cambridge, Cambridge U.K.

P. Metcalf P. Traub MPI f. Cell Biology, Ladenburg Fed. Rep. Germany

R. Wierenga W.G.J. Hoi Univ. of Groningen, Groningen Netherlands

R. Wierenga H. Kessler & J.W. Goethe Univ., Frankfurt Fed. Rep. Germany
R. Osowski

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

R. Wierenga W.J.H.M. Moller & Univ. of Leiden, Leiden Netherlands
R. Amons

R. Wierenga K. MOiler Hoffmann-La Roche, Basel Switzerland

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

Gene Expression

R. Cortese G. Ciliberto Inst. of Biochemistry, Naples Italy

R. Cortese T. Pietropaolo Univ. of Naples, Naples Italy

I. Mattaj A. Krol IBMC, Strasbourg France

I. Mattaj C. Prives Columbia University, New York USA
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