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Functional tests for centrosomes

Centrosomes are small organelles which govern cell di-
vision and polarity by nucleating the polymerization of
the protein tubulin into microtubules. Methods have been
developed to isolate and purify centrosomes and test their
activity in vitro and in vivo. This is a first step towards a
molecular characterization of centrosomes.

Left panels: In vitro assays for centrosomes. Purified
tubulin does not assemble into microtubules (red spots)
(TOP). When, however, centrosomes are added to the
tubulin solution, microtubule asters assemble (BOT-
TOM).

Right panels: In vivo assays for centrosomes. Frog eggs,
pricked with a fine needle, enter the cell cycle but do not
divide (TOP). They divide however when purified centro-
somes are injected (BOTTOM). (For further information
see report by E. Karsenti in the Research Reports 1986).
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Comments by the Director-General

Three years ago we launched the first plans for an
extended Biocomputing Programme at the EM BL and
meanwhile it has become evident that a fusion of com-
puting science, structu ral biology and molecular genetics
will become indispensible in solving protein folding, one
of the major outstanding problems in molecular biology.
Molecular biology is already married with cellular and de-
velopmental biology; furthermore much of biochemistry
is today almost indistinguishable from molecular biology.
Th e integration of molecu lar genetics, structu ra I biology,
molecular graphics and ·protein structure predictions is,
however, not yet complete. An attempt to integrate
these areas is a major challenge for the next decade. We
were, therefore, grateful that the Council in December
1986 supported in principle an extension of the Bio-
computing Programme at the EMBL. Chris Sander who
this year joined as programme coordinator will guide this
expansion which we hope will receive additional backing
from the European Economic Community and the Land
Baden-Wurttemberg. The association of Norway and
Spain as new EM BL Member States has also helped to
launch this extension.

It is becoming increasingly clear that to make important
progress in molecular biology you must not only master
the tools of a broad range of disciplines but also draw
your ideas and data from many different fields. We
are now experiencing a reintegration of the biological
sciences. The molecular approach is permeating all parts
of biology and progress is dependent on several groups,
each with a different backgrou nd, coming together and
attacking a common problem. This emerging pattern
will probably lead in the long run to a reorganization of
biology at the university level, where the current depart-
ments are often too narrow and specialized to attack
the new problems fruitfully. Research institutes on the
other hand have the advantage of greater flexibility and
should be able to meet more quickly the requirements
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for collaboration. They have the opportunity to give
a lead to the multidisciplinary integration of biology
and encourage by example a change in the classical
departmental structure of the university campus which
probably should be reorganized into a number of project
centres comprising several research groups with different
backgrounds working together on specific themes in a
reintegrated biology. Examples of such a development
are projects in neurobiology where molecular geneticists,
cytogeneticists, histologists, structural biologists and
electron microscopists form a project centre in molecular
neu rob iology.

The EMBL, which during recent years has emphasized
turnover and flexibility, can easily achieve such reorga-
nization and at any time within 3-5 years provide the
right research environment for a major effort in a new
project area. To identify and initiate these new activities
the EM BL needs a constant momentum and growth at
a faster rate than the national universities. In return, the
EM BL may test out new organizational forms and the
experience may benefit all the Member States. It should
be borne in mind that many failures in science were due
to the fact that the horse was reined in at the jump.

Reintegration of basic research in the EM BL

The current gradual reunification of the different dis-
ciplines of biological science leads me to review the
contributions in three sections. First I will give an overall
view of achievements in basic research, and secondly
discuss the technical developments at the EMBL. Our
third goal, research and training, also deserves a separate
section.

The reasons for devoting a substantial amount of the
resources of the EMBL to basic research are manifold.

(1) No technical development, teaching and training
can be initiated unless we have international credi-
bility in selected areas of basic research.

(2) Long lasting contributions in technical areas can
only be provided if they emanate from a strong
biological base.



(3) Even if similar topics are studied in the Member
States we may provide new principles and be a test-
ing ground for the reorganization of the scientific
effort.

(4) The EMBL has a natural role to act as a centre for a
network of interactions between national centres for
molecular biology. To achieve this the Laboratory
must have flourishing basic research programmes in
areas of interest to the national centres.

Against this background I would like to emphasize some
recent results carried out in a collaboration between the
Gene Structure and Regulation, the Biological Structures
and the Biocomputing Programmes, concerning the Rop
protein which controls the DNA replication of plasmids
in bacterial cells.

This protein has been overproduced in the Gene Struc-
ture and Regulation Programme, and crystallized in the
Biological Structures Programme where also the high
resolution structure was determined at 1.7 A. Normally
Rop interacts with two small RNA molecules that are
necessary for DNA replication of the plasmid. The two
RNAs have now also been overproduced and attempts
to study the specific RNA binding of the Rop protein are
currently being carried out. By making mutants of this
protein by site-directed mutagenesis it has been possible
to identify the regions that probably are responsible for
interaction with the RNA. This has initiated a search
for mutants that have a stronger RNA binding capacity,
work which may ultimately lead to the crystallization of
the RNA-protein complex.

The Biocomputing Programme used this model sys-
tem in a recent course and the participants predicted
folding of the protein and made suggestions for suit-
able mutations that will lead to a changed activity.
A close interaction between structural biology, genetic
engineering and molecular graphics is thus necessary to
make a significant contribution. This example shows an
important strength of the EM BL. It may rapidly set up
a collaborative project between several different research
groups in a flexible way so that the achievements can be
more than additive. The addition of Ramon Serrano as
a group leader in the Biological Structures Programme

with experience in biochemistry and molecular genetics
and working on the cell membrane ATPase in yeast is
seen as a first step to integrate different skills in this
Programme.

We also experienced an intensified interest in crystal-
lography in the two Outstations. In Hamburg Keith
Wilson, now the Head of the Outstation, has set up
a strong crystallography group taking advantage of the
synch rotron beams. The close interaction with the detec-
tor development group may soon provide on-line access
to the crystallography data from the remodelled XII
beamline which provides a dependable and focused x-ray
beam. The cloning and overexpression of the gene for the
serine tRNA synthetase in Grenoble has led to crystal-
lographic studies of the protein and a model system is
now available for genetic engineering of this interesting
class of enzymes. The problem that arises because of
these developments, and one that we must attack soon,
is how to administer and enhance collaboration between
3 groups located apart and all devoting themselves
to crystallography. They all need detectors, molecular
graphics and collaboration with the theoretical biologists
in the Biocomputing Programme, which means that we
must find ways of improving the interaction between the
Outstations and the Heidelberg laboratory.

Another collaboration between biocomputing and struc-
tural biology is the recent electron microscopic studies
with the cryotechnique developed at the EMBL. This
technique has established that the small enveloped ani-
mal viruses like Sindbis and Semliki Forest virus have an
external lattice corresponding to a triangulation number
of 4. More revealing are the results with the Sindbis
virus where the reconstruction experiments indicate that
the internal nucleocapsid of the virus has a different
structure, which is visible beneath the membrane, with
a triangulation number of 3. This model system proves
the value of cryo-electron microscopy developed at the
EMBL, and also suggests a model for assembly of the
virus during the budding reaction.

The theoretical studies on protein folding need a contin-
uous collaboration between the groups in structural bio-
logy and genetic engineering. The experimental groups
may, of course, provide suitable model systems, but
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more fundamentally the present concept that protein
folding is an intrinsic property of the primary sequence
of the protein may be challenged, which would affect any
theoretical predictions.

If I am allowed to speculate I would like first to mention
that it has already been established in several labora-
tories that some virus proteins must trimerize before
they can be transported between the intracellular com-
partments. This trimerization of the surface proteins
of influenza and vesicular stomatitis virus is probably
achieved by cellular proteins, but in the case of the
adenovirus hexon protein the virus genome contains a
gene necessary for the trimerization. It might not be
too far fetched to propose that mammalian cells, as
well as bacteria, contain proteins that help in the folding
process and if such proteins exist, the primary structure
of proteins in general may not contain all the information
necessary for correct and native folding. Folding may re-
quire the help of other molecules. If so the folding project
needs a joint input from biochemists, crystallographers
and molecular graphic experts and it is not solely a
theoretical problem.

One tentative folding helper protein has already been
identified, the protein disulfide isomerase. Others might
also be required, for example the protein that binds to
the heavy chain of immunoglobulin in the endoplasmic
reticulum (the Bip protein) may be a candidate. The
helper proteins themselves presumably fold without ad-
ditional assistance; these hypothetical helper proteins
might therefore be interesting to use for theoretical
predictions of protein folding resulting solely from the
intrinsic properties of the amino-acid sequence.

Within the Cell Biology Programme, which has served as
a model for interdisciplinary interaction for a long time
at the EMBL, work has continued on the intracellular
sorting of molecules at the exit site of the Golgi com-
plex. The trans Golgi network is obviously responsible
for delivering molecules to the different compartments
inside the cell, such as Iysosomes, as well as for sorting
molecules to the different parts of the plasma membrane
in epithelial cells. This compartment is now being defined
in functional terms. The accuracy of the sorting of the
transferrin receptor during membrane recycling has been
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studied in epithelial cells and the rate of missorting is ob-
viously less than 0.2 per cent. The role of the N-terminal
trans membrane segment of the transferrin receptor in
anchoring the molecule in the plasma membrane is also
being studied by genetic techniques.

The recognition of the nascent polypeptide chain em-
anating from ribosomes by membranes is a favourite
topic in the Cell Biology Programme and two of the
proteins that are postulated to be involved in ribosome
recognition at membranes of the endoplasmic reticulum
(ribophorin I and II) have recently been cloned. Further-
more the signal recognition particle, which is involved
in membrane recognition of the nascent chains, has
been dissected by protein and nucleic acid chemistry
techniques.

Yeast is becoming an increasingly important model sys-
tem for cell biologists as well as molecular geneticists
and several of the projects in cell biology and elsewhere
are using yeast systems to define genetically some of
the results in mammalian cells. In the autumn of 1986
Eduard Hurt joined the Programme as a group leader and
he will focus on the characterization of the structure and
role of the nuclear pores in yeast.

The entire Cell Biology Programme comprises one large
project, membrane recognition, involving 10 research
groups with different backgrounds. This project not only
involves the molecu les recogn izing the different proteins
and lipids but also the cellular framework providing
transport of membrane vesicles to and from different
compartments of the cells. The Programme provides
an illustration of a modern to research in the
biological field where the critical mass is established by
bringing several groups together on an important and
essential problem.

The Differentiation Programme at the EM BL has been
built according to the same model. Specializing on the
use of one genes to reveal basic mechanisms involved
in terminal differentiation and growth control, this Pro-
gramme now 9 research groups. The basic
principle of using temperature-sensitive one genes to
accu mulate large amounts of cells at the permissive
temperature followed by release of the one gene block



by raising the temperature leading to synchronous ter-
minal differentiation has helped to identify growth fac-
tors necessary for differentiation of eryth roid cells and
macrophages. Other groups have directly identified some
functions of the cellular homologues to the one genes
and of special interest are the following results.

When transgenic mice are generated expressing the cel-
lular homologue to a mouse one gene, the so-called
c-fos, under the control of the human metallothionein
promoter, high levels of c-fos mRNA were detected in
several tissues but this deregulated expression interferes
only with normal bone development and it does not
induce malignant tumours. Obviously overexpression of
the cellular homologue of different one genes might
interfere with different stages in embryonic development
in the mouse. Hopefully this approach will provide a
new tool in developmental biology. Concurrently with
the problem-oriented research, retrovirus vectors have
been developed. They can be used to express genes in
transgenic mice through embryonic infection instead of
by microinjection of the genes.

The messenger RNA expressing the cellular one gene
known as erbA was generated from a full-length cDNA
clone and translated in an in vitro translation system.
The synthesized erbA protein showed biochemical prop-
erties similar if not identica I to those of the receptor
for thyroid hormones. These results establish that the
erbA is a receptor for thyroxine and not for steroids
as previously suspected based on sequence comparisons
with DNA-clones of steroid hormone receptors.

Other groups in this Programme have focused on the
growth control of mammalian cells. Some of the genes
activated after induction of cell multiplication by growth
factors have been cloned. Most interesting is the charac-
terization of the clone for the cyclin protein which is re-
quired for the cells to enter DNA replication. This protein
is obviously homologous to one of the proteins involved
in the DNA polymerase delta complex in mammalian
cells.

The Gene Structure and Regulation Programme which
is still expanding contains at present 5 groups which

are studying tissue-specific gene expression both in liver
and thyroid cells and also the control mechanism of
transcription for some of the genes involved in the splic-
ing machinery of the mammalian cell. Roberto di Lauro
joined as a group leader and he is studying tissue-specific
gene expression in thyroid cells. This Programme has
specialized in developing overexpression systems both in
bacteria, yeast and mammalian cells. These systems are
required for several of the projects currently carried out
in the Biological Structures and the other Programmes.
It might be argued that a separate Gene Structure and
Regulation Programme is not required since all projects
must harbour molecular geneticists. It is, however, still
mandatory to have at the EMBL a strong Programme in
molecular genetics concentrating on the control mecha-
nisms in gene expression, thereby creating an attractive
research environment for young scientists in this field,
and a rapid transfer of the techniques to the specific bi-
ological problems in the other Programmes. The groups
in this Programme are, therefore, collaborating exten-
sively with the other Programmes, for example Biological
Structu res and Differentiation, and at the same time
providing a facility where new innovative methods and
genetic tools are rapidly made available to the EM BL,
as well as to outside scientists.

During 1986 this Programme provided compelling evi-
dence that negative controls operate in tissue-specific
gene expression. These results together with their recent
attempts to clone some of the genes for the proteins
involved in enhancer and promoter recognition, without
resorting to purification of the proteins in sufficient quan-
tities for sequence analysis, suggest that they will build
up an integrated project dealing with transcriptional
control emphasizing both tissue-specific expression and
several of the events involved in mRNA splicing, matu-
ration and stability.

During the year it has become evident that the
type of multidisciplinary infrastructure that we have
at the EM BL is beneficial for almost every topic in
molecular biology. Since major progress might be best
achieved if interaction occurs over wide areas of in-
terest, it is our fut'ure concern to improve further
the collaboration between. the current Programmes.
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Technical developments at the EMBl

The basic science research effort is, or should be, creative
and critical, and it will prosper if it is not too stringently
regulated. In fact, the only instrument available for build-
ing a good research environment is the recruitment of the
scientists. Thereafter they must be given independence
and freedom if their creativity is to flourish.

In the area of technical development, on the other
hand, precise goals and aims must be laid down and
the projects must be internally defined and controlled;
deadlines must be met. It is, furthermore, necessary
that the technical projects are science-led until the aims
and applications are well defined, whereupon technical
staff must be brought in and the development work
carefully planned. The impetus for technological de-
velopment must therefore emanate from the scientists
and be integrated with the basic science effort. When,
however, the project has been defined it must be given
additional technical resources and then subjected to
closer than the basic research. This can partly
be achieved at recruitment, because some scientists are
primarily interested in developing new methods rather
than pursuing a basic biological problem. Historically it is
amazing how much the development in molecular biology
has been dependent upon improvements in methodol-
ogy. Ultracentrifuges, electrophoresis, DNA sequencing
and oligonucleotide synthesis may serve as appropriate
examples.

Any sizeable activity in basic molecular biology requires
today a protein and nucleic acid facility wh ich is
closely associated with the research programmes. The
EM BL has, with two research groups, built up such a
facility which now plays a key role in providing tools
to solve many of the biological problems. These two
groups provide help and services with protein sequence
analysis, and oligonucleotide and peptide syntheses. At
the same time they improve the techniques and provide
new tools and methods for molecular analysis. The
equipment modified at the EM BL for protein sequence
analysis and oligonucleotide and peptide syntheses has
now been licensed to European industry and will shortly
become available, hopefully at more modest prices than
machines currently on the market. The group working
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with oligonucleotide synthesis has in addition recently
provided organic probes useful for automatic DNA se-
quencing and for 3-dimensional analysis in both the
electron microscope and by crystallography.

The third group in the Biochemical Instrumentation
Programme has, with a sensitive ear to the desires of
the molecular biologists, and together with the research
groups, introduced several simplifications and modifica-
tions of existing techniques. This led to the develop-
ment of new devices now licensed to European industry
and some are already commercially available. The ones
carrying the label of the EMBL are an electroporation
unit to introduce DNA into cells, magnetic beads for
cell organelle and chromosome separation, an automatic
microinjection system for cells in cultures and, most
important, an automatic DNA sequencing device based
on fluorescent probes and simple laser detectors for the
oligonucleotide bands. The distance between technical
development and the biological projects is obviously
short in biochemical instrumentation.

In Physical Instrumentation, the instruments are more
complex and both the development and integration times
are correspondingly longer. The EM BL has made instru-
mental contributions with the cryo-electron microscopes,
the confocal laser microscope and x-ray detectors but
their integration into the biological programmes needs to
be accelerated by finding more people with interest and
experience in methodology to bridge the gap between
development and applications. It is a slow process to
achieve this integration but it is desirable as pointed out
by the Scientific Advisory Committee.

Duri ng 1986 we invited a research director from an
instrumentation company to visit the EM BL on a sabbat-
ical. He has set up a working group involving the work-
shops, the Physical Instrumentation Programme and
other scientists in an attempt to improve the integration
of instrumentation with the basic research. The group
met regularly during the autumn and is discussing new
goals and new definitions for the physical instrumen-
tation development at the EMBL. The working group
has utilized a modern managerial process currently used
by several industries in Europe for strategic planning.
The EM BL expects soon to receive suggestions for a



PLATE 1

The arrows indicate the planned new annex building at
tile EMBL.
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strengthening and integration of instrumentation from
this working group.

Service facilities at the EM Bl'

The EM BL has also responsibility foremost in instrumen-
tation and biocomputing to provide services for both
in-house and outside scientists. The two Outstations
in Hamburg and Grenoble must in addition to their
internal scientific projects provide services to visiting
scientists. The protein and the nucleic acid facility pro-
vides a service in protein sequencing, and peptide and
oligonucleotide syntheses to the in-house scientists and
the DNA Data Library provides service to scientists
worldwide. The molecular graphics, the biochemical in-
strument design and the computer groups divide their
services between the EMBL and the outside. Although,
as discussed above, it is difficult to plan and control
the technical developments, it is even more difficult to
provide a first-class service activity.

First it must be emphasized that no service activity will
stay in the forefront unless it is science-led and the
scientists themselves participate in the development of
the service and the introduction of the new tools. It is
our experience that this activity can only be governed
by a scientific concept but the service units must be
supported with sufficient technical staff, resources and
equipment so that the service does not become a tire-
some and routine part of the work.

We plan in the Biocomputing Programme to provide
more elaborate and more easily accessible data banks, to
help inside and outside groups with molecular graphics,
and to introduce the EM BL as a coordinating link in a
European biological computer network. Molecular bio-
logists should be able to extract sequences for analysis
from the data banks, and to communicate via bulletin
boards and computer mail. They should also have access
to software, hopefully developed as a collaborative effort
between the research centres in Europe. The EMBL is
probably a suitable site for a coordinating computer
centre. Our facilities and computer hardware might be
updated, allowing for extensive interaction between pro-
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grammers and biologists in Europe.

Teaching and training at the EMBl

Teaching and training are probably the most important
services provided by the EM BL. Training is given at
several levels, from that of independent scientists to
those of postdoctoral and predoctoral fellows. Equally
important for scientists in national laboratories are the
advanced practical courses and the workshops held at
the EM BL every year. In 1986 we held 7 summer courses
and several small workshops and in 1987 we are planning
9 courses and 4 workshops. Very few national centres
could undertake such a heavy programme. However,
the group leaders at the EM BL have readily accepted
this responsibility since they have few other teaching
obligations during the year. In addition we hope that
outside scientists will accept invitations to organize and
direct summer courses at the EMBL in the future. To
facilitate an increase in the number of courses and
workshops we have now received approval in principle
from the Council for a new annex building which will
have sufficient lecture rooms and course laboratories
for an expanded teach ing and training programme. This
building will mainly house the extended Biocomputing
and the teaching programmes and in addition give us a
long desired auditorium. We plan to start the building
project late next year and the architectural plans have
already been finalized (Plate 1).

The EM BL may therefore become unique in Europe
not because of its expensive equipment, but because it
provides a natural meeting place and because of the ser-
vices it provides in teaching and training, biocomputing
and instrumentation at the European level. This centre
must, however, rest on a highly respected scientific base
and considerable investment must be made to keep the
science in the forefront of molecular biology. Only then
can the natural and the engineering sciences be fused.
That may be a motivating idea for the EM BL for the
next decade and beyond, but good ideas are mere dreams
until they are realized.

L. Philipson



EMBL's basic research,
its output and quality

How to assess objectively the productivity and quality of
basic research is an ubiquitous problem that perennially
faces those responsible for research administration and
funding. Government ministers responsible for the dis-
position of national research budgets down to directors
of institutes evaluating the work of research groups or
individual scientists feel the need for objective criteria
with which to measure success or failure. Unfortunately
objective criteria are few and far between and despite
its obvious imperfections peer review, in one form or
another, has to be relied upon as the next best thing.
The result of peer review in essence is a composite
of the subjective opinions of the individual reviewers,
which hopefully approaches objectivity as the prejudices
of one reviewer are neutralized by those of the others.
This counterbalancing is never perfect, as everyone who
has been involved in the peer review process knows,
but by and large the procedure serves basic science
well. Certainly research done outside the scrutiny of peer
review has proved more often to go astray and deteriorate
than that within its purview.

The most frequent form of peer review to which the work
of basic research scientists is submitted is, of course,
that exerted by scientific journals. On a day to day basis
they have to assess the quality of the work reported
in the manuscripts they receive for consideration for
publication. Because of the sheer volume of the task

most journals ask two or three reviewers, but seldom
more than that, for their opinions of each manuscript
before reaching a decision. By contrast the peer review
committees and site visiting groups, charged with the
assessment of major grant applications or the evaluation
of the work of whole institutes, involve many more re-
viewers who meet in committee to discuss their individual
opinions and reach a collective one. As a result the
decisions of a journal over manuscripts are, one might
argue, inherently more subjective than the decisions of
committees of peers over requests for funding. Neverthe-
less, publications are the basic unit of research output
and remain the most frequently peer reviewed part of
the research process.

Not only are a journal's editorial decisions likely to
have a strong subjective element but also there are
so many journals with such a wide range of editorial
standards, in other words quality standards, that work
can usually be published somewhere or other. As the
director of a leading, but unidentified research institution
is quoted as saying in a memorandum to his staff "There
is no demand that these (research papers) be literary
masterpieces in first line journals, journeyman works
for publication in second, third or fourth line archival
publications will be quite satisfactory" (Nature, 325,
213, 1987). Apocryphal perhaps, but the remark has the
ring of truth.

There is also much truth in "pu blish or perish" for the
simple reason that the usual outcome of a piece of basic
research, its measurable output, is a paper in a scien-
tific journal, or several in several. Another anonymous
research director is quoted as saytng "No research that
results in a single paper is worthwhile" (ibid.). Ridiculous
though that statement is, it nevertheless reflects part
of the gamesmanship of basic research, spreading the
data, which those who have editorial functions quickly
come to recognize. Why publish one paper describing a
consolidated piece of work when you can publish two
or three, each with a few fragments of the data, as
well as the odd preliminary progress report along the
way? After all, each publication, however modest its
information content, counts as an entry in an individual's
or institute's publication list. Publishing houses are, of
course, equally well aware of the pressure to publish,
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hence the seemingly endless launches of new journals
of increasing specialization, with their IICal1 for Papers"
being an open invitation to publish anything. That both
the readership and circulation will be small to the point
of being almost non-existent is no deterrent to potential
authors, editors or the publishers.

Clearly if the output of basic research is publications one
index of the productivity of an individual, a laboratory or
a nation is the total number of papers published. More-
over for those responsible for assessing basic research
the total of publications is a very seductive yardstick to
use. It is simple and it is quantitative. There can be
no argument over the number of papers an individual
or organization has published in refereed journals. The
quality, however, which is the more cr.ucial issue, is
another matter. Adding up the publications does not
provide any evaluation of the esteem or value attached
by peers to the work. Measuring quality is necessarily
much more imprecise than counting. How can one assess
the relative importance of one piece of work compared to
another? In practice, the question, how good is a piece
of research, is usually translated into other questions, for
example, in which journal was it published, how often has
it been cited by other authors working in the same field
when they publish subsequent work, in other words, how
seminal was it?

An index of citations such as that "accumulated by
Science Citation Index provides ready access to the
latter sort of information. Citation indices are not, how-
ever, without their drawbacks. Papers which report new
and generally useful methods are inevitably the most
frequently cited, until the method is superseded by
something better. Following assiduously a policy of self
citation, never missing the opportunity to cite one's own
previous work, can also bolster apparent citations and
therefore significance, but self citations can be edited
out. Moreover authors have to select what they cite,
because the most fashionable areas of inquiry are pur-
sued in many laboratories throughout the world leading
to much duplication of research. That is not necessarily
deleterious since results need to be independently con-
firmed, and competition is perhaps the greatest spur to
effort. But it does often result in several contempora-
neous publications saying the same thing. Faced with
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the choice people find it politic to cite papers of peers
who are, or might be, reviewing their work and grant
applications rather than those by authors on another
continent who will never be in that position. Such quib-
bling does not, however, alter the fact that the frequency
of citation of a paper is a reasonable indication of its
usefulness or quality. Furthermore an index of citations
clearly reveals which journals consistently publish the
more frequently cited papers in their field and Science
Citation Index ranks journals according to their impact
factor. In short bibliometric measures, the total number
of papers published, the number of citations these papers
receive, and the number published in the most heavily
cited journals give an indication both of the quantity
and quality of a person's or institute's output of basic
research. When used in a comparative way they can be
particu larly informative.

Does EM BL provide good value for money? What is its
annual output compared to its cost and compared to
national laboratories? Those are the sorts of questions
that are frequently raised by the Member States who
provide EM BL's budget and also by the management
of the Laboratory which fully realizes that more than a
few molecular biologists in national laboratories consider
the EM BL to be an especially favoured place, protected
from some of the financial stringency and bureaucracy
they must endure. The three roles of EM BL are to
carry out basic research, to develop instrumentation and
technology and to act asacent rei n Europe fo r advanced
teaching and training. Only to the first of these are
bibliometric indices relevant. (Elsewhere in this report
the Director-General has commented on the other two
roles.) One can ask what was the output of publications
in refereed journals by the EMBL during any particular
year, for example 19867 However, since a single year may
have prod uced an exceptional vintage, a more relia ble
estimate comes from looking at trends over several
successive years. At the same time one can ask, how
many of those papers were published in journals with
the highest impact factors? For the analysis of EM BL's
publications given in Table 1 eight journals, listed in
alphabetical order, were selected; Cell, EMBO Journal,
Journal of Biological Chemistry, Journal ofCell Biology,
Journal ofMolecular Biology, Nature, Proceeding of the
National Academy of Sciences of the USA, and Science.



Table 1
Analysis of EMBL Publications for the Years 1983-1986

Member States'
Total Publications in 8 Ordinary Contributions Total Staff Staff Scientists Research

Year Publications in selected Jou rna Is in MDM In Number and % Scientists
refereed Jou rna Is Number and % Total Constant Prices & Man-Years Total Staff not on Staff

Cu rrent Prices

1983 124 53 (42.8%) 33.2 (33.2) 235 77 (32.8%) 40
1984 143 72 (50.4%) 34.9 (36.0) 250 90 (36.0%) 47
1985 189 66 (34.9%) 36.6 (38.2) 252 92 (36.5%) 68
1986 201 76 (37.8%) 40.3 (41.7) 245 91 (37.1%) 89

Table 1 shows the result of such an analysis for the years
1983 to 1986 inclusive. It is immediately apparent that
during that period the total output of refereed papers
has increased from 124 to 201, in other words by 62%.
During the same period member states' contributions
increased by 21.4% at constant prices. At the same
time the proportion of each year's output in the eight
selected journals, which is some index of quality as
opposed to quantity, has ranged from 50.4% to 34.9%
with the average being just over 40%. Since 1984 the
total of man years of staff of the Laboratory has remained
essentially constant at about 250, with an average of
90 staff scientists (36 to 37% of the total staff). Th is
figure, however, does not include the many scientists
working at EM BL but not occupying established staff
positions, for example pre and post doctoral fellows and
short-term visitors supported by EMBL itself and by
outside agencies. Given the number .of visitors involved
and the great variation in the lengths of their stay at
EMBL, from a week to three years, it is in practice
difficult to calculate accurately the precise annual total
in man years. Elsewhere in this report, in the section
Administration, the annual totals of research scientists
for 1984 to 1986 is given. These figures have been used
to calculate the totals of research scientists who were

not staff members, given in Table 1. Since 1984 there
has been a progressive and large increase in the numbers
in this category, from 47 to 89. The latter number must
be close to the Laboratory's saturation point.

From Table 1 it is, of course, a simple matter to calculate
such figures as the average cost per publication per year
which in 1985 and 1986 was clearly lower than in 1983,
the average number of publications per staff scientist,
the average number of publications per research scientist
including fellows and visitors and so on. How much
weight to attach to such figures is a matter of debate
but they at least provide some yardstick with which to
compare the output and cost-effectiveness of EMBL's
basic research with that of national laboratories by those
who have available the relevant national statistics. In
that way Table 1 can help provide some sort of answer to
the question does EM BL provide good value for money,
at least in its role as a centre of basic research. Regardless
of the outcome of such comparisons, the figures in Table
1 show that within EM BL basic research is flourishing as
never before and becoming more cost-effective.

J. Tooze
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Cell Biology

The Programme is continuing its research on the orga-
nization of the eukaryotic cell. The cell is divided into
different compartments, each with its specific functions.
These compartments have as constituents lipids and
proteins, usually synthesized in one location in the cell
and subsequently transported to another where they
function. The compartments in the cell are connected
by membrane traffic routes, the complexity of which is
illustrated in Plate 2. Some routes are bidirectional and
in this way circuits are formed between compartments.
Th is is the case for traffic from and to the cell surface.
Surface receptors for hormones, growth factors, nutrients
and viruses are recycled by endocytosis. The endocytic
circuit modulates the activity of the "cell su rface and
determines how a cell reacts to an outside stimulus such
as a hormone.

Research in the Programme has focused on the distribu-
tion system which begins in the endoplasmic reticulum
(ER). Proteins and lipids are delivered from this organelle
to the nuclear envelope, the Golgi complex, the endo-
somes and the Iysosomes, the cell surface and for export
from the cell. The proteins carry "postal codes" which
direct them to their different destinations. The codes are
decip hered at intracellular "post offices" by mechan isms
that are presently being explored in different stages of
the pathway.

The spatial organization of the organelles and of the
membrane vesicles connecting them is regulated by the
cytoskeletal elements among which the microtubules
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play an important role. The microtubules are contin-
uously assembling and disassembling to ensure a dy-
namic control of cell shape and internal organization.
The Programme has intensified its efforts in this area
of research. Two research groups are studying the role
of microtubules in intracellular membrane traffic and
cell polarity. A new group joined this year to study
the organization of the nuclear envelope and its role
in regulating the traffic of proteins and nucleic acids
between the nucleus and the cytoplasm. This expansion
into new areas is made possible by the steady turnover
of the group leaders of the Programme and constitutes
an essential feature of our Laboratory.

The Cell Biology Programme has continued its series
of advanced laboratory courses during 1986. More than
200 scientists from different parts of Europe have al-
ready participated in courses that we have organized.
This teaching activity is probably the most important
service of our Programme to the European cell biology
community. The cou rses this year were concerned with
the cryosection method for immunoelectron microscopy
(organizer: Gareth Griffiths), epitope mapping using bac-
terial expression vectors (organizer: Keith Stanley) and
post-translational modifications of proteins (organizer:
Wieland Huttner). These three courses reflect the wide
variety of methodologies needed today to study cellular
organization. They also show the advantages of having
fairly small research grou ps with scientists from different
fields working together in the Cell Biology Programme.
Without our mixture of methodological know-how we
could not organize advanced laboratory courses in so
many diverse fields.

Targeting and insertion of
proteins into membranes

Proteins which start their journey in the ER and then
move to other destinations in the cell possess an
aminoterminal extension of amino-acids known as the
signal peptide. Th is peptide acts like a postal code for
all the proteins of this category and sets them apart from
proteins which remain in the cytoplasm or are routed to
places elsewhere in the cell. In mammalian cells, two
receptors mediate the targeting of proteins to the ER,
the signal recognition particle and the docking protein.



PLATE 2

A cross-section of an epithelial cell. The figure shows
the different cellular compartrnents and the traffic routes
connecting them.

Apical plasma membrane
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Cell-free assays have long been available to study the
insertion of membrane proteins into the ER and the
translocation of secretory proteins into the lumen of this
compartment. Detailed in vitro mutagenesis has now
delineated the features that give signal peptides their
specificity. Such st.udies have also mapped the properties
necessary for correct orientation and folding of proteins
that are inserted into the membrane of the ER. Proteins
that have been mapped in this way at EM BL include the
cell surface receptor for transferrin, proteins belonging
to the group of histocompatibility antigens and viral
envelope proteins.

The search is directed towards the protein components
facilitating the passage of proteins across the lipid bi-
layer of the ER membrane. The cDNAs for several ER
proteins have been cloned and characterized. Cell-free
assays using yeast cell components have shown that
the translocation of proteins across the ER membrane
can also occur after completion and not only while the
protein is being synthesized. Th is finding de-emphasizes
the difference between the insertion of protei ns into oth er
organelles, such as the mitochondria and the chloro-
plasts, that were thought to have fundamentally different
import mechanisms.

The insertion of complement protein C9 into the plasma
membrane is another example of a fully folded protein
that can change conformation to insert into the lipid
bilayer. In this case, the interaction is also receptor-
mediated and leads to the formation of a pore in the
plasma membrane that kills the cell. The (9 gene struc-
ture has been characterized in detail, and this informa-
tion in combination with biochemical and immunological
data has led to the identification of the region involved
in the conformational transition that occurs when the
C9 protein is inserted into the membrane.

Sorting of proteins in the Golgi complex

Newly synthesized proteins after leaving the ER enter
the Golgi complex (Plate 2). The resident Golgi proteins
remain in the Golgi complex, whereas the others are
transported to the trans-Golgi network. Here the proteins
are sorted for transport into several directions. In cells
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with regulated secretion, such as endocrine cells, newly
synthesized peptide hormones are modified by tyrosine
sulphation before they are packaged into granules which
form from the trans-Golgi network. Endocrine secretory
granules have been found to contain specific proteins
called secretogranins and chromogranins, the cDNAs of
which have been cloned and sequenced. Attempts are
underway to identify IIpostal codes" for proteins routed
to secretory granules.

Lysosomal enzymes are sorted into special transport vesi-
cles in the trans-Golgi network. The enzymes first bind
to specific receptors in the Goigi complex which carry
the enzymes to an intermediate station on the endocytic
pathway to the Iysosomes (Plate 2). This compartment
is presently being defined by immunocytochemical meth-
ods.

Cell surface proteins take a different route from the
trans-Golgi network. They are sorted into carrier vesicles
that bring them without further stops to the cell surface.
In epithelial cells the cell surface is divided into two do-
mains, the apical and the basolateral plasma membrane
(Plate 2). The newly synthesized apical and basolateral
proteins are sorted into separate carrier vesicles which
take them to their destinations. A new assay has been
devised in which holes are introduced into the apical
membrane. These allow the passage of macromolecules
into the cells, but do not inhibit intracellular transport.
This assay should make it possible to identify protein
components involved in transport.

Lipid transport to' the cell surface

The cellular compartments have different lipids as well
as proteins. Little is known about how and why these
lipid differences are generated and maintained. Epithelial
cells provide an interesting experimental system to study
these questions. The apical and basolateral membranes
have different lipids. These differences seem also to be
generated in the trans-Goigi network. Glycolipids are
specifically routed to the apical membrane. These glyco-
lipids are presumably included in the same carrier vesicles
that transport apical proteins apically. One possibility
is that glycolipids play an important role in the sorting



process to form the membrane domain that buds into an
apical carrier vesicle.

Endocytosis

A number of ligands such as hormones, growth factors
and viruses bind to specific receptors on the cell surface
and are su bseq uently interna lized in membrane vesicles
which pinch off from the plasma membrane and carry
the contents to the endosomes, an intracellular acidic
organelle. Here the ligands usually dissociate from their
receptors. The latter are recycled back to the plasma
membrane, whereas the ligands are delivered to lyse-
somes for degradation. The endosomes function as "post
offices" which deliver proteins and lipids to several sites
in the cell (Plate 2). Cell-free assays to study endosome
function have demonstrated that endocytosed membrane
vesicles can be made to fuse with endosomes in the test
tube. The endocytic process is dependent on the intra-
cellular pH and can be arrested reversibly by a decrease in
pH. The specificity of the fusion event in the endocytosis
assay promises to be a useful tool to identify factors
facilitating the membrane fusion. Although membrane
fusions play such an important role in membrane traffic
in the cell, virtually nothing is known of these processes
at the molecular level.

Role of microtubules in the
spatial organization of the cell

Among the cytoskeletal elements, microtubules playa
decisive role in intracellular movement and positioning
of organelles. During interphase, they form a dynamic
network of fibres, usually originating at the centrosome
in fibroblasts. In epithelial cells most of the microtubules
do not originate atthe centrosome and they appear to be
much more stable than in fibroblasts. The intracellular
movement of endosomes, Iysosomes and Golgi elements
have been visualized in fibroblasts by video-enhanced
fluorescence microscopy. The results show that they
move along microtubules and collect around the centro-
somes. Secretory granules in secretory cells move along
microtubules in the opposite direction and collect in the
midbody during cell separation in mitosis.

Improved preparations of centrosomes have been used
to form microtubule asters in vitro. Such asters are now
being used in cell-free assays to study organelle translo-
cation and to identify factors involved in movement. One
candidate protein that binds both to microtubules and
to Golgi elements has been identified.

K. Simons
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Differentiation

About a decade ago oncogenes were discovered as the
transforming sequences present in avian retroviruses,
introducing a new era in our thinking about the molec-
ular basis of neoplastic diseases. Viral oncogenes (v-one
genes) were found to have cellular counterparts termed
proto-oncogenes or cellular oncogenes (c-one genes),
which have been highly conserved during evolution. This
suggested that c-one genes might play important roles
in growth control and differentiation, a concept th at is
now largely established. Nowadays research in these two
areas has become almost inseparable from the study of
oncogenes and their functions in normal and transformed
cells.

There is ample evidence that many of the 40 to 50
different cellular oncogenes discovered so far have func-
tions that are directly involved in the growth control
cascade. They can be grouped into four major categories,
depending on the point in the cascade at which they act:
(1) growth factor-like oncogenes;
(2) growth factor receptor-like and tyrosine kinase en-

coding oncogenes;
(3) oncogenes involved in signal transduction; and
(4) oncogenes expressed in the nucleus.

Although it is possible that signal transduction pathways
similar to those used during growth control are also op-
erative during cell differentiation, the roles of oncogenes
in the latter process are much less clear. However, it
is hoped that their study will yield new insights into
the mechanisms that govern normal development and
cell differentiation. The identification of tissue-specific
trans-acting proteins that exert key functions during
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differentiation in various cell types, together with the
recent discovery by researchers within the Programme
that the c-erbA proto-oncogene en codes a protein with
possible trans-acting functions, suggests that we are on
the right track.

What follows is a brief account of some of the recent
advances made within the Programme, emphasizing in
particu lar findings made with three genes that have some
role in growth control and/or differentiation and that
probably encode DNA binding proteins.

(yelin

The product of this gene has been intensely investigated
here and elsewhere. The expression of cyclin is tightly
correlated with the onset of DNA synthesis in a vari-
ety of mammalian cell types. After developing specific
antibodies, Rodrigo Bravo's group has now cloned and
sequenced the gene, and found domains that are char-
acteristic of DNA binding proteins. Most recently they
also demonstrated that cyclin is the auxiliary protein of
DNA polymerase delta described by others and thus is
probably directly involved in DNA replication.

V-fos and e-fos

The v-fos oncogene is the transforming sequence present
in two independent isolates of retroviruses that cause
osteosarcomas in mice. Earlier studies in Rolf Muller's
group had demonstrated that the v-ros gene present
in the FBR strain of mouse sarcoma virus is not only
capable of transforming fibroblast cell cultures in vitro
but can also immortalize them, while FBJ, the other
fos-containing virus strain, is only weakly transforming.
Studies employing hybrid constructions between the fos
oncogenes of these two viruses have now revealed that
a single point mutation leading to a change from glu-
tamine to valine in position 131 activates the immortal-
izing potential of v-ros, while two small internal deletions
at the (-terminal end are responsible for its increased
transforming activity. Recent experiments performed in
Manfred Renz's and Rolf Muller's groups indicate that
both v-ros and c-fos gene products are DNA bind-



ing proteins. Interestingly, the site which is critical for
immortalization maps in an area that is suspected of
participating in DNA binding.

Further progress was made in elucidating mechanisms
that regulate c-fos gene expression. Studies in Muller's
and Bravo's groups demonstrated that in fibroblasts and
other cell types this gene can be induced by growth
factors and by agents that trigger the breakdown of phos-
pholipids, and in myelomonocytic cells also by agents
that elevate the level of cAM P. Th is suggests that differ-
ent signal transduction pathways playa role in regulation
of c-fos transcription and that these can differ according
to the cell type.

Experiments performed in Erwin Wagner's group in col-
laboration with Rolf Muller have provided important
new insights into the biological properties of the c-fos
gene product. Transgenic mice carrying exogenous c-fos
genes exhibited abnormal bone development already two
to three weeks after birth (Plate 3). Surprisingly, these
abnormalities did not progress with age, nor did they
lead to the formation of tumours. These studies suggest
a cell type specific role for c-fos and indicate that the
aberrant expression of this gene in transgenic mice is not
sufficient for the induction of tumours.

v-erbA, c- erbA

V-erbA was discovered as one of the oncogenes present
in the genome of the avian erythroblastosis virus (AEV).
Although it does not appear to have an overt transform-
ing activity of its own, it induces a complete differentia-
tion block in chick erythroid cells transformed by other
oncogenes, such as v-erbB. Ajoint effort by the groups of
Bjorn Vennstrom, Hartmut Beug and Thomas Graf has
now led to the discovery of a new biological property
of v-erbA. The analysis of a mutant of AEV defective
for erythroid cell transformation and a revertant derived
from this mutant revealed that the former harboured
two defective genes, while the activity of v-erbA but not
v-erbB was restored in the latter. These results showed
that v-erbA can "rescue" the transforming capacity of
a defective v-erbB gene, and therefore that the com-
bination of two oncogenes which are not capable of

transforming on their own can act together to generate
a highly transforming agent. The critical mutation that
reactivated the defective v-erbA in the original mutant
was found to be an arginine to proline change in position
144, thus restoring the amino-acid originally present at
this position in the wild-type v-erbA as well as in the
c-erbA gene.

Major progress was also made in understanding the func-
tion of c-erbA. Vennstrom's group cloned the chicken
c-erbA gene and found that its protein sequence differed
from v-erbA by short additional stretches at both its
3' and 5' ends as well as by several point mutations.
Based on the knowledge that erbA exhibits sequence
similarity with steroid receptors, Vennstrom's and Beug's
groups tested the capacity of the in vitro translated
c-erbA gene product to bind a variety of steroid hor-
mones as well as other ligands. They found that it
binds the thyroid hormones triiodothyronine (T3) and
thyroxine (T4) at high affinities. It is therefore likely
that these hormones represent the natural ligands of
the c-erbA gene product. Subsequent studies showed
that the viral erbA protein has lost its hormone binding
activity, although preliminary evidence indicates that it
has retained its DNA binding capacity. Taken together,
these results indica"te that deletions and mutations in the
c-erbA gene can lead to its activation as an oncogene,
possibly by the constitutive activation of its function.
This probably leads to an escape from normal regulation
by the hormone, a concept which superficially resembles
that developed for v-erbB, the second oncogene present
in AEV. In the latter case, however, the oncogene protein
of cou rse represents a modified growth factor receptor
located in the plasma membrane and not in the nucleus.

Other studies performed within the Programme

Patrick Charnay's group has further defined the se-
quences which are critical in conferring tissue specificity
to the enhancer region of the viral LTRs in Moloney and
Friend leukemia viruses. By testing a number of hybrid
constructs between these two closely related seq uences
and testing their expression in different cell types, they
have now identified a sequence element which regulates
gene expression in T-cells but not in erythroid cells.
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PLATE 3

X-ray picture of a normal (A) and a c-fos expressing
transgenic mouse (8). Note the wide-spread bone lesions
in (8).

20



Further progress was made by Ottavio Fasano's group
in the analysis of yeast genes that suppress the lethality
introduced by defective yeast RAS genes. This group has
now discovered that the adenylate cyclase gene can be
activated by a mutation in the catalytic subunit of the
enzyme, thereby obviating the need for functional RAS
genes. Interestingly, this mutation involves a change
from a threonine to an isoleucine in position 1651 in
an amino-acid region that shows homologies to a se-

in the EGF receptor known to contain a threonine
phosphorylated by protein kinase C. Since the phospho-
rylation of this threonine leads to a downregulation of
the EG F receptor, it is possible that phosphorylation
of threonine 1651 by a protein kinase can cause the
inactivation of adenylate cyclase and that a mutation
in this position can lead to an increased sensitivity of
the enzyme for the stimulatory effect of RAS proteins.

.Sara Courtneidge's group has continued to investigate
the mechanisms of cell transformation by the polyoma
virus middle T antigen. This protein was previously found

to associate with pp60 c-src and to. activate its tyrosine
kinase activity. Recent experiments have revealed a third
protein of a MW of 81 kDa which is involved in the
complex between polyoma middle T and pp60 c-src. It
will now be interesting to determine the fu nction of
this protein for the activation of pp60c-src and for cell
transformation.

Erwin Wagner's group successfully introduced foreign
genes into mice using neo-containing retroviral vectors
with which they infected embryonic stem cells or early
embryos. In vitro selected neo-resistant stem cells were
then used for the formation of mouse chimaeras, re-
sulting in stable expression of the introduced genes in
most tissues. Genes introduced following embryo infec-
tion were, however, only expressed if they were placed
under the control of an internal thymidine kinase pro-
moter, rather than und er the control of the viral pro-
moter/enhancer elements .

T. Graf
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Biological Structures

X-ray crystallography

One of the main objectives of our Programme, under-
taken in close collaboration with Gene Structure and
Regulation, is the study of the structure and function of
the Rop protein, which is part of the replication control
of CoIE1 related plasmids. The structure of the native
molecule has been solved at a high resolution (1.7 A). To
understand the functional role of the various parts of the
molecule, a project was initiated to produce a series of
specific mutants in which various parts of the molecule
were modified. In two mutants two specific arginine
residues (which had been suggested as candidates for the
interaction with RNA) were changed to cysteines. The
result in each case was a functional molecule, leading
to the conclusion that the arginine residues are not in-
volved in RNA-binding. Similarly, removal of the last six
residues did not affect function. These last residues are
invisible in the crystal structure wh ich means that they
are highly mobile, which in turn makes them candidates
for interaction with RNA. However, the activity of the
mutant suggests that we shall have to look elsewhere.
Another mutant in which residues 30-34 have been
removed (these residues are in the area of a tight bend
connecting two a-helices) is inactive. This mutant was
crysta Ilized, its stru ctu re was solved to a resol ution of
2.5 A and it is currently being refined to a resolution
of 1.5 A. The bend region is now less tight, the tail
becomes visible and the molecule is shorter. This would
suggest that the entire length of the Rop dimer is needed
for interacting with two molecules of RNA (called RNA I
and RNAII). The regularity of the Rop dimer has caught
the attention of scientists interested in molecular design.
The four helices that come together have suggested ways
in which this structure could be modified to produce
molecules with a variety of specific functions. These
ideas were first tested on the computer during an EM80
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course organ ized by the Biocomputing Programme and
currently a group in Braunschweig is at work to turn
Rop into a copper-binding protein. Others are planning
to produce specific enzymes with industrial applications.

Work on the structure of DNase I and its complexes
with DNA has continued. As reported last year, co-
crystals of DNase I/DNA have been grown. Four differ-
ent co-crystals have been obtained and one of them,
containing a specific palindromic octadeoxynucleotide,
is particularly well-suited for high resolution x-ray work.
Diffraction data from this complex have been measured
to 1.9 A and the structure has been solved originally
to 3.0 A and is currently being refined to 1.9 A. The
electron density maps showed clear features character-
istic of the backbone as well as the hydrogen-bonded
bases of double-stranded DNA. At the present state
of analysis the following features are clear: No ma-
jor conformational change occurs in DNase I on bind-
ing of the oligonucleotide duplex. The octanucleotide
bound to DNase I adopts a B-type double-helical DNA-
conformation, which is, however, somewhat irregular.
The DNA appears to be bent by approximately 20°
towards the major groove (see Plate 4). As predicted
from model building, the exposed loop Arg70 to Lys70
interacts in the minor groove of B-DNA. Although at
the present stage of the analysis the orientation of
side-chains is not definite, the model indicates that there
are at least fou r positively-charged sid e-ch ains in contact
with phosphates from both DNA-strands.

Membrane proteins

A new project in this area is the study of the proton
pumping ATPase of the yeast plasma membrane. Ge-
netic engineering techniques are used to optimize the
expression of this enzyme in E.coli and to identify the
signals directing this protein to the plasma membrane.
Site-directed mutagenesis is used to test the function of
amino-acids highly conserved in ATPases and to identify
those involved in the proton conducting pathway of the
enzyme. The physiological function of the enzyme is
pursued through the use of two mutants, one of which
is temperatu re-sensitive and the other dependent on
galactose.



PLATE 4

Stereoscopic view of the structure of the complex be-
tween DNase I and the self-complementary octanucleotide
duplex (GCGATCGC)2
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The study of the physiology and structure of the pore-
forming colicin A is continuing. Diffraction from the crys-
tals of the pore-forming C-terminal has been measured
to a resolution of 3.0 A. After an extensive search, which
involved a change in the crystallization medium, three
putative heavy atom derivatives have been obtained. A
structural model of colicin A, proposed on the basis of
theoretical considerations, has been put to test by means
of site-directed mutagenesis. Screening of a number of
mutants agrees with the proposal that three a-helices
per colicin A monomer contribute to the transmembrane
domain of the channel. Mutations or deletions upstream
of this putative transmembrane region do not reduce the
ionophoric activity of the protein but affect either the
conductance or the voltage dependence of the channel.

Porins, and in particular maltoporins, were the subject
of a combined research effort of three groups in EM BL
(dealing with physiology and electron microscopy) and
two groups at the Institut Pasteur in Paris (supplying
monoclonal antibodies and mutants). The orientation of
maltoporin trimers in the low resolution structure deter-
mined from a two-dimensional crystal was deduced from
immunogold labelling experiments. Functional reconsti-
tution studies in lipid bilayer membranes with wild-type
and maltoporin mutants are currently being undertaken
to probe the importance of amino-acid residues in the
pore structure and its selectivity for maltose and mal-
todextrins.

Electron microscopy

The combination of electron microscopy and crystallog-
raphy remains one of the most productive ways of obtain-
ing structural information for large macromolecular com-
plexes. Work on cytochrome c reductase has centred on
defining the position of the membrane and microcrystals
of NADH:ubiquinone reductase have been obtained for
the first time. Regular arrays of antibody molecules have
been produced by binding to a specific antigen absorbed
to a lipid monolayer. This method of crystal formation
shou Id be useful for molecules, particularly membrane
proteins, which cannot be crystallized by conventional
approaches. The use of specific labels for defining sites
within crystals was explored with the use of colloidal
gold-Fab complexes and tri-osmium complexes.
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Cryo-electron microscopy of vitrified specimens provides
a unique source of structural information. Rapid vit-
rification allows the visualization of the native struc-
ture in an aqueous environment and the observation
of intermediates of structural transitions. The three-
dimensional structure of the enveloped animal virus,
Sindbis, has been completed to a resolution of 35 A.
The interior and exterior features of the virion are seen
in the reconstruction of the unstained particle. The
glycoprotein spikes are arranged as columnar trimers on
a T=4 icosahedral surface lattice through interactions
with a complementary T=3 nucleocapsid. The comple-
mentary nature of the capsid structure allows it to
recognize small hexagonal domains of spike proteins,
stabilize them and induce the curvature that leads to
budding. The viral membrane is seen as polygonal and
bends at the positions of the spikes. Neither the internal
structure nor the membrane structure would be seen by
conventional microscopy. Comparison of low resolution
structures and the amino-acid sequences shows that the
core of this membraneous virus is similar in structure
to the "expanded" forms of non-enveloped T=3 and
T=3-like viruses indicating a fundamental evolutionary
relationship. Work with chromatin has revealed much
about the stability and regularity of its organization. The
structure seen in vitrified solution is affected by changes
in the charge of the surface of the solution which can
be controlled by coating with phospholipids. Condensed
chromatin appears as "a sea of nucleosomes" when
viewed in vitrified solution. Together, these observations
inspire a dynamic model of chromatin organization which
envisages chromatin to be closer to a liquid than a rigidly
organized structure. Observations of the organization
of the tightly packed DNA within phage heads reveals
a set of small crystalline domains with local packing
similar to that seen in concentrated gels of DNA. The
structure does not appear dominated by the mechanism
of packaging but reflects the tendency of the DNA to
form liquid crystalline gels and the constraints imposed
by confinement in the head. Rapid vitrification allows
the observation of the transition between the relaxed
and rigor states of myosin filaments. This reveals that
the transition between these two states occurs in a polar
manner along the fila;"ent.

D. Tsernoglou



Gene Structure and Regulation

Cell differentiation

Cell differentiation is the process by which progenitor
cells having a common genotype give rise to a spectrum
of cells with different morphological and biochemical
properties. Since most nuclei in a multicellular organism
possess the same complement of genes as the fertilized
egg, it is generally believed that cell differentiation is
accomplished th rough the differential activation of a
specific set of genes in different cell types. The molecular
mechanism responsible for the selective activation of
genes is largely unknown. It is not clear, especially for the
early, determinative steps of this process, to what extent
a defined series of developmental events takes place
according to a programme laid down in the egg. It is
clear, however, that the later stages of differentiation are
characterized by their plasticity, particularly in mammals.
For these later stages the dominating paradigm which
guides most of the investigations in this field has taken
a defined form in recent years: cell membranes contain a
set of specialized receptor proteins which interact either
with other cells or with specific molecules, for instance
growth factors, present in the surrounding environment;
this interaction produces a series of biochemical reac-
tions inside the cells, wh ich ultimately affect the activity
and the specificity of gene expression within the cell,
leading to the establishment of the differentiated state.

The ultimate goal of much of the research in this field is
to understand the various' steps in the flux of the infor-
mation from the extracellular signals to the genes. The
experimental strategies are dictated by the available in-
formation and there is therefore a concentration of effort
at the two ends of this pathway. The extracellular signal

molecules and their receptors are being identified and
characterized and we are beginning to understand the
biochemical nature of some of the intracellular reactions.
Then there is a substantial gap of knowledge in the re-
gion of the pathway that links these events to the genes.
At the other end, in several experimental systems, it has
been possible to identify cell-specific DNA sequences and
some of the components of the transcriptional apparatus
involved in differential gene expression in various cell
types. To fill in the gap one can attempt to proceed
"downward" , from the established biochemical reactions
induced by the signal-receptor interactions, or "upward",
starting from the available information on the proper-
ties of the cell-specific genes. The groups in the Gene
Structure and Regulation Programme have adopted the
latter strategy. The main approach is based on "reverse
genetics" and consists of the in vitro manipulation of
cloned genes, and the study of their expression in a
variety of systems, including whole transgenic organisms,
isolated cells, and cell-free extracts.

Differential control of gene expression

Differential control of gene expression is exerted at
various levels along the gene expression pathway. In
the Programme we have established two experimental
systems for the study of the specific transcription of
genes; the human hepatocyte and the thyroid cell. The
goal of these investigations is to find out, at the level of
DNA, what is the distinguishing sequence information
that makes a particular gene to be a liver- or thyroid-
specific gene. At the protein level we are attempting
to characterize which molecules, specifically present in
the liver or thyroid, are capable of recognizing liver- or
thyroid-specific DNA sequences. The emerging picture is
that the organism exploits a variety of different strategies
to control gene transcription in a tissue-specific way: for
certain genes it is clear that they are expressed only in a
specific cell type because their expression is dependent
on specific proteins only present in that particular cell
type. In other cases the expression of a gene in a
particular cell type is ,due to the absence of a repressor
molecule specifically in that cell type. This information
has been exploited to set up in vitro systems to purify
and characterize some of these regulatory proteins and,

25



very recently, to start the cloning of the corresponding
genes. The future development of these projects will
certainly focus on the study of the expression of these
regulatory genes, thus moving one step "upward" in the
differentiation pathway.

Sometimes differential control of gene expression is ex-
erted at the level of mRNA processing. Th is is an area
of extreme interest, in which the basic molecular events
responsible for the various processing reactions have yet
to be fully clarified. It appears that there is a complex
mach inery, in which several RNA and protein species
assemble into discrete ribonucleoprotein particles. These
complexes interact in a concerted fashion to convert
transcribed precursor molecules into functional mRNA.
Research projects in the Programme are directed towards
the investigation of the biosynthesis of the RNA and
proteins involved in the splicing reaction, as well as of
their assembly into ribonucleoproteins and their role in
the complex series of events leading to the generation of
mature mRNA. The genes coding for some of the RNA
and protein components have been studied in detail and
we have gained important information on the elements of
the tra nscri ptional apparatus specifica Ily involved in the
transcription of these genes, as well as their functional
variation during development. Specific transcriptional
factors have been purified and characterized and the
cloning of the corresponding genes is in progress. In the
same area of interest, it has recently been possible to
reconstruct in vitro some of the steps of the RNA-protein
assembly process. This system will provide invaluable in-
formation on the structural requirements for the function
of these ribonucleoproteins. This effort will be further
strengthened by the addition of another research group,
working in the field of in vitro mRNA splicing, which will
join the Programme at the end of 1987. In a similar area,
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the properties of vaccinia virus gene expression are being
investigated, especially with respect to specific mRNA
processing reactions which appear to be unique to this
system.

The identification of proteins playing a crucial role in
the differential control of gene expression at the tran-
scriptional and processing level will lead to the cloning
of the corresponding genes. It will be extremely interest-
ing to study the expression of these regulatory genes,
to identify what one may call "second level" control
mechanisms, one step closer to the original signals that
initiate the process of differentiation. The availability of
regulatory genes will also enable the production of large
amounts of regulatory proteins, a prerequisite for the
study of their biochemical properties. For this purpose
a considerable part of the activity of the Programme
is devoted to the development of efficient vectors and
hosts for recombinant molecules. This effort has yielded
important results, such as the overproduction of the
bacterial Rop protein, involved in the regulation of the
processing of the RNA primer for DNA replication. The
Rop protein has been crystallized and, in collaboration
with the Biological Structures Programme, its structure
has been determined at atomic resolution. As an al-
ternative to prokaryotic expression systems which are
limited by lack of several post-translational modifications
e.g. glycosylation etc., we are studying what appears to
be an ideal eukaryotic expression system based on the
properties of vaccinia virus. A careful analysis of the
structural requirements for efficient transcription, mRNA
processing and translation has allowed the construction
of specialized vectors capable of directing the biosynthe-
sis of large amounts of foreign proteins.

R. Cortese



Physical Instrumentation

Modular detector system for CryoSTEM

The most often quoted advantage of STEM over con-
ventional TEM is its ability to produce images by the use
of multiple detector systems. In practice, this postulated
advantage has seldom been fully utilized, mainly because
of the practical difficulties in designing such detector
systems. The unique characteristics of the new electron
spectrometer (described in the Annual Report for 1985)
have made it possible to construct a modular detector
system with extended facilities for multiple simultaneous
imaging. In particular, the new system will make possi-
ble simultaneous images in filtered bright-field, inelastic
dark-field and fi Itered elastic dark-field modes. (The
latter is at present unique to the CryoSTEM.)

The system is also equipped with a linear-diode array
which can be inserted in place of the imaging detectors
for parallel readout of energy-loss spectra and chem-
ical analysis. The high sensitivity of the new system
is expected to reduce significantly the scan times for
elemental mapping.

Cryotransfer system for Zeiss EM-tO

Attempts to take advantage of the intrinsically high
stability of the Zeiss cryostage (a top-entry design)
have been frustrated by problems with the standard
transfer system (essentially a modification of the normal
room-temperature air-lock). A new cryotransfer system
has been developed as a collaborative project with
J.-C. Homo, an ex-member of our group now working
at the Institut de Chimie Biologique, Strasbourg. Two

such systems, constructed in the EM BL workshops, are
currently under test in Heidelberg and Strasbourg.

low-voltage scanning electron microscope

A fundamental problem in conventional scanning elec-
tron microscopy arises from the fact that bulk biological
specimens are, in general, electrically non-conducting.

This means that, since the secondary emission coefficient
of such specimens at normal beam energies is low, image
detail is lost due to charge build-up on the specimen.

This problem can be overcome either by coating the
specimen with a conducting layer (usually gold or some
other heavy metal) or by operating at lower beam ener-
gies where the secondary emission coefficient is greater
than unity and the beam penetration is significantly
lower. To date, neither solution has been satisfactory
since the conducting coating obscures high-resolution
detail and it has so far not been possible to produce
an adequately-focused electron beam at low energies.

Discussions with Prof. H. Rose (Darmstadt) on possi-ble
ways to overcome this problem led to a proposal to
design and construct a new type of low voltage scanning
electron microscope as a collaborative project between
EM BL, Prof. Rose and his group and Prof. Franke (Hei-
delberg) to provide the necessary expertise on biological
applications and specimen preparation.

The initial design studies are now complete and detailed
design and testing of the critical components will begin
in the new year.

STEM applications

Mass measurement

The application of STEM as a mass measurement tech-
nique continues to expand, the rate of expansion being
limited primarily by the unreliability of the outmoded
NORD-IO computer presently connected to the STEM.
It is hoped to replace the NORD with a microcomputer-
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based data-acquisition system in the new year. Among
the systems studied were adenovirus type 2 (with Steve
Cusack, EMBL Grenoble), the paired helical filaments
(PH Fs) occurring in brain in Alzheimer-type senile de-
mentias (with R.A. Crowther, MRC Cambridge) and the
complex of E.coli RNA polymerase holoenzyme with a
130 bp DNA fragment containing the T7 Al promoter
(with H. Heumann, MPI Martinsried).

The single-particle image analysis of E.coli RNA poly-
merase core enzyme was continued. In order to be able
to perform this analysis in-house, the IMAGIC software
system was installed on the VAX computer. First results,
obtained with 1000 particles taken from STEM images,
show well-defi ned characteristic views of the molecules
in different orientations.

Radiation damage studies of frozen-hydrated specimens
(catalase, bacteriophage T4, T4 tails, and TMV) con-
firmed that there is no dose-rate dependence prob-
lem in STEM. These studies will be continued on the
CryoSTEM in the coming year.

Initial experiments (with Kevin Leonard) using small
heavy metal labels have proved very encouraging and
will also be extended in the coming year using the new
detector system on the CryoSTEM.

Protein crystallography project

The year has seen major improvements in the hardware
and software for the area detector for protein crystal-
lography. The detector now runs on a Xenon-based gas
mixture resulting in a considerably improved quantum
efficiency. The adaptation of the software obtained from
Harvard has been completed and tested. The various
programs of the package are called as subprocesses of
a menu driven high level process and this has allowed
the easy introduction of other programs to form a single
package. The more important programs added are those
dealing with data collection and display, autoindexing
and checking for reflection overlap. New software, the
result of active participation in the EEC Collaborative
Programming Workshop on Position-Sensitive Detector
Software, is likely to be installed in the coming year. In
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addition to Iysosyme test data we have measured partial
data sets on a fragment of the adenovirus DNA binding
protein (Demetrius Tsernoglou, Alec Tucker), the colicin
A pore forming protein (Demetrius Tsernoglou, Alec
Tucker) and seryl-tRNA synthetase (Steve Cusack).

Contribution to synchrotron radiation
data acquisition systems

In order to use to the full the capabilities of the Gabriel
detector for synchrotron radiation work ("slow" time-
resolved small-angle scattering) a new position encoding
system was designed and built. The new system has,
at present, a total dead-time (including the delay line
propagation time) of about 600 ns which is already an
important step compared to 2.1 J.-lS of the LRS 4201
based XY readout previously used. The encoding system
is able to digitize with 1 ns resolution and therefore the
length of the delay line associated to the detector was
reduced to 250 ns allowing images of around 250 by 250
pixels. To achieve the performance we have used a multi-
channel real time encoding CAMAC module produced by
LeCroy Research Systems (LRS 4208). Important modifi-
cations have been necessary to overcome the limitations
of this module as most of the time measurement data
are multiplexed. This multiplexing is incompatible with
the desired speed we require. Finally, only part of the
critical time interpolation circuitry available on the board
was used in conjunction with the necessary control logic
to drive it. The principle of the new encoding system
consists of the simultaneous measurement of the arrival
times of the four cathode signals collected at both ends
of the X and Y delay lines.

The system, after benchtests, was installed in HASYLAB
during the summer and several experiments showed the
quality of the measurements. Further reduction of the
dead-time is possible (down to about 400 ns) and pre-
liminary work has been done in order to achieve that.

New detectors for the STEM and
other biological applications

With the help of P. Jarron (CERN) and P. Burger
(Canberra) a new kind of silicon detector was mounted
into the CryoSTEM. These passivated implanted planar



silicon detectors have low leakage current and low noise,
even at room temperature. They are thus adapted for
pulse counting when fitted with adequate low noise
preamplifiers. The first tests proved that these detectors
have a very good response to 100 KeV electrons and
a very high quantum efficiency (near 90%). The main
advantage of this detector technology lies in the pos-
sibility of building special purpose multi-detectors with
dedicated geometry. We will investigate new imaging
possibilities using these detectors in the coming year. The
digital electronics allowing combination and summation
of stripes and quadrants in a circular geometry detector
have already been designed using a modular approach.

Another application of these detectors obviously lies in
the measurement of radioactive markers such as 32p.
This kind of direct counting will enable studies of kinetics
for some quantitative biological experiments. A feasibil-
ity study has been made in collaboration with Rodrigo
Bravo from the Differentiation Programme and we hope
to build the first machine early next year.

CryoSTEM microcomputer system

The CryoSTEM interfacing using a VM E-based system
has been completed during the year. Acquisition and
display of images is possible and works within the ini-
tial specifications. The data collection software (written
under Versados) is user-friendly and requires only very
limited attention from the microscopist so that he is
able to concentrate on the microscope rather than on
the computer.

Nevertheless, the implementation of a commercially
available card, as an intelligent device controller, has
proved to be very time-consuming due to intermittent
faults in the multiprocessor arbitration logic. The inter-
facing has therefore been slightly redesigned in order to
bypass this misfunctioning card. Duplication of the inter-
face has been started recently so that the replacement of
the old HB5-STEM minicomputer will take place early
in 1987.

By the end of the year, we also bought new VM E proces-
sor cards (Tadpole Technology, UK) which will form the
basis of the final microscope data acquisition systems.

These cards have a Motorola 68020 processor, a memory
management unit, can be fitted with an arithmetic co-
processor, and 2 Mbytes of on-board memory. The UN IX
operating system has been chosen for these new systems
in order to ease the implementation of dedicated image
processing software which will be developed soon in the
Laboratory.

Software development for bilayer data analysis

This project has now reached a point where it becomes
possible to acq uire data, either on-line or off-line from a
magnetic tape recorder, analyze these data, and backup
the results. The hardware which has been built and
assembled proved to be adequate although more disc
space could be of use in the future. A second, identical,
system will be assembled soon. Software development
has proceeded along two lines: (a) improvement of the
existing programs using feed back from the users, (b) de-
velopment of new software for the analysis of opening
and closing of single channels.

Collaboration with other institutes

We have helped four synchrotron radiation groups in
Hamburg, Julich, at LURE (Orsay) and at the ILL
(Grenoble). Our contribution to their experimental set-
up mainly consisted in the duplication of previously
designed electronics, not commercially available, and
transfer of know-how. We also installed a stripped-down
version of our standard data acquisition and visualisation
system at the Grenoble outstation" to allow simple crys-
tallographic experiments (qualitative only) with an area
detector.

Laser spectroscopy and microscopy

During 1986 the picosecond fluorescence lifetime spec-
trometer has been moved to the Royal Institution (Lon-
don, U.K.) and will used there by the group of Peter
Bayley at the Institute of Medical Research at Mill Hill.
The system has been installed there and is functioning
optically. The system controller, an old NOVA computer,
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has not survived the move and will be replaced by an
IBM-AT. The transfer of this equipment means that
further picosecond lifetime and depolarisation measure-
ments are not possible any more at the EM BL.

The fringe pattern photobleaching apparatus, developed
by Jean Davoust and coworkers, is now in use for the
study of molecular motions and differentiated domains
in cellular membranes: The surface mobilities of neural
cell adhesion molecules (N-CAM) were measured in dif-
ferentiating murine neurones (in collaboration with E.
Pollerberg and M. Schachner, University of Heidelberg).
The distribution and the dynamics of glycosphingolipids
were examined on the apical and basolateral domains
of epithelial cells. Finally, the rate of endocytosis of
plasma membrane proteins and lipids presumably me-
diated by the coated pits - coated vesicles pathway was
investigated as function of external conditions: low pH
was found to inhibit endocytosis in a reversible manner.
The fluidity of the plasma membrane was not affected
as judged from the lateral diffusion rate of fluorescent
phospholipids.

Two major biological applications using the confocal
stage scanning microscope have been completed during
the year. The first in cooperation with the group of
Thomas Kreis in the Cell Biology Programme was on
the quantification of the distribution of actin in MOCK
cells. The real three-dimensional resolution capabilities
of the confocal microscope make it very useful for the
quantitative measurements of the spatial distribution
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of fluorophores. A start to this project was made last
year and during 1986 we were able to complete the
measurements and the analysis. The second project was
in cooperation with Gerrit van Meer and Kai Simons,
also from the Cell Biology Programme. The confocal
microscope was used to measure the transport of labelled
lipids (C6-N BD-Ceramid) from the Golgi apparatus to
the basolateral and apical membranes of MOCK cells.
The results were quantified and compared to the bio-
chemical analysis.

The mechanical and optical development of the beam
scanning microscope has been completed during the year
and the electronic hardware is nearly ready. The control
system exists on a VME-68000 computer, which allows
us to include much of the software developed for the
stage scanning system. The first real images are expected
to be made in January 1987.

The two-dimensional gelscanner software had to be mod-
ified for the new control electronics. Also since it was de-
cided not to interface the scanner with a two-dimensional
gel analysis workstation, the software system had to be
expanded, so that simple semi-manual image processing
can be done on the scanner. Parallel to the software
development two more scanners are being produced.
Much of the design and organization work was done by
the EM BL construction department.

A. Jones



Biochemical Instrumentation

This Programme has close ties with many scientists
in all the other Programmes. It provides support for
in-house and outside scientists with new developments
and improvements in the fields of DNA sequencing
and oligonucleotide synthesis, protein sequencing and
peptide synthesis, techniques for separation of cells and
organelles, methods for introducing macromolecules into
living cells and their observation and evaluation through
image acquisition and processing.

Development of the chemistry and a prototype of
the non-radioactive automated DNA sequencing system
have been completed. Development of a chemically mod-
ified support for the immobilization of peptides has led to
improvements in the efficiency and sensitivity of the pro-
tein sequencing methodology. Several of the developed
instruments were licensed for commercial distribution.
The automated system for microinjection of cells, the
first device of this type, has been applied to a wide
range of biological problems for in-house and outside
groups. Visitors were trained and two practical courses
on microinjection and electro-transfection of cells were
organized.

Development of microanalytical techniques

DNA sequencing

One of the key projects established two years ago, the
development of a non-radioactive automated method
and instrument for DNA sequencing, has been achieved.
The design of the instrument and the chemistry used
are different from those employed in the technique re-
ported recently by the group of L. Hood at Caltech. The

system represents a major advance in DNA sequencing
methodology. DNA sequences are determined in the
slab gel during electrophoresis and read directly into
a computer. The chemistry for the preparation of the
fluorescent primer is reliable and straightforward, and
moreover the preparation of the sequencing samples is
inexpensive compared to the method using radioactive
labels. There are well-known drawbacks attached to
the radioactive labels technique, such as hazards in the
handling, storage and disposal of radioactive materials,
and the considerable cost of the radiolabelled nucleoside
triphosphates. In addition, there is deterioration of sam-
ple quality with time. In our Programme a sulphydryl
containing M13 sequencing primer has been synthesized
and subsequently conjugated with one of several fluo-
rophores, e.g. tetramethylrhodamine iodoacetamide or
fluorescein iodoacetamide. The fluorescent primer is used
in sequencing reactions, optimized by Martin Zenke from
the Differentiation Programme, to generate a nested set
of DNA fragments. The fluorescent bands are excited by
a laser and detected in the gel during electrophoresis,
and sequence data from the four tracks is transferred
directly into a computer.

The developed instrument includes several novel features
such as detection of laser-induced fluorescence in con-
junction with slab gel electrophoresis, excitation laser
beam passing through the gel over its entire width,
efficient and simple light coupling in and out of the gel,
continuous monitoring of the four tracks, no moving
parts, and several technical features leading to back-
ground reduction. At present 250-300 bases can be read
in 5 hours, and the technique is capable of resolution at
a fragment length of at least 400 bases. The detection
limit is about 2x10-18 mol per band. The system will
be expanded for analysis of several clones, simplified
and optimized further with respect to performance and
cost. Industry has shown interest in licensing the two
EMBL patent applications for the method. The device is
based on the technique of thermostated gels which we
developed for the manual sequencing device distributed
commercially by LKB, Sweden (about 1000 devices
distributed to nearly 400 laboratories). The automated
system is applicable not only for DNA but also for
proteins in gels, and in general for the detection of
fluorescently-Iabelled macromolecu les. The equipment
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could also be applied to measure bioluminescence and
other processes accompanied by photon emission. The
software developed could in addition be applied to auto-
mated analysis of autoradiograms.

Automation of several essential steps in the prepara-
tion of samples for DNA sequencing would be of great
importance, and collaboration in this field has been
initiated with Martin Zenke (Differentiation Programme)
and Keith Stanley (Cell Biology Programme). An EMBO
course concerned with different aspects of automation
in DNA sequencing will take place at EMBL and is in
preparation.

Cell microinjection

The automated injection system, the first device of this
type, in which movement of the capillary with precise
cell positioning and time of injection are controlled by
a computer, has been developed further and applied
regularly to biological projects for nine groups at EMBL
and twelve groups from external laboratories. The system
has been used extensively and new ideas for its applica-
tion were generated by the scientists. Development of
automated injection in frog oocytes has been initiated
in collaboration with the groups of Riccardo Cortese and
lain Mattaj from the Gene Structure and Regulation
Programme. Methodology for the labelling of injected
cells which permits their identification and evaluation
even after several days have been devised with Claudio
Schneider from the group of Lennart Philipson. We plan
to develop new, more efficient fluorescent markers in the
futu reo

High inject ion rate (a b0 ut 1500 celis per h0 ur) , rep ro-
ducibility and reliable evaluation of the results by a
computer were established as significant characteristics
of the automated system developed in collaboration
with Zeiss Company. Initial tests for a fully automated
system with image processing have shown the feasibility
of such a system, in which the injection rate could be
increased to about 5000 cells per hour. New biochemical
approaches may be possible with this high injection rate.

Good reproducibility in the form and tip diameter of
the pre-pulled injection capillaries has been achieved, as
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controlled by measuring the gas outflow using a helium
leak detector. The commercial version of the EM BL
system for manual microinjection of cells (Eppendorf
and Zeiss companies) has been further improved and the
technique is now in use in about 400 laboratories.

Electrotransfection of cells

Good results were obtained with this technique in the
laboratories (about twelve) where the EMBL device was
set up. The results were widening the field of applications
and contributing to the understanding of the underlying
principles of the method. Transformation frequencies of
up to 1% in permanent and up to 15% in transient
expression assays have been observed, and plasmids up
to 25 kb have been introduced into cells using this tech-
nique. The main applications of this simple procedure
are found in cases where the traditional transfection
procedures fail. It has also been used for electro-fusion
of cells and membraneous vesicles. Documentation and
tech nical specifications for the man ufactu ring of the
equipment has been transferred to the licencing company
(Apelex, France), and during the year they have already
distributed several commercial devices to laboratories in
Europe.

Separation of biological particles

Two techniques available for the separation of biological
particles, automated affinity chromatography on mag-
netic beads in suspension and continuous flow elec-
trophoresis, have been further developed and applied to
various biological problems in collaboration with the Cell
Biology Programme.

The performance of several newly developed bead types
has been tested and encouraging results were obtained
with the separation of chromosomes, in collaboration
with groups from the University of Heidelberg (Prof. Cre-
mer). We plan to continue to investigate the separation
of large amounts of cells by this method, which is also
of interest to groups in the Differentiation Progra mme
(Hartmut Beug). Further applications will be in the
purification of proteins and, eventually, DNA templates.
Software developed for th is system may be used for au-
tomation of other devices where the control of fluid flow,



positioning, valves, temperature and other parameters is
req uired.

Continuous flow electrophoresis has been used to sepa-
rate organelles, like Iysosomes with modified membranes
(Jean Davoust). Metaphase chromosomes were highly
purified and it is possible to use this technique as a
preparatory step for subsequent separation of the purified
ch romosomes.

We plan to add a fluorescence activated sorter to the
existing separation methods at EM BL. There are ap-
plications and urgent need for th is method in groups
from all biological programmes at EM BL. The technique
will enable us to analyze the cell cycle state, gene prod-
ucts and chromosomal mapping of DNA sequences. The
technique is unmatched in its capability of simultaneous
analysis and sorting of chromosomes and cells by their
internal content of DNA, RNA and proteins.

Separation of large DNA fragments

The method of pulsed field gradients, originally devel-
oped by the team of C. Cantor at Columbia University
for separation of large DNA fragments, have been tested
with groups from the Gene Structure and Regulation
Programme, with the aim of optimizing the separation of
yeast chromosomes. In collaboration with the University
of Torino it has been applied to the analysis of deletions
of genes in human chromosomes. Recent developments
and improvements in the original methodology show
that the principle of the technique is not yet completely
understood. We have started a detailed analysis of the
electric field maps by computations using the Poisson
program-package for electric and magnetic fields. The
high potential of this separation method, e.g. in gene
mapping, has been demonstrated in several laboratories.

Structural analysis and synthesis
of proteins and genes

During the past three years a set of automated in-
struments for high sensitivity protein sequence analysis,
peptide synthesis and oligonucleotide synthesis was de-
veloped using state of the' art chemical methods. Due

to a modular construction principle, these machines are
not only designed for one particular requirement, but also
allow a high degree of flexibility with regard to system
updating and adaption of new chemistries. This set of
instruments is now integrated into a biochemical facility
that contributes to an increasing number of scientific
projects at EM BL and externally, concerning structural
and functional analysis and synthesis of proteins and
genes. Several of our instruments were licensed to a
company for manufacture and will be generally available
during 1987.

Following a period of technological and constructive
work on instru mentation, the activities are now main Iy
concentrated on the improvement of chemical method-
ology for microanalysis of proteins and synthesis of pep-
tides and genes. Furthermore, the first steps were made
towards a combination of protein and oligonucleotide
chemistry with molecular genetic technology to explore
new methods for the preparative synthesis of peptides,
native proteins and their analogues. This approach in-
cludes: chemical gene synthesis, selection of appropriate
expression systems and large scale isolation of the gene
product.

The chemistry and instrumentation used in amino-acid
analysis and amino-acid sequencing now permit the anal-
ysis of as little as 10 to 50 picomoles of protein and
peptide. To improve the efficiency of the method, a new
covalently modified support for the immobilization of
proteins and peptides in gas-liq uid phase seq uencing has
been developed. The new support has been successfully
used for microsequencing of proteins and peptides iso-
lated by high performance liquid chromatography and by
electro-elution from polyacrylamide gels. Due to the high
binding capacity, the activated glass opens new ways for
sample preparation in the picomole range including direct
electrotransfer of proteins from polyacrylamide gels and
direct immobilisation of peptides isolated by micropore
high performance liquid chromatography.

In solid phase peptide synthesis the final step is the
removal of side-chain protecting groups and the cleavage
of the synthetic peptide from the resin support. In clas-
sical synthesis strategies both reactions are carried out
simultaneously. This however often leads to irreversible
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modifications of the peptide chain by highly reactive car-
bonium ion intermediates generated during the cleavage
reaction.

We have developed a synthesis and deprotection strategy
especially designed to avoid side reactions in such "dif-
ficult" sequences. The strategy involves the application
of properly selected scavengers, a multi-step procedure
for successive removal of side-chain protecting groups
and purification of intermediates. The mild reaction
conditions wh ich are characteristic of our Fmoc-synthesis
method are retained and post cleavage side reactions are
minimized.

Nucleic acid chemistry

During the past year we have developed syn-
thetic routes for the preparation of protected 5'-
amino and 5'-thio 2',5'-dideoxyribonucleoside-3'-O-
(,B-cyanoethyl N, N-diisopropylphosphoramidites). These
products have been used to prepare 5' -terminally mod-
ified oligodeoxyribonucleotides, which are of enormous
utility since they can be readily coupled to fluorophores,
activated biotin derivatives, organomercurials, and acti-
vated metal cluster compounds, etc. generating a wide
variety of probes.

To cite just a few examples: A series of fluorescent
DNA sequencing primers have been made, labelled with
tetramethylrhodamine, fluorescein, and eosin. The la-
belled primers were then used for dideoxy-sequencing
in M13 using the non-radioactive automated DNA se-
quencer which was completed this year. In addition a
tetrairidium cluster derivative of a 5'-amino decamer,
and a mercurated derivative of a 5/-thio decamer both
recognized by EcoRV have been synthesized on a large
scale. Cocrystals of the iridium derivative with the pro-
tein were obtained at the end of the year and will be
investigated by electron microscopy and by x-ray crystal-
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lography. Attempts to co-crystallize the mercuri-decamer
with EcoRV will be made so that x-ray studies can be
made. It is hoped that the use of mercurated oligonu-
cleotides will prove helpful in solving the structures of
DNA binding proteins of hitherto unknown structure.

In the area of oligodeoxyribonucleotide synthesis some
improvements and developments have been made. Some
work was directed towards phosphotriester methodology,
particularly with regard to high speed condensations and
to extra protecting groups on dG and dT for minimiza-
tion of side reactions. A modified phosphotriester filter
disc approach was set up, enabling the simultaneous high
quality synthesis of large numbers of oligonucleotides.
The majority of our efforts was concentrated on phos-
phoramidite methodology and H-phosphonate chemistry.
Alternative protecting groups have been examined with
a view to improving the yield and simplifying the purifi-
cation of long oligodeoxyribonucleotides prepared by the
phosphoramidite method. We have been exploiting the
potential of H-phosphonates with a view to using them
for large scale synthesis on account of increased stability
and decreased cost. Next year they may be implemented
in the DNA service work in place of j3-cyanoethyl N, N-
diisopropyl phosphoramidites. However, there are still
one or two substantial problems to overcome.

The preparation of precursors for RNA synthesis was
started, and we hope to offer an in-house RNA service
in the coming year.

Since May the in-house oligodeoxyribonucleotide service
has been run on a commercial 3-column synthesizer,
which was acquired because of ever increasing demands
for oligonucleotides. In the last 6 months of the year
some 300 oligonucleotides (maximum length 71mer)
were synthesized and purified.

W. Ansorge, R. Frank & B. Sproat



Biocomputing

The Biocomputing Programme presently exists at EM BL
to perform research in theoretical and computational
biology, to be responsible for the Laboratory's general
computing facilities, to produce and distribute the EMBL
Nucleotide Sequence Library, and to provide expertise,
software, and computing services throughout Europe.
The Programme underwent considerable change during
1986, highlighted by a commitment by the EMBL Mem-
ber States to expand the Programme substantially and
by the appointment of a new Programme Coordinator.

The Programme's present research activities focus on
the theory and analysis of protein and genomic structure
and the development of software, computer methods
and data collection techniques for molecular biology. The
sections below describe briefly but specifically the 1986
work and results of the Biocomputing Programme.

Data library

The nucleotide sequence collection distributed by the
EMBL Data Library almost doubled in size in the course
of 1986 from somewhat over 5 million base pairs to
nearly 10 million base pairs. Despite this, the lag between
publication and inclusion of data was short enough to en-
able the production of three releases containing some of
the most up-to-date data we have ever distributed. These
data continue to be distributed directly to about 200
institutions, many of whom redistribute them combined
with various support software. Recent surveys suggest
that the total user community exceeds 10,000 scientists.

The faster data turnaround seen in 1986 has resulted
primarily from improvements in the release production
procedures. Further speeding up can be expected as a
result of work begun in the latter part of the year on more
efficient data acquisition methods. These involve better
systems for dealing with network and machine readable
submissions, and closer relationships with journals and
researchers. For some years the journal Nucleic Acids
Research has forwarded sequence data directly to us,
and now arrangements have been made with many other
journals whereby authors of sequence papers receive
forms and material, enabling them to send sequences
and appropriate annotation directly to EMBL.

The continued collaboration with GenBank resulted in
the annual joint compendium "Nucleotide Sequences
1986". In addition, as a result of a collaborative meeting
held early in the year, we are finalizing a revised fea-
ture representation scheme which improves on previous
systems and which will be common to both collections.

The Data Library also acts as a redistribution site for
the protein data collection distributed by the National
Biomedical Research Foundation in the USA. Possible
ways of providing a protein sequence data collection in a
form more compatible with the nucleotide collection are
also under investigation.

Computer group

The Laboratory's main computing facilities, based on the
VAXcluster (a VAX 8600 with 12 Mbytes memory and
a VAX 11/785 with 8 Mbytes memory together with
an HSC50 intelligent mass storage controller), proved
throughout 1986 to be remarkably reliable. An almost
constantly available service was offered to now more than
300 registered users which represents a 50% increase
over 1985. Disk storage capacity was subsequently in-
creased with the addition of 3 more RA81 type disks,
each holding 456 Mbytes.

In the middle of 1986, the installation of the Ethernet
took place, realizing the proposal made by the Work-
shop on Biocomputing in November 1985. Ethernet
is a 10 mbit/second bus to which the VAXcluster is
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connected. This forms a very flexible basis for connecting
workstations, personal computers and specialized data
acquisition machines in a local area network. The ease
with which new systems can be added to this network
was well demonstrated at the Protein Design course,
where one microVax II, two Evans & Sutherland graphics
systems and a Silicon Graphics Iris system were con-
nected to the Ethernet and user service offered all within
an hour of equipment delivery.

Text processing facilities were drastically improved with
the purchase of some 50 Apple Macintosh Plus personal
computers together with 7 Apple LaserWriter Plus laser
printers. All secretaries in the Laboratory and many
scientists, quite a number of whom had no previous
exposure to computers, are now using these systems
regularly for the typing of manuscripts and letters. Indeed
the use of these small computers has even been extended
to include sequence analysis as well as various statistical
plots and graphs, although the VAXcluster still remains
the workhorse for such applications. Preliminary work
was also completed to connect all Macintoshes into
a local area network called AppleTalk, and plans are
already underway to link up this network to the Ethernet,
allowing the VAXcluster to be used as a compute and
file server for the Macintoshes.

On a wider scale, use of the connection to the Euro-
pean Academic and Research Network (EARN) increased
greatly. EARN (Bitnet in the United States) now has
more than 1600 academic and research sites throughout
the world. This year also saw the addition of the EMBL
Outstations at Hamburg and Grenoble.

Much effort was put into the development of an archive
facility for the VAXcluster which will allow users to store
and retrieve large amounts of data without much main
disk storage and without any explicit use of magnetic
tapes. This facility is almost complete and will certainly
be a welcome addition.

Graphics group

The number of scientific applications of interactive
computer graphics has been growing at a rapid pace
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and this will continue. No single molecular graphics
program can fulfil all the needs of EM BL and visiting
scientists. Hence, development of programs traditionally
used at the Laboratory was continued as well as the
acquisition of programs from other laboratories to help
solve specific sets of scientific problems. Furthermore, an
Evans & Sutherlar:'d Picture System 350 (PS 350) was
acquired to supplejnent the Multi Picture System (MPS)
which the has been using since 1979. The
PS 300 series machines have become almost standard
equipment for molecular graphics and a multitude of
programs is available. The PS 350 will bridge a soft-
ware gap between the MPS and a new generation of
high-power graphics workstations becoming available.
The group was also extensively involved with two EM BO
courses held during 1986: IIProtein Design on Comput-
ers" and IIProtein Expression, Site-directed Mutagenesis
and Computer Graphics" .

Work was continued on the program EMBLFrodo, in-
troduced in 1985. Based on the popular Frodo program
for crystallographic molecular modelling, it fulfils most
of the requirements of crystallographers. A new syntax
and parser were completed to render keyboard inter-
action natural and user-friendly. Commands were also
added for increased versatility to display concurrently
molecules and multiple types of polymers; for instance,
protein/DNA complexes. A file access system for molec-
ular data was developed making efficient use of the VAX.
Access became transparent and more than an order of
magnitude faster. These developments do not depend
on the MPS and, hence, can be used in other software
which addresses similar problems. The program will be
released in 1987.

GRAMPS, a general purpose graphics language es-
pecially suited for displaying dynamic and animated
models, has been adapted to support our computer-
controlled 16mm movie camera. In combination with
GRANNY, a program supplying GRAMPS with molec-
ular IIknowledge", the recording of scientific movies is
planned.

UCSF MIDAS, an interactive molecular graphics pro-
gram for molecular interactions, docking and compar-
isons, has been used on the MPS for a number of years.



A new version was obtained and implemented on the
PS 350.

SYBYL, a commercial product handling the laboratory's
needs for display and manipulation of smaller molecules
such as drugs and small peptides, offers extensive sup-
port for conformational searches, 3-D molecular struc-
ture and volume comparisons, docking and energy mini-
mizations. SYBYL runs on EMBL's PS 350 and the NEC
Advanced Personal Computers.

WOM BAT is an application-independent interactive dis-
play program running on the PS 350. It is used for display
and manipulation of RNA secondary structure.

GROMOS was installed, a program system for simulation
(molecular dynamics) and analysis of molecular systems
in a very general way. Though not a graphics program,
the group supports it because interpretation of results is
intimately connected with molecular graphics.

A program was developed to produce binary files from
the formatted Brookhaven Protein Data Bank. Their
physical organization is optimized for rapid access to se-
quences, coordinates, secondary structure, and so forth.
The group plans to make an adaptation of EMBLFrodo's
file access functions available to provide transparent
high-speed access for many applications which search
the Data Bank.

Data analysis group

In addition to the continuing development of methods
for the optimal analysis of structural data in electron
microscopy and x-ray diffraction, activities in RNA struc-
ture analysis have begun.

Application of the maximum entropy method to the x-ray
phase problem has been further developed with concen-
tration in the last year on two specific problems: (1) the
introduction of prior knowledge of atomic structures into
the entropy expression, and (2) the use of maximum
entropy to resolve ambiguities in phasing when the
available isomorphous replacement data is insufficient.
Simple one-dimensional simulations of the former have
revealed a numb er of interesting effects, in eluding phase

transitions in the solution, but to progress further, at
least third-order correlations of density will be needed.
By an extensive series of simulations on data synthesized
from a protein fragment, it was shown that resolving the
intrinsic phase ambiguity of single isomorphous replace-
ment data is possible, which results in a considerable
improvement on a conventional llbest" map. This is also
true when the heavy atoms form a centrosymmetric ar-
ray, by arbitrarily breaking the symmetry of the solution.

Application of these methods to the EcoRV data, in
collaboration with members of the Biological Structures
Programme and F.K. Winkler (Hoffmann-La Roche,
Basel), has demonstrated that the two molecules in
the dimer were not related by an exact 2-fold non-
crystallographic axis. This explained the previous lack
of success in averaging; a program was subsequently
written to calculate the exact transformation,

SR.1v1co, the method for the automatic analysis of data
represented by a sum of one-parameter functions de-
scribed in previous reports, continues to be applied and
distributed. An updated version of the fully documented
program package was produced this year and has been
distributed to over 50 laboratories.

Further application of the ROSE program for three-
dimensional reconstruction to unstained preparations of
Semliki Forest virus (SFV) in vitreous ice (in collabora-
tion with J. Dubochet and M. Adrian, Biological Struc-
tures Programme) confirmed the T=4 structure of the
virus envelope. It was however not possible to derive the
stru ctu re of th e nucIeoca psi d from th is reconstru ction.
The method was subsequently applied to Sindbis virus,
using data supplied by S. Fuller (Biological Structures).
Sindbis virus is virtually identical to SFV, but is missing
glycoprotein E3 as part of its spike. This application also
enables a comparison to be made with the reconstruc-
tion obtained by the traditional common lines method.
Both reconstructions revealed an icosahedral T =4 sur-
face lattice for the outer envelope and a T=3 lattice
for the nucleocapsid which indicates a complementary
interaction of the capsid proteins with the spikes of the
envelope. Application of the ROSE program to a tilt
series of negatively stained acetylcholinesterase is also
underway (with D. Morgan, Tucson).
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RNA molecules can evolve by exploiting information at
the levels of primary, secondary and tertiary structure.
The work has focused on RNA secondary structure,
including model building for structural RNAs (e.g. small
nuclear RNAs) and investigating their role in various
RNA processing steps such as nuclear splicing of mes-
senger RNAs. The approach is to look for common
secondary structure features, which are independently
derived by prediction, in sets of related sequences. A
large set of eukaryotic messenger RNAs displayed a
common conformation of their 5' non-coding region by
minimal energy folding; this mRNA-specific structure
may playa role in the translational initiation process.
The different codon usages of eukaryotic mRNAs are
also related to RNA stability and thus to survival in
the cytoplasm. In collaboration with experimental work
by the Gene Structure and Regulation Programme, it
has been shown that an altered secondary structure of
a group of U2 snRNA mutants can account for their
inhibition of nuclear targeting.

Protein sequence and structure analysis

In 1986 the group focused on development of sensitive
methods to find protein sequence homologies, searches
for specific homologies, various analyses of existing pro-
tein primary and tertiary structural data, analysis of
nucleotide sequence data, attempts to improve protein
secondary structure prediction methods, and develop-
ment of computer software packages to implement the
homology searches. A brief description of the specific
projects and results will be given subsequently.

- Application of the sensitive seq uence comparison
technique, based on amino-acid physical character-
istics, provided information on the relationship be-
tween viral oncogenes and human hormone receptor
proteins that regulate DNA transcription, found the
13-structural repeats in the important connective
tissue protein tropoelastin, suggested an a-helical
structure for "finger" sequences regulating transcrip-
tion, suggested the primordial RNA binding unit of
proteins in RN P particles and pointed to an evolu-
tionary relationship between the simple cold virus and
the more complex membrane-enveloped alphaviruses.

38

- An analysis of the protein amino-acid sequence data
bank, with proteins clustered according to discernible
homology, has categorically shown that proteins are
prejudicial in their selection of shorter oligopeptide
sequences. Th is issue has been one of great contro-
versy in the literature. These preferences are useful
in testing for the significance of amino-acid sequence
homologies, in determining the coding regions and
frames on genomes, and for suggesting novel modes
of genetic development and evolution.

An analysis of sequence-similar pentapeptides in
all known, but unrelated, three-dimensional protein
structures has resulted in a further understanding
of protein folding strategies, such as possible fold-
initiating sequences and local structural modes to
transform same-sequence helices to fi-strands in dif-
ferent proteins. The results have also led to a possi-
ble gu ide for site-directed mutagenesis; weighted ex-
change matrices over the 20 amino-acids recommend
residue substitutions that are likely to preserve, alter
or inhibit the protein fold.

- Studies are underway to improve secondary structure
prediction techniques by a more careful statistical
examination of long range sequence correlations in
primary structures with known secondary structure.

Protein design course

Protein design has been a scientific dream for many
years. Recent advances in cloning, gene synthesis, muta-
genesis and protein expression are now beginning to turn
that dream into reality.

Experiments in protein design at EM BL began in the
Biological Structures and Gene Structure and Regula-
tion Programmes and involved modifications of a small
bacterial protein called "Rop". Theoretical protein de-
sign within the Biocomputing Programme was initiated
during an intensive three-week EM BO course held at
the EM BL in September 1986. Twenty-four researchers
and students from var'ious Member States and the USA
joined in a first attempt at de novo protein design. The
design strategy used here is a reversal of the classical



approach: rather than find the correct three-dimensional
fold for a given sequence, the task was to find a sequence
(of many possible ones) that folds into a given tertiary
structure. Whether or not this strategy can make a con-
tribution will be clearer after experimental verification.

The course produced six preliminary designs: two almost
200-residue ,8-barrel proteins; two a/,8 proteins of the
nucleotide binding type, one of them with a designed
binding site for a fluorescent dye; and two smaller four-
helical bundles, one designed to bind calcium, the other,
copper. These designs are warm-up exercises for what is
intended to become an important cycle of design-and-
test, yielding key principles in protein folding, structure
and function.

P. Argos & C. Sander
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Additional Research Activities

Correlation between the genetic and
molecular dimensions in the mammalian genome

During the last year we have made major progress in the
moIecuIarapproach to a number of probIems in mam-
malian genetics, due to the maturation of the techniques
required to close the gap between genetic and molecular
dimensions in the mammalian genome. Examples are
the now routine construction and use of chromosome
jumping and linking clone libraries, and the use of pulsed
field gradient gels (Schwartz &. Cantor (1984) Cell, 37,
67-75) as both an analytical and preparative tool in
mammalian genetics.

Using such a combination of genetic and molecular
approaches, our work on problems in mouse genetics has
provided insight into the mechanism of recombination
supression between t and wild-type chromosomes, and,
among other points, has demonstrated the fluidity of the
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mammalian genome; work on the identification of clones
corresponding to the Brachyu ry and Steel mutations is
continuing.

In human genetics much of our work has centred on
the region of the Huntington's disease locus (mostly in
collaboration with the laboratories of Jim Gusella, John
Wasmuth &. Charles Cantor), in which a region contain-
ing the mutation is systematically being saturated with
clones derived from linking libraries, jumping libraries,
chromosome walking and clones derived from DNA frag-
ments excised from pulsed field gradient gels. Physical
maps established around these markers cover a total of
two million basepairs, close to estimates of the maximal
length of the region covered. Approximately 200 kB are
available in cosmid clones, and both conserved regions
and transcripts have been identified.

Similar work has been carried out in the region of the
mutation causing cystic fibrosis (in collaboration with
the laboratory of Bob Williamson, St Mary's Hospi-
tal, London). Physical mapping of the region of the
Duchenne muscular dystrophy gene has provided a high
resolution physical map covering approximately 3 million
basepairs (two percent of the human X chromosome).

In addition to the progress in the analysis of specific
genes or gene regions, techniques are being developed
which might allow the construction of overlapping clone
libraries covering entire mammalian genomes, a step
which would radically change the power of mammalian
genetics, and might make much of the genetic informa-
tion accessible to analysis.

A. Frischauf &. H. Lehrach

Neurobiology

The scientists in the neurobiology group led by Nick
Strausfeld terminated their research activities at the
EMBL during 1986. Unfortunately they did not provide
a report on their most recent results.



The Outstation at the DESY, Hamburg

Introduction

DORIS was a source of synchrotron radiation for about
300 days in 1986, with roughly 28 weeks in parasitic
mode (run ning simultaneously with high energy physics
experiments) and 15 weeks of dedicated beam-time. The
beam continued to be stable and reliable as in 1984 and
1985. The facilities of the Outstation were used by about
90 visitors during the year.

DORIS closed down at the beginning of November.
The upgrading of the synchrotron source during 1987,
required for the new high energy physics ring (H ERA) at
DESY, means that DORIS will only be able to provide
radiation for two dedicated periods of 5 weeks each, in

- spring and summer.

Keith Wilson was appointed head of the Outstation from
1st July. The crystallography group under his direction
has now increased to fou r staff scientists, with the
appointment of Zbigniew Dauter and Christian Betze!.
Robert Pettifer returned to his lectureship in Warwick
University and Hans Bartunik left to take up a position
as a group leader in the Laboratory for Structural Molec-
ular Biology of the Max-Planck-Gesellschaft (MPG) in
Hamburg.

The three groups of the MPG are now established.
They are currently situated in the Botanical Gardens and
will move to the new HASYLAB building adjacent to
the Outstation during 1987. Each of the three groups,
headed by Hans Bartunik, Eckart Mandelkow and Ada
Yonath, have used the Outstation facilities during 1986.

Instrumentation and development

The Xll crystallography beam-line

The new XII beam-line in the EMBL building has
been completed during 1986. Radiation was available at
XII from July until the end of the parasitic shifts on
28th September. The dimensions of the focal spot are
0.6 mm x 1.2 mm FWHM. The new crystallographic
set-up installed at this beam-line allows the automatic
optimization of the alignment into the synchrotron
beam. As a result, tedious and time consuming adjust-
ments have become unnecessary.

The excellent focusing properties, resulting in high in-
tensities at the sample, and the comfort of operation of
the new XII beam-line make it a particularly efficient in-
strument for collecting data from protein crystals which
diffract weakly or which decay rapid lyon x-irradiation.
The high intensity incident on the sample was greatly
appreciated by our guests.

A high counting rate position-sensitive detector

Commercially available detector systems do not fulfil
the requirements for synchrotron radiation experiments,
underlining the importance of this development for the
Outstation. The detector has undergone some modifi-
cations which have improved its stability of operation.
A spatial resolution test demonstrated a resolution of
0.3 mm x 0.3 mm FWHM. Recent tests revealed a local
counting rate capability of 1.5 MHz.

Some modifications still have to be made to the read-out
electronics before the detector can be used in syn-
chrotron experiments.

Data acquisition hardware and software

The development of the data acquisition and processing
system has advanced to completion of all components
for real-time acquisition, display and host interfaces.
The system provides support for acquisition, storage and
display of seq uences of two-dimensional data patterns·
produced by photon counting detectors or video sources.
Other image generators, such as slow scanning devices,
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can be easily connected to the system. The acquisition
processor allows the integration of data average rates of
up to 7.5 MHz.

The development of the dialogue software system for the
handling of the data continued. The goal is to provide
a common object oriented software environment for the
acquisition and analysis of the experimental data, which
is easy to use and to adapt, and which avoids starting
from scratch for each new application. The major effort
in the past year was to improve and to extend the basic
system components which are implemented in PASCAL
(about 13,000 lines of code).

Prote.in crystallography

After the introduction of water cooling on the monoch ro-
mator, beam-line X31 provided a rapidly tunable and
stable source of x-rays for the rest of the year. The
intensity incident on the sample is somewhat limited by
the size of the focus.

During August and September XII provided a high
intensity beam ideal for many protein crystallographic
studies: this was reflected in the high activity of both vis-
itors and in-house staff in using the beam-line. Improved
facilities for visitors have recently been established, in-
cluding crystal handling facilities directly adjacent to X11
and a rotating anode for the prealignment of crystals.

Several in-house projects progressed during 1986. Data
from crystals of the copper-containing "blue protein"
from the anaerobic bacterium Alcaligenes faecalis S-6
were measured to 1.5 A resolution. Comparable data
were recorded for th e "white" form of th e protein, after
reduction with vitamin C. Possible differences in the
detailed structure of the two forms are of interest for
the function of the protein.

Crystals were grown of a homologous protein, amicyanin
from Thiobacillus versutus (samples of which were pro-
vided by G. Canters, University of Leiden) and complete
native data to 2.5 A were recorded from a single crystal
in a monoclinic space group. The protein is the second
component of an exceptionally short electron transport
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chain made up of only four proteins. G. Canters has also
provided samples of the third component, a cytochrome,
for crystallization. The structure of the first component,
methylamine dehydrogenase, is under study at the Uni-
versity of Groningen.

Proteinase-K from Tritirachium album limber is the
most active serine endopeptidase known. The three-
dimensional folding of its polypeptide chain has been
previously determined in Serlin with conventional x-
irradiation. High resolution data on the native protein
structure were collected at the old XII beam-line in 1983
(C. Setzel, W. Saenger et al.). The structure has now
been refined to 1.5 A resolution (Plate 5). In 1986, the
binding mode of a synthetic inhibitor of proteinase-K
was determined at 1.8 A. Further studies of this enzyme
and its homologues at high resolution are planned in
collaboration with a number of groups.

The majority of the work of visiting groups was carried
out on X31. For some projects (including the 50S ribo-
somal subunits, IGPS, intact EF-Tu, neutral protease)
the high intensity of XlI proved to be essential owing to
small crystal volume or weak diffraction from large unit
cells.

Data were coil ected for severa I proj ects started in pre-
vious years including riboflavin synthase (R. Ladenstein
et al., Martinsried), matrix porin (M. Garavito et al.,
Basel), bacteriorhodopsin (H. Michel et al., Martinsried),
human ceruloplasmin (B.K. Vainshtein, et al., Moscow;
H. Bartunik, MPG Hamburg) as well as the 50S riboso-
mal subunit (A. Yonath et al., MPG Hamburg).

Low temperature studies on trypsin-substrate binding
and initial tests of the Enraf-Nonius FAST 2D TV
detector system were carried out by H. Bartunik and
colleagues from the MPG Hamburg.

New projects at the Outstation in 1986, includ-
ing some which were initial tests, included: {3-
lactamases and PBP5 (0. Dideberg et al., Liege);
lipoamide dehydrogenase, methylamine dehydrogenase,
and p-hydroxybenzoate hydroxylase (A.J. Schierbeek,
H. Schreuder, F. Vellieux et al., Groningen); tetracycline
repressor and ribulose-1,5-bisphosphate oxygenase / car-



PLATE 5

A schematic drawing of the chain folding of proteinase K
viewed along the central helix. The active site is marked
by a star.
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boxylase (W. Hinrichs, G. Pal, W. Saenger et al., Berlin);
riboflavin-binding protein, human retinol-binding pro-
tein and f3 lactoglobulin (H.L. Monaco & G. Zanotti,
Padova); neutral protease, superoxide dismutase and
the bifunctional enzyme phosphoribosylanthranilate iso-
merase: indoleglycerolphosphate synthase (R. Pauptit
& J. Preistle, Biozentrum, Basel); a-amylase inhibitor
Z-2685 and modified insulins (R. Hilgenfeld, Berlin and
Frankfurt & C. Betzel, EM BL); intact elongation factor
Tu (M. Kjeldgaard et al., Aarhus).

EXAFS

For a feasibility study an optical luminescence system
was installed. Luminescence EXAFS could prove to be-
come a very powerful method in biology owing to its
intrinsic capability of site-selective measurements, i.e.
the separation of signals from identical metal centres
with different ligand-spheres. The results of first mea-
surements on concentrated samples look very promising.
However, for the study of very dilute systems, a more
efficient optical detection scheme has to be designed.

On the theoretical side the effort was concentrated on
improving the accuracy of ab initio cluster calculations
of XAN ES by applying a new theoretical approach. The
physical model has now been improved sufficiently to

- allow searching tests of the theory.

On the experimental side, the measurements on the
active site of Co-substituted liver alcohol dehydrogenase
(LADH) were completed by studying a complex with
bound coenzyme (NADH) and an additional imidazole
ligand. Since multiple scattering contributions from the
imidazole ring systems can now be included in the data
analysis, we hope to get a reliable interpretation of
the ligand arrangement at the active site, not only of
LADH, but also of carbonic anhydrase, the native and
Co-substituted form of which were also measured during
the year.

As for the structural site of LADH, Co- and Ni-
substituted specimens were measured to investigate the
influence of metal replacement. To allow an analysis
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similar to the native enzyme (Zn in the structural
site), various model compounds were studied. This work
was performed in collaboration with the University of
Saarbrucken (M. Zeppezauer, K. Haas, W. Maret &
G. Koslowska).

With the University of Munster (H. Nolting, P. Eggers,
G. Henkel, B. Krebs, J. Hemker & H. Witzel) a project
on glucose isomerase (GI) from Streptomyces albus was
started. Preliminary evaluation of first measurements
point to a distorted octahedral coordination of Co to
N and/or 0 in GI. There is no evidence of Co-S binding
as proposed previously.

A large number of well-characterized Co-sulphur and Zn-
histidine model compounds were also studied (H. Nolt-
ing, P. Eggers, G. Henkel & B. Krebs, University of
Munster) as models for subsequent analysis of EXAFS
data from enzymes.

With the Medical University, Lubeck (H. Winkler,
A. Sawaryn & A.X. Trautwein) EXAFS and XANES in-
vestigations of models for heme and iron-sulphur proteins
were started. Many biologically relevant transformations
of Fe(ll) and Fe(lIl) complexes are accompanied by a
change in metal spin state, which in turn influences the
metal-ligand distances. A systematic study of one model
complex was performed, which changes its spin state as
a function of temperature.

Small-angle scattering

Solutions, gels and fibres

The read-out system of the area detector was improved
and its performance has now reached its theoretical limit
determined, in this approach, by the time structure of
DORIS. Current work aims at improving the efficiency
without loss in resolution. Movement of the sample
in a programmed manner during the experiments (e.g.
to minimize radiation damage or to alternate sample
and background measurements rapidly) is now possible.
New programs provide fully automatic data reduction for
linear and area detectors.



The main in-house project has been the study of the
influence of various parameters on the structure and
folding of chicken erythrocyte chromatin. Preliminary
quasi-elastic light scattering experiments to study the
aggregation properties of chromatin were performed in
the laboratory of Professor Harbers at the Medizinische
Hochschule Lubeck.

The major polypeptides extracted from the living layers
of hoof epidermis were studied. Under suitable ionic con-
ditions these polypeptides recombine in vitro to produce
keratin filaments very similar to those observed in these
tissues by electron microscopy. The structure offilaments
formed under different ionic conditions was investigated.
We are currently trying to separate the polypeptides
in order to determine structural intermediates in the
polymerization process. The formation of the filament
was also studied by circular dichroism in collaboration
with Dr. P. Bayley at the National Institute for Medical
Research, Mill Hill.

The user projects on actin assembly (J. Bordas,
Daresbury & P. Matsudaira, MIT), on collagen
(T. Nemetschek et al., University of Heidelberg; A. Bigi
& N. Roveri, University of Bologna), chromatin (H. Not-
bohm, Medizinische Hochschule Lubeck), lipids (U. Sei-
del & K. Brandenburg, Forschungsinstitut Borstel) and
microtubules (E. Mandelkow, MPG Hamburg) were ac-
tively pursued. Also measurements were made on core
histone octamers (E. Moudrianakis & J. Griffin, Johns
Hopkins University; M. Bradbury, University of California
at Davies; J. Baldwin & M. Wood, Liverpool).

Muscle

The "Imaging Plate" (Fuji Photo Film, Japan) has been
used successfu lIy for recordi ng x-ray diffraction patterns
from contracting muscles. This was made possible by
D. Richter & J. Schmidt (Philips Medical Systems
Division, Hamburg) and Prof. Doehring (Medizinische
Hochschule, Hannover). Confirming the report by Miya-
hara et al. (1986, Nucl. Inst. Meth., A246, 572-578),
the system showed excellent performance: (1) the fine
spatial resolution; (2) the high sensitivity; (3) the wide
dynamic range; and (4) the large size of the sensitive
area (20 X 25 cm).

The muscle projects may be grouped into four sets.

(1) Investigations on the actin-associated reflections.

To study the cause of the intensity increase of
the 59 A layer-line, the extent and the time-course
of the inc rease have bee n measured at different
temperatures and sarcomere overlap (Maeda &
Popp). The imaging plates enabled us to measure
the disorientation during contraction t for which the
intensity profile was corrected (Plate 6).

(2) Experiments using single fibres.

In single skinned rabbit psoas fibres we previously
observed differences in the first two equatorial re-
flections between isometric contraction and the iso-
tonic shortening. To prove that this difference is
the consequence of a different number of attached
force-generating cross-bridges under these two con-
ditions, more detailed experiments were carried out
in 1986 (B. Brenner (Tubingen), R. Simmons (Lon-'
don) & Y. Maeda).

The outer equatorial reflections from calcium acti-
vated rabbit single fibres were recorded (B. Bren-
ner (Tubingen), L. Yu (Bethesda), & Y. Maeda).
These experiments provided the first evidence that a
change in structure of attached cross-bridges during
the transition from the weak to the strong binding
cross-bridge states in calcium-activated fibres rep-
resents th e mecha nism of force generation.

Detailed patterns including actin layer-lines have
been recorded from single barnacle fibres using the
imaging plate (C. Stewart, Y. Maeda, G. Griffiths
& C. Ashley (Oxford)).

(3) Following structural and tension time courses after
stepwise changes of physical or chemical parame-
ters.

Studies of the structural changes in rabbit muscle
following the photolysis of caged-ATP were carried
out. The time courses of x-ray diffraction intensities
upon step-wise increase of the ATP concentration
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PLATE 6

X-ray diffraction patterns from the frog sartorius muscle
(a) in the resting state, and (b) during contraction,
recorded on the Imaging Plates. Exposure time for each
was 20 sec. The fine spatial resolution first enabled us to

measure the disorientation. Many layer-lines are observed
beyond the 5.9 nm actin layer-line (double arrow). The
arrows indicate actin layer-lines.
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induced by photolysis of caged-ATP have been mea-
sured (K.J.V. Poole, G. Rapp, R.S. Goody (Heidel-
berg) & Y. Maeda).

Structural changes after quick releases and during
fast shortening have been studied by H.E. Huxley,
D.F. Faruqi (MRC, Cambridge), R.M. Simmons
(King's College, London) and J. Hendrix (EMBL,
Hamburg). J. Lowy & F.R. Poulsen (Open Univer-
sity, Oxford) investigated the change of the diffuse
scattering on quick release of frog muscles.

(4) Search for muscle systems more suitable for struc-
tural studies.

Studies were made of time-resolved x-ray diffraction
from contracting fish muscle (J. Harford, J. Squire
(Imperial College, London) & Y. Maeda). The equa-
torial pattern is particularly rich, and time-resolved
intensity changes have been recorded for the first 5
reflections.

From contracting lobster muscle, substantial in-
tensity increase of the first actin layer-line was
recorded. This increase has been seen previously for
Limulus and barnacle muscles, and interpreted in
terms of the actomyosin interaction (D. Popp &
Y. Maeda, EMBL Hamburg).

K. Wilson
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The Outstation at the ILL, Grenoble

The Outstation is strongly orientated towards struc-
tural molecular biology and to this end combines ex-
pertise in various complementary physical techniques,
biochemistry and genetic manipulation. It has two ma-
jor in-house programmes, firstly on enzymes involved
in protein biosynthesis and secondly on the structure
of the adenovirus. In addition smaller groups work on
protein dynamics, DNA structure and dynamics, and low
resolution crystallography. All of these projects depend
upon the neutron scattering facilities of the ILL and are
often done in collaboration with other laboratories.

Low resolution neutron crystallography

Neutron scattering is ideally suited to the study of
macromolecular complexes as the techniques of con-
trast variation and specific deuteration allow distinction
between the various components of the complex (e.g.
protein, nucleic acid or lipid) even at relatively low
resolution. This is particularly important when part of
the complex is not well ordered, for instance the RNA
of small plant viruses, or the detergent in membrane
protein crystals. In these cases aspects of the structure
unavailable by x-ray crystallography can be studied.

The Outstation, in close collaboration with the ILL, has
pioneered work in the field of low resolution neutron crys-
tallography and in the past has completed studies of the
nucleosome core particle and satellite tobacco necrosis
virus. 1986 saw the commissioning of a new dedicated
diffractometer for this work which was jointly built by
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the EMBL and ILL. Using this instrument data have
been collected on crystals of tomato bushy stunt virus in
its swollen state, which is believed to be an intermediate
during decapsidation of the virus. The experiment should
reveal the organization of the RNA and contribute to the
understanding of how the nucleic acid is released in the
infected cell. Analysis of previous data on the normal
state of the virus is nearing completion (in cooperation
with IBMC CN RS Strasbourg). Test measurements have
also been made on crystals of the 50S ribosomal subunit
(in cooperation with the Max Plank Institute, Berlin) and
the results are quite encouraging given the small size of
the sample. The project on the photosynthetic reaction
centre (in cooperation with the Max Planck Institute,
Martinsried) continues, the aim of this experiment being
to localize the detergent in the crystal.

Protein dynamics

Inelastic neutron scattering is a useful method to probe
the low freq uency vibrational and diffusive motions of
proteins. Those motions are thought to play an essen-
tial role in protein function and although considerable
theoretical and computational effort has been spent in
studying them, very little experimental information is
currently available. The spectra obtained for several
proteins at room temperature are all rather similar and
quite different from those predicted from detailed atomic
models of protein dynamics. Understanding of these
discrepancies will shed important light on the character
of protein dynamics.

DNA and protein DNA complexes

Combined neutron and light scattering have shown that
the superhelix of small plasmid DNA forms an inter-
wound structure in solution, the size of which has
been determined. A project has been started to study
the flexibility of DNA in solution as a function of its
conformation and the ionic environment. A model for
the E.coli single-stranded binding protein-DNA complex
(which has a key role during DNA replication) has been
derived by combining results from electron microscopy,
neutron and light scattering.



Enzymes involved in protein synthesis

Considerable progress has been made in the study of the
interesting and varied family of enzymes, the amino-acyl
tRNA synthetases. Seryl- and leucyl-tRNA synthetases
from E.coli have been produced by plasmids constructed
in the laboratory and the overexpressed proteins have
been purified, providing large supplies of protein for
both biochemical and physical studies. The genes have
been sequenced and also that of the corresponding valyl-
enzyme. These additional synthetase sequences have
enabled interesting comparisons to be made between
the equivalent enzymes for different sources and be-
tween enzymes from different amino-acids. In the case of
seryl-tRNA synthetase, good quality crystals have been
obtained, interestingly only by adding octyl-glucoside
to the crystallization medium, and an x-ray study is
underway.

The other enzyme studied in the laboratory is the elon-
gation factor EF-Tu. An expression vector has been used
to produce the N-terminal domain of the enzyme from
E.coli. The aim is to study, using site-directed mutage-
nesis, the nucleotide binding site which is known to be
in this part of the protein. The enzyme from halophilic
bacteria purified last year has now been characterized;
its molecular weight is much larger than that of the
corresponding enzyme from other sou rces. Th is may
be related to the adapted structure it must have to
interact with nucleic acid in the presence of high salt
con cen trations.

Adenovirus

Our effort has concentrated on the adenovirus fibre, the
protein which extends from the corners of the virion
and which recognizes the cell receptor. In our attempts
to grow good single crystals we have obtained several
types, the packing of which is being analyzed by electron

microscopy, but which are not yet good enough for x-ray
crystallography. During this work we have learned a great
deal about the fibre, identified the domain which inter-
acts with the body of the virus, and nearly completed
the sequence of the corresponding gene in adenovirus
serotype 5. The gene for the fibre of adenovirus 2 has
been introduced into an expression vector with the aim
of being able to modify the fibre or prepare fragments
which may be easier to crystallize. Part of this work is
being done in collaboration with INSERM, Lille.

Electron microscopy

Cryomicroscopy, originally developed at Heidelberg, is
now routinely used in the Outstation. It has been ap-
plied to various in-house projects (such as adenovirus,
and the singIe-st ran ded DNA bindin g protein), and aIso
to collaborative work, such as the observation of the
decapsidation of a plant virus (TYMV) (with the IBMC
CNRS, Strasbourg).

X-ray crystallography

Our study on adenovirus fibre has lead to the intro-
duction of x-ray crystallography in the Outstation. The
production of excellent crystals of seryl-tRNA synthetase
has increased the commitment of the Outstation, and
data up to 2.8 A have been collected on these crystals
at LURE and are now being processed. This project
is specially attractive as the means are available in
the Laboratory to produce site-directed mutants of the
protein. The main x-ray generator has been upgraded
by the staff of the Laboratory so that two new beams
are now available. We are also installing an EM BL
two-dimensional detector made in-house by the detector
group.

B. Jacrot
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Administration

Introduction

The main tasks of the Admin istration are as follows:

- Relations with the delegations of the Member States;
- Management and policy of staff and social affairs;
- Budget management and bookkeeping;
- Purchases, stocks and stores;
- Remodelling and maintenance of equipment and

buildings;
- Council Secretariat; Annual and Research reports.

Additionally the Ad ministration takes an active part in
the patent policy and the granting of licences, in the
negotiation and conclusion of contracts for the supply of
goods and services, and in the various legal problems.

The Administration maintains a close relationship with
the Auditors.

An annual report on each of these items would require
too much space in the annual publication of an institute
whose primary aim is fundamental scientific research.

This year, attention has been devoted to the changes
in Personnel policy, and reorganization in the Finance
Section.
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Finance

One of the main concerns of the Administration is to
achieve the highest cost-efficiency with the contributions
of the Member States which constitute the major part
of the Laboratory's funding.

Action has been taken in several directions:

(a) Computerized full-cost accounting, first introduced
in 1984, has become a major source of information
on the development and control of expenses;

(b) Monthly contacts with most of the staff members
responsible for a budget are maintained: any differ-
ences, discrepancies, deviations are examined, ex-
planations are sought and rectifications are agreed
upon;

(c) The computing facilities within the Administration
have been strengthened; Brian Hill (UK) joined the
Administration in 1986 as Administration Comput-
ing Specialist;

(d) Close cooperation exists with the Internal and Ex-
ternal Auditors. That has already resulted in a
tighter control of expenses, their due reduction,
an improved management of stocks and favourable
negotiations with the suppliers. Additional measures
will be introduced in the future.

Thanks to the progressively accumulated experience in
the years 1984, 1985 and 1986, reduction of costs has
been achieved in spite of an increase in the scientific
staff:

(a) the expenses of technical materials (chemicals and
various products for research purposes) have in-
creased as follows: 84/85 = +10%

85/86 = +12%
compared with the following increase in staff:

84: 137 research scientists
85: 160 research scientists
86: 180 research scientists

(b) the expenses for the common operating costs
(maintenance, heating, external services, transport
etc.) have shown the following development:

84/85 = +1.1%
85/86 = - 3.9%



Last but not least, a first approach has been made to
measure the cost-efficiency of research, a problem which
concerns all laboratories and institutes in the world.
A perfect method is difficult to achieve but fruitful
comparisons can be made.

At EM BL, after stripping the annual accounts of all
expenses specific to its international status, the following
figures have been produced which show how the "cost
per research scientist" has developed over the recent
years (in current OM; 1982-1986):
Sa laries: uncha nged
Operating Costs: -28%
(Scient. consu m. only: -22%)
Capital Expenditure: -27% (with ups and downs in

view of the year-to-year invest-
ment policy)

Because EMBL is a European institution, this Laboratory
is interested in contributing to the analysis of the cost
of research on a national and international level. It
would help if all research institutes would agree on the
same method to evaluate cost-efficiency. However, the
considerable diversity of the national systems of funding
and bookkeeping makes it necessary to apply prudence in
the assessment of the produced figures. Nevertheless the
preliminary steps have been made and EM BL is willing
to cooperate with other similar institutes involved in the
same effort. The scientists who have experienced the
responsibility for individual budgets would also readily
cooperate.

Financial situation

Table 1 - 1986 OUTTURN versus BUDGET

Table 1 (p. 52) shows the income and expenditure
for 1986. Budget forecasts have been met with minor
differences wh ich are explained below.

INCOME

Bank interest

The downward trend of interest rates has further reduced
the return on deposits of liquid assets, even below the
forecast; additionally the average amount of available
liq uid assets has not increased. A special effort is made
to pay all invoices as early as possible to take advantage
of the discounts on early payment which in fact are more
attractive than bank interests.

Pension scheme and internal tax

Internal tax is in proportion of the total amount of
salaries paid. Pension scheme contributions are related
to the salaries paid to the staff members who have joined
the EM BL Pension scheme.

Other income

The forecast has been exceeded through the sale of fixed
assets for a higher amount than expected, but also by
exceptional income, such as reimbursements of pension
contributions paid in excess or of taxes unduly charged.
The overall amount carried forward is lower than in
prevIous years.

EXPENDITURE

Only 575 KDM were underspent, compared to 954 KDM
in 1985, 1,732 KDM in 1984 and 3,501 KDM in 1983.
The modest increase of income was partly spent in
salaries (in particular more fellows). Consumables ab-
sorbed another part due to price increases and turnover
of research groups. The purchase of two pieces of equip-
ment which was planned for 1986 was postponed, but
personal computers, which result in considerable time-
saving and efficiency, were purchased for many groups.
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Table 1

MAIN ITEMS OF INCOME AND EXPENDITURE DURING 1986

All figures in 1000 DM

Income Budget Actual Expenditure Budget Actual

Carried forvvard 1,213 1,213 Staff Costs 29,220 29,133
from 1985 (inc!. Internal Tax)

Liquidation of Reserve 6 6 Operating Costs 14,837 14,385

National Contributions 41,705 41,705 Capital Expenditure 6,053 6,017

Special Contributions 602 602 Reserve 392 392

Bank interest 425 367

Pension Scheme 760 795

Internal Tax 5,250 5,465

Unpaid Commitments 150 263

Other Income 391 535

Total Income 50,502 50,951 Total Expenditure 50,502 49,927
Reduced Income - 449 Provisions not spent + 575

or committed

Totals 50,502 50,502 Totals 50,502 50,502
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Table 2

THE LABORATORY'S INCOME AND EXPENDITURE OVER 4 YEARS

All figures in 1000 DM

Income

Carried forward
from previous year

Liquid. of Reserve

Ord. Contributions

Spec. Contributions
Greece and Finland
+ Norway (1986)
+ Spain (1987)

Bank Interest

Other Income

Totals

Actual Actual Actual Actual Budget Expenditure
1983 1984 1985 1986 1987

4,509 2,834 1,836 1,213 1,020 Staff Costs
(N et)

558 509 634 6 392 Operating Costs

33,200 36,000 38,200 41,705 44,600 Capital Expenditure

125 380 602 1,170 Reserve

667 725 474 367 300 Carried forw. to
following year

744 869 1,077 798 696

39,678 41,062 42,601 44,691 44,178 Totals

Actual Actual Actual Actual Budget
1983 1984 1985 1986 1987

17,896 20,729 22,344 22,873 23,570

12,610 12,906 13,980 14,385 15,447

5,829 4,957 5,058 6,017 9,161

509 634 6 392

2,834 1,836 1,213 1,024

39,678 41,062 42,601 44,691 48,178

(comments on page 54)
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Table 2 - Trends of income and expenditure 1983-1986

INCOME

The total ordinary contributions of the Member States
increased th rough cost indexation and contributions by
new members. All other sources of income have de-
creased for the fourth year except "Other Income" which
includes several occasional items (invoicing of services,
sale of fixed assets etc.) most difficult to estimate in
advance. The sale of internal manufacture amounts
to sums hardly worth mentioning (approximately 200
KDM) and cannot be promoted because the activity
of the EM BL workshops should not be diverted from
its main purpose: assistance to research. The income of
licence fees is increasing and some new licence contracts
have been made, which shows that, although to a small
extent, the development of instrumentation in the EM BL
is attractive for industry and cooperation is developing.

EXPENDITURE

Net Staff Costs have increased by 2.3% against 1985,
Operating Costs by 2.9% and Capital Expenditure by
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18.9%. As previously pointed out the advanced research
carried out at EM BL necessitates a permanent updating
of the equipment which otherwise is soon obsolete. In
spite of the fact that EMBL equipment is maintained
with utmost care, an increasing part is either obsolete or
beyond repair. The initial equipment is soon ten years
old. A major part of the capital expenditure goes on
replacements, one way of updating, whereas additional
acquisitions are few (e.g. computing). In order to face its
other aims (teaching) and to remain a European centre
of excellence in molecular biology, EMBL must in the
near future invest in other fields, such as expert staff for
computing and equipment, and additional building to
promote successful seminars, workshops and meetings.

Note

The discrepancy between the figure for the budget in
Table 1 and Table 2 (50,502 KDM against 44,691 KDM
for 1986) is accounted for by the fact that Table 2
figures do not include internal tax nor staff members'
contributions to the EM BL Pension scheme.

J.F. Beerblock



Open Day, 21 June 1986

On 21 June 1986 an Open Day was held at the EMBL,
the second such occasion since our Laboratory was
fou nded.

At the 1979 Open Day the new scientific institute was
introduced to the local population immediately following
the opening of the main Laboratory in Heidelberg. The
Open Day this time was intended for people interested
in the scientific programmes, and formed part of the 600
year jubilee celebrations of Heidelberg University.

The Laboratory's scientific programme and the research
results from recent years formed the main themes, to-
gether with information about the structure of the Lab-
oratory, including personnel and budgetary matters.

Thanks to advance information sent to schools, colleges,
the university and other institutions, the Open Day was
attended by 1,200 visitors, who were able to visit specific
projects or take part in group information sessions and
guided tours through the various scientific programmes.

The Open Day and its press conference were widely re-
ported in local and national newspapers and in specialist
journals.

Entry into force of the new Staff Rules and Staff
Regulations

Th e revised Staff Rules and Staff Regulations entered
into force on 1 January 1986 following a decision by
Council at its meeting on 3 and 4 December 1985.

The new Rules and Regulations were drawn up during
several sessions of a Working Group set up by the Council
in 1982. Essentially they comprise a tightening of the
criteria whereby members of the personnel may receive
financial benefits, and a more precise definition of the
various categories of personnel.

The provisions of the individual schemes within the
Laboratory's internal social security system have been
included as a part of th e Staff Regu lations.

Rights already acquired by members of the personnel
under the former Staff Rules and Staff Regulations will
not be affected for th e duration of thei r cu rrent contracts
by the entry into force of the revised Staff Rules and Staff
Regu lations.

The EMBL guesthouse

1986 is the first year since the opening of the guesthouse
for which developments can be assessed over a full period
of 12 months. The results can be regarded as satisfactory,
both in economic and in organizational terms.

An average occupancy rate of 85.3% was achieved for
the 47 units available. The lowest occupancy rate was
in December 1986 with 72.6% and the highest in July
1986 with 94.7%. Rents received for 1986 totalled DM
448,433.-. A breakdown has been made of rental income
under the headings daily lets (Hotel Service) - 25% -
and general letting (monthly lets) - 75% - to indicate
the extent to which the guesthouse was used by various
categories of persons at EM BL. The "Hotel Service" was
used almost exclusively by such visitors as guest scien-
tists, speakers at seminars and colleagues from institutes
collaborating with EM BL. Long-term lets, on the other
hand, were main Iy to staff who were either arriving at
EM BL or coming to the end of their employment, and to
guest scientists working at the EMBL for longer periods.
Thus, in 1986 there were 162 newcomers at EM BL, of
whom 49% lived in the guesthouse until they had found
accommodation of their own.

The guesthouse played an important role in providing ac-
commodation for participants in training courses, work-
shops, etc. Because of the need to temporarily increase
capacity during these events, EM BL also had to make
use of the smaller, old guest house on the Laboratory
grounds when arranging reservations. It was possible to
accommodate 487 participants attending the seventeen
events organized by EMBL in 1986. The total number
of overnight bookings was 2,357. These figures clearly
show how great the demand on the guesthouse is from
those persons for whom it was primarily intended.

The fi nancial situation ca n be regard ed as eq ually satis-
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factory; requirements fell considerably below the annual
subsidy approved by the Council of EM BL. In 1986 there
was still some expenditure on certain essential items
which will not be necessary in the future. It should
therefore be possible to reduce this subsidy even further
in 1987.

K. Muller
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Official visitors in 1986 09.07.1986 Dr. J.R. Schmidt &
Mrs. A. Bursenos,
Fogarty International Center, NIH,
Bethesda, Md., USA

02/03.10.1986 Prof. M. Papamichail,
Prof. G. Pagoulatos,
Prof. G.M. Maniatis,
Dr. Fragoulis,
Dr. Thiraios,
Members of a Greek delegation

03/04.11.1986 P. Sylwan,
Swedish Television,
Malmo, Sweden

29.01.1986

11.03.1986

13.03.1986

24.04.1986

16.05.1986

19.05.1986

E. Keller,
Science Research Magazine

A. Claus,
SRF-Evening News,
Stuttgart

E. Gujer,
Mannheimer Morgen,
Mannheim

Dr. J.B. Wyngaarden,
Director, National Institutes of Health,
Bethesda, Md., USA
Prof. H. zur Hausen,
Director, DKFZ, Heidelberg

Dr. D. Fazio,
Director, General Department
of University Education,
Rome, Italy

Dr. R. Lowe,
SERVA Feinbiochemica, Heidelberg
Dr. J.A. Aliev,
Head, Plant Physiology Laboratory
Baku, USSR
Dr. G.G. Gasanov,
Head, A.1. Karayev Institute of Physiology,
Baku, USSR

22.07.1986

24.09.1986

14.10.1986

Prof. E. D. Sverdlov,
USSR Academy of Sciences,
Head, Laboratory of Nucleic Acids
Biotech nology
Dr. G.S. Monastyrskaya
Shemyakin Inst. of Bioorganic Chemistry,
Moscow, USSR

Dr. U. Amschler, Kiel,
Prof. K.W. v. Eickstedt, Berlin,
Dr. Fischer, Munich,
Dr. H. Glombik, Kiel,
Society of German Chemists,
Frankfurt

W. Reinhard,
Swiss Institute for Experimental
Cancer Research,
Lausanne, Switserland

18.06.1986 Dr. C.-I. Niu,
Shanghai Institute of Biochemistry
Academia Sinica
Shanghai, Peoples Republic of China

11/12.12.1986 T. Gron ningsaeter & A. Eide,
Norwegian Council for Science and
the Humanities,
Oslo, Norway

26.06.1986 Prof. A. Tantaoui-Elaraki,
Secretary-General, National Centre for
Coordination & Planning in
Science and Technology
Marocco

17.12.1986 M. Ijuin, Vice-Director,
Life Science Promotion Division, &
K. Sato, Head Facilities Section,
Tsu kuba Life Science Centre,
Riken, Japan
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Guided tours during 1986

03.06.1986

09.06.1986

08.07.1986

20.08.1986

04.09.1986

30.10.1986

10.11.1986

21.11.1986

Students of the Technical University,
Stockholm, Sweden, 31 persons

Students of the Technical University,
Electron Microscopy Department,
Darmstadt, 15 persons

Students of the
Teachers Training College,
Heidelberg, 10 persons

Stud ents of the Tech nica I University,
Trondheim, Norway, 35 persons

Representatives of the
Community of Huddinge,
Committee for Trade and Industry,
Huddinge, Sweden, 17 persons

Students of the University of Groningen,
Department of Chemistry,
Groningen, Netherlands, 11 persons

Participants in a course at the
Centre for Molecular Biology Heidelberg,
Heidelberg, 16 persons

Grou p of schoolch ild ren from a
French Gymnasium,
under the auspices of "A pass to research" ,
EUREKA-Tours, 28 persons

Total number of visitors: 163 persons
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Table 3

EMBL STAFF DEVELOPMENT

Category of Person nel December 1984 December 1985 December 1986 Man-Years 1986*

Staff Members 253 244 253 245
Supernumeraries 49 47 56 68
EMBL Predoctoral Fellows 25 30 36 32
EMBL Postdoctoral Fellows 8 17 13 14
EM BO Fellows 12 17 15 17
External Fellows 27 36 56 58
Trainees 8 2 4 6
Visiting Scientists 21 16 23 19

TOTAL 403 409 456 459

The figures show the total employees of the various categories during the month of December 1984, 1985 and 1986.

* The "Staff Complement" of the EMBL is based on man-years and the figures indicate the total number of posts that
were filled in 1985 during the whole of that year.
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Director-General

Lennart Philipson

5eere taries

Waltraud Ackermann
Nelly van der Jagt

Internal auditor

Joachim WillertO
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Staff and Visitors

* indicates group leaders
* indicates part of the year only
o indicates part-time work
External fellows comprise: postdoctoral fellows,
visiting scientists & visiting professors
supported by an external fellowship



Central Laboratory,
Heidelberg

Cell Biology

Programme coordinator

Kai Simons (Senior scientist)

Secretary

Annie Steiner

Scientists

Brian Burke*
Bernhard Dobberstein* (Senior scientist)
Hen rik Garoff*
Gareth Griffiths*
Eduard Hurt**
Wieland Huttner*
Kathryn Howell*
Eric Karsenti*
Thomas Kreis*
Gerrit van Meer
David Meyer*
Keith Stanley*
Christian Zwieb

EMBL & EMBO fellows

Narciso Campos-Martinez* (Madrid)(EMBO)
Marie-Christine Dabeauvalle (Heidelberg)(EMBL)
John Davey* (Coventry)(EMBO)
Ivanmatteo De Curtis (Milan)(EMBO)
Laurence Gall Pouget* (Paris)(EMBO)
Marie-Therese Haeuptle (Lausanne)(EMBL)
Ute Hamann* (Epalinges)(EMBL)
Silke Hansen* (Saarbrucken)(EMBL)
Harald Haymerle* (Cambridge)(EMBL)

Wai Chang Ho (USA)(EMBL)
Danny Huylebroeck (Gand)(EMBO)
Raymond Lee* (Ca nada)( EM BL)
Paul (Canada)(EMBL)
Kalervo Metsikko* (Oulu)(EMBO)
Alessandra Moscatelli* (Siena)(EM BO)
Laura Roman* (USA)(EMBL)
Patrizia Rosa (Milan)(EMBO)
Jonathan Rothblatt* (USA)(EMBL)
Efsthathia Scoulica (Marseille)(EMBO)
Marino Zerial* (Trieste)( EM BO)

External fellows

Victoria Allan (York)(Royal Society)
Heather Bond (Leeds)(Royal Society)
Brigitte Brake* (Innsbruck)(KKS Royalties)
Giorgio Bressan (Padova)(EEC)
Cristina Crimaudo (Milan)(Milan Univ.)
Carol Featherstone* (Birmingham)(Royal Society)
Evelyne Friederich (Martinsried)(DFG)
Jean Gruenberg (Geneva)(Swiss Nat!. Found.)
Joachim Herz* (Heidelberg)(FBI)
Alan Hibbs* (Australia)(Humboldt Stiftung)
Elaine Hughson (Sheffield)(Royal Society)
Ibrahim Ibrahimi (Jordan)(Humboldt)
Daniela Marazziti* (Pisa)(DAAD)
Christopher Sanderson* (Guilford)(Roy.Soc.)
Maria Laura Scarino* (Rome)(Stiftelsen

Blanceflor Boncompagni-Ludovisi
Fodd Bildt)

Angela Wandinger-Ness (USA)(N IH)

Predoctoral fellows

Patrick Baeuerle (Martinsried)(EMBL)
Ulrich Benedum (Martinsried)(DFG)
Andre Brandli* (Basel)(EMBL)
Annette Hille (Martinsried)(DFG)
Michael Hortsch (Frankfurt)(EMBL)
Stella Hurtley (Cambridge)(EMBL)
Yvonne Kuys* (New Zealand)(DAAD)
Wolfgang Lauer (Freiburg)(DFG)
Joachim Lipp (Heidelberg)(DFG)
Daria Maldonado (USA)(DAAD)
Rafaele Matteoni (Pisa)(EMBL)
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Christoph Niehrs* (Berlin)(EMBL)
Ulrich Seydel (Martinsried)(DFG)
Sharon Tooze (USA)(EMBL)
Jeremy Toyn (Cambridge)(EM BL)

Trainee

Maarit Suomalainen* (Helsinki)(DAAD)
Karen Vaucrosson* (Trinidad)(DAAD)

Visiting workers

M. Beard* (USA)
C. Bordier* (Marseille)
M.-H. Bre* (Gif-sur-Yvette)
G. Bressan* (Padua)
N. Campos* (Barcelona)
E. Devaney* (Liverpool)
M. (Montpellier)
G. Fischer* (Berlin)
J. Gould* (Warwick)
J. Hare (USA)
M. Hobart* (Cambridge)
D. Jen ne* (Giessen)
G. Knoll* (Utrecht)
M. Marsh* (USA)
J. Moberly* (USA)
A. Patzak* (USA)
J. Paver* (Canterbury)
S. Prehn* (Berlin)
P. Quinn* (London)
D. Robertson* (London)
S. Rogne* (Oslo)
K. Schlattsmann* (Munster)
P. Spear* (USA)
S. Weston* (USA)

Technical assistants

Ruth Back
Joanne Crowe
Joh n Dickson
Shamsa Faruki
Nicholas Flint
Michael Hollinshead*
Ursula Holzer
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David Konecki
Christopher Marshallsay
An nette Scharm
Hilkka Virta
Jane Webb
Jenny Wellsteed*
Heike Wilhelm*

Supernumeraries

Thomas Gabran
Heinz Horstmann
Hildegard Kern



Differentiation

Programme coordinator

Thomas Graf (Senior scientist)

Secretary

Birgit Blanasch

Scientists

Hartmut Beug*
Rodrigo Bravo*
Patrick C·harnay*
Sara Cou rtneidge*
Ottavio Fasano*
Patricia Kahn*
Rolf Muller*
Manfred Renz**
Isolde Riede-Kainrath*
Colin Stewart
Bjorn Vennstrom*
Erwin Wagner*

EMBL & EMBO fellows

Jose Maria Almendral* (Madrid)(EMBO)
Zsuzsa Bosze* (Szeged)(EMBL)
Gerard Brady (Heidelberg)(EMBO)
Jean-Fran90is Caubet* (Paris)(EMBO)
Ann Johnsson* (Uppsala )(EM BO)
Khash Khazaie (London )(EMBO)
Julian Perera* (Madrid)(EMBO)
Ulrich Ruther(Koln)(EMBL)
Joelle Starck* (Lyon )(EMBO)
Hans-Jurgen Thiesen (Hamburg)(EMBO)
Emin Ulug* (USA)(EMBL)
Bernard Verrier* (Lyon )(EMBO)
Reinhard Wallich* (USA)(EMBO)
Martin Zenke (Strasbourg)(EMBL)

External fellows

Jurgen Adamkiewicz* (Essen)(DFG)
Emmanuelle De Vendittis* (Naples)(EEC)
Josee Golay* (London)(Swiss Nat!. Sc. Found.)
Martino Introna* (Milan)(EEC)
Uwe Janssen-Timmen* (Essen )(DFG)
Pietro Masturzo* (Milan )(EEC)
Scott Ness* (USA)(NIH)
Juan Santaren* (Madrid)(Juan March Found.)
Marcus Schuermann* (Amsterdam)(Boehringer-

(Ingelheim Fond)
Irene Stanley* (Australia)(WHO)
Maria Stefanova* (Bulgaria)(DAAD)
Alessandra Vitelli (Rome)(AIRC)
Lindsay Williams (Leeds)(Royal Society)

Predoctoral fellows

Catherine Boulter (Oxford)(EMBL)
Klaus Damm (Heidelberg)(EMBL)
Georg Feger* (Ulm)(EM BL)
Ulrike Fuhrmann (Cologne)(EMBL)
Anna Hemming* (Goteborg)(EMBL)
Thomas Jenuwein (Heidelberg)(EMBL)
Patrick Lemaire (Paris)(EM BL)
Achim Leutz* (H eidelberg)(EM BL)
Thomas Metz* (Basel)(EMBL)
Horst Molders (Koln)(EMBL)
Olivier Revelant* (Paris)(Ec. Norm. Sup.)
Jan Sap (Leuven)(EMBL)
Fritz von Weizsacker* (Bonn)(EMBL)

Students

Manfred Neuberg (Heidelberg)
Frank Schubert* (Heidelberg)

Trainee

Louise Holmquist* (Goteborg)(DAAD)

Visiting workers

K. Gale* (Liverpool)
S. Goldenberg* (Brazil)
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N. Iscove* (Basel)
M. Jansson* (Uppsala)
A. Munoz* (Madrid)
J. Perera* (Madrid)
N. Raich* (Paris)
S. Schutze* (USA)
J. Starck* (Lyon)
T. Tokuhisa* (Japan)

Technical assistants

Pat Blundell
Joep Defesch e*
Gabi Doderlein
Christa Garber*
Sigrid Grieser
Angelika Heber
Lynda Hen ry
Jack Hunter*
Susan
Christina Ku rz
Heather Macdonald-Bravo
Dagmar Muller
Kristina Nordstrom
Carina Raynoschek*
Doris Sommer
Mirka Vanek
Carmen Walter-Moller
Claudia Winter*
Regina Zahn

Supernumeraries

Claire Brady*
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Biological Structures

Programme coordinator

Demetrius Tsernoglou (Senior scientist)

Secretary

Christine Barber

Scientists

David Banner*
Hajo Delius*
Jacques Dubochet*
Stephen Fuller*
Michelle Hollecker
Barbara Koller*
Kevin Leonard*
Jean Lepault*
Michael Parker*
Franc Pattus*
Ramon Serrano**
Dietrich Suck*

EMBL & EMBO fellows

Jean-Louis Dasseux (USA)( EM BO)
Michel Frenette* (Marseille)(EMBO)
Michael Smith* (Cambridge)(EMBL)

External fellows

Pilar Eraso* (Madrid)(Univ. Madrid)
Michael Kokkinidis (Crete)(EEC)
Francisco Portillo* (Madrid)(Univ. Madrid)

Predoctoral fellows

Angel Cid (Madrid)(Span. Min. of Educ. &. Sc.)
Ray Brown (London )(EM BL)
Rainer Doffinger* (Heidelberg)(EM BL)
Gail Hutchinson (Cambridge)(EMBL)
Christian Oefner* (Heidelberg)(EMBL)



Students

Benedicte Dargent (Marseille)(EMBL)
Armin Lahm<> (Heidelberg)(EMBL)
Harald Lahm<> (Heidelberg)(EMBL)
Heidrun Lange*<> (Heidelberg)(EMBL)
Jea n-Fra ns:ois Men etret* (Paris)( NatI.Serv.)
Patrick Schultz (Strasbourg)(NatI.Serv.)
Bernhard Trauth<> (Heidelberg)(EMBL)

Trainee

Reinhold Rausch<> (Heidelberg)(EMBL)
Amit Zamirly* (Beer Sheva)(DAAD)

Visiting workers

B. Bullard* (Cambridge)
J. Escaig* (Paris)
M. Helmer Citterich* (Rome)
J .-C. Homo* (Strasbourg)
M. lie de Fons* (Grenoble)
R. Karlsson* (Basel)
E. Kellenberger* (Basel)
R. Newman (London)
P. Rosch* (Mannheim)
P. Schnitzler* (Heidelberg)
H. Weiss* (Dusseldorf)

Scien tific assistan ts

Alasdair McDowall
Alec Tucker

Technical assistants

Marc Adrian*
Randa Badawi
Patricia Buck*
Marie-Pierre Clement
Marek Cyrklaff*
Charles Ferguson
Graham Frost
Stephen Heathman
Adrian Kingswell
Hildegard Kluding*

Sup ernumeraries

Nathalie Didat*
Consuelo Montesinos*
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Gene Structure and Regulation

Programme coordinator

Riccardo Cortese (Sen ior scientist)

Secretary

Heide Seifert

Scientists

Marco Bianchi*
Giovanni Cesareni*
Roberto Di Lauro**
Paolo Di Nocera
lain Mattaj*
Henk Stunnenberg*

EMBL & EMBO fellows

Enzo De Simone* (Naples)(EMBO)
Giovanna Grimaldi (Naples)(EMBO)
Michael Kazmaier* (Bern)(EMBL)
Johan Meyer* (Stockholm)(EMBO)
Giovanni Migliaccio* (Naples)(EMBO)
Marco Tripodi* (Rome)(EMBL)
Mathias Uhlen* (Stockholm)(EMBO)

External fellows

Maurizio Colombo* (Naples)(DAAD)
Monique Frain* (Paris)(CNRS)
Fotini Gounari* (London)(EEC)
Alessandra Luzzago* (Brescia)(EEC)
Paolo Monaci* (Rome)(AIRC)
Gianni Morrone (Naples)(DAAD)
Alfredo Nicosia* (Siena)(EEC)
Salvatore Oliviero (Turin)(Min.Publ.lnstr.)
Luigi Spinelli* (Bari)( Mi n. Pu bl.lnstr.)

Predoctoral fellows

Jorg Hamm (Berlin)(Boehringer)
Eis Hardon (Utrecht)(EMBL)
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James Murray (Cambridge)(EM BL)
Giacomo Paonessa (Naples)(EMBL)
Huw Parry* (London)(EMBL)
Beate Schwer (Basel)(EMBL)
Graham Tebb (Oxford)(EMBL)

Student

Jan Vos* (Wageningen)(DAAD)

Visiting workers

M. Ancheschi* (Perugia)
G. Casari* (Milan)
L. Castagnoli (Heidelberg)
G. Ciliberto* (Napels)
D. Civitareale* (Rome)
I. Corragio* (Milan)
F. Felici* (Camerino)
L. Ghibelli* (Rome)
C. Immacolata* (Milan)
L. Lundberg* (Goteborg)
A. Modesti* ( Florence)
L. Monaco (Milan)
N. Rossi* (Rome)
E. Schaeffer* (Paris)
M. Scarpa* (Padua)
G. Swart* (Leiden/Palaiseau)
P. Visca* (Rome)

Technical assistants

Carolyn Blance
Nina Dathan
Luisa De Magistris
John Hughes
Susan Hunter<>*
David Kirk
Ulrike Martin*
Jacky Schmitt
Susanne Stampfli

Supernumerary

Petra Stevenson<>



Physical Instrumentation

Secretary

Wendy Moses

Scientists, Engineers

Christian Boulin*
Elisabeth Cistac
Jean Davoust
Avi Epstei n*
Arthur Jones* (Senior Scientist)
Richard Kempf
Philippe Leyendecker
Clemens Storz
Willem Tichelaar
Paul Tucker
Roel Wijnaendts van Resandt*o

Predoctoral fellows

Cecile Butor (Marseille)(EMBL)
Pierre Cosson (Paris)( EN S)
Ernst Stelzer (Hagen)(EM BL)

Trainee

Thomas Bastian* (Mulhouse)(DAAD)
Daniel Conus* (Geneva)(DAAD)

Visiting workers

P. Jarron* (Geneva)
J. Meyer* (Stockholm)
E. Soini* (Turku)
P. Visca* (Rome)

Technical assistants

Mark Kail*
Johanshah Khazaie*
Patrick Labouesse*
Robert fV1orrison

Reinhold Stricker
Nick Webster*

Supernumeraries

Maximilian Haider
Rainer Pick

Electronic workshop

Carol Stettner

Bruno D'Orazio*
Luciano Pignotti*
Alfons Riedinger
Georg Ritter
Kurt Stroh
Siegfried Win kler

Trainees

Peter Cafferty* (Darmstadt)(DAAD)
Ari Finkel* (Beer Sheva)(DAAD}

Mechanical workshop

Hans Flosser

Anton is Belou bassis
Thomas Blum*
Leo Burger
Philip Goodman
Mogens Kretzschmer*
Gaetano Landomini*
Fra nz Peschl*
Helmuth Schaar
Otto Wernz
Wolfgang Zengerling

Trainees

Andreas Cafferty* (Heidelberg)(DAAD)
Dina Rachmani* (Haifa)(DAAD)
Roberto Rocco* (Heilbronn)(DAAD)
Gabor Szebeny (Heidelberg)(DAAD)
Bernardo Taub* (Tel Aviv)(DAAD)
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Instrumentation maintenance

Norb ert Hassle r
Peter Collins
Yves Sorensen
Abdullah Sulayici

Trainee

Bruno D'Orazio* (Naples)(DAAD)

Construction bureau

Michael Bleimling
Marie Posdiena*
Petra Riedinger
Hans Wittmann

Supernumeraries

Jorg Haase*
Thomas Schlicksupp*
Walter Schmitt*

68

Biochemical Instrumentation

Secretary

Ines Benner

Scien tists, Engineers

Wilhelm Ansorge*
Rainer Frank*
Heinrich Gausepohl
Christian Schwager
Brian Sproat*
Josef Stegema nn

Predoctoral fellows

Keith Ashman (Berlin)

Students

Holger Erfle* (Heidelberg)
Marcus Trosino (Heidelberg)
Hartmut VoB*
Jurgen Zimmermann*

Trainee

Christine Deillon* (Fribourg)(DAAD)

Visiting workers

F. Bier* (Heidelberg)
C. Cremer*(Heidelberg)
M. De Marchi* (Torino)
E. Fanning* (Munich)
M.P. Gaub* (Strasbourg)
C. Greenfield* (London)
B. Harfaft* (Stockholm)
D. Kosling* (Berlin)
R. Pepperkok (Heidelberg)
M. Tadros* (Freiburg)



Technical assistants

Armin Bosserhoff
Edward Davey
Philippe Neuner*
Peter Rider

Supernumerary

Barbro Beijer
Margot Kraft*

Biocomputing

Programme coordinator

Chris Sander (Senior scientist)*

Secretary

Christine Barber
Ines Benner

Scien tists, Engineers

Pat Argos*
Heinz Bosshard*
Richard Bryan*
Graham Cameron*
Greg Hamm**
David Hazledine
Patricia Kahn*
Niall Mansfield
Peter McCaldon
Johan Postma*
Roy Omond*
Gli nter StoBer
Robert Vogel

External fellow

Toby Gibson* (Cambridge)(SERC)

Predoctoral fellows

Paul Davis* (Portsmouth)(EMBL)
Danielle Konings (Utrecht)(Roy. Dutch

Acad .of Sciences)

Student

Jurgen Glockner<> (Heidelberg)(EMBL)
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Trainee

Dror Danai*
Shmuel Layfer*

Visiting workers

G. Admiraal* (Leiden)
H. Bloecker* (Braunschweig)
C. Burks* (USA)
J. Christiansen* (Aarhus)
F. Colonna* (Orsay)
O. Edholm* (Stockholm)
S. Emory* (Braunschweig)
C. Frommel* (Berlin)
P. Fromherz* (Ulm)
C.J. v. Garderen* (Leiden)
R.A. Garrett* (Aarhus)
A. Hohn* (Basel)
Y.T. van den Hoogen* (Leiden)
F. Jahnig* (Tubingen)
N. Nielsen* (USA)
H. H. Oh len busch* (Strasbourg)
L.J. Ri nkel* (Leiden)
J. Rosenbusch* (Basel)
M. Schafer* (Heidelberg)
M. Scharf* (H eideIberg)
D. Schuler* (Berlin)
T. Smith* (USA)
J.L. van der Veer* (Leiden)
J. de Vlieg* (Groningen)
F.K. Winkler* (Basel)
A. Yonath* (Rehovot)

Technical assistants

Erich Schechinger
Wolfgang Winkler

Data assistant

Alexandra Lutzenkirchen*
Judith Nial
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Supernumeraries

Brigitte Boeckmann*¢
Katri n Maste*¢
Barbel Meissner*¢
Birgit Moss*¢
Bernd Rochert*¢
Michaela Sommerfeldt*¢
Erhard Wagner*¢



Additional Research Activities

Scientists

Ursula Bassemir*
Anna-Maria Frischauf*
Hans Lehrach*
Jurgen Milde*
Nick Strausfeld**

EMBL and EMBO fellows

Denise Barlow (London)(EM 80)
Alister Craig (Leicester)(EM BO)
Frank Michiels* (Brussels)(EMBO)

External fellows

Gudrun Rappold (Heidelberg)(DFG)
Lisa Stubbs (Pasadena)(NIH)
Michael Zimmer (Gottingen)(DFG)

Predoctoral fellows

Marya Bucan (Belgrade)(DFG)
Margit Burmeister (Rehovot)(EM BL)
Bernhard Herrmann (Wurzburg)(EM BL)
Gunther Zehetner (Salzburg)(Hered. Dis. Found.)

Visiting workers

G. Bates* (London)
L. Dandelo* (Paris)
E. Englander* (Tel Aviv)
T. Franz* (Cambridge)
T.C. Gilliam* (USA)
F. Guinet* (Grenoble)
S. Labeit (Heidelberg)(Hered. Dis. Found.)
C. Nguyen* (Marseille)(EMBO)
C. Petit* (Paris)
E.M. Westphal* (Freiburg)

Technical assistants

Thomas Pohl
An nemarie Poustka
Lisa Schneider* (Hered. Dis. Found.)
Harjit Seyan*

Supernumerary

Renate Weisskirchen*
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The Director's Laboratory

Scientists

Lennart Philipson
Claudio Schneider

External fellow

M. Etzerodt* (Aarhus)

Visiting worker

S. Guazzi* (Genova)
G. Manfioletti* (Triest)
M. Zanetti-Schneider (Triest)

Technical assistant

Robert King
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Scientific Administration

Scientific coordinator

John Tooze¢

Szilard Library

Mary Holmes
Susan Mottram

Photography

Claus Christensen

Alan Summerfield
Arnim Weischer

Supernumerary

Renate Weisskirchen*

Visiting worker

S. Engelstein* (Rehovot)



Administration

Administrative Director

Beerblock

Meetings secretariat

Fried a Leenart

Christina Kjar

Administrative computing

Brian Hill*

Finance:

Budget

Marianne Eklundh*

Bookkeeping

Albert Stegmuller

Johann Brandalik
Dagmar Flecker*
Norbert Heger
Zuri Mahfood*
Petra Manser-Schmidt

Trainee

Zuri Mahfood* (Rehovot)(DAAD)

Supernumerary

Robert Brown*
Ulrike Dreiling
Margarete Goller*
Pia Jakob*
Marijka Kimmins*

Purchase

Torben Poulsen

Wolfgang Rather
Gerlinde Stricker

Stores

Horst Alsfasser*
Hans Herzog
Klaus Hoppner*
Peter Mann*
Donald McPhee

Personnel and General Services

Konrad Muller

Jean-Philippe Arnold
Carla Jenal-Eppinger
Christine Pearce*
Elizabeth Williams*
Wern er Sester*o

Supernumerary

Sibylle HofmeyerO

Telephonists

Margarida De Azevedo-Wasch
Diana FirthO
Jasmin Taylessami*o

Central Secretariat

Marianne Remyo

Isabelle Fraignaud*
Sabine Myers*
Anne Walter

Trainees

Paula Midwood* (Wolverhampton)(DAAD)
Daria Stankewitz* (Heidelberg)
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Guesthouse (Supernumeraries)

Laura Beckero
Claudia Beckero
Gabi Breun*o
Frauke Decker*o
Petra Klostermann*
Bettina Schadeo
Josefine Vogel*o
Kathe Wayer*o
Karl-Heinz Fleckenstein<>

Supervisors of EMBL children at international school,
teachers language courses at EMBL (Supernumeraries)

An ne Coop er<>
Heide Harney<>
Renate Maier-Baudis*o
Jean-Margaret Stocker*o
Barbara Webero

Security Service (Supernumeraries)

Hans Riemann<>

Roland Balzo
Jurgen Jahnkeo
Alex Janseno
Fritz Klose<>
Klaus Komannso
Josef Nawrat<>
Lothar Niehauso
Rolf Schadeo
Werner Zippo

Canteen (Supernumeraries)

Klaus Hoffmann

Leo Becker
Norbert Kilian*

Karsten Bru nken
Ernst Heilig*
Anna Hofmann*
Roswitha Hoffmann*
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Bernd Junker*
Claudia Kornberger*
Erika Leistner
Frieda Leyer*
Domenico Pizzonia*<>
Vito Pizzonia*
Eleonore Sa nd ritter*
Karin Wetterauer*

Biological safety officer and Laboratory steward

Bodil Holle*
Willi Siller*

- laboratory kitchen
Martha Friedmanno
Elsa Schmidt

- laboratory kitchen staff
from outside firm

Seylan Becayis*
Silke Habsmann*
Inge Hauck
Karin Herzog
Helga Hohmann*
Margarete Kinzinger
Gerda Mack
Sigrid Munch
Ruth Pfisterer
Hedwig Probst
Irene Schewiola
Milena Veckova
Angela Wagner*

- animal house
Dale Charlton*
Thomas Engelmann
Willy Schoorl*
David Stoddart*



Cleaning service (Supernumeraries)

Zita Becker*
Ingrid Bender*
Hedwig Heger*
Annette Hotz*
lise Hubner*
Inge Kossler*
Manuela Reis*
Klara Schmitt*
Renate Sommer*
Lore Thome*
Josefine Vogel*

Building and remodelling

Ernst Heinmoller

Building maintenance

Manfred Gieser*
Uclo Kirsch
Helmut Kollenz
Willi Rieclle
Murat Uenlue*

Driver

Erich Honig

Supernumerary

Ernst Schneider*<>

Caretaker

Egon Heer

Gardener

Manfred Weingand

Outstation at DESY, Hamburg

Programme coordinator

Michel Koch* (Senior scientist)
Keith Wilson* (Senior scientist)

Secretaries

Elke Peters<>
Debbie Millard

Scientists

Hans-Dieter Bartunik*
Christian Betzel*
Michael Bohm
Zbigniew Dauter*
Jules Hendrix*
Christoph Hermes
Mich el Koch** (Senior scientist)
Yuichiro Maeda
Grigore Nicolae
Kyriacos Petratos
Rob ert Pettifer**
Zeh ra Sayers
Keith Wilson** (Senior scientist)

Technicians and engineers

Peter Bendall
Erika Jerzembek*
Arno Lentfer
Hans Ludwig*
Sandra McLaughlin
Anne-Marie Michon
Nathalie Pipon
Bernd Robrah n
Howard Terry*

75



Mechanical workshop

Thomas Gehrmann
Robert Klaring
Mogens Kretzsch mer*
Viktor Renkwitz

Driver and Caretaker

Detlef Hopp
Harald Sammet*

Supernumerary

Christine Bendall
Eric Dorrington
Margarete Ingelmann*

Predoctoral fellows

David Foulis (Australien)(EMBL)
Alexander Stewart* (Oxford)(EM BL)

Trainees
Andreas Bartels* (Hamburg)
Mathias Belleman* (Heidelberg)(EMBL)
David Popp* (Heidelberg)(EM BL)
Klaus Trankner* (Hamburg)(EMBL)

Visiting workers

Y. Amemiya* (Tsukuba)
C. Ashley* (Oxford)
J. Baldwin* (Liverpool)
A. Berghuis* (Groningen)
C. Berthet* (Grenoble)
A. Bigi* (Bologna)
J. Bordas* (Daresbury)
M. Bradbury* (Davies)
K. Brandenburg* (Borstel)
B. Brenner* (Tubingen)
A. Bourdillon* (Cambridge)
P. Charlier* (Liege)
M. Chew* (London)
S. Cusack* (Grenoble)
O. Dideberg* (Liege)
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B. Dijkstra* (Groningen)
J. Drenth* (Groningen)
P. Eggers* (M unster)
W. Faruqi* (Cambridge)
M. Ferenzci* (London)
W. Folkhard* (Heidelberg)
F. Frolov* (Berlin)
R. M. Garavito* (Basel)
W. Geerken* (Heidelberg)
M. Geeves* (Bristol)
C. Glotz* (Berlin)
J. Godfrey* (Ba Itimore)
R. Goody* (Heidelberg)
P. Griffith* (Oxford)
H. Groen dij k* (Gron ingen)
P. Gros* (Groningen)
J. Halfon* (Rehovot)
W. Hendrickson* (Columbia)
J. Harford* (Lon don)
J. Hemker* (Munster)
C. Hill* (York)
R. Hilgenfeld* (Berlin)
W. Hinrichs* (Berlin)
Y. Housley* (Basel)
F. Huitema* (Gronigen)
H. Huxley* (Cambridge)
M. Kawai* (Columbia)
M. Kjeldgaard* (Aarhus)
E. Knorzer* (Heidelberg)
G. Koslowska* (Saarbrucken)
T. La Cour* (Aarhus)
R. Ladenstein* (Martinsried)
P. Laggner* (G raz)
A. Liesum* (Frankfurt)
K. Lohner* (Graz)
J. Lowy* (Oxford)
I. Makowski* (Berlin)
P. Matsudaira* (USA)
G. Meerseman* (Brussels)
T. Mitsui* (Osaka)
R. Muller* (Martinsried)
A. Muller-Fahrnow* (Berlin)
H.L. Monaco* (Padova)
J. Mussig* (Berlin)
L. Nilsson* (Stockholm)
H. Nolting* (Munster)



H. Notbohm* (Lubeck)
G. Pal* (Berlin)
R. Pauptit* (Basel)
M. Peckham* (London)
L. Perez-Grau* (Barcelona)
M. Potschka* (Gottingen)
K. Poole* (Heidelberg)
F. Pou Isen* (Oxford)
J. Priestle* (Basel)
J. Puigdomenech* (Barcelona)
G. Rapp* (Heidelberg)
R. Read* (Groningen)
N. Roveri* (Bologna)
A. Sabaryn* (Lubeck)
M. Saper* (Rehovot)
A. Schierbeek* (Groningen)
H. Schreuder* (Groningen)
A. Schuster* (Graz)
R.B. Simmons* (London)
J. Squire* (London)
M. Steifa* (Berlin)
F. Vellieux* (Groningen)
T. Wakabayashi* (Tokyo)
M. Wallek* (Cambridge, USA)
G. Weber* (Berlin)
L. Wijns* (Brussels)
H. Winkler* (Lubeck)
M. Wood* (Liverpool)
J. Wray* (Heidelberg)
A. Yonath* (Rehovot)
L. Yu* (Bethesda)
G. Zanotti* (Padova)
M. Zeppezauer* (Saarbrucken)

Outstation at ILL, Grenoble

Programme coordinator

Bernard Jacrot (Senior scientist)

Secretaries

Erica Heyl-Zeyen<>
Maury Simms<>

Scientists

Marc Adrian*
An ita Bentley*
Carmen Berthet
Jean-Marie Bois
Jadwiga Chroboczek
Stephen Cusack
Andre Gabriel
Michael Hartlein
Jean-Claude Jesior*
Jorg Langowski
Reuben Leberman
Peter Metcalf*
David Wild

Technical assistants

Beatrice Cortolezzis
Fran<;:ois Dauvergne
Marie-Therese Da uvergne
Mario Lentini
Dominique Madern
Rita Neumann*
Annie Simon
Elisabeth Truche
Pierre Wattecamps
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Workshop

Jean Marc Le CanutO*
Joseph Sedita

External fellow

Franco Barbosa (Brasil)(Min.des Rel.ext.)

Predoctoral fellows

Christine Chatellard* (Clermont Ferrand)(EMBL)
Fran<;oise Guinet (Grenoble)(EMBL)
Jean-Yves Sgro* (Grenoble)(EMBL)
Kristian Weckstrom* (Helsinki)(EMBL)

Students

Jocelyne Anselme* (Grenoble)
Odile Filhol* (Grenoble)
Corinne Rizo-Albiges* (Grenoble)
Ulrich Steiner* (Konstanz)

Trainees

Rita Schuster* (Aix-Ia-Chapelle)
Annie Vincent* (Clermont-Ferrand)

Supernumeraries

Claude Manson*
Monique Romero*
Florence Viard*

Medical service

Dorte Leh man n

Long-term visiting workers

Martine Cuillel (Grenoble)(INSERM)
Christiane Devaux (Lille)(INSERM)
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Short-term visiting workers

O. Akhayat* (Paris)
H. Chanzy* (Grenoble)
S. Diekmann* (Gottingen)
U. Giesen* (H an nover)
H.-J. Hinz* (Regensburg)
T. Howa rd* (Manchester)
S. Perkins* (London)
M. Pineri* (Grenoble)
J.M. Schnurr* (Seattle)
I. Serdyuk* (USSR)
J. Smith* (USA)
A. Spirin* (USSR)
D. Wade* (Grenoble)
J. Witz* (Strasbou rg)



Scientific Advisory Committee The Laboratory Council

David Baltimore (USA)
Piet Borst (Amsterdam)
Carl Branden (Uppsala)
Gerard Bricogne (Orsay)
Pierre Chambon (Strasbourg)( Chairman)
Paolo Fasella (Brussels)
Dieter Gallwitz (Marburg)
Fotis Kafatos (Crete)
Michael Levitt (Rehovot)
Staffan Magnusson (Aarhus)
Fritz Melchers (Basel)
Jeff Schatz (Basel)
Glauco Tocchini-Valentini (Rome)
Mike Waterfield (London)
Robin Weiss (London)

Chairman

Vice-Chairmen

Chairman of the
Finance Committee

Vice-Chairman of the
Finance Committee

Prof. J. Weil (France)

Prof. J. Drenth
(Netherlands)
B. Hirt
(Switzerland)

R. Leclerc
(France)

B. Ecoffey
(Switzerland)
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Delegates and Advisers Observers

Federal Republic W. Franke EMBO J. Tooze
of Germany C. Patermann

O.A.R. GroBpietsch EMBC H. Tuppy

Austria E. Wintersberger Iceland B. Simonarson
Denmark B. Clark

B. Sode-Mogensen Spain A. Albert
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Seminars-Heidelberg

W. Brandt (Cape Town, South Africa)
Amino-acid and sequence analysis of proteins and
peptides from glass membrane blots

P. Moody (Cambridge, Mass.)
Active sites and catalytic function of
gIyce raIdehyde-3-phosphate dehydrogen ase

W. Fiers (Gent, Belgium)
Molecular biology of tumor necrosis factor and its
synergism with interferon Gamma

W. Goebel (Wurzburg, Fed. Rep. Germany)
Genetic and biochemical studies on haemolysin
formation and secretion in E.coli

M. Yaniv (Paris, France)
Characterization of proteins that interact with
enhancer and promoter sequences in eukaryotes

D. Forrest (Glasgow, U.K.)
Mechanism of activation of the myc gene by feline
leukemia virus

T. Burglin (Basel, Switzerland)
Nuclear targeting of nucleoplasmin

R. Contreras (Gent, Belgium)
1. In vitro expression of cloned genes
2. Dominant transformation and

gene amplification in Saccharomyces cerevisiae

C. Milstein (Cambridge, U.K.)
Dissecting the immune response

J.-P. Kraehenbuhl (Lausanne, Switzerland)
Processing and sorting of the polymeric Im-
munoglobulin receptor in the rat hepatocyte

D. Belin (Geneva, Switzerland)
Plasminogen activator: Gene expression and cell
biology

C. Bordier (Lausanne, SWitzerland)
Post-translational membrane anchoring of proto-
zoan and human surface hydrolase

P. Borst (Amsterdam, Netherlands)
Discontinuous synthesis of messenger RNA In
trypanosomes

M. Breitenbach (Vienna, Austria)
The function of RAS oncogenes in yeast

J.-L. Popot (Paris, France)
Folding and refolding of bacteriorhodopsin frag-
ments

A. R. Fersht (London, U. K.)
Protein engineering of enzyme structure and ac-
tivity

P. van der Vliet (Utrecht, Netherlands)
Interaction of host cell nuclear proteins with the
adenovirus DNA origin of replication

C.B. Hirschberg (St. Louis, Mo.)
Mechanisms of glycosylation and sulfation in the
Golgi apparatus and rough endoplasmic reticulum

E. Mansfield (Palo Alto, Calif.)
The Bionet computer network and the Intellige-
netics molecular biology software

W.J. Gehring (Basel, Switzerland)
The homeobox and the genetic circuits controlling
development

J. Rehfeld (Copenhagen, Denmark)
The gastrin/cholecystokinin system: a model for
post-translational processing of peptide hormones

P. Soriano (Cambridge, Mass.)
Introduction of retroviruses into the somatic and
germ line during mouse development
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M. Pesonen-Makarow (Helsinki, Finland)
Endosomes in yeast cells

R. Serrano (Madrid, Spain)
The proton pump of the yeast plasma membrane:
From the protein to the gene

A. Lesk (Cambridge, U.K.)
The response of protein structure to amino-acid
sequence change and its application to structure
prediction

T.J. Gonda (Melbourne, Australia)
Transformation of haemopoietic cells; growth fac-
tors and the myb oncogene

K. Nasmyth (Cambridge, U.K.)
Regulation of yeast mating type switching

L. Hartwell (Seattle, Wash.)
Role of the a-factor receptor In Saccharomyces
cerevlslae

R. Luhrmann (Berlin, Fed. Rep. Germany)
Functional and antigenic structure of human
U snRNPs

H. Muller-Eberhard (La Jolla, Calif.)
Comparison of the molecular cell killing mecha-
nism of lymphocytes and of complement

K. Ballmer-Hofer (Basel, Switzerland)
Interactions between polyoma virus middle T anti-
gen and cytoskeletal structures

G.H. Fey (La Jolla, Calif.)
Regulation of gene expression during acute In-
flammations

D.K. Green (Edinburgh, U.K.)
Automatic reading of DNA sequencing gel autora-
diographs

G. Schmitz (Munster, Fed. Rep. Germany)
The HDL cycle: Receptor mediated endocytosis,
intracellular processing, and exocytosis
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P. Kourilsky (Paris, France)
Regu lation of expression of mouse class I H2 genes

T.A. Rapoport (Berlin, German Democratic Rep.)
Probing signal recognition particle (SRP) interac-
tions with a new photoaffinity labelling method

J. Samarut (Villeurbanne, France)
Functional relationships between v-one and c-one
genes in chicken haemopoietic cells

K. Sandhoff (Bonn, Fed. Rep. Germany)
Synthesis of ganglioside probes for the study of
their metabolism and intracellular transport

C. Tibbetts (Nashville, Tenn.)
Positive and negative autoregulation of the
adenovirus EIA gene

B. Maro (Gif-sur-Yvette, France)
Cytoskeleton dynamics in the polarizing mouse
embryo

Z. Werb (San Francisco, Calif.)
Cell shape regulates the turnover of extracellular
matrix

M. van Montagu (Gent, Belgium)
Controlled gene expression in plants

R. Pettersson (Stockholm, Sweden)
Bunyavirus membrane glycoproteins as a model
system for Golgi proteins

A. van der Eb (Leiden, Netherlands)
Altered expression of cellular genes in adenovirus
transformed cells

J. Christiansen (Aarhus, Denmark)
Identification of the binding site on 5S rRNA for
the transcription factor IliA

A. Brisson (Grenoble, France)
Three-dimensional structure of acetyl choline re-
ceptor by cryo-electron microscopy



L.1. Fessler (Basel, Switzerland/Los Angeles, Calif.)
Tyrosine sulfation of procollagen type V

H. Chanzy (Saint Martin d'Heres, France)
Electron crystallography of plant polysaccharides

D. Duboule (Strasbourg, France)
Structure and expression of the mouse
homeobox-l locus

J .E. Johnson (W. Lafayette, Ind.)
The three-dimensional structure of black beetle
virus by x-ray crystallography

V. Quesniaux (Strasbourg, France/Basel, Switzerland)
Cyclosporine as a model antigen: what does an
antibody see

J.B. Gurdon (Cambridge, U.K.)
Mechanisms of muscle gene activation in amphib-
ian embryos

J.G. Williams (London, U.K.)
The control of gene expression in Dictyostelium
discoideum by cAM P and DIF (differentiation
inducing factor)

A. Lanzavecchia (Basel, Switzerland)
Antigen processing and presentation by human B
cells

B.A.A. Scheven (Leiden, Netherlands)
Osteoclast formation from haemopoietic progen-
itor and stem cells in vitro and the effects of
ionizing irradiation

M. Dean (Frederick, Md.)
The met oncogen is a tyrosin kinase, and tightly
linked to cystic fibrosis

M. Schmitz (Bonn, Fed. Rep. Germany)
Kryofixation und subzellulare lonen-Lokalisation
bei Paramecium candatum

R. Laskey (Cambridge, U.K.)
Chromosome replication in vitro

K. Cichutek (Berkeley, Calif.)
Tru ncation, but not virus specific point muta-
tions, is essential for transforming function in
Harvey and Balb sarcoma viruses

V. Pirrotta (Houston, Texas)
Tissue-specific and pairing-dependent gene ex-
pression in Drosophila

H. Klump (Freiburg, Fed. Rep. Germany)
Microcalorimetry as a tool to investigate DNAs,
nuclei and cells

S. Shibahara (Basel, Switzerland)
Molecular biology of mammalian pigment forma-
tion

W.F. Dove (Madison, Wise.)
Ind uction of recessive lethal mutations In the
T /t-H2 region of the mouse genome

P. Spear (Ch icago, III.)
Glycoproteins of Herpes Simplex virus and infec-
tivity of the virus

K. Matlin (Houston, Texas)
Factors affecti ng intracellu lar tra nsport of the
influenza haemagglutinin in polarized epithelial
cells

J .-P. Changeux (Paris, France)
The acetylcholine receptor and molecular models
for short and long-term changes of synase prop-
erties

M. Fried (London, U.K.)
The use of "expression selection" in the study of
gene regulation in mammalian cells

W.L. Wishart (Princeton, N.J.)
Transposition and regulation of transposition by
the transposon T n3

D. Bowles (Leeds, U.K.)
Targeting and processing of concavalin A in jack-
beans
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M. Snider (Cleveland, Ohio)
Recycling of receptors in animal cells

W.T. Wickner (Los Angeles, Calif.)
Mechanisms of membrane assembly and protein
secretion: From pasta mach ines to froot loops and
beyond

Y. Capdeville (Gif-sur-Yvette, France)
Expression and structure of two temperature-
specific surface antigens in Paramecium primau-
relia

J. Hoffmann (Vancouver, Canada)
A teachable neural network based on a neuron
with hysteresis

J. Moult (Edmonton, Canada)
Systematic conformational search: The determi-
nation of the structure of loops in proteins

O. Herzberg (Edmonton, Canada)
Structure of troponin C and muscle function

C. Wu (Bethesda, Md.)
Purification of Drosophila heat shock activation
protein

N. Le Douarin (Nogent-sur-Marne, France)
Cell lineage studies in neural crest ontogeny

H. Ueda (Bethesda, Md.)
Purification of Drosophila FUSHI TAREZU DNA
binding protein

R. White (Cambridge, U.K.)
Patterns of expression of ultrabithorax protein
products

W.G.J. Hoi (Groningen, Netherlands)
The crucial role of protein crystallography for
biophysics, biochemistry and medicine

J. Thorner (Berkeley, Calif.)
- The processing of peptide hormone precursors is

the same in yeast and animal cells
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A. Ciechanover (Haifa, Israel)
The ubiquitin system for intracellular protein
tu rnover

D. Gallwitz (Gottingen, Fed. Rep. Germany)
RAS-related gene products in yeast and their
relation to cellular growth

T. Caskey (Houston, Texas)
Prospects for gene replacement therapy for
adenosine-deaminase (ADA) deficiency

F. Maxfield (New York, N.Y.)
Endocytosis and receptor recycling in normal and
mutant fibroblasts

C. Frontali (Rome, Italy)
Cloning and characterization of telomeric and
subtelomeric sequences in P.berghei

M. de Brabander (Beerse, Belgium)
Subcellular motility investigated by NANOVIT
microscopy

Y. Groner (Rehovot, Israel)
Molecular genetics of Down's syndrome: Over-
expression of transfected CujZn-superoxide dis-
mutase gene and the consequent physiological
changes

C. Antony (Gif-sur-Yvette, France)
Surface antigenes localization in Paramecium pri-
maurelia during antigenic variation

S. Gatt (Jerusalem, Israel)
Synthesis of fluorescent derivatives of lipids and
their application to studies of enzymology and cell
biology

P. Chambon (Strasbourg, France)
Structure and function of steroid hormone recep-
tors

L.A. Herzenberg (Palo Alto, Calif.)
New molecules and molecular events in T and B
lymphocyte differentiation



K.-H. Klempnauer (Heidelberg, Fed. Rep. Germany)
Functional analysis of proteins encoded by myb

T. Pieler (Berlin, Fed. Rep. Germany)
Protein/nucleic acid interactions involved In the
regulation of 55 gene transcription

N. Aslund (Stockholm, Sweden)
The laser scanner microscope Phoibos

R. Aeb ersold (Pasadena, Calif.)
Development and application of novel, general
strategies for the structure analysis of proteins

R. Treisman (Cambridge, U.K.)
Regulation of the human c-fos gene

A. Lamond (Cambridge, Mass.)
In vitro splicing of mammalian mRNA

D. Tollervey (Paris, France)
Structure and function of yeast sn RN Ps

T. Smith (Cambridge, Mass.)
The identification of protein functional domains
using artificial intelligence techniques

F. Amaldi (Rome, Italy)
Ribosomal protein genes and the regulation of
ribosome biosynthesis in Xenopus

R.F.A. Zwaal (Maastricht, Netherlands)
The function of the platelet plasma membrane in
blood coagulation

W.A. Haseltine (Boston, Mass.)
Molecular aspects of the AIDS virus relevant to
pathogenesis

P. Cowin (Heidelberg, Fed. Rep. Germany)
Molecular architecture of adherens ju nctions

W. Spaan (Utrecht, Netherlands)
Genome structure and replication of coronaviruses

R. Williams (Karlsruhe, Fed. Rep. Germany)
Autocrine stimulated growth of a Iymphoblastoid
line immortalized by infection with a parasite

K. Nustad (Oslo, Norway)
Exciting new developments in immuno-assays

J.1. Schroder (Gottingen, Fed. Rep. Germany)
Patch-clamp study of molecular mechanisms in-
volved in movements of guard cells

G. Schmidt (Hannover, Fed. Rep. Germany)
Chimaeras to study cell lineages in epith elial tis-
sues

V. Rotter (Rehovot, Israel)
The molecular basis for the heterogeneity of the
human and mouse p53 proteins

R. Burnett (New York, N.Y.)
Adenovirus architecture

K. Nagai (Cambridge, U.K.)
X-ray crystallographic and functional studies of
haemoglobin mutants produced in Escherichia
coli by site-directed mutagenesis

A. Bird (Edinburgh, U.K.)
CpG rich islands and mammalian genes

H. Stuhlmann (Boston, Mass.)
Introduction of a mutant dhfr cDNA into mouse
embryos using replication competent retroviruses

R. Jaenisch (Cambridge, Mass.)
Retroviral induced insertional mutagenesis and
rescue of a lethal mutation in mice
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Seminars-Hamburg

T. Wakabayashi (Tokyo, Japan)
X-ray diffraction patterns from living ra bbit mus-
cle recorded by a new detecting system the "imag-
ing plate"

J. Drenth (Groningen, Netherlands)
Phospholipase A2 - Data collection and struc-
tures

D. Popp (Heidelberg, Fed. Rep. Germany)
X-ray diffraction stud ies on oriented F-acti n fi bres

R. Brown (EMBL, Heidelberg)
Frogs fingers and fruitflies

M. Garavito (Basel, Switzerland)
Structural studies of a membrane protein
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Y. Amemiya (Kanagawa, Japan)
An imaging plate and its application to diffraction
studies at the photon factory

K. Guth (Heidelberg, Fed. Rep. Germany)
Cycling cross-bridges increase the calcium affinity
of troponin-C in contracting muscle

W.C. Hendrickson (New York, N.Y.)
Multiple wavelengths phasing of macromolecular
structu res

A. Tucker (EMBL, Heidelberg)
Growing protein crystals

J. Priestle (Basel, Switzerland)
The structure and evolution of a bifunctional
enzyme

P. Woolley (Aarhus, Denmark)
A physical approach to the origin of life

B. Dijkstra (Groningen, Netherlands)
Overview of protein crystallography in Groningen

H.L. Monaco (Padova, Italy)
The retinol binding site in retinol-binding protein
and j3-lactoglobulin

R. Pauptit (Basel, Switzerland)
The structure of neutral protease from B.cereus

R. Read (Groningen, Netherlands)
Drug design for sleeping sickness

A. Stewart (Oxford, U.K.)
Heavy breath ing

C.-I. Branden (Uppsala, Sweden)
Towards genetic engineering of plant photorespi-
ration; structural studies of rubisco and glycolate
oxidase

J. Hajdu (Oxford, U.K.)
Studies of the mechanism of rabbit muscle phos-
phorylase using synchrotron radiation



Seminars-Grenoble

H. Michel (Martinsried, Fed. Rep. Germany)
Structure of a membrane protein-complex: Pho-
tosynthetic reaction from Rhodopseudomonas
viridis

W. Zillig (Martinsried, Fed. Rep. Germany)
DNA-dependent RNA polymerase of and gene
expression in archaebacteria

W. Welte (Freiburg, Fed. Rep. Germany)
Crystallization and spectroscopic investigation of
antenna and reaction centre-antenna complexes
of purple bacteria

M. P. Forterre (Villejuif, France)
ADN polymerases et topoisomerases chez les ar-
chaebacteries. Activite gyrase reverse chez sul-
folobus

H. Heumann (Martinsried, Fed. Rep. Germany)
Mechanism of transcription in the E.coli system

R. Levy (New Brunswick, N.J.)
Probing the dynamics of proteins

K. Scherrer (Paris, France)
Molecular and cellular biology of the prosome

J.J. Madjar (Lyon, France)
Phosphorylation des proteines ribosomiques et
regulation de la traduction chez les eucaryotes

W. Saenger (Berlin, Fed. Rep. Germany)
Structure and fu nction al mechanism of ribon ucle-
ase T 1

J.H. Weil (Strasbourg, France)
tRNA genes in chloroplasts and plant mitochon-
dria

R.S. Brown (EMBL, Heidelberg)
Structural studies on the 7S RN P particle from
oocytes of Xenopus laevis

R. Durand (Clermont-Ferrand, France)
Trad uction in vitro des ARN messagers mitochon-
driaux de Drosophila melanogaster

M. Gellert (Bethesda, Md.)
Recent studies on the mechan ism of DNA gyrase

J.M. Schurr (Seattle, Wash.)
Dynamics and structures of linear and supercoiled
DNAs

D.J. Engelman (New Haven, Conn.)
Membrane protein folding

H.-J. Hinz (Regensburg, Fed. Rep. Germany)
What can BPRI tell us about rational protein
design?

S. Diekmann (Gottingen, Fed. Rep. Germany)
Sequence-directed DNA curvature

S. Blanquet (Paris, France)
Regulation de I'expression genetique de quelques
amino-acides tRNA synthetases

J. Helliwell (York, U.K.)
Use of synchrotron radiation In macromolecular
crysta Ilogra phy
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Courses 1986 EMBO Courses

29.4-3.5.1986 THE CRYO-SECTION METHOD FOR
IMMUNO-ELECTRON MICROSCOPY
G. Griffiths

23.6-27.6.1986 EPITOPE MAPPING IN pEX
K. Stanley

31.8.-12.9.1986 POST-TRANSLATIONAL
MODIFICATIONS
W. Huttner

31.8.-20.9.1986 PROTEIN DESIGN
C. Sander

2.11.-9.11.1986 PROTEIN EXPRESSION,
SITE-DIRECTED MUTAGENESIS AND
COMPUTER GRAPHICS
R. Cortese, G. Cesareni &.
G. Winter (U.K.)

Other Courses

The following courses and symposium were held at the
EMBL in Heidelberg in 1986:

EMBl Courses

10-13.1.1986

EMBl Workshop

1-4.10.1986

EMBO Workshop

4TH SMALL-BRAIN CONFERENCE
N. Strausfeld

CELL-FREE ANALYSIS OF
MEMBRAN E TRAFFIC
K. Howell

9-13.6.1986 COMPUTER ANALYSIS OF
BIOLOGICAL SEQUENCES
G. Hamm

20-22.5.1986 CONTROL OF GENE EXPRESSION
IN STEM CELL DIFFERENTIATION
AN D MOUSE DEVELOPMENT
E. Wagner &. P. Gruss

EMBO Annual Symposium 198630.6-5.7.1986 &. MICROINJECTION AND
7.7-12.7.1986 ELECTROTRANSFECTION

OF CELLS
W. Ansorge
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12-15.5.1986 MACROMOLECULAR STRUCTURE IN
CELLULAR ORGANIZATION



Collaborative Projects with other Laboratories

Staff member

Cell Biology

H. Garoff

H. Garoff

B. Dobberstein

B. Dobberstein

W. Huttner

W. Huttner

W. Huttner

W. Huttner

W. Huttner

W. Huttner

W. Huttner

W. Huttner

K. Howell

K. Howell

K. Howell

K. Howell

K. Howell

K. Howell

K.K. Stanley

Collaborator

W.A.M. Boere, C.A.
Kraayeveld &
H. Snippe
E. Bause

R. Brimacombe

N. Koch

P. De Camilli &. A. Zanini

K. v. Figura

R.V. Lloyd

J. Mallet

J. Polak

J. Rehfeld

A. Tixier-Vidal

B. Wiedemann

H.-A. Dressel

J.-P. Kraehenbuhl

S. Masur

P. Quinn

J. Ugelstad

M. Uhlen

G. Eggertsen &. G. Fey

laboratory

State University of Utrecht, Utrecht

Institute of Biochemistry,
University of Koln, Koln
MPI fij r Genetik, Berlin

DKFZ, Heidelberg

University of Milan, Milan

Institute for Physiological Chemistry,
University of Gottingen, Gottingen
University of Michigan, Ann Arbor

CN RS Laboratory of Cellular and
Molecular Neurobiology, Gif-sur-Yvette
Royal Postgraduate Medical School,
London
Rigshospitalet, Copenhagen
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Pulsed field electrophoresis

Pulsed field electrophoresis is a method by which large
DNA fragments can be separated. A computer plot of a
two-dimensional electric potential is shown which is used
to optimize the field homogeneity inside the separating
gel. The inserted square indicates the area in which a
nearly homogeneous electrical field is obtained.




