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Co-visualization of the Golgi apparatus and microtubules by indirect double immunofluorescence in Vero fibroblast cells. The
microtubules are labelled with fluorescein using a monoclonal
anti-tubulin antibody (green), and the Golgi apparatus is labelled
with rhodamine using specific antibodies against galactosyl transferase (orange). The Goigi apparatus is localized around the

microtubule-organizing centre in cells with intact microtubules
(left). When the microtubules have been depolymerized by nocodazole, the elements of the Goigi apparatus scatter randomly in
the cytoplasm (right). Thus, the microtubules appear to playa role
in the positioning of the Goigi apparatus. For further information
see report by T.E. Kreis (p. 27) in the Research Reports 1987.
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Comments by the Director-General

According to my limited experience it takes around 10
years to establish the scientific credibility of a newly
founded laboratory. The recruiting process takes 2-3 years
followed by at least 5-6 years of hard work by the selected
scientists. The first groups started to move into the EMBL
building 10 years ago. Several of the reviews that have
been carried out during this period conclude that the EMBL
is one of the best laboratories in molecular biology in
Europe. Both Denmark and the Netherlands each with
national review groups scrutinized the activity of the EMBL
last year and both came up with very favourable reports.
The Scientific Advisory Committee evaluated the entire
scientific programme from 1982 to 1987 and concluded
perhaps too uncritically "It is the unanimous opinion of
the SAC members that EMBL has successfully developed
into a first-class Molecular Biology Laboratory during the
past five years. Its contribution to basic research, its role
in training, in providing research facilities, in promoting
cooperation within Europe as well as in the world are
unique in Europe". Furthermore back in 1983 the Medical
Research Council of the United Kingdom in their review
concluded: "There is little evidence to persuade us that
the same amount of money spent in this country (the UK)
would purchase an equal amount of work of equal quality".
But also some criticism has been voiced, probably originating either from the rivalry between national and international laboratories when the funds are coming from the
same source, or from misconceptions about the content
of the research programme of the EMBL. Last year, for
example, the president of the Royal Society of London
in his anniversary address while referring to the structure
of the EMBL quoted one of the previous directors of the
MRC Cambridge laboratory "The EMBL which is set up
as a centre with a coherent programme has achieved
little commensurate with its cost". After all the reviews
entertaining the opposite opinion I can only quote Moliere
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to meet this criticism: "If you show a hundred good qualities
you are still only judged from the bad side".
Contrary to all such comments the interaction with the
scientists from the Member States, as testified by the
large number of collaborative projects and publications,
is exceptionally high. The scientific atmosphere in the
EMBL has many times been described as open, helpful
and full of enthusiasm. The following numerous scientific
achievements during the past 3 years indicate also that
the EMBL has acquired scientific credibility.
The concept developed in the Differentiation Programme of
introducing temperature-sensitive mutants of various viral
one genes into haematopoietic cells has helped to study
terminal differentiation and to identify molecular events
that confer growth factor independence and differentiation
arrest in cells of the erythroid and myeloid lineages. The
focus on cellular one genes has also helped to identify
the cellular function of one one gene, the thyroid hormone
receptor (c-erbA), and to define further the role of the c-fos
gene in growth control and in bone development.
The development of model systems to study epithelial
tissue organization and function in cell cultures has defined
the role of the tight junction and the sorting of both lipids
and proteins to the polarized cell surfaces. The cellular
organelle responsible for sorting the newly synthesized
molecules to different compartments was identified as the
final subcompartment of the Golgi complex now called the
trans-Golgi network.
The development of cryo-electron microscopy in EMBL
has, through the introduction of new techniques for sample preparation, allowed high-resolution studies of several
interesting particles and molecules in the native state.
Work involving several groups within the EMBL and exploiting transgenic mice has clarified some of the signals in
mammalian genes involved in transcription, differentiation
and induction by external stimuli.
The EMBL Data Library is now an internationally established activity which in collaboration with GenBank in the
USA provides scientists and industry around the world with
important DNA sequence information for their experiments.

The group has in 1987 also started to provide protein
sequence data. In addition the Laboratory through its two
Outstations provides biological support and beam lines for
both synchrotron and neutron radiation.
The technical developments range from a dedicated cryoSTEM which is ready to be tested in biological experiments
to a DNA sequence machine, microinjection systems and
robots for oligonucleotide synthesis and plasmid preparation. A number of tools for recombinant DNA technology
involving various vectors for bacteria and yeast as well as
improvements in DNA sequence methodology have also
been provided.
Based on these accomplishments we at the EMBL feel
that the Laboratory fulfils an important role in European
molecular biology.

A new building at the EMBL
The EMBL Council accepted in July 1987 the final plans
for a new building that will house an auditorium, the Biocomputing Programme and better teaching and training facilities. The construction of this building started in October
1987 and at the December meeting of the Council it was
decided to add the shell of a 4th floor to the building. The
building is scheduled to be ready for occupation in October
1988. This new wing will provide ample facilities for the
Biocomputing Programme and we can now start to recruit
the theoretical biologists who should form the scientific
nucleus of this Programme. Arthur Lesk from Cambridge
was one of the first to join in 1987. We also require more
space to expand the Data Library and a computer network
for European molecular biology. Several data banks must
be made available such as those for nucleic acid and protein sequences, gene maps and protein three-dimensional
structures. These databases must also be integrated to
represent the relationship between different kinds of data.
The Data Library will be available in 1988 for downloading
directly from the main computer of the EMBL and in the
future the EMBL plans to set up a collaborative network
where contacts are established with regional nodes in each
of the Member States. To fulfil their potential, these nodes
will require national network connections for peripheral
communication.

The EMBL Data Library is also participating in a pioneering
experiment with the journal Nucleic Acids Research which
will require authors to deposit their nucleic acid sequences
as well as relevant annotations with the EMBL Data Library
prior to publication of the papers. If this experiment is successful the entry of new sequences into the data banks will
go faster, it will eliminate the need for literature searches
by the data bank staff and it will engage the scientists
who generate the data in its collection and annotation. A
favourable outcome of this experiment with Nucleic Acid
Research will, we hope, cause other journals to follow suit.
The addition of a 4th floor to the new building is essential.
If the resources for data banks and large scale DNA
sequencing projects are increased in the US and Japan,
the EMBL must be prepared to engage in similar expansion
to ensure European independence. The EMBL would be
a natural place for establishing such projects. Megasequencing projects based on our recent developments in
DNA sequencing and rapid oligonucleotide synthesis are
planned for this space. It is also desirable to improve on
the current DNA technology by sequencing long fragments
thereby bypassing the cloning steps which are extremely
time-consuming at present. This technical development
should preferably be focused on genes of interest to the
EMBL such as human liver or DNA and RNA binding
protein genes.
The teaching and training activities in 1987 involved a
total of 12 meetings at the EMBL out of which 9 were
practical courses. The EMBL obviously needs more space
to accommodate this essential activity.

Protein structure
Reshaping the Biological Structures Programme has been
a much slower process than originally anticipated. Dietrich
Suck and Steve Fuller were invited to serve as joint coordinators for 18 months. During last year we have also
experienced several changes which signal that EMBL will
soon have a prosperous and active Biological Structures
Programme taking advantage of our resources in crystallography and electron microscopy. During the last months
Nicolet and Enraf-Nonius detectors were installed together
with the necessary Computer hardware and software. Both

5

detectors are now working and yielding data. Next year
we hope to introduce units based on imaging disks and
our own high count rate detector for comparison.
The difference in speed between film data collection and
automatic detectors became clear at the end of 1987. The
data for an isomorphous replacement derivative of a truncated form of the colicin molecule were collected on one
of the detectors and a map was generated within 3 days.
Although the truncated colicin had given superb diffraction
in the native state no suitable isomorphous replacement
derivative had been found. The problem was solved by
site-directed mutagenesis in the gene to introduce a cysteine for mercury-binding and taking advantage of the
detector. Consequently at the yearly laboratory meeting
in December, the Programme could report on the first
structure of this interesting molecule. Several crystals are
now on line to be solved from the projects focusing on
nucleic acid binding proteins; they include the truncated
form of the adenovirus DNA binding protein and a similar
DNA binding protein from a B.subtilis phage (4)29) as well
as several of the mutants of the Rop protein. Detailed
studies of the DNase I-oligonucleotide interaction are also
going ahead.
The Gene Structure and Regulation Programme has recently overexpressed both the DNA polymerase and the
terminal protein from adenoviruses in a vector system
based on the vaccinia virus at a 30-100 fold higher level
than available from the natural source. Hopefully these
proteins may soon become available for crystallographic
analysis. The DNA replication machinery of the adenoviruses may be an intriguing system for structural studies
since it only encompasses 3 viral products that have all
now been overexpressed, as well as 3 cellular proteins that
soon will be cloned and overexpressed. The viruses may
once again serve as a model system for understanding the
molecular details of DNA replication in mammalian cells
which might show distinct differences from that of bacteria.
The technical developments in cryo-electron microscopy at
the EMBL have already received widespread recognition.
These techniques have now been refined for the study
of molecules in solution although further improvements in
sectioning are still needed. During last year maltoporin,
a molecule carrying the phage A receptor, was studied
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by electron microscopy and image processing. This work
was backed up with biochemical work on the orientation
of the molecule in lipid bilayers and the effect of point
mutations on its properties. Crystals of the transcription
factor IliA in association with 5S ribosomal RNA have
also been analyzed. Most rewarding, however, have been
the studies on various viruses. Comparing the structures
of several small RNA viruses the Biocomputing and the
Biological Structures Programmes predicted the folding of
the hepatitis core protein which shows some resemblance
to the picorna virus proteins. If this prediction is correct
several of the antigenic sites of this clinically important
virus may be identified and experimental evidence for the
location of these epitopes might be collected.
Our success with structural studies of viruses has led to
internal discussions about a new joint project between the
Cell Biology and the Biological Structures Programmes
focused on virus neutralization by antibodies. Virus neutralization, which is of importance for vaccine development
and antiviral chemotherapy, is at present poorly understood in molecular terms. A deeper understanding of the
events involved in cellular recognition of virus-antibody
complexes and of the structure of the neutralizing epitopes
in several different viruses may lead to a rational design
of vaccines and antiviral agents.
In this connection it is important to underline that a laboratory like the EMBL which has a high turnover of staff
must, to keep and improve on its scientific credibility, select
a few focused well-defined topics for its basic science
contributions. Otherwise the impact of the EMBL would
be too diversified and it might be difficult to recognize its
long-term achievements.

Intracellular sorting of molecules
The Cell Biology Programme has during recent years
developed a model system for epithelia by growing epithelial cells on a porous membrane allowing nutrients to
enter from both sides of the cell layer. Such cells form
an epithelium with tight junctions; some of the junction
structures and the polarized sorting of molecules inside
the cell have been characterized. Recently a simple in vitro
system for studying differential sorting of macromolecules

to specific organelles or to the apical or basolateral surface
of the epithelial cells has been developed. By creating a
perforated apical surface the composition of the cytosol
can be manipulated and antibodies or inhibitors can be
introduced to identify components involved in intracellular
transport. The procedure takes advantage of the inability
of part of the sorting pathway to operate at 20° C. The
sorting process can therefore be synchronized by a temperature shift of the cells from 37°C to 20°C. In a series
of experim ents it has been shown that both lipids as well
as proteins preferentially accumulate at 20° C inside the
cells in the last element of the Golgi apparatus, referred to
as the trans-Golgi network. Upon shift-up to 37° C different
proteins and lipids are then synchronously transferred from
this network to different compartments of the cell. Some
specific protein modifications like tyrosine sulfation seem
also to be carried out in this Golgi compartment. Concurrently significant contributions on the role of microtubules in
the translocation of endosomes, Iysosomes and secretory
granules have been made.
All these studies require new tools and especially for the
detailed investigation of lipid transport in the epithelial cells
the laser based three-dimensional confocal microscope
developed at the EMBL has been extremely useful. A
similar microscope has recently been developed in Britain
and is now commercially available. It is therefore time to
redefine the goals for the instrument group working with
three-dimensional microspectrofluorometry of single cells.

The transgenic mouse, a work-horse
for tissue-specific expression
Although several scientists around the world have used cell
lines from different tissues to dissect the detailed organization of DNA fragments controlling tissue-specific expression, the ultimate test is to introduce them into an organism
and identify the sequences controlling gene expression
in a specific tissue. At the EMBL the transgenic mouse
was adopted as a tool in 1983 and it has already been
used successfully to dissect several of the sequences in
one genes by introducing the foreign genes either through
direct injection into the fertilized eggs or by infection with
retrovirus vectors. Of special interest is the study of the
polyoma virus middle T oncogene which, when introduced
in a retrovirus vector, can cause haemangiomas probably

due to endothelial cell proliferation. Direct infection of
embryos with a recombinant virus seemed to be lethal
but stem cell clones expressing polyoma middle T were
obtained. The resulting chimeric embryos were arrested at
midgestation probably due to the appearance of multiple
haemangiomas. The endothelial cell lines established from
the tumours retained the expression of several differentiation markers and were also tumourigenic in vivo. It appears
therefore that, contrary to some other cellular or viral one
genes, the polyoma middle T can act as a single step
oncogene specifically affecting endothelial cells.
After extensive studies on the gene sequences controlling tissue-specific expression in cell cultures the Gene
Structure and Regulation Programme has started a collaboration with the Differentiation Programme on the expression of human liver genes in the mouse background.
Both the Q'1 acid glycoprotein and the C-reactive protein
(CRP) are exclusively transcribed in the mouse liver and
both genes are regulated by acute phase stimuli. These
results demonstrate that the information for tissue-specific
as well as for regulated expression is contained in a
region of less than 1 kb upstream of the actual gene.
The studies on CRP were especially revealing since the
endogenous mouse counterpart reacts differently from the
human gene in the acute phase response. Thereby it was
also established that the signals for liver gene expression
cannot all be reproduced in cultured cells. The pattern of
expression in transgenic mice appears more physiological
and resembles the expression pattern of the endogenous
mouse gene and also reflects what is known about the
regulation of the human gene in vivo. The transgenic
mouse might, therefore, offer a good model system for
studying the molecular biology of both liver development
and regeneration. In fact, the transgenic mouse might be
used for studying several facets of human developmental
biology.

Reconstitution of the spliceosome
During recent years it has been demonstrated that fabrication of a messenger RNA from its precursor follows a
complicated pathway involving multiple components in the
nucleus of mammalian cells. The multicomponent splicing
complex referred to as a spliceosome or perhaps better
the splicing complex is extremely efficient and precise and
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is made up of modular parts involving several ribonucleoprotein particles, as well as other proteins covering and
protecting the precursor RNA from nuclease digestion.
It is assembled in an ordered manner to perlorm the
splicing operation and obviously dissociates after each of
the numerous splicing events has been performed. It may
turn out that the RNA constituents of the ribonucleoprotein
particle catalyze the cleavage and the ligation reactions
without protein enzymes and the role of these complexes
might merely be to bring the junctions together to form
a reaction centre. At least five nuclear ribonucleoprotein
particles are involved in the splicing reaction and as many
as 20 different proteins appear to be associated with
the precursor RNA. It is thus clear that the spliceosome
constitutes a cellular machine comparable in complexity
to the translation machinery required for protein synthesis.
Recent results seem furthermore to suggest that several
of the proteins that are involved are coded in multiple
genes suggesting that not all splicing events require the
same proteins. Work at the EMBL has gone a long way to
characterize some of the components in the spliceosome.
Several of the signals responsible for transcription of the
small nuclear RNAs in the ribonucleoprotein particles have
been dissected. The assembly of the ribonucleoprotein
particles has also been investigated and some of the
genes coding for the proteins in these particles have been
characterized. Angus Lamond joined the EMBL as a group
leader last year and he will strengthen our attempts to
dissect several of the components participating in the
splicing reaction. By a combination of biochemical, genetic
and structural studies on these multicomponent complexes
we hope to get a better understanding of RNA splicing.
If the spliceosomes can be prepared in a purified form,
cryo-electron microscopy might also be used to complement the biochemical studies. To understand the details
of this complex machinery more knowledge about nuclear
structure and function is also required, perhaps leading
to a collaboration between the Cell Biology and the Gene
Structure and Regulation Programmes.

The Outstations
The research activities of the two Outstations are progressing. The Grenoble Outstation is developing a focus
on amino-acyl tRNA synthetases combining biochemistry,
8

molecular biology, neutron scattering and x-ray crystallography.
In Hamburg progress has been made on the data acquisition and the detectors. The work on muscle fibres
using small-angle scattering and on proteases with crystallography is noteworthy. The Hamburg Outstation has
suffered from lack of beam-time during 1987 and dedicated time will only become available in May 1988. A
newly selected Priorities Committee involving several of
the users has recently met to allocate the beam-time; this
has improved the interaction among the users. There is
sufficient beam-time for most of the scientifically sound
proposals. The remodelled X11 beam-line is obviously a
success for crystallography and plans for improving the
other beam-lines in Hamburg are now being discussed. A
proposal for a new wiggler beam-line alongside the EMBL
bunker around 1991 is currently being considered.
At the same time it now appears certain that the European
Synchrotron Radiation Facility (ESRF) in Grenoble will be
launched even though the United Kingdom is still negotiating its contribution. We have been asked by the ESRF
whether EMBL, concurrent with its research activities, can
provide a biological support laboratory and, depending on
the outcome of the review of the Grenoble Outstation next
year, we will try to make a decision on this proposal. Meanwhile a working group with representatives from the two
Outstations of the EMBL and the ESRF will start to discuss
various ways of making the EMBL a collaborative partner
in the new synchrotron source. Once the suggestions of
this working group are available there will be time to take
a decision on the involvement of the EMBL in the ESRF in
Grenoble keeping in mind that the first beam available at
ESRF is planned for 1994.

A new director-general
Following the Japanese proverb that a clever person retires while he still has light in front of him I have decided
that the EMBL has now gone from a build-up phase to a
state of consolidation and a successor should be found
when my present contract expires in 1990. The EMBL
Council has appointed a Search Committee and at the
end of next year they hope to have found the right can-

didate. It is an enormous challenge and also a satisfying
one to lead the EMBL during a period when molecular
biology has received recognition from the biotechnology
industry, from the politicians and from society in general.
It is also an interesting experience to interact with the
delegations of the Member States but foremost with the
scientists in the Laboratory. The latter have really shown
loyalty, devotion and energy in improving the image of
the EMBL and the former are slightly afraid of the hectic
pace and fast development in this field. I have only one
piece of advice for the administrative representatives of
the Member States, which I have borrowed from Francis
Bacon: lilt is with money as with manure, nobody enjoys
them until they are spread out". Interacting with some of
the national representatives at the Council meetings and
hearing their comments I can now better understand why
the rector of my home university, when I was involved in
establishing molecular biology there, referred to me as his
expensive friend; he was, of course, taking advantage of
the fact that in many languages the word for expensive
and dear is the same.
L. Philipson
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Research training at EMBL and
collaboration with EMBO

The Agreement establishing the EMBL states as one of
the Laboratory's purposes the promotion of co-operation
among European states in advanced teaching of molecular
biology. In practice the Laboratory attempts to fulfill this
role in three ways, by providing a small number of graduate
students with predoctoral fellowships to allow them to work
for a Ph.D. degree at the EMBL, by accepting a much
larger number of postdoctoral fellows, and by organizing
several advanced practical courses and workshops each
year.
The predoctoral programme, which is financed entirely
from EMBL's budget, recruits about 8 to 10 students annually in an open competition. The programme attracts
about 100 applicants each year, from these 25 to 30
are short-listed and invited for interviews at EMBL each
April. In 1987, largely on the initiative of David Meyer
who was the dean of graduate students, the mechanism
for making the final selection was modified so as to give
each Programme the primary responsibility for choosing
its predoctoral fellows. The selected candidates were then
interviewed by a committee with representatives from all
the Programmes, who were not seeking to recruit a graduate student themselves, to ensure a uniformly high quality
of selection. This procedure was generally felt to be an
improvement, because it allowed all the group leaders in
each Programme to talk to that Programme's candidates,
and will be used again in 1988 when Wieland Huttner,
David Meyer's successor as dean of graduate studies,
organizes the selection procedure. Twelve predoctoral fellowships were awarded in 1987, but one subsequently
resigned and returned to the United Kingdom. The eleven
predoctoral fellows now in the class of 1987 come from
the Federal Republic of Germany (4), Austria (2), U.K. (2),
Belgium (1), Italy (1) and Spain (1).
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During 1987 nine predoctoral fellows, including the eight
recruited in the first year of the programme, 1983, graduated with their Ph.D. degrees. They obtained them from
the Universities of Cologne, Heidelberg, Marseille and
the Council for National Academic Awards (CNAA) in the
United Kingdom. That these doctorates were obtained
from so many institutions reflects, of course, the fact that,
unfortunately, EMBL has no authority to award degrees. As
a result the registration of each EMBL predoctoral fellow
presents a special case, and individual arrangements have
to be made for each of them depending on their nationality and hence previous academic qualifications. One of
the major obstacles to international mobility at the level
of graduate students is this lack of universally accepted
standards of first degree education among the countries
of Europe. Fortunately, unlike first degrees, doctoral degrees are universally recognized. All of the predoctoral
fellows who graduated from EMBL in 1987, for example,
obtained postdoctoral fellowships to work in European or
American laboratories with one exception, who chose to
join a biotechnology company in the Federal Republic of
Germany. Following the graduation of the 1983 graduate
students the predoctoral programme has come close to
its steady state with 8-10 joining each year, a similar
number leaving and the total population of "predocs" in
the Laboratory being about 30 at anyone time.
Whereas EMBL funds completely the predoctoral programme, the great majority of visiting postdoctoral fellows receive support from external agencies including, of
course, the EMBO. In fact of the 212 EMBO short-term fellowships awarded in 1987 some 22 were for collaborative
visits at the EMBL; for comparison the numbers of EMBO
short-term fellowships awarded in 1987 for visits to national
laboratories in the U.K., France, the Federal Republic of
Germany and Switzerland were respectively 48, 37, 33 and
13. It is also instructive to consider the geographic distribution of EMBO long-term fellowships awarded between
1978-1987 inclusive (see Table 1). Over that period, as
Table 1 shows, 115 person years of fellowship support
went to EMBO postdoctoral fellows working at EMBL. This
compares very favourably with the figures for the national
laboratories in the Member States over the same period,
particularly when it is borne in mind that the EMBO Fellowship Committee does not give any special preference
or consideration to candidates for EMBL. Clearly the EMBL

Table 1
EMBO long-term fellowships 1978-1987
to work in the following countries:
Austria
Belgium
Denmark
Finland
France
F.R.Germany
Greece
Iceland
Ireland
Israel
Italy
Netherlands
Norway
Spain
Sweden
Switzerland
U.K.
Other
EMBL

9
24
30
12
209
137
1
0
3
41
22
25
2
5
53
179
350
357
115

Table 2
Courses and Workshops 1978-1987
Country
Austria
Belgium
Denmark
Finland
France
F.R.Germany
Greece
Ireland
Israel
Italy
Netherlands
Norway
Spain
Sweden
Switzerland
U.K.
EMBL

Courses
1
5
7
2
17
26
14
1
6
22
6
3
1
12
19
22
39

Workshops
7
1
3
35
17
8
11
26
10
5
3
19
26
6

Total
8
6
10
2
52
43
22
1
17
48
16
3
6
15
38
48
45

attracts a large number of· first rate postdoctoral fellows
and in this way not only contributes to advanced training
but also has generated a large number of collaborative
projects with national laboratories. The value of these
statistics of the distribution of EMBO fellowships lies in
the fact that they allow a direct comparison between the
success of EMBL and national laboratories in a competitive
programme which attempts to award fellowships for basic
research using the criterion of scientific merit alone.

to the scientists from national laboratories who participate
as students. Once the new extension is completed, the
facilities for these activities will be greatly augmented and
it should be possible to increase still further this role of the
Laboratory. However, it would be unrealistic to expect the
in-house staff to provide many more courses than they
do at present. As a result the Laboratory will have to
encourage more scientists working in national laboratories
to organize courses at the EMBL if the new facilities are
to be fully utilized and this programme expanded.

Whereas many of the postdoctoral fellows at EMBL hold
fellowships from agencies other than the EMBO, virtually
all the advanced practical courses at the Laboratory are
funded by EMBO as are the much smaller number of
workshops at EMBL. As Table 2 shows between 1978
and 1987 the EMBL acted as host to 45 EMBO courses
and workshops. This total compares very well indeed with
those for national laboratories and especially so when
only practical courses are considered. Clearly EMBL has
taken seriously its responsibility to use these courses to
disseminate technical know-how on a wide range of topics

The EMBO Symposium is another activity whose success
depends on a close collaboration between the EMBO and
the EMBL. In 1987 it was devoted to Molecular Biological Aspects of Neurobiology, not one of the fields in
which EMBL conducts a significant amount of research.
Nevertheless having some 40 distinguished speakers at
Heidelberg provides an opportunity for the Laboratory's
staff to hear what those in other areas of molecular biology are doing and what the latest advances have been.
While, on the other hand, bringing some 220 people to
the EMBL allows them to see the Laboratory and meet
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its staff. At the organizational level the help provided by
the personnel section of EMBL in securing accommodation
and overcoming other logistic problems is invaluable to
the EMBO. As these examples show EMBO and EMBL
enjoy a fruitful working relationship which benefits both
organizations and is seldom the source of friction between
them. And although EMBL cannot boast like Cold Spring
Harbor that 3700 scientists were visitors in 1987 the total
for Heidelberg is now around 1000 each year.

J. Tooze
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Cell Biology

One of the striking features of cellular architecture is how
the interiors and exteriors of cells are organized. Every
cell-type has its characteristic appearance at the ultrastructural level. The images electron micrographs provide
of cells are snapshots, frozen in time by fixation. In living cells intensive continuous and saltatory movements
dominate the view. A glimpse of the dynamic state inside
cells can be seen in the light microscope. Novel developments make it possible to observe what goes on inside
living cells. One can follow how membrane carriers move
along microtubules from one organelle to another (Plate
1). The cytoplasm is crowded with filaments of different
types which not only orient movement but also undergo
continuous rearrangements. As a cell enters mitosis, all
the microtubules suddenly depolymerize and repolymerize
in a different part of the cell to form the mitotic spindle
to direct chromosome movement. At the same time, the
nuclear envelope disappears, the Golgi complex fragments
and membrane traffic ceases. How all these changes in the
spatial organization of the cell are regulated is presently
an enigma. During development, when progenitor cells
differentiate into new cell types, not only are the daughter
cells receiving a complement of chromosomes and of the
organelles from the parent cell but the genetic program
is changed. This change in gene expression leads to a
coordinated change in cell function and structure. New
proteins are synthesized in the cytoplasm and they are
distributed to their sites of function inside and outside the
cell. Reorganization of cellular architecture takes place,
guided by rules which are as yet totally unknown. The
elucidation of these principles is a major challenge to
contemporary biology.

New tools
One of the most important tools to study intracellular
transport of proteins has been the use of viral membrane
proteins as probes. This approach was pioneered at EMBL

and was instrumental in defining the function of several
cellular compartments such as endosomes, the trans-Golgi
network, and a new organelle between the endoplasmic
reticulum and the Golgi complex, recently named the salvage compartment.
Another useful strategy mainly developed at the Rockefeller University, Stanford University and at EMBL has
been the construction of cell-free assays for studying
defined steps in cellular membrane traffic. The assays,
developed here, include membrane assembly in the endoplasmic reticulum, endocytosis and exit traffic from the
trans-Golgi network. The most recent innovation has been
the design of an experimental system which is an intermediate between the intact cell and a cell homogenate,
a perforated cell. The plasma membrane of cells is punctured mechanically so that access to the inside of the cell
is achieved while subcellular organization is maintained.
The holes are made so large that they do not seal again
as is the case in several previous methods to permeabilize
cells.
Recombinant DNA technology has completely altered biology. From the start of the Cell Biology Programme,
methodological developments in this area have been essential to our efforts. Recent developments have continued
to improve the versatility of plasmid expression "ectors
for use in cell biology. One new use of these vectors is
to obtain organelle-specific antibodies by immunizing with
expressed cDNAs coding for membrane proteins.
A collaborative effort is underway to improve immunoisolation of cellular organelles by the use of magnetic beads,
together with biochemical instrumentation, J. Ugelstad
(University of Trondheim, Norway) & M. Uhlen (University
of Uppsala, Sweden). Significant advances have already
been made and have facilitated the design of a new
generation of powerful cell-free assays to study membrane
traffic.
Our interactions with Biochemical and Physical Instrumentation have initiated the development of several instruments for use in cell biological research. The most
recent addition is the confocal scanning microscope.
This microscope makes it possible to resolve fluorescent
structures within thick specimens with unequalled clarity.
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PLATE 1
Movement of organelles in cellular processes of AtT-20 cells.
Acidic organelles were labelled with the fluorescent vital stain
acridine orange. The movement of these stained organelles was
then recorded by video-enhanced fluorescence microscopy. (a-c)
represent consecutive video-frames photographed from a continuous recording. One of the fluorescent organelles is indicated
by the arrow. The cell body is downwards (not shown) and the
process has a branch point. Bar= 10pm.

14

The power of these microscopes will make them standard
equipment in cell biological research units in the future.

Biosynthetic protein and
lipid transport and sorting
The distribution of newly synthesized membrane proteins
to most of the cellular organelles starts in the endoplasmic
reticulum. The translocation of proteins from their site
of synthesis in the cytosol across the membrane of the
endoplasmic reticulum has been a major focus of the
Programme during the years. As a result of these efforts
and of studies, mostly carried out in the USA, this process
is now the best understood cellular machinery involved
in targeting and sorting. Two groups (Henrik Garott &
David Meyer), working in this area, left the Programme
in 1987. However, one group (Bernard Dobberstein) is still
with us and is continuing its pioneering work. From their
work, it has become clear that the translocation process is
more dynamic than previously thought. Movements of the
polypeptide chain across the membrane can be reversed
under exceptional conditions. The topology of membrane
protein assembly is governed by a precise combination of
signals found within the amino-acid sequence of the amino
terminal part of the proteins to be translocated.
More evidence is being accumulated that proteins leaving the endoplasmic reticulum pass through a previously
unidentified compartment before entering the Golgi complex. This organelle, named the salvage compartment by
the initiator of this work Graham Warren (now at the University of Dundee, United Kingdom), has been defined by
the use of a virus probe. Coronavirus acquires its envelope
here by a budding process and one of its membrane
glycoproteins is glycosylated by the covalent addition of
a N-acetylgalactosamine residue.
The nuclear envelope is an extension of the endoplasmic
reticulum. A new group (Eduard Hurt) joined the Programme late in 1986 to set up an experimental system
using yeast cells to study this important organelle. Little
is known of nuclear envelope assembly and function. This
group has now defined several proteins for use as probes
and their assembly is being studied.

Proteins entering the Golgi complex pass through a series of subcompartments terminating in the trans-Golgi
network. Here many secretory proteins become sulphated
on tyrosine residues. This process has been studied in
detail. Inhibition of tyrosine-sulphation leads to a slow
down of the export rate. Proteins leave the trans-Goigi
network in several directions. Secretory proteins use either
the constitutive or the regulated route for export from the
cell. Lysosomal enzymes are packaged in clathrin-coated
vesicles. Cell surface proteins also exit from here to the
plasma membrane. All of these sorting events are under intensive study in the Cell Biology Programme. Two
exciting developments have taken place during the year.
The Golgi complex, immuno-isolated from rat liver, was
found to generate two types of transport vesicles in vitro in
the presence of ATP, one containing lysosomal enzymes
and another containing cell surface proteins. Perforated
Madin-Darby canine kidney (MOCK) cells were found to
extrude transport vesicles through the holes in the cell
surface into the surrounding medium. It should now be
possible to isolate and characterize these elusive carriers
which have so far evaded analysis. The transport vesicles
are one of the key elements in membrane sorting.
Another central issue being explored is how protein and
lipid transport and sorting are linked to each other. For
the first time an experimental system has been designed
where these processes can be studied simultaneously.

Endocytosis
A major effort is directed towards understanding the process called endocytosis by which the plasma membrane
is continuously being internalized in coated membrane
vesicles. These vesicles deliver ligands such as hormones,
growth factors, and nutrients to the cell interior. The first
defined compartment is an early endosome. From here
vesicles are formed which recycle membrane back to the
cell surface. A membrane fraction is also delivered deeper
into the cell to a late endosome which also receives traffic
from the trans-Golgi network. The end station in the endocytotic pathway is the lysosome (Plate 2). This complicated
process plays an important role in regulating the activity of
the cell surface, for instance in signal transduction and in
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PLATE 2

Schematic drawing of the compartments involved in endocytosis.
(1) clathrin coated pit on the cell surface; (2) early endosomes;
(3) late endosome; (4) trans-Golgi network; (5) lysosome. The
early endosome is identified after marking this compartment with

endocytosed ligands at 20° C which blocks the transport from
(2) to (3). The late endosome is the structure which has a high
concentration of the receptor which binds lysosomal enzymes,
whereas the lysosome is devoid of this receptor.

Early

Endosome
Late
Endosome

Trans Goigi
Network
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immune recognition. The early and late endosomes can be
immuno-isolated; and their functions are now being studied
in cell-free assays. Microtubules have been found to be
involved in transport from the early endosome to the cell
center. These tracks facilitate the movement of membrane
carriers from the periphery to the inside of the cell. Several
ways have been found to interrupt transport in the endocytotic pathway, and these treatments are being used to
dissect the pathway. For instance, proteolytic degradation
which is the fate of proteins transported to the end station,
the lysosome, starts already in the late endosome. This
could be an important function to modulate proteins during
membrane recycling. The most obvious function is in antigen presentation which is known to involve recycling and
proteolytic processing.

Role of microtubules in the spatial
organ ization of the cell
The microtubules play a decisive role in guiding intracellular movements. The movement of endosomes, Iysosomes, Golgi elements and secretory granules has been
visualized by video-enhanced fluorescence microscopy.
In motile fibroblasts the microtubules are organized by

the centrosomes located in the center of the cell. This
microtubule-organizing center is positioned in such a way
that the endocytotic and the biosynthetic membrane traffic
routes are brought in close proximity in the cell center.
This has been shown to facilitate cross-traffic between
the pathways. The centrosomes are fascinating but little
understood structures. They have now been isolated in
highly purified form and their molecular composition and
structure are being analyzed in detail. Factors involved in
regulating the spatial organization of microtubules and facilitating movement along the microtubules are also being
identified in both motile fibroblasts and in epithelial sheets,
formed by MOCK cells grown on permeable supports.
Filter-grown MOCK cells have been shown to mimic the
tight epithelial organization displayed by simple epithelia
in vivo. In the MOCK cell layers, where each cell is fixed
in space by cell-cell interactions, microtubular organization
is much more stable than in fibroblasts and the tubulin
subunits undergo covalent modifications regulating their
behaviour., Several groups in the Programme are involved
in defining the principles regulating cell architecture and
intracellular movement in both fibroblasts and epithelia.
K. Simons
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Differentiation

Since its beginning 4 years ago research in the Differentiation Programme has focused on questions related to
oncogenes and growth control in mammalian cells. How
do these areas relate to the question of cell differentiation?
What is the principle that leads to cellular diversity?
We are presently in a phase where some of the key
features of the differentiation process are beginning to
emerge. There seems to exist an intrinsic programme that,
starting with the fertilized egg, unfolds like the tunes in
Ravels IIBolero". It is also clear that the programme is
modulated and even dependent on external cues sensed
by a complex apparatus that was refined during the evolution of multicellular organisms. But many basic questions
remain to be resolved. For example, is there a "universal"
molecular mechanism of differentiation common to different species and to different cell types of the same organism? 'Are there "master genes" whose activity is crucial in
deciding whether a stem cell will become, say, a white or
a red blood cell? Evidence accumulating over the past few
years suggests that whenever such "master genes" have
been identified they fall into one of two broad categories
of genes: genes whose products act in the cell's nucleus
and may directly regulate gene expression ("trans-acting
proteins or transcriptional regulators") or genes whose
products are located at the cell surface or in the cell's cytoplasm and are involved in the reception and transmission
of external signals. Many of these differentiation genes
have been defined by the powerful genetics offered by the
fruit-fly Drosophila. Several of the genes that determine the
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body plan of the fly (for example Kruppel or antenappedia)
can be grouped into the class of nuclear genes, while other
genes, found to be crucial for the development of certain
tissues or cell types (such as wingless, and sevenless),
resemble growth factor- or growth factor receptor-type
genes and thus are members of the second class. Recently
it was discovered that two growth factor-encoding genes
are instrumental in inducing mesoderm development in
early frog embryos.
Much of the knowledge about the functions of the fly
and frog genes stems from sequence similarities between
genes involved in growth control on the one hand and
oncogenes on the other, as defined in studies with higher
vertebrates. The reason for this is that it is difficult to
establish tissue culture cell systems from invertebrates
or amphibians in which growth control can be studied.
In contrast, in mammalian systems a large variety of cell
types can be cultivated. Essentially all of these cells can
grow and differentiate only if their receptors are triggered
by external protein growth factors. Using this approach,
it has been possible to define a few dozen genes that
are involved in growth control in different cell types. Many
of these genes encode proteins that act at the cell surface, such as growth factors or their receptors, or in the
cytoplasm as signal transducers. Others encode proteins
that act as transcriptional regulators and that can either be
activated in the nucleus following the triggering of a cell's
growth factor receptor by an external signal or by binding to
a hormone. As would be expected for genes that are linked
to differentiation, many of the growth control genes are cell
type-specific. Thus there are tissue-specific growth factors,
tissue-specific growth factor receptors and tissue-specific
transcriptional activators.
Cancer genes offer a tantalizing link between differentiation and growth control genes since of the 40-50
known oncogene proteins several categories can be distinguished which correspond to deregulated or altered
forms of growth factors, growth factor receptors, signal
transducing molecules or nuclear proteins (see Annual
Reports 1984-1986). Thus, it appears that many if not all
genes involved in differentiation, growth control and cancer
can be considered as members of one large family which
might be designated as "proto-oncogenes". The elucidation
of the function of the genes of this superfamily in their

normal forms (as proto-oncogenes) or abnormal forms
(as oncogenes) constitutes a common denominator for
the main interests of the research within the Differentiation Programme. These studies are carried out by nine
independent research groups that work with a variety of
different mammalian, avian and yeast systems.
The following presents a brief outline of some of the
projects that have been carried out by the groups of the
Differentiation Programme during the past year.

Genes induced following stimulation of
quiescent fibroblasts by serum growth factors
Work in several laboratories, including the EMBL, has
shown that following serum stimulation of quiescent fibroblasts several genes are activated. These genes include
fos and myc, which are known to be oncogenic when
transmitted in altered forms by retroviruses. In an effort
to determine the spectrum of genes that are regulated
Rodrigo Bravo's group has screened for cDNA clones that
are differentially activated in serum-stimulated fibroblasts.
In this way more than 80 different genes were' identified
(including those already known) which potentially playa
role in initiating the cell cycle. In order to elucidate their
function, several of these genes are currently being sequenced and antibodies produced to localize their products
in different cellular compartments.
While these experiments were in progress, Patrick Charnay's group screened a mouse genomic library for genes
with sequences homologous to the KrDppel gene, which
is known to encode a protein with zinc finger domains
and which probably acts as a transcriptional factor. Interestingly, of about 20 genes that were identified in this
fashion, one, termed Krox-20, was found to be represented
in R. Bravo's collection of serum-stimulated genes. More
recently, another gene of this family of putative transcriptional regulators was identified, Krox-24 , whose expression is also induced by serum stimulation.These results
raise the possibility that both Krox-20 and Krox-24 play
an important role in triggering cell division following serum
stimulation. It will now be interesting to determine whether
they share regulatory sequences between them as well as
with other serum-induced genes.

Function of oncogenes and proto-oncogenes
in growth control and in mouse development
Erwin Wagner's group has continued to probe into the
function of oncogenes and proto-oncogenes during mouse
development using transgenic mice obtained after DNA
injection into early embryos. They also studied genetically
altered embryonic stem cells (ES) obtained after retroviral
infection or DNA transfection. These cells can be introduced into early embryos to study the consequences of
altered gene expression in the resulting chimeras. Such
experiments demonstrated that the expression of the middle T oncogene of polyoma virus results in embryonic
lethalities at midgestation. The embryonic lethality seems
to be caused by the induction of endothelial cell proliferation leading to the disruption of blood vessel formation and
the formation of haemangiomas. The finding that this effect
occurs with a short latency and high efficiency suggests
that the polyoma middle T gene specifically transforms
endothelial cells in a single step event.
In another series of experiments Erwin Wagner's group
has produced transgenic mice with the c-fos gene under
the control of the major histocompatibility complex (MHC)
H2-promoter. Surprisingly, unlike the effects on bone formation seen earlier with a c-fos under the control of the
methallothionein promoter, the H2-c-fos construct led to
an altered thymus containing increased numbers of thymic
epithelial cells, thereby influencing T cell development.
Finally, in a collaborative project with Cortese's group
in the Gene Structure and Regulation Programme, the
transgenic mouse model was used to study various human
liver-specific genes such as the liver CY1 -antitryspin gene.
In similar studies they also found that the C-reactive protein
(CRP) is expressed in a highly tissue-specific and strictly
inducible manner, a property that could make its promoter
a very useful tool for further studies in transgenic mice
requiring tightly regulated gene expression.
Rolf MOiler's group has continued its studies on the function of the fos oncogene. Even though it is now fairly clear
that the c-fos protein can trans-activate certain genes by
interacting with their regulatory domain it is still uncertain
whether this is by a direct or indirect interaction with DNA.
An interesting new lead to the problem comes from their
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discovery (in collaboration with Peter Herrlich, Karlsruhe)
that the activation of the FSE-2 (fat cell specific element)
promoter by c-fos involves the binding site of AP-1, another trans-acting protein that has recently been shown to
be related to the oncogene jun.

Protein kinases and their role in
signal transduction
Two groups have been actively studying molecules that
are likely to play an important role in signal transduction
and which are members of pathways that are regulated by
protein phosphorylation. The group of Sara Courtneidge
obtained promising results suggesting a new substrate for
pp60 c-src , the protein tyrosine kinase that is the cellular
homologue of the v-src oncogene protein. They found
that in polyoma virus-transformed fibroblasts pp60 c- src not
only forms a complex with the polyoma middle T protein
(and thus becomes activated) but also with a third protein
(M r 81.000). This protein, designated p81, copurifies with
a phosphoinositol (PI) kinase whose activity is probably
regulated by phosphorylation by the activated pp60 c- src
tyrosine kinase. If p81 is indeed a PI kinase this would
immediately suggest a role in growth control and cell
transformation since it is known that after phosphorylation and cleavage PI generates the second messengers
inositol triphosphate and diacylglycerol (the activator of
C-kinase). A transient increase in the turnover of PI and
the subsequent activation of C-kinase is precisely what
is observed in serum-stimulated cells as well as in many
types of transformed cells.
The group of Ottavio Fasano continued its studies on
the function of the RAS proto-oncogene in baker's yeast.
This gene is necessary for the growth of yeast cells by
respiration, an effect which is mediated by the stimulation
of adenylate cyclase and the subsequent elevation of
cAMP levels. cAMP in turn activates three protein kinases
that apparently have interchangeable functions in that the
constitutive activation of any of the three enzymes can
complement a defective RAS2 gene. Fasano's group has
now discovered a new protein kinase-related gene that
can also suppress the deleterious effects of a defective
RAS2 gene but does so only when the cells are grown on
a non-fermentable carbon source. It will now be interesting
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to determine whether control of respiration in yeast is
mediated by the RAS2 protein through a subset of protein
kinases which differ from those involved in growth control.

Studies on the molecular basis of
haematopoietic cell transformation
by retroviral oncogenes
Avian acute leukemia viruses are a small group of oncogene-transducing retroviruses that cause various types
of leukemias within a short latency period, and which
are capable of transforming haematopoietic cells in vitro.
The groups of Hartmut Beug, Thomas Graf and Bjorn
Vennstr6m have been studying this system in order to
understand the molecular mechanisms by which leukemia
virus oncogenes arrest the growth control and differentiation of their haematopoietic target cells. One of the
main models studied is the avian erythroblastosis virus
(AEV) which carries the epidermal growth factor (EGF)
receptor-related v-erbB oncogene as its primary transforming gene and the thyroid hormone receptor-related v-erbA
oncogene as an auxiliary" oncogene. Earlier studies had
demonstrated that v-erbA induces a complete arrest of
terminal differentiation in erythroblasts transformed by either v-erbB or another related oncogene, v-sea. Hartmut
Beug's group have now found that v-erbA selectively inhibits the expression at the transcriptional level of the band
3 anion transporter protein and to a lesser extent of the
haemin biosynthetic enzyme 8-aminolevulinic acid, providing a possible molecular explanation for the observed
differentiation arrest induced by v-erbA.
lI

In a related project, the groups of Vennstrom and Beug
studied the effect of a human EGF receptor-encoding
retrovirus construct on avian haematopoietic cells. They
found that in the presence of EGF, but not in the presence of erythropoietin, avian erythroid cells are induced
to self-renew, Le. they appear to be transformed in a
fashion similar to when expressing v-erbB, the oncogenic
version of the receptor. These studies indicate that for
erythroid cell transformation a truncation of the receptor is
not necessary. They also suggest that the signals emitted
by the EGF receptor and the erythropoietin receptor, the
as yet unidentified receptor that is triggered when normal
erythroid cells are exposed to their cognate growth factor,
the ligand-activated receptors, differ.

From their work on the v-myb, v-ets carrying E26 virus
Thomas Graf's group has now been able to show that
the virus cannot only transform committed erythroid and
myeloid target cells but that it can also hit a putative multipotent target cell. In addition, a new type of E26 mutant
was isolated which exhibits a point mutation in v-ets, is
temperature-sensitive for erythroid cell transformation and
has the unexpected property of inducing the formation of
granules in myelomonocytic cells that are typical of neutrophil granulocytes. These observations suggest that, if
parallels are drawn between virus-transformed and normal
cells, cells of the myelomonocytic lineage and neutrophil
granulocytes are very closely related and that a single
gene product can convert one lineage into the other.
T. Graf
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Biological Structures

and the DNA is bent globally by more than 20° leading
to a 3 A widening of the minor groove. The observed
interactions support the idea that the groove width is the
most important helix parameter in determining the rate of
cutting of phosphodiester bonds. The bent DNA in the
complex indicates that the stiffness of the sequence may
also affect its susceptibility to the enzyme. Crystals of complexes with other sequences in which cleavage continues
within the crystal and studies of a series of active-site
mutants produced by the cassette method from the in
vitro synthesized gene should yield further insights into
the mechanism of recognition and activity for this enzyme.

Structural Biology is sometimes wrongly perceived by
those outside the field as a monolithic discipline in which
an emphasis on physical techniques supplants biological
relevance. A glance at the work going on in the Biological
Structures Programme at EMBL during the last year shows
clearly that such a view is mistaken. Success in structure
determination does indeed require a mastery of biophysical
techniques and has been greatly advanced by the availability of new instruments. Structural biologists, however,
do not restrict themselves to the classical biophysical
approaches in probing the structural basis of biological
regulation. The use of recombinant DNA, cell biological
and immunological techniques is an integral part of the
research of the Programme. For example, recombinant
DNA techniques are' being used not only to generate
mutants to test the functional implications of models based
on structural data and to generate large amounts of protein
but also to tailor proteins in ways which make the solution
of the structure itself easier.

The structure of Rop, a protein which controls plasmid
replication in E.coli, continues to serve as the centre of
very profitable collaboration between the Tsernoglou and
Cesareni groups. The simple helix-turn-helix structure of
the protein makes it an attractive subject for a combined
mutagenesis and structural approach to the function of
this protein and to the problem of protein folding. A rapid
screening method has made possible the characterization
of dozens of active and inactive mutants of the protein. The
more interesting mutants have then been crystallized for
x-ray diffraction studies. The structure of the RM3 mutant,
for example, shows how the basic structure rearranges
itself to accommodate the insertion of alanines on either
side of Asp 30. One of the surprising lessons from the
studies of Rop mutants is the wide range of sequence
changes which are consistent with maintenance of the
structure and function of the protein. In collaboration with
the Biocomputing Programme attempts have been made
to design a copper-binding protein on the characterized
structure of Rap.

Studies of complexes of proteins with nucleic acids have
caused a re-evaluation of the roles of the stability of
nucleic acid structure and protein conformational flexibility
in sequence recognition. The work of Dietrich Suck's group
on the complex of DNase I with a self-complementary
octanucleotide (GCGATCGC)2 has resulted in a map now
refined to 2.0 A resolution and revealed a detailed picture
of the nucleic acid-protein interactions. The enzyme shows
no significant conformational change in the complex. The
structure of the DNA is significantly distorted by its interaction with the enzyme. Although the averaged helix
parameters are those for B-type DNA, the local conformation is distorted by interactions with protein side chains
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The Cesareni group is also using mutagenesis to probe
the structural basis of the assembly of more complex
structures using the known structure of ferritin. A rapid
screening method has been devised which allows the identification of mutants in the assembly of the 24 monomers
to form the octahedral complex. Crystals of the mutant proteins will then provide information for correlating structure
with assembly and function.
The structure and function of channel-forming proteins
have provided a number of exciting results during the
past year. Colicin A is a plasmid-encoded protein which

binds to a receptor on the outer membrane of sensitive
bacteria, is translocated and then causes depolarization
of the inner cell membrane by forming voltage-dependent
channels. The Pattus and Tsernoglou groups have been
using this system for the study of the structural basis of
membrane excitability as well as protein transport and
translocation. Cleavage of colicin A with thermolysin generates a carboxyterminal fragment (M r =20,OOO) carrying
the pore-forming region of the molecule. Studies of this
fragment show that the transition between the soluble
monomeric form of the peptide and the oligomeric state
formed upon contact with negatively-charged lipids is not
accompanied by a dramatic change in secondary structure.
Hence, the structure of the soluble form should provide
information about the conformation of the protein in the
bilayer. Crystals of this carboxyterminal fragment gave reasonable diffraction; however several attempts to generate
useful heavy atom derivatives failed. This crystallographic
problem was overcome by in vitro mutagenesis, in collaboration with C. Lazdunski (Marseille), by which a cysteine
was introduced to provide a suitable reactive site for the
formation of an isomorphous heavy atom derivative. This
derivative provided the key to the calculation of a 6 A
resolution map showing the outline of the molecule and a
number of putative a-helices. This map is being extended
to higher resolution.
Until recently, the solution of macromolecular structures by
x-ray diffraction usually involved the collection of intensities
on film which were then measured by densitometry. Area
detectors are replacing the film in this process, providing greater accuracy and an enormous increase in the
speed of x-ray data collection. EMBL has just installed
two of these detectors. More rapid progress for our own
crystallographic projects is the first result. In the future
crystallographers at other European institutions will have
an opportunity to test these instruments by visiting the
Laboratory.
The Pattus group is using the functional characterization
of several classes of mutants after incorporation into planar lipid bilayers to characterize the pore-forming protein,
maltoporin. These studies have identified sets of residues
which affect trimer formation, selective sugar transport and
access to the mouth of the pore. Two-dimensional crystals
of maltoporin have been studied by electron microscopy

in negative stain and in vitrified water by the Leonard and
Lepault groups. Comparison of the two structures as well
as labelling studies have made it possible to locate the
channel in the trimer structure and identify the inner and
outer faces of the structure.
The Leonard and Pattus groups are using the lipid monolayers as templates for the formation of two-dimensional
protein crystals. Both genetically engineered lipid-binding
proteins and naturally occurring ones such as colicin A
and cholera toxin have been used. The initial results
show that this system may have great promise in allowing better control over the formation of two-dimensional
crystals. Studies of two-dimensional crystals of mitochondrial cytochrome c reductase and NADH ubiquinone reductase have been continued by both conventional and
cryo-electron microscopy in an attempt to obtain higher
resolution. The Leonard group is also using sub-complexes
of these enzymes either produced by in vitro dissociation
or by treatment of mitochondria with chloramphenicol to
inhibit the synthesis of mitochondrially-coded subunits. The
comparison of these structures with those of the whole
enzyme should allow the assignment of subunit positions.
The structures and assemblies of a number of enveloped
animal viruses are being used by the Fuller group as
models for the assembly of membrane structures. Cryoelectron microscopy and image reconstruction of Sindbis
virus produced a 35 A resolution structure which showed
that the T=4 icosahedral arrangement of the envelope proteins was organized by interactions with a complementary
T=3 icosahedral capsid. Sequence homology and protein
modification data indicated that the capsid protein has
an eight stranded fJ-barrel fold similar to that seen in a
number of non-enveloped viruses. A collaboration with Pat
Argos of the Biocomputing Programme on hepatitis B virus
indicates that the core protein of this enveloped DNA virus
may share this same fJ-barrel structure. This homology
allowed the prediction of a number of exposed regions on
the core protein and suggests a much broader use of this
structural motif in virus architecture than had previously
been suspected. Cryo-electron microscopy of hepatitis B
surface antigen particles revealed a highly symmetric disclike morphology. This structure had not been observed
previously due to its destruction by treatment with negative
stain or with high ionic strength during isolation.
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The Serrano group has used biochemical and genetic
means to probe the structure and function of the yeast
plasma membrane H+ -ATPase. A collaboration with the
Leonard group shows that this enzyme sits in the membrane as a large multimeric complex. The group has
been testing the hypothesis that this ATPase comprises
a set of functional domains by characterizing specific mutations generated either by site-directed mutagenesis or by
temperature-sensitive mutations affecting growth arising
from random mutagenesis. Yeast provides a particularly
powerful system for this analysis since it allows replacement of a wild-type gene with an in vitro mutagenized
copy. Mutations have been found which indicate the localization of the hypothetical energy transduction, ATP
binding and phosphatase domains. The assignment of the
membrane domains remains unclear since mutations in
suspected regions do not affect function. The availability
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of temperature-sensitive mutants has been used to show
that the ATPase is required both at the start of the cell
cycle and later for the initiation of DNA synthesis. The
introduction of the ATPase into E.coli results in complete
and rapid cessation of growth in a manner reminiscent of
the colicins. This toxic effect occurs despite the absence
of activity in the bacterially expressed enzyme presumably
due to a missing post-translational modification. Expression of an active yeast H+ -ATPase in mammalian cells has
the opposite effect; growth control is lost. Fibroblast lines
expressing the enzyme become transformed, producing
foci in culture, colonies on agar and tumours in nude
mice. This opens the possibility that intracellular pH is an
important second messenger for oncogene action.
S.D. Fuller & D. Suck

Gene structure and regulation

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

Ce II-specific transcription
A multicellular organism derives from a single cell, the
egg, which upon fertilization multiplies to generate a large
variety of differentiated cell types which constitute the
various tissues and organs. Each cell type is characterized by the presence of cell type-specific proteins whose
synthesis depends on the activity of cell-specific genes. An
important and still incompletely resolved problem in biology
is the mechanism responsible for the selective activation of
genes in different cell types. In the case of hepatocyte- and

thyroid-specific genes, which are studied by two groups in
the Programme, selective activation occurs primarily at the
level of transcription: the transcriptional apparatus present
in these cell types is thus specialized. This specialization
is reflected in the presence of a certain number of nuclear
proteins, called trans-acting factors, whose synthesis or
activity is cell-specific. An interaction between these transacting factors and specific DNA sequences present in the
control region of cell type-specific genes is established.
The formation of these complexes is thought to be both
necessary and sufficient for the activity of the gene(s). In
practice the situation can be more complicated because it
appears that negative trans-acting factors, or repressors,
also playa role in modulating the expression of cell-specific
genes in the corresponding cell type, and in preventing
their expression in other cell types. At this level the problem
is conceptually simple and is reduced to the identification
of the cell-specific positive and negative trans-acting factors and to the elucidation of their mechanism of action.
During the last few years we have developed several
expression systems, including transgenic mice, cultured
cell transfection and cell-free in vitro transcription, in which
cloned segments of DNA, with or without prior manipulations, have been transcribed. This work has led to the
identification, purification and characterization of several
liver-specific and at least one thyroid-specific trans-acting
factors. These trans-acting factors bind in different combinations to different liver-specific genes, generating unique
complexes whose common subunits might be responsible for the shared property of being expressed only in
the hepatocyte, and whose specific elements might be
responsible for the large differences observed in the rate
of transcription of different genes. The work done so far
has allowed the identification of the regulatory molecules
which constitute the specialized components of the transcriptional apparatus of the hepatocyte and the thyroid cell.
What is the mechanism of regulation of the regulators? The
future work of the Programme will address this question.

Processing of the information:
the splicing of mRNA
Down the pathway of gene expression the next step at
which control may be exerted is during processing of
mRNA precursors. The primary product of transcription is a
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precursor RNA which undergoes a series of modifications
to generate the mRNA molecule from which the genetic
information is translated into proteins. One of the most
important steps in this pathway is the removal of intron
sequences. This is a very complex reaction involving multiple and specific cleavages of the RNA precursor and
ligation of the resulting fragments into a single mRNA
chain. The chemistry of this reaction has been worked out
in several laboratories and the outstanding problem is now
to identify and characterize the complex machinery which
is responsible for it and to understand the molecular basis
for its differential regulation in different cell types. A large
number of molecules are involved in splicing complexes.
Some of these are proteins and are organized in several
distinct RNP particles. Each RNP contains a small RNA
molecule and several proteins. On top of the extraordinary
complexity of the splicing apparatus, it has been shown
that its biosynthesis is very complex: both polymerase
II and polymerase III transcriptional units are involved,
in some cases in a unique hybrid situation. Groups in
the Programme are working on several aspects of this
phenomenon, including the biosynthesis of the RNA and
protein subunits of the components of the splicing complexes, the in vitro assembly of the various components
into mature particles, and more recently the reproduction in
vitro of the splicing reaction. The results obtained have led
to a rather detailed description of the cis- and trans-acting
elements necessary and sufficient for the synthesis of
several small RNA genes, and, by the same group, of
the structural requirements and the various steps of the
pathway leading to the assembly of the small RNAs and
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proteins into mature particles. Work is in progress to tackle
the intriguing problem of alternative splicing.

Regu lation of translation
Often molecular mechanisms responsible for the regulation
of gene expression can be best understood in specialized
systems and a considerable amount of information has
been gathered from the study of the expression of viral
genomes during their life cycle. A group in the Programme
is using vaccinia virus as an experimental system. The
results obtained have clarified that control at the level of
the efficiency of translation plays a crucial role in vaccinia gene expression, and this control is achieved by
a molecular mechanism that had never previously been
observed in eukaryotes. This'work is also relevant in view
of the possible applications of vaccinia virus in medicine. In
addition the vaccinia virus system can be effectively used
as a eukaryotic expression vector and it has been possible
to develop several collaborative projects both within and
outside the Programme, aimed at the overproduction of
several proteins of biological interest.
During the last few years considerable expertise has been
acquired in the Programme in the field of protein-nucleic
acid interactions and this has resulted in the organization of
an EMBO practical course on ilONA-Protein Interactions",
held at EMBL in December, 1987.
R. Cortese

Physical Instrumentation

Microcomputers and interfacing
Protein crystallography
Collaboration in the EEC area detector software project
has continued. Autoindexing code, including code for the
case where no a priori unit cell or crystal system information is available, was completed and tested in a
local version of the software. The software has also been
adapted for use with the Heidelberg area detector (HD
detector).
For crystallographic applications, the point spread function
of the HD detector was felt to be limiting (although recent
results from the Daresbury Laboratory suggest it can be
improved considerably). Consequently an evaluation of
commercially available systems was started. Test data
collections on one type of commercial system at the MPI
(Hamburg) and at the University of Groningen and on a
second type at the MPI (Heidelberg) failed to demonstrate
the superiority of one system over the other. During the
latter half of the year, the x-ray laboratory was remodelled
to allow the installation of three different commercial area
detector systems for the purpose of evaluation during
1988. To date, two of the planned instruments together
with their top level processors (a pair of microVAX II) and
processing software have been successfully installed and
evaluation has recently started.

Contribution to synchrotron radiation
data acquisition systems
The multiwire area detectors built by A. Gabriel at the
Grenoble Outstation are useful devices to measure small-

angle scattering patterns produced by synchrotron radiation. The kinetic study of macromolecular changes needs
very fast data collection systems in order to get good quality data. One key feature in such a detection system lies in
the digitization of the event coordinates. Our present detection systems use the delay-line method and, therefore,
event locations are characterized by timing information.
We have put our efforts into the reduction of the dead-time
implied by this time to digital conversion step and have
now reached the limit one can reasonably expect with this
kind of system. The LRS 4208 (LeCroy, Geneva) based XY
read-out system which has been designed and produced
now works with a total dead-time of less then 400 ns,
including the 250 ns delay-line propagation time. The time
resolution of the system is 1 ns and therefore produces
x-ray pictures of around 250 by 250 pixels. This system
has been tested successfully at up to 600 KHz during last
summer at HASYLAB in Hamburg.

Detectors and associated electronics for STEM
Our efforts went into two main projects: (a) interfacing
of the charge coupled device detector (CCO detector) to
the main data acquisition system; and (b) design of the
silicon detectors and their associated analog and digital
electronics.
The CCD detector system, coupled to the spectrometer, has been re-engineered and will allow both spectra
handling and imaging mode for elemental mapping. The
design of the digital system (CCO read-out, spectrum
accumulation, integration of regions of interest) and the
construction of the individual boards have been completed.
Software development is going on to provide communication with the microscope and with the VME-based
data acquisition system. This system is expected to be
operational in the beginning of 1988.
Following the first trials at the end of last year with ion
implanted silicon detectors we have worked both at the
design of an optimized silicon quadrant detector geometry
and at the design of a digital signal processor which is
able to cope with the large number of counting channels
(128 x 8 bits) and the processing speed (in the order of 2
ps/pixel).

27

The digital signal processor has a parallel and pipelined
architecture in which each processor card is identical.
These processor cards are built around two 8-bit slices
(TI-74 AS888) running at 10MHz. The prototype card has
been tested recently and boards can now be produced
in quantity to assemble the mUlti-processor configuration.
Writing of dedicated cross-software for the digital signal
processor is going on.

VME-based data acquisition systems
This year has seen major improvements in the hardware
and software for the VME-based data acquisition for the
CryoSTEM and the old HB5-STEM.
Both microscopes are now equipped with state-of-the-art
VME systems running under the Unix operating system.
Each system has 6 Mbytes of memory which enables
simultaneous acquisition of up to four images of 1024 by
1024 pixels. Local mass storage is provided in the form
of Winchester disks and streamer tapes. The software for
data collection and display on the microscope, previously
written for the Versados operating system, has been rewritten and its user-friendliness has been improved at the
same time.
The connection to the VAX cluster has been achieved
via the Ethernet local area network to enable archiving
and processing of images. The next step will consist of
the addition of large frame stores (1024 by 1024) and
the implementation of existing image processing software
used by the microscopists on the VAX computers.

Hardware and software for bilayer
data recording and analysis
A second system has been built this year and delivered
to the users. The existing software has been extended
to include a new set of programs for the automatic detection and processing for the opening and closing of
single channels. General improvements concerning the
graphical presentation of the results have been carried out
following requests from the users. The speed of output of
graphical results has also been improved. The analysis of
the bilayer data proved to be quite demanding in terms
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of computing power and therefore we looked at the possible addition of an arithmetic co-processor to the existing
systems.

Software development for a laboratory robot
This project was carried out in collaboration with the Biochemical Instrumentation Programme. The programming
of a microcomputer-controlled (Tandon PCA-20) automatic
sample injector has been evaluated in order to define and
produce the tools needed to build a user-friendly biochemical workstation. Directly writing programs for such robots,
in Basic or any other language, is feasible but requires
a great deal of effort from the user and often leads to
the generation of code which is not easily understood by
others. Therefore, we decided to define some high-level
instructions closely related to the biochemical tasks one
has to implement with the device. When used with a dedicated, menu-based editor, high-level instructions simplify
life for the user as he will not be forced to remember all
the instruction codes and their syntax. The result of the
editing session is compiled and produces an executable
Basic program. Developments have also been done on a
Apple Mac Plus microcomputer and go one step further
with regard to the program generation tools. A graphical
editor has been written and tested. It produces compatible
high-level instructions so that the compiler written for the
PC can be used. This kind of program edition will certainly,
in the future, become a standard tool for robot-based
biochemical workstations.

Electron microscope development

Technical developments
The Mark 1 version of the multi-detector system reported
in last year's report has resulted in a new and interesting
imaging mode (Plate 3) in which the dark-field image
is produced by elastically-scattered electrons only. Since
the image content of the inelastically-scattered electrons
normally present in the dark-field image is intrinsically of
lower resolution than that of elastically-scattered electrons,
dark-field images produced by the new system are expected to be of higher resolution.

PLATE 3
Images of a standard test specim.en (gold islands on carbon
substrate) imaged in (a) filtered bright-field, (b) filtered dark-field,
(c) inelastic and (d) conventional dark-field modes.

a)

c)

b)

d)
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A parallel read-out system for spectral analysis, consisting
of a phosphor scintillator coupled by a fibre-optic plate to
a linear diode array, has been fitted to the CryoSTEM.
This assembly, together with a small printed circuit board
to drive the diode array, is mounted in a bello\vs-sealed
housing which allows the parallel-read-out system to be
inserted in place of the conventional detector system without breaking the vacuum of the microscope. This enables
a fast change-over from imaging to spectral mode.
The data acquisition system for use with this detector (designed in collaboration with Christian Boulin and Richard
Kempf) can acquire simultaneously up to twelve images at
different energies, Le. it can produce simultaneously four
different elemental maps. As well as reducing the electron
dose (and beam damage), this method also minimizes
the effect of electron beam fluctuations and eliminates
problems in registration between images due to specimen
drift during the long exposure times required for sequential
images.
A second microcomputer data acquisition and display system identical to that installed on the CryoSTEM has now
been installed on the HB5 to replace the now defunct
Nord-10 computer. The microscope will now also be linked
via Ethernet to the central VAX computer cluster for off-line
image processing.

Low-voltage SEM
As mentioned in last year's report, this is a new instrument
which is being designed and constructed in collaboration
with Prof. H. Rose and his group at the T.H. Darmstadt
and I.C.T. Munich, a manufacturer of semiconductor test
equipment interested in the commercial application of the
new instrument.
The initial design phase is now complete and work has
begun on the construction of the prototype instrument. We
hope to report in detail on this project in the report for 1988.

STEM applications
Use of the two STEM's in biological problems has been
limited by a shortage of experienced operators. With the
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support of the Director-General, we have been searching
for additional electron microscopists with biological interest
who have a commitment to STEM. In August of this year,
Prof. Michael Beer arrived from Johns Hopkins University
to spend a sabbatical year with the group and Dr. Eric
Carlemalm from the Biozentrum in Basel joined us early
1988. Already a number of collaborative projects have
been set up with the Cell Biology and the Gene Structure
and Regulations Programmes and these should begin to
produce results in 1988.

Mass determination
This technique continues to be the best-established application of STEM. Among the systems studied were the
spherical hepatitis B surface antigen particle and Sindbis virus, both in collaboration with Steve Fuller. These
measurements were carried out with J.S. Wall & J.F.
Hainfeld at the Brookhaven National Laboratories in order to learn techniques that have been developed there,
e.g. freeze-drying, mass-mapping and labelling with heavy
atom clusters. To expand our capabilities in the field of
mass determination, the HB5 cold stage has been modified
to permit freeze-drying to be carried out in situ in the
microscope. In addition, a freeze-dryer is being designed
(in collaboration with J.-C. Homo, Strasbourg) to permit this
operation to be carried out in a separate vacuum system.

The structure of Escherichia coli RNA polymerase
The single-particle analysis (in collaboration with M.G. van
Heel, Berlin) of the RNA polymerase core enzyme was
continued. In this analysis, correspondence analysis and
classification are applied to account for the orientational
freedom of the molecule before averaging is carried out
to increase the signal-to-noise ratio for the characteristic
views. A procedure was established that is tailored for RNA
polymerase. An analysis of a set of about 1000 molecular
images recorded in STEM dark-field was completed, the
result showing the averaged images for ca. 12 of the
most characteristic views. An analysis of an equally large
data set recorded in TEM bright-field is in progress. The
results will be used to calculate the three-dimensional
reconstruction of the object.

PLATE 4

The optical layout of the confocal beam scanning laser microscope. The light source is an argon ion laser. The expanded and
spatially filtered beam passes a polarizing beam splitter, is partially
reflected by a glass plate and scanned with a special mirror
turnable in two axes. The scanned beam falls through a camera
lens into a microscope objective and forms a light point moving
across the object. The fluorescent light emitted in the object is

PMT1

collected with the same lens. The lens behind the mirror focuses
the light into a pinhole in front of a filter and a photomultiplier. For
the conventional set-up the mirror below the microscope objective
must be turned so that a transmission image may be viewed
directly through the eyepiece or via the monitor as it is recorded
with a video camera.

L7
MS

L6
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Labelling with heavy atom clusters

PLATE 5

We have recently succeeded in visualizing the undecagold
cluster with the HB5 STEM. One of the projects in which we
wish to apply this cluster is the high resolution labelling of
the regulatory light chain of the bay scallop, Aequipectans
irradians (in collaboration with W. Jahn, MPI Heidelberg &
A.G. Szent-Gyorgyi, Brandeis). The regulatory light chain
can be reversibly detached from scallop myosin, and has
been successfully labelled with the undecagold cluster. We
have succeeded in preparing suitable specimens of scallop
myosin and in visualizing the unstained myosin in STEM
dark-field. The project will continue in the new year.

A photograph of the confocal beam scanning laser microscope.
The details in the picture are labelled with the same letters and
numbers as those in Plate 4.
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It is also planned to apply labelling techniques to the localization of the single-stranded rRNA segments at the surface of ribosomes. These segments bind complementary
oligonucleotides. The synthesis of these oligonucleotides
and their coupling to the undecagold cluster have already
been carried out by Brian Sproat.
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Confocal beam scanning laser microscope
The confocal beam scanning laser microscope is the successor to the stage scanning device. In contrast to our
older design the microscope keeps the object completely
at rest and moves instead the beam across the object.
This is accomplished by moving one mirror in two axes for
the x/y movement and the objective lens up and down for
the z-movement. The principal setup is outlined in Plate 4
and a photograph in Plate 5 reveals some of the details.
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The electronic components, the hardware and the software
have been completed and the instrument was tested with
autoradiographs supplied by Rodrigo Bravo. According to
these tests the goals have been achieved and the EMBL
now has a working instrument. Additional tests using the
scanner to read image plates (Yuichiro Maeda, EMBL
Hamburg) have also been successful. The responsibility
for the scanner has been transferred to the Hamburg
Outstation where they intend to modify it to suit their needs.
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Photomultipliers serve as detectors and provide a confocal
fluorescence, a nonconfocal fluorescence and a confocal
reflection signal. The microscope is controlled by a VME
bus-based computer system and provides a direct link to
the VAX cluster. Images can therefore be transferred to either of the VAXes and processed in a more adequate environment. The image size is now 512x512 pixels, although
all components have been designed for a 1024x 1024
pixel field. The software on the computer controlling the
microscope provides all features to record simple images,
focal series, sections parallel to the optical axis, for the
calculation of stereo images, etc. The performance of the
microscope has been checked in reflection on a polished
metallic surface. The discrimination along the z-axis is 0.41
pm FWHM. Scanning a thin layer of rhodamine along the
z-axis we measured a discrimination of 0.41 pm FWHM

along the optical axis. 80th numbers compare very well
with what can be expected at a wavelength of 514 nm and
a lens with an N.A. of 1.3. From this we conclude that the
microscope is in fact operated at the physical limit.
The microscope has only been offered to the biological
community at the EMBL since autumn 1987 and has,
therefore, been used mainly to check preparation techniques and to observe samples that are otherwise not
observable such as e.g. cells grown on nontransparent
filters.
A. Jones
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Biochemical Instrumentation

Several new instruments were developed and constructed
by this Programme during the year. Improvements in
chemical and biochemical protocols were also introduced.
Applications of the new devices and techniques will simplify the work of scientists at EMBL and other laboratories.
In addition two practical EMBO courses, on "Automated
DNA Sequencing" and on "Microinjection and Electrotransfection of Cells" were organized in 1987.

On-line DNA sequencing without radioactivity
This is an on-going collaboration between the groups
of Wilhelm Ansorge and Brian Sproat. Several features
of the EMBL device for non-radioactive automated DNA
sequencing, constructed during last year, were modified
and improved. Simplifications were incorporated and the
changes made in the detector and optics led to the construction of a device an order of magnitude less expensive
than the original design, expanding tenfold its capacity,
yet maintaining the performance. A new system for the
laser excitation of the fluorescent bands will simplify casting of the gels, variation of their thickness, and allow
the introduction of ready-to-use pre-cast gels as soon as
they are developed. Since the availability of ready gels
would represent an important simplification of large-scale
sequencing, part of the efforts will be devoted to their development. The automated device from EMBL sequences
on-line at the speed of 80-100 bases per hour, resolving
routinely 300-350 bases but capable of resolving around
500 bases. The sensitivity is 2x 10- 18 mol per band at the
detection line in the gel. The developed DNA technology
is being tested by in-house groups and by laboratories in
Strasbourg, Cambridge and Houston.
The data acquisition, processing and display have been
upgraded to cope with the increase in the capacity of the
automated device. Inclusion of colour graphics simplifies
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interpretation of the sequence information. A link for communication with the VAX computer has been installed for
direct deposition of sequence data.
A simple and rapid procedure for the preparation of M13
single-stranded DNA sequencing templates which does
not involve phenol extraction and alcohol precipitation was
developed in collaboration with T. Kristensen from the
University of Oslo. The DNA is bound onto a glass fibre
filter, purified and eluted. The simplified procedure takes
less than 30 minutes, does not demand special skills or
equipment and could readily be automated.
Work on the development and construction of robot stations, dedicated to the various tasks in the purification
and preparation of the DNA sequencing samples and their
loading on the gel, as required for a sequencing service
station, has been initiated with help from our mechanical
and electronics workshops and from the construction office. The dideoxy sequencing reactions with fluorescent
labels were automated and tested on an industrial robot
from Beckman.
At present we are using fluorescein-labelled primers to
produce the sequencing information. To sequence large
DNA inserts (several kilobases) with the "walking primer"
strategy, we need to produce large numbers of primers per
day. In collaboration with Hoffmann-La Roche, Basel, we
have completed a novel construction of a fully automated
linear segmental column DNA synthesizer. The instrument will enable synthesis of 10 to 20 oligonucleotides
simultaneously. Several companies are interested in the
commercialization of this device.
The height of sequencing peaks varies extensively when
Klenow enzyme is used in the standard procedures. Significant improvements in peak uniformity were achieved with
the T7 DNA polymerase. New enzymes, some retaining
their activity even at elevated temperatures, will improve
the resolution and the polymerization efficiency. The automated device permits quantitative evaluation of polymerization activity of enzymes. Uniform peak heights would
be expected with the Maxam-Gilbert chemical degradation
sequencing protocol, but this method was until now not
possible with fluorescent labels. In collaboration with A.
Rosenthal (Institute of Molecular Biology, Berlin, GDR)

a technique was developed for sequencing fluoresceinlabelled oligonucleotides by solid phase chemical degradation.
An EMBO course on IIAutomated DNA Sequencing" was
organized at the EMBL, together with A. Bankier (MRC,
Cambridge) & G. Volckaert (Leuven). Automated sequencing devices, gel scanners, robots for automation and computer analysis of the DNA sequences were demonstrated.
At the same time, collaboration and contacts among European groups active in the developments in the DNA
sequencing field were initiated. In particular the review
given by C.Cantor (Columbia University) stimulated much
discussion.

Microinjection and electro-transfection of cells
An automated capillary microinjection device has been
used in several projects at the EMBL and other laboratories. Retrieval of the injected cells is accurate to within
1% without complicated and laborious orientation marks
on the cell support. The system will be available from
ZEISS in 1988. Using the automated microinjection system, the group of Lennart Philipson could analyse single cells for DNA-synthesis and found the existence of
a growth-inhibitory mRNA that can inhibit DNA-synthesis
when injected into either human diploid fibroblasts or into
HeLa cells. The group of Wieland Huttner has studied
protein transport in secretory vesicles.
A device for electro-transfection of cells was designed,
which allows transfection experiments to be carried out
both with short (several microseconds) and long (several
milliseconds) time constants. Until now two devices, one
for each type of pulse time, were needed. A flexible design
will be incorporated in the commercial version of the EMBL
device (APELEX, Paris).

Separation of biological particles
A fluorescence activated sorter was installed at the end of
the year and its function tested. First tests with biological
samples are scheduled early next year. Plans for its application range from separation of cells, chromosomes and

vesicles to detection of gene expression products. Continuous flow electrophoresis and magnetic bead systems were
used for separation in cell biology. There were interesting
applications of the bead technology in hybridization and
purification of DNA and proteins.

Separation of large DNA fragments
The importance of the simple pulsed-field gradient method,
introduced by the group of C. Cantor at the Columbia
University, for separation of large DNA fragments, has
been amply demonstrated. During the year a modified
new apparatus was constructed in which two straight wire
electrodes rotate around the gel. In this design the advantage of the simplest electrode configuration yielding
homogeneous field is retained, and analysis of the field
angles for optimum resolution is now possible.

Modified oligodeoxyribonucleotides
Work has been completed on the synthesis of protected 5'-amino and 5'-thio-2' ,5'-dideoxyribonucleoside3'-O-phosphoramidites. These compounds have been
used in the preparation of 5'-thio and 5'-amino-oligodeoxyribonucleotides.
Coupling of these modified oligonucleotides to appropriate
activated fluorophores generates products which can be
used for non-radioactive DNA sequencing.
An important use of these oligodeoxyribonucleotides is in
electron microscopy and x-ray crystallography. The presence of the reactive amino group or thiol group enables the
oligonucleotide to be covalently labelled with an activated
metal cluster, or specifically in the case of the thiol with
an organomercurial. The electron microscopy work is a
collaboration with Kevin Leonard & Werner Jahn (MPI for
Medical Research, Heidelberg).
Additionally, we have prepared reagents for use in the
synthesis of oligodeoxyribonucleotides with a 5'-spacer
arm terminating in an amino group. These compounds
are in routine use for the preparation of biotinylated and
fluorescent-labelled oligodeoxyribonucleotides.
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RNA chemistry and modified oligoribonucleotides
It is now quite clear that for small scale oligoribonucleotide
synthesis the most convenient method is the enzymatic
one using SP6 polymerase. However, there is still a need
for a good solid phase chemical method for producing mg
quantities of oligoribonucleotides for x-ray crystallography
or NMR spectroscopy. At the moment we are still searching
for a truly orthogonal pair of protecting groups for the
5'- and 2'-hydroxyl groups. In addition we are testing
conditions for 2'-hydroxyl protection.
We are interested in the synthesis and use of 2' -O-methyl
oligoribonucleotides as relatively stable RNA probes. Such
compounds offer enormous possibilities if they are really recognized as oligoribonucleotides by RNA binding
proteins for instance. We are collaborating with Angus
Lamond for biological evaluation of these compounds.

DNA synthesis service
The oligonucleotide service continues to provide an essential service facility for the molecular biologists at
EMBL. The demand is steadily increasing; a total of 821
oligonucleotides were synthesized during the year. Besides routine synthesis we are able to perform chemical
5'-phosphorylation on the synthesizer and can also provide
oligos bearing 5'-spacer arms for biotinylation or fluorescent labelling.

Sequence analysis and synthesis of
proteins and genes
The general activities are focused on:
(1) microsequence analysis of proteins and peptides;
(2) solid phase synthesis of peptides and oligonucleotides;
(3) instrumentation of important protocols in biochemistry
and molecular biology.
The set of biochemical instruments which has been constructed in preceding years now forms the basis of a central protein chem istry facility at EMBL. Together with these
instruments, several analytical and preparative HPLC sys-
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tems are operated. The facility provides technological and
experimental support for numerous scientific projects inhouse and externally. These projects concern the isolation
and structural and functional analysis of proteins as well
as the synthesis and purification of peptides. In parallel with the analytical and preparative work, the existing
instruments are permanently updated and new chemical
protocols are introduced.
Since the micropreparative purification of proteins and
peptides still represents a bottle-neck in high sensitivity
sequence analysis, much effort was spent to improve
existing techniques and to adapt new methods. This includes techniques for electrotransfer of proteins from polyacrylamide gels to different sequencing supports, as well
as microbore high performance liquid chromatography of
complex mixtures.
During 1987 the continuous flow peptide synthesizer constructed in the preceding year has performed excellently in
routine use. In this instrument an orthogonal solid phase
synthesis technique is used employing base labile Fmoc
N-a protection of amino-acid building blocks. We found
that most classical coupling reagents are not fully compatible with the Fmoc-chemistry in automated instruments. We
have investigated the applicability of several compounds,
with the aim of optimizing the coupling step. It was shown
that under optimized reaction conditions BOP is a universal
reagent for in situ activation of am ina-acids in automated
instruments. The acylation rate compares favourably with
pentafluorophenyl esters and symmetrical anhydrides and
solubility problems are avoided. The majority of these peptides were used by groups in the Cell Biology and Differentiation Programmes to raise anti-peptide antibodies. Such
antibodies were used, for example, to study the relative
stability of tyr- and glu-microtubules or to investigate the
sorting of Pro-opiomelanocortin into secretory granules
(Tooze et al. (1987), J. Cell BioI., 105, 155-162). A 30
amino-acid peptide corresponding to one of the putative
"zinc fingers" mkr 2 in the mouse genome was synthesized.
Two-dimensional NMR studies indicate a defined structure
for this peptide in solution, which is currently being analysed.
To automate several, often repeated protocols in molecular
biology, a dedicated robotic system for the micromanipula-

tion of liquids has been developed. This system was used
to set-up a computer-controlled workstation for DNA sequencing reactions. The system includes: a robot arm with
fast and accurate positioning capability in x, y and z direction, a multichannel microdispenser, a microcomputer for
electronic control and a work-bench containing reagents,
sample trays and all additional functions required for individual protocols. Using this workstation we. achieved automation of the Sanger dideoxy DNA sequencing method
including sample transfer to the sequencing gel. Up to 168
sequencing reactions can be performed simultaneously on
the work-bench and the robot arm transfers 28 samples in
less than 10 minutes to the sequencing gel. In collaboration
with the microcomputer group (Christian Boulin) versatile
software for the workstation has been developed. The
software offers "teach in" capabilities and the automatic
calculation of coordinates for the robot arm. To extend
the flexibility of the workstation and to simplify further the
programming of individual protocols the development of a
graphic editor is in progress which, in future, may become
a standard tool for robot-based workstations.

w.

Ansorge, R. Frank & B. Sproat
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Biocomputing

The Programme continues an active program of hosting
short-term visits by colleagues, both younger scientists
who come primarily for training and senior colleagues who
come primarily to exchange ideas and to collaborate.

The EMBL data library
Activities of the Biocomputing Programme include the
EMBL Data Library, research on the analysis of the sequences and the structural and functional information in
nucleic acids and proteins, and the provision and development of general computing and molecular graphics
facilities.
Some of the questions under investigation are: how do
amino-acid sequences determine protein structures? How
can our ability to predict the three-dimensional structures
of proteins from their amino-acid sequences be improved?
What are the requirements for the successful design of
novel proteins? Can experimental structure determination
be improved by the use of maximum entropy methods
for phase determination and by new methods for image
analysis of electron micrographs? What can be learned
about evolutionary and functional relationships of RNA
molecules by comparing predicted secondary structures?
What is an appropriate data base organization for the
world's genomic data? How can molecular graphics best
be linked to databases? What is an effective hardware and
software configuration for molecular biology?
In 1987 the Biocomputing Programme embarked on a
substantial expansion. Looking ahead, the Programme is
in the process of establishing a comprehensive information
system encompassing genomic, structural, cellular and
other biological data, using advanced computing techniques. Ground has been broken for a new building, one
floor of which will house the scientists and their computing
facilities.
During 1987 the Biocomputing and Biological Structures
Programmes together offered an introductory course in
their related fields. The Biocomputing Programme also
conducted a course in sequence-analysis methods, giving participants experience with important and widelydistributed software.
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The Nucleotide Sequence Database, prepared in collaboration with GenBank (R), contains, in its January 1988
release, 17.3 million base pairs of sequence data, 30 times
as much as the first release in 1982. Developments in
automated sequencing techniques and a concerted effort
to sequence the human genome, which is about 200 times
the size of the present collection, could produce an even
sharper increase in sequence data in the future than might
be extrapolated from current trends.
In 1987 the data library made progress in decentralization.
Major journals now distribute data submission forms; the
journal Nucleic Acids Research has taken the pioneering
step of requiring that authors subm it their data to the
data library. On the distribution side, a fileserver system was developed to handle requests for files over the
EARN/BITNET computer network, giving users immediate
access to the latest data.

Major developments in computing facilities
and graphics
Several activities in the area of molecular graphics have
proved particularly fruitful. A new version of EMBLFrodo for
the Multi Picture System (MPS) has been prereleased for
a project involving modelling very large molecular assemblies, giving the benefit of very high file access speeds
and extended display possibilities. Numerous advanced
graphics software systems were installed on the Evans &
Sutherland Picture System 350 (PS350). It was necessary
to develop a new technique to improve the stereo performance of the machine equipped with Millenium electrooptic stereo alternators (Leeds shutters).
The PS300 display networks of Frodo version TOM
have been converted to binary form, using manufacturersupplied Graphics Support Routines (GSRs). A general PS
300 network downloading program has been written, useful
to download single or multiple binary networks. As not all

PS 300 commands are supported by GSRs a built-in facility
can send unconverted ASCII networks to the machine.
A preprocessor for GROMOS, the Groningen program
for molecular dynamics simulation, was designed and
written, which greatly facilitates the preparation of energy minimizations. Data transfer between EMBLFrodo,
Brookhaven Protein Data Bank files, and GROMOS is now
straightforward.
The SUPERHELIX program, written earlier in collaboration
with French scientists, allows construction of physically
reasonable DNA superhelices at specifiable radius and
pitch; it was extended to generate cyclic double-helical
DNA.
The VAX 8600 was upgraded to a VAX 8650, giving that
machine an increase in computing power of ca. 44%. The
on-line disk storage in the VAX cluster was increased to
more than 6.6 Gbytes.

scientists from the MPI for Medical Research, Heidelberg,
this method is being applied to diffraction patterns from
specimens of filamentous actin, giving reliable data to
about 50% greater resolution than angular deconvolution.
To obtain a reliable three-dimensional reconstruction from
projections of single particles, the information from many,
usually differently oriented, particles has to be combined.
To account for a random" distribution of the particle orientations a method for three-dimensional reconstruction
(ROSE) has been developed. The difficulties encountered
with negative staining show the importance of being able to
analyse unstained frozen hydrated specimens from cryoelectron microscopy.
II

One could imagine that the number of tilts required for a
reconstruction with ROSE would be considerably less than
that for a two-dimensional crystal because of the greatly
increased amount of information in the micrograph of a
disordered specimen.

At the beginning of 1987, two Sun-3 workstations were
installed, connected over Ethernet to the VAXcluster, allowing file transfer and login facilities between all systems. These provide additional computational and graphics
power, and facilitate importation of UNIX-based software.
The experience with distributed computing facilities has
been positive, and will be extended.

It was shown that combining the information from a set of
highly disordered objects effectively eliminates the missing
cone problem, and for disordered specimens the same
accuracy can be achieved with fewer tilts by taking more
particles into account.

Maximum entropy methods of structure
determination, and image processing

Evolutionary and functional aspects of RNA primary and
higher order structures have been analysed. RNA secondary structure calculations by minimal-energy folding
have led to a model for the exceptional long U2-like RNA
of yeast (Saccharomyces cerevisiae). In addition, methods
for RNA secondary structure have been further developed,
in particular with respect to consensus model building of
RNA structure. A set of optimal and suboptimal secondary
structures is generated by minimal-energy folding for each
of the related RNAs. The structures are reencoded in a
sequence of base-pairing types (+,-,0) and all sets of secondary structures are compared within and between the
individual RNAs (e.g. RNAs from different species) by an
alignment procedure. Finally, the similarity matrix is used to
classify the structures by a standard clustering-procedure.
In this way common, consensus, secondary structures can
be found, as has been shown for small structural RNAs.

Progress has been made in both the theory and computational practice of the application of maximum entropy to the
crystallographic phase problem. Fibrous specimens tend
to have poorer ordering than crystals, with disorder due
mainly to a finite coherence length and to disorientation
within the specimen. Previous analyses of high
x-ray fibre diffraction patterns have assumed that one
or other of these effects dominates, and approximated
the spread function in a purely axial or a purely angular
direction. In order to treat patterns from specimens where
neither approximation holds, the full form of spread function (Holmes, K.C. & Barrington Leigh, J. (1974), Acta
Cryst., A30, 635-638) has been incorporated in a maximum entropy deconvolution program. In collaboration with

RNA structure analysis
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Analysis of protein sequences and structures
To mediate essential biological functions such as
metabolism and development, nature has, in the proteins,
created a set of molecules that in every individual case are
adapted to a particular activity and as a class are capable
of evolution. The general challenge is to comprehend the
great variety of protein structures that can exist and to
understand, on a molecular level, how they achieve precise
three-dimensional structures, how they function, and how
they evolve.

Thermitase, a thermostable subtilisin:
Comparison of predicted and experimental
structures and the molecular cause
of thermostability
The subtilisin family of proteases has four members of
known sequence and structure: subtilisin Carlsberg, subtilisin novo, proteinase K and thermitase. The structure
of thermitase was predicted using its homology to known
structures, and refined by energy minimization and varied
by molecular dynamics. Comparisons with the preliminary
crystal structure suggest that the predictions work best in
the conserved core and less well in seven loop regions.
Based on a combination of theoretical and experimental evidence, the unusually tight binding of calcium by
thermitase emerges as the most likely single influence
responsible for its increased thermostability.

Sensitive searching for protein
sequence homology
A novel and powerful sequence comparison method based
on physico-chemical characteristics of the amino-acids,
developed at EMBL, was applied to antenna pigment
proteins of bacterial reaction centres, sugar permeases
of the bacterial phosphoenol pyruvate-dependent phosphotransferase system, the three proteins encoded by
yeast plasmids, picornaviral and hepatitis capsid proteins,
and the first complete tropoelastin sequence which was
taken from chicken. An alignment of the human hepatitis
B nucleocapsid protein sequence to that from the mengo
picornaviral coat protein with known tertiary structure sug40

gested a hepatitis structural fold for prediction of antigenic
sites useful for vaccines as well as possible carrier sites if
the hepatitis nucleocapsid were to be a multivaccine host
virus.

Oligopeptide biases in protein sequences
Oligopeptides with lengths ranging from 2 to 11 residues
have been examined in protein sequences that show no
obvious evolutionary relationship. All sequences in the
Protein Sequence Database of the National Biomedical
Research Foundation Protein Identification Resource were
carefully classified by sensitive homology searches into
superfamilies to obtain unbiased oligopeptide counts. The
results, contrary to previous studies, show clear prejudices
in the selection of oligopeptides by protein sequences.
The very strongly preferred oligopeptides often displayed
similar tertiary structures.

Investigation of protein subunit and
domain interfaces
An examination of interfaces within monomeric and
oligomeric proteins showed that the percentage of accessible surface area lost to the interface generally increases
with the degree of subunit symmetry and decreases with
the molecular weight of the domain. The residue composition of the subunit and domain interface surfaces lies
between the protein exterior (mostly polar) and interior
(mostly nonpolar) extremes.

Modelling the "zinc finger" motif
Many eukaryotic transcriptional activator proteins, including the Xenopus 5S RNA gene activator protein TFIIIA
and the Hela cell protein Sp1, have a 30 amino-acid
repeating motif which binds to short, specific DNA sequences. Over 100 of these sequences are now known. A
three-dimensional structural model has been developed by
a combination of interactive model building and refinement
by molecular dynamics. The model structure consists of a
2-stranded j3 hairpin which stabilizes a C-terminal a helix
by both zinc ligands and hydrophobic interactions.

Protein engineering
A collaborative project involving several EMBL scientists
and divisions has been initiated and focuses on structural
modification of the bacterial Rop (repressor of primer)
protein important in regulating the processing of RNA
primer for initiation of DNA replication. Currently, point
mutations of Rop are being synthesized, to change one or
a few of its amino-acids to test principles of protein folding.
Such residue changes as Leu-+Val-+Ala or Leu-+Asn are
meant to test the structural accommodation to changes
in sidechain volume, shape, and polarity. Tests are also
underway on the additivity of the changes in stability. Some
of the variants have been crystallized for three-dimensional
structure investigation. Molecular dynamics calculations
are also in prog ress to see if the local structural accommodations can be predicted. A hybrid protein composed
of the body of the Rop dimer with an azurin-type copper
binding site was chosen from several designed proteins for
experimental test.

Analysis and prediction of antigen-binding
regions of immunoglobulins
The framework regions of the domains of immunoglobulins
of known structure are very highly conserved, as is the
interface between VL and VH domains. The challenge is
to predict the conformations of the antigen-binding loops.
Analysis of the known immunoglobulin structures to determine the relationship between their amino-acid sequences
and the three-dimensional structures of their antigen binding sites led to the identification of the relatively few
residues that, through their packing, hydrogen bonding
or the ability to assume unusual conformations, are primarily responsible for the main-chain conformations of the
hypervariable regions. Examination of the sequences of
immunoglobulins of unknown structure shows that many
have hypervariable regions that should be similar in conformation to those of the known structures. In most cases,
the repertoire of conformations appears to be limited to
a relatively small number of discrete structural classes.
The accuracy of the analysis is being tested and refined
by prediction of immunoglobulin structures prior to their
experimental determination.
Compiled by A. Lesk
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Additional Research Activities

approach, an extension of the classical genetic analysis to
its molecular basis, involves the use of specific mutations
in either medically or developmentally interesting human
or mouse genes to clone and analyse the genes themselves.
In the mouse, we have concentrated especially on a
genetic and molecular analysis of genes from the tIT
complex, a region of mouse chromosome 17 involved in
a number of unusual genetic and developmental phenomena, work which has contributed to making this region,
genetically and molecularly, one of the best understood
regions of a mammalian genome. In addition, work has
progressed on the region of the steel mutation, defining a
gene implicated in the development of specific migratory
cell types.
In the area of human genetics, we have completed work
on physical maps of the regions of the Duchenne muscular dystrophy and cistic fibrosis mutations, and have
progressed significantly in our search for the Huntington's
disease gene.
Though many fascinating genes and functions can be
defined by this approach, the process of independently
analysing many loci, using inherently less efficient chromosome walking (or jumping) techniques, will have to be
supplanted by a parallel and global analysis of mammalian
chromosomes and genomes.

Mammalian molecular genetics
As in previous years, the long-term goal of the work of
our laboratory has been to attempt to understand some
of the information stored in the mammalian genome. This
problem can be approached from two sides. One possible
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In addition to the further development of techniques like
chromosome jumping, or the derivation of clones from DNA
separated on pulsed field gradient gels, we have therefore
put a major emphasis on the development and testing of an
approach allowing a potentially highly efficient molecular
analysis of chromosomes or mammalian genomes. In this
procedure we are using hybridization of short oligonucleotide probes to identify potentially overlapping clones,
ultimately leading to the establishment of an ordered clone
library of clones covering e.g. the entire human genome;
a step, which might very well revolutionize mammalian
genetics and have major implications in many areas of
medicine.
A. Frischauf & H. Lehrach

The Outstation at the DESY, Hamburg

PLATE 6
A schematic drawing of the chain folding of pseudoazurin from
Alcaligenes faecalis. The copper ion is also shown.

DORIS has had a major shut down since October 1986.
This has been necessary to allow the upgrading of the
central synchrotron to provide particles for HERA, the
new high energy physics ring at DESY, due to become
operational in 1990. Thus in 1987 we were limited to
two periods of five weeks of dedicated synchrotron time
and had no parasitic beam-time. Only the three beamlines in HASYLAB could be used, the high intensity X11
line for crystallography being out of action for the whole
year. During these two periods DORIS provided stable
and reliable radiation. In spite of the limited availability of
radiation the synchrotron facilities of the Outstation were
nevertheless used by over 70 visitors during the year.
DORIS will start up again in May and will be an almost
continuous source of radiation for the rest of 1988. A
priorities committee of external scientists, including several
users, met in November to assess the proposals for beam
usage for 1988/1989. Over 80 proposals were received
and we will do our best to fulfill the needs of as many of
these as possible following the guidance of the committee
as to their relative priority.

Protein crystallography
Beam-line X31 continued its role as an important source of
synchrotron radiation for the protein crystallography community in Europe. The beam-line was made much more
user friendly. A new crystallographic cradle was mounted
in the hutch which allows fully automatic optimization of the
position of the protein crystal sample into the beam under
computer control. The cradle greatly facilitates the use of
the instrument, especially for visitors to the laboratory.

Metalloproteins
Metalloproteins continued to be an important research
interest of the crystallography group. The structure of the
copper-containing pseudoazurin ("blue protein") from the
anaerobic bacterium Alcaligenes faecalis S-6 was refined
to an R-factor of 0.176 at 1.6 A resolution. A schematic
diagram of the structure is shown in Plate 6.
We are also working on the nitrite reductase ("green protein") from the same organism which interacts with the
pseudoazurin in the electron transport chain in vivo. New
crystals have been grown and we plan to collect data
in 1988. Another redox-pair of proteins, amicyanin and a
c-type cytochrome from Thiobacillus versutus, are being
investigated with Prof. G. Canters (University of Leyden).
Data have been collected for the native form of both
proteins.
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The proteins are ideal candidates for the application of
multiple wavelength anomalous scattering techniques to
solve the phase problem. We have started such studies
with the pseudoazurin. The protein contains one copper
ion per molecule. Data were measured to better than
2.5 A resolution at four different wavelengths. The data
at the mercury and just below the copper edge have
been analysed. For the copper edge data the anomalous
difference Patterson synthesis has the Cu-Cu vectors as
the most significant features in the map. In the mercury
edge synthesis the vectors are weaker - as expected but, even here, are the strongest vectors on two of the
Harker sections. Further analysis in the next months will
allow us to evaluate the use of the data in providing phase
information.

Subtilisin proteases
High resolution studies of this important family of serine proteases is another area of in-house research. The
three-dimensional folding of proteinase-K from Tritirachium
a/bum limber has been refined previously to 1.5 A. It is the
most active serine protease known. Last year the binding
mode of a synthetic inhibitor was determined by difference
Fourier methods, and this structure has now been refined.
We have crystallized two other members of this family
(thermitase and mesentericopeptidase) complexed with
the Eglin inhibitor from the leech. Thermitase is being studied in collaboration with the Humboldt University (Berlin)
and the University of Groningen, and mesentericopeptidase with the Bulgarian Academy of Sciences in Sofia.
We have also grown native and PMSF inhibited crystals
of a subtilisin from a Bacillus species. We have collected
data to 2-2.5 A for all three structures, have solved the
rotation and translation functions for each, and are currently refining them. The comparisons within this closely
related family will shed light on the differences in stability
and specificity of these naturally occurring enzymes.

Other projects
Other projects actively under study in-house include glucose isomerase from Streptomyces a/bus in collabora-
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tion with Prof. Witzel and J. Hemker of the University
of Munster, the refinement of a-cobratoxin with Prof. W.
Saenger (Berlin), and dUTPase with Dr. E. Cedergren
(Stockholm) & Prof. P. Nyman (Lund).
Visitor's projects in 1987 included those from the Biozentrum (Basel), the Free University (Berlin), the University
of Freiburg, the University of Groningen (Netherlands), the
Max-Planck-Unit Hamburg, the University of Crete, MPI
Martinsried, the University of San Francisco, the University
of York and the ETH ZOrich. Details are given in the
Research Reports.

EXAFS
For very dilute samples a solid state detector was installed
to make fluorescence measurements. Its excellent energy
resolution allows spectra of superior signal-to-noise ratio to be collected. The intrinsic count-rate limitations of
this kind of detector will be overcome by implementing a
multi-element system with individual read-out. This should
enable us to collect good quality spectra from specimens
with submillimolar metal concentrations, even without increased radiation load which could lead to the risk of
greater sample damage.
As a new collaborative project with the University of
MOnster (H. Nolting, P. Eggers, G. Henkel, B. Krebs, D.
MOnstermann & H. Witzel) an investigation of the binuclear
iron center at the active site of purple acid phosphatase
from beef spleen was started. The spectra indicate a
one-electron reduction of only one of the Fe(lIl) ions in
the reduced forms and are consistent with a distorted
octahedral iron coordination for all five species studied.
Upon reduction and addition of phosphate a change of
ligand distances and/or ligand type is evident.
The work on glucose isomerase (H. Nolting, P. Eggers,
G. Henkel, B. Krebs, J. Hemker & H. Witzel, University of
MOnster) was continued by measuring the native enzyme
at different pH-values, a metal substituted form with four
Cd-atoms at the active sites and an activated form of the
enzyme with four additional Co-atoms per unit. In order to
assess the influence of sample preparation, freeze-dried,
polycrystalline and frozen solutions of enzyme samples

were used in the measurements. The differences in sample
state showed up as minute differences in the XANES
spectra, which are not yet fully understood. Data analysis
for the native enzyme in frozen solution yielded a distorted
octahedral coordination of the central Co-atom by 6 Natoms at an average distance of 2.12 A. From model
compounds it can be assumed that these N-atoms belong
to histidine rings.
A new project to study the environment of iron and
zinc ions in advanced arteriosclerotic plaque was started
(E. Rokita, Jagellonian University, T. Cichocki, Medical
Academy, Krakow, Poland). First results obtained from
ashed tissues demonstrated the feasibility of the project
and provide the basis for more systematic series of measurements in the future.
The project with the Medical University of Lubeck (H.
Winkler, A. Sawaryn & A.X. Trautwein) on EXAFS and
XANES investigations of models for haem proteins continued. EXAFS measurements on the high spin to low
spin transition in a model complex for haem proteins could
be consistently combined with information from complementary methods such as Mossbauer spectroscopy and
magnetic susceptibility measurements.

Small-angle scattering

Electric field x-ray scattering
The development of this new experimental technique, in
collaboration with R. Marquet & C. Houssier (University
of Liege), has been made possible by the excellent performance of the area detector system. Electric field x-ray
solution scattering aims at bridging the gap between structural and electro-optical methods e.g. electric dichroism.
The principle of the method and the first results obtained
with a sample of TMV kindly given to us by J. Witz (IBMC,
Strasbourg) are illustrated in Plate 7.
When the electric field is applied, the TMV particles orient
with their axis parallel to the field due to the induced dipole
resulting from the displacement of the counterions. Note
that with the relatively dilute solutions used (4.5 mg/ml)
the scattering obtained corresponds to the continuous

transform of an isolated particle. It is thus different from
the sampled transform obtained in fibre diffraction. When
the field is switched off one can follow the field-free decay
of orientation which gives information about the hydrodynamic properties of the particles.
This is the type of experiment for which synchrotron radiation is indispenible and for which integrating detectors (film,
TV or photoplates) cannot match the performance of gas
detectors. Like most developments in time-resolved scattering this one also has a wider range of applications e.g.
for synthetic polymers or inorganic colloids. The potential
of the method should now be investigated on a variety of
systems.

Solutions, gels and fibres
The study of the structure and condensation mechanism
of chromatin was pursued. Experiments on sea urchin
chromatin allowed us to check a number of predictions
of our model. Electric dichroism measurements on chicken
erythrocyte chromatin solutions were made in collaboration
with R. Marquet & C. Houssier (University of Liege). Model
calculations for condensed and uncondensed chromatin
indicate that the dichroism values are consistent with the
x-ray scattering model.
More accurate measurements on epidermal keratin filaments were made by solution scattering experiments
on monodisperse samples, giving a filament diameter
of 10 nm and a mass per unit length of 25 kDainm.
These results resolve the existing controversy in the literature. Further work to purify and characterize the individual polypeptide components of the filaments was undertaken with the aim of studying the self-assembly process.
A number of visiting groups' projects were continued
including autonomous oscillations in microtubule selfassembly studied by time-resolved x-ray scattering (E.
Mandelkow and colleagues, Max-Plank Unit Hamburg), the
exchange of the structural water and molecular dynam ics
of collagen and x-ray evidence for native twisted collagen
fibrils (T. Nemetschek et al., University of Heidelberg).
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PLATE 7-1
Principle of electric field x-ray solution scattering. A short square
wave electric pulse is applied to the solution as shown in A.
The solute particles orient due to the induced dipole moment.
Relaxation starts as soon as the field is switched off as shown in B.
The x-ray scattering patterns reflect the changes in the orientation
parameter as illustrated in C.
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PLATE 7-11
A: Area detector small-angle x-ray patterns from a solution of
TMV (4.5 mg/ml). B: Pattern from the same solution during the
application of an electric field of 5 kV/cm. C: Relative differences
((B-A)/A) in the pattern. The arrow E corresponds to the direction
of the applied field. D: Pattern of an oriented gel of TMV. The
detector covers the range of scattering vectors 0.01 <s<0.15
nm- 1 .
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Muscle
Four major sets of experiments were carried out during
1987. Firstly the in-house group developed a method for
isolating and purifying troponin and tropomyosin in large
amounts from lobster muscle. The interaction between
these two entities is much stronger than in rabbit muscle.
The proteins are to be used in diffraction studies of this
well-ordered muscle.
Secondly, in collaboration with the Max-Planck-Institut
(Heidelberg), Drexel University (Philadelphia) and the University of Pennsylvania, two new techniques, laser-induced
temperature jump and photolysis of caged calcium, have
been combined with low angle x-ray scattering to follow
the time-dependent structural changes in muscle fibres.
Temperature jump was applied to study the disorder to
order transition of myosin heads in rabbit psoas fibres.
The results are in agreement with the suggestion that a
rapid step, such as ATP-cleavage on myosin heads, is associated with the structural change. A new photosensitive
derivative of EDTA (Kaplan et al., unpublished) has been
used for calcium-jump experiments. After photolysis of its
calcium chelate in the presence of ATP, there was rapid
development of tension accompanied by a concurrent fast
change in the equatorial diffraction intensities.
Thirdly with the Max-Planck-Institut fur medizinische
Forschung, Heidelberg, the time course of the dynamic
changes in the diffraction pattern of muscle fibres has
been measured following the photolytic release of ATP
from caged-ATP to correlate the binding of ATP to muscle
fibres with the mechanical and structural changes which
follow. The initial findings from insect flight muscle have
been published (Rapp et al. 1986, Biophys. J., 50, 993).
More recently, we have used rabbit psoas fibres in similar
experiments. The results are consistent with the interpretation given by Goldman et al. (1984, J. Physiol., 354,
577-604) in which a rapid detachment of rigor bridges is
followed by the reattachment of some bridges which then
proceed at least part of the way through an active cycle.
Lastly, with the University of Oxford, we have started
collaborative experiments using rapid cooling contracture
(Conway & Sakai (1960), Proc. Natl. Acad. Sci. USA, 46,
897-903). This gives graded contractions which are stable
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over the period required for recording the detailed x-ray
diffraction pattern on imaging plates using synchrotron
radiation. A linear relation between the intensity increase
of the J 4 layer-line and the Ca 2+ concentration in living
muscle fibres has been established.

Instrumentation and development
Construction of the new small-angle scattering, X13,
beam-line in the EMBL building is in hand. Most of the
components are now ready and the line should be complete by the middle of 1988 with an excellent small focus
at the sample. The resulting high intensity incident on the
sample will greatly help in, for example, single fibre studies.
The development of the parallel-electrode detector has
been continued. Some modifications still have to be made
to the read-out electronics before the detector can be used
in synchrotron experiments.
The components for the data acquisition and processing
system have been integrated and tested. The system now
allows the real-time acquisition, display and transfer of
frames produced by different photon counting detectors
or video sources. The system has been linked to the
MicroVAX II computer. The two-dimensional acquisition
now has microcode for real-time data reduction with peak
rates up to 15 MHz and mean rates of 7.5 MHz. A videodigitizer and colour display have also been integrated into
the system.
A menu-driven software package supports the interactive
set-up and choice of the different parameters for acquisition, transfer and display. The software allows also the
complete remote control of the system from the MicroVAX
computer.
The dialogue software environment was adapted to a
colour graphics workstation (VAXstation/1l GPX) offering
window management and high resolution display facilities
for graphics and images. The data acquisition hardware
system was connected to this workstation via a parallel
DMA interface and the software for data transfer was
implemented and successfully tested.
K. Wilson

The Outstation at the ILL, Grenoble

The Outstation at Grenoble was established to provide
the appropriate support facilities for users of the neutron
beams at the Institut Max von Laue-Paul Langevin (ILL) in
the domain of molecular biology. This has often demanded
a close cooperation with the scientists of the ILL and led
to the development of joint research programmes. The ILL
primarily provides the facilities for neutron scattering experiments whilst the Outstation is responsible for biological
support and provides visiting scientists with the possibility
of carrying out complementary experiments using either
biochemical or biophysical techniques. Among these one
of the most important is the set of two x-ray generators.
Recently, the establishment of a European Synchrotron
Radiation Facility (ESRF) in Grenoble was decided. This
resulted in the Outstation developing its activities in the
field of x-ray diffraction, especially protein crystallography. Consequently, the laboratory is now actively using
neutrons, x-ray and light scattering as well as electron
microscopy and is involved in several biological problems
which require one or several of these techniques.

Low resolution neutron crystallography
The methodology and spectrometer used for these studies have been developed cooperatively by the ILL and
the Outstation. Low resolution neutron crystallography, as
distinct from x-ray crystallography, allows one to study
separately one component (e.g. nucleic acid) in crystals
of a two-component macromolecular complex (e.g. virus)
by suppressing the scattering due to the second compo-

nent by simply adding an appropriate amount of heavy
water. During this year this technique has been applied to
many problems, some of the most significant being: tomato
bushy stunt virus (TBSV), vitellin and ribosome subunits.
In the TBSV we could see the connection between the
outer rayer of the protein shell and its internal domain.
This would not be possible with x-rays because the internal
part of the virus is poorly ordered. In the case of vitellin,
a storage lipoprotein from egg-yolk, it had previously been
shown, with x-rays, that a large cavity exists in this lipoprotein; we use the neutrons to find out whether the cavity
contains lipids. In collaboration with the Max-Planck Group
in Hamburg and the Max-Planck-Institute in Berlin we are
studying the crystals of halophilic ribosome subunits. The
first results are very encouraging and a big effort has been
made for the data collection which will be continued next
year.

Protein dynamics
The Outstation continues to study the internal motions of
proteins using neutron inelastic scattering. These motions
contribute to the structure and function of macromolecules.
Neutron scattering provides unique information to test the
theoretical models. Previous experimental results show
that the existing models were incorrect. These models
have now been improved and the appropriate predictions
are in better agreement with the experimental data. Meanwhile new neutron data were collected as a function of
temperature. They reveal the existence of diffusive internal motions which are lost at low temperatures. So
the studies in Grenoble are leading progressively to a
better knowledge of internal motions in proteins. This is
important for understanding some of the forces guiding
protein conformation.

DNA dynamics
This programme combines neutron and light scattering to
understand motions in the DNA molecule. Recently we
studied the effect of temperature on the DNA internal
motions and we demonstrated the absence of local melting
of DNA below the melting point.
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Protein biosynthesis

Adenovirus fibre

The aminoacyl-tRNA synthetases are a family of enzymes
essential for protein biosynthesis. Besides their primary
function many of these enzymes have been identified
as having other biological functions. It was discovered
recently that some of the synthetases are involved in some
gene splicing events.

The fibre protein of adenovirus is an elongated structure
protruding from the virion, mediating the attachment of
the virus to the cellular receptors during viral infection.
We are studying the structure and the organization of this
protein employing different approaches. The preliminary
results obtained with crystals of human adenovirus type 2
(Ad2) fibre indicate that the structure of this protein is very
different from that of other fibrillar proteins. By combining
the results of electron microscopy, x-ray crystallography
and cross-linking studies we envisage the fibre as a trimer
of three intertwined polypeptide chains forming a helix.

Four synthetases of bacterial origin are actively under
investigation. In each case we follow the same strategy: the cloning and sequencing of the gene, purification
of over-expressed enzyme, purification of corresponding
tRONA, neutron scattering studies on the interaction of
enzyme and tRNA, enzyme crystallization and structural
investigation by x-ray diffraction. This programme involves
different expertise existing in the Outstation. Most progress
was achieved in the case of seryl-tRNA synthetase, since
the data were collected with x-rays for the native protein
crystals and for some heavy-atom derivatives. For three
other enzymes (valyl-, leucyl- and asparaginyl-) the overexpressed proteins were purified, characterized and studied by neutron scattering. The comparison of the bacterial
gene for the leucyl-tRNA synthetase, reported last year,
with a gene involved in intron splicing in mitochondria
provided convincing evidence that the latter is the mitochondrial gene for leucyl-tRNA synthetase.
The polypeptide elongation factor Tu is another enzyme
essential during protein synthesis. In the Outstation we
study Tu factor from a halophilic bacterium living in the
Dead Sea. We identified the Tu gene in the genomic library
prepared last year. The factor isolated from bacteria was
studied by neutron scattering and it was found that its
volume is very large for its mass, a characteristic found
for other halophilic proteins, that is proteins functioning at
high salt concentration.
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We have cloned and expressed in E.coli the fibre of Ad2
as well as that of another serotype, Ad3. It is important
that the fibre expressed in the bacterial cell was found to
self-assemble into a trimer. We plan to use this material for
crystallization studies, since the recombinant fibre, being
more uniform than that from infected cells, might facilitate
crystallization. This material will also be used for studies
on the interaction of the fibre with cellular receptors.

Service activities
Distinct from the scientific activities described above, the
Grenoble Outstation also supplies services to the European scientific community. Two of these are important.
The first one is the manufacture of x-ray detectors which
have been installed in numerous laboratories, including the
main synchrotron radiation sources (Daresbury in the UK,
LURE in France, EMBL in Hamburg). The second one
is to supply deuterated molecules for nuclear magnetic
resonance studies. In this field demand is growing fast.
B. Jacrot

Administration

ever, the cost-effective use of the scientific equipment and
materials is not the responsibility of the Administration.

In a science-dedicated institute the role of the Administration is to provide consistent services for the scientists and
manage the funds to the benefit of science.

Sound management of funds is partially achieved by an
efficient purchasing procedure. Purchases are channelled
to the end-users through the Purchase Department and fall
into three major categories:

Services
Several years ago, EMBL decided to run its own canteen
and the team of cooks has established a solid reputation
for the variety and the quality of the meals. The phrase
lIinternational reputation" which so many places in the
world are keen to achieve has been established for the
EMBL canteen. Around 250-300 meals are served every
day.
Three years ago EMBL decided to offer guesthouse accommodation in the proximity of the Laboratory to the
increasing number of visitors and students. This has developed into a smoothly running operation, especially for
short-term guests, and includes in the same building breakfast and evening meals service.

(a)
(b)

(c)

Courses in the three official languages of the Laboratory
are currently offered twice a week.

Management of funds
The Finance Section of the Administration is in charge of:
(a)
(b)
(c)

management of liquid funds;
establishment and follow-up of the budget;
bookkeeping.

The budget and balance sheets will be discussed elsewhere (pages 52 & 53). The books are closely audited by
an internal auditor reporting to the Director-General and by
external auditors appointed by the Council; their mission is
not only to check whether the figures are correct but also
whether the financial rules and regulations have been followed. The auditors also give advice on the interpretation
of the Rules and Regulations.
The cost-efficiency of science is obviously a difficult question and the right criteria have not yet been found. How-

Standard articles in stock: the turnover of stock in the
stores (1200 articles) is very satisfactory, reaching an
overall average of 6 times per year (1987: 7.2).
Consumable articles: the main difficulty here is that
better terms can be negotiated only when a certain
turnover has been reached. With more than 3,500
suppliers in and outside the Member States, purchases are coordinated and channelled so as to
obtain the most economic return on the available
sources. Evolution of new products in science necessitates a constant flow of information between the
Purchase Department and the EMBL scientists.
Specific equipment: Any individual purchase over
3,000 OM (10,000 FF) must be applied for by a group
leader and approved by the Purchase Committee
which meets 5 or 6 times per year.
Stiff negotiations take place with the suppliers; competition is keen among them because EMBL is a firstclass show-window for the latest equipment which is
tested or used here by top-level specialists from many
different countries.

It is worth mentioning that EMBL writes yearly up to 50 tenders covering about 2000 articles in the first two categories
of products.
In 1987 two major steps were taken to improve further
cost-efficiency:
(a)
(b)

EMBL is working in close cooperation with other research institutes in Heidelberg and substantial results
were attained for the partners.
Within the Administration a new section was established: Inventory and Price Control Office with two
tasks:
detailed checking of all invoices to draw from
them all possible information and feed this back
to the Purchase Department;
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Table 3
MAIN ITEMS OF INCOME AND EXPENDITURE DURING 1987
All figures in 1000 OM
Budget

Actual

1,023

1,023

Liquidation of Reserve

392

392

Ordinary Contributions

44,600

44,600

1,170

1,170

Bank interest

300

398

Pension Scheme

760

898

5,300

5,908

Unpaid Commitments

196

281

Other Income

500

397

54,241

55,067

Income
Carried forward
from 1986

Special Contributions

Internal Tax

Total Income

826

Reduced Income
Totals

54,241

54,241

Expenditure
Staff Costs
(inc!. Internal Tax)
Operating Costs
Capital Expenditure

Budget

Actual

30,786
(inc!. + 1,250)

30,784

15,147

14,858

8,211

8,210

Reserve

Total Expenditure

97

54,241

Provisions not spent
or committed
Totals

53,949
292

54,241

54,241

(comments on pages 54 & 55)
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Table 4
THE LABORATORY'S INCOME AND EXPENDITURE OVER 5 YEARS
All figures in 1000 OM
Income

Actual Actual Actual Actual Budget
1984 1985 1986 1987 1988

Expenditure

Actual Actual Actual Actual Budget
1984 1985 1986 1987 1988

Carried forward
from previous year

2,834

1,836

1,213

1,023

1,118

Staff Costs
(Net)

20,729 22,344 22,874 23,978 24,895

Liquid. of Reserve

509

634

6

392

3

Operating Costs

12,906 13,980 14,385 14,858 15,974

Ord. Contributions

36,000 38,200 41,705 44,600 46,072

Capital Expenditure

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

125

380

602

1,170

946

Reserve

Bank Interest

725

474

367

398

670

Carried forw. to
following year

Other Income,

869

1,077

798

678

871

Totals

41,062 42,601 44,691 48,261 49,680

Totals

4,957

5,058

6,017

8,210

8,732

634

6

392

97

79

1,836

1,213

1,023

1,118

41,062 42,601 44,691 48,261 49,680

(comments on page 55)
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frequent checking and updating of the inventories, in particular those which are the responsibility of the group leaders.
The expansion of the Laboratory and the increased scientific activity results, of course, in growing administrative
tasks.

The Maintenance Section will soon start to use a computer
to schedule the servicing of the several hundreds of pieces
of equipment: routine inspections, defects, documentation
etc.
The Administration has done its best to help science and
scientists in a smooth and cost-efficient way.

Efficiency improvements
Here are some figures pertaining to the period 1984-1987:

Financial situation

Personnel: Increase in staff
(all members of the personnel) +25.97%

Table 3 - 1987 OUTTURN versus BUDGET (see p. 52)

In 1987 alone 13%
230 registrations
171 departures
Bookkeeping: Entries +49.7%
Purchase: Store requests +85% (9,000 - 16,500)
Purchase orders +40% (3,500 - 4,900)
To prevent a frightening bureaucracy, measures have been
taken to improve procedures. The Administration has succeeded in spite of the considerable increase in workload;
only 2 staff have been added in 5 years mostly due to
increased computerization. Within the Staff Complement
approved by Council each additional administrative staff is
one staff less for science.

The budget forecasts have been met with small differences
which call for the following remarks:
INCOME

Bank interest
The excess of income over the expected proceeds from
the deposits of liquidities is not explained by an increase in
bank interests. In spite of the fact that EMBL cannot invest
the available OM liquidities in other currencies, attractive
rates were obtained with the support of our banks (annual
average: 3.7%) and major payments took place only in the
second half of the year.

Pension scheme and internal tax

Furthermore the computing facilities have been considerably improved in 1987 through the addition of a number of
programme adjustments which have reduced the workload
of the staff. The whole staff is now convinced of the
advantages of computing.

The increase in salaries paid during the year (+ 1,250 KDM)
resulted in higher income in pension scheme contributions
and internal tax.

This opens the way to further developments among which
the introduction of "packages" and of a minicomputer dedicated for the Administration but connected to the Laboratory's cluster is being considered. Direct access by the
scientific groups to updated information (group budgets
and stocks) will then be possible and the Administration
will be able to computerize additional projects.

Now that the proceeds from licence fees and sales of
equipment manufactured in the Laboratory as well as
reimbursement for services shared with outside institutes
are first used to compensate for the original cost, other
income is limited to sale of obsolete fixed assets and exceptional income. Therefore the trend is downward (1986:
535 KDM).

54

Other income

EXPENDITURE
Staff Costs were higher than expected for several reasons:
more supernumeraries than planned (e.g. they carried out
works which could have been ordered from outside firms at
a higher cost), more external fellows than expected (which
is positive for EMBL), salary increases higher than at first
forecast, and unexpected departures.
Council approved transfers from the headings 1I0perating
Costs" and IICapital Expenditure" to cover the difference:
savings had been achieved in both headings through active competition among the suppliers and postponement
of the purchase of some equipment not urgently required.
Only 292 KDM were underspent compared to 575 KDM in
1986.

Table 4 - Trends of income and expenditure 1984-1987
(see p. 53)
INCOME
The ordinary contributions of the Member States have
increased by a net increase, through the cost variation
index and through the contribution - special and ordinary
- of a new Member State: Spain. Hopefully all Western European countries will soon be Member States of
EMBL.
The Indicative Scheme covering 3 years (1988-1990) has
been adopted and provides for a net increase of the
in 1988 over 1987 and of
Ordinary Contributions of
1
in 1989 over 1988, 1990 remaining equal to 1989 (in
constant OM).
New cost variation index rules for heading 1 (Staff Costs)
have been agreed which are consistent with the indices
recommended by the Coordinated Organizations (Ee,
OECO, NATO, WEU and associates) concerning salary
increases.

Table 4 does not show the outside contribution granted
by the Land Baden-WOrttemberg to the cost of the annex
building between the main Laboratory and the containment
facilities in Heidelberg. The amount has not been included
in the budget of the Laboratory: it is an exceptional and
generous gift from the local Government, which, together
with the support of the Member States, will enable EMBL to
accommodate and develop the Biocomputing Programme
and facilitate teaching and training. The new building,
which includes an auditorium seating 360 persons, should
be inaugurated in October 1988.
Negotiations are under way for a grant from the European
Economic Communities in Brussels and it is hoped that it
will soon be received.
EXPENDITURE
The most striking feature, the increase of the Capital
Expenditure (+36°/0) over 1986 in current OM, reflects the
1987 share of the cost of the new building contributed by
the Member States. The balance of the total costs covered
by the contributions is included in the 1988 budget. Some
major investments in computing equipment have taken
place in 1987 and will be continued.
At the same time additional staff have been hired, in particular in the Biocomputing Programme. 1987 Staff Costs
have increased by nearly 5°1o over 1986, whereas the Operating Costs only by slightly more than 3°1o (all figures in
current OM): the Biocomputing Programme needs expensive computing equipment, but has modest requirements
in Operating Costs.
Note: The discrepancy between the figure for the budget
in Table 3 (54,241 KDM) and Table 4 (48,261 KOM) is
accounted for by the fact that the Table 4 figures do not
include internal tax nor staff members' contributions to the
EMBL Pension Scheme.
J.-F. Beerblock
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Official visitors in 1987

9.02.1987

Prof. A. Sasson
UNESCO, Paris, France

16.04.1987

Prof. W. Alles,
Italian Embassy, Bonn

16.02.1987

T. Suda & T. Maruyama,
Science & Technology Agency,
K. Nakajima, Agency of Industrial
Science & Technology &
T. Shigeeda, United Nations Bureau,
Tokyo, Japan
Dr. K. Oda, Japanese Embassy, Bonn

...05.1987

Prof. G. Enriquez,
National Sciences Research Institute,
University of the Philippines

29.05.1987

H. Yoshimura, Science &
Technology Agency, Tokyo, Japan

17.06.1987

D. Dickson,
Science Magazine

25.06.1987

M. Furuya & S. Saitou,
Inst. of Physical and Chemical Research,
Saitima, Japan

10.09.1987

T. Kawamoto,
Tsukuba Science City, Japan

02.11.1987

Delegation of the
Austrian Radio & Television (ORF),
Vien na, Austria

02.12.1987

Delegation from "Kobe Steel",
Tokyo, Japan

12.03.1987

16.03.1987

19.03.1987
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Prof. T. Ooi, Kyoto University
Prof. K. Matsubara, Osaka University
Prof. T. lino, Tokyo University
T. Ishino, Monbusho, Japan
Prof. S. Forsan, Prof. L. Rutberg,
Prof. H.O. Sjogren, T. Persson,
B. Sahlin, M. Dunge, P. Sellers,
U. Martensson, Department
of Microbiology, University of
Lund, Sweden
A. Larsson & Mrs. Gronlund,
Swedish Ministry of Industry,
Stockholm, Sweden

Guided tours during 1987

20.02.1987

The Int. Association of
Economy Students, Heidelberg; 15 persons

14.10.1987

Group of Federal and County
politicians of the SPD; 11 persons

21.04.1987

Students of the
Associ ation of Biolog ists,
Utrecht, The Netherlands; 35 persons

23.10.1987

22.05.1987

Group of schoolchildren of the
Gymnasium Petrinum
(speciality biology),
Brilon; 25 persons

Group of schoolchildren of the
Gymnasium Petrinum
(speciality biology),
Brilon; 26 persons

26.11.1987

Department heads of the
Criminal Investigation Department,
Karlsruhe; 22 persons

03.12.1987

Group of schoolchildren of the
Liebfrauenschule Bensheim
(biology cou rse)
32 persons

17.12.1987

Group of schoolchildren of the
Georg-BOehner-School
(biology course),
Darmstadt; 29 persons

22/23.05.1987 Employees of the Firm
Ristau & Specker, Berlin; 24 persons
29.05.1987

Students of an evening-Gymnasium
(biology course), Bielefeld;
8 persons

27.08.1987

Internationale Gesamtschule
Hasenleiser (biology course),
Heidelberg; 15 persons

08.10.1987

Students of the Biotechnology Centre,
University of Bergen,
Norway; 10 persons

Total number of visitors: 252 persons
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Table 5

EMBL STAFF DEVELOPMENT

December 1985

December 1986

December 1987

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

244
47
30
17
17
52

2

253
56
36
13
15
79
4

251
109
32
15
11
94
3

250.75
76.50
31.59
16.33
11.92
97.08
6.50

TOTAL

409

456

515

490.67

Category of Personnel

Man-Years 1987*

The figures show the total employees of the various categories during the month of December 1985, 1986 and 1987.
* The "Staff Complement" of the EMBL is based on man-years and the figures indicate the total number of posts that were
filled in 1987 during the whole of that year.
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Director-General

Lennart Philipson

Secretaries
Waltraud Ackermann
Nelly van der Jagt-Gonzalez

Internal auditors
Karl Koglmayro-k
Joachim Willert° t

Staff and Visitors

* indicates group leaders

* indicates part of the year only

o indicates part-time work
t deceased
External fellows comprise: postdoctoral fellows,
visiting scientists & visiting professors
supported by an external fellowship
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Central Laboratory,
Heidelberg
Cell Biology

Programme coordinator

Kai Simons (Senior scientist)
Secretaries

Annie Steiner*
Anne Walter*
Scientists

Bernhard Dobberstein* (Senior scientist)
Henrik Garoff**
Gareth Griffiths*
Jean Gruenberg*
Eduard Hurt*
Wieland Huttner*
Kathryn Howell*
Eric Karsenti*
Thomas Kreis*
Gerrit van Meer*
David Meyer**
Keith Stanley*
Christian Zwieb*
EMBL & EMBO fellows

Victoria Allan (York)(EMBL)
Morgane Bomsel* (Paris)(EMBO)
Stefano Bonatti* (Naples)(EMBO)
Cristina Crimaudo* (Milan)(EMBL)
Marie-Christine Dabauvalle* (Heidelberg)(EMBL)
Ivanmatteo de Curtis (Milan)(EMBL)
Hans-Hermann Gerdes* (Marburg)(EMBL)
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Oetlef GOssow* (Amsterdam)(EMBL)
Marie-Therese Haeuptle (Lausanne)(EMBUDFG)
Ute Hamann (Epalinges)(EMBL)
Silke Hansen* (SaarbrOcken)(EMBL)
Danny Huylebroeck* (Gand)(EMBO)
Raymond Lee* (Canada)(EMBL)
Klaus Lingelbach* (Australia)(EMBO)
Andrew Robinson* (London)(EMBL)
Patrizia Rosa* (Milan)(EMBUCNR)
Efsthathia Scoulica* (Marseille)(EMBO)
Sharon Tooze (Heidelberg)(EMBL)
Marino Zerial* (Trieste)(EMBL)
External fellows

Robert Bacallao* (USA)(NIH)
George Banting* (London)(Royal Society)
Mark Bennett* (USA)(NIH)
Heather Bond (Leeds)(Royal Society)
Brigitte Brake (Innsbruck)(KKS Royalties)
Giorgio Bressan* (Padova)(EEC)
Evelyne Friederich (Martinsried)(DFG)
Jean Gruenberg* (Geneva)(Swiss Nat!. Found.)
Joachim Herz (Heidelberg)(Boehringer Ingelheim Fonds)
Alan Hibbs (Australia)(Humboldt Stiftung)
Wai Chang Ho (USA)(Boehringer Ingelheim Fonds)
Elaine Hughson* (Sheffield)(Royal Society)
Ibrahim Ibrahimi* (Jordan)(Humboldt)
Joachim Lipp* (Heidelberg)(DFG)
Daniela Marazziti (Pisa)(DAAD)
Robert Parton* (Leicester)(Royal Society)
Kristian Prydz (Oslo)(Norw. Res. Council)
Janet Rickard* (Liverpool)(NATO/SERC)
Jean Salamero* (Paris)(CNRS)
Christopher Sanderson* (Guilford)(Roy.Soc.)
Peter van der Sluijs* (Groningen)(Humboldt)
Angela Wandinger-Ness (USA)(NIH)
Predoctoral fellows

Patrick Baeuerle* (Martinsried)(EMBL)
Ulrich Benedum* (Martinsried)(DFG)
Andre Brandli (Basel)(EMBL)
Paola Braghetta* (Padova)(Univ. Padova)
Karen Button* (Bath)(EMBL)
Rainer Duden* (Heidelberg)(EMBL)

Annette Hille* (Martinsried)(DFG)
Michael Hortsch* (Frankfurt)(EMBL)
Stella Hurtley* (Cambridge)(EMBL)
Yvonne Kuys* (New Zealand)(DAAD)
Joachim Lipp (Heidelberg)(DFG)
Rafaele Matteoni (Pisa)(EMBL)
Christof Niehrs (Berlin)(EMBL)
Karin Romisch* (Konstanz)(EMBL)
Ulrich Seydel (Martinsried)(DFG)
Jane Stinchcombe* (Brighton)(EMBL)
Jeremy Toyn* (Cambridge)(EMBL)
Fulvia Verde* (Pisa)(EMBL)
Students

Marie-Anne Felix* (Paris)
Iris Killisch* (Heidelberg)
Thomas Schimmang* (Erlangen)
Birgit Singer* (Heidelberg)
Trainees

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

C. Anthony* (Paris)
I. Arnold* (Munich)
M.-H. BrE3* (Gif-sur-Yvette)
N. Campos* (Barcelona)
J.-L. Carpentier* (Geneva)
A. Cockcroft* (Warwick)
B. van Deurs* (Copenhagen)
T. Ebel* (Huddinge)
K. Geering* (Lausanne)
L. German* (Montreal)
B. Hoflack* (Lille)
M. Jarnik* (Prague)
Z. Kostrouch* (Prague)
P. Luzio* (Cambridge)
S. Masur* (USA)
J. De Mey* (Beerse)
O. Myklebost* (Oslo)
B. Pilz* (WOrzburg)
S. Prehn* (Berlin)

I. Raska* (Prague)
S. Rogne* (Oslo)
N. Roos* (Oslo)
P. Sanz-Bigorra* (Valencia)
E. Sher* (Milan)
E. Sztul* (USA)
L. Wickstr6m* (Stockholm)
Technical assistants

Ruth Back
Joanne Crowe*
John Dickson
Shamsa Faruki
Nicholas Flint
Michael Hollinshead
Ruth Jelinek*
Hildegard Kern
David Konecki*
Christopher Marshallsay*
Elizabeth Phillips*
Annette Scharm*
Hilkka Virta
Jane Webb
Ursula WeiB
Heike Wilhelm
Supernumeraries

Heinz Horstmann*
Laura KraehenbuhlO*
Mirjana KutnjakO*
Michael Simm
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Differentiation

Programme coordinator

Thomas Graf (Senior scientist)
Secretaries

Birgit Blanasch*
Hilary Davies*
Scientists

Hartmut Beug*
Rodrigo Bravo*
Patrick Charnay*
Sara Courtneidge*
Ottavio Fasano*
Rolf MOller*
Manfred Renz*
Isolde Riede-Kainrath*
Ulrich ROther*
Colin Stewart
Bjorn Vennstrom*
Erwin Wagner*
EMBL & EMBO fellows

Gerard Brady* (Heidelberg)(EMBO)
Ann Johnsson (Uppsala)(EMBO)
Khash Khazaie (London)(EMBO)
Catherine Ovitt* (USA)(EMBL)
Thomas von ROden* (Mainz)(EMBO)
Ulrich ROther* (Koln)(EMBL)
Rolf-Peter Ryseck* (Heidelberg)(EMBL)
Paul Schofield* (Oxford)(EMBO)
Hans-JOrgen Thiesen* (Hamburg)(EMBO)
Reinhard Wallich* (USA)(EMBL/DFG)
Martin Zenke (Strasbourg)(EMBL)
Marino Zerial* (Paris)(EMBL)
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External fellows

JOrgen Adamkiewicz (Essen)(DFG)
Elena Carra* (Palermo)(EEC)
Philippe Chavrier* (Lyon)(ARC)
Douglas Forrest* (Glasgow)(Royal Society)
Josee Golay (London)(Swiss Nat!. Sc. Found.)
Konrad Heckt* (Vienna)(Schr6dinger Found.)
Martino Introna (Milan)(EEC)
Uwe Janssen-Timmen* (Essen)(DFG)
Frances Lucibello* (London)(Wellcome Trust)
Pietro Masturzo* (Milan)(EEC)
Alberto Munoz (Madrid)(Fund. Juan March)
Scott Ness (USA)(NIH)
Franca Pischedda* (Turin)(AIPC)
Marcus Schuermann (Amsterdam)(Boehringer(Ingelheim Fond)
Maria Stefanova* (Bulgaria)(DAAD)
Luisella
(Milan)(CNR)
Emin Ulug (USA)(Boehringer Ingelheim Fond)
Alessandra Vitelli (Rome)(AIRC/EMBL)
Lindsay Williams (Leeds)(Royal Society)
Predoctoral fellows

Catherine Boulter (Oxford)(EMBL)
KLaus Damm* (Heidelberg)(EMBL)
Georg Feger (Ulm)(EMBL)
Ulrike Fuhrmann (Cologne)(EMBL)
Anna Hemming* (Goteborg)(EMBL)
Thomas Jenuwein* (Heidelberg)(EMBL)
Robert Kypta* (Oxford)(EMBL)
Patrick Lemaire (Paris)(EMBL)
Thomas Metz (Basel)(EMBL)
Horst M6lders* (Koln)(EMBL)
Olivier Revelant* (Paris)(Ec. Norm. Sup.)
Jan Sap (Leuven)(EMBL)
Gisela Sterneck* (Munich)(EMBL)
Students

Emanuelle Burderi* (Rome)
Markus Ewert* (Heidelberg)
Thomas Ludwig* (Heidelberg)
Manfred Neuberg (Heidelberg)
Andre Proefrock* (Giessen)

Monika Schroter* (Heidelberg)
Petra Schrotz* (Heidelberg)
Frank Schubert* (Heidelberg)
Christoph Schuster* (Heidelberg)

Biological Structures

Trainee

Irene Lambrinudakis* (Athens)(DAAD)
Visiting workers

F. Gabrielli* (Pisa)
J. Morris* (Oxford)
H. Rienhoff* (USA)
C.N. Santos* (Brasil)
Technical assistants

Pat Blundell
Gabi Doderlein
Sigrid Grieser
Angelika Heber
Lynda Henry
Jack Hunter*
Susan HunterO*
Christina Kurz
Heather Macdonald-Bravo
Asa Marknell*
Dagmar MOiler
Kristina Nordstrom
Thomas Pohl*
Carina Raynoschek
Charlotte Sandstrom*
Doris Sommer
Mirka Vanek
Carmen Walter-Moller
Claudia Winter*
Zahn
Supernumeraries

Cathrin Bloching*
Otto Braunling*
Kirstin Hibbs*
Andreas SchedlO*

Programme coordinators

Stephen Fuller* } (Joint coordinators
Dietrich Suck*
since 1.11.1987)
Demetrius Tsernoglou* (Senior scientist)
Secretary

Christine Barber
Scientists

Gianni Cesareni**
Hajo Delius**
Jacques Dubochet**
Stephen Fuller*
Michelle Hollecker*
Kevin Leonard*
Jean Lepault**
Gour Pal*
Michael Parker
Franc Pattus*
Ramon Serrano*
Dietrich Suck*
Demetrius Tsernoglou** (Senior scientist)
EMBL & EMBO fellows

Belinda Bullard* (Cambridge)(EMBL)
Jean-Louis Dasseux (USA)(EMBO)
Michel Frenette* (Marseille)(EMBO)
Jeremy Lakey* (Norwich)(EMBO)
John Trinick* (Bristol)(EMBO)
Richard Ward* (Oxford)(EMBO)
Andrew Worrall* (Southampton)(EMBO)
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External fellows

Pilar Eraso (Madrid)(Univ. Madrid)
Alessandra Luzzago* (Brescia)(EEC)
Jose Manuel Pardo* (Madrid)(Fund. Juan March)
Francisco Portillo (Madrid)(Univ. Madrid)
Predoctoral fellows

Grazia Bottaro* (Messina)(DAAD)
Ray Brown* (London)(EMBL)
Angel Cid (Madrid)(Span. Min. of Educ. & Sc.)
Benedicte Dargent* (Marseille)(EMBL)
Rainer Doffinger* (Heidelberg)(EMBL)
Gail Hutchinson (Cambridge)(EMBL)
Dominique Massotte* (Liege)(EMBL)
James Murray* (Cambridge)(EMBL)
Students

Karin Hoischbach* (Heidelberg)(EMBL)
Armin Lahmo (Heidelberg)(EMBL)
Jean-Franc;ois Menetret (Paris)(NatI.Serv.)
Martin Muller* (Heidelberg)(EMBL)
Mathias Pohl* (Heidelberg)(EMBL)
Guido Voit¢ (Heidelberg)(EMBL)
Trainees

Reinhold Rauscho (Heidelberg)(EMBL)
Mary Johnston* (Canada)(IASTE)
Visiting workers

M. Adrian* (EMBL Grenoble)
E. Ball* (York)
D. Bamford* (Helsinki)
N. Biezonski* (Jerusalem)
C.-H. von Bonsdorff* (Helsinki)
F. Booy* (Groningen)
R. Burnett* (USA)
L. Castagnoli* (Heidelberg)
C. Cicala* (Messina)
C. Garcia-Vallejo* (Madrid)
S. Hamodrakas* (Athens)
M. Helmer-Citterich* (Rome)
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G. Hofhaus* (Dusseldorf)
C. Kavounis* (Thessaloniki)
M. Kokkinidis* (Crete)
A.-F. Lakey* (Norwich)
P. Martin* (USA)
P. Metcalf* (EMBL Grenoble)
A. Pande* (Zurich)
I. Pernice* (Messina)
I. Raska* (Prague)
A. Stegmann* (Groningen)
H. Weiss* (Dusseldorf)
Scientific assistants

Alasdair McDowall*
Alec Tucker
Technical assistants

Randa Badawi*
Patricia Buck
Marie-Pierre Clement
Marek Cyrklaff
Nathalie Didat
Charles Ferguson
Graham Frost
Stephen Heathman*
John Hughes*
Adrian Kingswell
Supernumeraries

Consuelo Montesinos
Karsten Richter*

Gene Structure and Regulation

Programme coordinator

Riccardo Cortese (Senior scientist)
Secretaries

Maryka Kimmins*
Heide Seifert
Scientists

Angus Lamond**
Marco Bianchi
Gianni Cesareni**
Roberto Di Lauro*
Paolo Di Nocera
lain Mattaj*
Henk Stunnenberg*
EMBL & EMBO fellows

Enzo De Simone (Naples)(EMBO)
Giovanna Grimaldi (Naples)(EMBO)
Giovanni Migliaccio* (Naples)(EMBO)
Salvatore Oliviero (Turin)(EMBO)
Melanie Price* (Leicester)(EMBO)
Alison Sinclair* (London)(EMBL)
Marco Tripodi* (Rome)(EMBL)
External fellows

Monique Frain (Paris)(CNRS)
Fotini Gounari (London)(EEC)
Michael Kazmaier (Bern)(DFG)
Alessandra Luzzago* (Brescia)(EEC)
Paolo Monaci (Rome)(Villa Rusconi)
Gianni Morrone (Naples)(DAAD)
Alfredo Nicosia (Siena)(EEC)
Luigi Spinelli* (Bari)(Min.Publ.lnstr.)
Guido Swart (Leiden/Palaiseau)(Humboldt)

Predoctoral fellows

Grazia Bottaro* (Messina)(DAAD)
Helen Francis-Lang* (York)(EMBL)
J6rg Hamm (Berlin)(Boehringer Ingelheim)
Eis Hardon (Utrecht)(EMBL)
James Murray* (Cambridge)(EMBL)
Giacomo Paonessa (Naples)(EMBL)
Huw Parry (London)(EMBL)
Beate Schwer (Basel)(EMBL)
Graham Tebb (Oxford)(EMBL)
Maria del Mar Vivanco-Ruiz* (Bilbao)(EMBL)
Peter Weber* (Regensburg)(Univ.Regensburg)
Students

Heidrun Lange* (Heidelberg)
Jan Vos (Wageningen)
Visiting workers

M. Beer* (USA)
M. Beltrame* (Milan)
L. Castagnoli* (Heidelberg)
C. Cicala* (Messina)
D. Civitareale* (Rome)
A. Cyrklaff* (Canada)
P. Fiorentini* (Genova)
L. Ghibelli* (Rome)
M. Helmer-Citterich* (Rome)
C. Immacolata* (Milan)
R. Lonigro* (Camerino)
J. Meyer* (Stockholm)
A. Modesti* (Florence)
I. Pernice* (Messina)
G. Russo* (Naples)
M. Scarpa* (Padova)
Technical assistants

Carolyn Blance
Nina Dathan
Luisa De Magistris
Stacy Ehrlich*
Thomas Gabran
John Hughes*
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David Kirk
Ulrike Martin
Ursula Ryder*
Jacky Schmitt
Susanne Stampfli
Petra Stevenson

Physical Instrumentation

Secretaries

Wendy Moses*
Sabine Myers*
Rachel Wainwright*
Scientists, Engineers

Christian Boulin*
Elisabeth Cistac
Jean Davoust
Avi Epstein
Max Haider
Arthur Jones* (Senior Scientist)
Richard Kempf
Philippe Leyendecker
Ernst Stelzer
Clemens Storz
Willem Tichelaar
Paul Tucker
Roel Wijnaendts van Resandt*O*
Predoctoral fellows

Cecile Sutor (Marseille)(EMBL)
Pierre Cosson (Paris)(ENS)
Patrick Schultz* (Strasbourg)(EMBL)
Trainee

Georges Frey* (Mulhouse)(DAAD)
Visiting workers

M. Beer* (USA)
R. Bulow* (TObingen)
E. Carlemalm* (Basel)
P. Jarron* (Geneva)
S. Lanio* (Heimstetten)
G.E. Pollerberg* (Heidelberg)
E. Soini* (Turku)
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Technical assistants

Mark Kail
Johanshah Khazaie
Robert Morrison
Rainer Pick
Georg Schafer*
Reinhold Stricker
Electronic workshop

Carol Stettner
Bruno D'Orazio
Alfons Riedinger
Georg Ritter
Kurt Stroh
Siegfried Winkler

Instrumentation maintenance

Norbert Hassler
Peter Collins
Yves Sorensen
Abdullah Sulayici
Trainee

Yves Labaune* (Paray-le-Monial)(DAAD)
Construction bureau

Michael Bleimling
Mathias Pirsch*
Petra Riedinger
Hans Wittmann

Trainees

Asher Auerbach* (Rehovot)(DAAD)
Nisan Carmeli* (Tel Aviv)(DAAD)
Supernumerary

Eugen Schwan*
Mechanical workshop

Hans Flosser
Antonis Beloubassis
Thomas Blum
Leo Burger
Philip Goodman
Gaetano Landomini
Helmuth Schaar
Gabor Szebeny*
Otto Wernz
Wolfgang Zengerling
Visiting worker

Walter Schmitt* (Trieste)

67

Biochemical Instrumentation

Secretary

Ines Benner*
Scientists, Engineers

Wilhelm Ansorge*
Babro Beijer*
Rainer Frank*
Heinrich Gausepohl
Rainer Pepperkok*
Christian Schwager
Brian Sproat*
EMBO fellow

Tom Kristensen* (Oslo)(EMBO)
External fellow

Adolfo Iribarren* (Argentine)(Humboldt)
Predoctoral fellow

Keith Ashman (Aberstwyth)(EMBL)
Students

Holger Erfle (Heidelberg)
Hartmut VoB* (Heidelberg)
Jochen Wallach* (Heidelberg)
Trainees

Annette Estelmann* (Hohenheim)
Kathleen Nolan* (Canada)
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Visiting workers

A. Bankier* (Cambridge)
V. Bronneke* (Munich)
M.P. Gaub* (Strasbourg)
D. Koesling* (Berlin)
R. Pepperkok* (Heidelberg)
J. Salamero* (Paris)
A. Smith* (Cambridge)
M. Tadros* (Freiburg)
G. Volckaert* (Leuven)
Scientific assistant

Josef Stegemann
Technical assistants

Armin Bosserhoff
Edward Davey
Philippe Neuner
Peter Rider
Supernumerary

Margot Kraft

Biocomputing

Programme coordinator

Chris Sander (Senior scientist)
Secretaries

Ines Benner*
Christine Raulfs*
Scientists, Engineers

Pat Argos*
Heinz Bosshard*
Richard Bryan*
Graham Cameron*
Dominic Fedronic*
David Hazledine
Shirley Jones*
Patricia Kahn
Arthur Lesk**
Niall Mansfield
Peter McCaldon*
Johan Postma
Roy Omond*
Peter Rice*
Gunter StoBer
Robert Vogel
External fellow

Toby Gibson (Cambridge)(SERC)
Predoctoral fellows

Paul Davis* (Portsmouth)(EMBL)
Danielle Konings (Utrecht)(Roy. Dutch
Acad.of Sciences)
Martin Vingron* (Vienna)(EMBL)

Visiting workers

M. Beato* (Marburg)
A. Bairoch* (Geneva)
C.-I. Branden* (Uppsala)
I. Clifton* (Daresbury)
F. Colonna* (Orsay)
C. Frommel* (East-Berlin)
A. Godzik* (Warsaw)
S. Hamodrakas* (Athens)
M. Hirshberg* (Rehovot)
L. Holm* (Espoo)
T.A. Jones* (Uppsala)
H.R. Kalbitzer* (Heidelberg)
M. Kokkinidis* (Crete)
P. Martin* (USA)
N. Nielsen* (USA)
A. Nordheim* (Heidelberg
H.H. Ohlenbusch* (Strasbourg)
A. Pande* (Zurich)
M. Schafer* (Heidelberg)
D. SchOler* (Berlin)
J. de Vlieg* (Groningen)
M. Wolters* (Berlin)
A.Yonath* (Hamburg)
Technical assistants

Renas Rechid*
Michael Scharf*
Erich Schechinger
Raimund Schnobel*
Rudiger SOltemeyer*
Wolfgang Winkler
Data assistants

Gaby Breun*
Judith Nial*
Supernumeraries

Brigitte Altenberg-GreulichO"k
Rolf ApweilerO*
Brigitte Boeckmanno
Charoula ChristodoulouO"k
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Jurgen GlocknerO*
Liebmuth HeimburgO*Katrin MasteO
Michael MetzO*Barbel MeissnerO
Birgit MossO*Sibylle ReichlingO*Bernd Rochert°
Michaela SommerfeldtO
Erhard Wag nerO*Karin ZojerO*-

Additional Research Activities

Scientists
Anna-Maria Frischauf**
Hans Lehrach**

EMBL and EMBO fellows
Denise Barlow* (London)(EMBO)
Alister Craig* (Leicester)(EMBO/EMBL)
Frank Michiels* (Brussels)(EMBO)

External fellows
Dean Nizetic* (Split)(ICRF)
Gudrun Rappold* (Heidelberg)(DFG)
Lisa Stubbs* (Pasadena)(NIH)
Michael Zimmer* (Gottingen)(DFG)

Predoctoral fellows
Marya Bucan* (Belgrade)(DFG)
Margit Burmeister* (Rehovot)(EMBL)
Bernhard Herrmann* (Wurzburg)(EMBL)
Gunther Zehetner* (Salzburg)(DFG)

Visiting workers
S. Reeders* (Oxford)

Technical assistants
Thomas Pohl*
Annemarie Poustka*
Lisa Schneider* (Hered. Dis. Found.)
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The Director's Laboratory

Scientific Administration

Scientists

Scientific coordinator

Lennart Philipson
Claudio Schneider
External fellow

M. Etzerodt (Aarhus)
Visiting workers

R.
G.
G.
G.
M.
G.

Arcone* (Naples)
Ciliberto* (Naples)
Gualandi* (Rome)
Manfioletti* (Trieste)
Ruaro-Manfioletti* (Trieste)
del Sal* (Trieste)
J. Schickedanz* (TObingen)
R. Vignali* (Pisa)
Mo. Zan,etti-S'chneider (Trieste)

John Tooze¢
Szilard Library

Mary Holmes
Susan Mottram*
Photography

Claus Christensen
Alan Summerfield
Arnim Weischer

Technical assistant

Robert King
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Administration

Purchase
Torben Poulsen
Gerlinde Stricker
Cornelia Bihl*
Stores

Administrative Director
Jean-Franc;ois Beerblock
Meetings secretariat
Frieda Leenart
Christina Kjar
Administrative computing
Brian Hill
Finance:
Budget
Marianne Eklundh*
Zuri Mahfood*
Bookkeeping
Albert StegmOller
Johann Brandalik
Ulrike Dreiling
Norbert Heger
Zuri Mahfood*
Petra Manser-Schm idt*
Trainee
Ina Decker* (Heidelberg)
Inventory & Price control
Wolfgang Rather
Maria Varela*
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Hans Herzog
Klaus Hoppner
Donald McPhee
Trainees
Hedwig Boonstoppel* (Enschede)(DAAD)
Daria Stankewitz¢*
Personnel and General Services
Konrad MOiler
Jean-Philippe Arnold
Carla Jenal-Eppinger
Christine Pearce
Petra Seethaler*
Werner Sester
Supernumerary
Sibylle HofmeyerO
Dagmar Schon*
Telephonists
Margarida De Azevedo-Wasch*
Diana Firth¢*
Maria Ittensohn¢*
Brigitte Villaumie¢*
Central Secretariat
Marianne Remyo
Isabelle Fraignaud
Roanna Jongeneel¢*
Jacqueline Reid*
Barbara Steinmeier¢*
Anne Walter*

Trainees

Julie Birch* (Wolverhampton)(DAAD)
Jane Steven* (Wolverhampton)(DAAD)
Guesthouse (Supernumeraries)

Laura Becker¢
Manfred FischerO*
Petra Klostermann<>
Bettina Schade<>
Inge Schuhmacher<>*Kathe Wayer<>
Karl-Heinz Fleckenstein<>
Supervisor of EMBL children at international school,

Barbara Weber<>
Security Service (Supernumeraries)

Hans Riemann<>
Roland Balz<>
Anton Dick<>*JOrgen Jahnke<>
Alex Jansen<>
Fritz Klose<>
Klaus Komanns<>
Josef Nawrat<>*Lothar Niehaus<>
Rolf Schade<>
Werner Zipp<>
Canteen (Supernumeraries)

Klaus Hoffmann
Leo Becker
Marion Beck<>*Christina Elsasser<>*Anna Hofmann<>*Roswitha Hoffmann<>*Ines H6nicke<>
Thomas Kniesbeck<>*Claudia KornbergerO*
Claudia Kraus<>*-

Erika Leistner
Frieda LeyerO*
Eva Lintz<>*Claudia Michaelis<>
Achim Weil<>*Karin Wetterauer*
Ursula Witte<>
Trainee

Eva Zenker
Biological safety officer and Laboratory steward

Willi Siller
- student laboratory
Jutta Arlt*
Martha Friedmann<>
Annette Hotz*
Elsa Schmidt
Imelda Wirth<>*- animal house
G6tz Bahrecke<>*Thomas Engelmann
Frank Kahmann<>*Ludwig Merkel<>*Shirley Pease*
Helmut Schmitt*
David Stoddart
Cleaning service (Supernumeraries)

Zita Becker¢
Ingrid Bender<>
Hedwig Heger<>
lise Hubner<>
Inge Kassler<>
Gertrud Leberer<>*Inge Menrath<>*Helga Merx<>
Licia Musco<>*Manuela Reis<>
Klara Schm itt<>
Hilde Schuhmacher<>
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Renate SommerO
Lore Thomeo
Josefine VogelO

Building and remodelling
Ernst Heinmoller

Building maintenance
Udo Kirsch
Helmut Kollenz
Willi Riedle

Supernumeraries
Roland FriedlO*
Carlos Verdera-ChicoO*
Antonio Quintana PardoO*

Trainees
Sara Avrahami* (Rehovot)
Yoram Waxenbaum* (Rehovot)

Driver
Erich Honig

Supernumerary
Ernst SchneiderO*
Werner WeingandO*

Caretaker
Egon Heer

Gardener
Manfred Weingand
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Outstation at DESY, Hamburg

Programme coordinator
Keith Wilson (Senior scientist)

Secretaries
Debbie Millard*
Elke Peterso
Ann-Christin Zgodda*

Scientists
Christian Betzel
Michael Bohm
Zbigniew Dauter
Jules Hendrix*
Christoph Hermes
Michel Koch* (Senior scientist)
Yuichiro Maeda
Grigore Nicolae
Kyriacos Petratos
Zehra Sayers

EMBL fellow
Christa Bachler* (LObeck)(EMBL)

Predoctoral fellows
David Foulis (Australien)(EMBL)
Alexander Klupsch* (Hamburg)(EMBL)
Alexander Stewart (Oxford)(EMBL)

Students
Andreas Bartels (Hamburg)
Silke Hobbie* (WOrzburg)
Constantin Odefy* (Hamburg)
Tanja Reich* (Hamburg)
Pilar Sicre* (Madrid)
Thomas ThOne* (Hamburg)

Trainee

Gerlind Papendorf* '(Hamburg)
Technicians and engineers

Peter Bendall
Arno Lentfer
Sandra McLaughlin
Anne-Marie Michon
Nathalie Pipon
Bernd Robrahn
Howard Terry

Thomas Gehrmann
Robert Klaring
Mogens Kretzschmer
Viktor Renkwitz
Driver and Caretaker

Detlef Hopp
Supernumeraries

Eric Dorrington
Herma Ignatz*
Margarete Ingelmann
Erika Kobe
Andrea Miegel*
Klaus Trankner*
Long-term visiting worker

Konrad GOth* (Heidelberg)
Short-term visiting workers

K. Amornjarusiri (Hamburg)
K. Bartels (Hamburg)
H.H. Bartsch (Hamburg)
H.D. Bartunik (Hamburg)
A. Bigi (Hamburg)
K. v. Boehlen (Hamburg)

C.
S.
B.
T.
S.
E.

Boscher (Heidelberg)
Branner (Copenhagen)
Brenner (Tubingen)
Brupbacher (ZOrich)
Buchanan (Martinsried)
Cedergren (Stockholm)
J. Clarkson (York)
H. Dantz (Hamburg)
K. Diderich (Freiburg)
M. Donatz (Zurich)
J. Drenth (Groningen)
P. Eggers (Munster)
U. Ermler (Freiburg)
U. Evers (Hamburg)
R. Ford (Basel)
W. Folkhard (Heidelberg)
D.L. Foulis (Frascati)
S. Franken (Groningen)
B. Freter (Berlin)
W. Geercken (Heidelberg)
T. Glumoff (Turku)
R.S. Goody (Heidelberg)
P. Gros (Groningen)
J. Hemker (Munster)
W. Hinrichs (Berlin)
B. Hoffmann (Freiburg)
H. Hope (California)
G. Hoven (Frankfurt)
R. Indra (Hamburg)
J. Kallen (Basel)
A. Karplus (Freiburg)
H. Kelder (Groningen)
R. Kempf (Heidelberg)
E. Knoerzer (Heidelberg)
F. Koerber (York)
M. Kokkinidis (Crete)
T. Kraft (Tubingen)
C. Kratky (Graz)
G. Lange (Hamburg)
S. Lorenz (Berlin)
I. Makowski (Berlin)
E. Mandelkow (Hamburg)
E.M. Mandelkow (Hamburg)
R. Marquet (Liege)
J. McGray (Phildelphia)
H. Michel (Martinsreid)
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C. Muller (Freiburg)
D. Munstermann (Munster)
H. Nolting (Munster)
G.P. Pal (Berlin)
R. Pauptit (Basel)
R.F. Pettifer (Warwick)
K. Poole (Heidelberg)
D. Popp (Heidelberg)
F. Poulsen (Oxford)
P. Prigge (Hamburg)
S. Priggemeyer (MOnster)
S. Prong (Groningen)
G. Rapp (Heidelberg)
R. Read (Groningen)
N. Roveri (Bologna)
K. Rudat (Hamburg)
A. Sawaryn (LObeck)
I. Simming (Martinsried)
J.D. Smit (ZOrich)
U. Spann (Heidelberg)
G. Suarez (New York)
M. Swarte (Groningen)
G. Schertler (Martinsreid)
E. Schmalze (Hamburg)
D. Schueler (Berlin)
G. Schulz (Freiburg)
P. Sicre (Madrid)
T. Standing (California)
K. Stegen (Hamburg)
M. Steifa (Berlin)
A. Stieneker (MOnster)
I. Tanaka (Sapporo)
D. Tchudin (ZUrich)
J. Tobias (Hamburg)
J. Troller (Zurich)
F.M. Vellieux (Groningen)
P. Webster (Hamburg)
S.W. White (Brookhaven)
R. Wierenga (Groningen)
M. Wilmanns (Basel)
H. Winkler (ZOrich)
A. Wittinghofer (Heidelberg)
A. Yonath (Hamburg)
L. Yu (Bethesda)
M. Zeppezauer (SaarbrOcken)
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Outstation at ILL, Grenoble

Programme coordinator
Bernard Jacrot (Senior scientist)
Secretaries
Veronica Gomez<>*Erica Heyl-Zeyen¢
Maury Simms¢
Scientists
Marc Adrian
Carmen Berthet
Jean-Marie Bois
Jadwiga Chroboczek
Stephen Cusack
Andre Gabriel
Michael Hartlein
Jean-Claude Jesior*
J6rg Langowski
Reuben Leberman
Peter Metcalf
David Wild*
Predoctoral fellows
Christine Chatellard (Clermont Ferrand)(EMBL)
Franc;oise Guinet* (Grenoble)(EMBl)
Students
Jocelyne Anselme (Grenoble)
Ursula Giesen* (Hannover)
Nicolas Nassar* (Grenoble)
Emmanuelle Nigrelli* (Grenoble)
Jean-Pierre Quivy* (Grenoble)
Corinne Rizo-Albiges (Grenoble)
Isabelle Tessier* (Clermont-Ferrand)

Trainees

Anne Chassin du Guerny* (ZOrich)
Alain Perdriau* (Grenoble)
Ulrich Steiner* (Konstanz)
Technical assistants

D. Job (Grenoble)
J.-F. Legrand (Grenoble)
N. Takamoa (Kyoto)
J. Peetermans (Grenoble)
J. Smith (USA)
J. Torbet (Grenoble)
J. Vicat (Grenoble)

Beatrice Cortolezzis
Frangois Dauvergne
Marie-Therese Dauvergne
Mario Lentini
Dominique Madern
Rita Neumann
Barbara Rushton*
Annie Simon
Elisabeth Truche
Pierre Wattecamps
Workshop

Joseph Sedita
Supernumeraries

Alain Larroze*
Claude Manson
Monique Romero
Medical service

Dorte Lehmanno
Long-term visiting workers

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

P. Aldebert (Grenoble)
L. Banaszak (USA)
H. Chanzy (Grenoble)
W. Doster (Munich)
S. Frieden (Grenoble)
J.-C. Jesior (Grenoble)
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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

Prof. J. Weil (France)

Vice-Chairmen

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

Chairman of the
Finance Committee

R. Leclerc
(France)

Vice-Chairman of the
Finance Committee

B. Ecoffey
(Switzerland)
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Delegates and Advisers

Observers

Austria

E. Wintersberger

EMBO

J. Tooze

Denmark

B. Clark
B. Sode-Mogensen

Auditors
(Austria)

Finland

S. Loikkanen
M. Niemi

M. Englert
W. Heindl
W. Stichler

France

R. Leclerc
B. MeUling
J. Weil

Federal Republic
of Germany

W. Franke
G. Grosspietsch
W. Monig
C. Patermann

Greece

M. Papamichail

Israel

I. Pecht
Y. Saphir

Italy

M. Lener
C. Saccone
A. Trambajolo

Netherlands

J. Drenth
M.J. Rietveld

Norway

A. Andersen
H. Prydz

Spain

V. Larraga

Sweden

B. Daneholt
J.E. Gustavsson
C.G. Kurland

Switzerland

B.
B.
E.
J.

United Kingdom

J. Alwen
N. Morris
R.M. Simmons

Ecoffey
Hirt
Jarolim
Streuli
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Publications by Members of
the Laboratory - 1987
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(1987). Isolation of an endocytic compartment from A431
cells using a density modification procedure employing
a receptor-specific monoclonal antibody complexed with
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Beltrame, M. & Bianchi, M. (1987). Sequence of the cDNA
for one acidic ribosomal protein of Schizosaccharomyces
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Benedum, U.M., Lamouroux, A., Konecki, D.S., Rosa,
P., Hille, A., Baeuerle, P.A., Frank, R., Lottspeich, F.,
Mallet, J. & Huttner, W.B. (1987). The primary structure of
human secretogranin I (chromogranin B): comparison with
chromogranin A reveals homologous terminal domains and
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(1987). Structures and dynamics of supercoiled DNAs. In
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(1987). Design of an automated workstation, particularly
for DNA sequencing. FRG pat. appl. Nr. P 38 05 808.1
Ansorge, W., Kristensen, T., Stegemann, J., Schwager, C.,
& Voss, H., (1987). Method and apparatus for purification
of M13 -phages-DNA. FRG pat. appl. Nr. P 37 24 442.6

96

Seminars-Heidelberg

T. Thompson (Charlottesville, VA)
Glycolipid compositional domain structure in bilayers and biomembranes
M. Busslinger (Zurich, Switzerland)
Regulatory factors of sea urchin histone gene transcription

C. Birchmeier (Cold Spring Harbor, NY)
Characterization of an activated ros gene
A. Kos (Rijswijk, Netherlands)
The human hepatitis {) virus: The super parasite
P. Jeanteur (Montpellier, France)
A single protein recognizes the 3' splice site of
mammalian pre mRNAs
M. Schwartz (Paris, France)
The secretion of proteins by bacteria
V. Sorrentino (New York, NY)
C-myc gene expression: effect on cell growth and
transformation
B. Hoflack (Villeneuve D'Ascq., France)
The mannose-6-phosphate receptors and targeting
of lysosomal enzymes
D. Breviario (Milan, Italy)
Multiple regulatory mechanisms for RAS1 and
RAS2 of yeast
D. Scherly (Geneva, Switzerland)
Termination of pol III gene transcription
H. Frauenfelder (Urbana, IL)
Protein dynamics
M. Beer (Baltimore, MD)
Towards the purification of gene-specific chromatin
C. Branden (Uppsala, Sweden)
Structure and function of rubisco

R.T. Walker (Birmingham, U.K.)
Antiviral chemotherapy - Design or serendipity?
G.G. Dodson (York, U.K.)
A crystallographic approach to understanding the
cooperative mechanism in haemoglobin
T. Honjo (Kyoto, Japan)
Structure, function and
interleukia-2 receptor

expression

of

the

R. Reichel (New York, NY)
Gene activation by the adenovirus E1 A gene
F. Stenman (Helsinki, Finland)
What can we learn about biological structures from
optical and infrared spectroscopy
F. Schaufele (Zurich, Switzerland)
Termination of sea urchin histone genes in Xenopus
laevis
J. Deisenhofer (Martinsried, Fed. Rep. Germany)
The crystal structure of the photosynthetic reaction
centre from Rhodopseudomonas viridis
8. Mechler (Mayence, Fed. Rep. of Germany)
Suppression of tumours induced in Drosophila recessive 1 (2)g1 oncogene may involve alternative
splicing
R.D. Klausner (Bethesda, MD)
The T-cell antigen receptor: Assembly, transport
and function of a signal transduction complex
J. Neal (Glasgow, U.K.)
T-cell antigen receptor - a new retroviral oncogene?
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G.A. Dover (Cambridge, U.K.)
Molecular drive: the consequences of DNA turnover
on the functions and evolution of multigene families
R. BOlow (TObingen, Fed. Rep. Germany)
Release of the surface coat of Trypanosoma brucei

S. Powers (Cold Spring Harbor, NY)
Genetic analysis of RAS function
J.-L. Carpentier (Geneva, Switzerland)
How and why polypeptide hormones are internalized

J. Lautz (Frankfurt, Fed. Rep. Germany)

J. Sulston (Cambridge, U.K.)
Towards a genomic map
Caenorhabditis elegans

J. Kenney (London, U.K.)

J. Papkoff (Palo Alto, CA)
Characterization and localization of the product of
the int-I oncogene

Dynamic modelling of cyclic peptides: Cyclosporin
A and antamanide

X-ray microscopy at Daresbury

J. Ghysdael (Lille, France)

Functional studies on the erbA and ets oncogenes

M. Kuehl (Bethesda, MD)
Structure, expression and regulation of murine cmyb
H.-P. Hauri (Basel, Switzerland)
and intracellular transport of intestinal
brush-border membrane hydrolases
I. Sandoval (Bethesda, MD)
Sorting and intracellular transport of lysosomal
membrane proteins
A.P. Monaco (Boston, MA)
Molecular analysis of the Duchenne muscular dystrophy gene
L.W. Cohen (Claremont, CA)
The re-engineering of an enzyme by site-specific
mutagenesis: Papain
N.K. Mize (San Francisco, CA)
A stop transfer sequence recognizes receptors for
nascent chain translocation across the endoplasmic
reticulum membrane
G. Scheele (New York, NY)
Regulation of gene expression in the exocrine pancreas in response to hormones and nutritional substrates
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of

the

nematode

Wah Chiu (Tucson, AZ)
Molecular structures of recA-LexA-DNA complex
and of rotavirus by cryo-electron microscopy
A. Rambourg (Gif-sur-Yvette, France)
Structural compartments of the Golgi apparatus: A
three-dimensional study
E. Sackmann (Garching, Fed.Rep.Germany)
Physical basis of structure formation in cell plasma
membranes
J. Mallet (Gif-sur-Yvette, France)
Molecular genetics of enzymes involved in the synthesis of biogenic amine neurotransmitters
K. Tokuyasu (San Diego, CA)
Myofibril organizing centres in chick embryonic
heart
J. De Mey (Beerse, Belgium)
Cell cycle dependent phosphorylation and association of MAP 1 with MTOCs
M. Lamvik (Durham, NC)
Exploring the utility of a superconducting lens as a
specimen environment for electron microscopy
A. Bindereif (Cambridge, MA)
Splicing complex assembly during mammalian premRNA splicing

T. Richmond (Cambridge, U.K.)
Nucleosome structure and positioning
M. Green (St. Louis, MO)
Mutational analysis and biochemical functions of
the adenovirus 5 E1 A and the bovine papillomavirus E5 oncogenes
K. Simon (San Francisco, CA)
Synthesis and transport of the surface glycoprotein
of hepatitis B-virus: an unusual protein that exists
as both an integral membrane and a secretedprotein

D. Bamford (Helsinki, Finland)
The entry of bacteriophage ¢6: fusion at the outer
membrane of the host cell
S. Parkinson (Salt Lake City, UT)
Molecular genetics of trans-membrane signaling in
E.coli
A. Sentenac (Gif-Sur-Yvette, France)
Dissection of the transcriptional apparatus of
S. cerevisiae
M. Caplan (New Haven, CT)
Sorting of proteins in polarized epithelial cells

H. KOhn (JOlich, Fed. Rep. Germany)
Light-activated biochemistry in visual rod cells

J. Frank (Albany, NY)

W. KOhlbrandt (London, U.K.)
Structure of light harvesting complex from chloroplast membranes at 7 A resolution

J. Saraste (New Haven, CT)

J.J. Skehel (London, U.K.)
Influenza haemagglutinin: Structure and function
H. von Melchner (Essen, Fed. Rep. Germany)
The neomycin phosphotransferase blocks the differentiation of HL60 cells
A. Graessmann (Berlin (West))
DNA methylation - chromatin structure and regulation of TK gene expression
T. Schuster (Los Angeles, CA)
Deletion analysis of the H2A and H2B histones of
S.cerevisiae reveals that their aminotermini have
interchangeable functions
L. Rosner (Bethesda, MD)
Induction of phenotypic antibiotic resistance in bacteria by salicylate
J. Ortfn (Madrid, Spain)
Genetic variability of influenza viruses
G. Vigers (Boulder, CO)
The structure of clathrin coated vesicles

Classification and three-dimensional reconstruction
techniques in the study of ribosomes
Identification of a protein specific for the cis Goigi
compartment

H.J. Hinz (Regensburg, Fed. Rep. Germany)
Protein stability and point mutations
H. Heumann (Martinsried, Fed. Rep. Germany)
Spatial arrangement of DNA-dependent RNApolymerase of E.coli in complex with DNA

J. Adams (Melbourne, Australia)

The consequences of oncogene expression in Bcells of transgenic mice

R. Williamson (London, U.K.)
The use of chromosome-specific gene probes to
study human inherited disease
K. Jacobson (Chapel Hill, NC)
Lateral diffusion and distribution of plasma membrane molecules in relation to cell locomotion
R. Zimmermann (Munich, Fed. Rep. Germany)
ATP-dependent components mediating protein
translocation across endoplasmic reticulum membranes in vitro
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A.-M. Frischauf (London, U.K.)
Molecular analysis of the region surrounding the
Huntington chorea gene

A. Varki (La Jolla, CA)
A novel post-translational modification during intracellular transport

E. Mayer (Innsbruck, Austria)
Vitrification of water and dilute aqueous salt solutions

H. Freeze (La Jolla, CA)
Targeting of lysosomal enzymes in the slime mould
Dictyostelium

A. Weith (Paris, France)
Molecular analysis of the sex reversed region in the
mouse V-chromosome

C. NOsslein-Volhard (TObingen, Fed. Rep. Germany)
Organization of pattern in the Drosophila embryo
by maternal gene products

G. Grosveld (Rotterdam, Netherlands)
The Philadelphia chromosome in chronic myeloic
leukaemia and acute lymphocytic leukaemia

H. Bohr (Copenhagen, Denmark)
Calculation of protein conformation by simulated
annealing techniques

T.E. Creighton (Cambridge, U.K.)
Experimental studies of protein biosynthesis and
folding

J. Palau (Barcelona, Spain)
Molecular and genetic analysis of the 28 kDa
glutelin 2 storage proteins in Zea mais

P. Duesberg (Berkeley, CA)
Is AIDS virus the cause of AIDS?

R.A. Spritz (Madison, WI)
Alternative splicing generates diverse forms of the
U1 snRNP 70k protein

V. Herzog (Munich, Fed. Rep. Germany)
Molecular and cellular basis of the routing of thyroglobulin
A. Tardieu (Gif-sur-Yvette, France)
Eye lens proteins and transparency
J.L. Mandel (Strasbourg, France)
Genetic analysis of the fragile X mental retardation
syndrome and other X-linked diseases
H. Delacroix (Gif-sur-Yvette, France)
Image processing of freeze-fractured Iypid-water
cubic phases
M. Beato (Marburg, Fed. Rep. Germany)
Differential regulation of the MMTV-enhancer by
steroid hormones
A. Fjose (Bergen, Norway)
Molecular characteristics and developmental expression of homeobox-containing genes of the zebrafish Brachydanio rerio
100

W. Zillig (Martinsried, Fed. Rep. Germany)

Gene expression in archaebacteria: The testimony
of genome organization, gene sequence, promoter
structure, DNA-dependent RNA polymerase structure for early evolution

T. Yamamoto (Tokyo, Japan)
Structure and function of erbB-related genes
L. Turek (Iowa City, IA)
Transcriptional regulation of human papilloma virus
16 expression: Implications for cervical carcinogenesis
P. Roy (Quebec City, Canada)
Site-specific recombination in rearrangements of
antibiotic resistance genes in Tn21-like transposons
D. Mack (Hamburg, Fed. Rep. Germany)
Cell-free fatty acylation of vesicular stomatitis virus
glycoprotein

D. Vaux (New Haven, CT)
Protein - protein interactions studied with antiid iotype antibod ies
T.T.A.L. El-Baradi (Amsterdam, Netherlands)
RNA-protein interactions in the yeast ribosome
B. Imhof (Paris, France)
Invasive homing of haemopoietic precursor cells to
the thymus
W.R. Taylor (Cambridge, U.K.)
Protein structure prediction with an application to
retroviral proteases
R.J. Mannino (Albany, NY)
The use of lipids and liposomes for cell transformation, microinjection and for the production of
antibodies
J.L. Jorcano (Madrid, Spain)
The cytokeratins multigene family; a structure and
regulation of gene expression
P. Liesi (Helsinki, Finland)
Laminin in CNS development and nerve regeneration
C.T. Caskey (Houston, TX)
Important genes on the X-chromosome
R. Bernard (Cambridge, MA)
__
Molecular biology of tumour progression in neuroblastoma
C. Scheidereit (New York, NY)
Tissue-specific gene expression of immunoglobulin
genes: In vitro studies
A. de la Pena (Madrid, Spain)
Alternative transformation systems for monocotyledoneous plants
N. Nielsen (West Lafayette, IN)
Improving nutrition of seed storage proteins by sitedirected mutagenesis and structure prediction

R.D. Favera (New York, NY)
Molecular genetics of Burkitt's lymphoma
S. Rottem (Jerusalem, Israel)
Volume regulation in mycoplasmas
J. Schell (Cologne, Fed. Rep. Germany)
The regulation of gene-expression in plants
M. Park (Frederick, MD)
The met protooncogene and oncogene: Members
of the tyrosine kinase family of growth factor receptors
Q. Wang (Shanghai, China)

Optimization by simulating molecular evolution

S.-h. Kim (Berkeley, CA)
Crystal structure of C-H-ras oncogene product
M. Block (Stanford, CA)
Characterization and purification of a protein involved in vesicular transport between Golgi cisternae
C. Featherstone (Baltimore, MD)
Inhibition of nucleocytoplasmic transport in vivo by
antibodies against nuclear pore complex glycoproteins
N. Hastie (Edinburgh, U.K.)
Transferring human and yeast chromosomes into
mouse cells - Aids in human genetics and models
for chromosome function
A. Spena (Cologne, Fed. Rep. Germany)
Transgenic plants as a tool to study plant development: synergistic activities of the Rol loci in stimulating abnormal growth
D. Newmeyer (La Jolla, CA)
Steps in nuclear import of proteins: Analysis in vitro
H. Pannekoek (Amsterdam, Netherlands)
Structure and function of tissue-specific plasm inogen activator and its physiological inhibitor
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H. Varmus (San Francisco, CA)
Novel features of retroviral replication
P. Goodfellow (London, U.K.)
Molecular analysis of sex determination in man
M. Aebi (Zurich, Switzerland)
Precision and orderliness in splicing
B. Hohn (Basel, Switzerland)
Interaction of Agrobacterium tumefaciens with plant
cells
R.E. Dickerson (Los Angeles, CA)
DNA-drug binding and molecular dyslexia
S.c. Harrison (Cambridge, MA)
Recognition of DNA sequences by proteins: Repressors and operators of bacteriophage 434
H. Voellmer (New Haven, CT)
Influence of extra cellular matrix on transporting
epithelia
J. Content (Brussels, Belgium)
Expression and various biological activities of human interleukin-6
B. Mach (Geneva, Switzerland)
Diversity and regulation of MHC class II genes
R. Streeck (Mayence, Fed. Rep. Germany)
Expression and modification of the hepatitis B surface antigen
G.R. Johnson (Melbourne, Australia)
Effects in vitro and in vivo of infection of normal
haematopoietic cells with a recombinant GM-CSF
retrovirus

R. Nothiger (Zurich, Switzerland)
Genetics of sex determination: What can we learn
from Drosophila?
J. Steitz (New Haven, CT)
The mammalian premessenger RNA processing
apparatus: A snRNP-based machine
N. Gough (Victoria, Australia)
Molecular control of growth factor production and
haemopoietic cell development
D. Collen (Louvain, Belgium)
Molecular mechanisms and clinical applications of
thrombolysis
J. Avila (Madrid, Spain)
The carboxyl terminus of tubulin
L. Riechmann (Cambridge, U.K.)
Making human antibodies by protein engineering
J.M. Thornton (London, U.K.)
Protein structure analysis - A basis for structure
prediction
H. Rienhoff J. (Seattle, WA)
Regulation of serum amyloid A genes
F. van Roy (Gent, Belgium)
Invasion and metastasis of oncogene-transfected
cell-lines
K. Wuthrich (Zurich, Switzerland)
Comparison of three-dimensional protein structures
determined in solution by NMR with the corresponding crystal structures

W. Schaffner (Zurich, Switzerland)
Transcription factors of mammalian cells

E. Nigg (Lausanne, Switzerland)
Immunochemical approaches to the study of the
nuclear envelope and the dynamics of nucleocytoplasmic interactions

M. Bissell (Berkeley, CA)
RSV-embryo interactions: Cellular targets and protein substrates

M. Torrisi (Rome, Italy)
Distribution of sindbis virus glycoproteins in infected
cells
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B. Sakmann (Gottingen, Fed. Rep. Germany)
Functional characterization and mapping of structural determinants of the Acetylcholine receptor
channel using mutagenesis and patch clamp techniques
R. Pytela (Basel, Switzerland)
The integrin family of cell adhesion receptors
P. Spierer (Geneva, Switzerland)
A gene required for the specification of dorsalventral pattern in Drosophila encodes for a serine
protease

Seminars-Hamburg

G.W. Canters (Leyden, the Netherlands)
Spectroscopic and Rec-DNA investigations of blue
copper proteins
M. Kokkinidis (Heidelberg, Fed. Rep. Germany)
Studies of Rop protein and its mutants

J. Jenkins (Oxted, U.K.)
p53-protein interactions and SV40 virus replication

B. Crowe (Berlin, Fed. Rep. Germany)
Meningitis epidemics

M.R. Chevallier (Strasbourg, France)
Molecular aspects of membrane proteins transporting pyrimidines in yeast

M. Zeppezauer (SaarbrOcken, Fed. Rep. Germany)
Detection and character of chemical intermediates
in the catalytic cycle of horse liver alcohol dehydrogenase

H. Morowitz (New Haven, CT)
The matrix of biological information
J. Meldolesi (Milan, Italy)
The calciosome, a new cytoplasmic organelle dealing with intracellular calcium homeostasis

K. Stru hi (Boston, MA)
Transcription factors, activators and the remarkable
tale of the jun oncogene
J. Brunner (ZOrich, Switzerland)
Photolabeling of biological targets: recent developments
J. Nevins (Durham, NC)
Transcriptional control by the adenovirus E1 A gene
H. Weiher (Cambridge, MA)
Retroviral gene expression and insertional mutagenesis in transgenic mice
P. van der Vliet (Utrecht, Netherlands)
DNA-protein interactions at the adenovirus origin of
DNA replication

G. Dodson (York, U.K.)
Haemoglobin
D. Rassi (Swansea, U.K.)
Biomagnetic measurements of the human body
T.J. Richmond (Cambridge, U.K.)
Nucleosome structure and positioning
T. Standing (San Francisco, CA)
The role of aspartic acid 102 in serine proteases

R. van der Meer (Delft, Netherlands)

Copper containing amine oxidases

T. Masujima (Hiroshima, Japan)
Photoacoustic x-ray absorption spectroscopy using
synchrotron radiation source
D.L. Foulis (Frascati, Italy)
Ab initio XANES computations
E. Borowski (Gdansk, Poland)
Targets for the design of antifungal agents
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Seminars-Grenoble

F. Pfeiffer (Martinsried, Fed. Rep. Germany)
Genetic variation of Halobacterium halobium
D. Lilley (Dundee, U.K.)
- Supercoiled DNA - large scale opening and longrange effects
- The structure of alternating AT regions in supercoiled DNA

S. Brunie (Palaiseau, France)
The crystal structure of methionyl-tRNA synthetase
from E.coli
E. Di Capua (ZOrich, Switzerland/ILL, Grenoble)
The interaction of RecA protein with DNA
A. Cleasby (London, U.K.)
A molecular replacement solution for the structure
of pro-insu
P. Bayley (London, U.K.)
Guanin nucleotides and microtubule assembly
C. Cremer (Heidelberg, Fed. Rep. Germany)
New approaches in analysis and sorting of chromosomes
R.W.H. Ruigrok (London, U.K.)
The role of influenza virus haemagglutinin in membrane fusion
C. Branden (EMBL Heidelberg/Uppsala, Sweden)
Structure and function of rubisco
T. Candresse (Bordeaux, France)
Viroids: Plant subviral pathogens
C. Hughes (Cambridge, U.K.)
Novel secretion of E.coli haemolysin and DNAbinding proteins of Trypanasomabrucei
M. Field (Cambridge, MA)
The use of quantum mechanical and molecular mechanical theoretical methods to study reaction processes in condensed phases (including proteins)
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F. Cramer (G6ttingen, Fed. Rep. Germany)
Carbohydrate binding proteins (Iectins) on tumour
cells and their role in metastasation and drug targeting
S. Blanquet (Paris, France)
Genetic, biochemical and structural approaches of
structure-function relationships of aminoacyl-tRNA
synthetases

Courses 1987

The following conference, courses, workshops and symposium were held at the EMBL in Heidelberg in 1987:

EMBL Conference
26.4.-30.4.1987

EMBL Courses
9.2.-20.2.1987

4.5.-22.5.1987

ONCOGENES AND
GROWTH CONTROL
F. Cuzin, T. Graf &
H. Land

POST-TRANSLATIONAL
MODIFICATIONS
W. Huttner

4.10.-17.10.1987

MOLECULAR DEVELOPMENT
OF THE MOUSE
E. Wagner

18.11.-28.11.1987

DNA SEQUENCING: APPROACHES,
AUTOMATED METHODS AND
ANALYSIS
W. Ansorge & G. Volckaert

5.12.-12.12.1987

DNA-PROTEIN INTERACTIONS
I. Mattaj & P. Charnay

FEBS Courses
EXPRESSION OF CLONED DNA
SEQUENCES IN VITRO AND IN VIVO
B. Dobberstein & H. Bujard

27.8.-3.9.1987

25.2.-27.2.1987

BIOLOGICAL STRUCTURES GRADUATE
COURSE
D. Suck & S. Fuller

EMBO Workshops

18.5.-23.5.1987

ANTIBODIES IN CELL BIOLOGY
T. Kreis, B. Burke
E. Karsenti & D. Louvard

21.6-1.7.1987

CHROMOSOME MICRODISSECTION
AND MICROCLONING
J.-E. Edstrom
SEQUENCE ANALYSIS ON THE VAX
P. Kahn

LIPID TRAFFIC IN THE ANIMAL CELL
G. van Meer & K. Simons

EMBL Workshop

ONCOGENES, GROWTH CONTROL
AND DIFFERENTIATION COURSE
T. Graf

EMBO Courses

22.6.-26.6.1987

20.9.-3.10.1987

FUTURE DATABASES FOR
MOLECULAR BIOLOGY
G. Cameron

9.4.-14.4.1987

STRUCTURE AND DYNAMICS OF
SUPERHELICAL DNA
J. Langowski & S. Diekmann

22.10.-24.10.1987

STRUCTURE AND FUNCTION
OF EUKARYOTIC RNP
W.J. van Venrooij, R. LOhrmann,
I. Mattaj & L. Philipson

EMBO Annual Symposium 1987
14.9.-17.9.1987

MOLECULAR BIOLOGICAL ASPECTS
OF NEUROBIOLOGY
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Collaborative Projects with other Laboratories
Collaborator

Laboratory

Country

W. Huttner

M. Bownes

Univ. of Edinburgh, Edinburgh

U.K.

W. Huttner

P. De Camilli

Rockefeller University, New York

USA

W. Huttner

E.Degryse

Transgene, Strasbourg

France

W. Huttner

K. v. Figura

Inst. for Physiological Chemistry, Univ. of
G6ttingen, Gottingen

Fed. Rep. Germany

W. Huttner

R.V. Lloyd

Univ. of Michigan, Ann Arbor

USA

W. Huttner

J. Mallet

CNRS Laboratory of Cellular and Molecular Neurobiology, Gif-sur-Yvette

France

W. Huttner

J. Polak

Royal Postgraduate Medical
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density map from a virus crystal soaked in 70 0/0 heavy water
making the RNA invisible.
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