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Comments by the Director-General 

The scientific output of the EMBL is recognized for its 
quality. In three consecutive reviews of the impact of 
EMBL's publications measured by the Citation Index, the 
EMBL has been placed in the top category of laboratories 
in the world. In addition, a recent analysis from Cologne 
indicates that EMBL is one of the most cost-effective 
laboratories relative to its scientific impact. The Scientific 
Advisory Committee (SAC) of the EMBL Council has also 
reviewed each of the Programmes in the last three years 
and produced enthusiastic reports about their progress and 
high quality. 

Thus EMBL is obviously thriving and the outgoing Director-
General may be allowed to identify the two major benefits 
of the EMBL Most important are probably the teaching 
and training activities. The EMBL is graduating its PhD 
students with high marks, and they are in general very 
successful when applying for postdoctoral fellowships . At 
a more senior level around 50 out of a total of 60 leaving 
group leaders have become professors at the national level 
during the last 10 years, and the Senior Scientists are 
sought after as department chairmen all over the world . 
The EMBL furthermore hosts, trains and collaborates with 
around 1,500 visitors every year. Secondly, the EMBL pro-
vides the Member States with important facilities through 
the Data Library and the two Outstations. 

All this would have been impossible if the EMBL had not 
emphasized topics in basic research that were meaningful 
and being studied elsewhere in Europe and the world . 
The EMBL is therefore caught in a paradox. To do well 
and to be able to serve its Member States, it must carry 
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out research in fields that are naturally also of interest to 
scientists in national laboratories. On the other hand, ac-
cording to the intergovernmental Agreement establishing 
the EMBL, it should concentrate on work not normally or 
easily carried out in national institutions. My conclusion 
is that this is a genuine contradiction, but to operate 
optimally for all concerned, a European centre at least 
in biology must devote itself to topics that are relevant 
and in the forefront among its constituency. This should 
not be used as an excuse to diminish national research, 
since the national institutions must provide the recruitment 
base for and be enriched by the return of trained scientists 
from the more flexible European centres. With its flexibility 
EMBL can quickly generate a critical mass of groups and 
introduce new areas faster than national laboratories. 

Basic versus applied research 

It has become obvious during this century that major 
progress in the medical and health sector has come 
through basic research in biology. Dr. Arthur Kornberg at 
Stanford (Kornberg, 1992) recently divided the biological 
investigators of this century into different categories of 
hunters. 

The bacterial hunters who operated during the two first 
decades of the century identified the etiology of tubercu-
losis, cholera and diphtheria and several other dreaded 
scourges of society. 

The next decade, led by the vitamin hunters established 
the cause of scurvy, pellagra, rickets and beriberi, fol-
lowed by the enzyme hunters who established many of 
the diseases involved in inborn errors of metabolism. 
The virus hunters in the 50's and 60's established the 
cause of poliomyelitis , meningitis and encephalitis and 
other virus-mediated diseases that affected mankind. Dur-
ing the following two decades the gene hunters , through 
the identification and cloning of individual genes, allowed 
massive production of hormones, cytokines and vaccines 
for medicine and better crops for agriculture. They also 
identified numerous genes whose mutation was responsi-
ble for hereditary illness like muscular dystrophy or cystic 
fibrosis . The etiology of many diseases has now been 



clarified, and this has already led, in some cases, to 
effective therapy or prophylaxis. Biotechnology will soon 
compete with the chemical industry with yearly turn-overs 
in the range of hundred of billions of dollars. Several other 
fields, for example agriculture and ecology, will also profit 
increasingly from the progress in molecular biology. It is 
obvious that the gene hunters have changed the entire 
field of biology. 

In the next decade, the gene hunters may be followed by 
the brain hunters, devoting themselves to understanding 
the central nervous system. Success in this very complex 
field will definitely depend on interdisciplinary approaches 
and will probably require yet another European centre; the 
ENBL, the European NeuroBiology Laboratory, built on the 
same principles as EMBL. 

Concurrently with this development over the last 20 years, 
boundaries between classical biological disciplines studied 
in discrete university departments have become progres-
sively obsolete. Research as well as teaching in all facets 
of biology is becoming increasingly interdependent and 
similar. For example bacteriology, physiology, biochem-
istry, pathology and pharmacology in the medical facul-
ties, and zoology, botany and microbiology in the natural 
sciences need no longer be separated . Time therefore 
again appears ripe to establish large departments in bio-
logy, and attack the major problems with interdisciplinary 
approaches, as EMBL already does on a small scale. 

Major important advances in medicine and health care 
have also come entirely from the basic sciences; just to 
mention a few: X-rays, penicillin, virus vaccines, mon-
oclonal antibodies, recombinant DNA and drug design. 
None of these could have arisen within an applied or 
industrial research programme in medicine or biology. The 
conclusion is therefore that heavy investment in basic 
science ensures considerable long-term dividends. 

Spin-ofts from EMBL research 

To illustrate how basic molecular biology at the EMBL also 
leads to discoveries that may develop into new diagnostics 
or therapies in the health field, I would like to mention a 
few recent results. 

The ribozymes, which are efficient RNA degrading en-
zymes, may be used to clarify the function of specific 
messenger RNAs. By combining organic chemistry in the 
Biochemical Instrumentation and functional studies in the 
Gene Expression Programmes , it has recently been shown 
at EMBL that all of the individual ribonucleotides in the 
ribozyme, except for six ribonucleotides, may be substi-
tuted on the 2' hydroxyl groups of the riboses. The cell 
and the organism probably cannot degrade these unnatu-
ral substituted ribozymes which remain active and stable 
for long periods of time. Since they can be designed to 
cleave a target RNA in a sequence-specific fashion, the 
novel modification makes it possible to use them for in 
vivo antisense studies. In the future they will perhaps find 
therapeutic applications. 

Another example comes from the Differentiation Pro-
gramme. One group has shown that a common growth fac-
tor, the basic fibroblast growth factor (bFGF), is expressed 
very differently during early development compared to 
adult organs. In the embryo, but not in the adult, alter-
natively spliced mRNAs are produced, and these novel 
forms of bFGF obviously participate in embryonic morpho-
genesis. It is too early to predict whether this can have 
practical applications, but since bFGF is a growth factor 
whose controlled production depends on the levels of both 
sense and antisense transcripts, it is conceivable that a 
deeper understanding of the alternatively spliced bFGF 
might help to control defects in embryonic development. 

For a long time there has been an argument about whether 
or not the secretion pathway for protein in bacteria differs 
fundamentally from that in mammalian cells. In a collab-
oration between the Cell Biology and the Gene Expres-
sion Programmes, it has been established that the RNA 
and the signal sequence binding proteins of mammalian 
cells have strong similarities to the 4.5S RNA and the 
p48 protein of E.coli. By making a reconstitution exper-
iment using the bacterial p48 and 4.5S RNA instead of 
the mammalian counterparts, the EMBL scientists have 
shown that the bacterial components are able to recognize 
signal sequences of mammalian secretory proteins, and 
therefore probably correspond to the signal recognition 
particle. Thus, one of the mechanisms by which bacteria 
and mammalian cells secrete proteins is highly conserved, 
an important fact for designing the correct systems for 
over-expression of mammalian proteins in bacteria. 
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Let me also take an example from the Biological Structures 
and Biocomputing Programme, in which one group has 
been interested in muscle proteins, especially the protein 
titin which is probably the largest protein in the muscle 
contraction apparatus. They cloned and sequenced the 
major part of rabbit titin. Using auto-antibodies from pa-
tients with myasthenia gravis, this group demonstrated 
that an immunogenic region of rabbit titin reacts with these 
antibodies, and the titin antibodies are obviously diagnostic 
for development of thymomas which are common in pa-
tients with this disease. No one could have predicted that 
basic studies on the structure of muscle fibres would give 
rise to a new diagnostic test for thymomas in myasthenia 
gravis. Likewise, recent extensions of studies on growth 
arrest specific genes in the Director's Laboratory have 
led to the identification of genes responsible for inherited 
neurological disorders in mouse and man within 2 years 
after identification of the original gene. I believe these 
results demonstrate that the EMBL can defend both its 
science and its expenditures. 

Turn-over and recruitments 

Due to the inbuilt turn-over of staff at the EMBL, we have 
had major recruitments in several of the Programmes dur-
ing 1992. Two group leaders have left the Cell Biology, two 
the Differentiation and one the Biological Structures and 
Biocomputing Programmes. The majority of the leaving 
group leaders have taken up professorial positions at the 
national level. Early next year one new group leader will 
arrive in the Cell Biology Programme, two in the Differen-
tiation Programme and one new group leader will join the 
Physical Instrumentation Programme. 

The relationship between the EMBL and its Council 

Before leaving I would like to present a personal opinion 
on the relationship between the EMBL and its Council. I 
decided to resign due to my difficulties in convincing the 
EMBL Council to secure adequate funds. Thereby I failed 
defending the idea that a strongly collaborative European 
centre should develop first-class biology in Europe. In my 
opinion, without adequate support from the EMBL Council , 
without every Council Member helping to secure funds, 
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there will be little future for the Laboratory and for the 
ideas and the progress that it represents. Although the 
support from the Member States for the EMBL has doubled 
over a 10-year period, it has decreased in real terms. 
Due to the method of calculating the contributions, some 
Member States have experienced an increase which is 
considerably below inflation. In fact, a substantial part of 
the increase in Member State contributions comes from 
the 5 new Member States that have joined during this 
period. Nevertheless, during this time EMBL has more than 
doubled in number of personnel, most of them, however, 
supported by research grants and other outside funds . 
The EMBL Council has especially had difficulties uniting 
over the long-term financial commitment, the Indicative 
Scheme. Although a substantial fraction of the Member 
States has repeatedly approved more generous funding , 
a unanimous decision is required, meaning in effect that 
the least willing contributor has always decided the size of 
the Indicative Scheme. This, of course, is not a democratic 
procedure, nor does it help to build up a common European 
life science base. 

The EMBL has therefore proposed a two-thirds majority 
voting system for the Indicative Scheme; a system that 
would still give the option to have a considerable con-
sensus about the future Programmes of the EMBL. If 
the Council insists on each individual country having veto 
power, the alternative is to start special projects that can 
be supported by those countries that are favourable to an 
expansion of European rather than national programmes. 
If neither of these alternatives is accepted, the only remain-
ing possibility I can envisage is to set up a representative 
working group of scientists with experience in governing 
and managing large research centres to provide an entirely 
new plan for adequate support of the EMBL. 

The EMBL Council, consisting of scientists and civil ser-
vants, has in principle accepted several new projects dur-
ing the last 2-3 years but has not yet provided a con-
comitant increase in the budget. A necessary expansion 
of the Grenoble Outstation as a result of the agreement 
with the European Synchrotron Radiation Facility (ESRF) 
will require substantial new funds. Likewise, the recent 
decision of the Council to start a European Bioinformatics 
Institute (EBI) to strengthen Europe's role in the growing 
bioinformatic field was not accompanied by the necessary 



financial support from the EMBL Council. The scientific 
case for the EBI is clear, it is absolutely necessary if 
we want to maintain a European identity in bioinformatics 
and to have access to all the developments on the other 
continents. 

There is no way that the EMBL can pay for these activities 
by reformulating its priorities, because that would lead to 
an unhealthy reduction in the basic research effort which is 
the foundation for EMBL's credibility and recruitment world-
wide. I am really sorry that I have to leave my successor 
to resolve these controversial issues and I hope that the 
EMBL Council will show more commitment towards the 
European collaboration in the future than in the past. I 
believe that if the Council does not allow the basic science 
at the EMBL to prosper and to continue at a reasonable 
level , a sin of omission will be committed. The Council 
should eschew that favourite proverb of civil servants: "To 

wait with a decision is the most common way to take a 
decision". 

I implore my successor and the Council to ensure that the 
EMBL will fare well in the future. I was hired as a builder, 
and the building phase is almost over. I hope, however, 
that the management and the Council will never forget 
that the life sciences require an independent European 
platform. 

L. Philipson 

Reference 

Kornberg, A. (1992) . Basic research: lifeline of medicine. 
FASEB , 6, 3143-3145 
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Maintaining balance and proportion 

A very large number of people visit EMBL each year in one 
capacity or another and stay for periods ranging from half 
a day to several years. One important category of visitors 
comprises the people who come to EMBL for relatively 
short periods to carry out collaborative research; included 
in this group, of course, are EMBO short-term fellows. It is 
a striking fact that in each of the past 6 years (1987-1992) 
the EMBL has been host to more EMBO short-term fellows 
than any other single institution in Europe. Indeed the 
average annual number of these fellowships for working 
visits to EMBL, 23, exceeds the average annual total 
of all the EMBO short-term fellowships to each of the 
majority of the Member States of the EMBC and the 
EMBL. This situation arises not because EMBO looks 
more favourably on candidates wishing to work at EMBL 
than on those wanting to visit national laboratories, and 
consequently relaxes its standards of selection, but rather 
because the number of people applying to EMBO for 
short-term support at EMBL is very high. The EMBL with 
its international staff and status welcomes visitors and 
strives to establish collaborative projects with groups in the 
Member States of the Laboratory. The consistently high 
number of EMBO short-term fellowships involving EMBL 
provides a reliable indication that the EMBL is fulfilling its 
role as a centre for advanced training and a focal point for 
international collaboration in cell and molecular biology in 
Europe. The geographic distribution of these 141 EMBO 
short-term fellowships held at EMBL between 1987 and 
1992 reinforces this conclusion; the fellows came from all 
of the Laboratory's Member States. Most, of course, were 
from the big four, the United Kingdom (26), Italy (25), the 
Federal Republic of Germany (17) and France (16) , but the 
important point is that all the Member States were involved. 
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The network that radiates from EMBL extends throughout 
Europe. 

There is another, more prosaic, reason why so many 
people wanting to work for periods of up to 3 months 
at EMBL apply for EMBO short-term fellowships : there 
are not many alternatives. Although some Member States 
set aside funds to finance visits by their nationals to the 
EMBL, and thereby help individual research groups in 
national laboratories to obtain direct benefits from their 
country's membership of the Laboratory, sources of short-
term support that are open to international competition 
and can respond quickly to applications, are few and far 
between. Moreover the EMBL itself has no short-term 
fellowship programme. 

With the progressive development of the Human Frontiers 
Science Programme based in Strasbourg, and the launch 
in 1992 of the EC's massive Human Capital and Mobility 
Programme, the sources and the number of long-term 
fellowships potential ly available to those wishing to work 
for extended periods at EMBL has increased really sig-
nificantly. There has not, however, in recent years been 
any commensurate increase in the number and sources of 
short-term fellowsh ips in Europe. Moreover the EMBO is 
again finding it necessary to transfer towards the end of 
each year money, albeit in relatively small amounts, from 
long-term to short-term fellowships, a situation that was 
common in the late 1970's. A case can now be made for 
an increase in Europe in the amount of short-term funding 
that is open to international competition . For EMBO such 
an increase will be essential following the recent decisions 
to admit to the EMBC four new Member States. 

Research projects that are stimulated and facilitated by 
short-term fellowships are more often than not true collab-
orations between donor and recipient laboratories which 
is why the relatively large number of EMBO short-term 
fellowsh ips at EMBL each year, 10% of the annual total 
number of EMBO short-term awards, is so significant. They 
represent direct day to day working links between groups 
at EMBL and groups in national laboratories. By contrast 
long-term postdoctoral fellowships , which obviously are 
essential for the further training and career development of 
new PhDs, as well as for the research productivity of the 



recipient laboratories, usually do not involve or promote 
any real collaboration between pairs of laboratories across 
national boundaries. When someone, having obtained their 
PhD, takes a long-term postdoctoral fellowship for 2 to 4 
years, he or she cuts him/herself loose from the apron 
strings of his/her alma mater, and the same is usually true 
of those who win EMBL predoctoral fellowships and spend 
3 to 4 years in Heidelberg working for a doctorate. 

EMBL houses more than 50 research groups and if on 
average at anyone time each group is to have two to 
three long-term postdoctoral fellows, the Laboratory needs 
annually some 100-150 person years of fellowships. To 
put the matter into perspective, the upper estimate, 150, 
is only a little short of the total of long-term fellowship sup-
port provided annually by the EMBO and EMBC. In other 
words one institution with the size and structure of EMBL 
can utilize annually an entire EMBO long-term fellowship 
programme. The Laboratory's annual budget provides for 
only 27 person years of postdoctoral fellowship support 
and, therefore, of necessity, a necessity which is indeed 
a virtue, the great majority of the long-term postdoctoral 
fellows working at Heidelberg and the Outstations receive 
support from external agencies; there are at present 120 
postdoctoral fellows with extramural funding at EMBL Hei-
delberg and the Outstations, of which 15 have EMBO 
long-term fellowships. The great advantage of having fel-
lows funded by extramural agencies is that they have 
been through selection procedures that are independent 
of EMBL. The probity of selection procedures in which the 
potential beneficiaries are the selectors must always be 
open to doubt, and for this very reason the postdoctoral 
fellowships included in EMBL's own annual budget are 
divided amongst the Programmes by the Director-General. 
The programme coordinators and their group leaders then 
decide amongst themselves the final distribution of their 
Programmes' fellowships. The policy is to use these inter-
nal fellowships either to help new group leaders establish 
a critical mass in their laboratories or to provide bridging 
support to individuals seeking an extramural fellowship. 

Because EMBL is always short of postdoctoral fellow-
ships it, like many other laboratories in Europe, hastily 
put together an application for some of the long-term 
fellowships that came on offer in the autumn of 1992 
through the EC's Human Capital and Mobility Programme. 

The EMBL applied for some of the fellowships that were 
to be allocated to centres of excellence. The Laboratory 
also hopes, of course, that some individual postdoctoral 
scientists will apply to the EC for fellowships to support 
their work at EMBL. After the first round of selection the 
Laboratory was informed by the EC that it had been 
awarded seven postdoctoral fellowships, each lasting 2 
years and in addition two 4-year predoctoral fellowships. 
For EMBL this is a welcome windfall, but the allocation 
of these EC fellowships is not without its problems. The 
EMBL and the national laboratories which received some 
of the EC fellowships now have to face the questions of 
how to select the fellows, how to award the fellowships, 
and then how much to pay the recipients. 

Each institution which has obtained some of the EC fellow-
ships must now establish some sort of selection procedure, 
necessarily a parochial one to be cost effective, in which 
selectors and beneficiaries are if not the same individu-
als then colleagues. EMBL's unhappy experience of the 
internal selection committee, which used to award the 
internal EMBL fellowships, led the Laboratory to abandon 
the whole procedure and now, as mentioned above, the 
Director-General simply divides the fellowships between 
the Programmes. The EMBL has no desire to once again 
set up an internal, internecine, postdoctoral fellowship se-
lection committee. It will, therefore, ask the EMBO Fund 
Committee to vet the candidates for its EC long-term 
fellowships. 

The second problem that the EC fellowships raise is that 
of the stipend to be paid to the recipients. The monthly rate 
that the EC uses to calculate the cost of its fellowships in 
the Federal Republic of Germany is 3,229 ECU, or over 
6,000 OM per month for the postdoctoral fellowships and 
2,230 ECU per month, over 4,000 OM, for the predoctoral 
fellowships. What proportion of this amount should the EC 
postdoctoral fellow receive as a stipend? EMBL's policy, 
now laid down in its Staff Regulations, is to adopt the 
EMBO rates for postdoctoral fellowship stipends. It uses 
the EMBO rates for the fellows paid from EMBL's own 
budget. Moreover when postdoctoral fellows funded by ex-
ternal agencies other than the EMBO receive less than the 
EMBO amount, the Laboratory makes good the difference; 
it tops up the fellowship . What are the EMBO monthly rates 
for the Federal Republic of Germany in 1993? People less 
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than 30 years old receive 3,689 OM per month , while for 
those 30 years or older the rate is 4,357 OM per month. 
The reason why EMBL adopts the EMBO rates is simply 
to achieve an essentially standard rate of remuneration for 
scientists in the same position and thereby to avoid the 
internal discord that seems inescapable when people with 
the same age and experience, working side by side, doing 
the same job receive widely differing wages. 

EMBL will maintain its policy of using EMBO stipend rates 
with the funds made available by the EC, which means that 
the Laboratory will in practice be able to award more than 
seven EC funded 2-year postdoctoral fellowships . But how, 
through the length and breadth of EC Europe will all the 
other laboratories that have been awarded EC fellowships 
handle this question? Will they be tempted to offer stipends 
of 6,000 OM a month? Will they pay less? If they do how 
much less and why? At least the EMBL has the advantage 
of a well-defined, time-honoured policy incorporated into 
its Staff Regulations. Since the EC provides in addition 
to the fellowship stipends a 12% overhead for "research 
and administrative costs related to the fellowship", can 
individuals who are awarded the EC fellowships legally 
demand the full 6,000 OM a month stipend? 

These are not, in EMBL's view, entirely trivial questions. 
The EMBL believes that it is not appropriate to offer a 
postdoctoral fellow in the Federal Republic of Germany a 
stipend of 6,000 OM per month, not least because such 
fellowships appear to fulfill the provisions of paragraph 3, 
clause 44 of the German Income Tax Law and may not be 
subject to taxation. If the EC postdoctoral fellows indeed 
receive monthly stipends of 6,000 OM in the Federal Re-
public of Germany, and commensurate amounts in other 
EC countries, the pressure on other fellowship agencies to 
raise their stipend rates will build up to irresistible levels; if 
EMBO, for example, was forced to follow suite, the number 
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of EMBO fellowships per year would be reduced by more 
than 50%. Moreover such fellowship stipend rates will lead 
to situations in which young postdoctoral fellows are better 
remunerated than the more senior academic staff for whom 
they work. 

The Human Capital and Mobility Programme will be widely 
welcomed as a very considerable stimulus to further mo-
bility of young postdoctoral research workers in Europe. 
There seems little doubt that the new fellowships can be 
absorbed - after all an institution like EMBL alone needs 
150 years of fellowship support per year - and no one 
wants postdoctoral fellows to be paupers. But it is also 
the case that a stipend of 6,000 OM a month is very 
difficult to justify (although one can immediately hear it 
being said that that is barely enough to attract the notice 
of a computer whiz kid) and may in the long-term do more 
harm than good to the cause of postdoctoral research 
linked with international exchange in Europe, which the EC 
programme and others are designed to facilitate. Now that 
the EC's initiative has been launched but is not yet deeply 
ingrained the time is opportune for a discussion involv-
ing relevant national and international, private and public 
agencies of the financial and other conditions attached to 
the postdoctoral fellowships currently on offer in Europe. 
Few would argue in favour of the Eurosausage approach, 
with a universal Eurostandard stipend for postdoctoral 
fellowships from which deviations of more than 2,5% are 
prohibited . Agencies must be free to set their own financial 
limits, limits which may well differ, for example, according 
to the geographic distribution and scientific training of 
the clientele, but within a common market it would make 
common sense not to rock the boat too violently lest the 
waves capsize smaller vessels. 

J. Tooze 



Cell biology 

One of the astounding developments in the biological 
sciences is the vanishing of the barriers between different 
disciplines. Only 25 years ago biology was strictly divided 
into areas such as biochemistry, genetics, microbiology, 
immunology, anatomy, physiology, pharmacology, neuro-
biology, developmental biology and cell biology. Cell bio-
logy at that time was dominated by the electron microscope 
and concentrated on the morphological description of cells 
and tissues. Today, these disciplines still exist but there is 
nothing to gain from keeping them apart. On the contrary, 
one could mix disciplines together in one department and 
expect to gain momentum both in teaching and research 
by the interactions that would result from the proximity of 
know-how from different research interests. Such mixing 
is an important driving force for advancement in the life 
sciences today. Obviously, it is not sufficient solely to 
mix research groups together, it is also necessary to do 
this in such a way that the mixture results in overlapping 
interests. Moreover, the size of the department is also an 
important limiting factor, being too small or too big will 
decisively influence the success of the activities. EMBL 
is an experiment in trying to achieve such a balanced 
mix of research interests. EMBL consists of Programmes 
that are formed by independent research groups which 
form the nodes in the network that constitutes the EMBL 
environment. Each of the Programmes represents a more 
or less cohesive unit of its own, centered around a few re-
search themes. The Cell Biology Programme is the oldest 
among the EMBL Programmes and our experience with 
this type of an organization has so far been only positive. 
The research collaborations within the Programme have 
been intensive and productive and these collaborations 
have extended into the other research Programmes as 
well. Because the EMBL organization has now been tested 
in practice for more than 10 years it could well serve as 
a useful model for future reorganizations of department 
structures in biological and medical university faculties. 

The Cell Biology Programme started its activities centered 
around biological membranes and then extended the re-
search into the cellular context by focusing on the biogen-
esis of different organelles within the cell. The turnover of 
the group leaders in the Programme has led to continuous 
adjustment of the research interests that have expanded 
to include the role of cytoskeletal elements in cellular 
organization during all phases of the cell cycle. Exten-
sive contacts between the groups within the Cell Biology 
Programme and with the other Programmes, have made 
it possible for us to make an international impact in the 
areas that we represent, despite the fact that most group 
leaders are starting their independent phase of research 
when coming to the EMBL and leave when their work is in 
full swing. This latter aspect is a challenge that has to be 
met by recruitment of new group leaders. 

Membrane trafficking 

One area of research that has been pursued from the 
early days of EMBL has been the elucidation of the 
mechanisms responsible for targeting newly synthesized 
proteins from their site of synthesis in the cytoplasm to 
the endoplasmic reticulum. Proteins destined for secretion 
from the cell, and all the proteins making up the organelles 
connected by secretory and endocytic membrane traffic 
are first routed to the endoplasmic reticulum. Bernhard 
Dobberstein, who initiated this work when he joined the 
laboratory in 1977, has now left the EMBL to take up a 
professorship at the University of Heidelberg. During the 
last year this research has culminated into insight that the 
secretory process of targeting and translocating proteins 
from the cytosol is working according to fundamentally 
identical principles in bacteria, yeast and mammals. A 
ribonucleoprotein complex is involved in initiating targeting, 
and the translocating machinery in the membrane itself, 
i.e. the endoplasmic reticulum in eukaryotes and the cell 
membrane in prokaryotes, is similar in its construction. 
Proteins destined for locations other than the endoplasmic 
reticulum itself are moved out of this organelle after they 
have folded and assembled properly. The proteins are 
transported to the Golgi complex, an elusive organelle that 
functions as a post office, packaging and distributing cargo 
proteins to their correct post-Golgi destinations. These dis-
coveries have profound implications for the biotechnology 
of producing proteins on a large scale. 
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The architecture of the sites of exit and of entry as well 
as the construction of the vesicles that move the protein 
cargo are being analysed. One protein, ,BCOP, has been 
implicated in the transport by sophisticated experiments in-
volving microinjection of antibodies that block the function 
of ,BCOP followed by analysis of the effects by electron 
microscopy and biochemistry. The sorting of the cargo 
proteins according to their postal codes occurs in the distal 
part of the Golgi complex called the trans-Golgi network. 
One post-Golgi route moves proteins to the endocytic 
pathway, to endosomes and Iysosomes. Two important 
receptors involved in the transport of lysosomal enzymes 
are the mannose-6-phosphate receptors that recognize the 
postal codes mannose-6-phosphate on the cargo proteins. 
Transgenic mice lacking the receptors have been bred, 
and these reveal an interesting phenotype. A subset of 
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PLATE 1 

Vaccinia virus DNA in the process of being incorporated into the 
maturing virus. 
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the lysosomal enzymes are mistargeted and as a result 
are secreted , accumulating in the blood of these animals. 
This could provide the molecular basis for the aberrant 
secretion of these enzymes by metastatic tumour cells. 
Lysosomal enzymes have degradative functions and if 
secreted they could contribute to the metastatic potential 
of tumour cells . Another interesting finding is the role of 
phosphorylation in regulating the postal codes responsible 
for targeting to mannose-6-phosphate receptors forth and 
back between the Golgi complex and the endosomes. A 
kinase is present in the vesicles that carry the proteins from 
the Golgi that phosphorylates the region of the proteins 
carrying the code. 

Viruses have served as indispensable tools in the elucida-
tion of the membrane trafficking routes in the cell. Vaccinia 



virus is of special interest in this respect because of the 
way the virus DNA gets enveloped by several layers of 
membranes during its biogenesis in the host cell. For a 
long time it was believed that the first membrane was 
acquired by a mechanism without precedent in cell biology, 
namely, by de novo membrane biosynthesis. Novel data 
now demonstrate that this is not the case. The virus nucleic 
acid becomes enwrapped by membranes (Plate 1) that 
are in continuity with cisternal elements of the region, 
intermediate between the endoplasmic reticulum and the 
Golgi complex. The other membranes of the virus seem to 
derive from the trans-Golgi network. The immature virus 
becomes enveloped by cisternal membranes belonging 
to this compartment of the Golgi complex. The vaccinia 
virus is then transported to the cell surface where the 
outermost membrane fuses with the plasma membrane. 
This remarkable process is now being dissected by both 
biochemical and morphological methods. 

All cells continuously internalize fluid , proteins and lipids 
from the cell surface. The subcellular organization of the 
endocytic route is under intensive study. The first intracel-
lular compartment in the pathway, the early endosomes 
undergo continuous fusion with neighbouring endosomes 
exchanging contents and membranes that way. One inter-
esting protein potentially involved in the function of these 
organelles is annexin II, belonging to the growing family of 
annexins. This protein is known to bind to the head groups 
of anionic lipids bridged by calcium ions. 

Another interesting family of proteins involved in mem-
brane traffic are the Rab proteins. This family of proteins 
now numbers more than 30 members. These proteins 
probably function as switches regulating the specificity of 
interactions in the transport of membrane vesicles from 
one compartment to another. Many of these Rab proteins 
have been localized by confocal light microscopy and 
by immunoelectron microscopy to specific segments of 
the secretory and endocytic pathways. Considering the 
distribution of Rab proteins to the different sites within the 
cell, it is striking that the tubular networks in the ER-Golgi 
intermediate region, the trans-Golgi network and the early 
endosomes have the highest numbers of different Rab 
proteins. This may imply that these compartments have 
key roles in traffic regulation in the cell. This is in keeping 
with the known complexity of sorting functions of the early 
endosomes and the trans-Golgi network. 

Most of the studies of the mechanisms regulating mem-
brane traffic have been performed using fibroblasts or 
yeast cells . The latter system is providing a stream of 
important data, based on the well-developed genetics of 
the yeast Saccharomyces cerevisiae. Discoveries from this 
work are now being used to analyse more complicated 
cell types such as epithelial cells and neurons that have 
to sort cell surface proteins and lipids to two domains on 
the cell surface. In epithelial dog kidney (MOCK) cells 
this sorting is accomplished in the trans-Golgi network. 
Two types of transport vesicles are generated, one to the 
apical plasma membrane and another to the basolateral 
cell surface domain. Based on the analysis of the protein 
framework of the apical vesicles, it has been possible to 
isolate and characterize proteins forming the framework. 
The first protein to be identified, VIP21, is present not only 
in the apical vesicles but also in specialized invaginations 
on the cell surface called caveolae. The studies suggest 
caveolae might also function in a new pathway of endo-
cytosis to the cell. Recent results show that ,B-adrenergic 
receptors become clustered in the caveolae on the cell 
surface. These findings open up new perspectives for 
the segregation of membrane function both in the plasma 
membrane and the trans-Golgi network. 

Neuronal cells are especially interesting cells for studying 
polarized membrane traffic . These cells have long surface 
processes, axons and dendrites which form synapses in 
the nervous system. Recent studies have shown that rat 
hippocampal neurons sort surface proteins to the axons 
and to dendrites in a similar way as has been demon-
strated for MOCK cells. The axons are equivalent to the 
apical surface while the dendrites correspond to the ba-
solateral plasma membrane. The Rab8 protein has now 
been shown to regulate basolateral transport from the 
trans-Golgi network in MOCK. Interestingly, this protein 
seems to have a similar function in regulating the transport 
of proteins to the dendrites in neurons. Another surprising 
finding is that neurons also seem to have a barrier that 
prevents diffusion of protein and lipids in the membrane 
plane between axons and dendrites. This fence is of a dif-
ferent construction than the fence known to block passage 
between the apical and the basolateral plasma membrane 
domains in epithelial cells. These studies demonstrate that 
it is now possible to elucidate the cellular machinery that 
is responsible for generating and maintaining the complex 
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architecture of cells such as epithelial cells and neurons, a 
task which seemed impossible only a few years ago. One 
most interesting future area of research will be the dissec-
tion of the processes that are governing the differentiation 
of the sub-cellular organization of different cell types during 
development, questions that have received little attention 
among developmental biologists until now. 

The cell nucleus and the cytoskeleton 

The nucleus is surrounded by a double-membrane, the 
nuclear envelope that is continuous with the endoplas-
mic reticulum. It is organized by a scaffold of nuclear 
lamins facing the inside of the nucleus. The envelope is 
interrupted by supramolecular structures forming nuclear 
pores, each having a molecular size 125 x 106 Da consist-
ing of more than 100 different proteins! The analysis of the 
composition and function of the nuclear pore complexes is 
still in its infancy. Studies capitalizing on the genetics of 
yeast cells have led to the identification of a family of pro-
teins called nucleoporins (NSP-1, NSP49 and NSP116). 
Temperature-sensitive mutants of the NSP-1 protein have 
a very interesting phenotype. This protein is involved in 
regulating transport of proteins into the nucleus. Surpris-
ingly, a class of proteins containing the homeodomains of 
transcription factors are poorly imported into the nucleus 
at the non-permissive temperature, while another class of 
proteins forming ribosomes, seem not to be imported with 
the same efficiency. The interesting possibil ity arises that 
the various nucleoproteins could have different specificities 
in regulating nuclear import. Further work is in progress to 
elucidate the mechanism involved and novel proteins have 
been identified that interact with the nucleoporins in the 
nuclear pore structures. 

The nucleus is responsible for the synthesis of ribosomes 
in specialized structures called nucleoli . Several proteins 
have been identified by genetic means that are involved in 
ribosomal RNA processing in the nucleus. These studies, 
in collaboration with the Gene Expression Programme are 
revealing the complexity of the mechanisms involved in 
synthesizing and assembly of these important organelles 
that function as a protein synthesizing machine in the cell. 
One most intriguing question is how these structures are 
exported from the nucleus through the nuclear pores. 
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The nucleus fragments during mitosis in higher eukaryotic 
cells to be reassembled again after the mitotic events 
have led to the generation of two segregated sets of 
chromosomes. One class of elements belonging to the 
cytoskeleton, the intermediate filaments, constitute to the 
most abundant proteins in the cell, and despite years of 
work their basic function remains unclear. These proteins 
are extensively remodelled during mitosis. Novel results 
show that membrane vesicles resulting from the fragmen-
tation of the nuclear envelope become associated with 
intermediate filaments of the vimentin type. These carry 
nuclear lamin B and the interaction of the vesicle with the 
filaments seem to be modulated by mitotic phosphorylation 
and post-mitotic dephosphorylation. Work is in progress 
to assess the function of this association. Anti-vimentin 
antibodies microinjected into cells, arrest mitotic progress 
but the cells recover and divide successfully. The lamin B 
is bound to a membrane protein in the nuclear envelope 
which is part of a mUlti-component complex containing a 
kinase that phosphorylates the lamin B receptor. These 
studies suggest a role for intermediate filaments in nucleus 
assembly and disassembly during the cell cycle. 

Another interesting class of cytoskeletal elements are the 
microtubules which have been intensively studied in the 
Programme and elsewhere. Their functions are now well-
known. They form a dynamic network of tubules usually 
emanating from the centrosome. The microtubules play 
an important role in the intracellular movement and in 
the positioning of different organelles. Motor proteins have 
been characterized that move organelles in both directions 
along the microtubules. When the cell enters mitosis, the 
cytoplasmic network of microtubules disappears and in-
stead microtubules reorganize to form the mitotic spindle 
responsible for chromosome segregation. The function 
of the microtubules has been studied, both in organelle 
movement and during mitosis. Cell-free assays have been 
constructed to study these events. Novel proteins involved 
in microtubule function have been identified. The most 
far-reaching analysis has been the elucidation of the func-
tion of cyclin A- and cyclin B-dependent kinases and of 
phosphatases in determining and regulating microtubule 
dynamics and organization during the cell cycle. The in-
vestigation has now been carried to the structural level 
to find out how the assembly and the disassembly of the 
microtubules are correlated with the structure of micro-



tubules by high-resolution electron microscopy. This study 
promises to give for the first time precise mechanisms for 
how subcellular organization is generated and maintained. 

These investigations are also extended to a problem of 
even greater complexity, the role of microtubules in gen-
erating and maintaining epithelial cell organization. The 
microtubules in these cells are organized in a completely 
different fash ion as compared to fibroblasts, being mainly 
arranged as bundles oriented parallel to the apico-basal 
axis of the cells . Understanding the function of micro-
tubules in epithelial cell architecture will require all the 
resources of the Cell Biology Programme and of other 
Programmes as well. 

The lesson that we are learning in cell biology today is that 
the methods that have been so successful in molecular 
biology in the past decades are generating tools that we 
could not dream of having available when the Cell Biology 
Programme was started at EMBL. However, today these 
tools have to be used to study questions, a magnitude 
more complex than the issues facing the investigators at 
that time. The challenge is now to invent novel method-
ology that incorporates the tools that we have generated 
so that we can make progress in our understanding of the 
fascinating processes that are responsible for how cells 
and tissues organize themselves. 

K. Simons 
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Differentiation 

Our life begins with two cells encountering each other -
an egg cell being fertilized by a sperm. For a long time 
to follow the fertilized egg divides in a highly controlled 
fashion, giving rise to an embryo which features the main 
body axes (front-back, top-bottom, left-right) and ordered 
patterns of cells . Eventually the different organs and tis-
sues such as muscles, bones, skin , blood cells are formed. 
In the process of early embryonic development, primitive 
cells diversify into a multiplicity of different cell types (more 
than 200 altogether), each of which performs a specialized 
function in the body. Cell growth and cell differentiation are 
normally tightly coupled processes, that is, a cell does not 
usually differentiate unless it also divides. However, there 
are diseases such as cancer in which these processes are 
uncoupled, where cells divide in an uncontrolled fashion 
and differentiation is often blocked. In another type of 
genetic abnormality, structures do not develop correctly, 
leading for example to the formation of a cleft palate or of 
six toes instead of five. Much more often developmental 
abnormalities are more severe and result in early death 
of the embryo. In recent years it has become apparent 
that cancer and developmental diseases have a common 
basis, since they both originate from defects in individual 
genes. The discovery in the last decade that many of the 
genes involved in normal and abnormal growth are one 
and the same as those required for the diversification of 
cells underscores the link between cancer, differentiation 
and development. 

What are these genes and what do they do? These ques-
tions are at the heart of the interest within the Differentia-
tion Programme. A small number of genes, approximately 
100 of the estimated 100,000 genes of higher vertebrates, 

16 

when altered or aberrantly expressed, can lead to the 
formation of cancer. Most or all of these genes, also 
termed "oncogenes", encode proteins which are part of 
the complex machinery that allows each cell to divide. For 
example, cutting into a finger does not only lead to bleeding 
but also to the release of substances which act locally, 
promoting the growth of cells which participate in wound 
healing . Growth is only temporary and ceases as soon as 
enough scar tissue has developed. This example illustrates 
the fact that cells in an adult organism do not normally 
grow unless they are instructed to do so by substances (or 
other cells) around them. How do these substances, which 
themselves are often proteins encoded by genes, tell the 
cells that they should divide and perhaps differentiate? 

What follows is a brief account about what typically hap-
pens when cells are stimulated to grow. Binding of a 
specific growth promoting substance (growth factor) rep-
resents the first step in the so-called signal transduction 
cascade. Each cell has receptors on its surface which 
consist of proteins that can bind specific growth factors. 
These receptors span the plasma membrane and can 
therefore communicate external stimuli to the interior of the 
cell. The inside part of the receptor typically has an enzy-
matic activity which adds phosphate groups to tyrosines (or 
sometimes serines) on other proteins. In addition , it serves 
as an anchor for a number of proteins which through their 
association become modified, such as by the addition or 
removal of phosphate groups. After a series of complex 
and still largely unresolved events, the signal travels to 
the cell nucleus where two basic processes are initiated. 
The first one triggers the cell cycle machinery which itself 
comprises a distinct set of proteins that ultimately induce 
cell cycle progression and cell division. The second leads 
to the mobilization of so-called transcription-factors. These 
are proteins that bind to specific DNA regions and act as 
switches, turning on or off certain genes. The result is that, 
in a growth stimulated cell , the subset of genes needed 
for growth is activated. Cells also harbour another class of 
proteins which act negatively, as suppressors of growth. 
These proteins ensure, for example, that cells stop dividing 
when they have reached high numbers. 

It now appears that when stem cells decide to differentiate 
into one or another cell type (also called cell fate determi-



nation) signalling mechanisms similar to those governing 
growth control are operative. For example, the determina-
tion of neuronal cells in the compound eye of the fruitfly 
Drosophila requires a direct contact between precursor 
cells expressing tyrosine kinase-type receptors and neigh-
bouring cells which produce the ligand for that receptor. 
Ultimately, as during growth induction, a battery of genes 
is activated in the precursor cell at the level of transcription, 
specifying the identity of the emerging cell type. There 
is at least one cell type in the body, however, for which 
special mechanisms of determination have evolved: germ 
cells which are so essential for the survival of the species 
(see below). Work with the fruitfly Drosophila has shown 
that the products of certain maternal genes are necessary 
to set aside, very early during embryogenesis. 

Several groups in the Programme work on different as-
pects of growth control and differentiation in normal and 
cancerous cells, studying genes involved in signal trans-
duction, cell cycle control and transcriptional activation. 
Other groups are studying mechanisms of early embryonic 
development, in particular the function of genes which are 
believed or suspected to playa crucial role during pattern 
formation and body axis specification . What follows is a 
brief account of the most important findings of the different 
groups of the Programme during the past year. 

The Courtneidge group investigates the role of non-
receptor type tyrosine kinases in signal transduction. In 
previous years they have shown that Src family kinases 
(Src, Fyn, and Yes) bind to another type of tyrosine 
kinases, the well-characterized receptor for the platelet 
derived growth factor (PDGF). This association coincides 
with novel tyrosine phosphorylations of the Src kinases, as 
well as an enhancement of their intrinsic tyrosine kinase 
activity. They have shown that the so-called SH2 domain of 
Src family kinases, as well as particular sequences on the 
PDGF receptor, are required for this association to occur. 
In collaboration with Dr. Martine Roussel (Memphis, Ten-
nessee) they have now shown that another receptor-type 
tyrosine kinase, the colony stimulating factor-1 (CSF-1) 
receptor, also associates with Src, Fyn, and Yes via their 
SH2 domains. Analysis of mutant receptors has identified 
sequences important for the binding of the Src family 
kinases. Since mutant PDGF and CSF-1 receptors that 
only weakly bind the Src family kinases are only poorly 

able to transduce a mitogenic signal, these results suggest 
that the associations are important in both CSF-1 and 
PDGF-induced mitogenesis. Indeed, in recent experiments 
using a microinjection system to over-express proteins, it 
could be shown that the expression of kinase-inactive Fyn 
molecules prevents PDGF-induced DNA synthesis. This 
presumably happens because of a competitive inhibition 
between the over-expressed inactive Fyn and the non-
abundant, active Src family molecules. Experiments are 
now in progress to investigate the reason for this block 
of entry into S-phase, using cells engineered to express 
kinase-inactive Fyn under the control of an inducible pro-
moter. 

Giulio Draetta's group studied the mechanisms controlling 
the activation of cyclin-dependent protein kinases in nor-
mal and cancerous cells. These kinases are the driving 
forces of the cell cycle, that is, the progression from the 
resting phase (G 1) into DNA synthesis (S) into another 
brief resting phase (G2) and finally into mitosis (M) from 
where cells can enter G1 again, etc. The group has found 
that microinjection of cyclin A antibodies into human cells 
can inhibit DNA synthesis during S-phase, but can also 
inhibit the G2 to M-phase transition, depending on the 
time in the cell cycle at which the antibodies were injected. 
The finding that two distinct catalytic subunits are bound 
to cyclin A, cdc2 and cdk2, indicates that these two differ-
ent complexes are activated at different times in the cell 
cycle. Further work has focused on the identification of 
cyclin A targets, and revealed that the cyclin A/cdc2 kinase 
is complexed with the E2F transcription factor in cells 
undergoing DNA synthesis. E2F is involved in regulating 
the expression of several genes which are specifically 
transcribed during S-phase. Phosphorylation of E2F by 
cyclin A/cdk2 probably modulates its transcriptional ac-
tivity. Finally, since an essential event required for entry 
into mitosis is the dephosphorylation and activation of the 
cyclin B/cdc2 kinase before mitosis, the group has also 
studied a specific dephosphorylating enzyme. It was found 
that a human homologue of the cdc25 phosphatase is 
hyperphosphorylated and activated at mitosis. The kinase 
responsible for its phosphorylation/activation was found 
to be cyclin B/cdc2 itself, creating a positive feed-back 
loop. This mechanism ensures the sudden activation of 
all cyclin B/cdc2 molecules in the cell leading to a rapid 
entry into mitosis. 
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Members of Dirk Bohmann's group are interested in those 
aspects of signal transduction that mediate changes in 
gene transcriptional activity in response to changes of 
intra- or extra-cellular conditions. They are studying the 
products of the nuclear proto-oncogenes c-jun , c-fos , and 
c-ets which all function as signal-dependent, DNA-binding 
transcription factors. Addressed questions include: What 
are the signals that mediate the post-translational mod-
ification of these transcription factors, in particular their 
phosphorylation state? How is the function of transcription 
factors influenced by changes in their phosphorylation pat-
tern? Do the corresponding retroviral oncogene products, 
i.e. v-Jun, v-Fos, and v-Ets differ with regards to regulation 
by phosphorylation from their cellular counterparts? These 
studies yielded several interesting results: A mechanism 
was discovered that might serve to adapt the activity of 
c-Jun to the number of potential target sites in the cell 
by changing the phosphorylation state of the protein (see 
Plate 2). It was also shown that the stability of c-Fos can be 
decreased in the absence of cell-g rowth promoting signals. 
v-Fos, on the other hand, seems to escape this regu lation. 
Final ly, c-Ets, but not v-Ets, can apparently function both 

c-Jun Homodimer 

(1 ) 

PLATE 2 

Model for the modulation of c-Jun transcription factor activity 
by phosphorylation and by the concentration of available DNA 
binding sites. 

c-Jun is depicted as a homodimer with inhibitory phosphate 
groups nested in the vicinity of the DNA-binding domains. c-Jun 
exists in an equilibrium between a predominantly phosphorylated, 
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(2) 

as a transcriptional activator or as a repressor. These 
alternative functions seem to be regulated by alternative 
splicing of c-ets-1 pre mRNA and by the phosphorylation 
state of the Ets-protein. 

Marek Mlodzik's group studies the mechanisms by 
which neuronal precursor cells in the compound eye of 
Drosophila are determined and how their diversity is gen-
erated. The work focuses on the functional analysis of 
two genes: scabrous (sea), which encodes a secreted 
protein with signalling properties involved in lateral inhi-
bition and neuronal precursor cell restriction and sevenup 
(svp) , which encodes a transcription factor of the steroid 
receptor family required for the specification of a subset 
of photoreceptors. To identify and isolate other genes of 
the signalling pathways involving sea and svp, mutant fly 
strains that show conditionally defective phenotypes with 
respect to either of the two genes have been generated. 
These strains are now being employed to search for 
genes that act as enhancers or suppressors of the mu-
tant phenotypes. The group has found that sea-mediated 
signalling involves previously known genes requi red for the 

(3) 

inactive species (1) and an un- or under-phosphorylated, active 
form (2) , which can bind to DNA, thus forming a complex (3). 
Increased levels of available c-Jun binding sites, lead to an 
increase in form (3) at the expense of form (2), resulting in a net 
dephosphorylation of the c-Jun pool. Conversely, an increased 
phosphorylation of c-Jun can shift the equilibrium towards the 
inactive form of the transcription factor. 



restriction of neuronal potential such as the genes en-
coding the trans-membrane proteins Notch and Delta, 
potential receptors for the secreted Sca protein. It could 
also be shown that svp requires the Ras signal transduc-
tion pathway, as well as a set of as yet uncharacterized 
genes. In collaboration with Anders Fjose (Bergen) several 
homologues of the svp gene were isolated in zebrafish . 
These studies showed that the encoded proteins are highly 
conserved during evolution, suggesting a functional con-
servation of the nervous system and eye development 
between flies and vertebrates. 

The laboratory of Thomas Graf is interested in molecu-
lar mechanisms of lineage determination of haematopoi-
etic cells, as well as in the induction of cell prolifera-
tion induced by leukaemia-inducing viral oncogenes. Ear-
lier work showed that the myb-ets containing E26 avian 
leukaemia virus, which encodes a Myb-Ets fusion pro-
tein, is able to transform (and thus amplify) multipotent 
progenitors whose differentiation can be induced along 
the erythroid, eosinophil, and myelomonocytic lineage. 
This can be achieved either by treating the cells with 
TPA, or more elegantly, by using a temperature-sensitive 
(ts) viral mutant with a lesion in Ets and raising the 
temperature in mutant transformed cells. These studies 
have shown that the Ets domain antagonizes lineage 
determination in multipotent cells while Myb does not. 
It was also found that the multipotent cells share with 
erythroid and eosinophilic cells the expression of the tran-
scription factor GATA-1, while myelomonocytic cells are 
negative. The group has now been able to demonstrate 
that ectopic expression of GATA-1 in myelomonocytic 
cells induces a dramatic change in phenotype towards 
eosinophils, demonstrating that GATA-1 plays a key role 
in haematopoietic determination/differentiaton. Finally, it 
was recently discovered that the Ets domain of the fu-
sion protein, unlike the free Ets protein, is unable to 
bind to DNA, suggesting that it is repressed by Myb. 
This repression can be relieved following binding of Myb 
to its cognate DNA sequence, probably by inducing a 
conformational change of the fusion protein. These stud-
ies might serve as a model for the mode of action of 
other fused transcriptional activator-type proteins. Such 
fusion proteins, resulting from specific translocations, have 
recently been detected in a number of different human 
leukaemias. 

Anne Ephrussi's group is studying mechanisms of germline 
determination. In many organisms, the germline is deter-
mined very early during embryogenesis under the influ-
ence of molecules segregated in one region of the egg 
cytoplasm, the germ plasm. The group wishes to under-
stand the molecular nature of the germ plasm and how 
it functions to determine the germline. In Drosophila, a 
number of genes have been identified whose functions are 
required for proper germ plasm formation at the posterior 
pole of the egg. Through a combination of genetic and bio-
chemical experiments, it has been established that germ 
plasm assembly is a hierarchical process (Plate 3) with 
a number of interactions between the components being 
required for the maintenance of its integrity. Earlier work 
has shown that one component of the germ plasm, the 
product of the gene oskar, is central in this pathway, and 
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cappuccino 
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staufen 

Germ plasm assembly and germline determination in Drosophila. 
The known genes involved in the pathway are indicated in italics. 
Capuccino , spire and staufen are required for the localization of 
Oskar and other downstream products to the posterior pole of the 
egg. Vasa and tudor are essential for oskar-induced germ cell 
formation and the induction of abdominal strutures. 
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that mislocalization of oskar RNA to the anterior pole of the 
egg is sufficient to induce formation of functional germ cells 
at the ectopic site . In addition to examining the functions 
of individual genes of the pathway, the relation between 
known components of the germ plasm is now being ex-
plored , taking a combination of genetic and biochemical 
approaches. A search to identify additional components of 
this primordial developmental pathway is underway. 

Rolf Zeller's group studies the role of two types of pro-
teins in the development and differentiation of chicken 
embryos, the products of the limb deformity (Id) gene 
and the basic fibroblast growth factor (bFGF). Both are 
evolutionarily conserved from lower vertebrates to man. 
The Ld proteins have no significant homologies to other 
known proteins, but their nuclear localization as well as 
biochemical and genetic analyses imply an involvement in 
transcriptional regulation. Their expression in specific cell 
types during morphogenesis suggests a role during limb 
and kidney morphogenesis and possibly the formation of 
other structures. Basic FGF exists as a family of proteins 
which originate from a single gene by differential splicing 
(l ike the Ld proteins) or by alternate translation initiation. As 
expected for a growth factor, the different bFGF isoforms 
are localized in the cytoplasm and extra-cellular matrix 
of specific cell types in early embryos. However, during 
kidney organogenesis, they specifically translocate to the 
nuclei in a part icular cell type, the differentiating podocytes. 
These highly specialized cells form the epithel ial com-
partment of the glomerular filtrat ion unit in adult kidneys. 
Experiments are now in progress to study the functional 
importance of the nuclear translocation using an in vitro 
culture system for kidney rudiments. 

Denis Duboule's group investigates several aspects of 
vertebrate Hox gene function and regulation. The mam-
malian genome contains about 40 members of the "Hox" 
gene family clustered in four complexes (HoxA, B, C and 
0). The products of these genes harbour a characteristic 
amino-acid sequence, the "homeodomain", which is re-
lated to that present in the Drosophila homeotic genes. 
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Homeoproteins are transcription factors involved in key 
morphogenetic events, probably by instructing various 
cells on their pOSitions and fates along the major body 
axes. Although the target genes of homeoproteins are not 
yet known, it is believed that various combinations of such 
proteins regulate different genes located downstream in 
developmental pathways, thus resulting in different types 
of differentiated cells . The group has used the transgenic 
mouse approach to define specific regulatory sequences 
involved in the regulation of the Hoxd-9 and Hoxd-11 
genes. In addition , the interactions between Hox genes 
and Wnt-1 , a gene that is involved in growth control, has 
been studied in transgenic animals. These studies have 
shown that over-expression of Wnt-1 in a particular area 
of the developing limb induces abnormal growth and pre-
vents chondrogenic condensations. In collaboration with 
Pierre Chambon (Strasbourg), the Hoxd-13 gene has been 
activated via homologous recombination in ES cells. Ho-
mozygous mutant mice produced from such a cell-line 
exhibit defects in the vertebral column , the limbs, and in the 
penis. These results further strengthen the notion that Hox 
genes play crucial roles in basic morphogenetic events of 
vertebrates. 

Ulrich Ruther's laboratory has identified a novel gene 
(Ft) in a mutant mouse line containing a transgene . The 
mutation resu lts in mice with fused toes and hyperplastic 
thymuses. The gene has no apparent similarities to known 
genes, and studies are in progress to identify its function. In 
collaboration with the laboratory of Erwin Wagner (Vienna) 
a mouse line was produced that contains an inactivated 
c-fos gene. This mouse line is viable but exhibits ab-
normalities in bone formation and in the differentiation of 
lymphocytes, a finding which is in accordance with earlier 
observations made with transgenic mice over-expressing 
c-fos . Finally, using the transgene approach in collabora-
tion with Bernhard Fleckenstein (Erlangen) the group has 
demonstrated for the first time the oncogenicity of a herpes 
virus gene. 

T. Graf 



Biological structures and biocomputing 

Some years ago, it was easy to characterize a structural 
biologist by the tools used for studying structure. One was 
described as an X-ray crystallographer or a microscopist or 
a theoretician. Often , the biological question appeared lost 
behind an obscuring cloud of technical detail. Such facile 
characterizations are increasingly inaccurate. Structural 
biology is most effective when an array of techniques are 
used to approach a biological question. Today, structural 
biologists tailor their tools to the problem rather than 
the problem to the tools. One of the unique features of 
the Biological Structures and Biocomputing Programme at 
EMBL is its competence in all of the major techniques 
of structural biology. It has taken a number of years to 
develop such a broad community of scientists but the 
result, that problems can be approached at several levels 
simultaneously, has led to an increase in the quality and 
quantity of the work performed at the Laboratory. Such an 
environment is particularly valuable for new group leaders 
who are trying to compete with more established groups 
since it provides an infrastructure in which they can do 
molecular biology rather than being required to focus on 
technical development. 

Having achieved this broad technical representation, we 
face the difficult task of maintaining it in the face of 
declining resources. Because maintaining an individual 
technique requires a continuing investment in terms of 
staff and equipment, curtailing this investment leads to 
increasingly inefficient use of the resources which have 
been acquired at such expense over the years. The deci-
sion to curtail investment in computing resources for the 
Laboratory means that our Programme will have to devote 

increasing amounts of its own resources to providing com-
puting for itself and the rest of the Laboratory. The fact that 
the DEC 9000, which serves as the central computer in 
the Laboratory, could only be purchased through a grant 
written by members of our Programme is only the most 
recent example of this trend. Although we all understand 
the importance of sharing the burden of economizing, 
one should also remember that the technical nature of 
structural biology means that some of those economies 
will lead to increasingly inefficient use of our previous 
investment. The past year has validated the use of a range 
of techniques for structural biology. Among the areas in 
which exciting results have been obtained are membrane 
proteins, DNA protein interactions, sorting signals as well 
as domain structures. Further, some very important ad-
vances in methodology have led to some unexpected and 
interesting pieces of new biology. 

Membrane proteins 

Membrane proteins represent an intriguing structural chal-
lenge. Although many important biological functions are 
accomplished by membrane proteins, very few of them 
have been crystallized and so the conventional route to 
structural information has been relatively unrewarding. 

One very productive approach to the structures of pores 
has been to examine the structures of soluble bacterial 
toxins which form pores upon interaction with the mem-
brane. These proteins present the difficult question of un-
derstanding how a single polypeptide chain can adopt two, 
in principle mutually exclusive, types of three-dimensional 
fold, one with a hydrophobic surface and one with a 
hydrophilic surface. The best characterized of these are 
the colicins. These a -helical pore-forming proteins have 
been the subject of an extensive collaboration between the 
Pattus, Tsernoglou and Tucker groups. The structure of the 
soluble, pore-forming domain of colicin A was solved by X-
ray crystallography and has recently been refined to 2.4 A. 
This structure has formed the basis for understanding the 
insertion of the protein since spectroscopy indicates little 
change in secondary structure between the membrane 
bound and the soluble form. An "umbrella" model for the 
membrane-bound intermediate was originally proposed in 
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which the a-helices forming the hydrophobic hairpin were 
inserted into the membrane with the other a-helices form-
ing a surface layer. Fluorescence energy transfer experi-
ments and the engineering of disulphide bonds into critical 
sites demonstrated that this model could not be correct. 
Indeed, mapping of accessability to protease digestion 
showed that the hairpin spends a significant amount of time 
at the membrane surface. The Pattus group has developed 
a model in which membrane insertion intermediate is seen 
to have some of the characteristics of the "molten globule 
state" which has been invoked in models of renaturation 
of soluble proteins. The Pastore group is developing a 
method using a soluble paramagnetic nitroxide to identify 
the surface residues in a molten globule state by NMR and 
will try to utilize it to examine the colicin intermediates. As 
more techniques are used to characterize this structural 
transition, we should gain a deeper understanding of the 
way in which membrane insertion occurs. Recently, the 
structure of colicin N has been solved by the Tsernoglou 
group. There is particular interest in this structure because 
the ompF porin from Ecoli which acts as its receptor 
has also been solved and the combination of these two 
structures should shed light on colicin entry. 

Aerolysin is a representative of the ,B-sheet class of 
bacterial toxins which has been studied by the Pattus, 
Tsernoglou and Leonard groups in collaboration. The 
three-dimensional structure of a dimer of proaerolysin has 
been solved by X-ray crystallography showing the arrange-
ment of ,B-strands in the structure. Proaerolysin in the 
crystal is a head to tail dimer while the membraneous pore 
is a head-to-head oligomer. The mechanism which gives 
rise to these two forms does not involve dramatic changes 
in secondary structure but does require cleavage of the 
carboxy terminal 43 amino acids of the pro-form. Once 
again, understanding this structural change will require 
a combination of techniques. This is possible because 
two-dimensional crystals of a membrane attached dimer 
as well as isolated oligomeric pores have been imaged by 
electron microscopy and should provide structures which 
can be interpreted in the light of the high resolution X-ray 
results. 

Membrane fusion represents one of the most intriguing 
processes accomplished by membrane proteins. It is best 
characterized for viral membrane glycoproteins which me-
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diate fusion of the viral and the endosomal membrane 
as a result of a low pH mediated conformational change. 
Although the high resolution structure of a soluble fragment 
of the mature, fusion competent form of one such protein 
has been solved to high resolution by X-ray crystallogra-
phy, the structure of the corresponding immature form has 
not been available. It is assumed to be similar. The Fuller 
group has performed cryo-electron microscopy and im-
age reconstruction of recombinant Semliki Forest virus to 
generate three-dimensional structures for the mature and 
immature forms of the viral spike in the whole virion. These 
structures show that a dramatic conformational change 
accompanies the cleavage which generates a fusogenic 
spike (Plate 4). Difference imaging of detergent extracted 
virus has allowed mapping of the subunit pOSitions in the 
spike and suggests that the immature spike is inactive 
because the fusogenic subunits are widely separated in 
it. 

Two-dimensional crystals of membrane proteins have' been 
very useful in exploring their three-dimensional structure. 
Electron crystallography has yielded several high reso-
lution structures for proteins which do not form three-
dimensional crystals. The structure of light harvesting 
complex II from pea has now been determined by the 
KLihlbrandt group to better than 4 A resolution. Although 
4 A data would not be sufficient to pOSition residues in 
most X-ray derived maps, the higher quality of the electron 
microscopy derived phases al lowed fitting of almost half of 
the residues and all of the chlorophylls in the structure. 
Other two-dimensional membrane protein crystals studied 
by this group include the human bqnd 3 protein which is 
responsible for CI - HC03- exchange and the cytochrome 
b6f complex which mediates electron transport between 
photosystems I and II. 

A novel NMR approach to membrane protein structure is 
being undertaken by the Oschkinat group. By controlling 
micelle size through a judicious choice of detergents and 
optimizing spectroscopic conditions, this group has man-
aged to obtain interpretable two-dimensional NMR spectra 
of bacteriorhodopsin and light harvesting complex. Since 
these spectra show NOEs corresponding to the inner 
membrane parts of the structure, it should be possible 
to exploit such spectra to explore such questions as the 
chromophore environment in membrane proteins. 



A combined theoretical and experimental approach to 
membrane protein structure is being employed by the 
Sander group in their study of seven helix transmembrane 
proteins. By combining statistically derived environmen-
tal preference parameters with experimentally determined 
features of the receptors , the group has generated a model 
for the ,82-adrenoreceptor. This model is being tested 
experimentally and the approach being extended to the 
several hundred available bundle sequences. 

Nucleic acid - protein interactions 

The specificity of nucleic acid - protein interactions lies at 
the heart of gene control and regulation. Structural biology 
has contributed significantly to our understanding of these 

PLATE 4 

A surface view of the three-dimensional reconstruction of wild-type 
Semliki Forest virus (A) and uncleaved Sal mutant (8) . The 
diameter of the virion is 700 A. 

interactions. Indeed, one now discusses particular defined 
structural motifs such as homeodomains and leucine zip-
pers when attempting to describe the regions of a protein 
involved in gene regulation. 

Although there is a structure known for one canonical 
homeodomain, the study of this domain from the transcrip-
tion factor LFB1/HNF1 from rat nuclei shows the possible 
variability. The DNA binding region of this protein con-
tains a dimerization domain, a region related to the POU-
specific A-box and a homeodomain which is 21 residues 
longer than classical homeodomains. The Suck group 
has solved a 99 residue fragment containing this atypical 
homeodomain by X-ray diffraction and discovered that the 
topology and orientation of the helices in this domain is 
the same as that in more classical ones. Comparison with 
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PLATE 5 

Proposed model of the interaction of the LFB1 homeodomain with 
DNA. The TAAT core recognition sequence is highlighted. 

the eng railed homeodomain/DNA complex indicates that 
the mode of interaction in the LFB1 domain is similar with 
a number of conserved contacts and no interaction occurs 
between the DNA and the extra residues (Plate 5). 

Leucine zipper domains are the particular interest of a 
collaboration between the Pastore and Nilges groups. This 
motif which is characterized by a repeat of leucines every 
seven residues within a sequence with high helix forming 
character was first recognized in a family of transcription 
activator proteins. The motif is believed to mediate dimer-
ization of these activators which causes positioning of a 
contiguous basic region to recognize and bind specific 
DNA sequences. A subfamily of the helix-loop-helix pro-
teins contains a leucine zipper as an extension . Since the 
dimerization and DNA binding activities are both located 
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in the helix-loop-helix region, the function of the leucine 
zipper is unclear. To address this question, the structures 
of two synthetic peptides which span such regions from 
Tfeb and Myc have been explored by NMR and circular 
dichroism. The Tfeb peptide forms a parallel dimer as in 
the classical leucine zipper while the Myc peptide does 
not. This study is being extended to the similar region 
from the Max protein which complexes with that of Myc. 
The DNA binding domain of Max has been crystallized 
by the Suck group in complex with DNA containing the 
recognition site and diffraction data have been collected to 
2.8 A so the overall organization of this protein may soon 
be understood. 

A different type of DNA - protein interaction is seen in ade-
novirus ssDNA binding protein. The Tucker and Tsernoglou 



PLATE 6 

Points in the skeletonized electron density of a calculated 3 A map 
of glucagon, with the molecular model superimposed. 

(a) 

(b) 

groups have solved the carboxy terminal chymotryptic frag-
ment of this protein by X-ray crystallography and refined it 
to a resolution of 2.6 A. The protein contains two different 
zinc coordination sites and a carboxy terminal 17 residue 
arm which hooks into an adjacent molecule to form an 
infinite protein chain through the crystal (Plate 6). This in-
teraction is believed to be responsible for the cooperativity 
of binding to the DNA. A conserved 38 residue loop in the 
protein is not seen in the structure and is believed to be 
involved in locking the molecule onto DNA. Co-crystals of 
the protein with ssDNA have been obtained and are being 
investigated to confirm the details of DNA binding. 

Enzymes 

The study of the relationship between enzyme structure 
and function is a very appealing test of our understanding 
of structural biology. These systems offer the opportunity 
to make very defined tests of functional predictions based 
on structural data. 

The Wierenga group has taken advantage of their ex-
tensive characterization of trypanosomal and E.coli triose 
phosphate isomerase (TIM) to explore both functional and 

a. Points calculated with BONES. 
b. Points calculated with the algorithm described in the text. 

protein stability questions. By careful comparison of the 
structures in four different crystal forms, this group has 
been able to identify the conformational changes which 
accompany substrate binding and separate them from 
those caused by precipitant and crystal packing. The group 
has used their understanding of the structure to produce 
a monomeric TIM as a prelude to introducing new func-
tionality to the structure. Single amino-acid mutations at 
the interface are able to produce monomers with reduced 
stability and activity in equilibrium with dimers. Modelling 
using the Internal Coordinate Method developed by Ruben 
Abagyan in the Argos group suggested that the elimination 
of one loop might improve the stability of the monomeric 
protein . This mutagenized protein does indeed form a 
monomer with stability near to that of wild-type and its 
characterization is in progress. 

One approach to understanding enzyme kinetics is to 
attempt to calculate the enzymatic rate constant. For some 
enzymes, such as TIM, the rate is diffusion controlled . 
The Wade group has been using molecular dynamics 
calculations to study the effect of the flexible loops which 
close over the active site after substrate binding on the 
association of TIM and its substrate. By simulating the 
diffusive motion of the flexible loops, it was shown that 
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they would gate the active sites with a period of about 1 ns. 
This period would not hinder access of the substrate to the 
site, however, it also would not cause an acceleration in 
the entrance of the substrate. The conclusion is that the 
flexible loops which are required for catalysis have evolved 
to minimize the potentially adverse effects associated with 
gating of the active sites. A further study compares the 
electrostatic properties of trypanosomal TIM with that of 
other TIMs which differ in their pH and ionic strength 
dependencies. By calculating the pKas of unconserved, 
titratable residues this group is seeking to understand the 
experimental data on the effects of mutation and on the 
binding energy in the dimer. 

The structure of the metal binding sites in cytochrome e 
oxidase and related redox proteins is a long-term interest 
of the Saraste group. Recently the group has used a novel 
strategy to probe the structure of the copper binding site in 
subunit II of cytochrome e oxidase. This subunit contains a 
unique type of copper centre, CUA. Although this centre is 
only found in cytochrome e oxidase and in nitrous oxide re-
ductase, a homologous non-copper containing domain can 
be found in quinol oxidases. Since the carboxy-terminal 
domain of Eeo!i quinol oxidase can be expressed at high 
levels as a soluble protein, it seemed a favourable subject 
for structural study. By making only six mutations in the 
Eeo!i protein, a binuclear CUA site could be generated 
and characterized to show that it is a binuclear copper 
centre liganded to two cysteines, two histidines and one 
methionine. Crystallographic studies of this domain are 
underway. 

Signals in intracellular transport 

Targeting signals for the localization of proteins within cells 
must be expressed within the protein three-dimensional 
structure. Some signals are well-defined in terms of a 
limited region of structure, perhaps a few residues, how-
ever others involve interactions over a larger region of 
the protein and with residues that are not adjacent in the 
sequence. 

The Metcalf group has been exploiting the fact that some 
families of homologous proteins are targeted to different 
locations to identify the regions of the protein involved in 
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targeting. Soluble lysosomal enzymes like cathepsin 0 are 
transported to Iysosomes by the virtue of the presence 
of a mannose-6-phosphate Signal. The addition of this 
signal to the protein occurs in the eis-Golgi due to a 
specific phosphotransferase which recognizes a portion 
of the cathepsin 0 structure. Mutagenesis experiments 
show that a 28 residue region is necessary for modifica-
tion suggesting the localization of the phosphotransferase 
recognition site. The Metcalf group has solved the struc-
tures of both human and bovine cathepsin 0 by X-ray 
crystallography which allows detailed studies of the puta-
tive targeting region to be performed. A further advantage 
of having the cathepsin 0 structure is that it will allow 
the identification of substrate binding residues and aid in 
the design of more specific aspartate protease inhibitor 
drugs. 

The Metcalf group is also studying the structures of Rab 
proteins in a collaboration with the Zerial group in the Cell 
Biology Programme. A number of lines of evidence indicate 
that these small GTP binding proteins are involved in the 
regulation of vesicular transport. The sites and partners 
in their interactions are unclear because Rab proteins 
must interact with the membranes of several different 
compartments to function. This group has now crystallized 
two of these proteins and collected data to 3 A resolution 
for one of them. 

Some sorting signals are short, defined, contiguous se-
quences of residues. The Sander group has used NMR to 
characterize one of this type, the tyrosine containing endo-
cytosis signal. The signal appears to form a well-ordered 
,B-turn in solution which exposes the tyrosine as a contact 
site for a putative cytoplasmic receptor. The Fuller group 
in a collaboration with the Pastore and Sander groups has 
been studying the carboxy-terminal endoplasmic reticulum 
(ER) retention signal, KDEL. Although this is a short and 
well-defined signal, it functions in recycling between the 
ER and later stages of the secretory pathway. Hence, its 
recognition must be dependent on the environment. NMR, 
circular dichroism and immunological studies show that a 
conformational change in the Signal itself could be the 
basis of this change in recognition. The acidic regions 
upstream of KDEL appear to force the adoption of the 
recognized a-helical conformation in the signal after its 
exit from the ER environment. 



Protein module structures 

Frequently the same structural motif is found in many 
different proteins. This simplifies the task of the structural 
biologist since solving this one common structure illumi-
nates the structure of many proteins. 

The Saraste group has been interested in the structure 
of spectrin. This large protein contains many copies of 
a 106 residue repeat interspersed with unique domains 
which are responsible for particular functions. One of these 
unique domains is called SH3 (src-homology 3) . This do-
main is found in many proteins which take part in the 
signal transduction pathways including tyrosine kinases, 
phospholipase G')', the G protein activating protein and 
others. This group has obtained highly ordered crystals of 
SH3 domains from spectrin and the fyn tyrosine kinase and 
solved them in a collaboration with the Wierenga group. 
The SH3 structure is made from two orthogonal ,B-sheets 
with the last two strands connected by a 310 helix as seen 
in Plate 7. The conserved residues in the SH3 sequence 
form a smooth surface patch and could be expected to 
form the binding site for a protein ligand. 

The largest polypeptide being studied at EMBL is titin 
(M r=3, 106 kDa) . The sequence of a large portion of 
this protein has been completed by the Leonard group 
and shows that it is assembled from relatively small 
modules which include two types of repeating motifs 
of approximately 100 amino-acids. A number of do-
mains corresponding to different locations of titin in 
the sarcomere have been expressed and purified and 
are being studied in a collaboration with the Pastore 
group by NMR and circular dichroism. The initial re-
sults show that the domains are monomeric and fold 
predominantly as ,B-sheet. They appear to have very 
high structural similarities despite their low sequence 
homology. One unexpected outcome of the titin work 
has been a diagnostic test for thymoma in myasthe-
nia gravis patients. By screening muscle libraries with 
the auto-immune sera from these patients, the Leonard 
group was able to show that a distinct region of the 
titin gene was selected. Expression of this immunogenic 
region in E.eo/i led to a sensitive test for the presence 
of titin auto-antibodies which was specific for myasthenia 
gravis/thymoma patients. 

Protein folding 

The mechanisms by which proteins fold have always been 
intriguing for structural biologists. 

The Serrano group has been looking at the similarities 
in the folding pathways between proteins which share 
little sequence homology but have very similar three-
dimensional folds. They have focused on the three parallel 
a/,B proteins: CheY (the chemotactic protein from E.eo/i), 
p21-H-Ras and flavodoxin. In collaboration with other 
groups, the structure of the CheY protein has been solved 
by NMR which makes quench-flow NMR experiments pos-
sible as a method of studying the folding pathway. The 
thermodynamic behaviour of the protein has also been 
characterized and shows two distinct transitions. The first, 
which is reversible appears to be the formation of a molten 

PLATE 7 

The molecular surface of the fyn-SH3 molecule with the con-
served residues. The conserved exposed aromatic residues are 
indicated. Polar atoms (N,O) are dark-grey; hydrophobic atoms 
(C,S) are light grey. 
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globule state. The second could be the isomerization of the 
proline in the structure and renders the first irreversible. 

The Serrano group has also been looking for nucleation 
sites for folding in CheY and the related proteins. They 
are proceeding by two routes. First they are successively 
deleting secondary structure elements to identify the small-
est fragment of p21-Ras which will still fold properly. The 
second is to examine individual peptides corresponding 
to the helices of these proteins and to study their folding 
in solution. One product of an understanding of the folding 
and stability of a protein should be the ability to manipulate 
its structure. In a collaboration with the Sander group, an 
attempt to design a nucleotide binding site into CheY is 
under way. 

Large macromolecular complexes pose special problems 
in folding and assembly. The Fuller group has been study-
ing the assembly of hepatitis B surface antigen, a lipopro-
tein particle which is highly cross-linked with disulphide 
bonds. Although classically this particle was believed · to 
assemble in the ER, this seemed inconsistent with its 
high levels of protein disulphide isomerase (POI) which 
should resolve such cross-links. Production of recombinant 
protein disulfide isomerase using a baculovirus expression 
system allowed a direct in vitro test which showed that the 
mature surface antigen particle was not stable in the pres-
ence of this enzyme. Analysis of the kinetics of assembly in 
vivo showed that it occurs in two compartments. The first 
stage of assembly occurs in the ER and proceeds as far 
as dimerization of the subunits, a process which is aided 
by the presence of POI. The second stage of oligomer 
formation occurs after the dimers have left the ER and 
entered the intermediate compartment from which POI is 
excluded. 

An increasingly important approach to protein folding is 
the use of molecular dynamics calculations to model the 
folding process and to assess the effect of mutations on 
protein stability. The Argos, Sander and Wade groups are 
using various computational approaches to this problem. 
The Wade group is studying the motions of loops in a 
series of mutants of thermostable neutral proteases which 
were designed in the Sander group. The molecular dy-
namics studies are aimed at characterizing the degree 
of motion required to allow proteolysis of the surface 
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loops of the protein. The Sander group has devised an 
effective solvation potential based on occupied molecular 
volumes which allows more efficient computation of the 
energies of solvation. The method requires only 20 to 
50% more CPU time than equivalent vacuum simulations 
relative to the 20-fold more CPU time required for explicit 
inclusion of water molecules and gave reasonable results 
for pancreatic trypsin inhibitor. A very powerful approach 
to molecular dynamics has been implemented by Ruben 
Abagyan in the Argos group. The method parametrizes the 
molecular motions in terms of internal coordinates and is 
particularly powerful for modelling multi molecular, partially 
constrained systems using both energy terms and artificial 
penalty terms such as "soft" van der Waals, distance and 
variable restraints. The method has been applied recently 
to the docking of helix-loop-helix domains. 

Neural networks and parallel computing 

Neural networks are a natural computational tool for the 
detection of patterns in sequences and structures. The 
use of parallel processing in molecular biology is growing. 
Many tasks which were once deemed impractical due to 
the required computational resources are now becoming 
realistic due to the availability of massively parallel com-
puters. One problem with the use of parallel machines 
is that many algorithms must be re-implemented before 
the power of the machine can be brought to bear on the 
problem. The Nilges group has been experimenting with 
a coarsely parallel version of Xplor for the refinement of 
NMR structures on a heterogeneous array of workstations. 
The resulting increase in the speed of calculation is very 
promising. The Sander group has developed a neural 
network algorithm for secondary structure predict ion. By 
training the network on a balanced set of proteins, the 
accuracy of the method can be brought to 70%. It is 
now being made available over the network through an 
electronic mail server. The Wade group has developed a 
neural network method for identification of water binding 
sites which is remarkably successful in identifying sites 
from sequence and secondary structure alone. The Argos 
group has implemented a neural network algorithm on the 
4,096 processor MasPar for the identification of sequence 
motifs. The network is trained on a multiple sequence 
alignment and then used to search the entire database for 



similar motifs. The method is superior to profile matching 
particularly for distantly related sequences. The promise 
of these developments would be enhanced if a powerful 
parallel processor were acquired by the Laboratory. 

Software developement 

Beyond the work described above, a significant effort has 
been devoted to the development of software packages 
which aid in the solution and interpretation of structures. 
The What If package developed by Gert Vriend in the 
Sander group provides an array of tools for understand-
ing protein structure, protein design, and modelling. One 
developement within the past year has been the addition 
of series of tools for evaluating the "correctness" of newly 
solved structures. These tools which look at such fea-
tures as stereochemical reasonableness and packing of 
residues will become increasingly important as the number 
of structures being solved increases. Of more direct use 
in the solution of structures by X-ray crystallography has 
been the development by David Wild of the Tucker group of 

an X windows interface to all of the standard X-ray protein 
crystallographic software which eases the use of this very 
heterogeneous set of programs and the development with 
Prabir Bhattacharya of a new algorithm for density map 
skeletonization and envelope determination. The Nilges 
group is investing a great deal of effort in the development 
of more powerful methods for refining NMR structures. One 
approach eliminates the step of converting crosspeaks 
directly into intramolecular distances and hence allows the 
inclusion of ambiguous peaks. The other addresses the 
question of reliability of structure determination through a 
free R-factor similar to the one which is becoming standard 
in X-ray diffraction refinements . Thure Etzold in the Argos 
group has developed a Sequence Retrieval System for 
interconnecting the thirty or so libraries of sequence and 
structural information by means of cross references. A 
simple query language has been implemented which al-
lows the user to combine the information from the different 
libraries in imaginative and powerful ways. 

S. Fuller & D. Suck 
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Gene expression 

The process of expression of most genes in eukaryotic 
cells can be divided into four major steps. The first is 
transcription. At this stage the genetic information, coded in 
the sequence of nucleotide bases in the DNA, is read by 
an enzyme called RNA polymerase. In eukaryotes there 
are three such enzymes, called RNA polymerases I, II 
and III, and they are responsible for the transcription of 
three different classes of genes encoding RNAs with dif-
ferent functions. The RNA polymerases produce an exact 
transcript of the DNA sequence, but this time in the form 
of RNA. While the DNA of the cell is inert, and by and 
large unchanging, making it suitable for its function in 
the storage of genetic information and its transmission to 
the next generation , the RNA transcripts are metabolically 
highly active. It is a fascinating fact that with a single 
known exception (5S ribosomal RNA in some eukaryotic 
species) the initial RNA transcripts of all nuclear genes 
are produced as precursors. These precursors generally 
contain the sequence information necessary for the func-
tion of the mature RNAs interspersed with and flanked by 
RNA sequences that are not required for, and indeed are 
inhibitory of, the function of the mature RNA species. The 
steps by which the necessary pieces of RNA are extracted 
from the precursor to produce the mature species, equiv-
alent to the cut and paste techniques familiar to editors 
and users of word processors, are collectively called RNA 
processing. These steps seem, at first glance, wasteful 
and unnecessary. Their existence and retention over evo-
lutionary time is nevertheless explicable by a combination 
of two arguments. The first is that modern genes were 
almost certainly assembled by the inexact joining together 
of fragments , or units, of genetic information that were 
encoded separately by disparate regions of the genome in 
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a distant common ancestor. In this way, useful functional 
units could be assembled, in a "linear patchwork" fashion, 
into new and more efficient combinations. These combi-
nations, once formed, would be maintained by selection 
pressure. The second part of the argument is that RNA 
processing provides an additional opportunity to introduce 
mechanisms by which the rate of production of transcripts 
of a particular gene can be regulated. The significance 
and complexity of the regulation of gene expression will 
be emphasized below. Its central importance could explain 
the retention of "patchwork" gene structure. An example 
of RNA processing is provided in Plate 8. Three of the 
four ribosomal RNAs of eukaryotes, 5.8S and the two 
large ribosomal RNAs, are encoded in the same primary 
transcript. (The fourth ribosomal RNA, 5S, is encoded 
by a separate gene.) The excision of the three RNAs 
from the long precursor transcript is a multi-step process 
whose mechanism is best understood in the yeast, Sac-
charomyces cerevisiae. These processing events are stud-
ied by one group in the Programme. The diagram shows 
the processing steps which lead to the production of the 
three mature RNA species and lists the factors, proteins 
and RNPs, known to be required at various pOints in the 
pathway. It should be emphasized that, in spite of the large 
number of identified factors necessary for ribosomal RNA 
processing , it is certain that many more await discovery. 
Secondly, although the reaction pathway in Plate 8 has 
been described, we are ignorant of the mode of action of 
every single identified factor, and the elucidation of the 
mechanistic details of every single processing step awaits 
further research. Once processing is accomplished, virtu-
ally all mature RNA transcripts must then be transported 
to their correct location within the cell and must assemble 
with the appropriate proteins needed for their function . 
For most RNAs this involves transport through pores in 
the nuclear membrane into the cytoplasmic compartment. 
Mature RNAs fall into three classes. First, those which 
encode proteins (messenger RNAs) which must interact 
with the translational machinery that, as its name implies, 
translates the sequence of bases encoded into the RNA 
into the correct sequence of amino-acids to make a protein . 
This is the fourth and final step in the gene expression 
pathway. Most genes encode proteins, and proteins, via 
their enzymatic activities, are responsible for carrying out 
most cellular functions, as well as being major structural 
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Yeast ribosome synthesis. 

Boxes surround components in 
which mutations are reported to 
interfere with the reactions indi-
cated. Note that this does not 
show that these components act 
directly in the processing. 

* RRP1 and 8PB4 muta-
tions are reported to prevent 
278 --+258, but 278A and 278B 
were not distinguished. 

Results from many laboratories 
are included. 

r-proteins 

31 



PLATE 9 

The pathway of synthesis 
and assembly of spliceoso-
mal sRNPs in higher eukary-
otes. 

The U4 snRNA is a repre-
sentative of the polymerase II 
transcribed snRNAs. After tran-
scription, these snRNAs are 
transported to the cytoplasm 
where they assemble with the 
8m proteins. The RNA cap 
is then hypermethylated before 
the newly synthesized snRNP 
is transported back to the nu-
cleus. RNA post-transcriptional 
modification and assembly with 
snRNP specific proteins are 
likely to occur in both the nu-
clear and cytoplasmic compart-
ments. In contrast, the synthesis 
of the polymerase III transcribed 
U6 snRNA is strictly nuclear. 
U4 and U6 snRNA associate by 
base-pairing in a double snRNP 
that is required for splicing. 
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components of the cell. The second set of RNAs are those 
which are part of the translation machinery. Transfer RNAs 
are the adaptors by which amino-acids are placed in the 
correct position in growing peptide chains opposite the 
messenger RNA in the ribosome. The ribosomal RNAs 
are essential scaffolding components to which proteins 
attach during ribosome assembly. However, this is almost 
certainly not their sole function . RNAs, like proteins, can 
function as enzymes. It is thought that many of the steps 
of protein synthesis that take place in the ribosome are in 
fact directly catalyzed by the ribosomal RNAs. The third 
class of RNAs are those that function in the nucleus, 
mainly in RNA processing. Again, these RNAs are thought 
to be bi-functional, first being necessary for the assem-
bly of the complexes in which RNA processing events 
take place, and second, perhaps participating directly as 
catalysts in the processing reactions themselves. These 
"processing" RNAs can once again be subdivided into 
two classes. Those which are localized in the nucleolus 
and participate in ribosomal RNA processing and those 
that are nucleoplasmic and function in the processing 
of messenger RNA precursors. The complex pathway of 
transport and assembly of members of this second class, 
from their transcription through transport, assembly with 
proteins and maturation in the cytoplasm, followed by final 
re-translocation to the nucleus and acquisition of their final 
composition as functional nuclear RNPs is another topic of 
study at EMBL, and is outlined in Plate 9. The structure of 
the Programme is such that groups within it are involved 
in studies of all of the four steps in gene expression out-
lined above; transcription, RNA processing, transport and 
translation. If the steps of gene expression are so diverse, 
why do we study them all in one Programme? The answer 
lies with our view of the regulation of the expression of 
genes. Since all cells in a eukaryotic organism contain the 

same genes, it follows that all the important features of 
that organism and its diverse cell types arise by differential 
gene expression in its different cells. The organism arises 
from a single cell, the fertilized egg. Its development and 
differentiation from that egg into a complex living entity, 
complete with organs - as different from one another as 
liver, muscle, blood and eyes - and the fact that all these 
organs are in the correct place in the organism, is the result 
of meticulously controlled differential activity of the genes 
in the various cell types that make up these organs. The 
obvious phenotypic differences between the cells making 
up the organs listed above is only an inadequate reflection 
of the complexity of the control mechanisms operating on 
the genes that make this possible. All genes are subject to 
differential regulation, whether it be in different cell types 
or in the same cell in response to external changes in 
the nutrient or hormone milieu or just as a consequence 
of the progression of the cell through its life cycle. The 
enormous responsiveness of the genes to regulation is 
in part a reflection of the fact that all four stages in their 
expression can be controlled. One reason for the structure 
of the Programme is to reflect this concept, and to prevent 
us becoming blinkered into believing that changes in gene 
expression are all explicable, for example, by transcription 
control. We hope to encourage a holistic view of gene 
expression control, including all the steps between DNA 
sequence and protein (or RNA) function . The second is 
that, to understand how a process can be regulated, one 
must know something about its mechanism. We are still 
a long way from understanding the mechanistic bases of 
eukaryotic gene expression, but we hope that the work in 
the Programme will contribute to this understanding. 

I. Mattaj 
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Physical Instrumentation 

A number of physical techniques have evolved in recent 
years which will become important for the EMBL but cannot 
be tackled by the current groups. The EMBL therefore 
discussed and evaluated several new techniques. The 
conclusion was that near-field scanning techniques fit best 
into the Programme and into the EMBL. They complement 
existing groups, make good use of existing facilities and 
provide a basis for excellent collaborations with many 
groups at EMBL. A group, headed by Heinrich Harber, 
will be established as part of the Physical Instrumentation 
Programme commencing 1993. 

Microcomputing and data acquisition 

The activities of the microcomputing and data acquisition 
group range from detection and analog front-end design 
to application software development. This work is carried 
out by scientists and engineers with the help of trainees 
from engineering schools. Part of our efforts have always 
been put into the standardization of both hardware and 
software and the implementation of commercially available 
equipment wherever possible. This is, in our view, the best 
solution to conduct projects in a cost-effective manner and 
with short development time. 

Cryo-STEM computing environment 

A large fraction of our resources has been spent on a 
stable version of the hardware and software configuration 
of the Cryo-STEM's acquisition system. At present, all 
existing detectors, front-end electronics and data collection 
modules meet the expected performance targets. The 
software for this project, running under Unix on a Sun 
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workstation , was written in a modular way to ease its 
maintenance and to allow further extensions. 

Image processing has been integrated in the Cryo-STEM 
computing environment with the integration of Khoros, 
a public domain package. Experiment-specific toolboxes 
have been developed and integrated for STEM applica-
tions and for low-level fluorescence imaging (Biochemical 
Instrumentation Programme). 

Data acquisition for synchrotron radiation 

In the last quarter of the year we started to design the 
future fast data acquisition system for time-resolved syn-
chrotron radiation experiments to be carried out with linear 
wire-per-wire gas detectors. Both analog front-end and 
digital components have been evaluated as well as the 
overall architecture to make sure that this system will be 
able to cope with the expected data rates and the large 
volumes of data. A module, in the NIM standard, has been 
designed and built to ease the tests and maintenance 
of data acquisition electronics such as constant fraction 
discriminators, time-to-amplitude converters, time-to-digital 
converters and the associated histogramming memories 
generally used in the context of delay-line-based gas de-
tectors. This simple module allows the simulation of most 
basic timing features of the presently available gas de-
tectors used to carry out time-resolved measurements on 
the synchrotron radiation sources. We also reengineered 
a previously developed XV display module for real-time 
monitoring of two-dimensional detectors using the delay-
line read-out method. 

Fast confocal microscope data acquisition 

We have designed and built a dual data buffer and for-
matter unit to realize the interface between the front-end 
electronics (photon counters or analog-to-digital convert-
ers) and the acquisition transputers taking care of the line 
reading and transfer to the preprocessing multi-transputer 
system. The main characteristics of the developed unit are 
(a) fast data input at up to 30 MHz, (b) programmable 
pixel format of 4 or 8 bit depending on the data source, 



(c) automatic pixel address reorganization according to the 
scanning direction and (d) dual paged memories directly 
mapped in the transputer address space, also accessible 
by the transputer in read and write mode for computer 
controlled tests of the integrity of the interface. The unit 
was built as a fully modular set of basic components. Four 
such units will be required for the future fast confocal 
microscope data acquisition system: bench tests have 
been carried out on the transputer side and we are now 
waiting for the completion of the digital scan generator to 
check the performances of the microscope side. 

Work on digital signal processors 

As mentioned in last year's report, we had studied in 
detail the use of digital signal processor (DSP) components 
to carry out, at very high speed, protein sequence com-
parisons using computation-intensive algorithms based on 
correlation matrices. This year, we have nearly completed 
the design and the printed circuit board of the basic build-
ing block that can be the standard unit to build parallel and 
pipelined processing systems. Each basic building block 
includes a DSP proving a peak performance of 60 MFlops. 
A powerful architecture including 9 such processors has 
been evaluated from the software point of view using the 
tools provided by the DSP 96002 development system 
(C optimizing compiler, assembler, simulator and debug-
ger). According to the simulation results such a DSP-based 
parallel and pipelined system should provide a significant 
increase in speed compared to the currently available 
solutions. 

Image processing 

Our interest in developing specific software for biological 
applications has been justified by the results achieved 
within our collaborations with biological groups. By us-
ing a registration program combined to a pseudocolour 
multi-section image display scheme, it has been possible 
to document and help assessing the regional overlapping 
expression of several genes in the embryonic mouse 
forebrain. Similarly, a nanometre-metal particle analysis 
program has been made available to automatically extract 
and count marker particles used in immuno-microscopy. 

In biological imaging, most of the images are acquired 
in difficult conditions either because the specific signal 
is low or because the imaging instrument is operated at 
its limits. This generally results in images with a very low 
signal-to-noise ratio that makes it difficult to interpret the 
data and indeed post-processing is needed to enhance 
the images or to filter the noise out. A selective image 
smoothing method has therefore been developed for re-
moving additive impulse noise from images. This algorithm 
is presently under test with electron microscopy images. 

Light microscopy group 

The light microscopy group concentrates its efforts on the 
development of three-dimensional light microscopy and on 
video microscopy. Three-dimensional light microscopy is 
based on confocal fluorescence microscopy. The group 
builds the instruments, supports their usage by scientists 
from the EMBL and from other institutions and investi-
gates techniques that might develop into a new instrument. 
Video microscopy is basically conventional microscopy; it 
uses cameras to observe cells, organelles or reconstituted 
systems and image processors and video recorders to 
document time-dependent morphological changes. 

Three important developments can be reported. First, the 
effects of high numerical apertures on the imaging of thick 
samples was investigated, theoretically and experimen-
tally. It could be shown that in a confocal fluorescence 
microscope unmatched refractive indices will always cause 
a loss of resolution, a decrease of intensity and a scaling 
error as a function of the position of the geometrical fo-
cus in the object. Second, the 471' confocal fluorescence 
microscope was finally arranged and shown to work as 
expected. In this instrument the axial resolution can be 
improved by a factor of two over a confocal fluorescence 
microscope. It is now very likely that such an instrument 
can be used to produce very high resolution images of 
fluorescent samples. Third, a confocal fluorescence micro-
scope based on two-photon absorption was developed and 
tested. In two-photon absorption two low energy photons 
are absorbed instead of one high energy photon. By illu-
minating a specimen with infra-red light a response can 
be induced in the ultra-violet regime. Equally fascinating 
is that the illumination is confined to a diffraction limited 
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PLATE 10 

Photo damage induced with single-photon and two-photon ab-
sorption. If a beam of light is focused into a bead with single 
photon absorption, the fluorophore is destroyed everywhere along 

x/y plane single.- & two-photon 
bleaching . 

bar indicates 5}tm 
x!z plane single- & two-photon 
bleaching . 

volume (Plate 10). The illumination and detection volume 
are practically identical and no fluorophore outside of this 
region is damaged. 

The software for the video microscope was completely 
re-written with a more user-friendly interface. A first imple-
mentation of the optical tweezers, which allow us to pick up 
several objects with a laser beam and move them around 
independently was successfully completed . 
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the optical axis. In two-photon absorption the damage is confined 
to the illuminated volume. 

Minor efforts during 1993 will be the improvements of 
the existing instruments. The most important task is the 
development of a very fast beam scanner that is perfectly 
diffraction limited and confocal. It will make use of two-
photon absorption and therefore should be able to work 
with a number of the most important currently used dyes. 
The development so far has been quite fast and while 
all the mechanical parts have been finished some of the 
electronic components still have to be completed. 



PLATE 11 

The spectrometer is the detector unit of the fast modular confocal 
microscope (FMCM). The light enters the detector from the right 
hand side, is focused into a pinhole, collimated with a parabolic 
mirror and passing a dispersing prism focused onto a detector 
array. The FMCM spectrometer contains three devices to measure 
light intensity: 
(1) An optical fiber connected to a photo multiplier can be placed 

directly behind the detection pinhole and used to detect all 

the fluorescent light. 
(2) If the fiber is not in place the emitted light is dispersed in a 

prism and the emission spectrum can be imaged through a 
line camera in a plane conjugate to the plane of the detector 
pinhole. 

(3) Two optical fibers connected to two photo multipliers can be 
moved independently in the plane of the detector array and 
used to measure two fluorescence emission bands. 
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Electron microscopy development group 

Application of the scanning transmission 
electron microscope (STEM) 

The development and application of the STEM continues 
to concentrate on those features that are unique to STEM. 
These are the combination of the capability to provide high-
resolution transmission EM information with the capability 
of multiple simultaneous imaging, the high efficiency and 
linearity in dark field, and the ease of on-line computer 
data acquisition with its consequent facility for quantitative 
electron microscopy. Thus, the STEM is particularly suited 
to the following areas of application: 

(1) mass measurement and mass mapping; 

(2) structural and localization studies of thin aperiodic 
objects; 

(3) high resolution labelling using small heavy-metal clus-
ters ; 

(4) development and application of novel imaging modes; 

(5) elemental mapping. 

It is our aim to apply the STEM in these areas to biological 
questions to obtain information that cannot be obtained 
with other techniques. 

Mass measurement and mass mapping 

Together with D. Bamford, C. Luo, J. Hantula (Helsinki) , S. 
Butcher and S.D. Fuller, we investigated the oligomeric 
state of the major coat protein P3 (protomeric mass 
43.1 kDa) of bacteriophage PRD1. We measured a mass 
of 134±26 kDa, confirming that P3 assumes a trimeric 
state. 

In collaboration with Werner Kuhlbrandt we are studying 
the mass distribution of the light harvesting complex LHC. 
The goal of this project is to obtain a mass map with 
a resolution of about 10 A. The best maps published so 
far show details down to about 30 A. We obtained mass 
maps showing details smaller than 20 A. The resolution is 
limited by the order of the crystals or by their cleanliness 
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which is especially critical in STEM dark-field. These two 
parameters could not yet be maximized at the same time. 
We are working on finding an optimum with respect to 
these two parameters. 

Novel imaging applied to immuno-Iabelling 
(with the group of K.R. Leonard) 

We would like to characterize more precisely the pattern of 
locations of troponin Hand T in insect flight muscle, using 
immuno-Iabelling with two small probes of the same size 
(3 nm) , but of different atomic number. Therefore, we have 
been comparing the discrimination between colloidal silver 
and gold by Z-contrast and by elemental mapping. 

Z-contrast 

In the case of Z-contrast, we exploit the element-
dependence of the angular distribution of the elastically 
scattered electrons using the concentric ring detector on 
the Cryo-STEM. The advantages of this detector are its 
multi-image capability (up to 8 images) and the software-
guided detection angles. Thus, we have been able to 
discriminate approx. 9 nm colloidal gold and silver on 
a thin section with only one exposure of the object 
(Plate 12). 

Elemental mapping 

Here, the element-dependence of the shape of the plas-
mon peak is exploited using the electron-loss spectrometer 
and the charge coupled devise (CCD)-based parallel data 
acquisition system on the Cryo-STEM. This approach al-
lows the discrimination of silver and gold probes even 
when they have different sizes, while Z-contrast allows 
discrimination only when they are of approximately the 
same size. 

Programs were developed to perform all the necessary 
processing of image data, including principal component 
analysis. It was shown that the same statistical methods 
can also be applied to data recorded with the concentric 
ring detector unit. 



PLATE 12 

The discrimination of colloidal gold and silver with the concentric 
ring detector on the Cryo-STEM (in collaboration with the group 
of K.R. Leonard). This detector allows to exploit the element 
dependence of the angular distribution of the elastically scattered 
electrons. (a) to (d) are derived from the same exposure of a 
transverse thin section of insect flight muscle embedded in 

HM20 and stained with uranyl acetate (seen at the bottom of 
each frame). The section was specifically labelled with 9 nm 
colloidal Au, but colloidal Ag (8.8± 1.7 nm) was added non-
specifically. Plate (a) is a normal dark field image. Plates (b) to 
(d) result from different linear combinations of the signals from 
the rings. 
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Development of electron microscopes 

Corrected low voltage scanning 
electron microscope (L VSEM) 

To obtain a resolution in the order of 1 nm in LVSEM, 
the chromatic and spherical aberration have to be com-
pensated. The corrector that was constructed for this 
purpose has been incorporated into our microscope and 
brought into operation. We could demonstrate that the 
chromatic aberration can be compensated. To improve 
the resolution significantly, the corrector has to be aligned 
very precisely. Since such a correction system has never 
been used in combination with a SEM, all the alignment 
and analysis procedures have to be developed. We are 
currently evaluating an excitation and adjustment strategy 
to attain sufficient correction as fast and as reproducible 
as possible. 

Scanning transmission electron microscope 

The efforts on STEM development have been reduced 
to emphasize the application and we only carried out 
minor developmental projects to improve the applicability 
of this instrument. Therefore, in collaboration with Thomas 
Bastian (Christian Boulin's group), work on the Cryo-STEM 
data acquisition software for the new graphical interface for 
the CCD detector was carried out. In addition, software 
was developed required for the background calculation 
and subtraction for elemental mapping. These routines are 
now running off-line and they will be installed for on-line 
image processing on the existing array processor board. To 
speed up the required calculations the number of file 1/0-
operations has to be minimized. Finally, some user-specific 
routines for image processing and image display as part 
of the EMBL toolbox were developed and implemented in 
the image processing package of Khoros. 

Corrected transmission electron microscope 

The aim of the corrected TEM-project is to develop a 
high resolution transmission electron microscope which is 
capable of resolving non-periodic objects smaller than 1 A. 
To achieve this resolving power the spherical aberration 
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has to be corrected . For this purpose, a corrector system 
has to be developed and incorporated in a modern 200 kV 
transmission electron microscope. This project was started 
end 1991, and substantial progress could be made this 
year due to the arrival of two new group members. 

Only in the case that the spherical aberration is the only 
limiting factor, a substantial improvement of the resolving 
power can be expected by correcting this type of aberra-
tion. Therefore, two prerequisites have to be fulfilled: 

the basic instrument including the required modifica-
tions has to be capable of showing the theoretical 
achievable resolving power, and 

the corrector should not introduce residual aberra-
tions which cannot be corrected by the system itself. 

To fulfill these requirements, the development of the cor-
rected TEM was carried out during last year in three 
sub-projects. 

The basic instrument is a Philips CM20 given to us 
for two years in June this year. The performance 
of this instrument was investigated and the original 
microscope could resolve atomic lattices of gold down 
to 1.4 A. Some parts of the microscope had to be 
modified (e.g. the lower objective pole piece area). 
These first modifications could be finished and pre-
liminary tests showed the expected performance. 

For the fast analysis of the performance of the in-
strument, we installed an image-processing system 
including a very fast array processor board for on-line 
FFT (1.2 sec for a 1024x1024 image) . We started 
with the development of software for analytical pur-
poses to check the state of the microscope which 
will be required when the corrector is incorporated. 
Software for non-standardized microscope control will 
also have to be developed in-house, because of the 
unique character of the project. 

In addition to the modification of the objective lens 
of the TEM, we developed a corrector system. This 
corrector consists of two magnetic hexapole-elements 
and two transfer lenses. This system is incorporated 
in a conventional Cambridge SEM for test purposes. 
With this test-bench, the performance of the corrector 
can be investigated very precisely and the "tuning" of 



the two hexapole-elements could be completed. After 
the final tests, which are in progress, the corrector 
can be incorporated in the modified CM20. 

The mechanical design was carried out in close collab-
oration with Hans Wittmann (construction bureau) and 
the mechanical parts were built , fulfilling the very small 
tolerances, at the mechanical workshop. 

All the new lenses and deflection coils for this corrected 
TEM need precise and stable power supplies. To be still 
able to control this electron microscope, computer control 
of all the power supplies is also required . Thus, a high 
number of computer driven, very stable ppm or 
better) current supplies have been developed and built in 
collaboration with the electronic workshop. 

C. Boulin, M. Haider & E. Stelzer 
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Biochemical instrumentation 

The groups in the Programme work on development and 
optimization of new methods for sequence analysis and 
synthesis of DNA and proteins, and on the innovative 
design of biochemical instruments in this field, including 
mass spectrometry. In addition to the technology research, 
services for the scientists at EMBL are provided. These 
include DNA and peptide synthesis, DNA and protein se-
quencing, molecular weight determination by mass spec-
trometry, gel and film scanning, automated microinjection 
in cells and sorting with FACS. The groups are in close 
contact with other Programmes, as well as with the me-
chanical and electronic workshops and the construction 
office at EMBL. 

A new group leader, Mathias Mann, was appointed for the 
Protein Group. Starting in May 1992 he has initiated work 
on development of mass spectrometry, together with laser 
desorption and ion trap techniques. The aim is to develop 
these techniques for faster protein and DNA characteriza-
tion, in particular protein sequencing. Analysis of protein 
modifications and determination of molecular weight by 
mass spectrometry on two systems was introduced in the 
middle of 1992. The service will be fully operational during 
1993. 

Automated DNA sequencing station 
with fluorescent labels 

Work was started on the development of an on-line auto-
mated DNA sequencing technology with a throughput of 
50-100 kilobases of sequence per device per day, which 
will represent about ten-fold improvement over the current 
techniques. This system is being developed with a grant 
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from the European Community. Together with the groups 
of J. Celis (Aarhus) and X. Estivil (Barcelona) it will be 
tested in the sequencing of human cDNAs and analysis of 
microsatellite regions. 

Efforts are concentrated on increasing the output of the 
gel-based sequencing systems by increasing the number 
of the clones run on one gel. This is achieved through 
design of new detectors allowing miniaturization of the 
sample tracks, and running simultaneously clones labelled 
with two and more dyes. Another factor is the obtainable 
reading length, increasing with the separation distance on 
longer gels and by the new internal labelling technique 
using fluorescent dNTPs. The error rate, an important 
parameter for efficient sequencing with low (2-3 times) 
redundancy, is well below 1%. Tests with the EMBL ul-
trathin gel technology continue with emphasis on their 
reloading, high speed and search of novel gel matrices. 
A new detector was constructed, doubling capacity to 22 
clones, allowing us to design a sequencer with 44 clones 
using two dyes. 

Strategies for direct sequencing of large vectors, e.g. cos-
mids, are being developed. Future developments (adding 
more than two dyes, higher speed) should make a further 
increase in the sequence output by another factor of 10 
possible. 

New procedure for automated DNA sequencing 
with internal labelling by fluorescent dATP 

A new sequencing protocol was developed using 
fluorescein-15-dATP as internal label. Using fluorescein-
dATP instead of fluorescein-dUTP leads to reduced back-
ground, longer labelling length and improved resolution. 
This novel internal labelling technique helped to increase 
the readings on the A.L.F. sequencer, to 750 bases and 
above 1000 bases on a modified system with longer gels. 
The protocol works well with all standard primers and with 
more than 90% efficiency using custom designed primers, 
both on double-stranded and single-stranded DNA tem-
plates. It avoids the need for labelling the primers, simpli-
fies the work and the software for sequence assembly and 
lowers the cost for the labelling in the reactions. 



Systems resolving over 1000 bases 

Longer base readings improve significantly the efficiency in 
sequencing projects. The internal labelling with fluorescent 
dNTPs in combination with the technique of ultrathin and 
long gels, as developed previously at EMBL, could become 
a good DNA sequencing strategy. More than 1000 bases 
of sequence were resolved in a single sequencing run at 
50 cm separation distance on a 5% hydrolink gel, with a 
walking primer on plasmid miniprep DNA. This was the first 
time that a resolution of 1000 bases was achieved. 

Multiple DNA synthesizer, primers for sequencing 

The function and reliability of the multiple segmental DNA 
synthesizer, developed at EMBL by the groups of Brian 
Sproat and Wilhelm Ansorge, were tested in production of 
walking primers for the S.cerevisiae sequencing project, 
and for the sequencing service. Protocols for reliable selec-
tion and synthesis of oligonucleotide primers are the bases 
for development of a fast automated strategy, for small 
as well as large sequencing projects. Software packages 
were adapted to this aim, achieving about 95% efficiency 
with custom designed primers. The device for simultane-
ous synthesis of 10 oligonucleotides, with about an order 
of magnitude smaller consumption of chemicals, will be 
produced commercially by Bertin, Paris. 

Automated simultaneous sequencing with two dyes 

The present A.L.F. sequencers use fluorescein as a sin-
gle label, loaded in four lanes. A sequencer with double 
throughput was built during the year, running two clones 
simultaneously (each labelled with one dye) in the same 
lanes on the gel and detecting at two different wavelengths. 
The two reaction products are loaded together, and excited 
and detected at two different positions in the gel, resulting 
in a high discrimination between the two dyes. At present 
fluorescein and rhodamine labels are used. Its particular 
advantage is the possibility to sequence both strands of 
the DNA simultaneously, each with one dye. This principle 
may be expanded to three or even more dyes, increasing 
further the on-line throughput and approaching the poten-
tial capacity of the multiplex off-line method. 

Polymerase chain reaction (peR) and solid 
phase supports in DNA sequencing 

A sequencing protocol was developed for automated DNA 
sequencing of PCR products purified on magnetic beads, 
using fluorescein-15-dATP as internal label. Owing to the 
high quality of the produced DNA templates, this method 
results in the best raw data and long readings, between 
700-800 bases on the A.L.F. sequencer, at EMBL and 
in other laboratories. Both the immobilized and the eluted 
strands are sequenced bidirectionally, e.g. on the two-dye 
sequencer described above. Non-specific binding of the 
fluorescent dATP to the bead surface, which could lower 
the sequencing efficiency, was not observed . 

DNA sequencing projects 

Besides providing a sequencing service to EMBL scien-
tists , we are involved in projects and collaboration with 
several groups in sequencing of genes or cDNAs of high 
interest. The group participates in the sequencing of the 
yeast S.cerevisiae chromosomes XI , a genome project 
organized and funded by the European Community. New 
sequencing technologies and strategies are tested in this 
project. Two cosmids were sequenced , one with walking 
primer strategy, which resulted in comparison with the ran-
dom approaches (redundancy 8-12) in excellent efficiency 
(redundancy 2.8 and average reading of 445 bases) and 
in cost savings. 

At a meeting organized in June 1992 at EMBL, groups from 
several laboratories discussed the possibility of organizing 
a project and obtaining funds for analysis of the S.pombe 
yeast genome. In collaboration with W. Pyerin, Heidelberg, 
the structure of the gene encoding human casein kinase II 
(subunit alpha) was studied. In collaboration with B. Perbal , 
Paris, we sequenced 8 cDNA clones of a potential RNA 
binding splicing factor, encoded by the opposite strand of 
the trans-spliced c-myb exon. 

DNA sequencing service 

Over 70 EMBL staff members were regular users of 
the service. Sequencing of single-stranded, plasmid, cos-
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mid and .A-DNA is carried out on the EMBL automated 
fluorescent system and its commercial version A.L.F. 
(Pharmacia). The sequence information is transferred via 
electronic mail to the user's file on the VAX computer. 
The service provides vector DNA, host strains and ad-
vice in cloning and sequencing strategies. If requested 
we prepare the DNA. Together with the group of Brian 
Sproat we provide service for custom design and syn-
thesis of walking primers. Over 2000 clones were pro-
cessed, with average reading of 370 bases, and up to 650 
bases. 

Gel and film scanning facility 

Molecular dynamics phosphor imager and the ultroscan 
laser densitometer (Pharmacia LKB) are used in the ser-
vice for scanning of autoradiograms and Coomassie and 
silver-stained gels. Maintenance, development and user 
advice are provided. During the year programs were writ-
ten for fast rotation of gel image files , condensation of 
image files for storage size reduction, conversion of image 
files to other file formats. 

Microinjection and electro-transfection of cells 

An automated microinjection service is offered to the 
groups at EMBL on the commercial version (Zeiss) of 
the device developed in the Programme. Extensive users 
of the system were e.g. the groups of Giulio Draetta 
(characterization of cell cycle-related proteins), Thomas 
Kreis (injection of antibodies and fluorescently labelled 
proteins), Angus Lamond (characterization of snRNP-rich 
organelles in cell nuclei), Lennart Philipson (studies on 
promoter control of the gas-1 gene, function and inter-
action of helix-loop-hel ix proteins during cell proliferation). 
External collaborative projets were carried out with W. Just 
(Heidelberg) on electro-transfection and microinjection of 
DNA, microinjection of organelles, W. Pyerin (Heidelberg) 
on microinjection and electro-transfection of antisense 
oligonucleotides and antibodies against casein kinase II. 
In collaboration with I. Todorov (Sofia) cell cycle studies 
were carried out with antibodies against a newly cloned 
human nuclear protein. 
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Ultrasensitive low light level 
microscopy and micro-imaging 

The method, allowing fast and accurate automated quanti-
tation of weakly labelled fluorescent specimens, was used 
extensively and developed further. Low light level imaging 
technology and computer control of the moving parts of 
the system allow full automation. More than 500 cells can 
be automatically analysed in less than 10 minutes. Users 
were e.g. groups of Giulio Draetta, Thomas Graf, Thomas 
Kreis, Angus Lamond, lain Mattaj and Lennart Philipson. 
In collaboration with the group of Christian Boulin a new 
highly sensitive system was developed, using a cooled 
slow scan charge coupled device (CCD) camera and the 
Khoros image processing software environment. The sys-
tem is controlled from a Sun workstation. 

Separation of biological particles 

A FACScan benchtop flow cytometer was purchased to 
add to the existing flow cytometry faci lity. This has led to a 
dramatic increase in the workload in flow cytometry, with 
the FACScan being used in over 300 sets of experiments 
during 1992. Major collaborations were carried out with 
goups from the Differentiation and Cell Biology Programn-
meso 

Among the major applications in the facility were the 
quantification of immunofluorescence and isolation of pop-
ulations, the determination of cell cycle in yeast and 
mammalian cells, investigation of cell proliferation mea-
sured by bromodeoxyuridine uptake, and assessment 
of phagocytic activity in early and late endosomes of 
macrophages. 

Oligo(2'-O-alkylribonucleotides) 

This class of compounds is proving to be very useful for 
a large variety of biological applications, in particular the 
analysis of RNA-protein complexes and in the hybridiza-
tion arrest of translation of mRNA. Moreover, the building 
blocks are now commercially available from Boehringer 
Mannheim under license from EMBL. 



In view of the interest in antisense oligonucleotides as 
possible therapeutic agents we worked on tuning both 
the chemical and biological properties of the analogues 
by altering the nature of the alkyl group in a systematic 
fashion. We had previously prepared analogues in which 
the alkyl group was methyl, allyl, butyl or dimethylallyl and 
we decided to prepare a few analogues in which the alkyl 
group itself was modified with a useful substituent, for 
instance a polar nitrile function. Such a group is capable of 
involvement in hydrogen bonding to water molecules and 
can also form complexes with transition metal ions. We 
decided that the 2' -O-cyanomethyl analogue could prove 
to have particularly useful applications. At the moment 
we have not carried out any biological experiments with 
these new analogues, however based on what we have 
so far observed they may prove to be more useful than 
even the 2' -O-allyl analogues. Biological experiments and 
structural work are planned fo r the coming year. Many of 
the analogues will be used to extend our work on artificial 
ribozymes, with a view to improving the catalytic efficiency. 
Experiments are envisioned to enhance the cellular uptake 
of these compounds. 

Oligoribonucleotide synthesis 

Our efforts in this area have been largely concentrated 
on the development of the solid phase synthesis of small 
branched oligoribonucleotides. Thus with the use of appro-
priate protecting groups we were eventually able to syn-
thesize branched RNAs with identical sequences attached 
at the 3'- and 2' -hydroxyls of the branch point nucleoside 
using phosphoramidite chemistry. We plan to extend this 
work further to enable the synthesis of branched RNAs with 
different sequences extending from the 2' - and 3' -hydroxyl 
groups of the branch point ribonucleoside. One of these 
branched RNAs has already been successfully applied 
in assaying for the activity of the debranching enzyme 
involved in hydrolysing the 2'-5' phosphodiester bond of 
the excised intron lariat produced during RNA splicing 
(collaboration with the group of Angus Lamond). 

Oligonucleotide synthesis service 

Oligoribonucleotides and a variety of 2' -O-alkyloligoribo-
nucleotides are routinely available and we are able to 
incorporate a wide variety of labels. Space became a 

severe problem during the year and we look forward to 
moving into the new much larger customized service labo-
ratory at the beginning of 1993. A large scale synthesizer 
was purchased and has been installed and this will be 
used for preparing quantities of oligonucleotides sufficient 
for structural analysis by X-ray crystallography and NMR 
spectroscopy. Several collaborations have already been 
planned. 

Mass spectrometry 

The recent introduction of two new methods in mass spec-
trometry (MS), electrospray mass spectrometry (ESMS) 
and matrix assisted laser desorption ionization (MALOI), 
is expected to make a major contribution to the field of 
protein and peptide characterization. 

In our initial service work we have mass-measured proteins 
for different groups (Creighton, Gruenberg, Leonard, Met-
calf, Pastore, Pattus, Saraste, Serrano and Tsernoglou) . 
We have also probed non-covalent interactions of a 
copper-binding protein (Saraste) and identified peptides 
important in protein folding pathways (Creighton) . All syn-
thetic peptides are now being checked by mass spec-
trometry. Furthermore, we have started to analyse HPLC 
fractions of digests done for microsequencing. The combi-
nation of MS data with sequencer data has already proven 
to be very fruitful. For example, in the case that sample 
fractions contain more than one peptide, we have devel-
oped software to retrieve unique sequences. Because both 
methods, electrospray and laser desorption, are relatively 
new, much work remains to be done to integrate them into 
the protein laboratory and to build up an effective service. 

Improvements on a MALO I instrument were started to-
gether with the Physical Instrumentation Programme and 
the manufacturer, Bruker Franzen Analytik. We further 
intend to develop new MS instruments, new computer 
software for the interpretation of MS spectra and more 
general and sensitive methods of structure determination 
by MS. 

Protein analysis by microsequencing 
and amino-acid analysis 

Amino-acid sequence analysis has become a central tool 
in the protein service at EMBL, with the availability of sensi-
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tive microsequencing instrumentation and techniques. The 
service capacity was enlarged with the help of an additional 
sequencer and another separation system. High sensitiv-
ity N-terminal protein sequencing was established in the 
range of 1-10 pmol of sample. The high sensitivity coupled 
with the advent of one- or two-dimensional SDS-PAGE 
and the enzymatic or chemical cleavage directly within the 
polyacrylamide matrix and subsequently micropreparative 
separation of peptide fragments, has made amino-terminal 
sequence analysis possible for proteins not amenable to 
purification by other means. 

A challenge in terms of sensitivity and protein han-
dling was the vesicular integral membrane protein of 21 
kDa (VIP21). The protein was isolated from trans-Golg i-
network-derived transport vesicles from Madin-Darby ca-
nine kidney (MDCK) cells and could be involved in the 
apical and basolateral sorting machinery in epithelial cells 
which is under investigation by the group of Kai Simons. 
After gel electrophoresis of a CHAPS insoluble membrane 
fraction VIP21 was not transferred onto PVDF in suffi-
cient yield. The only remaining option therefore was to 
digest this sample within the polyacrylamide matrix. The 
sequence information obtained in this way enabled the 
design of a degenerate oligonucleotide and finally we 
isolated the full-length cDNA clone. 

Amino-acid analysis was used to check and characterize 
all the synthetic peptides. In addition it was important for 
applications like peptide mapping by compositional data, 
C-terminal sequence information after carboxypeptidase 
digestion, and of course in quantifying and characterizing 
proteins by their composition. 

Peptide synthesis 

Peptide chain assembly is routinely performed with an 
ABI 431 A peptide synthesizer and an automated multiple 
peptide synthesizer Abimed AMS 422. 320 Peptides were 
delivered during the year amongst which were an increas-
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ing number of multiple antigenic peptides (MAPs). We 
furthermore synthesized a set of 96 overlapping peptides 
on a cellulose membrane using the SPOTs system for 
antibody epitope analysis. This new technique proved to 
be valuable as a routine tool for research projects at EMBL 
and has already generated a great deal of interest among 
researchers working with antibodies. 

A fully automated semi-preparative HPLC separation sys-
tem has been developed to obtain a higher purification 
throughput for the requested peptides. The computer soft-
ware has been written by the electronic workshop and 
controls the operation of the HPLC modules: autosampler, 
pumps, detector, strip chart recorder and fraction collector. 
In a normal run up to six peptides (10 to 200 mg each) can 
be purified overnight, without any operator intervention. 

Mass spectrometry is a very valuable tool for the eval-
uation of synthetic peptides, and we now rely on it as 
a routine part of their characterization. The availability 
of this technique led to an improvement of the peptide 
service quality and it especially supported the optimization 
of the production of modified peptides e.g. lipopeptides and 
phosphopeptides. 

Courses organized during the year 

An EMBO course on "Microinjection and Electro-
Transfection of Cells" was organized at EMBL in June. 

New protocols and the DNA sequencing facility were pre-
sented in the EMBO course on "DNA Sequencing: Ad-
vanced Approaches and Automated Methods" which the 
Programme organized in November at the EMBL. 

A course on "Techniques in Molecular Biology" was orga-
nized by the Programme for the predoctoral students at 
EMBL in December. 

W. Ansorge, M. Mann & B. Sproat 



Computer services 

The Computer Group continues to hold the responsibility 
of running the main computing facilities at the EMBL. The 
last year has seen a certain amount of decentralization 
in that certain groups have begun to manage their own 
computer resources, which has led to the Computer Group 
also taking on a co-ordinating role. 

The VAXcluster facility 

Thanks to a very generous grant from Digital, the EMBL 
was able to increase the computing capacity of the VAX-
cluster by a very significant amount. The three-year old 
VAX 6000-420 was replaced in the middle of the year 
by the mainframe-class VAX 9000-420, offering at least 
a seven-fold increase in performance. The new machine 
is equipped with 2 scalar processors, 2 vector processors 
and 512 megabytes of main memory, and is thus easily 
capable of supporting the 150 to 200 users who are logged 
in on typical days. With the VAX 9000-420 at the hub of the 
VAXcluster, the achieved availability of the central facility 
is close to 100%. 

Despite this, the idle time of the VAX 9000 (that is, the time 
when the processors have no work to do) can be measured 
in terms of hours per month. This is a clear indication that in 
a research facility like the EMBL, the amount of computer 
work increases to fill the available capacity, independent 
of the amount thereof. 

The Administration computing facility 

In past years, the EMBL Administration has utilized the 
facilities of the main VAXcluster. Increasing requ irements 
for disk storage capacity would have entailed a costly 
addition to the main disk farm; instead of this, we have 
taken the opportunity to migrate the Administration users 
to a dedicated microVAX 3100-80, with 32 megabytes 
of main memory and 2,500 megabytes of relatively inex-
pensive disk storage. Since this machine is dedicated to 
the Administration, we achieve a much higher degree of 
security. In addition, we have fine-tuned the microVAX to 
the specialized needs of the commercial (as opposed to 
scientific) environment of these users. This has resulted in 
a noticeable improvement in the response time observed 
by the Administration. Also, since the migration to this 
machine, we have achieved effectively a 100% availability 
over 9 months of usage, the only interruption being in 
November when the whole of the laboratory's power supply 
was switched off for annual inspection. 

The Unix workstation environment 

Coupled with the arrival of the NMR and Molecular Dynam-
ics groups, advantage was taken of a special offer from 
Silicon Graphics, to upgrade our older Silicon Graphics 
VGX workstation to the high-end model 480/VGX, with 
eight 40 MHz R3000 processors and 128 megabytes of 
main memory. This became the obvious central node in 
the main Unix environment at the EMBL, and our efforts 
to improve the quality of the general service, have been 
concentrated on this machine. Although there were initial 
problems with the stability of the hardware, the service has 
matured greatly over the past year. Similar to the remark 
above re capacity on the VAX 9000, the CPU utilization of 
the Silicon Graphics machine is close to 100% measured 
over months. 

We are still supporting a very heterogeneous set of Unix 
computers, with the following clearly more popular than 
others: 

Silicon Graphics (Indigo, Iris) 
Digital (DECstation) 
Sun (SPARCstation) 
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DECmpp 12000 (MasPar MP-1) 

As part of the generous grant from Digital allowing the 
purchase of the VAX 9000-420, the EMBL also purchased 
the DECmpp 12000 massively parallel processor machine 
(actually the MP-1 from MasPar, but marketed by Digital). 
It is generally accepted that any quantum leap in terms 
of computer processor performance can only occur by 
adopting architectures based on massively parallel pro-
cessing . The Computer Group sees the acquisition of the 
DECmpp 12000 as a first step into the world of parallel 
processing. The actual model installed has 4,096 individual 
RISC processors, each with 64 kilobytes of memory. A 
DECstation 5000 serves as front-end to the MasPar. Of 
course there is not yet a wealth of experience within the 
EMBL as regards program development on this architec-
ture; however some groups, in particular the EMBL Data 
Library and the group of Patrick Argos, have been making 
encouraging progress. 

In a collaboration between John Coll ins and Shane Stur-
rock (University of Edinburgh) , Des Higgins (EMBL Data 
Library) and the Computer Group, we have announced 
Blitz, a new sequence searching service using the MPsrch 
program of Collins and Sturrock running on the MasPar 
machine. Access, which is totally unrestricted, to this ser-
vice is via e-mail, and initial usage is very high. Typical 
searches of the Swiss-Prot database, which might run for 
over an hour on conventional machines, take less than 40 
seconds on the MasPar. 

External network connectivity 

In spite of the upgrade to our Internet connection from 9600 
baud to 64000 baud as announced in last year's report, 
the observed performance we were achieving in terms of 
throughput can only be described as catastrophically bad . 
It must be stressed once again that the EMBL, by the very 
nature of the international character of the laboratory, is 
extremely dependent on good network connectivity. The 
situation in the Federal Republic of Germany re Internet, 
especially concern ing network traffic outside its territory, 
was, until recently, not befitting that of an advanced nation. 
Several factors have led to this regrettable situation, not 
least the extraordinary high tariffs imposed by the German 
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PTT. Another important factor has been the fact that the 
network providers (in the EMBL's case, EUnet GmbH, 
formerly under the auspices of the University of Dortmund), 
and latterly the DFN (Deutsches Forschungsnetz) have 
been attempting to offer services using woefully inade-
quate connections both within and outside the Federal 
Republic of Germany. The Computer Group has made the 
decision to abandon EUnet GmbH in favour of the DFN. Al-
though this has resulted in a very noticeable improvement 
in throughput, we still feel compelled to investigate other 
possible channels. To further complicate the European 
networking scene, there is also an ongoing discussion 
as to the relative merits of the EBONE (European back-
bone) and the EMPB (European Multi Protocol Backbone). 
Whereas the DFN has declared its support for EMPB, it 
does leave the Federal Republic of Germany as a glaring 
omission in the EBONE topology, which is based on a 
pentagon linking sites in Stockholm, Amsterdam, London , 
Paris and CERN. It should be pOinted out that almost all 
of the European traffic to and from the EMBL, especially 
in the context of the EMBnet, will flow over the EBONE. 
To attempt to acquire a more direct link to the EBONE, we 
have gone into a non-binding agreement with the ECRC 
(European Computer manufacturers' Research Centre) in 
Munich, whose needs and analysis of the network prob-
lems are remarkably similar to the EMBL's, to channel our 
traffic outside the Federal Republic of Germany onto the 
direct connection from the ECRC to the EBONE node in 
Amsterdam. We are very pleased with the initial results . 

Network services 

We have always envisaged external services, again es-
pecially in the context of the EMBnet project, as being 
fundamental to the role of the EMBL. As a result of the 
improvement in connectivity mentioned above, we have 
begun to offer new services over and above the traditional 
ones mentioned in previous years' reports (e.g. FASTA, 
Quicksearch, Netserv) . The most important such service 
is the "anonymous FTP" service, which allows individual 
researchers access to the large quantities of data and 
software offered by various EMBL groups, in particular 
the EMBL Data Library. Although not vastly different from 
the e-mail based Netserv fac ility, "anonymous FTP" is 
preferred by many users. It has now become feasible 



for researchers to download entire copies of the EMBL 
Nucleotide Sequence Database over the Internet. This has 
been done by several partners in several countries, e.g. 
Australia, USA, Israel, France and Belgium. 

The sheer quantity of services offered throughout the 
Internet, bearing in mind that it is estimated that there 
are now more than 1,000,000 nodes on the Internet, has 
undoubtedly led to bewilderment among the research com-
munities. This shortcoming has certainly been recognized 
and several attempts have been made to help non-expert 
users to navigate through the network world. Perhaps the 
most promising of these attempts has been the acceptance 
and establishment within the molecular biology community 
of the "Gopher" protocol. In a collaboration with the EMBL 
Data Library, we are now offering a Gopher server at the 
EMBL. 

The sequence search service based on the MasPar has 
been mentioned above. 

In a further collaboration with the group of Christian 
Sander, an e-mail based server has been established for 
automatic protein structure prediction . 

The Apple Macintosh personal computer environment 

The Apple Macintosh continued to be well received and it 
is estimated that almost all scientific members of staff use 
these personal computers on a regular basis, for example, 
for the preparation of manuscripts and posters. As before, 
all Macintosh computers are networked together allowing 
access to all LaserWriters from any Macintosh, in addition 
to offering access to the central file server running on the 
VAXcluster. The Computer Group has negotiated the loan 
of two high-quality colour PostScript printers, one from 
Rank Xerox and one from Kodak, to test the suitability of 
these for producing colour documents direct from, amongst 
others, Macintosh computers. These have already proved 
to be indispensable and it is difficult to imagine the days 
when no such facility existed at the EMBL. 

GCGEMBL sequence analysis software 

New programs in the GCG package supplement this year 
included GELFIGURE to display the results of a completed 

(or near-complete) fragment assembly project in graphical 
form and PEPCOIL to locate potential regions of coiled-coil 
structure within a protein sequence, BASEPAIRPLOT to 
analyze dinucleotide frequencies, KABATIOGCG to con-
vert the Kabat immunoglobulin database to GCG database 
format, MELT to calculate the melting temperature of a 
DNA oligonucleotide, MELTPLOT to plot the melting curve 
of a DNA oligonucleotide, PALINDROME to search for 
inverted repeats in nucleotide sequences, and a number 
of conversion programs for interchanging sequence for-
mats. 

The GCGEMBL programs have been converted to run 
with most Unix versions of GCG. They are available by 
anonymous FTP and will again be distributed with the GCG 
package. 

Escherichia coli database 

In collaboration with Manfred Kreger (Justus-Liebig Univer-
sity, GieBen) and with Catherine Rice (EMBL Data Library) , 
the Ecoli database of known sequence data has been 
maintained and improved. The database now contains 
over 45% of the total sequence of the Ecoli chromosome. 
An analysis of the sequences in this database was used 
in collaboration with Hans Fritz (University of Gettingen) 
to demonstrate the effect of the VSR repair system on the 
distribution of specific 4-mer and 5-mer sequences in the 
Ecoli genome. A new format for this database has been 
agreed. This includes the integration of the complete E.coli 
genetic map, accession numbers for DNA and protein 
sequences, full cross references to many other relevant 
databases (including EMBL, SWISS-PROT, 2D-gels and 
the physical map database maintained by Kenn Rudd at 
NCBI), and an annotated genomic sequence database. 

Future developments 

The never ending requirements for more computing power 
within the EMBL might be satisfied by the purchase of a 
real supercomputer. For more than one year, the EMBL 
Computer Users' Group, an open forum, has been dis-
cussing which directions we should be taking to satisfy 
these needs. It is generally accepted that the model for the 
1990's will be in the world of massively parallel processing . 
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Indeed, as mentioned above, the purchase of the DECmpp 
12000 is a first step in this direction. However, this machine 
should not be regarded as competing with the true high-
end of supercomputers. We have been discussing with 
several companies the possibility of purchasing a machine 
with substantially more power than any of those currently 
available at the EMBL. Moreover the EMBL Council has 
approved the idea and we look forward to further negotia-
tion with manufacturers. Clearly the present environment at 
the EMBL has woefully inadequate capacity to accommo-
date the needs of such groups as the Molecular Dynamics 
and NMR groups. 
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However, as a possible interim solution, we feel that the 
newly announced Alpha AXP family of computers from 
Digital might go some way to satisfying some of these 
needs. As a result of the EMBL's long-standing excellent 
working relationship with Digital , we took delivery of our 
first Alpha AXP machine at the end of the year. Results 
from the first programs converted to the Alpha are that 
porting is relatively easy and that the programs run at least 
as fast as expected on the new architecture. 

R.Omond 



Data library 

Improved formats and better data representation on our 
CD-ROM along with the production of software to exploit 
these developments were the main successes of 1992. Of 
course keeping up with the ever increasing flow of data 
into the nucleotide sequence database - up by 55% to 
111 million bases in 1992 - and the SWISS-PROT protein 
sequence database - 4000 new proteins in the year -
has been our major task. The databases began to see 
the effect of the now-significant quantities of data from 
genome projects, where careful work on automating their 
inclusion is beginning to payoff. It is interesting to note 
that, although the nucleotide sequence database includes 
data from more than 5000 species, the ten most commonly 
sequenced account for almost half of the information: it 
will be interesting to see how this balance changes as a 
result of genome sequencing. Indeed automation of data 
acquisition has been a major task of the year, with partic-
ular benefits resulting from new software to process com-
puter generated data submissions. These developments, 
coupled with significant hardware upgrades, have enabled 
our throughput to keep up with the data flow rates. This 
includes the introduction of patent data, for which some 
software development was also required. 

Data Distribution 

Our enhanced CD-ROM and various magnetic tape for-
mats continue to be the main media for distribution of 
quarterly releases of the databases, but in the course of 
1992 methods of network access to data between releases 
- increasingly important in today's fast-paced scientific 
context - have been improved considerably. 

The still-popular electronic mail server is supplemented 
by an anonymous FTP server, giving access to all EMBL 
databases and the software repository. The FTP server 
has gained immediate popularity with more than 100 down-
loads per day. In particular weekly updates allow remote 
users to keep their local database copy up-to-date. We 
also now offer access to the FTP archives via the Gopher 
protocol which simplifies the use of computer networks 
by hiding their complexity behind a simple user interface. 
EMBL's Gopher server is heavily used with a huge propor-
tion of requests from outside Europe. Through the EMBnet 
Biogopher network EMBL's Gopher provides links to other 
information within Europe and elsewhere. 

EMBnet 

EMBnet continued its function as a vehicle for daily 
database updates, and in 1992 we began to see some 
benefits from the EC BRIDGE funding which provided 
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resources for several training courses and technical meet-
ings as well as some support for the annual meeting in 
Nijmegen and administrative assistance in Bari. 

Data from genome projects 

In collaboration with several European genome projects 
the Data Library has implemented procedures to allow their 
data to be loaded directly into the database without human 
intervention. The steady stream of this kind of submissions 
is a major contributing factor to the increase of the average 
growth rate of the database. Table 1 summarises the data 
received from various projects. 

Table 1 

Data from genome projects 

Entries bp 

Genexpress Genethon 3266 998074 

C.e/egans nematode project 640 408511 

S.cerevisiae yeast project 4 327317 

French Arabidopsis cDNA 903 271501 
project GDR 

Genexpress Munich 239 64870 

International collaborations 

The cooperation between EMBL and the US and Japanese 
sequence databases continued with our 1992 meeting in 
Japan being devoted to discussions of new data exchange 
systems which we are now implementing following the 
transfer of responsibility for the GenBank database to 
the National Centre for Biotechnology Information in the 
USA. 

Research and Development 

Three interesting Apple Macintosh programs have been 
produced during the year. 
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EMBLsearch is a database retrieval system devel-
oped for rapid access to the databases on our CD-
ROM. It demonstrates the power of the index struc-
tures on the CD and is one of a few programs to fully 
take advantage of the cross links between various 
databases. 
MacPattern, a program for the functional analysis of 
protein sequences, has been enhanced in 1992 to 
reflect state-of-the-art methods for identifying protein 
sequence patterns chararistic of particular functions . 
MacT is a set of programs for the construction, eval-
uation and statistical analysis of phylogenetic trees. 

Also in 1992, in collaboration with John Collins in Edin-
burgh, we developed a database search service taking 
advantage of the new massively parallel Maspar computer. 
Early in 1993 this service will be offered to the molecular 
biology community. 

Other software developments included improvements to 
the CLUSTAL V multiple alignment program and research 
in molecular evolution, which will be the subject of an 
EMBO course in 1993 as well some prototyping using 
the Object Store object-oriented database management 
system. 

International advisory committee 

Separate meetings of the International Advisory Commit-
tee for Nucleotide Sequence Databases and its European 
members stressed the importance of the databases, en-
couraged early submission and release of data and urged 
a smooth transition to a collaboration with the National 
Centre for Biotechnology Information who took over re-
sponsibility for the US database effort in 1992. 

Support for the Data Library 

The Data Library continues to be supported by EMBL 
and by EC BRIDGE funding which terminates in February 
1993. We are at present optimistic that our follow-on 
proposal to the Biotechnology programme will receive EC 
support. 



The European Bioinformatics Institute 

Throughout the year EMBL and the EC have been ex-
ploring ways to ensure the future of the Data Library and 
related bioinformatics support for Europe. The culmination 
of these deliberations was the delivery, by PA Consulting 
of the conclusions of their study for a European Nucleotide 
Sequence Centre (ENSC) and the EMBL Council's debate 
of the EMBL proposal for a European Bioinformatics In-
stitute (EBI) . The Council found the arguments fo r an EBI 
compelling and felt that, in negotiation with the EC, the 
ENSC's mandate could be incorporated within the EBI. It 
was decided to establish the EBI as an EMBL Outstation. 
We expect the location of this outstation to be determined 
early in 1993. 

G.Cameron 
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The Outstation at the DESY, Hamburg 

From the synchrotron users' point of view the performance 
of the DORIS ring was disappointing in 1992. The recon-
struction of our own building was only completed late in 
1991, delays of the workshop activities especially arising 
from this. At last by 1992 we were no longer living in a 
building site. The building of the new experimental HA-
SYLAB (Hamburg Synchrotron Laboratory) hall was only 
finished towards the end of 1991, and thus the shielding 
for the newly located EMBL beam-lines X11 and X13 
installed in the first part of 1992. The restart of the ring 
was substantially delayed. 

During the first period of so-called "dedicated" synchrotron 
beam-time in the spring conditions were very poor and 
the beam too unstable to allocate time to all but a few 
visitors, who patiently waited for suitable radiation. There 
was essentially no useful "parasitic" beam-time. The next 
four weeks of "dedicated" time in October/November were 
considerably better, especially during the last 2-3 weeks. 
Under these conditions we mainly allocated beam-time to 
projects already started or which could make substantial 
progress towards completion in the limited time available. 
Nevertheless we had over 100 visitors. The excellent data 
we were able to collect suggests we should have routinely 
operating beam-lines again after the restart in 1993. In the 
first main-user period during spring only the beam-lines 
in the old experimental hall , X31 (the lower intensity line 
for protein crystallography), X33 (small-angle scattering) 
and the EXAFS line were in operation . X11 (high intensity 
protein crystallography) and X13 (small-angle scattering) 
were commissioned during this period . During the sec-
ond period of main-user time in November X11 became 
fully operational and was used for in-house and visitors 
projects, as was X13 by the end of the year. 
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In the middle of the year Jules Hendrix and Arno Lentfer 
left EMBL to continue the commercial production of the 
imaging plate scanner which they developed in the Outsta-
tion, leaving us with no instrumentation group. Christoph 
Hermes, who has been head of the EXAFS group for sev-
eral years, was subsequently appointed as group leader 
in charge of instrumentation. The activities of the group 
were thus very limited in 1992 and a separate report is 
not provided. In last year's report we outlined the plans 
for the construction of EMBL beam-lines in the new HA-
SYLAB 5. Lines X11 for protein crystallography and X13 
for small-angle scattering , previously in our own building, 
were reinstalled in their new positions. The foci of both 
lines have been improved by the division of the mirror into 
12 rather than 6 segments. Construction of the new wiggler 
beam-line is proceeding. The wiggler itself is already in 
place. We plan to have the bent monochromator station 
installed by mid 1993. Later a "straight-through" option will 
be added, allowing rapid tunability of the wavelength as 
on X31, and possibly Laue work. It is to be hoped that 
DORIS will perform better in the coming year. We have 
not yet been informed as to next year's schedule, but 
anticipate that the ring should run from spring/summer 
onwards. A call for new proposals for beam-time will 
only be made when we are more certain of the start-up 
dates. 

EXAFS 

For most projects the 13-element solid state detector was 
used to collect spectra in fluorescence mode. We obtained 
good quality data from very dilute samples, which could not 
have been measured with our old set-up. This was helped 
by the improved shielding against background radiation 
in the cryostat. However, from measurements performed 
specifically to clarify the detector response at high count 
rates, it is clear that we will have to apply dead time 
corrections even at relatively moderate count rates. The 
recently developed data acquisition system based on a 
personal computer (PC) was used successfully during the 
entire beam-time. The PC version of the EMBL EXAFS 
evaluation software was upgraded and improved for fast 
on-line evaluation of data. The first release of our program 
package (EXPROG) was distributed to users. 



Theoretical analysis of the local dynamics and X-ray ab-
sorption spectra was continued. The aim is to predict the 
temperature dependence of EXAFS of zinc tetraimidazole-
tetrafluoroborate (or -perchlorate), which are model com-
pounds for some zinc enzymes. The case of imidazole 
scattering is of significance in that it is dominated by 
multiple scattering and thus sensitive to components of 
the many-body correlation function beyond second order. 
The final stage, to be completed, is a comparison of 
EXAFS data with a full configurationally averaged EXAFS 
calculation. The input to the latter consists of both the 
static structure from X-ray crystallography and the dynamic 
structure, largely from neutron work. 

A major in-house project was X-ray absorption spec-
troscopy of Cu thiolate compounds as models for yeast 
Cu metallothionein with members of the Koch group and 
with T. Willuweit, R. Hauptmann and G. Henkel (Duisburg). 
Metallothioneins are cysteine-rich proteins of low molecu-
lar weight, which bind a number of metals like mercury, 
gold, lead, zinc and copper. The coordination of copper 
in yeast metallothionein has already been the subject of 
previous EXAFS investigations. Since the results and their 
interpretation are still a matter of debate, a recombinant 
Cu-metallothionein from the yeast S.cerevisiae was inves-
tigated by X-ray absorption spectroscopy. Since it was not 
possible to define the Cu-S cluster unambiguously, we 
performed measurements on a series of Cu-thiolate model 
compounds. Full evaluation of the data - in particular of 
the EXAFS region - is expected to provide the information 
needed for a definite characterization of the type of Cu-S 
cluster(s) in metallothioneins. 

Other projects, all collaborations between in-house scien-
tists and visitors included (1) Cd-EXAFS studies on the 
coordination behaviour of cadmium(ll) in plant cells (with 
H. Strasdeit & A.-K. Duhme (Oldenburg) and R. Kneer 
& M. Zenk (Munich)); (2) native cytochrome c oxidase 
from beef heart muscle tissue (S. WeiBgraber, A. Muller 
& G. Henkel (Duisburg) and G. Steffens & G. Buse 
(Aachen)) ; (3) a novel iron protein from Escherichia coli 
(H. Winkler, W. Meyer & A. Trautwein (Lubeck) and 
B. Matzanke (Tubingen)) ; (4) Cu in haemocyanins and 
model compounds in different oxygenation and confor-
mational states (M. Feiters, C. Martens & R. Nolte (Nij-
megen) and B. Hazes & W. Hoi (Groningen)); (5) Soy-

bean lipoxygenase-1 and iron-polyimidazolate model com-
pounds (L. van der Heijdt, G. Veldink & J . Vliegent-
hart (Utrecht) , S. Navaratnam (Wales), M. Feiters (Nij-
megen) and E. Mulliez & J. Chottard (Paris)); (6) XAS 
studies of 2,3 catechol dioxygenase from Pseudomonas 
putida (I. Bertini, F. Briganti & A. Scozzafava (Flo-
rence) and S. Mangani (Siena)); (7) XAS studies on 
catechol oxidase from Lycopus europaeus and black 
poplar (A. Rompel , R. Kruth , B. Krebs, A. Brummer, 
D. Meiwes & H. Witzel (Munster)) ; and (8) Bromo-
labelled bacteriorhodopsin (H. Sass, G. Buldt & A. Dencher 
(Berlin)). 

Protein crystallography 

One of our major interests is the recording of accurate 
high resolution X-ray data to provide well-refined para-
meters and ideally to allow direct statistical solution of 
the phase problem. For typical direct methods programs 
this requires data extending to 1.0-1.2 A. This allows full 
matrix least-squares refinement of atomic parameters, in-
cluding anisotropic thermal factors, with no (or at least very 
weak) stereochemical restraints. In last year's report we 
described the use of the imaging plate with synchrotron ra-
diation for collecting data on several supramolecular struc-
tures. We had also, with Larry Sieker (Seattle) and George 
Sheldrick (Gbttingen), refined rubredoxin from Desulfo-
vibrio vulgaris at 0.92 A resolution . During 1992 data have 
been collected to atomic resolution for 6 more projects 
(Table 2) either in-house or with visitors. Refinement of 
each of these structures by stereochemically restrained 
least-squares minimization is already in hand and we 
expect the R-factors to fall to 13-15%. We further plan to 
refine these structures using full matrix least-squares as 
implemented in the program SHELX92 (George Sheldrick 
(Gbttingen)) without the imposition of an external restraints 
library and with anisotropic atomic temperature factors. 
These structures will be used to build an improved library 
of stereochemical parameters for less well-diffracting pro-
teins. For well-diffracting crystals of small proteins, up to 
about 20 kDa, it is clearly possible to collect and use atomic 
resolution data. 

A second development of methods of crystallography was 
an automated refinement procedure (ARP) for proteins 
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Table 2 

Protein MW Cell Cell content Resolution Status 
(kDa) ( A3) (kDa) (A) 

,B-Cyclodextrin 1 10 x 15x 20 2 0.85 Refined, R=3.0% 

Rubredoxin 6 20 x 42 x 24 12 0.9 Refined, R=7% 

Protein G 6 35 x 40 x 42 24 1.1 Refined, R=19% 

BPTI 6 74 x 23 x 29 24 1.08 Data 

ROP 6 47 x 38 x 32 24 1.08 Data 

RNAse P1 10 31 x 50 x 32 20 1.08 Data 

RNAse Sa 10 65 x 77 x 39 80 1.2 Data 

Bact. trypsin 20 40 x 51 x 69 80 1.1 Refined, R=13% 

Proteins for which data have been collected in EMBL Hamburg at "atomic" resolution . 
{3-cyclodextrin is included for comparison. Rubredoxin (with L. Sieker (Seattle) and G. Sheldrick 
(G6ttingen)) , bovine pancreatic trypsin inhibitor (BPTI) and bacterial trypsin (with S. Bran-
ner (Copenhagen)) are in-house projects. Ribonuclease Sa is a collaboration with J. Sevcik 
(Bratislava) and ribonuclease P1 with K. Polyakov (Moscow) . Protein G is being studied by D. 
Wigley (York) and J . Derrick (Leicester). Repressor of primer protein is being investigated by M. 
Vlassi and M. Kokkinidis (Heraklion) . 

and this work was presented at the Florida Coast Meeting 
on "Direct Methods for Macromolecules" (Victor Lamzin & 
Keith Wilson). ARP is comparable to the iterative least-
squares/Fourier synthesis approach for small molecules. 
In its present form it requires high (ideally 2.0 A or better) 
resolution data, and a starting protein model which has 
about 75% of the atoms in roughly the correct position . In 
real time ARP is about 10 times faster than conventional 
refinement. The refinement imposes atomicity and real pro-
tein structure. ARP has already been applied successfully 
to several proteins. An example of application to a bacterial 
trypsin is given below. 

The in-house programme on proteinases and their com-
plexes was actively pursued. Results this year included 
high resolution refined structures of (1) a nicked form 
of eglin (with N. Genov (Sofia) , J. Navaza (Paris) and 
H.-P. Schnebli (Basle»; (2) Fusarium oxysporum trypsin 
(with S. Branner (Copenhagen» ; (3) A subtilisin at high pH 
where the enzyme is active (with G. Lange (York» ; (4) a 
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complex of proteinase K with a substrate analogue inhibitor 
(with K. Peters & S. Fittkau (Halle), T. Singh (New Delhi) 
and W. Saenger (Berlin» where for the first time electron 
density for a substrate analogue has been observed in 
the "prime" sites of a subtilisin-like enzyme and (5) the 
native and inhibited forms of a trypsin-like proteinase 
(J. Mikkelsen & H. Bisgaard-Frantzen (Copenhagen». The 
automated refinement procedure (ARP) described above 
was used in the analysis of the latter structure. Recently 
X-ray data to 1.12 A resolution for the inhibited protein 
were collected. The current R-factor is 12.4%. Plate 14 
shows the region where the polypeptide chain moved 
about 4 A from the initial model during ARP. 

Other in-house projects included the refinement of apo 
and holo formate dehydrogenase at 1.8 A and 2.05 A re-
spectively (with V. Popov & E. Harutyunyan (Moscow»; a 
3.0 A analysis of a fragment of Thermus flavus 5S rRNA 
(with V. Erdmann, S. Lorenz, E. Raderschall, J. Furste, 
R. Bald & M. Zhang, (Berlin»; the reduced form of bovine 



PLATE 14 

The polypeptide chain moves from the initial model during ARP. 
Left: initial model and initial density. Right: the same region with 
ARP density and both the ARP and initial models. ARP atoms 

superoxide dismutase at 1.9 A (with S. Mangani (Siena) 
and P. Orioli (Florence)) ; and the macromolecular anti-
tumour antibiotic neocarzinostatin at 1.5 A resolution (with 
K. Kuromizu (Japan)). 

In spite of the limited beam-time a number of groups were 
able to collect data. These included visitors from the Uni-
versity of Edmonton, EMBL Heidelberg, University of Upp-
sala, University of Siena, University of Copenhagen, Uni-
versity of York, FU Berlin, Russian Academy of Sciences 
(Moscow)., Academy of Sciences (Sofia), MPG Hamburg, 
MPI Frankfurt, EMBL Grenoble, University of Poznan, 
Humboldt University (Berlin) , University of Freiburg, Uni-
versity of Groningen, University of Stockholm, University 
of Oxford, University of Pavia, IMBB Heraklion, Biocen-
tre Basle, University of G6teborg, University of Aarhus, 
Academy of Science (Bratislava) and University of Glas-
gow. 

are connected according to protein interatomic distances. The 
(3Fo-2Fc) electron densities are contoured 0.8 a above mean 
density. 

Biochemistry and molecular biology 

Two major projects were followed. The first was the chitin 
degrading enzymes chitinase A and chitobiase from Serra-
tia marcescens , a collaboration with A.B. Oppenheim, the 
Hebrew University, Jerusalem. Chitin is one of the major 
components of the cell wall in many fungal species and 
of the exoskeleton of arthropods and is degraded in two 
sequential steps. Firstly an endochitinase randomly hydrol-
yses the glycosidic linkages of chitin producing multimers 
of GlcNAc. Secondly chitobiase converts these multimers 
to GlcNAc. Both enzymes have been over-expressed, 
characterized and crystallized. For chitinase A the crystals 
diffract up to 2.4 A and native data have been collected to 
3 A. For chitobiase two crystal forms have been produced. 
For the better form native data have been collected to 
2.0 A. We are presently searching for heavy metal deriva-
tives for both proteins. 
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In the second project we are continuing to study the 
structure of the DNA binding protein HU from the ther-
mophile Bacillus stearothermophi/us (Bst) and a closely 
related mesophile Bacillus g/obigii (Bg/) . HU is a good 
model system as the number of amino-acid differences 
is limited (eleven) and the three-dimensional structure of 
the thermophilic protein is known. The thermostability was 
determined by monitoring the secondary structure using 
circular dichroic spectroscopy. A triple mutant in the ther-
mophile (Bst) reduced the thermostability roughly to that 
of the mesophile (Bg/). The inverse mutations were then 
introduced into Bg/ HU and increased the thermostabil-
ity by 22 ' C, reaching that of the thermophilic Bst HU. 
These experiments suggest that only three amino acids 
are responsible for the increased thermostability of Bst HU. 
Crystals of several mutants have been obtained which 
diffract to between 2 A and 3 A. 

Muscle 

About half of the group, Yuichiro Maeda and his asso-
ciates, will leave the institute at the end of January 1993. 
Therefore they concentrated on existing projects. The rest 
of the group, Gert Rapp and colleagues, brought beam-line 
X13 into operation with the support of the instrumentation 
group. Instrumentation for measuring the small- and wide-
angle diffraction pattern simultaneously has been improved 
and allowed a series of new experiments. 

A major interest of the Maeda group is the crystallization of 
either individual or complexes of muscle proteins suitable 
for X-ray crystallography. Expression systems for several 
muscle proteins were previously established . Progress has 
been made this year in the following areas. (1) Three-
dimensional data have been recorded on the new crystal 
form of tropomyosin reported last year (with K. Namba 
(liAR, Panasonic)) . (2) In our trials to crystallize the whole 
troponin complex, we found that intra- and inter-molecular 
disulphide bond formation of cysteine residues of troponin I 
is the most serious problem. A cysteine-free mutant has 
been expressed in E.co/i. (3) Each subunit of the troponin 
complex was expressed in E.co/i. The troponin complex 
was reassembled from the wild-type TnC, a Tnl mutant 
and the 25 kDa fragment TnT and crystallized as before. 
We are trying to obtain larger crystals suitable for X-ray 
diffraction. 
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X-ray diffraction studies of muscle were actively pursued 
in collaboration with several visiting groups. The project 
on single fibre diffraction (with P. Griffiths & C. Ashley 
(Oxford) and G. Cecchi & A. Bagni (Florence)) has been 
continued . Time-resolved lattice spacing changes of the 
Z reflections show an expansion of the Z lattice upon 
activation even if the accompanying change in the myosin 
lattice is a compression . In static experiments differences 
in the diffraction patterns between living and skinned fi-
bres of the same preparation have been elucidated under 
varying conditions. In a further project (with K. Poole & 
R. Goody (MPI Heidelberg)) intensity changes on the 
weak actin 1 st layer line at (38.5 nmr1 after photolytic 
release of ATP in rigor fibres have been measured with 
5 ms time resolution. In a new project (with J. Davis 
(Baltimore)) we started to investigate structural aspects 
of the known similarities in the typical T1 elasticity and 
T2 tension recovery profiles of active and of rigor fi-
bres contraction at elevated temperatures using laser T-
jump. 

Gert Rapp and colleagues have also begun collabora-
tions with a number of visiting groups on X-ray diffraction 
studies of lipid phase transitions. Time-resolved studies 
on laser induced phase transitions in phospholipids have 
been continued with emphasis on the main transition of 
DMPE and DPPC and on the pretransition of DPPC. 
Transitions under near equilibrium conditions and far from 
equilibrium have been investigated in DMPE with time-
resolution down to 200-microseconds. Changes in the 
small- and wide-angle part of the diffraction pattern have 
been recorded simultaneously using two delay-line detec-
tors connected electronically in series. During the main 
transition of both DMPE and DPPC structural changes in 
the wide-angle part coincide with those in the small-angle 
region of the diffraction pattern if the transition proceeds 
close to equilibrium. This is in contrast to experiments 
using laser heating showing slightly different time-courses 
of the small- and wide-angle reflections as indicated from 
preliminary data analysis. The existence of short-lived in-
termediate structures has been confirmed (with P. Laggner 
(Graz)) . Investigations on the influence of melittin on the 
structure of phospholipid model membranes continued. 
Experiments on thermally induced phase transitions on 
the binary system C12(EO)6 (with M. Clerc (Orsay) & 
P. Laggner (Graz)) show that the characteristic transition 



time from the hexagonal to the cubic phase is faster 
than 100 ms, which was the time-resolution of the exper-
iment. 

Non-crystalline systems 

Most of the useful data was collected during the last 
main user time when the beam conditions considerably 
improved compared to the beginning of the year. This 
data could not be analysed in time for the present report. 
Whereas strong scatterers like lipids and fibres could be 
usefully studied , several solution scattering projects had 
to be postponed as these experiments are much more 
demanding in terms of beam and background stability. 
Progress was made with X-ray detectors for synchrotron 
radiation as the prototype of a parallel read-out system for 
delay-line detectors built by F. Cipriani (EMBL Grenoble) 
and based on the space-time-space conversion method 
developed in collaboration with A. Gabriel proved the fea-
sibility of this new approach. 

Work on the structure of the metal centre of the recombi-
nant yeast copper metallothionein (Cu-MT) continued with 
the design and expression of a mutant protein in which 
two of the cysteines involved in the formation of the metal 
cluster were replaced by histidines. The modified protein 
was isolated from E.coli and biochemically characterized. 
It was shown to bind copper and have similar UV spectro-
scopic features as Cu-MT but it has a significantly larger 
mobility on native electrophoresis gels. 

A program was developed to rapidly evaluate envelope 
functions of proteins from the Brookhaven Protein Data 
Bank data using spherical harmonics (collaboration with 
A. Semenyuk (Moscow)). Efficient algorithms for evalu-
ating small-angle scattering from a two-domain particle 
given the multipole expansions of the domains were imple-
mented in a program which allows to analyse the scattering 
from a complex particle in terms of the relative positions 
of its components. The prototype of a graphics system 

to represent multiple solids at different resolution was 
produced (collaboration with V. Bekhterev (Moscow)) and 
the indirect transform package GNOM was enhanced to 
deal with polydisperse systems of long rods and of thin 
shells. 

A combined neutron and X-ray contrast variation study 
of the 50S E.coli ribosomal subunit was started with 
I. Serdyuk (Puschino) and J . Skov Pedersen (Ris0). This 
will also allow to develop methods for joint processing of 
X-ray and neutron data to obtain more consistent models. 
Further work was essentially a continuation of previous 
projects which had been delayed by a shortage of stable 
beam: the quaternary structure of yeast pyruvate decar-
boxylase with S. Konig, G. Hubner, A. Schellenberger 
(Halle/S.), molecular packing of fibrin and growth of apatite 
crystals on tendon collagen with A. Bigi and N. Roveri 
(Bologna), alterations of the collagen structure in Morbus 
Dupuytren tissue, with H. Notbohm (Lubeck) and A. Bigi 
& N. Roveri (Bologna), a study of the thermotropic phase 
behaviour of rough mutant lipopolysaccharides and a com-
bined X-ray diffraction and Fourier transform infrared spec-
troscopy characterization of the lamellar and non-lamellar 
structures of lipopolysaccharides with K. Brandenburg and 
U. Seydel (Borstel) , characterizations of aqueous disper-
sions of lipid nanocrystals, of phospholipid stabilized oil-in-
water emulsions, a study of the influence of drug-loading 
on the properties of human low density lipoproteins, and a 
study of the phase diagram of tyloxapol with A. Gerke, 
B. Siekmann and K. Westesen (Braunschweig). A new 
experimental setup for simultaneous detection of X-ray 
diffraction patterns and of optical spectra using a photo-
diode array for the study of the structural changes dur-
ing the photocycle of bacteriorhodopsin was tested with 
G. Rapp (EMBL), G. Buldt (Berlin), N. Dencher (Berlin) and 
D. Oesterhelt (Martinsried) . The user project on tubulin, 
microtubules and microtubule associated proteins (MAPs) 
(E. Mandelkow, E.-M. Mandelkow, A. Marx (Hamburg)) 
was also pursued. 

K. Wilson 
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The Outstation at the ILL - ESRF, Grenoble 

Following the signing of the "Memorandum of Understand-
ing" by the Councils of the EMBL and the European 
Synchrotron Radiation Facility (ESRF), the Outstation has 
become fully engaged in the development of synchrotron 
radiation facilities for biologists at Grenoble. At present 
this mainly concerns the diffraction instrumentation group, 
members of which are collaborating with ESRF scientists 
in the design of instrumentation for two of the beam-lines to 
be used for biological experiments. However at the end of 
1992, the go ahead was also given for the start of construc-
tion of an extension to the existing Outstation building. By 
the second half of 1994 this will provide a further 540 m2 

of space primarily for the expanded instrumentation group 
and for new biochemical facilities for future ESRF visitors. 

Diffraction instrumentation 

The diffraction instrumentation group is collaborating with 
the ESRF and the Institut Laue-Langevin (ILL) in the ex-
ploitation of X-ray and neutron beam-lines for biological 
experiments and the development of new techniques and 
instrumentation for protein crystallography. The group is 
responsible for the construction at the ESRF of a bending 
magnet beam-line (BL 19) for multi-wavelength anomalous 
dispersion (MAD) studies on protein crystals , and a crystal-
lographic end-station for the high brilliance beam-line BL4, 
which will be installed on an undulator insertion device. The 
design for the BL 19 instrument, prepared after a meeting 
of international experts in the domain , has been approved 
by the ESRF Science Advisory Committee. It will consist 
of a bent mirror, followed by a channel cut monochromator 
and finally a toroidal focusing mirror. Wavelengths between 
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0.7 A and 2.3 A will be available. At the ESRF itself, it has 
been a very successful and exciting year with the com-
missioning of the ring being completed and the first test 
beam-lines (BL 1, BL2 and the TROIKA) being installed. 
EMBL scientists are involved in test measurements and 
commissioning of these beam-lines which will be extremely 
useful in defining design parameters for BL 19 and BL4. On 
BL2, an EMBL multi-wire proportional counter has been in-
stalled for the initial tests. These detectors are undergoing 
considerable improvement through newly designed data 
acquisition electronics. 

With the present extensive refurbishing of the ILL reac-
tor, there has been no possibility of collecting neutron 
diffraction data from protein crystals on the low resolution 
neutron diffractometer DB21, which is run jointly with ILL. 
Improvements to the diffractometer are however being 
made, for instance in installing a mechanism for the au-
tomatic change of the monochromator to deliver either 
4.75 A or 7.53 A neutrons, depending on the resolution of 
the data required. Work is also progressing on the design 
of LADI, a quasi-Laue neutron diffractometer for protein 
crystallography which is being designed in collaboration 
with the ILL. Both photomultiplier and image plate based 
detection systems for neutrons are being developed. 

Aminoacyl-tRNA synthetases 

Studies are continuing in several directions to explore 
structure-function relationships in seryl-tRNA synthetase, 
a member of class 2 aminoacyl-tRNA synthetases, whose 
crystal structure was solved in the laboratory in 1989. 
This enzyme catalyses the formation of seryl-tRNASer from 
serine, ATP and tRNASer and is a vital component of 
the protein biosynthetic machinery. A major interest is to 
determine the structural basis for the enzyme's substrate 
specificity and mechanism of catalysis. This is being done 
by a combination of genetic, biochemical , enzymological 
and crystallographic approaches. 

The crystal structure of the seryl-tRNA synthetase from the 
extreme thermophile Thermus thermophilus has now been 
refined to 2.5 A resolution following the successful cloning 
and sequencing of the gene. This enzyme is 35% identical 



to that from Ecoli and the structures are very similar. 
Studies are currently under way, based on calculations 
of protein flexibility, to understand what features of the 
Tthermophilus structure endow it with its much higher 
thermal stability. Whereas it has never been possible to 
observe ATP soaked into the Ecoli synthetase crystals, 
this can be done with the T thermophilus enzyme crys-
tals. The ATP site thus revealed shows how residues in 
motif 2, conserved amongst all class 2 aminoacyl-tRNA 
synthetases, are particularly involved in the ATP binding 
and ATP specificity. 

With regard to the specificity for the amino-acid, serine, an 
approach using the selection of mutants resistant to serine 
hydroxamate, an inhibitor of the enzyme, has been em-
ployed . A resistant mutant has been isolated and found to 
possess a point mutation in the synthetase, Ala262 --tVal. 
This residue is close to but not exposed in the active 
site of the enzyme suggesting a rather indirect effect 
on the conformation of the serine binding site. Another 
aspect of this work has been the demonstration that serine 
hydroxamate is not an "inert" inhibitor, but is in fact a 
substrate for the first reaction catalysed by the enzyme, 
the activation of the amino-acid by ATP. It has been 
shown that the compound can be combined with ATP 
to form a serylhydroxamate-AMP, which is much more 
stable than the normally formed intermediate, seryl-AMP. 
A crystal structure of serylhydroxamate-AMP complexed to 
the Tthermophilus seryl-tRNA synthetase has been deter-
mined at 2.7 A resolution . This has given for the first time a 
clear indication of the residues involved in serine binding 
and a possible explanation for the synergistic binding of 
serine and ATP. The latter has been recently revealed by 
careful kinetic studies of substrate binding and reaction 
rate constants. 

Using tRNA2ser over-expressed from a synthetic gene, the 
complex of seryl-tRNA synthetase from Ecoli with this 
tRNA has been crystallized. The crystals do not diffract 
much beyond 4 A resolution , but nevertheless the structure 
has been determined by molecular replacement. More 
details are visible in the 2.9 A resolution structure of the 
Tthermophilus synthetase-tRNA complex which has been 
determined from a new orthorhombic crystal form. In this 
crystal form only one tRNA molecule binds to the syn-
thetase dimer. However both complex structures reveal 

the same mode of binding of the tRNA to the synthetase. 
The tRNA binds across the two subunits of the enzyme 
and the long helical arm of the synthetase rotates into a 
new orientation and plays a major role in the recognition 
of the tRNA. The helical arm of the synthetase, which 
is known from mutagenesis studies to be essential for 
aminoacylation, is inserted between the TYC loop and the 
long variable arm of the tRNA. It makes several contacts 
with the tRNA backbone of these regions, but few specific 
base contacts. The long variable arm is a special feature 
of all known prokaryotic tRNAser s and is clearly a major 
recognition element by means of which the seryl-tRNA 
synthetase discriminates against most other tRNAs. Inter-
estingly, in some mitochondrial tRNAser, the long variable 
arm is completely lacking as well as the D-stem and loop 
giving rise to an exceptionally truncated tRNA molecule. 
A project has been started to express this tRNA in Ecoli 
with a view to studying its interaction with the mitochondrial 
seryl-tRNA synthetase. 

Virus structure 

Influenza remains a particularly widespread and disruptive 
disease. Three proteins from influenza virus are being 
studied with the aim of improving understanding of their 
function in virus structure, replication and assembly. Neu-
raminidase is one of the two external glycoproteins of the 
virus and has receptor destroying enzymatic activity which 
is required to assist escape of progeny virus from an in-
fected cell. Last year the crystal structure of neuraminidase 
from a B strain of influenza virus was reported as well as 
its complex with sialic acid (the viral receptor and neu-
raminidase reaction product) . We have now extended stud-
ies of this complex to 1.8 A resolution and confirmed an 
earlier puzzling result that after long contact of the enzyme 
with sialic acid, the electron density for the 0-2 of sialic 
acid disappears. The surprising explanation for this is that 
sialic acid can also be a substrate for the enzyme and that 
with low frequency, a water elimination reaction leads to 
the production of 2,3-dehydro-2-deoxy-N-acetylneuraminic 
acid (DANA) a well-known neuraminidase inhibitor. This 
hypothesis has been unambiguosly confirmed by cou-
pled gas chromatography/mass spectroscopy experiments 
performed in collaboration with Dr. Henrissat (CERMAV, 
Grenoble) which directly detected DANA production . 
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The nucleoprotein of influenza virus forms a ribonucleopro-
tein (RNP) complex with each of the eight separate seg-
ments of the viral genome and also has an essential, but 
poorly understood role in RNA replication and transcription . 
We have been probing the interactions of this protein with 
RNA by a variety of techniques. The third protein, M1, 
forms a layer inside the viral membrane and may playa 
major role in holding together the viral envelope and the 
RNPs particularly during viral assembly. In addition M1 in-
hibits in vitro RNA transcription from viral RNP complexes 
(which also contain the viral RNA polymerase) . We have 
studied a highly conserved peptide from the M-protein 
which contains a putative zinc binding motif, which we 
hypothesized might be involved in the RNA binding activity 
of M1. Although the peptide does indeed bind zinc it does 
not inhibit transcription . M1 protein in virions was also 
found to contain zinc but at a less than stoichiometric 
level ; the role of this zinc in M1 is being investigated 
further. The M-protein from another RNA virus, vesicular 
stomatitis virus (VSV) , has also been studied as it has 
certain similarities (and differences) with the influenza M1 
protein. Negative-stain and immuno-electron microscopy 
has been used to show that, contrary to expectations, the 
VSV M protein forms a "cigare"-shaped core internal to the 
viral nucleocapsid . 

Superhelical DNA structure and 
long-range interactions in DNA 

It has been assumed that the presence of curved segments 
of DNA, either induced by proteins or special DNA se-
quences, is important in determining the conformation and 
hence biological function of supercoiled DNA. This hypoth-
esis is being investigated by a combination of theoretical 
simulation techniques and experimental methods. It was 
shown last year that permanently curved sequences can 
"freeze" the orientation of long stretches of a superhelical 
DNA. The Monte-Carlo model that aided in the interpreta-
tion of this result was extended this year to calculate the 
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probability of intramolecular interaction between segments 
in a superhelical DNA as a function of supercoil density 
and the presence or absence of curvature. The interaction 
between segments placed symmetrically to both sides 
of a permanent curve is enhanced by supercoiling, and 
weakened otherwise. This theoretical prediction will be 
verified by measurements of the intramolecular interac-
tions in DNA using chemical probes. Another prediction 
from the Monte-Carlo model is that a curved sequence will 
define the position of the second loop of an interwound 
superhelix. This leads to the possibility of a long-range 
effect on sequences distant from the curve, which may be 
positioned in the end loop. First experiments have shown 
a slight increase of the in vivo activity of promoters placed 
at the position of the second loop. Studies using an in 
vitro translation system are under way to verify this effect. 
The Brownian dynamics (BD) model developed previosly 
has been extended to allow simulations of larger circles 
of DNA which can be directly compared to experiment. 
Our results show that the kinetics of supercoiling, starting 
from a flat 1120 base pair circle , are characterized by 
a relaxation time of approximately 5 J.Ls. For an 895 bp 
circle, the BD model could be used to calculate directly the 
dynamic structure factor (which is measured in dynamic 
light scattering) over a range of 2 J.Ls . Without resorting 
to any adjustable parameters in the model, the agreement 
between theory and experiment is very good. Preliminary 
data seem to indicate that the kinetics of supercoiling are 
dramatically slowed down with increasing DNA length. 

An interesting initiative of the Outstation was to organize 
a meeting called "48 hours of structural biology", held 
in October 1992 in which members of all Grenoble lab-
oratories interested in structural biology were invited to 
give short talks. This was a great success and has led 
to some fruitful local collaborations which have already 
yielded useful results. 

S. Cusack 



Administration 

EMBL financial review 

EMBL's budget for 1993 at 87.1 MDM is 10.2 MDM higher 
than 1991, a 3.6% increase net of inflation. Over the same 
two years Member States' contributions have increased 
by 2.6% net of inflation while income from other sources 
is projected to increase by 39%, (29.3% net of inflation). 
The relative increase in EMBL's budget over the two year 
period can be analysed as follows: 

%+ 
Staff costs 15.8 
Operating costs 11 .8 
Capital expenditure 5.3 

As can be seen, the budget has been used to fund more 
personnel (including fellows) and associated operating 
costs, mainly technical materials which account for 40% of 
operating costs. As a result the change in the distribution 
of expenditure can be shown as follows: 

Expenditure by Heading 

% 

1993 1991 

Staff costs 59.3 58.0 

Operating costs 28.9 29.3 

Capital expenditure 11.8 12.7 

Total 100 100 

The above statistics show that receipts have been used 
mainly to cover personnel costs. In contrast it should be 
noted that capital expenditure has not grown at the same 
rate . In this context it is interesting to refer to Article 
11(1) of the Agreement establishing the Laboratory: "The 
Laboratory shall promote co-operation among European 
States in fundamental research, in the development of 
advanced instrumentation and in advanced teaching in 
molecular biology as well as in other areas of research 
essentially related thereto . ..... ". 

The Laboratory has a threefold mission: 

fundamental research ; 
advanced instrumentation; 
advanced teaching. 

Any consideration of EMBL's financial situation must take 
account of these three missions. Recent citation statistics 
show that EMBL is a world leader in molecular biology 
research. The development of its fellowship programmes 
shows that it is fulfilling its mission as a teaching institute. 
The contacts and agreements it has with leading instru-
mentation companies show that EMBL is at the forefront 
in instrumentation development. And, it should be added, 
comparative statistics indicate that EMBL continues to 
fulfill its threefold mission in a highly cost effective man-
ner. 

Cost effectiveness, however, implies control and within the 
highly competitive world of science EMBL has developed 
its own internal mechanisms - based on peer review -
whereby researchers compete for resources. This culture 
of success, fostered by the Director-General, has allowed 
EMBL to weather the financial storms of the last four 
months of 1992. Despite significant devaluation of many of 
the Member States' currencies against the Deutsche Mark 
(the currency in which Member States make their contri-
butions) a 4.8% increase in contributions, corresponding 
to 1 % real growth, was agreed at the December Coun-
cil meeting. This compares with an inflation rate within 
the Federal Republic of Germany currently running at 
3.8% and should be viewed not only in the context of 
recent upheavals in the European currency markets but 
also in the light of the general European economic cli-
mate. 
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1 % real growth in contributions, however, is not a signifi-
cant amount (608 KDM to be precise) and during 1993 it 
will be necessary to review priorities constantly to allow for 
the undertaking of major projects, including , for example, 
the col laboration with the European Synchrotron Radiation 
Facility at the Outstation in Grenoble and the foundation of 
the European Bioinformatics Institute, two projects already 
accepted in principle by the EMBL Council. As for the 
Member States of the EC following the opening up of 
borders in January 1993, competition within EMBL for 
financial resources will be intense. But that is, according 
to most economists, a good way of maintaining quality and 
fostering innovation. 

It is, therefore, worthwhile to compare EMBL's financial 
situation with that of 1982 the year in which Professor 
Philipson became the Laboratory's Director-General. Since 
then ord inary contributions have doubled and the number 
of Member States has increased by 50%. This doubling of 
contributions translates into an annualized inflation of 7%. 
During Professor Philipson's office as Director-General 
Belgium, Finland, Greece, Norway and Spain have be-
come Member States thus allowing the Laboratory to fulfill 
its mission of promoting "co-operation among European 
States". 

It is clear that over the past ten years the Laboratory has 
been developed into an organisation capable of fulfilling its 
threefold mission. As a result it has retained the support 
of its Member States who currently contribute 73% of the 
Laboratory's annual budget with a further 12% coming from 
the taxation arrangement with the host country, the Federal 
Republic of Germany. It is also encouraging to note that at 
a time when Europe is moving towards a single market the 
Commission of the European Communities is recognizing, 
in tangible form, the excellence of research carried out 
at the European Molecular Biology Laboratory. With this 
support in mind it is clear that, given the rapid progress in 
molecular biology, EMBL must continue to develop if it is 
to make a significant contribution in the future. 

R. Rivington 
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Art at the EMBL 

It took a very long time; over and over again it was pushed 
aside or postponed - because it had the lowest priority: Art 
at the EMBL. 

Just before Christmas 1992 the "Life-Helix" of the Swiss 
sculptor Thomas Blank, a mobile work of art, representing 
a double helix made of chromed steel , was installed and 
presented by the artist to the Director-General of the 
EMBL, Lennart Philipson. 

This "Life-Helix" installed in an open window-like space 
near the entrance to the "OPERON" is easily recognized 
from far away as the symbol on which all areas of sci-
ence in the field of molecular biology are based. It may 
therefore in the not too distant future become the symbol 
for the scientific work carried out at the EMBL with this 
mobile representation expressing the continuous changes 
and recurrent new challenges and new beginnings of this 
research institute . 

A few months before the "Life-Helix" was handed over the 
sculpture "Raumstreben" (space challenge) of the Swedish 
artist Folke Truedsson was exhibited in the entrance hall 
of the "OPERON". Truedsson is at present considered to 
be one of the greatest sculptors in Scandinavia. This well-
balanced bronze sculpture on its slender granit pedestal 
has become the aesthetic centre of the "OPERON" en-
trance. 

At the same time we acquired two quilts, "Erleuchtung" 
(Inspiration) made by the artist Heidi Forster (Munich) 
and "Erstarrte Bewegung" (frozen movement) made by the 
artist lise Grieninger (Karlsruhe) for the canteen and the 
conference room of the Director-General respectively. 

In March 1993 the EMBL expects a further piece of art. 
Lasse Brander (Lorrach) is working on a sculpture, "DNA-
source", which will be placed in the centre of the atrium, 
connected to the cafeteria of the Laboratory. A DNA-
coil made of plexiglass over which water, coming from a 
sprinkler, runs, symbolizes the vital cycle of science. 

The Director-General tried to obtain the support of the 
Member States to finance these pieces of art before 



they were acquired . Their financial situation, however, 
prevented them from supporting the idea directly, i.e. by 
providing funds, as well as indirectly, for instance Member 
States offering works of art. 

We were thus all the more pleased that Sweden promised 
the EMBL two pieces of art. Both - an animal sculpture and 
a stele, of wood, created by the artists Torsten Renquist 
and Ake Pallarp - will arrive in Heidelberg during the first 
few months of 1993 and be placed in suitable central areas 
where they can be seen by the staff and the public. 

The Netherlands too have expressed an interest in making 
a gift to the EMBL. Some artists will visit the Laboratory 
on behalf of that Member State early in 1993 and after 
thei r visit and discussions will make proposals for suitable 
works of art that could be handed over to the Laboratory. 

Because of the aforementioned financial situation we fi-
nanced the acquisitions through an EMBL Art Fund to 
which private persons and institutions contributed and 
which made the purchases considerably easier. 

The response to the pieces of arts so far from the per-
sonnel, visitors and guests of the EMBL as well as from 
the local and national public at large shows that art and 
science have a lot in common and that for the public this 
creative connection has symbolic character for science and 
research. 

K. Muller 
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Official visitors in 1992 

14.01 .92 Prof. van den Berghe, 01 .07.92 Mr. Schwarzbach, journalist, 
Centre for Human Genetics, Louvain, ZDF, "Redaktion Kirche und Leben", 
Belgium Mainz, Fed . Rep. Germany 

24.01 .92 Dr. C. Paoletti , Director 15.09.92 Dr. G. Ziller, Minister of State in 
Dept. of Biosciences of the CNRS, the BMFT, and Dr. H. Strub, BMFT, 
and Dr. P. Druet, Ministry of Research , Bonn, Fed. Rep. Germany 
Paris, France 

18.02.92 Mr. T. Turenius, journalist 18.09.92 Profs. AA Bayev & P.M. Rubtsov, 
"IIkka", Seinajoki , Finland Inst. of Molecular Biology, 

Moscow, Russia 

19.02.92 Sir James Gowans, 
Human Frontier Science Program 08.10.92 Profs. AA Loedin , S. Marzuki , 
Strasbourg , France P. Sudarmono & H. Sudoyo, Ministry 

for Research and Technology, 
20.03.92 Mrs. J. Shirahama, journalist, Jakarta, Indonesia 

Japan Broadcasting Corporation, 
London, U.K. 02.12.92 Prof. J. Schultis, 

08.05.92 Dr. D.J. Hill , 
First Mayor of Heidelberg, 

senior lecturer in adult education , 
Fed. Rep. Germany 

tutor in biology, Univ. of Bristol, 
17.12.92 Dr. I. Paschedag, Bristol , U.K. 

Rijksuniversiteit Utrecht, Medical Faculty, 

13.05.92 Mr. J.V. Malheiros, journalist, Utrecht, the Netherlands 
Portugal 

21.12.92 Mr. H. Tarmio, journalist, 
16.06.92 Mrs. Smollek, journalist, Chairman Tarmio Communications Ltd., 

"Profil" , Vienna, Austria Espoo, Finland 
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Guided tours during 1992 

10.3.92 Students of the Agricultural 26.08.92 
University Wageningen, 
the Netherlands; 34 persons 

13.03.92 Participants in the "Junior Humanities and 
Science Symposium" of the European and 10.09.92 
American Schools, Karlsruhe and Heidelberg , 
Fed . Rep. Germany; 44 persons 

01 .04.92 Students of the Saarland University, 17.09.92 
SaarbrLicken, Fed. Rep. Germany; 
20 persons 

13.04.92 Students of the Universite 01.10.92 
de Haute-Alsace, Zillisheim, 
France; 20 persons 

27.04.92 Administrators of the 03.10.92 
Karolinska Institute, Stockholm, 
Sweden; 6 persons 

09.05.92 Members of the Rotari Club 04.11 .92 
Walton-on-Thames (London) , U.K.; 30 persons 

19.05.92 Mr. Y. Tajiri, Mayor of Kumamoto, 
twin town of Heidelberg, with a delegation. 12.11.92 
Japan; 20 persons 

25.06.92 Members of the Council for Scientific 
and Industrial Research (CSIR) , 17.12.92 
India; 5 persons 

01.07.92 

Students from a partnerschool of the 
Karl-Friedrich-Gymnasium, Heidelberg, 
in the Kibbutz Bror Chail , Israel; 
30 persons 

Students of the University of Bergen , 
Inst. of Microbiol. and Plant Physiol., 
Bergen, Norway; 20 persons 

Members of the Educational Centre 
Ludwigshafen, Heinrich-Pesch-Haus, 
Fed. Rep. Germany; 42 persons 

Students of the Erasmus University, 
Dept. of Education and Research, Rotterdam, 
the Netherlands; 15 persons 

Prof. J. -A. Gustafsson and colleagues 
from the Karolinska Institute, Huddinge, 
Sweden; 10 persons 

Tourist guides of the 
Heidelberg Tourist Office, 
Fed. Rep. Germany; 25 persons 

Students of the Johannes-Kepler-Schule, 
Weil der Stadt, Fed. Rep. Germany; 
14 persons 

Police officers from Heidelberg and 
Bautzen , Fed. Rep. Germany 
15 persons 

Students of the Thomas-Morus-Akademie, 
Bergisch-Gladbach, Fed. Rep. Germany; 
28 persons Total number of participants in guided tours: 440 persons 
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Table 3 

EMBL STAFF DEVELOPMENT 

Category of Personnel December 1990 December 1991 December 1992 Man-Years 
December 1992* 

Staff Members 281 296 304 299.72 
Supernumeraries 178 186 169 144.37 
EMBL Predoctoral Fellows 56 79 97 97.00 
EMBL Postdoctoral Fellows 35 42 29 29.00 
EMBO Fellows 27 15 15 15.00 
Visitors 124 122 148 147.00 
Trainees 16 14 12 12.00 

TOTAL 717 754 774 744.09 

The figures show the total employees of the various categories during the month of December 1990, 1991 and 1992. 

* The "Staff Complement" of the EMBL is based on man-years and the figures indicate the total number of posts that were 
filled in terms of man-years in December 1992. 
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Director-General 

Lennart Philipson 

Secretaries 

Waltraud Ackermann 
Susanne Lonstrup 

Internal auditors 

Edgar 
Theobald Reiss H 

Staff and Visitors 

t deceased 
* indicates group leaders 
• indicates part of the year only 

indicates part-time work 
Fellows comprise: pre- and postdoctoral fellows 

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

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

data assistants and supernumeraries 
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Central Laboratory, 
Heidelberg 

Cell Biology 

.. Programme coordinator 

Kai Simons (Senior Scientist) 

Secretary 

Anne Walter 

Scientists 

Bernhard Dobberstein* (Senior Scientist) 
Carlos Dotti 
Spyros Georgatos* 
Fotini Gounari 
Gareth Griffiths* 
Jean Gruenberg* 
Bernard Hoflack* 
Eduard Hurt* 
Eric Karsenti* (Senior Scientist) 
Thomas Kreis** 
Robert Parton 
Marino Zerial* 

Fellows 
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Kirill Alexandrov· (USA)(EMBL) 
S0ren Andersen· (Copenhagen)(DFG) 
Fernando Aniento (Valencia)(Humboldt) 
Gerald Bacher· (Heidelberg)(Univ. of Heidelberg) 
Th ierry Berges (Bordeaux)(DFG) 
Ariel Blocker (London)(EMBL) 
Haralabia Boleti (Athens)(EMBL) 
Cecilia Bucci· (Naples)(Univ. of Naples/EMBL) 

Brigitte Buendia (Lyon)(INSERM) 
Philippe Chavrier· (Lyon)(EMBL) 
Denis Chretien (Grenoble)(EMBO) 
Michael Clague (USA)(EMBO) 
Paul Clarke (Dundee)(Welcome Trust) 
Sally Cudmore· (Cork)(EMBO) 
Michael Desjardins (Canada)(MRC) 
Karima Djabali (Paris)(EMBO) 
Valerie Doye (Paris)(EMBO) 
Rainer Duden· (Heidelberg)(EMBL) 
Paul Dupree (Cambridge)(Roy.Soc.) 
Neil Emans (Durham)(EMBL) 
Emmanuelle Fabre· (Paris)(Humboldt) 
Klaus Fiedler (Basle)(FCI) 
Paola Grandi (Rome)(EMBL) 
Dagmar Hennig· (Giessen)(EMBL) 
Stephen High· (Bristol)(EMBO) 
Michael Hofmann· (Heidelberg)(Univ. of Heidelberg) 
Meltsje de Hoop· (Groningen)(HFSP) 
Lukas Huber (Innsbruck)(Erwin Schrodinger) 
Elina Ikonen· (Helsinki)(Academy of Finl.) 
Ralf-Peter Jansen (Bochum)(DFG) 
Toshihide Kobayashi· (Japan)(HFSP) 
Panos Kouklis· (Ladenburg)(EMBL) 
Teymuras Kurzchalia· (Berlin)(EMBO) 
Roland Le Borgne· (Montpellier)(EMBL) 
Thomas Ludwig (Heidelberg) 

(Boehringer Ingelheim) 
Anne-Rose Lutcke (Marburg) 

(Boehringer Ingelheim) 
Henrich Lutcke (Marburg)(EMBO) 
Christele Maison· (Grenoble)(Region Rhones-Alpes) 
Bruno Martoglio· (Zurich) 

(Swiss Natl. Sci. Found .) 
Daniele Masson· (Lausanne) 

(Swiss Natl. Sci. Found.) 
Fabienne Mauxion (Gif-sur-Yvette)(ARC) 
Jurgen Meier (Freiburg)(EMBL) 
Andreas Merdes (Heidelberg)(Stud.Stift. 

des deutschen Volkes) 
Stephane Meresse (Lille)(EC) 
Ulf Nehrbass (Tubingen)(EMBL) 
Nicoletta Olivieri· (Siena) 

(Boehringer Ingelheim) 
Vesa Olkkonen (Helsinki)(EMBO) 
Philippe Pierre· (Strasbourg)(EMBL) 



Jean Pieters· (Maastricht)(EMBO) 
Sanjay Pimplikar (Canada)(EMBL) 
Sigrid Reinsch· (USA)(HFSP/EMBL) 
Janet Rickard· (Liverpool)(NATO/SERC/EMBL) 
Jochen Scheel· (Tubingen)(EMBL) 
Nikolaus Schlaich (Heidelberg) 

(Boehringer Ingelheim) 
Monika Schmelz (Heidelberg)(DFG) 
Anne Schmidt (Montpellier)(EMBO) 
Georgios Simos (Saloniki)(EMBO) 
Birgit Singer-Kruger· (Basle)(EMBO) 
Beate Sodeik (USA)(EMBL) 
Olivia Steele-Mortimer (USA)(EMBL) 
Harald Stenmark (Oslo)(NAVF) 
Leo Thomas (Heidelberg)(DFG) 
Oliver Ullrich (Frankfurt)(DFG) 
Isabelle Vernos· (Madrid)(HFSPIWelcome Trust) 
Irene Wacker-Schroder· (Heidelberg)(DFG) 
Christian Wimmer (Hannover)(EMBL) 

Visitors 

Christine Amshoff· (Heidelberg) 
Jean Marc Berrez· (Besangon) 
Sigrun Brendel (Heidelberg) 
Julia Coleman· (USA) 
Jorge Dominguez· (Spain) 
Lars Dreier· (Berlin) 
Caspar Frederiksen· (Copenhagen) 
Jean-Pierre Gorvel· (Marseille) 
Maika Grummt· (Heidelberg) 
Ari Helenius· (USA) 
Jonathan Howard· (Cambridge) 
Andrea Jahraus· (Heidelberg) 
Iris Killisch· (Heidelberg) 
Joen Luirink • (Amsterdam) 
Varpu Marjomaki· (Jyvaskyla) 
Bruno Martoglio· (Zurich) 
Julia Matthey· (Heidelberg) 
Kirsten Mundt· (Dundee) 
Thomas Papamarcaki· (Ioannina) 
Jeffrey Peterson· (USA) 
Veronique Pizon· (Paris) 
Athina Pyrpasopoulo· (Thessaloniki) 
Michael Remus· (Heidelberg) 
Mikael Simons· (Heidelberg) 

Brian Storrie· (USA) 
Gaia Tavosanis· (Pisa) 
Kirsten Tenscher· (Heidelberg) 
Sylvie Urbe (Heidelberg) 
Fulvia Verde· (Pisa) 
Afroditi Zissopoulou· (Thessaloniki) 

Assistants 

Rita Abagyan 
Anthony Ashford· 
Ulrike Bauer 
Mariann Brunkener 
Arndt Christeleit· 
Julia Coleman· 
Maria Ericsson 
Shamsa Faruki 
Willy Galgenmuller 
Angelika Giner 
Heinz Horstmann 
Brigitte Joggerst-Thomalla 
Hildegard Kern· 
Liane Meyn 
Alan Sawyer 
Falk Schwesinger· 
Mark Stapleton 
Hildegard Tekotte 
Hilkka Virta 
Carmen Walter· 
Heike Wilhelm· 
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Differentiation 

Programme coordinator 

Thomas Graf (Senior Scientist) 

Secretary 

Hilary Davies-Ruck 
Isabelle Fraignaud. 

Scientists 

Dirk Bohmann* 
Leonardo Brizuela· 
Sara Courtneidge* (Senior Scientist) 
Giulio Draetta* 
Denis Duboule* 
Anne Ephrussi*· 
Jon Frampton 
Marek Mlodzik* 
Athanasios Papavassiliou 
Ulrich Ruther* 
Rolf Zeller* 

Fellows 
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Marfa Teresa Alonso (Valladolid)(Span. Min. of Sci.) 
Daniel Bachiller (Madrid)(Span. Min. of Sci.) 
Veronique Baldin (Toulouse)(DFG/INSERM) 
Gabriele Basi (Florence)(EMBL) 
Gerrit Begemann (Heidelberg)(FCI) 
Riccardo Brambilla (Milan)(DAAD) 

Wolfgang Breitwieser· (Vienna) 
(Boehringer Ingelheim) 

Tullia Casini (Pisa)(EMBL) 
Jose Luis De la Pompa (Madrid)(Span. Min. of Sci.! 

EMBL) 
Pascal Dolle· (Strasbourg)(EMBL) 
Rosanna Dono (Naples)(ltalian Foundation 

for Cancer Research) 
Thorsten Erpel· (USA)(EMBL) 
Stefano Fumagalli (Milan)(EC) 
Matthieu Gerard (Strasbourg) 
Yves Goldberg (Heidelberg)(DFG) 
Ingrid Hoffmann (Vienna)(DFG) 
Rama Khokha· (Canada)(Humboldt) 
Manfred Kegl (Vienna)(EMBL) 
Norbert Kraut (USA)(DFG) 
Holger Kulessa· (Heidelberg)(DFG) 
Domenico Lazzaro· (Heidelberg)(EC) 
Filip Lim (Australia)(Humboldt) 
Jiri Lukas· (Prague)(EMBO) 
Marfa Marcote (Valencia)(Span. Min. of Sci.) 
Finn-Hugo Markussen· (Bergen)(EMBL) 
Natalia Mazurenko· (Moscow)(UICC) 
Kelly McNagny (USA)(HSFP) 
Carol Murphy (Galway)(EMBL) 
Lucia Olcese (Genova)(ltalien Scientific 

Research Fund) 
Lisbeth Olsen· (Bergen)(NAVF) 
Catherine Ovitt· (USA)(EMBL) 
Michele Pagano (Naples)(EC) 
Armand Renucci (Lyon)(HFSP) 
Tonnie Rijkers (Utrecht)(EMBL) 
Serge Roche· (Montpellier)(EMBO) 
Fabio Rossi (Genova)(EMBL) 
Irini Roussou (Heracl ion)(EMBO) 
Thomas Schimmang (Heidelberg)(DFG) 
Michael Sieweke (USA)(Boehringer Ingelheim) 
Susan Smith (Oxford)(EMBL) 
Giulio Superti-Furga (Vienna)(EMBO) 
Mathias Treier (Tubingen)(EMBL) 
Andreas Trumpp (Freiburg)(EMBL) 
Geraldine Twamley (Cork)(EMBL) 
Gilbert Urier (Lyon)(EMBO) 
Volker Wiersdorff· (Wurzburg)(EMBL) 
Martin Zeidler (Brighton)(EMBL) 
Aimee Zuniga (Paris)(EMBL) 



Visitors 

Johannes Beckers (Heidelberg) 
Jessica-Lee Fenoglio· (USA) 
Urte Gayko· (Berlin) 
Antoine Guichet· (Paris) 
Raimondo Pannone· (Naples) 
Astrid Peetz· (Hannover) 
Daniel Pilat· (Geneva) 
Franyoise Pradeau· (Nantes) 
Jens Riese· (Heidelberg) 
Markus Rojewski· (Karlsruhe) 
Emma Villa-Moruzzi· (Torino) 
Andrea Weiss· (Heidelberg) 
Michelle Young· (Newcastle) 
Jozsef Zakany (Szeged) 

Assistants 

Pat Blundell· 
Catherine Chavrier· 
Gabi Dbderlein 
Roclo Garcia de Veas Lovillo· 
Sigrid Grieser· 
Angel ika Heber 
Frank van der Hoeven 
Dominic James 
Margaret Jones 
Marianne Lemaistre 
Elizabeth McLeod· 
Asa Marknell 
Lena Marknell 
Anne-Marie Michon· 
Hilda Schuhmacher-Lang 
Monika Stein 
Ursula Weber 
Catherine Woodroofe 
Regina Zahn 

Biological Structures and Biocomputing 

Programme coordinators 

Stephen Fuller (Senior Scientist) } (Joint coordinators) 
Dietrich Suck (Senior Scientist) 

Secretaries 

Nelly v.d. Jagt-Gonzalez 
Helen Fry 

Scientists 

Ruben Abagyan 
Pat Argos* 
Belinda Bullard 
Thomas Ceska 
Toby Gibson 
John Kenney 
Werner Kuhlbrandt* 
Jeremy Lakey 
Kevin Leonard* 
Peter Metcalf* 
Michael Nilges*· 
Hartmut Oschkinat* 
Gour Pada Pal 
Annalisa Pastore* 
Franc Pattus* 
Johan Postma 
Chris Sander* (Senior Scientist) 
Matti Saraste* 
Luis Serrano*· 
Demetrius Tsernoglou* (Senior Scientist) 
Paul Tucker* 
Gert Vriend 
Rebecca Wade*· 
Da Neng Wang 
Rik Wierenga* 
David Wild 
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Fellows 

74 

Torben Borchert (Copenhagen)(EC) 
Peer Bork· (Berlin)(HFSP) 
Ivan Brukner (Belgrade)(EMBO/EMBL) 
Sarah Butcher (London)(EC) 
Jose Castresana· (Bilbao)(Basque Government) 
Gareth Chelvanayagam (Australia)(DAAD) 
David Croft· (Edinburgh)(EMBL) 
Philippe Cronet (Namur)(EMBL) 
Thomas Dandekar (Munich) 

(Boehringer Ingelheim) 
Eugene Demchuk· (Moscow)(EMBL) 
Thorsten Dieckmann (Martinsried)(EMBL) 
Terje Dokland (Oslo)(NAVF) 
Roberto Dominguez (Cuba)(DAAD) 
Wolfgang Eberle· (Heidelberg) 

(Boehringer Ingelheim) 
Astrid Eder· (Heidelberg)(EMBL) 
Frank Eisenhaber (Berlin)(BMFT) 
Frank Eisenmenger· (Berlin)(EMBL) 
Ralph Flachmann· (USA)(DFG) 
Federico Fogolari· (Udine)(EMBO) 
Martin Fusek· (Prague)(EMBO) 
Dimitrij Frishman (St. Petersburg)(Humholdt) 
Juan-Manuel Gonzalez-Manas (Bilbao) 

(Span. Min. of Education) 
Franyoise van der Goot (Saclay)(EMBO) 
Volkhard Helms· (Munich)(EMBL) 
Rob Hendriks (Utrecht)(EMBL) 
Uwe Hobohm (Bremen)(EMBL) 
Liisa Holm (Espoo)(EMBO) 
Simon Hubbard· (London)(EMBL) 
Ari Huovila (Jyvaskyla)(EMBL) 
Sabina Improta (Padova)(EMBL) 
Denis Jeanteur (Compiegne)(EMBL) 
Jacob John (Heidelberg)(Boehringer Ingelheim) 
Andre Juffer· (Groningen)(Unilever Res. Lab.) 
Panagiotis Kanellopoulos· (Athens)(EMBL) 
Mark Kelly· (London)(EMBO) 
Radha Kishan· (India)(EC) 
Hartmut Krafft-Czepa (Heidelberg)(DFG) 
Andreas Kuppe (Tubingen)(EMBL) 
Siegfried Labeit (Heidelberg)(DFG) 
Pekka Lappalainen (Jyvaskyla)(Acad. Finland) 
Eric Larquet· (Villejuif)(CNRS) 

Philip Lijnzaad (Wageningen)(EMBL) 
Mathias Lubben (Lubeck)(EMBO/CEE) 
Magali Mathieu (Paris)(EMBL) 
Perdeep Mehta (Zurich)(FNSR) 
Lorenz Mitschang (Munich)(EMBL) 
Gervaise Mosser· (Paris)(ATIPE/CNRS) 
Claudia Muhle-GolI· (Heidelberg)(EMBL) 
Victor Munoz· (Madrid)(EMBL) 
Andrea Musacchio (Rome)(EMBL) 
Martin Noble (Cambridge)(EMBL) 
Stephan Nussberger (Munich)(EMBL) 
Victor Nwosu (Southampton)(EC) 
John van der Oost· (Amsterdam)(EMBL) 
Christos Ouzounis (York)(EMBL) 
Richard Pauptit· (Basle)(EMBL) 
Bengt Persson· (Stockholm)(Humboldt) 
Mark Pfuhl (Berlin)(EMBL) 
Anastasia Politou (Athens)(EMBL) 
Jesus Prieto Lugo· (Madrid)(EMBL) 
Johanna Puonti-Kaerlas· (Uppsala)(EC) 
Angel Ramirez Ortiz· (Madrid)(EC) 
Rainer Saffrich· (Heidelberg)(EMBL) 
Martin Sagermann (Heidelberg)(BAP) 
Uwe Sauer (Heilbronn)(EMBL) 
Edith Schlagenhauf (Basle)(EMBL) 
Reinhard Schneider (Heidelberg)(BAP) 
Phoebe Stewart· (USA)(Helen Hay Whitney) 
Gunter Stier (Heidelberg)(DFG) 
Pieter Stouten (Utrecht)(EMBL) 
Gilles Trave· (Montpellier)(ATIPE) 
Alfonso Valencia (Madrid)(EMBO) 
Ingrid Vetter (Frankfurt)(FCI) 
Simon Weston (Portsmouth)(EMBL) 
Eva Wolf (Heidelberg)(DFG) 
Graham Worth· (Oxford)(EMBL) 

Visitors 

Daan van Aalten· (Nijmegen) 
Henrich Abken· (Bonn) 
Ricardo Alonso Alonso· (Santiago de Compostela) 
Brigitte Altenberg-Greulich· (Heidelberg) 
Roberto Battistutta· (Padova) 
Prabir Bhattacharya· (USA) 
Frank Bieber (Heidelberg) 
Martino Bolognesi· (Pavia) 



Henrik Bohr· (USA) 
Melanie Bonhivers· (Paris) 
Domenico Bordo· (Genova) 
Ricardo Bringas (Cuba) 
Gianpaolo Can uti· (Genova) 
Luling Cheng· (Lund) 
Alessandro Coda· (Pavia) 
William Cramer· (USA) 
Carola Daffner (Heiligkreutzsteinach) 
Isabelle Dahlen· (Strasbourg) 
Stephen Daleman· (Canada) 
Denis Duche· (Marseille) 
Michael Duggan· (Frankfurt) 
Petra Dux (Heidelberg) 
Vincent Eijsink· (Groningen) 
Elisabeth Eriksson· (Uppsala) 
Federico Fogolari· (Udine) 
Paul Folkers· (Nijmegen) 
Rutger Folmer· (Nijmegen) 
Marco Fossati· (Genova) 
Patrick Fuller· (USA) 
Dieter Furst· (Gbttingen) 
Yoshinori Fujiyoshi· (Japan) 
Andrew Gall· (Glasgow) 
Mathias Gautel (Heidelberg) 
Tuomo Glumoff· (Turku) 
Ulrike Goebel (Heidelberg) 
Vincent Guenebaut· (Paris) 
Tuomas Haltia· (Helsinki) 
Ben Hankamer· (London) 
Teruhisa Hirai· (Japan) 
Constantin Kavounis· (Thessaloniki) 
Yoshiaki Kimura· (Japan) 
Bernhard Kolmerer· (Heidelberg) 
Maja Krajinovic· (Belgrade) 
Dimitry Kuznetsov (Moscow) 
Vincent Lachmann· (Strasbourg) 
Ulrike (Heidelberg) 
Jeffery Lee· (Heidelberg) 
Matthias Leippe· (Hamburg) 
Eva Lopez· (Madrid) 
Brock Lutl (USA) 
Ruby MacDonald· (USA) 
Michael Mares (Prague) 
Rainer Meckenstock· (Zurich) 
Hartmut Michel· (Frankfurt) 

Hugo Monaco· (Pavia) 
Gervaise Mosser· (Strasbourg) 
Andrea Motta (Naples) 
Jan Mrazek· (Brno) 
Thomas Muller· (Wurzburg) 
Vassilios Nastopoulos· (Patras) 
Rashmi Nunn· (Sheffield) 
Gerald Nyakatura· (Braunschweig) 
Heiko Ohlenbusch· (Strasbourg) 
Michael Parker· (Australia) 
Stefano Pascarella· (Rome) 
Marie-Teresa Pisabarro· (Madrid) 
Reinart Reithmeier· (Canada) 
Burkhard Rost (Heidelberg) 
Remy Schellhorn· (Strasbourg) 
Frank Seljee· (Amsterdam) 
Ralf Siegert· (Marburg) 
Erik Sonnhammer· (Amsterdam) 
Jolanta Stouten (Wroctaw) 
Norbert Strater (Munster) 
Hiang Teo· (Cambridge) 
Ivo Tews· (Hamburg) 
Georgios Tsiotis (Frankfurt) 
Sandra Thullner· (Heidelberg) 
Maxim Totrov (St. Petersburg) 
Georg Tuparev (Heidelberg) 
Kurt Verbarg· (Wurzburg) 
Richard Ward· (Oxford) 
Petra Wusta (Heidelberg) 
Masakuni Yamamoto· (Strasbourg) 
Xenia Young· (USA) 

Assistants 

Jennifer Ashurst· 
Volker Brachvogel 
Patricia Buck 
Marek Cyrklaff 
Nathalie Didat 
Karoline Dbrr 
Thure Etzold 
Charles Ferguson 
Brent Gowen· 
David Grindrod· 
Karl-Heinz Gross· 
Jaap Heringa 
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Catherine Joseph 
Anne Lakey 
Marieke Lamers 
Elke Penka 
Deborah Sanders· 
Michael Scharf 
Sandra Scianimanico 
Raj Thiagarajan· 
Julie Thompson 
Gerhard Vogt 
Antony Warne 
Hans van der Zandt 
Johan Zeelen 

Gene Expression 

Programme coordinator 

lain Mattaj (Senior Scientist) 

Secretary 

Maryka Kimmins 

Scientists 

Peter Becker* 
Matthias Hentze* 
Angus Lamond* 
Giovanni Paolella 
Hans Schbler* 
Bertrand Seraphin 
Francis Stewart* 
Henk Stunnenberg* 
David Tollervey* 

Fellows 

Rein Aasland (Bergen)(EMBO) 
Sylvia Barabino· (Pavia)(EC) 
Domingo Barettino (Marburg)(EC) 
Anders Berkenstam (Stockholm)(NFR) 
Jordi Bernues (Barcelona)(EC) 
Ben Blencowe· (London)(EMBL) 
Kerstin Bohmann (Giessen)(EMBL) 
Alexander Brehm· (Edinburgh)(DFG) 
Thomas Bugge (Copenhagen)(EMBL) 
Cinzia Calvio· (Pavia)(DAAD) 
Beatrice Cardinali· (Rome)(EMBO) 
Maria Do Carmo Fonseca· (Lisbon)(EMBO/ 

Univ. of Lisbon) 



Karlheinz Friedrichlt (Martinsried)(DFG) 
Nicola Gray (Edinburgh)(DFG) 
Samuel Gunderson (USA)(Humboldt) 
Yves Henry (Oxford)(Military Servo - Coop.) 
Heike Hess (Berlin)(FCI) 
Elisa Izaurralde (CH/Uruguay)(Fonds Natl.Suisse) 
Artur Jarmolowski (Poznan)(EMBO) 
Hans Johansson (Stockholm)(EMBL) 
Christian Kambach (Munich)(EMBL) 
Mary Keaveney (Galway)(Humboldt) 
Gabor Lamm (Edinburgh)(EMBL) 
Joe Lewis (Vienna)(HFSP) 
Willem Ligterinklt (Wageningen)(EMBL) 
Colin Logie (Brussels)(EMBL) 
Olivier Lonnol (Liege)(EC) 
Zoi Lygerou (Athens)(EMBL) 
Ojar Melefors (Stockholm)(EMBO) 
Jacqueline Mermoud (Vienna)(EMBL) 
Catherine Mitchelmore (Cambridge)(EMBL) 
John Morrissey (Cork)(EMBL) 
Mark Nicholslt (Heidelberg)(EMBL) 
Catherine Ovittlt (USA)(EMBL) 
Susan Palmierilt (USA)(Humboldt) 
Kostas Pantopouloslt (Thessaloniki)(EMBUDFG) 
Werner Peter (Gbttingen)(EMBL) 
Jens Pohl (USA)(DFG) 
Jean-Pierre Quivylt (Grenoble)(EMBO) 
Leonie Ringroselt (London)(EMBL) 
lain Russell (Edinburgh)(EMBL) 
Raphael Sandaltzopouloslt (Xanthi)(EMBL) 
Kenneth Simmenlt (Edinburgh)(EMBL) 
Renata Stripecke (Munich)(Braz.Gov.) 
Ian Sylvester (Portsmouth)(EMBL) 
Rafael Valcarcel lt (Madrid)(EMBL) 
Heather Wood (Dublin)(EMBO) 
Young Yeomlt (USA)(EMBL) 

Visitors 

Michael Antonioult (London) 
Thiemo Blanklt (Heidelberg) 
Wilbert Boelenslt (Nijmegen) 
Eileen Bridgelt (Uppsala) 
Edward Darzynkiewiczlt (Warsaw) 
Miguel Freirelt (Barcelona) 
Marzena Jankowskalt (Warsaw) 

Stephen Kearsel (Oxford) 
Elisabeth Kempelt (Dusseldorf) 
Shona Murphylt (Oxford) 
Anne Phelanlt (Glasgow) 
Kishore Sharmalt (Heidelberg) 
Karsten Weis (Marburg) 

Assistants 

Britta Goossen 
Peter Hirschmann 
Herbert Holz 
Karin Hubner 
Stefanie Kandels 
Hanna Lehtonenlt 
Caroline McGuigan 
Elisabeth Petfalskilt 
Maria Polycarpou-Schwartz 
Sabine Quick 
Ursula Ryder 
Jacky Schmitt 
Mary-Jo Sibbaldlt 
Vera Sonntag 
Helen Thomas It 
Gayl Wall 
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Physical Instrumentation 

Secretary 

Julia Pickles 

Scientists, Engineers 

Franck d'Annunzio· 
Thomas Bastian 
Christian Boulin* (Senior Scientist) 
Avi Epstein 
Max Haider* 
Stefan Hell 
Jahanshah Khazaie· 
Jean-Christophe Olivo 
Ernst Stelzer* 
Clemens Storz 
Willem Tichelaar 
Joachim Zach 

Fellows 

Gerhard Braunshausen (Australia)(VW) 
Philip Kbck (Graz)(EMBL) 
Eugen Schwan (Heidelberg)(VW) 

Visitors 
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Tsofnat Hagin· (Haifa) 
Matthias Kroug· (Heidelberg) 
Stephen Lindek (Heidelberg) 
Pasi Llukko· (Tampere) 
Johan Malmqvist· (Umea) 
Karel v.d. Mast· (Eindhoven) 
Catherine Quinquis· (Paris) 
Gernot Reiner· (Heidelberg) 
Olivier Remond· (Mulhouse) 
Harald Rose· (Darmstadt) 
Laurent Seraphin· (Nice) 
Knut Urban· (Julich) 
Roger Wepf· (Zurich) 

Assistants 

Magdalena Akke 
Stefan Albrecht· 
Franck d'Annunzio· 
Pekka Hanninen· 
Jahanshah Khazaie· 
Deryck Mills 
Robert Morrison 
Reinhard Pick 
Peter Raynor· 
Nick Salmon· 
Georg Schafer 
Reiner Stricker 

Electronic workshop 

Carol Stettner 

Eli Hazan 
Conor Mullanel 
Alfons Riedinger 
Georg Ritter 
Siegfried Winkler 

Trainee 

Lior Keren· 

Mechanical workshop 

Hans Flbsser 

Thomas Blum 
Leo Burger 
Gaetano Landomini 
Helmuth Schaar 
Otto Wernz 

Supernumerary 

Wolfgang Zengerling· 

Instrumentation maintenance 

Norbert Hassler 



Geoffrey Coomber 
Peter Everitt 
Henk Scholten*' 
Yves Sorensen*' 

Supernumerary 

Abdullah Sulayici 

Construction bureau 

Hans Wittmann 

Biochemical Instrumentation 

Secretary 

Julia Pickles 

Scientists, Engineers 

Wilhelm Ansorge* (Senior Scientist) 
Babro Beijer 
Mark Douglas 
Holger Erfle 
Roland Kellner 
Matthias Mann**' 
Dominique Nalis 
Rainer Pepperkok 
Christian Schwager 
Graham Smith 
Brian Sproat* 
Josef Stegemann 
Hartmut VoB 
Jurgen Zimmermann 

Fellows 

Ramon de la Caridad Gu'lmil Garcia (Cuba)(DAAD) 
Thomas Dietrich*' (Heidelberg)(EMBL) 
Dietmar Grothues (USA)(EMBL) 
Morten Grotli (Oslo)(EMBO) 
Stefan Herr*' (Heidelberg)(Boehringer) 
Kenneth Morand*'(USA)(EMBL) 
Christoph Sensen (Cologne)(EMBL) 
Gert Talbo*' (Odense)(EMBL) 
Stefan Wiemann*' (Heidelberg)(EMBL) 
Matthias Wilm*' (Munster)(EMBL) 
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Visitors 

Andrea Banrevill (Budapest) 
Iris Barmell (Mannheim) 
ala Blingsmoll (Oslo) 
Julio Celisll (Aarhus) 
Bernard Dujon (Paris) 
Bernd Dworniczakll (Munster) 
Xavier Estivilll (Barcelona) 
Marie-Pierre Gaubll (Strasbourg) 
Wilhelm Just· (Heidelberg) 
Tom Kristensenll (Oslo) 
Laura Netzerll (Tel Aviv) 
Gunther Neuhaus (Zurich) 
Walter Pyerinll (Heidelberg) 
Hans Schackert (Heidelberg) 
Thomas Schaichll (Heidelberg) 
Andrew Smithll (Cambridge) 
Ivan Todorov (Sofia) 
Christian Trogerll (Vienna) 
Mathias Uhlenll (Stockholm) 
Ole Vormll (Odense) 
Ute Wirknerll (Heidelberg) 

Assistants 
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Viviane Adamll 
Neil Hewitt 
Tony Houthaeve 
Richard Jacob 
Samantha O'Loughlin 
Martina 
Ralph 
Thomas Rupp 
Robert 
Susan Weston 

Computer Group 

Scientists & Assistants 

Visitor 

Roy Omond* 

Dominic Fedronicll 
Matthias Hagell 
Britta Kunkel 
Peter Rice 
Erich Schechinger 
Wolfgang Winkler 

Rodrigo Lopez (Madridt 



Data Library 

Secretary 

Faith Duhaney 

Scientists, Engineers 

Howard Bilofsky 
Timothy Black 
Brigitte Boeckmann 
Graham Cameron* (Senior Scientist) 
David Emmert 
Rainer Fuchs 
David Hazledine 
Patrick Herde 
Desmond Higgins 
Rosalyn Huie 
Renate Kania 
Catherine Rice 
Peter Sibbald 
John Smith· 
Michaela Sommerfeldt 
Peter Stoehr 
Gunter StoBer 
Andrea Teynor-Maclachlan 

Visitors 

Linda Akselberg· (Bergen) 
Amos Bairoch· (Geneva) 
Jamie Davis· (USA) 
Daniel Graur· (Tel Aviv) 
Carsten Helgesen· (Bergen) 
Jeremy Parsons· (Oxford) 
Edwin Rock· (USA) 
Sabine Schweigert· (Heidelberg) 
Frank Wright· (Edinburgh) 

Assistants 

Hamid Abbassi4 
Rolf Apweilet 
Jennifer Ashurst· 
Goar Astvatsatouryants· 
Jillian Burton 
Petrina Cairns 4 
Charoula Christodoulou4 
Anastasia Daskaroulis 4 
Sarah Dotti4 
Louisa Drost 
Nicole England4• 
Edda Follmer-Hausle 4 
Matthias Frick4• 
Vivien Junker 
Debbie Hayhow· 
Reid Hayhow· 
Ralf Hemberger4• 
Rosita Linke· 
Tirza Mahfood4 
Stewart Moulton· 
Olaf Munstermann· 
Ingrid O'Sullivan 
Marina Pannone 4. 
Sabine Rehberger· 
Jennifer Scott· 
Chariklia Tsindikidou4 
Mary Ann Tuli· 
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Additional Research Activities 

The director's laboratory 

Scientists 

Lennart Philipson 
Vincenzo Sorrentino 

Fellows 

Maria-Vittoria Barone (Naples)(EC) 
Roberta Ceci (Rome)(Univ. of Rome) 
Giuseppe Giannini (Milan)(AIRC) 
Giovanna Marziali (Rome)(ISS) 
Laura Ottini· (Rome)(Univ. of Rome) 
Fiorenzo Peverali (Pavia)(CNR) 
Torbjbrn Ramqvist· (Stockholm)(Swedish Cancer 

Society) 

Visitors 

Prue Cowled· (Woodville) 
Sandra Mammarella· (Chieti Scalo) 

Assistant 

Alexandra Charlesworth 
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John Tooze's laboratory 

Scientists 

David Thomas 
John Tooze <> 
Sharon Tooze 

Fellows 

Francis Barr (London)(DFG) 
Andrea Dittie (Marburg)(EMBL) 

Visitors 

Senena Corbalan-Garcia· (Murcia) 
Horst Kern (Marburg) 
Anja Leyte (Amsterdam) 
Edgar Rittger· (Villiers Ie Bacle) 

Assistants 

Michael Hollinshead 
Bettina Stahl 

Tom Creighton's laboratory 

Scientists 

Tom Creighton (Senior Scientist) 
Nigel Darby 
Johan Kemmink 

Fellows 

Jonathan Ewbank· (Cambridge)(EMBL) 
Paul Morin (USA)(Humboldt) 
Andre Zapun (Geneva)(EMBL) 

Assistants 

Leanne Cooper 
Monique van Straaten 



Scientific Administration 

Scientific coordinator 

John Tooze '> 

Szilard Library 

Mary Holmes 
Ingeborg Anhausser 

Photography and Drawing Office 

Richard Harris 

Sigrid Bednarczyk'> 
Marietta Kaiser 
Petra Riedinger 
Alexander Sossick· 
Doros Stavros Panayi· 
Wieslaw Wojtal· 

Administration 

Meetings secretariat 

Frieda Glockner 

Supernumerary 

Martina Denhard· 

Trainee 

Veronique Goossens· 

FINANCE: 

Head of finance 

Roland Rivington 

Secretary (Part-time supernumerary) 

Ingrid Clay'> 

Budget 

Zuri Mahfood 

Book-keeping 

Albert Stegmuller 

Avy Altwarg 
Daniela Becker 
Agnes Bosshard 

Supernumeraries 

Martin Gawlitta 
Seija Majoinen 
Petra Manser-Schmidt'>· 
Anjanitta Savolainen· 
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Trainees 

Douglas Bochan· (USA)(DAAD) 
Brigitte Moret· (Bulle)(EMBL) 
Anna Varaldo· (Imperia)(EMBL) 

Inventory & Price control 

Annette Kuhlmey 
Torben Poulsen 

Purchase 

Stores 

Christian Moritz 

Gerlinde Stricker-Heft 
Maria Varela 

Trainees 

Gary Admans· (London)(EMBL) 
Claire Perrier· (Chambery)(EMBL) 

Sean Bourke 
Hans Herzog 
Ingo Liedtke 

PERSONNEL AND INFRASTRUCTURE 
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Konrad Muller 

Petra Seethaler 
Tini Tan 
Murielle Victouron 

Supernumeraries 

Ann Cooper 
Thomas Glaser· 
Daniela Israel· 
Bettina Parre· 
Wolfgang Rather· 

Trainees 

Birgit Baumann (Heidelberg)(EMBL) 
Joanne Hartshorn· (Wolverhampton)(DAAD) 
Andrea Lovewel l· (Wolverhampton)(DAAD) 

Telephonists (Supernumeraries) 

Mary Culloo· 
Tanita EyH 
Penny Goodliffe 4 
Angela RosenthalH 

Central Secretariat 

Isabelle Fraignaud. 
Christina Kjar 

Supernumeraries 

Ingrid Clay4 
Fiona Berrie· 
Penelope Goodliffe 4 
Sabine Klingmann 4. 
Marianne Remy4. 

Secretary for predoctoral fellowship programme 

Maria Ittensohn 

Course and Workshop Secretariat 

Ingeborg Fatscher4 

Part-time supernumerary 

Yvonne Powell· 

Operon Service (Part-time supernumerary) 

Josefine Vogel4 

Building and remodelling 

Ernst Heinm611er 

Building maintenance 

Helmut Kollenz 

Supernumeraries 

Stefan Doeschl4• 



Norbert Ehmer 
Simon Mendy" 
Antonio Quintana Pardo 
Thomas 
Christa Schmiemann 
Matthias Veith· 
Carlos Verdera-Chico 
Erhard Wagnera 

Biological safety officer and Laboratory steward 

Claude Hantz 
Willi Siller· 

Supernumeraries 

Jurgen Beneke· 
Karlfriedrich Brauch t· 

- student laboratory (Part-time supernumerary) 
Martha Friedmann 

- media kitchen (Supernumeraries) 
Ursula Billmaier 
Angelika Fleckenstein 
Monika Fleckenstein 
Annette Gerlinger· 
Katherine Hehl· 
Heiko Kleinbauer 
Isolde Langle 
Manuela Reis 

- animal house 
Thomas Engelmann 
Mark Hodson 
Barbara Stace 
David Stoddart 

Supernumeraries 

JLirgen Baumann 
Alfredo Castro Ibarra 
Alex Klug· 
Ludwig Merkel· 
Helmut Schmitt 

Canteen & Cafeteria 

Driver 

Klaus Hoffmann 

Supernumeraries 

Melinda Berta 
Ingrid Fleckenstein 
Klaus Fleckenstein 
Annett Frankenberg· 
Roswitha Hoffmann 
Anna Hofmann 
Norbert Kornberger 
Bezalel Kosten 
Anna Kujanska· 
Andreas Leibert 
Erika Leistner 
Frieda 
Berta 
Regina Moritz· 
Hakim Mossa· 
Frank Munderloh· 
Thea Sauer· 
Karin Wetterauer 

Erich Honig 

Supernumeraries 

Manfred Klevenz 
Heinrich 

Gardeners 

Karl-Heinz Fleckenstein 
Manfred Weingand 

Part-time supernumeraries 

Maik Grimm· 
Helmut Moro 
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Language teachers (Part-time supernumeraries) 

Heide Harney 
Beth Portale a 

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

Barbara Weber 

Nursery (part-time supernumeraries) 

Patricia Appleton 
Anja Attner*' 
Michaela Braus*' 
lise Engelmann 
Susanne Flbsser 
Birgit Griebl*' 
Carmen Hartlieb*' 
Susan Heikkinen*' 
Ralf Hemberger*' 
lise Hubner 
Karin Kahmann*' 
Jens Karau*' 
Waltraud Kempny 
Beate Kernberger*' 
Inge Kbssler 
Kerstin 
Lucie Pfaffova*' 
Sybille Pichner*' 
Gisela Runzi 
Sabine Schwenk*' 
Kerstin Vanselow*' 
Kristine Warne 
Ute Wetzstein 

Guesthouse caretaker 

Egon Heer 

Housing service (part-time supernumerary) 
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Dieter Hinze 
Klaus Neck 

Guesthouse & ISG (part-time supernumeraries) 

Gerhilde Back*' 
Birgit Bauer 
Laura Becker 
Elsa Elfner 
Fatiha Elyoussi*' 
Melanie Glby*' 
Tracy Humphries*' 
Bettina Koebe 
Audrey Kracht*' 
Marianne Lehmann*' 
Sabine Lehninger 
Inge Menrath 
Katja Piotrowski*' 
Inge Schuhmacher 
Nicola Smith*' 
Elisabeth Stang 
Rosemarie Thome 
Kiithe Wayer 
Kerstin Weichbrodt 

Housekeeping Service (Supernumeraries) 

Hugo Belleman*' 
Roland Friedl*' 
Gerhard Imkeit*' 
Michael Lepke*' 
Werner Milbrodt 
Friedheim Oertl 
Van-An Nguyen*' 
Manfred-Moshe Shami*' 
Kunibert Schenk 
Rudolf Suflinga 

Cleaning service (part-time supernumeraries) 

Klaus-Dieter Eberlein 

Adela Becker 
Anna Beneke· 
Rita Bonnawitz 
Bergitta Dambrowski*' 
Hedwig Heger 
Gertrud Leberer 
Silke Luh 



Magdalena Merklinger· 
Ingrid Merx 
Magdalena Parmentier 
Elisabeth Reichenbach 
Monika Reis 
Klara Schmitt 
Hilde Schuhmacher 
Renate Sommer 
Maria Steger· 
Lore Thome 
Caroline Weingand 
Marianne Weis· 
Medhin Woldegiorgis 

Security Service (part-time supernumeraries) 

Hans Riemann 

Hans-JOrgen Blum 
JOrgen Jahnke 
Alex Jansen 
Klaus Kellner 
Heinz Lammel 
York Lechtenborger 
Bernd Meinhard· 
Heinrich Rey 
Peter Rosner 
Helmut Rudolph 
Hubert ROcker 
Rolf Schade 
Thomas Winkler 
Karl Zipp 
Werner Zipp-Schemenauer 

Outstation at DESY, Hamburg 

Programme coordinator 

Keith Wilson (Senior Scientist) 

Secretaries 

Margret Fischer4 

Gabi Jansen 

Scientists 

Christian Betzel 
Zbigniew Dauter 
Jules Hendrix· 
Christoph Hermes 
Michel Koch (Senior SCientist) 
Yuichiro Maeda 
Hans-Friedrich Nolting 
Gerd Rapp 
Wojcieck Rypniewski 
Zehra Sayers 
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from transcriptional activator proteins: GCN4 and 
LFB1 



I. Mattaj (Heidelberg, Fed. Rep. of Germany) 
Synthesis assembly and function in RNA process-
ing of U snRNP components 

B. Rasmussen (Boston , MA, USA) 
Low temperature protein crystallography: instru-
mental design and applications to problems in pro-
tein dynamics and function 

P. Renault (Jouy-en-Josas, France) 
Translation regulation in Lactococci 

P.J. Romaniuk (Victoria, B.C. , Canada) 
Analysis of the interaction of zinc finger proteins 
with RNA and DNA 

z. Sayers (Hamburg, Fed. Rep. of Germany) 
Yeast copper-metalloprotein : biochemical aspects 
and structure 

C. Scholtissek (Giessen, Fed . Rep. of Germany) 
Molecular epidemiology of influenza 

I. Silman (Paris, France) 
Structural and functional studies on acetyl-
cholinesterase from Torpedo californica 

SA Wharton (London , U.K.) 
Membrane fusion activity of influenza virus 
haemagglutinin : a potential site for antiviral com-
pounds 
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Courses 1992 

The following courses, conference and symposium were 
held at the EMBL in Heidelberg in 1992: 

EMBL Course 

23.8.-29.8.1992 

EMBO Courses 

08.6.-13.6.1992 

13.7.-18.7.1992 

EXPLORING GENOME 
INFORMATION 
H. Bilofsky 

MICROINJECTION AND ELECTRO-
TRANSFECTION OF CELLS 
W. Ansorge, R. Pepperkok & 
A. Smith 

CURRENT METHODS IN MEM-
BRANE PROTEIN RESEARCH 
W. Kuhlbrandt, F. Pattus, 
J.-L. Popot & M. Saraste 

5 .1 0.-16.10.1992 CRYO TECHNIQUES IN TRANS-
MISSION AND SCANNING 
ELECTRON MICROSCOPY 
S.D. Fuller, M. Haider & 
W. Kuhlbrandt 
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26.10.-4.11.1992 NON-ISOTOPIC IN SITU HYBRID-
IZATION TO METAPHASE CHRO-
MOSOMES AND INTERPHASE 
NUCLEI 
T. Cremer & P. Lichter 

11.11.-21.11.1992 DNA SEQUENCING: 

EMBL Conference 

13.4.-16.4.1992 

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

ONCOGENES AND GROWTH 
CONTROL 
T. Graf, H. Land & A. Berns 

EMBO Annual Symposium 

21.9-14.9.1992 RNA 



Collaborative Projects with other Laboratories 

Staff member Collaborator Laboratory Country 

Cell Biology 

K. Simons K. Howell University of Colorado, Denver USA 

K. Simons E. Lehtonen University of Helsinki, Helsinki Finland 

K. Simons D. Papermaster University of Texas, San Antonio USA 

K. Simons M. Peter DKFZ, Heidelberg Fed. Rep. Germany 

K. Simons E. Reichmann & H. Beug Inst. f. Mol. Pathology (IMP), Vienna Austria 

K. Simons P. van der Sluijs Yale University, New Haven USA 

K. Simons HD. Soling University of Gottingen, Gottingen Fed. Rep. Germany 

K. Simons E. Sztul Princeton University, Princeton USA 

B. Dobberstein O. Bakke University of Oslo, Oslo Norway 

B. Dobberstein J. Brunner & B. Martoglio ETH, Zurich Switzerland 

B. Dobberstein D. Gorlich, E. Hartmann & Central Inst. of Mol. Biology of Fed. Rep. Germany 
T. Rapoport the Academy of Sciences, Berlin 

B. Dobberstein S. Prehn Humboldt University, Berlin Fed. Rep. Germany 

J. Gruenberg M. Doree CNRS-CRBM, Montpellier France 

J. Gruenberg V. Gerke Max-Planck Institute, Gottingen Fed. Rep. Germany 

J. Gruenberg J.-P. Gorvel Institute of Immunology, France 
Marseille-Luminy 

J. Gruenberg V. Marjomaki University of Jyvaskyla, Jyvaskyla Finland 

J. Gruenberg P. Melanc;:on University of Colorado, Boulder USA 

J. Gruenberg J. Ugelstad et a/. University of Trondheim, Trondheim Norway 

B. Hoflack F. Brodsky UCSF, San Francisco USA 

B. Hoflack B. Goud Pasteur Institute, Paris France 

B. Hoflack P. Lobel Rutgers University, Piscataway USA 

E. Karsenti J. Avila University of Madrid, Madrid Spain 

E. Karsenti M. Bomens CNRS, Gif-sur-Yvette France 
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Staff member Collaborator Laboratory Country 

E. Karsenti P. Cohen University of Dundee , Dundee U.K. 

E. Karsenti D. Glover University of Dundee, Dundee U.K. 

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

E. Karsenti M. Philippe CNRS/University of Rennes, Rennes France 

E. Karsenti C. Wylie University of Cambridge, Cambridge U.K. 

G. Griffiths L. Brass University of Pennsylvania, Philadelphia USA 

G. Griffiths R. Compans University of Alabama, Birmingham USA 

G. Griffiths RW. Doms University of Pennsylvania, Philadelphia USA 

G. Griffiths M. Esteban SUNY, Stony Brook USA 

G. Griffiths G. Hiller Boehringer, Mannheim Fed. Rep. Germany 

G. Griffiths D.E. Hruby Oregon State University, Corvallis USA 

G. Griffiths J. Krijnse-Locker & University of Utrecht, Utrecht The Netherlands 
P. Rottier 

G. Griffiths C. Machamer Johns Hopkins University, Baltimore USA 

G. Griffiths B. Moss & E. Wolffe NIH, Bethesda USA 

G. Griffiths E.G. Niles SUNY, Stony Brook USA 

G. Griffiths L. Payne Applied bioTechnology, Boston USA 

G. Griffiths G. Raposo CNRS, Marseille France 

G. Griffiths H. Shida Kyoto University, Kyoto Japan 

G. Griffiths G. Thomas Vollum Institute, Portland USA 

G. Griffiths G. van Meer & W. van 't Hof University of Utrecht, Utrecht The Netherlands 

G. Griffiths R. Wittek University of Lausanne, Lausanne Switzerland 

S.D. Georgatos M. Hatzfeld & K. Weber MPI for Biophysical Chemistry, Gottingen Fed. Rep. Germany 

S.D. Georgatos J. Hess & P. FitzGerald University of California, Davis USA 

S.D. Georgatos R. Quinlan University of Dundee, Dundee U.K. 

S.D. Georgatos P. Traub MPI for Cell Biology, Ladenburg Fed. Rep. Germany 

M. Zerial B. Goud Pasteur Institute, Paris France 

M. Zerial A. Hall Chester Beatty Laboratories, London U.K. 
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Staff member Collaborator Laboratory Country 

M. Zerial E. Lehtonen University of Helsinki , Helsinki Finland 

M. Zerial S. Narumiya University of Kyoto , Kyoto Japan 

M. Zerial E.A. Nigg ISREC, Lausanne Switzerland 

M. Zerial S.R. Pfeffer Stanford University School of Medicine, USA 
Stanford 

M. Zerial Y. Takai University of Kobe, Kobe Japan 

Differentiation 

T. Graf P. Chambon Inst. of BioI. Chemistry, Strasbourg France 

T. Graf A. Habenicht Medical Clinic, Heidelberg Fed . Rep. Germany 

T. Graf D. LePrince & D. Stehelin Pasteur Institute, Paris France 

T. Graf A. Leutz 2MBH, Heidelberg Fed. Rep. Germany 

T. Graf J. Lipsick SUNY, Stony Brook USA 

T. Graf S. Ness & D. Engel Northwestern University, Evanston USA 

T. Graf K. Weston Chester Beatty Laboratories, London U.K. 

SA Courtneidge M. Roussel St. Jude Children's Research USA 
Hospital , Memphis 

SA Courtneidge E. Wagner IMP, Vienna Austria 

SA Courtneidge M. Waterfield The Ludwig Institute for U.K. 
Cancer Research , London 

D. Duboule D. Boncinelli 11GB, Milan Italy 

D. Duboule P. Chambon Inst. of BioI. Chemistry , Strasbourg France 

D. Duboule R. Di Lauro Zoological Institute, Naples Italy 

D. Duboule D. Ede Glasgow University, Glasgow U.K. 

D. Duboule A. Fjose University of Bergen, Bergen Norway 

D. Duboule P. Gruss Karl-Friedrich-Bonhoeffer Institute, Fed. Rep. Germany 
G6ttingen 

D. Duboule F. Karch University of Geneva , Geneva Switzerland 

D. Duboule A. Kuroiwa University of Sendai , Sendai Japan 
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Staff member Collaborator Laboratory Country 

D. Duboule G. Morata Centre for Mol. Biology, Madrid Spain 

D. Duboule J. Papkoff Syntax, Palo Alto USA 

D. Duboule C. Tabin Harvard Medical School, Boston USA 

D. Duboule C. Tickle Middlesex School of Med., London U.K. 

D. Bohmann J. Ghysdael Curie Institute , Orsay France 

R. Zeller P. Leder Harvard Medical School, Boston USA 

R. Zeller P. Mundel University of Heidelberg, Heidelberg Fed. Rep. Germany 

R. Zeller C. Tickle University College and Middlesex U.K. 
School of Med., London 

R. Zeller H. van Straaten University of Limburg, Maastricht The Netherlands 

G. Draetta J. Bartek Danish Cancer Research Society, Denmark 
Copenhagen 

G. Draetta D. Jansen-Durr DKFZ, Heidelberg Fed. Rep. Germany 

G. Draetta S. Taylor UCSD, La Jolla USA 

G. Draetta E. Villa-Moruzzi University of Pisa, Pisa Italy 

M. Mlodzik A. Fjose University of Bergen, Bergen Norway 

M. Mlodzik E. Hafen University of Zurich, Zurich Switzerland 

M. Mlodzik Y. Hiromi Princeton University, Princeton USA 

M. Mlodzik I. Kiss Inst. of Genetics of the Acad. Hungary 
of Sciences, Szeged 

Biological Structures and Biocomputing 

D. Tsernoglou S. Bhakdi University of Mainz, Mainz Fed. Rep. Germany 

D. Tsernoglou T. Buckley University of Victoria, Victoria Canada 

D. Tsernoglou C. Georgopoulos University of Geneva, Geneva Switzerland 

D. Tsernoglou D. Jahny University of Stuttgart, Stuttgart Fed. Rep. Germany 

D. Tsernoglou M. Kokkinidis University of Crete, Heraclion Greece 

D. Tsernoglou S. Mizushima University of Tokyo, Tokyo Japan 

D. Tsernoglou P. van der Vliet University of Utrecht, Utrecht The Netherlands 

130 



Staff member Collaborator Laboratory Country 

D. Tsernoglou F. Winkler Hoffman-La Roche, Basle Switzerland 

D. Suck I. Brukner ICGEB, Trieste Italy 

D. Suck B. Connolly Univ. of Newcastle, Newcastle U.K. 

D. Suck P. Monaci, A. Nicosia & IRBM, Rome Italy 
R. Cortese 

D. Suck O. Dahl University of Copenhagen, Copenhagen Denmark 

D. Suck J. Sayers & Univ. Coil. of North Wales, Bangor U.K. 
F. Eckstein MPI , Gbttingen Fed. Rep. Germany 

F. Pattus D. Baty & D. Duche CNRS-CBBM, Marseille France 

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

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

F. Pattus M. Leippe Bernhard Noch Inst. for Tropical Fed. Rep. Germany 
Medicine, Hamburg 

F. Pattus A. Muga, A.R. Viguera Univ. of the Basque Country, Bilbao Spain 
& F. Goni 

F. Pattus Y. Nakatani & CNRS, Strasbourg France 
M. Yamamoto 

F. Pattus J.-M. Pages CNRS-CBBM, Marseille France 

F. Pattus O. Sorokine & Spectrometry Lab. of France 
A. van Dorsselaer Bioorganic Mass, Strasbourg 

S. Fuller, D. Bamford University of Helsinki, Helsinki Finland 
J. Kenney, & 
S. Butcher 
S. Fuller & R. Burnett Wistar Institute, Philadelphia USA 
P. Stewart 
S. Fuller & D. Ganem UCSF, San Francisco USA 
P. Huovila 
S. Fuller & H.Garoff Karolinska Institute, Stockholm Sweden 
J. Kenney 

S. Fuller S. Harrison Harvard University, Boston USA 

S. Fuller F. Heinz University of Vienna, Vienna Austria 

S. Fuller & H. Murialdo University of Toronto, Toronto Canada 
T. Dokland 
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Staff member Collaborator Laboratory Country 

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

S. Fuller M. Rossman Purdue University, West Lafayette USA 

S. Fuller H. Saibil Birkbeck College, London U.K. 

R. Serrano M. Col Poly tech. Univ. of Catalan , Barcelona Spain 

R. Serrano P. Mateo University of Granada, Granada Spain 

R. Serrano M. Rico CSIC, Madrid Spain 

K. Leonard H. Weiss University of Dusseldorf, Dusseldorf Fed. Rep. Germany 

K. Leonard J. Trinick University of Bristol, Bristol U.K. 

W. Kuhlbrandt K.H. Downing Donner Lab. , Lawrence Berkeley USA 
Laboratory, Berkeley 

W. Kuhlbrandt Y. Fujiyoshi PERI, Osaka Japan 

W. Kuhlbrandt A. Gall & R. Cogdell Glasgow University, Glasgow U.K. 

W. Kuhlbrandt G. Hauska University of Regensburg, Regensburg Fed. Rep. Germany 

W. Kuhlbrandt R. Henderson MRC LMB, Cambridge U.K. 

W. Kuhlbrandt J. Lepault CNRS, Paris France 

W. Kuhlbrandt R. Meckenstock & H. Zuber ETH , Zurich Switzerland 

W. Kuhlbrandt H. Michel MPI for Biophysics, FrankfurtiM Fed. Rep. Germany 

W. Kuhlbrandt Philips Electron Optics, Eindhoven The Netherlands 

W. Kuhlbrandt R. Reithmeier University of Toronto, Toronto Canada 

W. Kuh lbrandt F. Zemlin Fritz-Haber-Institute, Berlin Fed . Rep. Germany 

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

P. Metcalf C.H. von Bonsdorff University of Helsinki, Helsinki Finland 

P. Metcalf R. Etges University of Lausanne , Lausanne Switzerland 

R. Wierenga J.K. Hiltunen University of Oulu , Oulu Finland 

R. Wierenga W.G.J. Hoi University of Seattle, Seattle USA 

R. Wierenga R. Jaenicke University of Regensburg, Regensburg Fed. Rep. Germany 

R. Wierenga H. Kessler Technical University Munich, Munich Fed. Rep. Germany 

R. Wierenga W. -H.Kunau Ruhr University, Bochum Fed. Rep. Germany 
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Staff member Collaborator Laboratory Country 

R. Wierenga J. Martial University of Liege , Liege Belgium 

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

J. Postma H. Ohlenbusch Univ. Louis Pasteur, Strasbourg France 

P.A. Tucker P. van der Vliet University of Utrecht, Utrecht The Netherlands 

P.A. Tucker G. Shoham Hebrew University, Jerusalem Israel 

P.A. Tucker P. Roy NERC Institute of Virology, Oxford U.K. 

P.A. Tucker & P. Bhattacharya University of Nebraska, Lincoln USA 
D. Wild 
M. Saraste R. Aasa & B. Malmstrom University of Goteborg , Goteborg Sweden 

M. Saraste L. Lemieux & R. Gennis University of Illinois, Urbana USA 

C. Sander H. Berendsen University of Groningen, Groningen The Netherlands 

C. Sander H. Blocker GBF, Braunschweig Fed. Rep. Germany 

C. Sander R.F. Doolittle UCSD, San Diego USA 

C. Sander V. Eijsink University of Groningen, Groningen The Netherlands 

C. Sander H. Fritz University of Gottingen, Gottingen Fed. Rep. Germany 

C. Sander D. Hendriks & S. Scharpe UIA, Antwerp Belgium 

C. Sander M. Linschoten & Duphar BV, Weesp The Netherlands 
G. Dijkstra 

C. Sander Y. Mascarenhas University of Sao Carlos, Sao Carlos Brazil 

C. Sander C. Peters & H. Figura University of Gottingen , Gottingen Fed . Rep. Germany 

C. Sander C. Saccone University of Bari, Bari Italy 

C. Sander F.X. Schmid University of Bayreuth , Bayreuth Fed. Rep. Germany 

C. Sander I. Shindyalov Columbia University, New York USA 

C. Sander J . Sowadski & S. Taylor UCSD, San Diego USA 

C. Sander G. Suske University of Marburg , Marburg Fed . Rep. Germany 

G. Chelvanayagam G. Roy Univ.of Western Australia, Nedlands Australia 

F. Eisenhaber H. Sklenar Max-Delbruck-Centre, Berlin-Buch Fed . Rep. Germany 

F. Eisenhaber V.G . Tumanyan & Engelhardt Ins!. of Mol. BioI. , Moscow Russia 
N.G. Esipova 
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Staff member Collaborator Laboratory Country 

T. Etzold R. D61z Biocentre, Basle Switzerland 

A.H. Juffer P.Th. van Duijnen University of Groningen, Groningen The Netherlands 

A.H. Juffer J. de Vlieg Unilever Research, Vlaardingen The Netherlands 

A.H. Juffer A. de Vries University of Groningen, Groningen The Netherlands 

R. Wade F. Igago University of Alcala de Henares, Madrid Spain 

R. Wade P.J . Goodford & University of Oxford, Oxford U.K. 
E. Gill 

R. Wade G. Hui Bon Hoa Inst. of Phys.-Chemical BioI., Paris France 

R. Wade JA McCammon & University of Houston, Houston U.S.A 
B.A. Luty 

R. Wade A. Palomer Menarini SA, Barcelona Spain 

R. Wade P.G. Wolynes & H. Bohr University of Illinois, Urbana-Champaign USA 

A. Pastore MA Castiglione Morelli University of Basilicata, Potenza Italy 

A. Pastore R. De Francesco IRBM, Rome Italy 

A. Pastore G. Esposito University of Udine, Udine Italy 

A. Pastore A.M. Lesk School of Haematology, Cambridge U.K. 

A. Pastore H. Molinari & L. Zetta CNR, Milan Italy 

A. Pastore A. Motta CNR, Arco Felice Italy 

H. Oschkinat T. Muller & W. Sebald University of Wurzburg, Wurzburg Fed. Rep. Germany 

M. Nilges A. Brunger Yale University, New Haven USA 

M. Ni lges C. Hilbers University of Nijmegen, Nijmegen The Netherlands 

Gene Expression 

I. Mattaj E. Darzynkiewicz University of Warsaw, Warsaw Poland 

I. Mattaj J .M. Egly CNRS, Strasbourg France 

I. Mattaj W. Keller University of Basle, Basle Switzerland 

I. Mattaj R. Luhrmann University of Marburg, Marburg Fed. Rep. Germany 

I. Mattaj W. van Venrooij University of Nijmegen, Nijmegen The Netherlands 

H. Stunnenberg H. Beug IMP, Vienna Austria 
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Staff member Collaborator Laboratory Country 

H. Stunnenberg I. Grummt DKFZ, Heidelberg Fed. Rep. Germany 

H. Stunnenberg A Munoz CSIC, Madrid Spain 

H. Stunnenberg B. Vennstrbm Karolinska Institute, Stockholm Sweden 

AI. Lamond M. Antoniou NIMR, Mill Hill U.K. 

AI. Lamond M. Carmo-Fonseca University of Lisbon , Lisbon Portugal 

AI. Lamond B. Clements University of Glasgow, Glasgow U.K. 

AI. Lamond P. Cohen University of Dundee, Dundee U.K. 

AI. Lamond M. Green University of Massachusetts Medical USA 
Center, Worcester 

AI. Lamond M. Osborn MPI for Biophysical Chem., Gbttingen Fed . Rep. Germany 

AI. Lamond U. Pettersson Dept. Medical Genetics, Uppsala Sweden 

D. Tollervey M. Beltrame University of Milan , Milan Italy 

D. Tollervey S. Kearsey University of Oxford, Oxford U.K. 

D. Tollervey B. Lapeyre CNRS, Toulouse France 

M.W. Hentze A. Battistini University of Rome, Rome Italy 

M.W. Hentze T. Cox University of Cambridge, Cambridge U.K. 

M.W. Hentze P. Green Michigan State University, USA 
East Lansing 

M.W. Hentze L. Kuhn ISREC, Epalinges Switzerland 

M.W. Hentze A.E. Kulozik University of Ulm, Ulm Fed. Rep. Germany 

M.W. Hentze J.E.G. McCarthy GBF, Braunschweig Fed. Rep. Germany 

M.W. Hentze N. Sonenberg McGill University, Montreal Canada 

M.W. Hentze G. WeiB University of Innsbruck, Innsbruck Austria 

P. Becker C. Wu NIH, Bethesda USA 

C. Ovitt R. DiLauro Zoological Institute , Naples Italy 

C. Ovitt U. Ganten & K. Zeh University of Heidelberg, Heidelberg Fed. Rep. Germany 

I. Sylvester K. Artzt University of Texas, Austin USA 

F. Stewart A. Nordheim Medical University, Hannover Fed. Rep. Germany 
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Staff member Collaborator Laboratory Country 

Physical Instrumentation 

M. Haider H. GroB ETH, Zurich Switzerland 

M. Haider K. van der Mast Philips, Eindhoven The Netherlands 

M. Haider H. Rose Technical University, Darmstadt Fed. Rep. Germany 

M. Haider K. Urban MPI, Julich Fed . Rep. Germany 

w. Tichelaar D.H. Bamford University of Helsinki, Helsinki Finland 

J. Zach J. Bach University of Heidelberg, Heidelberg Fed. Rep. Germany 

C. Boulin A. Berry ESRF, Grenoble France 

C. Boulin P. Jarron & E. Heijne CERN, Geneva Switzerland 

C. Boulin C. Riekel ESRF, Grenoble France 

C. Boulin H. Stuhrmann GKSS, Geestacht Fed. Rep. Germany 

C. Boulin P. Vachette LURE,Orsay France 

C. Boulin H.G. Zachmann Inst. f. Techn. and Macromol. Chem. Fed. Rep. Germany 
& HASYLAB, Hamburg 

J.C. Olivo J.L. Vonesh Lab. of Mol. Gen. of France 
Eukaryotes, Strasbourg 

E. Stelzer T. Kam Weizmann Institute, Rehovot Israel 

E. Stelzer E. Sioni Biotechnology Centre, Turku Finland 

Biochemical Instrumentation 

W. Ansorge J. Celis University of Aarhus, Aarhus Denmark 

W. Ansorge B. Dujon Pasteur Institute, Paris France 

W. Ansorge B. Dworniczak Inst. of Human Genetics, Munster Fed. Rep. Germany 

W. Ansorge M. Elleder Charles University, Prague Czech Republic 

W. Ansorge X. Estivil Cancer Research Inst. , Barcelona Spain 

W. Ansorge W. Just University of Heidelberg, Heidelberg Fed. Rep. Germany 

W. Ansorge T. Kristensen University of Oslo, Oslo Norway 

W. Ansorge G. Neuhaus ETH, Zurich Switzerland 
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Staff member Collaborator Laboratory Country 

w. Ansorge W. Pyerin DKFZ, Heidelberg Fed. Rep. Germany 

W. Ansorge H. Schackert University Clinic, Heidelberg Fed. Rep. Germany 

W. Ansorge A. Smith MRC-LMB, Cambridge U.K. 

W. Ansorge I. Todorov Sofia Bulgaria 

W. Ansorge M. Uhlen Royal Inst. of Technology, Stockholm Sweden 

W. Ansorge U. Wirkner DKFZ, Heidelberg Fed. Rep. Germany 

B.S. Sproat G. Krupp University of Kiel, Kiel Fed . Rep. Germany 

B.S. Sproat J.-L. Imbach University of Montpellier II, Montpellier France 

B.S. Sproat J.-J. Toulme University of Bordeaux II , Bordeaux France 

R. Kellner G. Gaede University of Cape Town, Cape Town South Africa 

M. Mann R. Kaufmann & University of Dusseldorf, Dusseldorf Fed. Rep. Germany 
D. Sprengler 

M. Mann P. Roepstorff Odense University, Odense Denmark 

Computer Group 

R.Omond J. Beckmann CEPH, Paris France 

R. Omond J. Collins & S. Sturrock University of Edinburgh , Edinburgh U.K. 

P. Rice J. Devereux GCG Inc., Madison, Wisconsin USA 

P. Rice H. Fritz University of G6ttingen, G6ttingen Fed . Rep. Germany 

P. Rice M. Kroger Justus-Liebig University, Giessen Fed. Rep. Germany 

P. Rice R. Lopez Biotechnology Centre, Oslo Norway 

Data Library 

Data Library L. Akselberg University of Bergen , Bergen Norway 

Data Library M. Ashburner University of Cambridge, Cambridge U.K. 

Data Library M. Attimonelli University of Bari , Bari Italy 

Data Library A. Bairoch Dept. of Med. Biochemistry, Switzerland 
Univ. Med. Centre, Geneva 
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Staff member Collaborator Laboratory Country 

Data Library A. Beyer Intitute of Molecular Pathology, Vienna Austria 

Data Library M. Bishop MRC Centre, Cambridge U.K. 

Data Library A. Bleasby SERC Daresbury Laboratory, Warrington U.K. 

Data Library P. Bucher ISREC, Lausanne Switzerland 

Data Library G. von BOltzingslowen University of Karlsruhe, Karlsruhe Fed . Rep. Germany 

Data Library J.-M. Carazo Centre of Molecular Biology, Spain 
Auton. University of Madrid, Madrid 

Data Library CEPH/Genethon, Paris France 

Data Library J. Collins University of Edinburgh, Edinburgh U.K. 

Data Library DDBJ National Inst. of Genetics, Mishima Japan 

Data Library P. Dessen Polytechn . Univ., Paris France 

Data Library R. Doelz Biocentre, Basle Switzerland 

Data Library D. Doran Hoffman-La Roche, Basle Switzerland 

Data Library R. Durbin MRC-LMB, Cambridge U.K. 

Data Library Electron. Publ. Div. Elsevier Science Publ. BV., Amsterdam The Netherlands 

Data Library N.-E. Eriksson Biomedical Centre, Uppsala Sweden 

Data Library L. Esterman Weizmann Institute, Rehovot Israel 

Data Library GenBank IntelliGenetics Inc. , Mountain View USA 

Data Library GenBank LANL, Los Alamos USA 

Data Library Genzentrum Genethon, Martinsried Fed . Rep. Germany 

Data Library D. Graur Tel Aviv University, Ramat Aviv Israel 

Data Library R. Harper State Computer Centre, Espoo Finland 

Data Library C. Helgesen University of Bergen , Bergen Norway 

Data Library R. Herzog Free University Brussels, Nivelles Belgium 

Data Library INRA Dept. of Biometric and Artificial France 
Intelligence, Castanet-Tolosan 

Data Library E. Kabat Columbia University, New York USA 

Data Library M. Kroger Justus-Liebig University, Giessen Fed. Rep. Germany 

Data Library J. Leunissen University of Nijmegen, Nijmegen The Netherlands 
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Staff member Collaborator Laboratory Country 

Data Library R. Lopez Biotechnology Centre , Oslo Norway 

Data Library A. Luttke Cologne Fed . Rep. Germany 

Data Library H.-W. Mewes MIPS at the Max-Planck Inst. Fed. Rep. Germany 
f. Biochemistry, Martinsried 

Data Library Nat. Center for Biotech . Inf. NIH, Bethesda USA 

Data Library J.H. Noordijk University of Nijmegen, Nijmegen The Netherlands 

Data Library B. Obermaier Gene Centre, Martinsried Fed. Rep. Germany 

Data Library S. Pongor ICGEB, Trieste Italy 

Data Library A. van Putten European Patent Office, Rijswijk The Netherlands 

Data Library M. Richardson Oxford University Press, Oxford U.K. 

Data Library O. Ritter DKFZ, Heidelberg Fed . Rep. Germany 

Data Library E. Rock Stanford University, Stanford U.K. 

Data Library F. Rysavy UK HGM, Middlesex U.K. 

Data Library C. Saccone University of Bari, Bari Italy 

Data Library B. Savakis Research Centre of Crete, Heraclion Greece 

Data Library C. Scarpelli CEPH/Genethon, Paris France 

Data Library S. Suhai DKFZ, Heidelberg Fed. Rep. Germany 

Data Library H. Ullitz-Mbller BIOBASE, University of Aarhus, Aarhus Denmark 

Data Library A. Waters University of Leiden , Leiden The Netherlands 

Data Library F. Wessels Circle Info. Systems, Heerlen The Netherlands 

Data Library F. Wright University of Edinburgh, Edinburgh U.K. 

Additional Research Activities 

L. Philipson G.B. Rossi & E. Coccia Inst. Superiore di San ita, Rome Italy 

L. Philipson P. Rossi & R. Geremia University of Rome, Rome Italy 

L. Philipson C. Schneider ICGEB, Trieste Italy 

J. Tooze H. Kern Inst. of Cell Biology, Marburg Fed. Rep. Germany 

S. Tooze W. Huttner University of Heidelberg, Heidelberg Fed. Rep. Germany 
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T. Creighton J. Bardwell & J. Beckwith Harvard Univ. Medical School, USA 
Cambridge 

T. Creighton R.B. Freedman University of Kent, Canterbury U.K. 

T. Creighton U. Hartl Sloan-Kettering Inst., New York USA 

T. Creighton J. Keeler University of Cambridge, Cambridge U.K. 

T. Creighton C.P.M. v. Mierlo & MRC-LMB, Cambridge U.K. 
D. Neuhaus 

T. Creighton S. Radford & C.M. Dobson Oxford University, Oxford U.K. 

D. Thomas R. Freeman University of Cambridge, Cambridge U.K. 

The Outstation at DESY, Hamburg 
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