


European Molecular Biology Laboratory
MeyerhofstraBe 1
Postfach 10.2209
6900 Heidelberg

Cover design: Petra Riedinger

Typesetting (TEX and PostScript), lay-out and
exposure (from PostScript files): Frieda Leenart

Printing: Heidelberger Verlagsanstalt und
Druckerei GmbH (HVA), Heidelberg

Front Cover:

Drosophila is back at the EMBL. The combination of molec-
ular and histological techniques with the power of genetics
makes the fruit fly Drosophila one of the best organisms to
study development and differentiation of specific cell types. The
analysis of compound eye development in Drosophila allows
to study mechanisms of cell-cell interactions and signal trans-
duction at the single cell level. The hexagonal array of units

in the eye is repeated about 800 times, as shown in the
wild-type panel. The mutant panel shows an area of the eye
that lacks the function of the seven-up gene, a member of
the steroid receptor gene superfamily. The identity and regular
arrangement of most photoreceptors is abnormal. For further
details, see the report by M. Mlodzik in the 1991 Research
Reports.
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Comments by the Director-General

Ten years have elapsed since my first comments on the
research activities of the EMBL. It may, therefore, be
appropriate to depart from the usual style of presentation.
Since the programme coordinators will later in this report
provide a more detailed account of the significant contri-
butions made during the last year within each research
programme, I will instead try to identify the foreseeable
changes in the role of molecular biology and also to
comment on some of the future problems that cannot be
solved with a purely reductionistic approach.

From molecular biology to life sciences

Life sciences have developed during the last century
mainly through important methodological contributions
each of which allowed a more detailed analysis of the
life processes. After a pure morphological approach at
the light microscopic level, the successive introduction of
endocrinology, biochemistry and, during the last decades,
molecular analysis, both at the protein structure and the
gene level, has finally transformed the life sciences from a
descriptive art to a true analytical science.

It is now clear that new developments in the life sci-
ences will dramatically change our society during the
next decades. This will occur both in the industrial sector
through development of biotechnology, and in agriculture,

4

leading to maintained or enhanced productivity with less
pollution of the environment. New approaches to medical
care and health prophylaxis will also have a profound
impact on everybody's life.

Interdisciplinary research requires core facilities

Future discoveries will probably emanate from an interdis-
ciplinary approach. Several research groups with different
backgrounds will work together to solve an important com-
plex problem. Molecular biology, which was introduced as
a reductionistic approach to the understanding of biological
processes at the molecular level, provides already an
important technology which is necessary to solve problems
within several areas of the life sciences such as develop-
mental biology, cell biology, immunology and also some
aspects of ecology. The main emphasis in the near future
must, therefore, be on the optimal organisation of basic
research in the life sciences.

The major task is first to identify the very few gifted
scientists who, in an interdisciplinary team, can interact
with other groups in a research environment where all the
necessary technology is available. Secondly the technical
base in this environment must be provided through exten-
sive core facilities. At present these facilities encompass
sequence analysis of proteins and nucleic acids, synthesis
of peptides and oligonucleotides, nuclear magnetic res-
onance, x-ray crystallography and confocal and electron
microscopy. In the future any new important technology
necessary for understanding the central questions within
the life sciences must be added. The services provided by
the core facilities must be led by scientists interested in
developing the technology further. Otherwise the service
units will stagnate and brake the progress of the basic
scientist depending on these facilities.

EMBL and life science in Europe

In a European perspective it is difficult and costly for indi-
vidual countries to establish large interdisciplinary centres
with sufficient core resources. Another difficulty is that the
peer review system, the best instrument devised to ensure



the quality of basic research, cannot always operate prop-
erly at the national level. In small countries only one or two
groups are attacking similar basic research problems and
they cannot, of course, evaluate each other adequately. In
the larger countries a hierarchy has often been established
that prevents a truly objective assessment. The teaching
and training of graduate and postdoctoral students also
deserve a European base.

EMBL has, during the last decade, demonstrated that a
life science centre can operate successfully at the Euro-
pean level and the regular peer reviews of the EMBL
Programmes have repeatedly emphasized the advantages
of this structure. It is my conviction that irrespective of the
biological research topic, similar multidisciplinary centres
are required throughout Europe.

In addition, adequate support for graduate and postdoc-
toral students as well as transfer of research groups be-
tween different European or national centres is necessary
to establish a European base in the life sciences which
is competitive with that in the USA. A recent analysis of
the support of life sciences in the USA indicates that it
has grown by about 3% in real terms for each of the last
4 years. More importantly, although the overall support
for science in Europe, the USA and Japan is at a similar
level compared with the gross national product, the USA
is supporting basic science in health-related areas to at
least twice the level provided in Europe or Japan. The
USA is also leading the scientific citation league and the
gap between the USA and Europe is increasing.

To stimulate European collaboration in the life sciences
the EMBL hosted in early December last year a meeting
with representatives of other European organisations in
this area. The meeting discussed whether scientists in
biochemistry, cell biology, developmental biology, ecology,
immunology, microbiology and neurobiology can reach
consensus and jointly request an adequate level of support
for a European life science programme. This might be
achieved through a pan-European structure which coordi-
nates the funding and strategy of all the various European
organisations representing basic life sciences. The conclu-
sion of this meeting was clear. All participants agreed that
life scientists would profit from a joint support from the Eu-
ropean governments or the European community, although

there was disagreement on the organisation of such sup-
port. Obviously a European life science programme should
be pursued further.

The EMBL and EMBO have over several years empha-
sized the need for an expanded life science programme
in Europe and put considerable effort into an attempt to
convince the governmental representatives in the EMBC
and the EMBL Council about the necessity for such an ex-
pansion. We can only hope that the European community
and the European governments will look favourably on our
attempts to find a consensus among the life scientists. We
foresee that it will be difficult to bridge between national
interests in supporting basic science and the requirements
of a pan-European action in the future. What is needed
is better communication between the different countries
and organizations. To put it simply, it is the same with
science as with politics - the common denominator is
communication.

The core facilities of the EMBL

Science at EMBL is thriving but to stay ahead it needs
funds. All of the Laboratory's basic science Programmes:
Cell Biology, Structural Biology, Differentiation and Gene
Expression, have done very well during the last years and
the Scientific Advisory Committee has repeatedly given
high marks in their reviews of the research Programmes
at the EMBL and emphasized the accomplishments, the
quality of the newly recruited group leaders, and our staff-
turnover system.

Let me first focus on the strengthening of methodology at
the EMBL. Newly developed technologies from the biologi-
cal, chemical and physical fields must rapidly be introduced
into the core facilities of any centre focusing on basic
biological research. Such core facilities are very expensive
and require not only technical staff but also biologists,
chemists and physicists interested in an interdisciplinary
approach to biological problems. At the EMBL numerous
requests are constantly received from within the institute
and outside that all the technologies be made available
to the research Programmes and to visiting scientists.
Therefore the EMBL has to provide a core facility not only
for its research teams but also as a reference centre for
its Member States.
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The most recent addition to the EMBL's core resources
is the nuclear magnetic resonance facility. A 600- and
a SOO-MHz NMR machine have been installed in a new
construction behind the animal house. The SOO-MHz unit
was provided by the manufacturer for a trial period and we
must soon decide whether this or a higher-field machine
should be purchased.

Within the Biochemical Instrumentation Programme the
protein chemistry group must be strengthened consid-
erably through the introduction of mass spectrometry in
combination with laser desorption and ion traps. Protein
characterization is now moving from the picomolar to the
femtomolar detection level. To provide this facility a major
investment in new equipment is required.

The computing hardware situation is rapidly changing due
to the development of parallel computers and supercom-
puters. Their introduction into basic life science research
leads also to new requirements for the EMBL within the
next years.

The availability of synchrotron facilities both in Hamburg
and for the near future through the collaboration with
the European Synchrotron Radiation Facility in Greno-
ble also needs substantial capital investments from the
EMBL.

Foremost among the core facilities at EMBL is the EMBL
Data Library. It is growing exponentially and even without
the genome projects the Data Library has already out-
grown the alloted space. We rapidly need to take decisions
on the future housing and support of this activity. Together
with the European Communities the EMBL is attempting
to find a more permanent home for this service facility and
hopes to be able to establish the European Bioinformatics
Institute (EBI) in close proximity to the EMBL within the
next 2 years. Our US data base partners look forward to
a continued collaboration with the EMBL and also support
our attempts to create the EBI.

All these points demonstrate that the limited resources
available for capital investment at EMBL are far from
satisfactory and a very substantial increase in funds must
already be introduced next year. We hope that the Member
States will treat our request favourably.
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Biological concepts versus technology

Numerous contributions in molecular biology teach us ev-
ery day that the reductionistic approach alone may not
solve how the cell works. First we clearly need exper-
tise from several different areas of biology to correlate
molecular analysis to biological functions at the cell, organ
and animal level. Secondly, it is clear that the current
technology available for studies of interaction between
molecules in our simplified in vitro systems allows char-
acterization of interaction between, at the most, two or
three molecules. In several cases, however, it has been
demonstrated that the units guiding the phenotype might
be multimeric involving 10 to 20 different components. A
major technological breakthrough is therefore required to
allow a delineation of biological phenotypes. In essence
we have technology to dissect biological systems into their
individual molecules and identify the corresponding genes,
but we cannot rebuild and reconstitute all the components
of the life processes. We must traverse from our focus on
gene regulation and molecular dissection to understanding
the intricate function of the individual cell. It is like the
young boy who knows very well how to dismantle his par-
ents' antique watch into its constituent parts; after having
accomplished his task he lacks the insight and knowledge
required to rebuild it into a functional watch.

Two examples from the EMBL may serve to emphasize a
requirement for new technology to understand interactions
between multimeric components.

Fast and complex three-dimensional structures

Gene expression in mammalian cells is governed by sev-
eral transcription factors forming multimeric complexes
leading to gene activation or repression. The transcript
from each gene is transferred to the splicing machinery
consisting of numerous multimeric nucleoproteins. Many
of these events are controlled by post-translational modifi-
cations of the participating proteins.

In a collaboration between the Differentiation and Gene
Expression Programmes attempts have been made to
demonstrate the effect of protein phosphorylation on the
DNA binding properties of a dimeric transcription factor.
The proteins were isolated by a novel method and it



was demonstrated that dephosphorylation of the proteins
dramatically increased the DNA binding capacity of one of
the components in the dimer. The results in themselves
are interesting and suggest that this transcription factor is
controlled at the post-translational level. The studies on
interaction of these two proteins with DNA would be much
faster if a suitable method was available to observe the
three-dimensional (3D) structure of the proteins and their
association with the DNA. Likewise several other projects
in the Gene Expression Programme involving spliceosome
or snRNP structure use crude biochemical methods to
dissect the interaction between multiple proteins and the
various RNA moieties. Molecular genetics, using specific
mutations, or biochemical techniques, identifying interac-
tion between proteins and RNA or DNA by cross-linking,
will only reveal a small window of what might really happen
in 3D when all these components interact with one another
inside the cell.

It is difficult to foresee how the favoured method of struc-
tural analysis using crystallography to delineate the tertiary
structure of proteins or nucleoproteins will reveal the orga-
nization of the complex multimeric units operating together
to activate transcription, to guide splicing or to control
translation in mammalian cells. It is, therefore, imperative
to develop alternative methods to establish 3D structures
of the components in a multimeric complex.

There are also other compelling reasons for develop-
ing more rapid structural information at the multimeric or
monomeric level. Through the genome project and the
ease by which we can isolate cDNA and determine its
primary structure a large and ever increasing number of
protein sequences become available. However, we lack
methods to ascribe function to these newly discovered pro-
teins. If we could rapidly obtain 3D information about the
encoded protein, the folds might reveal possible similarities
with structures already determined by crystallography. To-
day we can determine the primary structure of a full-length
cDNA in weeks, but provided that the technical problems
can be overcome it may take 2-3 years to reveal the 3D
structure of a protein.

Therefore, to understand the function of the macromolec-
ular complexes within the cell we must generate a major
emphasis on developing new methods to obtain reliable

3D structures of the entities that we have identified with
our reductionistic approach. X-ray holography now being
initiated requires such a high beam intensity that biolog-
ical complexes may disintegrate. The nuclear magnetic
resonance (NMR) technique might not help much, since
within a reasonable time-span it can only provide the 3D
structure in solution of small proteins or peptides which
can be obtained at high concentrations in solution. NMR
will definitely not provide the final answer for the multimeric
units that we now are investigating.

At present further developments in electron microscopy
or different types of scanning microscopy, like the tunnel
or atomic force microscope, appear to be the only fore-
seeable way to reveal the surface of a multimeric com-
ponent at high resolution. Ordinary electron microscopes
suffer from the necessity of using very high radiation in-
tensity to achieve even moderate resolving power. Beam
doses needed to reach atomic resolution would result in
the destruction of most biological macromolecules. The
proposal recently made in the Physical Instrumentation
Programme at EMBL to design a corrector for the elec-
tron beam, initially applied to scanning microscopy at
low beam voltage, might be a first step towards a high
resolution electron microscope. After all, the wavelength
of the electron (0.037A at 100 kV) is short enough for
high resolution, and hopefully this technique might allow
us to observe the important biological units in 3D. The
group in Physical Instrumentation at the EMBL working
with this technique has recently received a substantial
grant from the Volkswagen Foundation to improve on this
technology. It is my belief that if we cannot provide 3D
structure of multimeric units or proteins with high resolution
within a short time, a major gap between the identifi-
cation of the gene and the delineation of the function
of its product will remain. In the end, however, we will
probably resort to x-ray or NMR structures of individual
subunits combined with EM structures of multimeric com-
plexes.

From reductionistic to reconstitutional biology

To generate a deeper understanding of membrane and
vesicle traffic in animal cells a new reconstruction technol-
ogy is required. The Cell Biology Programme at EMBL has
played a major role in defining the road map of membrane
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traffic in the cell. The movement of proteins from one mem-
brane compartment to another is carried out by membrane
vesicles. These vesicles are coated with proteins on their
cytoplasmic side and the binding of specific proteins on
the membrane is thought to be a prerequisite for budding
from the donor compartment, while stripping of the coat
appears to be required for fusion at the acceptor site. Such
membrane vesicles have in addition specific signals that
will ensure that they are correctly targeted within the cell.
Through in vitro assays and through cDNA cloning the Cell
Biology Programme has recently identified components of
the machinery required for membrane traffic.

The Golgi complex is the central post office in the cell. It
consists of a well ordered stack of membrane cisternae
with functional and topological polarity. In this organelle,
the processing, maturation and sorting of proteins des-
tined for export and the endocytic circuits including the
cell surface take place. Many of the individual enzymes
that are responsible for the sequential modification of the
proteins passing through the Golgi complex have been
characterized, but little is known of the complex events
occurring during transit through this organelle. Its organi-
zation is complicated by the Golgi elements being tethered
to the microtubule network in a dynamic way. Although
we may dissect the individual components of this complex
organelle, we lack methods that would allow us to anal-
yse Golgi structure and function as a whole. The biggest
problem is the dynamic structure of this organelle. Tubules
and vesicles are continuously formed. These are not only
involved in transport but also in interactions between Golgi
elements. In vitro assays have reconstituted some aspects
of Golgi function. However, the dynamic structure of this
organelle is difficult to capture in cell-free systems. Also in
this area 3D resolution within the cell might help and the
EMBL is, therefore, making a major effort in developing a
video confocal microscope. This approach will, however,
only give a superficial picture of the complex interaction,
since all the cellular components which can move in any
direction in 3D must be resolved at the molecular level.
Although some reconstruction experiments have already
been initiated, ultimately we must achieve reconstruction
by isolating purified organelles and, by mixing experi-
ments, reproduce the specific events occurring inside the
cytoplasm of an animal cell, i.e. reassemble the boy's
watch. To achieve this goal a complete new biological

8

test bench focused on reconstruction must be invented
and designed, which is a suitable challenge for the next
decade.

The EMBL Administration

In addition to core facilities and interesting research Pro-
grammes, the administration of EMBL is trying hard to
provide an attractive research environment by also ex-
panding on housing, recreation and other social facilities.
Last year the EMBL leased a hotel containing 51 single
rooms instead of only 17 rooms earlier. It has also rented a
71-apartment building called Buchwald mainly containing
one-room appartments and added another 24 flats to its
Boxberg guesthouse. A new kindergarten has been added
to the previously established nursery to take care of the
3 to 6-year old children of the staff. The canteen and the
cafeteria have been expanded so that we can house sym-
posia, workshops and courses more efficiently. The new
cafeteria on the second floor of the EMBL is now a regular
meeting point. To build an international life sciences centre
obviously involves, in addition to organizing the scientific
base, major commitments in the social and recreation
sector. The Laboratory has now around 1,500 scientific
visitors every year staying for periods between hours and
several months. It also organizes and houses around a
dozen courses in addition to several workshops each year.
It is thus clear that the EMBL is gradually becoming the
favourite meeting place of European biologists.

Due to the drastic turnover of staff at EMBL we have
had major recruitments in several of the Programmes.
Three group leaders have arrived during 1991 in the Gene
Expression Programme and as many as five group leaders
have been recruited to the Biological Structures and Bio-
computing Programme. The Differentiation, Cell Biology
and Biochemical Instrumentation Programmes have each
recruited one new group leader during last year.

Finally our Administrative Director, Jean-Frangois
Beerblock, left the EMBL in December after more than 7
years of service. EMBL wants to extend its thanks for his
devotion and especially the efficient way he established
contacts with industry, and concluded license and royalty
agreements with the European biotechnology industry. He
can feel satisfied when he now settles in Paris.



The EMBL is frequently asked by its delegates to provide
schemes for long-term planning of its activities. In a scien-
tific field that is moving as rapidly as molecular biology and
progressively becoming an integral part of all disciplines in
life sciences, it is difficult to identify long-term goals for
the basic science activities. Going back only 10 years in
time no one could have predicted the rapid technology
development and the vast accumulation of biological data
emanating from molecular biology. The introduction of the
genome projects, the progress in developmental biology
and perhaps foremost the similarity in gene structure be-
tween all forms of life could not have been foreseen.
While we can and do try to plan in advance as much as
possible, the essence of basic research is to seize new
opportunities as they present themselves, however unex-
pected they may be. The EMBL must, therefore, operate
with considerable flexibility and needs sufficient funds to
develop rapidly in new directions and to build up a critical
mass in these fields. Perhaps it is useful to meet some
opposition in EMBL's strive in this direction, because the
spear carries farther on a head wind.

L. Philipson
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A European Ph.D. in molecular biology

In SP82, the Scientific Programme for EMBL 1983-1987
(EMBL/82/3), which was written early in 1982, the goal
of the Laboratory to institute a predoctoral training pro-
gramme was outlined. The document also mentioned that
the long-term aim of the EMBL was to obtain a charter
giving it the right to award its own Ph.D. degree. The
Laboratory, over the past decade, has achieved its first
aim, a flourishing predoctoral programme. Today there are
close to 80 predoctoral fellows at EMBL; each year 20
new fellows are recruited and their average stay at EMBL
is a little over years. Given the quality of the graduates
from allover Europe who apply to EMBL's predoctoral
programme, the annual recruitment could be increased to
at least 25 without any decrease in scientific standards if
funds were available. As things stand, over a quarter of
the predoctoral fellows at EMBL receive financial support
from outside agencies but go through the same selection
process as those awarded EMBL fellowships. Given the
success of the 40 predoctoral fellows who have already
graduated, the group leaders in the Laboratory are always
on the look out for new sources of outside funding. It would,
therefore, be no surprise if the programme over the next
few years increased further, leading to about 100 predoc-
toral fellows at EMBL Heidelberg at anyone time. The
administration of EMBL believes that a predoctoral pro-
gramme involving such numbers justifies now examining
seriously the possibility of EMBL being authorized to award
its own Ph.D. degree, a proposal which, no doubt, would
initially receive a cold reception from Europe's university
administrators.

It is not, however, just the increase in size of the pre-
doctoral programme that might justify such a decision in
favour of EMBL. The present arrangements for registering
EMBL's predoctoral fellows at universities or other degree
awarding institutions in the Member States of the Labora-

10

tory are ad hoc and not without problems. An example of
the sorts of problems that can arise is the future situation
of British predoctoral fellows at EMBL. British predoctoral
fellows typically hold B.Sc. or B.A. degrees from universi-
ties in the United Kingdom and are not eligible to register
for a Ph.D. at German universities. The latter require the
Anglo Saxons to hold an M.Sc. degree. Registration of
EMBL's British predoctoral fellows at universities in the
UK is, on the other hand, precluded because of residence
requirements. The solution to date has been to regis-
ter these fellows with the Council for National Academic
Awards (CNAA) in London, but during 1992 the CNAA is
to be disbanded. The CNAA was originally established to
allow students at UK polytechnics and in industry to obtain
higher degrees. The British Government has now decided
to upgrade the polytechnics to universities and the CNAA
has become redundant. The EMBL is awaiting further
developments in the UK and is in close contact with the
Medical Research Council's National Institute for Medical
Research (NIMR) at Mill Hill in London, which also reg-
istered its graduate students with the CNAA and over the
years has greatly helped EMBL with registration matters. It
seems likely that alternative registration arrangements will
be devised, perhaps involving the UK's Open University,
to accommodate the graduate students at the NIMR and
other British research institutes in the same position and,
hopefully, at one remove the British predoctoral fellows at
EMBL.

Irrespective of which organization in Britain takes over the
role of the CNAA, the latter's demise prompts us to ask
why shouldn't EMBL be able to award the Ph.D. degree?
What are the pros and cons? Clearly EMBL does not
have the breadth of scholarship found in a university and
which is essential for an institution teaching undergradu-
ates for their first degree, but no one is suggesting that
EMBL should award first degrees. The extent to which
the breadth of scholarship of a university is relevant to
graduate students working for a Ph.D. in the biological
sciences, or any other particular discipline for that matter,
is a moot point. Most graduate students at universities
(or at research institutes such as the NIMR or the EMBL)
are so preoccupied with their specific project, and keeping
abreast of developments in the immediately allied areas
of research, that the fact that they belong to a university



which also teaches many other disciplines in other faculties
is irrelevant to their daily lives and studies. Added to which
most universities have no collegiate life and, therefore,
offer no organized opportunities for graduate students in
widely separated fields to rub shoulders socially. The fact
that EMBL has expertise in only a small part of the world
of learning is hardly an argument against it being able to
award the Ph.D. degree.

All the predoctoral fellows at EMBL, regardless of their
nationality, live and work in Heidelberg or at the Outsta-
tions in Hamburg and Grenoble. Necessarily they have no
significant contact on a daily basis with the universities
or other bodies, such as the CNAA, in their homelands
with which they are registered as Ph.D. students; this
situation, which is inescapable, applies as much to the Ger-
man predoctoral fellows as to those from other countries.
Moreover, the thesis committees of the EMBL predoctoral
fellows are comprised almost exclusively of in-house sci-
entists, usually without representatives from the university
at which the student is registered. Indeed, the universities
or other organizations with which EMBL predoctoral fellows
are registered are selected either because they have no
residential requirements or will waive them; no one can be
in two places at once. That being the case, would it not
make more sense if EMBL not only trained its students but
also examined them and awarded their degrees? What
useful purpose is served by having EMBL predoctoral
fellows go to a university (or an organization like the CNAA)
with which they have had no significant contact for at least

years, if ever, simply to defend their Ph.D. thesis?
In other words why should an EMBL predoctoral fellow
receive a Ph.D. from a particular university when none
of the research presented in the thesis was done there?
The current situation is precisely analogous to registering
shipping under flags of convenience.

The argument made by some that registration with uni-
versities ensures that academic standards are not eroded
does not really stand up to scrutiny. Academic standards
vary not only between European countries, witness the
reluctance of German universities to accept a British B.A.
or B.Sc. degree as an adequate qualification for a graduate
student, but also between different universities within one
country. The present situation in which EMBL graduate
students defend their theses in different universities in

different countries is no way to ensure uniform standards
of examination of the theses, quite the opposite in fact.
The standard of examination could be more uniform if all
the EMBL predoctoral fellows were examined at the same
institution, the EMBL.

Those inclined to argue that EMBL should not examine
its own graduate students for fear of nepotism should ask
themselves, why are universities allowed to examin'e their
own graduate students, who more often than not were
also their own undergraduates, which, happily, is never
the case at EMBL? If members of a university faculty,
supplemented with external examiners, are considered ad-
equate to examine impartially their own graduate students
then surely the more than fifty group leaders at EMBL,
supplemented by external examiners, could do the same
job for the Laboratory's predoctoral fellows, without loss of
integrity or jeopardy to academic standards. The SAC of
EMBL, the EMBO Councilor even a new committee drawn
from the EMBO membership, could nominate appropriate
external examiners for each candidate. With 20 examina-
tions a year the task would not be too onerous.

The argument that the size of the EMBL predoctoral pro-
gramme is simply too small to take seriously the idea
that the laboratory should be able to award a European
Ph.D. in Molecular Biology clearly carries much less weight
today than it did 10 years ago. When it comes to Ph.Ds.
quality is always much more important than quantity, but
aside from that with 20 predoctoral fellows graduating each
year the Laboratory output of doctorates is larger than
those of many individual departments in the faculties of
many national universities. The number argument is no
argument; if it were applied to university departments many
would be barred from taking graduate students.

The argument that if EMBL were authorized to award a
Ph.D. degree large national research institutes such as, for
example, the NIMR in London or the DKFZ in Heidelberg
might then demand the same status and privilege also cuts
little ice. There are clear distinctions between a European
international laboratory and a national institute. In the
context of postgraduate education the former makes every
attempt to recruit graduate students on an international
rather than national basis. Whereas a national research
institute is free to form close links with one or more national
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universities, or a national body like the CNAA, the EMBL,
as a matter of principle, should not give preference to
a university or universities in anyone country. On the
other hand, an international organization like the EMBL
should not be obliged to have to make a series of ad
hoc arrangements and beg the favour of registration of its
students from this or that university in one Member State
after the other.

Which intergovernmental body in Europe could authorize
the EMBL to award the Ph.D. and also ensure recogni-
tion of the degree in the separate countries of Europe?
An obvious suggestion is the Council of Europe: indeed,
broadening the argument, one wonders why the Council of
Europe has not considered establishing under its aegis a
Council for European Academic Awards modelled on the
almost defunct Council for National Academic Awards in
London and fulfilling, on a European scale, the role that
the CNAA has played in the United Kingdom. Drawing on
the experience of the British CNAA, a Council of European
Academic Awards (CEAA) could award a European Ph.D.
degree in a wide variety of disciplines and could serve not
only international laboratories and organizations such as
ESA, ESO, CERN and the EMBL but also purely national
research laboratories like the NIMR in London or the DKFZ
in Heidelberg. Graduate students in international laborato-
ries would, as a matter of course, register with the CEAA
whilst those in national laboratories could have the option
of registering with a domestic university or the CEAA. If a
CEAA existed EMBL would certainly be amongst its first
adherents.
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EMBL offers its predoctoral fellows a unique environment
in which to live and work; the research training is excellent,
the Laboratory is very well equipped and adequately pro-
vided with consumable supplies, interdisciplinary collabo-
ration is encouraged, the opportunities to hear and meet
endless visitors and seminar speakers from all over the
world are second to none, and the atmosphere is truly
European and international. The predoctoral programme
has proved its worth and the high quality of the Labo-
ratory's doctorate graduates is reflected in their success
in competing for postdoctoral fellowships including those
offered by EMBO. There is in continental Europe today a
strong desire to integrate more closely economic, political,
social and even military institutions. A small but, in its
context, very significant step in that direction could be
taken by granting the EMBL the right to award a European
Ph.D. in molecular biology. Such a decision would be
entirely within the spirit that led to the establishment of
the Laboratory; it would greatly enhance the prestige of
EMBL while eliminating its dependence on the grace and
favour of national universities which has little, if anything,
in its favour for either party; finally such a move would not
in any way erode academic standards. This concession
would, of course, be contrary to the conservative view that
only universities should continue to have the right to award
degrees as in centuries past, but is that necessarily the
best policy as we approach the 21 st century and prepare
to abandon many hitherto sacrosanct national institutions,
or supplement them with European ones?

J. Tooze



Cell Biology

It is amazing that many life scientists still think that cell
biology is a methodology. They have not yet realized that
this view is a remembrance of things past when cell biol-
ogists mainly were scrutinizing the cell using the electron
microscope as their sole method of investigation. Unfor-
tunately, this tradition still survives in many departments
of human anatomy, botany and zoology in universtities all
over Europe. Most students of medicine and biology are,
therefore, confronted with cell biology as a morphological
discipline. Today, the situation has changed radically. The
two new textbooks "Molecular Biology of the Cell" (Alberts
et al., 1988) and "Molecular Cell Biology" (Darnell, Lodish
&Baltimore, 1990) have paved the way for the integrative
approach of teaching this discipline. Modern cell biology
is striving to understand how an entire cell is organized
and how this organization supports cellular function. This
demands an integration of biochemistry, molecular bio-
logy and morphology. Most university departments are
ill-equipped to meet this challenge. It is amazing how
slowly traditional biochemists, molecular biologists and
morphologists are responding to the changing require-
ments. Also other fields such as immunology, neurobiology
and developmental biology will need a strong infusion
of the modern cell biology into their research strategies.
This is the case for the biomedical sciences as well. The
identification of gene products responsible for the genetic
defects in inherited diseases is only the fruitful beginning
of the elucidation of the pathophysiological mechanisms
of disease. The functioning of the gene products will have
to be clarified in their cellular contexts. The task is indeed
enormous. Reorganization of university structures will be
a prerequisite for exploiting the advances that are pouring
into the scientific journals. We need research and teaching
departments where interdisciplinary collaboration is con-
sciousty being promoted.

This is the challenge that the Cell Biology Programme
tries to meet both thematically and methodically. We are
developing a wide range of experimental themes within
the Programme itself, and trying to integrate these into
a functional whole. The four areas that we are presently
concentrating on are membrane trafficking, cytoskeletal
networks, the cell nucleus and the cell cycle. These themes
together provide a comprehensive view of cell organization
in time and space. Although our tools for studying the
basic mechanisms for generating and maintaining cellular
organization have been continuously improved during the
last decade, it is obvious that these tools have to be
developed further. This is another important task of the
Cell Biology Programme. One example is the collaboration
with the confocal light microscopy group in the Physical In-
strumentation Programme to develop microscopic assays
for assaying cellular functions both in living cells and in
reconstituted systems. We are trying to mirror the dynamic
interactions between organelles in their cellular context
by using both destructive and non-destructive interven-
tion. The characterization of the machinery responsible
for cellular organization will demand novel methodology
where context will be more important than in the assays
previously used in biochemistry and molecular biology.
EMBL is the ideal environment for such an integrative
effort.

Membrane trafficking

The main emphasis is on the search for cellular machin-
ery involved in regulating the translocation of proteins
across membranes of the endoplasmic reticulum, and in
delivering membrane components from one cellular com-
partment to another. The targeting of newly synthesized
proteins to the endoplasmic reticulum is best understood
in terms of molecular machinery. Several proteins have
now been characterized in the Programme and elsewhere.
The signal peptide responsible for targeting to the rough
endoplasmic reticulum binds to the C-terminal domain of
the SRP 54 protein of the signal recognition particle. Two
other proteins of this particle: SRP 68 and 72 have also
been sequenced. Recent studies are also beginning to
unravel the components of the machinery responsible for
movement of the newly synthesized proteins across the
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membrane of the endoplasmic reticulum. These include
the signal sequence receptor and P37, a new protein being
characterized.

The characterization of the Rab subfamily of Ras-like GTP
binding proteins is being continued. Twenty-four members
have now been sequenced in the Programme and else-
where. The Rab proteins have been localized to both the
secretory and the endocytic pathways in the mammalian
cell. These proteins play an important role in regulating
traffic. They represent the only molecules known so far
that define specificity in each step of membrane traffic.
The Programme is in the process of constructing aRab
catalogue. This catalogue should include the sequence
of the protein, its two-dimensional gel electrophoresis be-
haviour and its localization in the cell using immunofluores-
cence microscopy and immunoelectron microscopy. The
present data suggest that the Rab proteins will be excellent
markers for subcellular fractionation. It is our hope that a
complete Rab catalogue, including a library of specific Rab
antibodies, will give a new dimension to the now frustrating
task of identifying subcellular compartments.

The Golgi complex functions as a post office for sorting
proteins to endosomes, lysosomes, the cell surface and
for export from the cell. Two important receptors leave
the trans-Golgi network (TGN), the sorting compartment of
the Golgi, to the endocytic stations. One is the mannose-
6-phosphate receptor carrying lysosomal enzymes. The
cation-dependent receptor is being intensively studied in
the Programme. The exact function of this receptor is
being explored in transgenic mice lacking the receptor
(collaboration with the Differentiation Programme). The
sorting signals responsible for delivery to the endosomes
are being defined. Recent results suggest that they are
localized in the cytoplasmic domain of the protein. The
other receptor, the class" major histocompatibility (MHC)
protein has also had its sorting signals localized to the cy-
toplasmic tail. These class" MHC receptors bind peptides
in the endocytic stations and present them to T-cells in the
immune response. The mannose-6-phosphate receptors
and the class " MHC molecules represent fascinating
examples of proteins connecting the secretory pathway
with the endocytic traffic routes. Their function can only be
clarified by an integrative approach requiring all the tools
that modern cell biology can provide.
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Polarized cells such as epithelial cells and neurons have
to sort cell surface proteins to two domains of the sur-
face membrane. In epithelial Madin-Oarby canine kidney
(MOCK) cells, this sorting is accomplished in the trans-
Golgi network. Two types of transport vesicles are gen-
erated, one to the apical membrane and another to the
basolateral membrane. The search for machinery respon-
sible for this sorting process has been successful during
the past year. Based on an analysis of the behaviour of
the protein framework in the apical vesicle, it has been
possible to devise an amazingly simple procedure for
isolating proteins belonging to the vesicle framework from
total MOCK cells. The first vesicle protein VIP 21 has been
sequenced and localized. This study is now paving the way
for an elucidation of this complex sorting process at the
molecular level.

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. Almost nothing is known about how
the axonal and the dendritic proteins are sorted to their
destinations. Could it be that epithelial and neuronal cells
use similar sorting mechanisms for newly synthesized cell
surface proteins in their trans-Golgi networks to generate
two carrier vesicles populations? Primary cultures of fretaI
rat hippocampal neurons have been used to study this
question. These cells undergo a sequence of develop-
mental events after plating. First, several short processes
are formed, and one of these begins to grow rapidly to
form the axon. Subsequently, the remaining processes
start to elongate to become the cell's dendrites. Finally,
the axons form synapses with the dendrites and the cell
bodies of other neuronal cells in the culture. When these
mature neuronal cultures are infected with influenza virus
and with vesicular stomatitis virus (VSV), the delivery of
the newly synthesized influenza haemagglutinin (apical in
MOCK cells) is mainly axonal, whereas the delivery of VSV
glycoproteins (basolateral) is strictly somato-dendritic. We
have also found that the glypiated protein Thy-1 (apical in
MOCK cells) is present in hippocampal neurons in culture
and is exclusively located on the axonal surface (Plate 1).
This finding strengthens the hypothesis that the mecha-
nisms of sorting of surface components in the TGN, may
be similar in neurons and epithelial cells. This would imply
that axonal and dendritic carrier vesicles are formed in the



PLATE 1

Thy-1, a glypialed protein (apically-located in MDCK cells) is
sorted to the axonal domain of cultured hippocampal neurons.
(A) Phase contrast image.

(8) Labelling for MAP2, a dendritic marker.
(C) Thy-1 labelling. Thy-1 is present on axons (small arrows) but

not dendrites (double arrowheads).

TGN and these would have to be transported specifically
into the axon or into the dendrites. This transport seems
to be microtubule-dependent because nocodazole blocked
the delivery of the viral marker glycoproteins both into the
axon and into the dendrites. One interesting future ques-
tion is how the axonal and the dendritic carrier vesicles
recognize the appropriate microtubule tracks to the final
destination.

Viruses have served as indispensable tools in the eluci-
dation of both the endocytic and secretory routes of the
cell. Vaccinia virus is of special interest to cell biologists
because of the way the virus nucleic acid gets enveloped
by several layers of membranes. It has long been believed
that vaccinia virus acquires its inner lipid membranes by
de novo synthesis. No other example in nature has been
known. However, this hypothesis has now been refuted by
recent work in the Programme. These studies indicate that

the virus acquires its membranes by being enveloped by
membrane cisternae deriving from organelles of the secre-
tory pathway between the endoplasmic reticulum and the
Golgi complex. This unique wrapping process may have
implications for normal cellular events such as autophagy.

All cells continuously internalize (endocytose) fluid, pro-
teins and lipid from the cell surface. The organization of
the endocytic pathway in different cell types is still under
heated discussion. This question can only be clarified by
a molecular analysis of the mechanisms involved. Studies
are being continued to dissect the molecular machinery
operating in the endocytic pathway. The Rab5 protein
has been localized to the cell surface and to the early
endosome. Rab5 is now the best characterized mam-
malian Rab. This protein is involved in regulating endocytic
traffic between the cell surface and the early endosome. In
vitro studies have shown that the protein regulates fusion
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PLATE 2

Transient over-expression of wild-type Rab5 leads to an increase
in the size of early endosomes whereas mutated Rab5 causes
fragmentation. Arrows indicate HRP-Iabelled structures. Double
arrows indicate early endosomes.

(A) Control cell.
(B) Cell over-expressing wild-type Rab5.
(C) Mutant Rab5.
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between the endosomes. Studies in vivo have confirmed
this function (Plate 2) but they have also shown that
traffic from the surface to the endosome is slowed down if
mutated Rab5 is introduced into the cell.

Another approach to machinery is the isolation of the
organelle in question to define organelle-specific proteins.
This is now being done for early endosomes. Using a
combination of methods, it has been possible to narrow
down the number of proteins to less than 10. They are
now being isolated for further characterization. These stud-
ies are directed towards understanding the mechanisms
regulating endocytosis in non-polarized cells. Previously
the endocytic routes in polarized epithelial cells were
mapped. This work has now been extended to neurons.

In mature hippocampal neurons it was found that there
are two segregated endocytic circuits, one involving the
somatodendritic surface domain connected to a network
of underlying endosomes, and another in the axonal nerve
terminals. The late endocytic compartments (late endo-
somes and lysosomes) involved in degradation were lo-
calized to the cell body and the proximal dendritic seg-
ments. Due to the spatial segregation of the early en-
dosomes in the axonal nerve terminals, it was possible
to identify the carrier elements that moved endocytosed
material into the cell body. These were multivesicular
structures, similar to those seen in other cell types as
well. The organization of the neuronal endocytic circuits
is amazingly similar to that seen previously in epithelial
cells.
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Microtubules, centrosomes and the cell cycle

The microtubules form a dynamic network of fibres, usually
originating at the centrosome. The microtubules play an
important role in intracellular movement and in the position-
ing of different organelles. Assays have been developed
to study the binding of transport vesicles to microtubules.
Two new proteins mediating binding have recently been
identified. CLIP-170 is a large 170 kDa protein which
binds endocytic carrier vesicles to microtubules. These
vesicles are multivesicular bodies involved in endocytic
transport from early to late endosomes. The protein is
preferentially localized to microtubules in the periphery
of fibroblasts, and binding is regulated by phosphoryla-
tion. CLIP-170 represents a new function somehow linking
motor activity to organelles moving along microtubules.
Video-microscopy is being used to study movement and to
identify other proteins involved. CLIP-60 is another protein
that mediates binding of apical and basolateral carrier vesi-
cles to microtubules. These protein factors could provide
specificity to transport along microtubules, while motor
proteins would determine direction. These studies and
work being done elsewhere are now beginning to unravel
the complex processes of regulated movement within the
cell.

When the cell enters mitosis, the cytoplasmic network
of microtubules disappear and instead the microtubules
reorganize to form the mitotic spindle, the function of which
is to segregate the chromosomes to the two daughter cells.
Membrane traffic comes to a halt during division of the
cell. The centrosome duplicates during the cell cycle and
forms the two spindle pole bodies in the mitotic spindle.
In recent studies both duplication of the centrosome and
microtubule reorganization during the cell cycle have been
reconstructed in vitro. These cell-free assays make use
of extracts from frog eggs. The cell cycle is regulated
by a central kinase, the cdc2 kinase interacting with
different cyclins. A complex network of phosphorylation-
dephosphorylation reactions control the level of the cdc2
kinase activity during the different stages of the cell-cycle.
Studies both in the Cell Biology and Differentiation Pro-
grammes are dissecting these oscillatory cascades. The
change in microtubule behaviour during entry into mitosis
can be mimicked in vitro using centrosomes, egg extracts
and cdc2-kinase complexed to either cyclin A or B. In

fact, even the regulation of the length of the microtubules
can be determined simply by the amount and quality of
the cdc2-kinase added. This amazing result demonstrates
the power of the arsenal of tools that we have at our
disposal. The microtubule motor protein dynein involved in
intracellular organelle movements also plays a role in the
microtubule sliding required for spindle pole formation in
vitro: another demonstration of the utility of the machines
that are responsible for cellular organization. One more
example is the finding that cdc2-cyclin B kinase arrests
endosome fusion in vitro, suggesting that this cell cycle
kinase is responsible for cessation of membrane traffic
during mitosis.

The cell nucleus and intermediate filaments

The nuclear envelope is continuous with the endoplasmic
reticulum. It is organized by a scaffold of nuclear lamins
facing the inside of the nucleus. The scaffold is interrupted
by nuclear pores, through which transport of proteins and
nucleic acids into and out of the nucleus takes place.
The nuclear pores are extremely complicated structures,
the composition of which is poorly understood. One class
of proteins called nucleoporins has been identified. The
NSP-1 proteins belong to this family. Studies in the Pro-
gramme have shown that this protein is essential for nu-
clear pore function. The number of pores is regulated by
the concentration of NSP-I in the yeast cell. Also transport
into the nucleus is dependent on the activity of NSP-1.
Genetic approaches are being used to search for proteins
interacting with NSP-1 in pore function.

The nucleus is not only the site of gene transcription, it also
has special structures called nucleoli in which ribosomal
RNA is processed and ribosome assembly is initiated.
One important problem for nucleolar function has been
identified. This is NOP-1 which is required for the formation
of ribosomes (in collaboration with the Gene Expression
Programme). Both 18S and 25S RNA synthesis could be
abolished by mutations affecting NOP-1. NOP-1 is a yeast
protein. Amazingly, the human homologue, fibrillarin, can
replace NOP-1 in yeast. However, yeast expressing fibril-
larin became temperature-sensitive. This feature has now
been used to identify interacting gene products involved in
ribosomal RNA biogenesis.
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The nuclear envelope of mammalian cells disperses during
mitosis. This process is accompanied by the disassembly
of the lamin scaffold. This scaffold is attached to the
membrane by a PS8 protein. Dephosphorylation of this
protein reduced its binding to the envelope. A kinase has
been identified that phosphorylates pS8. This finding pro-
vides a tool to study the mechanism of lamin disassembly
and assembly during the cell cycle. Intermediate filaments
represent major constituents of the cytoplasmic matrix and
nuclear lamina with mechanical functions. The lamins are
intermediate filaments structurally. Despite their ubiquity
and abundance, the role of intermediate filaments in cellu-
lar organisation remains elusive. Cytoplasmic intermediate
filaments can bind to the nuclear lamins in vitro. Recent
studies have identified the binding sites by a combination
of sophisticated immunological and biochemical methods.
Could these interactions be responsible for the attachment
of intermediate filaments to the nuclear envelope? Injection
of antibodies against vimentin (a cytoplasmic intermediate
filament protein) resulted in arrest of mitosis. However,
the injected cells recovered and completed the cell cycle.
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One amazing feature of these mysterious filaments is that
they are cell-type specific. A new intermediate filament
protein called filensin has been characterized. Filensin is
expressed exclusively in the fibre cells of the eye lens.
The tissue specificity of intermediate filaments provides
tools for tumour diagnosis but what else are the filaments
good for? This is a challenging question that demands an
answer.

K. Simons
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Differentiation

Our life begins with two cells encountering each other
- an egg cell being fertilized by a sperm. The fertilized
egg then 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 different tissues such as muscles, bones,
skin and the various organs 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 usually blocked. In another type of
abnormality organs do not develop in the proper way,
leading, for example, to the formation of a cleft palate or
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
both cancer and developmental diseases have a genetic
basis, originating from defects of individual genes. The dis-
covery 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 demonstrates
that there is a 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,

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, if one cuts into one's hand this leads not only 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
grow unless they are instructed to do so by substances or
other cells around them. How do these substances, which
typically are proteins encoded by genes, tell the cells that
they should divide and perhaps differentiate?

What follows is a brief account of what happens when cells
are stimulated to divide and/or differentiate. Binding of a
specific molecule to the cell surface represents the first
step in the so-called signal transduction cascade. Each
cell has little antennae, called receptors, which consist of
proteins that can bind e.g. to specific growth factors and
which also traverse the plasma membrane. The activated
receptors transmit the signal to the inside of the cell by
associating with other proteins. Typically these become
modified by, for example, the addition or removal of phos-
phate groups. After a series of complicated and largely
not yet understood additional events the signal travels
to the cell nucleus where two basic processes can be
initiated. The first one consists of turning on the cell cycle
machinery, again consisting of a number of proteins which
ultimately activate DNA replication (this is governed by a
protein complex which leads to the duplication of DNA).
The second basic process consists in the mobilization of
so-called transcriptional activators, which are proteins that
bind to specific DNA regions located outside the coding
region of genes. The result is that, depending on the type
of transcriptional activators involved, a given subset of
genes is switched on. Parallel to all this, another set of
proteins, which act as suppressors of growth is activated.
Normally these proteins ensure that cells stop dividing
when they have reached sufficiently high numbers. It has
become apparent over the last years that the inactivation
of suppressor genes in conjunction with the activation of
oncogenes is one of the main mechanisms common to the
formation of probably all types of cancer.
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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 embryo
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 continues to investigate the role of
the tyrosine kinases of the src family in signal transduction.
In previous years they have shown that src family kinases
bind to the well characterized receptor for the platelet
derived growth factor (PDGF), and that this association is
coincident with novel tyrosine phosphorylations of the src
kinases. They also showed that an increase in the intrinsic
tyrosine kinase activity of this receptor is required for
the association to take place. Mutation of the sequences
necessary for interaction reduces the ability of the receptor
to transduce a mitogenic signal, suggesting that the asso-
ciation is important in PDGF-induced mitogenesis. Finally
they have shown that the so-called SH2 domain (a domain
found in many signalling molecules) of the src kinases is
required for the association and becomes phosphorylated
by the PDGF receptor upon association. Future experi-
ments will examine whether this phosphorylation is re-
quired for the activation and subsequent functioning of the
src kinases. Further work of the group demonstrated that
the transforming proteins of polyomaviruses, the middle T
antigens, bind to and activate members of the src family
of tyrosine kinases. This is believed to be an essential
step in viral oncogenesis. The group is currently using the
middle T antigens from two different polyomaviruses, one
of which preferentially binds the Src protein and the other
exclusively binds the Fyn protein, as a model system to
compare and contrast the functions of these two members
of the src family of tyrosine kinases.

The Fasano group has been interested in understanding
how signals are transmitted through the Ras/adenylyl cy-
clase pathway in yeast. Using a combination of random
and site-directed mutagenesis, this group has determined
that residues on Ras that are distant from the GOP binding
site are critical for the activation of Ras by nucleotide ex-
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change factors. Moreover, residues of the adenylyl cyclase
that playa role in the activation of this enzyme by Ras have
been identified.

Giulio Draetta's group is focusing on the regulation of
the eukaryotic cell cycle, in particular on mechanisms
controlling the activation of the cyclin-dependent kinases.
They have found that, for a cyclin (cyclin A and B have
been tested) to interact efficiently with the cdc2 kinase in
vitro, an additional component is needed. This factor is
probably itself a protein kinase that phosphorylates cdc2
on a conserved threonine residue, a modification which
appears to be necessary for cell cycle progression. The
identification of this activating factor is currently underway.
Another line of research involved the characterization of
cyclin A. It was found that microinjection of anticyclin A
antibodies into human cells inhibits either DNA synthesis
or the onset of mitosis, depending on the point within the
cell cycle when the antibodies were injected. This is in
agreement with the discovery that two different kinases,
cdc2 and cdk2, can associate with cyclin A and that these
are activated at different times in the cell cycle. Further
work has led to the observation that the cdk2/cyclin A
kinase is also complexed to the E2F transcription factor
in S-phase cells. E2F is involved in controlling the expres-
sion of several genes which are transcribed in S-phase.
Phosphorylation of E2F by cdk2/cyclin A probably results
in a modulation of its transcriptional activity.

Dirk Bohmann's laboratory is interested in the nuclear side
of the pathways that convert extra-cellular signals, as for
example the docking of a growth factor to its cell surface
receptor, into changes of gene activity. Studies in this
group focus on the signal transducing transcription factors
c-Jun, c-Fos, and c-Ets-1. With several newly developed
approaches it was found that exposure of cells to growth
stimulatory agents causes, among other effects, a removal
of phosphate groups from c-Jun that would otherwise
prevent the protein from binding to DNA. In addition,
transcription factor phosphorylation helps to adjust the
concentration of active c-Jun protein to the concentration
of available DNA target sites, regulates the DNA-binding
activity of c-Ets, and generally regulates the half-life of tran-
scription factors. Hence, protein phosphorylation seems to
be an important instrument of the cell to quickly turn on the
transcriptional activity of nuclear proto-oncogene products,



and, maybe even more important, to curb this activity
when it is not needed. It was thus interesting to compare
c-Jun and c-Fos with their virally-encoded, transforming
counterparts. It now appears that the viral versions of
the cellular transcription factors are no longer subject to
regulation by protein phosphorylation.

The group of Marek Mlodzik, who arrived in the second
half of 1991, is investigating the mechanisms by which
neuronal diversity is generated in the compound eye of the
fruitfly Drosophila. This eye consists of 800 "mini eyes" or
ommatidia, each containing a number of specialized cell
types. The different cell types are generated during larval
development following a complex series of cell-cell interac-
tions which are necessary to activate or suppress genes
involved in fate determination. Using an "enhancer trap"
technique a number of these genes have been identified
and their products, which act either on the cell surface or
in the nucleus, are currently being studied.

Members of the Graf group are interested in understanding
how nuclear oncogenes transform haematopoietic cells,
how they cooperate in leukemogenesis and how they
interfere with normal blood cell differentiation. During the
year it was discovered that the combination of v-ets and
v-erbA, but neither one of these oncogenes alone, is a
potent inducer of erythroleukemia in chickens. In addition,
they found that the v-ets but not the full length c-ets
product is capable of binding to specific DNA sequences.
Alterations at the 3' end of c-ets, similar to those present
in v-ets, activate the protein's DNA binding capacity, an
observation which might explain the transforming potential
of v-ets. Finally, the group has established that the v-Myb-
ets fusion protein of the E26 leukemia virus transforms
multipotent haematopoietic cells both in tissue culture and
in animals. The availability of proliferating multipotential
cells promises to become a useful model for the study
of lineage commitment mechanisms in haematopoietic
cells.

Rolf Zeller's group studies the involvement of two types of
genes in vertebrate pattern formation, using the chicken
embryo as a model. The limb deformity (Id) gene en-
codes nuclear proteins expressed in specific embryonic
cell types during morphogenesis. These proteins most
likely represent a novel class of transcriptional regulators.

PLATE 3

Ectopic expression of recombinant retroviral f3 galactosidase in
the wing bud of an day 4 chicken embryo (De la Pompa & Zeller,
unpublished). The embryo was fixed 20 hrs after the introduction
of retroviruses into the anterior margin of the wing bud. The
ectopic expression domain of the f3 galactosidase enzyme is
revealed by a colour reaction yielding a dark blue staining pattern.

Their temporal and spatial expression pattern together
with genetic analyses indicate that they are involved in
the morphogenesis of limbs, kidneys and probably other
embryonic structures such as the developing neural tube.
The group also studies the basic fibroblast growth factor
(bFGF) gene and has succeeded in isolating an alterna-
tively spliced bFGF transcript expressed during chicken
embryogenesis. The function of this previously unknown
bFGF-like molecule and its possible role in embryonic
morphogenesis are currently being studied. A retroviral
vector system which allows ectopic expression of genes
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during limb pattern formation has been developed to study
the function of the above gene products in limb morpho-
genesis. This approach should also make it possible to
study interactions of different gene products and to probe
developmental gene hierarchies in vivo.

Uli ROther's group has continued to identify novel genes
important for development by screening transgenic mouse
lines for abnormalities caused by the transgene insertion.
One of the mutant lines shows a phenotype which indicates
that programmed cell death in limb development and thy-
mocyte differentiation is inhibited. The transgene insertion
was mapped to chromosome 8 and at present attempts
are being made to identify the gene. For another mutant
called add (this mutant maps to the same locus as Xt and
Pdn mutants) it could be shown that the affected gene
corresponds to G1i3, a gene whose product contains a zinc
finger motif. The precise concentration of the gene product
seems crucial since add animals exhibit only a slight
reduction in the expression of this gene. In another line of
experimentation the interferon-inducible Mx-c-fos construct
was inserted into mice and used as a tool to assay for
fos-regulated genes in vivo. These studies showed that
the gene endo B is positively regulated by c-fos.
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Duboule's group has continued to investigate the molec-
ular nature of vertebrate pattern formation. They could
show that the posterior part of the mouse embryo is
specified by a collection of 15 Hox genes, all related to
the most "posterior" of the Drosophila homeotic genes,
AbdB. Interestingly, these genes are activated following
a temporal sequence that follows their positional order
within the Hox gene complexes. Pattern-respecification
experiments involving the wing bud, performed in collab-
oration with C. Tickle and L. Wolpert, London, confirmed
the proposition that Hox family genes encode positional
information. In a new line of research, in collaboration with
the group of Roberto Di Lauro at EMBL, the group also
studied the nature of the equivalent patterning systems in
the head region and in the brain. Two novel gene families
(Dlx and Nkx) were shown to be potential candidates for
this function. The structural and functional comparisons be-
tween these families, in particular with regard to the known
differences in the patterning systems occurring in the trunk
versus the head, should lead to a better understanding of
how various parts of the mammalian body are built during
embryogenesis.

T. Graf



Biological Structures and Biocomputing

Molecular biology seeks an understanding of basic biolog-
ical phenomena at the molecular level. The groups in the
Biological Structures and Biocomputing Programme are
pursuing this understanding with a broad array of tools and
techniques. The biological questions addressed within the
Programme include membrane proteins and assemblies,
nucleic acid-protein interactions, protein sorting and dy-
namics. These fields are central to an understanding of
modern biology and represent the most active areas of
interaction between structural biology and other aspects of
cell and molecular biology represented in the Laboratory.

The past year has seen the introduction of protein NMR
to the Laboratory. Two instruments, a 600 MHz and a
500 MHz machine, have been installed and three new
groups headed by Michael Nilges, Hartmut Oschkinat and
Annalisa Pastore have been recruited which will specialize
in the use of NMR. Protein NMR, with its ability to examine
the solution structure and dynamics of small proteins,
provides an excellent complement to the techniques of
electron microscopy and x-ray crystallography which are
already established in the Programme. Another group
which recently arrived is that of Luis Serrano who is using
mutagenesis to examine the effect of substitutions on the
stability and folding of proteins. His work is a natural
addition to the theoretical work on protein structure being
done in the Programme. Rebecca Wade's group, also
recently arrived, is focusing on molecular dynamics as a
link between high resolution structure and the functional
properties of a protein. Together these new groups will
strengthen the Programme and provide a new set of tools
for understanding biology at the structural level.

Membrane proteins and large assemblies

In his classic work "The Cell in Development and Inheri-
tance" Wilson states that "from a general point of view the
cell membrane ... is of relatively minor importance, belongs
to the lifeless products of the cell, and hence plays no
role in active cell life". Today we know that a great many
biological processes are based on interactions involving
membranes. The importance of these systems is reflected
in the concentration of interest and effort on membrane
structural biology in the Programme.

The Fuller group is analysing the structural organization of
enveloped viruses. These studies will give us information
about the control mechanisms of macromolecular assem-
blies, and may also provide insight into the processes
involved in intracellular sorting. Cryo-electron microscopy
of detergent-treated Sindbis and Semliki Forest virus (SFV)
shows that the spikes at the 3-fold axes of the virus
particles are removed, thereby confirming a prediction of
earlier work suggesting two classes of interactions be-
tween spikes and the core.

Cryo-electron microscopy is being used to study other,
highly ordered complexes. A three-dimensional recon-
struction of the adenovirus 2 virion at 35Aclearly shows
the trimeric structure of the hexons forming the capsid. The
structural features of the hexons seen in the reconstruc-
tions are in full agreement with the high resolution x-ray
structure, thus proving the validity of the combined use
of cryo-electron microscopy and icosahedral image recon-
struction. The three-dimensional icosahedral reconstruc-
tions from cryo-electron micrographs of bacteriophages
P2 and P4 provide a basis for understanding the switch
between the P2 (T=7) and the smaller P4 (T=4) capsid,
which are both formed by the gpN protein. Using the same
technique, a study of the enveloped bacteriophage cp6 has
been undertaken and has already revealed the structure of
the cage. Cryo-electron microscopy is also being used by
the Fuller group to study the centrosome, the huge central
organelle of the cell, in an aqueous environment. A three-
dimensional reconstruction from a tilt series of a centriole
has shown for the first time the overall three-dimensional
structure of the intact particle and revealed an organized
structure of the pericentriolar material at one end. Although
it is known that the endoplasmic reticulum (ER) provides
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an environment for optimal folding of proteins, the role of
later compartments is unclear. The site and the process
of assembly of the surface antigen protein of hepatitis B
virus which forms 220 Adiameter disks has been studied
by pulse chase analysis and immunochemistry. It appears
that the assembly occurs in a compartment of the ER which
lacks proteindisulfideisomerase (PDI), a fact which could
explain the highly cross-linked structure of the secreted
surface antigen.

The question of intracellular sorting is addressed by the
Fuller group with their project aimed at identifying and
characterizing the KDEL-receptor. The KDEL C-terminal
sequence of certain soluble proteins has been shown to
be necessary and sufficient for their retention in the ER.
Using anti-idiotype antibodies, the Fuller and Vaux groups
had previously identified a 72 kDa protein as the putative
receptor for retention. It has now been demonstrated by
using a peptide carrying both a glycosylation site and
a KDEL-tail that this 72 kDa protein interacts with, and
is regulated by, the level of KDEL-Iigands in vivo. The
CDR-regions of two anti-idiotypic antibodies have been
cloned and expressed and site-directed mutagenesis is
now being used to identify the residues which are important
for recognition.

The problem of sorting and processing proteins is also
being addressed by the Metcalf group's work on cathep-
sin D, an intracellular aspartic protease located in the
Iysosomes. By comparing the structure of cathepsin D with
the known structures of secreted aspartic proteases such
as renin or pepsinogen, it is hoped to identify the phos-
photransferase recognition site for labelling with mannose-
6-phosphate and thereby the lysosomal sorting signal.
The three-dimensional structure of cathepsin D has been
solved at 3.2 Aby molecular replacement using pepsin as
a model. The crystals contain a non-crystallographic dimer,
which may be relevant for activity in solution. The electron
density map clearly shows part of the carbohydrate moi-
eties at the two attachment sites. Work is under way to
determine the structure of inhibitor complexes and also to
produce recombinant cathepsin D, which would enable the
study of unprocessed protein.

The structure and function of bacterial pore forming pro-
teins is being studied by a combination of x-ray crystallo-
graphic, electron microscopic, spectroscopic and genetic
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techniques in the groups of Tsernoglou, Leonard and Pat-
tus. A model has been put forward earlier for the insertion
of colicin A into the membranes involving an umbrella-like
conformation bound to the lipid bilayer. Fluorescence en-
ergy transfer measurements of distances between fluores-
cent labels attached to cysteine residues have provided
support for the umbrella model of the membrane bound
form of colicin A. Also in agreement with this model are
experiments with mutants containing additional disulphide
bridges. All mutants tested were active in the reduced
form but blocked the colicin action at various stages in
the oxidized form, suggesting that membrane insertion and
formation of the ion channel are two separate steps. A
detailed analysis of the pH-dependence of the insertion
kinetics indicates that an insertion intermediate accumu-
lates at the membrane interface. This intermediate appears
to have a "molten-globule"-like structure suggesting that
membrane insertion of colicin A involves a partial unfolding
without loss of secondary structure. The process is trig-
gered by the low interfacial pH of the negatively-charged
membrane surface. The x-ray structure of the pore-forming
fragment of colicin A has now been refined to an R-factor of
18%, confirming the structure reported earlier. A search for
heavy atom derivatives is under way for crystals containing
the entire colicin N molecule (Tsernoglou).

In contrast to the all-helical protein colicin A, aerolysin is a
pore-forming protein consisting mostly of ,B-sheet, as was
shown by x-ray structure analysis of pro-aerolysin at 3A
resolution (Tsernoglou). Image analysis of two-dimensional
crystals obtained by reconstitution of purified aerolysin
with E.coli phospholipids revealed seven-fold rotational
symmetry of the channel complex (Pattus, Leonard; Plate
4). The structure consists of a 17Awide central channel
surrounded by 7 "spokes", each made up of two globular
protein domains. Combination of the heptameric structure
derived from electron micrographs with the high resolution
x-ray structure of the pro-aerolysin monomer will eventually
lead to a high resolution model of the channel.

An exciting new development in the field of pore-
forming proteins is the crystallization of the a-toxin from
S.aureas in hexameric form in the presence of detergent
(Tsernoglou). This opens the prospect of directly observing
at high resolution the structure of an intact membrane pore.
The orthorhombic crystals diffract to rv3.2Aand contain
one hexamer of M r 200,000 in the asymmetric unit.



PLATE 4

This stereo image of the aerolysin channel was produced by a
combination of the high resolution three-dimensional structure of
the isolated aerolysin molecule solved by x-ray crystallography

and the structure of the intact channel obtained by electron
crystallography.

Many membrane proteins form high quality two-dimen-
sional crystals more readily than three-dimensional crys-
tals and electron crystallography is therefore often the
only technique available to get high resolution structural
information. Two-dimensional crystals of excellent qual-
ity are available for the plant light-harvesting (LH) com-
plex and the KOhlbrandt group has determined the struc-
ture at 6 A by electron diffraction and image analysis
(see 1990 Annual Report). Meanwhile, electron diffraction
amplitudes to 3.2 A resolution have been collected and
phases to ,,-,4.5 A have been obtained from images of
tilted two-dimensional crystals. The resulting three-dimen-
sional map confirms the structural features seen at 6 A,
namely 3 membrane spanning helices and some 15 chloro-
phyll molecules. The good quality of the electron density
map should allow tracing of the chain and possibly fit-
ting of the side chains in the helical regions. Prospects
for obtaining even higher resolution data are excellent
as it was found that using digalactosyl diacyl glycerol

as the only lipid results in much improved three-dimen-
sional and two-dimensional crystals, the latter diffracting
to "-'2.2A.

The group of Ramon Serrano has been using immuno-
logical and genetic approaches to study the structure of
the yeast H+ ATPase, a very large membrane protein.
By generating antibodies against specific regions of the
protein and using these antibodies in microscopy they were
able to map the topology of this protein. This group has
also used genetics to study the basis of salt tolerance.
Isolation of salt tolerant mutants from yeast has revealed
two novel genes, HAL 1 and HAL2, which are involved in
this phenomenon. The fact that both genes are conserved
in plants validates the use of yeast genetics as a model
system. This group is leaving EMBL and returning to Spain,
to the Universidad Politecnica, Valencia, where they will
continue to exploit this genetic approach to plants and
yeast.
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Mammalian cytochrome oxidases are complex multisub-
unit enzymes which play a central role in the energy
metabolism of the cell. By focusing on the less complex
bacterial cytochrome oxidases with genetic and biochem-
ical techniques, the Saraste group is trying to elucidate
the mechanism of this whole class of proton pumps, i.e.
to understand how the reduction of oxygen is coupled to
proton transport. The cytochrome oxidases are either pu-
rified from various bacterial sources or are cloned by PCR
techniques using oligonucleotides derived from the most
conserved peptides in subunit I (CO I). The structure of
the so-called CUA-centre located in the C-terminal domain
of subunit II (CO II) is still being debated. To address this
question, the C-terminal domain of the copperless E.coli
CyoA protein, the quinol oxidase subunit homologous to
CO II, has been expressed in E.coli. By site-directed
mutagenesis it was possible to construct mutants of this
protein which appear to contain a CUA-like centre. The
genetic and biochemical analysis of the oxidase from
the thermoacidophilic archaebacterium Sulfolobus acido-
caldarius shows that it contains, in addition to the CO I
and CO II subunits, an apo cytochrome b, which is normally
a component of cytochrome bC1 and b6f complexes. The
much simpler Sulfolobus enzyme therefore appears to
combine the mechanisms of two different multi-subunit
mitochondrial enzymes.

Cytoskeletal and muscle proteins

A fruitful approach to elucidating the three-dimensional
structure of large molecular assemblies is to determine
the structures of its subunits or domains by x-ray crystallo-
graphy or NMR and then reconstruct the macromolecular
arrangement by combining this knowledge with informa-
tion from other sources e.g. electron microscopy. This
approach has recently been successfully applied to de-
rive the structure of the actin filament and is now being
used by the Saraste group to derive the structure of
spectrin. Spectrin, a major constituent of the membrane
skeleton, is a heterodimer of a- and J3-subunits which
are made up from a canonical 106 amino-acid long re-
peat and a number of unique domains carrying the func-
tional properties of spectrin. Several of these domains,
including the SH3 domain ("src-homology 3"), have been
expressed in E.coli and purified for structural studies.
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The SH3 domain is present in many proteins involved
in signal transduction, e.g. tyr kinases or G-protein ac-
tivating protein (GAP). High quality crystals diffracting to
beyond 2Ahave been obtained and the structure deter-
mination is under way in collaboration with the Wierenga
group.

The Leonard group is studying a number of giant muscle-
associated proteins including titin (Mr 3 x 106), nebulin
(Mr 0.8 x 106), projectin (Mr 0.8 x 106) and a protein from
z-discs in Lethocerus indicus. Titin, which spans half-
sarcomers and consists of rv100 repeats of two domains
arranged in a regular pattern, has now been sequenced
to about 40%. Single type I (immunoglobulin-like) and
type II (fibronectin-like) repeats have been expressed in
E.coli and shown to bind to thick filament proteins. In
collaboration with the Pastore group, the structure of the
titin repeats is being studied with NMR techniques. CD
spectra indicate that the individual domains are monomeric
and folded in solution and exhibit a clear J3-sheet struc-
ture, as predicted. In contrast, the single nebulin repeat
shows extremely low solubility in aqueous solution and it
is therefore planned to study the super-repeat by NMR
techniques.

The Suck group has continued its efforts to express skele-
tal muscle actin, actin mutants and domains in E.coli,
using various expression systems. For the first time it has
been possible to express the N-terminal domain without
formation of inclusion bodies. The purified domain shows
the behaviour of a soluble, monomeric protein and is
presently being characterized. As an alternative way to
avoid the solubility problems encountered with E.coli, a
baculovirus expression system has been established, and
it could be shown that it is possible to express skeletal
muscle actin cDNA and a deletion mutant missing the loop
region around residue 270.

Protein-nucleic acid interactions

Protein-nucleic acid interactions are of central importance
for many biological processes and in recent years a grow-
ing number of high resolution structures of protein-DNA
and protein-RNA complexes has shed some light on the
structural basis of the recognition process. One impor-



tant result of these studies has been the variety of the
structural motifs involved in the recognition; another is
the realization that specific recognition not only involves a
direct "read-out" of the base sequence by specific H-bonds
but always involves an indirect "read-out" via contacts to
the sugar-phosphate backbone, which exhibits significant
sequence-dependent variations.

The long standing collaboration between the Tsernoglou
and Tucker groups has now led to a model for the chy-
motryptic fragment of the adenovirus 5 ssDNA binding
protein. At the present stage of refinement (R=25.3% at 3 A
resolution) the fold of the molecule is clear, although there
is a flexible region of 21 residues (120-160) with poorly de-
fined density. An interesting feature of the structure which
may explain the observed cooperativity of DNA-binding is
the interlocking of adjacent molecules by the C-terminal
arm of the protein, giving rise to a chain-like arrangement
of molecules.

The Pastore group (in collaboration with Tony Gibson)
has solved the solution structure of a 61 residue syn-
thetic peptide representing the basic domain and the
so-called leucine-zipper region of the yeast transcription
factor GCN4. The study confirms the expected coiled-coil
structure of the leucine-zipper domain and shows that the
basic region is a flexible segment folded into a loose helix,
in the absence of DNA. IL-6DBP (interleukin 6 dependent
DNA binding protein), another member of the bZip-family of
proteins, is being studied in the Suck group by x-ray crys-
tallography. The DNA-binding domain of IL-6DBP which
shows strong sequence homology with C/EBP has been
cocrystallized with a number of oligonucleotides containing
either a symmetrical C/EBP site or naturally occurring
IL-6 responsive elements from haptoglobin or haemopexin
genes. Various domains of the transcription factors LFB1
and LFB3 are being studied by NMR (Pastore) and x-ray
crystallography (Suck). The myosin-like 32 amino-acid
long dimerization domains of LFB1 and also LFB3 was
shown by NMR not to form a coiled-coil structure, but
instead to consist of 3 distinct regions, an extended seg-
ment and 2 helical regions. Hexagonal crystals diffracting
to about 2.6Aof an 80 amino-acid long homeodomain-like
region of LFB1 have been grown and attempts to solve
the structure by molecular replacement are under way.
As a result of collaboration between the Graf and Suck

groups, the DNA-binding domains of the tissue-specific
transcriptional activators c-Myb and v-Myb have been ex-
pressed and recently cocrystals diffracting to rv2.5A of
the c-Myb domain and an oligonucleotide derived from
the mim 1-promoter recognition element have been ob-
tained. While c-Myb and v-Myb belong to the class of
homeodomain proteins, there is no structural information
available as yet for the so-called helix-loop-helix (HLH)
domains present in transcriptional regulatory proteins such
as Myc or MyoD. The BCS program suite was used by
the Argos group to model the domain present in Myc-
related regulatory proteins. The proposed structure is a
4-helix bundle made up of two antiparallel helical pairs
reminiscent of the Rop protein and shows the classical
"knobs into holes" packing of helical side chains. The Suck
group is continuing their work on DNase I and both an
active site mutant (H134Q) and a DNA-binding mutant
(Y76A) have been crystallized and their structures solved
by molecular replacement. A further mutant has been
constructed by inserting residues in the 173-176 loop,
which is expected to show increased sequence specificity
through major groove contacts. Crystallographic results
together with site-directed mutagenesis experiments have
confirmed the critical role of two histidines for DNase I
activity and have led to the proposal of a mechanism
involving general acid-base catalysis with H134 and H252
acting as the general acid and base, respectively. Hexag-
onal crystals diffracting to 2.5A have been obtained of
phage T5 5' ,3'-exonuclease, an enzyme which shows
significant sequence homology with the 5' ,3'-exonuclease
of E.coli DNA polymerase I.

Microbody proteins

The studies of trypanosomal triose phosphate isomerase
(TIM) by the group of Rik Wierenga are aimed at the
design of selective inhibitors which may eventually lead
to the development of a potent drug against trypanoso-
miasis. Trypanosomal TIM has now been expressed in
E.coli allowing extensive crystallographic binding studies,
in particular with cyclohexapeptides which are known to
inhibit the enzyme selectively, as well as site-directed
mutagenesis. An active site mutant (Asp1 00-7Trp) and a
number of mutants affecting the dimerization have been
constructed and have been tested for activity. To under-

27



stand the relationship between sequence and the structural
and functional properties of different TIMs, the crystal
structures of the liganded and unliganded forms of chicken,
yeast and trypanosomal TIM have been compared. In
addition, the structure of E.coli TIM has been solved by
molecular replacement showing significant differences in
the dimer interface interactions around residues 45 to 47.
A second focus of the group's activities has been the study
of enzymes of the ,B-oxidation pathway. A search for heavy
atom derivatives is under way for yeast thiolase, while
crystals of a rat liver mitochondrial isomerase diffracting
to 3Ahave been obtained.

Theoretical and experimental
approaches to protein folding

In recent years it has become clear that in vivo folding
of macromolecules in prokaryotic as well as in eukaryotic
cells involves a number of "helper" or chaperonin proteins.
Belonging to this group are POI (protein disulphide iso-
merase), members of the hsp70 and hsp60 families of
heat shock proteins, their prokaryotic analogues GroEI,
GroEs, OnaK, SecA and SecB and others. A very exciting
result was the finding that the ATPase domain of the
Hsc70 protein is structurally very similar to actin and also
to hexokinase. Meanwhile, sequence alignment based on
structural superposition to identify conserved sequence
motifs has led the Sander group to propose the presence
of the ATPase domain for a number of cell cycle proteins
and sugar kinases. This raises interesting questions con-
cerning the evolutionary relationship of these proteins. A
breakthrough towards understanding of the mechanism of
chaperonin function can be expected from the analysis
of crystals of GroEI, SecA and SecB obtained by the
Tsernoglou group.
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Theoretical approaches to protein folding involve the de-
sign and prediction of protein structures. A necessary
prerequisite for this type of approach is the availability
of sequence and structural databases including software
tools for the fast screening of these databases and soft-
ware packages for the building, refinement, analysis and
evaluation of model structures. A number of powerful soft-
ware tools have been developed by the Argos and Sander
groups and some of them are now being widely used by
researchers at EMBL and other institutions. Among these
are the modelling system WHATIF, the sequence retrieval
system SRS, the tertiary structure modelling program BCS,
the amino-acid cluster recognizing program CLUSPROT
and MAXSPROUT, a program for the automatic model
building from Ca-positions. Genetic algorithms as a tool
for efficient searching of large conformational spaces have
been applied by the Argos group to fold a 4 antiparallel
,B-strand model protein. New criteria for the evaluation
of different conformational search procedures have been
tested using Met-enkephalin as a model case. The Sander
group has developed a fast Monte Carlo algorithm for side
chain optimization in proteins to be used for automated
model building by homology. The software packages and
databases developed in the Programme have been applied
to a number of cases, including the prediction of mutant
properties of neutral proteases, the design of inhibitors
for carboxypeptidase, the design of acid and protease
resistant lipases and the modelling of 7-helix bundle pro-
teins. The Argos group has developed a molecular dy-
namics method which parameterizes dynamics in terms
of internal coordinates rather than the classical Cartesian
coordinates. The result is a program which is capable of
scanning conformations, and hence refining, much more
rapidly.

S. Fuller & O. Suck



Gene expression

The genes, encoded in DNA, are the library of information
from which an organism is constructed. The pathway of
gene expression, by which the information is turned into
the molecular components necessary for the structure and
function of the cells in the organism, is what we study in
the Programme. The order of events in gene expression
is universal. First, the DNA is made into RNA. The RNA,
especially in eukaryotic cells, is often made as a precursor,
and must be processed to the mature form. Next, most of
the RNAs produced by the cell are translated into protein.
The catalytic and structural activities of the cell are then
carried out by both RNA and protein components. The
pathway of gene expression has been summarized by
Francis Crick as "DNA makes RNA makes protein", the
so-called central dogma of molecular biology.

The fact that essentially all the cells in an organism contain
the same set of genes poses an immediate problem. If all
cells contain the same genetic information, how can the
very different types of cells which give rise to organs like
liver, brain or muscle be generated. Related questions are
how all of these different cell-types can be generated from
a single cell, the fertilized egg, and how do they become
arranged into the definite pattern which characterizes the
organism. The answer to these puzzles lies in the regu-
lation of gene expression. Regulatory mechanisms which
control all of the different steps in the pathway of gene
expression exist and are used differently in different cells
with the result that no two cell-types express exactly the
same set of genes. In addition to this, gene expression
is not fixed. The organism, and its individual cells, has to
be able to respond to stimuli by changing the pattern of
expression.

For these reasons it is not only the basic molecular
mechanisms of gene expression which are interesting
but, perhaps even more importantly, how these expres-
sion mechanisms can be controlled. However, one cannot
properly appreciate the regulation of a process without
understanding the process itself in some detail. Therefore
groups within the Programme have been actively engaged
in studying both basic mechanisms of gene expression and
their regulation.

Transcriptional control

As mentioned above, a fundamental biological question
is how do different cells in an organism acquire their
unique properties, since they all contain the same DNA
sequences? One aspect of this problem, which is of-
ten overlooked, is that the DNA in cells is not naked,
and thereby freely accessible to regulatory molecules,
but rather is packaged into chromatin. The major protein
constituents of chromatin are the histones, but a multitude
of other proteins are also present. Chromatin is far from
being uniform, as can be assessed by probing with either
nucleases or DNA modifying agents or, at a different level,
by observations in the electron microscope. It is very likely
that the transcriptional activators which directly turn on the
expression of a particular gene can only gain access to
their binding sites in the regulatory regions of that gene
- its promoter(s) and enhancer(s) - if they are present
in a favourable chromatin conformation. It follows that the
decision to make the regulatory region of a gene avail-
able for use has to be made separately from, and earlier
than, the decision to begin transcription of the gene. Two
groups in the Programme are devoting their efforts to a
better definition of what is involved in chromatin "opening".
They study this problem either in developing embryos or
in cell-lines that differentiate in response to extracellular
signals, such as retinoic acid.

Retinoic acid has a multitude of effects on developing
organisms, all of which seem to be mediated through
receptor proteins that are better described as ligand in-
ducible transcription factors. This family of proteins is only
functional in the presence of bound ligand, and includes
members which bind to steroid hormones, vitamins, thyroid
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hormone etc. Many of these receptors bind to similar or
even identical target regions on DNA, posing the question
of how they can achieve biological specificity. One group
in the Programme has been probing this question with
respect to the thyroid hormone and retinoic acid receptors.
They have discovered that the small differences in DNA
binding specificity seen previously in vitro can be much
amplified when genuine in vivo DNA targets are examined.
Activity of the receptors has also been shown to depend
upon interaction with other intracellular factors, including
some whose distribution is restricted to particular tissues
or developmental stages. Thus, only cells that contain the
correct combination of factors will be capable of respond-
ing to retinoic acid stimulation.

Similar, or identical, cellular factors are involved in the
action of another group of transcription factors. These
are members of the POU family, called octamer or Oct
factors, and some appear to play important roles in the
earliest stages of mammalian development and differenti-
ation. These proteins, named after the length of the DNA
sequence to which they bind, can have either positive, neg-
ative or no effect on the activity of promoters or enhancers
containing their binding sites, depending on the cell-type in
which the promoter is found. Indeed, the earliest function
of one of the members of the family, Oct-4, is known to
precede the onset of transcription in the mouse embryo,
suggesting that at least this factor functions in ways other
than just transcriptional activation.

Ribonucleoproteins

Ribonucleoproteins (RNPs) are complexes consisting of
RNA and protein components. RNPs are involved in many
cellular processes. Four groups in the Programme work
on various aspects of RNP biology, ranging from detailed
analysis of RNA-protein and protein-protein interactions
within the RNPs all the way through to functional studies
of the role of RNPs in such diverse reactions as RNA
processing, regulation of protein synthesis and intracellular
transport.

Eukaryotic cells, in contrast to prokaryotes, produce es-
sentially all of their RNAs in the form of precursors. These
RNAs usually contain extensions at either one or both of
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their termini as well as internal sequences which must be
removed to produce the mature RNA. Small nuclear (sn)
RNPs and small nucleolar (sno) RNPs are required for the
processing of messenger RNA and ribosomal RNA pre-
cursors respectively. Plate 5 is an outline of the pathway
of pre-ribosomal RNA processing in yeast. A battery of
methods including both molecular and classical genetics
and biochemistry are being employed in an intensive effort
to elucidate the functions of the sn and sno RNPs in RNA
processing. This is a field where technical innovation is
constantly required and over the past few years one of
the groups in the Programme, in collaboration with the
Biochemical Instrumentation Programme, has developed
a series of novel reagents which can be used to study
RNPs in various ways, ranging over biochemical purifica-
tion to histological analysis of RNPs within living cells. The
methods have so far been used almost exclusively with
snRNPs, but they should, in principle, be applicable to the
study of any RNP in which some of the RNA is present in
the form of an accessible unpaired structure.

The new reagents can be used to chemically synthesize
polymers that closely resemble RNA in most respects,
but which also exhibit useful unique properties. RNA is,
for example, unstable both chemically and through sus-
ceptibility to destruction by many abundant degradative
enzymes, present both inside and outside cells. Since RNA
can function as a catalyst it is now possible to make a
synthetic RNA-like catalytic molecule which is much more
stable than natural RNA and is capable of, for example,
cleaving a specific mRNA. These synthetic RNAs have an
extremely promising future for both research and possibly
even clinical purposes since they are theoretically capable
of specifically inhibiting the expression of any particular
gene product.

A further problem which is unique to eukaryotic cells is
the targeting and transport of macromolecules to particular
intracellular organelles. The largest cellular organelle is
the nucleus, the site of RNA transcription. Since most
RNA molecules function in the cytoplasm they must be
exported from the nucleus before reaching their site of
action. Transport of RNA from the nucleus to the cytoplasm
and the inverse, transport of the snRNAs (in the form of
snRNPs) from the cytoplasm back into the nucleus has
been under study in the Programme. Signals on the RNA
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PLATE 6 Cellular Iron Supply
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which are involved in targeting have been defined, and are
now being used to analyse the mechanism of transport in
more detail.

Gene expression responds rapidly to signals at levels
other than that of transcription. One group is interested
in the mechanism by which the intracellular level of iron
is maintained at a steady state. It turns out that this
is due, in large part, to changes in the translation of
mRNAs which encode proteins involved in the uptake of
iron into the cell and its intracellular storage (Plate 6).
The molecular basis of this control involves the formation
and dissociation of an RNP formed between an RNA
element present in the mRNAs and a cellular protein. The
affinity of this protein for the RNA is decreased by high
concentrations of intracellular iron, with consequences for
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the stability and translatability of the mRNAs to which
it binds. These changes in turn lead to a reduction in
the intracellular free iron concentration. Recent work has
shown that the binding site occurs in a small family of
mRNAs, and its functional significance in these newly-
discovered locations is under investigation. So too is the
mechanism by which the protein, once bound, can affect
the initiation of translation on the mRNA.

In summary, many different aspects of gene expression
are being studied in the Programme. The diversity and in-
tricacy of the mechanisms and their regulation will provide
fascinating work for us in the years to come.

I. Mattaj



Physical Instrumentation

Microcomputing and data acquisition, confocal light mi-
croscopy and electron microscopy, are the three direc-
tions of research within the Physical Instrumentation Pro-
gramme. Internal collaborations with the Cell Biology, the
Biological Structures and Biocomputing, and the Differenti-
ation Programmes have been considerably strengthened.
This is probably the best way to achieve the design of new
or improved instruments that are useful to the biologists.

Microcomputing and data acquisition

The microcomputing and data acquisition group has in-
vested a large part of its efforts both in hardware and
software for projects in scanning transmission electron
microscopy. These activities mainly concerned (a) the new
silicon quadrant detector and its associated data acquisi-
tion electronics and (b) user-friendly software to operate
the CryoSTEM.

Efforts have been put into the new CryoSTEM acqui-
sition system. The new system will include a powerful
workstation (SUN Sparc II) driving a VMEbus bridge to
provide access to the VME crate hosting all the necessary
data acquisition modules and array processor cards. The
acquisition software has been rewritten and now has a
graphical interface for all detectors.

In parallel with the upgrade of the CryoSTEM data acqui-
sition system two new interfaces were designed for the
quadrant detector system: (a) to send multiplexed images
to the VMEbus-based acquisition system and (b) to trans-
fer single images in real time mode to the microscope's
frame buffers. The main objectives of these modifications
are to make the complete system more user-friendly and
to allow easier future implementation of new detector sys-

tems. A test installation will be carried out during the first
quarter of 1992 and a stable configuration is expected by
the middle of the year.

The project to replace the charge coupled device (CCD)
detection system attached to the CryoSTEM spectrome-
ter by a more powerful linear micro-strip silicon detector
for electron energy loss spectroscopy is in progress. For
several reasons (density, low-noise requirements, speed),
the most critical part of this future detection system is the
front-end. The number of channels (512) clearly indicates
that it definitively makes sense to try to use highly inte-
grated front-end electronics. Tests of an integrated octal
preamplifier and discriminator (from Smart Silicon Sys-
tems, lausanne) have been carried out. The first results
are quite promising with regard to the noise, amplification
and speed performances but we did not succeed in com-
bining it with a fast external discriminator due to feedback
problems. Tests will be carried out early next year so that
mechanical design of the overall detector assembly can be
started. Work on a simple preprocessing system has been
started. It will allow us to test off-line several algorithms for
elemental mapping and help us to decide about the final
implementation of the preprocessor.

Preliminary work on future x-ray data acquisition systems
has been carried out as a consequence of the laboratory's
decision to put resources on x-ray detection systems for
future use in biology at the ESRF. A common effort asso-
ciating the groups in the two Outstations in Grenoble and
Hamburg has been agreed and will hopefully be fully oper-
ational at the beginning of next year. As concerns the data
acquisition system, a clear option to go for VME-based
electronics has been decided.

An agreement with a Grenoble based company (Biologic)
was reached late in the year for the transfer of the technol-
ogy of the previously developed x-ray data acquisition elec-
tronics and associated software (developed in Hamburg).
These products will now be distributed by this company
avoiding internal manufacture by the EMBl.

Our image processing project, started last year to provide
a user-friendly working environment for the biologists, has
progressed quite satisfactorily. The development of this
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dedicated software also corresponds to the need of pro-
viding the biologists at the EMBL with original programs or
methodologies tuned to answer specific problems arising
from their research. During the year, the general capabil-
ities of the software have been drastically improved and
augmented. Several routines are now available for image
restoration and enhancement, image segmentation and
interpretation. Image storage is now done in TIFF format
to provide the user with easy access to the networked
output devices. Beside these general purpose routines,
more specific work has been achieved and several collabo-
rations, both internal and external, have been established.
A registration program has been developed to facilitate the
acquisition of serial cross-section images of the same area
of microscopic images. This program has been used in
collaboration with Domenico Lazzaro (Riccardo Cortese's
group) and Melanie Price (Roberto Di Lauro's group) for
correlating autoradiography images of embryonic mouse
brain images. We also use it in collaboration with Denis
Duboule for registering serial cross-sections of complete
organs to achieve their three-dimensional reconstruction
and visualize gene expression patterns. A copy of this
program was provided to P. Chambon's laboratory in
Strasbourg where it is used for autoradiographic image
processing.

Work with digital signal processors (DSP) has been carried
out. This has been done in the context of a study of
computing with parallel and pipelined architectures for
algorithms requiring an enormous amount of floating-point
calculations. Our interest in providing a very fast solution to
the computation problems involved in the sensitive method
for protein sequence comparison developed by Pat Argos
has triggered an in-depth analysis of the problem. We
have carefully evaluated the possibilities of parallelizing
and pipelining the various tasks. We also looked at the
possibilities of implementing in hardware some of the
rather tedious addressing algorithms and look-up table
operations to generate the different correlation matrices
involved in the computation.

The critical evaluation of several commercially available
DSP chips both with regard to their input/output architec-
ture and instruction speed has dictated the choice of the
Motorola 96002 as the best candidate mainly because of
its dual I/O bus architecture. We have bought an IBM-PC
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based development system for the Motorola 96002 to
enable easy hardware and software development tailored
to the future applications. The design of a DSP board
that can be used as the basic building block for a system
dedicated to sequence comparisons was started.

Light microscopy group

The light microscopy group concentrated its efforts on
three-dimensional light microscopy and on video mi-
croscopy. Three-dimensional light microscopy is based on
confocal fluorescence microscopy. The group builds the
instruments and supports their usage by scientists from the
EMBL and from other institutions. The video microscope is
basically a conventional microscope that uses cameras to
record the movement of cells, organelles or reconstituted
systems and image processors and video recorders to
document time-dependent changes in morphology.

The collaboration with the University of Turku and the
Weizmann Institute in Rehovot has reached an important
stage with the completion of three models of the compact
confocal microscope (CCM; Plate 7). The microscopes
were finally delivered to Finland, Israel and the EMBL Cell
Biology Programme. With three identical instruments in
three different places we now hope to improve the devel-
opment of image recording and image handling software.
This collaboration is possible because these instruments
were developed by engineers who kept usability in mind.
Potential users of the CCM are instructed at the EMBL
before carrying out experiments in their own laboratories.

In collaboration with Jan De Mey (Cell Biology Pro-
gramme), Ernst Stelzer organized an EMBO course on
"Digital Light Microscopy". Leading international experts
instructed students from ten European states. The course
was very well received. The students and the instructors
stressed the importance of advanced training in light mi-
croscopy. The field is emerging rapidly while the number
of European experts is still very small, as is the opportunity
to receive excellent training.

Quite apart from the applied work in our group, efforts
were made to investigate the effects of certain objects on
the imaging properties in three-dimensional microscopy.



This has led to an improved understanding of some prob-
lems which were already apparent. The group also in-
vestigated new means of improving the axial resolution in
confocal fluorescence microscopy.

The main efforts during 1992 will be minor improvements
of the existing instruments and most importantly the de-
velopment of a very fast beam scanner that is perfectly
diffraction limited and confocal.

PLATE 7

The arrangement of the compact confocal microscope is outlined
in this Plate. The light enters the microscope from the right
hand side, is expanded, passes a number of optical parts and
is deflected towards two scan mirrors and enters the microscope.
The confocal part is therefore out of the way behind the micro-

scope. The fluorescence emission is "descanned" by the same
two mirrors, passes the dichroic mirror and enters the detection
unit on the upper left hand side. Any two of the available detection
channels (4x fluorescence, 1x reflection, 1x transmission) can
be recorded in parallel per 0.6 seconds.
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Electron microscope development

Low voltage scanning electron microscope (LVSEM)

The LVSEM column was assembled including the cold-
stage as described in the previous Research Report.
With the present instrument, we could obtain a resolving
power of 5-6 nm at an electron energy of 1 keY. This
value agrees with the calculated resolution limit due to
the spherical and chromatic aberrations of the objective
lens. Therefore, we expect a significant improvement in
the resolving power when the corrector, needed for the
compensation of these aberrations, is incorporated in the
microscope in 1992.

In collaboration with different groups at EMBL, we inves-
tigated the usefulness of the present set-up for imag-

ing biological specimens. We were able to image un-
coated frozen-hydrated or freeze-dried samples, such
as

freeze-fractured yeast cells (in collaboration with Ed
Hurt)
vaccinia viruses (in collaboration with Gareth Griffith
& Heinz Horstmann)
muscle sections (in collaboration with Kevin Leonard
& Charles Ferguson)
microtubuli (in collaboration with Denis Chretien &
Stephen Fuller).

The first results encourage us to continue with the biologi-
cal applications and to improve the preparation techniques
to make the high resolution LVSEM a new important tool
in our laboratory.

PLATE 8

Photograph of an uncoated, freeze-frac-
tured and partially dehydrated yeast cell.
The image was taken with the LVSEM at
a temperature of 173 K.
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Scanning transmission electron microscope (STEM)

Multichannel phase-contrast detector

The electronic hardware for the new multichannel de-
tector was finished and the performance of the detector
was investigated. For these performance tests, the ex-
isting data acquisition system could be used. However,
this data acquisition system limits the routine applica-
tion of the multichannel detector due to badly adapted
interfaces, which were designed for the old analog pho-
tomultiplier detector system. Nevertheless, a high num-
ber of images could be acquired and it turned out
that the performance of the quadrant detector is up
to expectations and as soon as the new data ac-
quisition system is available this multichannel detector
will become the most frequently used detection sys-
tem.

Data acquisition system for the CryoSTEM

To have a data acquisition system that is well adapted
not only to the new quadrant detector, but also to the
whole configuration of detectors, a new acquisition system,
based on a SUN Sparc station 2, has been developed.
For this system, all the drivers and interfaces have also
been adapted, to be able to select the required detec-
tor system by software and to have just one common
standard interface. At the same time, this new acqui-
sition system has the required capability to handle all
the images we can acquire simultaneously and to carry
out the rescaling of the images needed for display on-
line.

Transmission electron microscope (TEM)

Development of a corrected high resolution
transmission electron microscope

During the past years, several methods have been devel-
oped in electron microscopy that allowed the structures of
proteins to be resolved at an angstrom level. However, the
visualization of smaller details such as water molecules is
limited by the microscope. The limitation of today's electron

microscopes is determined by the axial aberrations of the
objective lens: the spherical and the chromatic aberra-
tion.

The only way to overcome this limitation is to compensate
for the aberration introduced within the objective lens by
an additional lens with a negative value for this partic-
ular aberration. The chromatic aberration alone allows
a point-to-point resolution of d=0.8A if the accelerating
voltage is 200 kV and the energy spread of the electron
gun is kept at a very low level (::;0.6 eV). These two
requirements can be fulfilled by a 200 kV Philips eM 20
electron microscope equipped with a field emission gun.
Accepting a limit for the resolving power of d=0.8 A, only
the spherical aberration has to be corrected. A corrector
system for this purpose has been proposed by H. Rose
and we will follow this approach. The corrector consists of
two transfer dubletts and two hexapole-elements, whereby
the most crucial point will be the exact symmetry of the
multipole-fields we have to generate with these elements.
In collaboration with the groups of Prof. H. Rose (Darm-
stadt) and Prof. K. Urban (JOlich) a project has been
started to develop such a corrected high resolution TEM.
The first step of this project is to study the feasibility of the
correction of the spherical aberration within the coming two
years.

The possibilities of correcting the spherical aberration was
mentioned by Scherzer 50 years ago. However, in the past
all efforts to develop such a corrected TEM failed. We think
that we are able to finish this project successfully. The
Volkswagen Stiftung is also convinced that it is worthwhile
financing this project for the coming two years. Our final
goal is to achieve a point resolution of 0.8 A, which would
be an improvement by a factor of 3 compared with the best
commercially available microscopes.

STEM application

Mass measurement

As in the preceding years, mass measurement has been
offered as a facility on the HB5 STEM. The determinations
are carried out using TMV as an internal standard. A listing
of the measurements performed in 1991 is given in Table 1.
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Table 1

Object In collaboration with Result and conclusion

Bacillus subtilis phage P. Oube, R. Lurz, M r=747,000 ± 69,000, confirming results
SPP1 portal protein, F. Zemlin, M. van Heel from single particle image analysis,
expressed in E. coli (all Berlin) & P. Tavares which indicate a 13-mer (of 57,000)

(Oeiras)

Aeromonas hydrophyla H.U. Wilmsen, F. Pattus Mr=370,000 ± 60,000, indicating a
aerolysin T. Buckley & heptamer (of 50,000), in agreement

K.R. Leonard with results from SOS-PAGE of
boiled - not of unboiled - sample,
and with results from image
analysis of two-dimensional crystals

Bovine filensin A. Merdes & Mass/length=2,900 ± 600/A
filament S.D. Georgatos (Classification of filensin filament

as an intermediate filament
requires further information about
an axial repeat)

Complex of O. Chretien, E. Karsenti In progress
microtubule with & S.D. Fuller. (Goal:
microtubule associated determination of MAP binding)
proteins (MAPs)

Mass mapping

In collaboration with K.R. Leonard & S. Trachtenberg
(Jerusalem), we are determining radial density profiles of
vitrified helical particles. Radial density profiles specify the
boundary chosen for a structure in a helical reconstruction.
Whereas they are difficult to determine in the case of bright
field electron microscopy, they can be directly derived
from STEM dark field images. We obtained radial density
profiles for vitrified TMV and RNA-free helical polymers of
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TMV coat protein that show a maximum difference at a
radius of about 40 A, which can be attributed to the RNA
packaged in TMV. This result is in agreement with results
obtained by others with hydrated sols in x-ray diffraction
and with freeze-dried specimens in STEM dark field. The
resemblance between the overall shapes of the profiles
in STEM and those observed with hydrated sols in x-ray
analysis is greater in the case of vitrified specimens.

C. Boulin, M. Haider & E. Stelzer



Biochemical Instrumentation

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

A new group leader, Matthias Mann, will join the protein
group in May 1992; he will be working on the develop-
ment of mass spectrometry, together with laser desorption
and ion trap techniques. The aim is to develop these
techniques for faster protein and DNA characterization,
in particular protein sequencing. Analysis of protein mod-
ifications and determination of molecular weight will be
provided by mass spectrometry by the middle of 1992.

Automated DNA sequencing station
with fluorescent labels

One of the aims is to develop and push the automated on-
line DNA sequencing gel technology to its limit in sequence
throughput, somewhere around 100 kilobases of sequence
per device per day. Such a system will be developed
during the next two years with a grant from the European
Communities. In parallel new unconventional sequencing
methods are being considered and analysed.

Key new developments on the EMBL automated se-
quencer and its commercial version A.L.F. (Pharmacia
Biosystems) were initiated and applied during the year.

Improvements in existing techniques leading to higher
sequence output are of importance to routine projects. This
can be achieved in several ways:

by increasing the number of clones run simultane-
ously on a gel, e.g. by running clones labelled with
two or more dyes;
by increasing the speed with which the bands migrate
in the gel, e.g. by using ultrathin gels allowing higher
voltages or by using new gel matrices;
by increasing the number of resolved bases in one
run, e.g. by increasing the separation distance in the
gel and by optimizing the sequencing reactions, and
by re-using the gels several times.

Protocols for reliable selection and synthesis of oligonu-
cleotide primers for "walking" became crucial in the de-
velopment of a fast, automated system and strategy for
routine small, as well as large sequencing projects. Our
efforts to optimize the primer selection resulted in greatly
improved reliability of the primers in sequencing, achieving
about 90% efficiency. This strategy accentuates the need
for the new automated multiple segmental oligonucleotide
synthesizer being developed in the Programme.

Higher data input requires a well adapted computer anal-
ysis station and good user software. Use of the auto-
mated reader significantly improved the determination of
sequences from raw data. We are building computer net-
works for use in the DNA sequence service and in large
sequencing projects.

New procedure for automated DNA
sequencing with multiple internal
labelling by fluorescent dUTP

A new procedure for automated Sanger sequencing with
multiple internal fluorescent labelling of DNA was in-
troduced. In the sequencing reaction dTTP is replaced
by fluorescein-12-dUTP in the primer extension/labelling
step, which is incorporated into the growing chain dur-
ing its enzymatic elongation by T7 DNA polymerase.
Compared to the end-labelling protocols, DNA sequenc-
ing with internal label results in stronger peak intensi-
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ties due to the multiple labelling of the fragments, al-
lowing sequencing of small amounts of DNA. Compared
to standard methods, it is currently possible to obtain
sequences using 5-10 times smaller amounts of DNA, e.g.
0.1-0.2 JLg of single-stranded, and 0.5-1 JLg of double-
stranded DNA. Sensitivity will be further improved when
the other three fluorescein labelled dNTPs are also avail-
able, and even more label is incorporated in the DNA
fragments. Other current important protocols were adapted
for the technique with labelled dUTP, e.g. sequencing of
PCR products on magnetic beads, chemical degradation,
amplification of DNA by thermal cycling, or labelling of
DNA restriction fragments for fast analysis by fingerprint-
ing.

A further advantage of this procedure, particularly for the
"walking primer" strategy, is the use of standard unlabelled
primers, the increased speed of the sequencing method,
the reduced cost and simplified software for sequence
assembly. We have noticed that the cost of labelling in
the sequencing is lowered by a factor of 100 and more
(less than 0.013 $ per reaction) by this procedure. In-
terestingly, mobility shifts of the bands in the sequence
pattern and lower band resolution, which could result from
muitiple internal fiuorescent iabeiiing, were not observed.
The resulting sequence reading length on single-stranded
templates and plasmids is 400-650 bases and appears to
be limited only by the resolution of the gel.

Recently, a newly developed dUTP labelled with a fluores-
cent dye emitting in red was tested in collaboration with
the Boehringer Mannheim Company, and turned out to
be successful. This will allow us to build DNA sequencers
with double daily throughput, running two clones simulta-
neously (each labelled with one dye) in the same tracks
on the gel and detecting at two different wavelengths. In
principle, this could be expanded even to three and more
dyes, thereby further increasing the throughput per day.

Robotics and automation of DNA
sequencing procedures

Several automated systems were constructed in collabo-
ration with the mechanical and electronics workshops and
with the design office at EMBL.
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Automated gel loader

The device is particularly useful for routine use in·the
DNA sequencing service. It uses microtiter plate format
as the robotics for sequencing reactions. In future it will
be indispensable when re-loading and running the gels
several times becomes a routine operation. The modular
way in which the hardware·and software were developed
also allows us to use the device for the automation of
other processes. At present we are in contact with sev-
eral companies interested in its commercialization under
licence from EMBL.

Pick-up of clones

An automated system, including a CCD camera with an
image processing system and a mechanical arm, for
picking-up clones and for differential screening of films and
bacterial colonies was designed and is being tested.

High speed on-line DNA sequencing
on ultrathin gels

A new sensitive detection system is at present under
development for prototypes operating routinely on ultrathin
siab geis, with a higher number of ciones being sequenced
simultaneously. A significant increase in the sequence
speed and output was achieved. According to the tests
carried out in our laboratory, DNA sequencing on ultrathin
slab gels (thickness about 100 JLm) allows at present
10-20 times higher sequencing speeds of 500-1200 bases
per hour per clone, and reading length up to 800 bases
(40 cm separation length in gel). These gels are apparently
less damaged during prolonged electrophoresis, and the
possibility of reloading them several times is an important
operational advantage.

The current commercial automated DNA sequencers em-
ploy 0.5 mm thick polyacrylamide gels, allowing operation
at speeds between 40-100 bases per hour per clone.
The sequencing speed is at present the limiting factor in
the sequence output per day. Reducing the gel thickness
to 0.3 mm, the sequencing speed of the EMBL A.L.F.
sequencer was increased to 200-450 bases/hour/clone.
Increase in speed and gel reloading allow up to 3 times
higher sequence output per day on the standard commer-
cial device.



Polymerase chain reaction and solid
phase supports in DNA sequencing

A technique for sequencing polymerase chain reac-
tion (PCR) products combining magnetic beads and
the fluorescein-12-dUTP labelling was developed. Non-
specific adhesion of the dUTPs to the bead surface, which
could limit the resolution, has not been observed. The DNA
fragment is selectively immobilized e.g. by a biotinylated
primer to the streptavidin coated support, and after elution
both the eluted strand and the immobilized strand are
used for bidirectional dideoxy sequencing. Availability of
the rhodamine and fluoresceine labelled dUTPs will enable
direct and simultaneous sequencing of the two strands,
using one label for the immobilized and the other for the
eluted DNA strand.

DNA sequencing projects

We participate in the genome sequencing of the yeast
S.cerevisiae chromosome XI, a project organized and
funded by the European Communities. In parallel we
started to sequence similar genes in the yeast S.pombe
and compare the two genomes. The first will be the ca-
sein kinase II gene, in collaboration with Giulio Draetta.
Peter Rice from the computer group collects all available
sequence and mapping data on S.pombe.

In collaboration with W. Pyerin, Heidelberg, we have stud-
ied the structure of the gene encoding human casein
kinase II (CK II) subunit (3. This collaboration continues
with the sequencing of casein kinase II Q subunits.

A new high speed DNA sequencer with a potential daily
throughput of 50-100 kilobases per device, analysing on-
line two dyes, is under development with support from
European Communities. In collaboration with the groups
of J. Celis in Aarhus and X. Estivil in Barcelona, it will
be applied to sequencing human cDNAs and analysis of
microsatellite regions.

Techniques for the mapping of genomes

An automated high speed DNA fragment analysis system

for various applications, such as genome mapping by re-
striction fingerprinting, has been developed. Fluorescently
labelled DNA fragments are prepared by a rapid simul-
taneous restriction enzyme cutting and "fill-in" labelling
protocol, using several restriction enzymes and a DNA
polymerase together with fluorescent chain terminating
dideoxynucleotides or fluorescein-12-dUTP. Fluorescently
labelled DNA fragments up to 2 kb in length are analysed
within 15 to 25 minutes on mechanically stable hydrolink
slab gels of thickness 0.2-0.3 mm, and the data are stored
directly in the computer. One gel can be re-used up to 10
times within several days without loss in resolution, result-
ing in a throughput of several hundred samples per day in
one automated DNA fragment analyser. Compared to the
current techniques with fluorescent labels and commer-
cially available devices for gene mapping, the procedure
and the system developed here reduce the labelling time
from 14 h to 1 h and the running time of the gel from 12 h
to about 20 min. The sample throughput is increased about
100 times.

As a model system we intend to apply this technique to
ordering a genomic library of the S.pombe yeast.

MUltiple DNA synthesizer, primers for sequencing

An improved version of the multiple DNA synthesizer was
developed in the Programme by the groups of Brian Sproat
and Wilhelm Ansorge, together with the mechanical and
electronics workshops and the design office at EMBL. The
aim was to increase the number of primers synthesized
simultaneously, as well as to synthesize oligonucleotides
at a much lower price. The device for simultaneous syn-
thesis of 10 oligonucleotides, with a 6-10 times smaller
consumption of chemicals, will be produced commercially
by Bertin, Paris. Among those available on the market at
present, this synthesizer will produce the primers at the
lowest price·and with the highest throughput per day.

DNA sequencing service

Over 70 staff members were regular users of the ser-
vice. Sequencing of single-stranded, plasmid, cosmid and
lambda DNA is carried out on the EMBL automated flu-
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orescent system and its commercial version A.L.F. from
Pharmacia Biosystems. In addition, sequencing of PCR
and chemical degradation products are offered. The se-
quence information is transferred via electronic mail to the
user's file on the VAX computer.

Over 2000 clones were processed, with average reading
above 300 bases, but in good runs readings up to 650
bases were achieved.

Gel and film scanning facility

At the beginning of 1991 a Phosphor Imager (from Molecu-
lar Dynamics) was installed at EMBL. This device replaces
the standard use of x-ray films by image plates. The phys-
ical properties of the image plates result in exposure times
10 times shorter than those on radioactively-labelled gels
and filters. In addition, the image plates have a very high
dynamic range of 1:10 000 compared to 1:200 on films.
This enables us to compare on the same gel samples with
very different specific activities, without double exposures
and different exposure times.

The Phaimacia LKB ultioscan lasei densitometei is avail-
able to users at EMBL for scanning and quantification
of one-dimensional autoradiograms and coomassie blue
stained protein gels.

Microinjection and electro-transfection of cells

An automated microinjection service is offered to the
groups at EMBL on the commercial version (Zeiss Com-
pany) of the device developed in the Programme. Regular
users of the systems were the groups of Spyros Geor-
gatos (injection of antibodies and synthetic peptides, study-
ing their interaction with intermediate filaments), Thomas
Kreis (injection of antibodies and fluorescently labelled
proteins), Giulio Draetta (characterization of cell cycle
related proteins, investigation of the function of cyclins
and cdc2-related protein kinases during the cell cycle),
Lennart Philipson (studies on promoter control of the gas 1
gene, function and interaction of helix-loop-helix proteins
during cell proliferation). In a collaborative project with
the group of Angus Lamond snRNP-rich organelles in
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cell nuclei were characterized by microinjection of fluo-
rescently labelled antisense oligonucleotides or antibod-
ies to identify and follow splicing complexes in living
cells.

External collaborations were carried out with W. Just (Uni-
versity of Heidelberg) on electro-transfection and microin-
jection of DNA, microinjection of organelles, W. Pyerin
(German Cancer Research Centre, Heidelberg) on mi-
croinjection and electrotransfection of antisense oligonu-
cleotides and antibodies against casein kinase II, A. Smith
(MRC, Cambridge) on gene targeting, both by microinjec-
tion and electro-transfection.

The hardware of the electro-transfection device has been
further improved in collaboration with the electronic work-
shop. It has been efficiently used for transfection of bac-
teria, yeast and mammalian cells. The method for electro-
transfection of cells grown on glass coverslips was signif-
icantly improved. It was applied to the electroporation of
oligodeoxynucleotides, synthetic peptides, antibodies and
plasmid DNA.

Ultrasensitive lov" light level microscopy
and micro-imaging

A system was developed which allows sensitive and
fast automated quantitation of weakly labelled fluorescent
specimens. Low light level imaging technology combined
with quantitative image processing methods and computer
control of the moving parts of the system allow observation
in single living or fixed cells. Accuracy of the data is
increased by determining the ratios of the fluorescence in-
tensities of the respective fluorophores in the same object.
Variations in protein concentrations higher than 10% can
be reliably detected in single cells. Users of the system
were the groups of Angus Lamond, Lennart Philipson,
Giulio Draetta and David Vaux. In collaboration with the
groups of Giulio Draetta and Lennart Philipson the system
was used to study expression of reporter genes fused to
promote regions of cell cycle regulated genes. In collab-
oration with the group of Angus Lamond it was applied
to visualization and tracking of snRNAs or pre-mature
RNA in living cells labelled by short fluorescent antisense
oligodeoxynucleotides.



Limitations of the method arise from the quality of the
camera and of the imaging system used. We are therefore
designing a new system using a cooled CCD camera
with appropriate computer technology to allow a further
increase in the sensitivity of the system, up to the level of
single photons. The computer part will be developed with
the group of Christian Boulin. The high dynamic range of
the CCD camera should increase the range of concen-
trations which can be reliably quantitated. The system is
also being developed for simultaneous analysis of different
fluorescently labelled molecules and will find applications
e.g. in studies of RNA splicing, DNA replication and in situ
hybridization.

Separation of biological particles

During the past year, the EMBL fluorescence activated
cell sorter service facility was used extensively. Significant
improvements were made to the electronics of the system,
enabling higher speed measurements, data taking and
sorting of samples. Cell cultures have been maintained
as part of the facility. Preparation and staining of samples
has also been added to the flow cytometry service.

More than 200 experiments involving over 2500 sam-
ples have been carried out during the past year. Users
of the service included groups from the Cell Bio-
logy, Differentiation and Gene Expression Programmes.
Among the key applications has been immunofluores-
cence quantitation of chicken haematopoietic cells for
the group of Thomas Graf. Another major application
has been the analysis of the cell cycle, measured
by propidium iodide. Mammalian and yeast cells have
been studied extensively. Epithelial cell CCL64 cycle
responses to TGF,B and EGF have been investigated
(groups of Giulio Draetta and Vincenzo Sorrentino), and
other cytokine functions in cell cycle regulation have
been analysed (group of Sara Courtneidge), as was
the blocking of temperature-sensitive mutants (Thomas
Graf).

Yeast cell cycle analysis has been carried out. Mutants of
S.pombe have been studied extensively to assay certain
protein functions (Giulio Draetta). The cell cycle analysis in
cells containing the Gal::nsp1 gene was continued (group

Ed Hurt). A further application was the assessment of
the efficiency of electroporation by determination of FITC
dextran uptake.

Plans for the coming year include further improvements
in the recovery of viable sorted cells, the analysis and
separation of mammalian chromosomes, and the in-
troduction of a fluorescence proliferation assay based
on bromodeoxyuridine uptake. The service will be ex-
panded with another fast sorter which will be used
mainly for fast and short analysis tests, and will free
the capacity of the FACS device for sorting experi-
ments.

2'-O-alkyI0Iigoribonucleotides

The application of this class of compounds as stable an-
tisense derivatives has increased dramatically during the
year, the 2'-0-allyl analogues being of particular impor-
tance due to their low non-specific binding. An agreement
was concluded with Boehringer Mannheim for the commer-
cialization of 2"-0-allylribonucleotide monomers suitable
for solid phase synthesis of 2'-O-allyloligoribonucleotides
by the phosphoramidite approach. These compounds will
be available early in 1992.

The synthesis of the 2' -O-butylribonucleotide monomers
was completed and the routes to the 2'-O-butyladenosine
and 2'-0-butylcytidine monomers were improved and
made safer. The ability of the various 2'-0-alkyloligo-
ribonucleotides to hybridize to complementary oligoribo-
nucleotide targets was then determined by very careful
thermal analysis. The following order of stability was thus
determined: 2'-0-methyIRNA/RNA > 2'-0-allyIRNA/RNA
> RNA/RNA > 2'-0-butyIRNA/RNA. Moreover, 2'-0-
methyloligoribonucleotides form hybrids with complemen-
tary DNA of more or less identical thermal stability to
the corresponding DNA/DNA or RNA/DNA hybrids. Both
2' -O-allyl- and 2' -O-butyl-RNA form poor hybrids with com-
plementary DNA. However we were astonished by the
result that two complementary 2'-0-butyIRNA dodecamers
gave a hybrid melting at 84° C in 0.1 M salt solution:
The methyl and allyl analogues melted almost 20° below
this, and the corresponding RNA/RNA hybrids melted at
59°C.
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Synthetic ribozymes

In collaboration with the group of Angus Lamond it has
been possible to replace almost all of the ribonucleotides
in a hammerhead ribozyme with 2'-0-allylribonucleotides,
with only a small loss in catalytic activity. Since the 2'-0-
alkylribonucleotides have such a wide range of interesting
properties it will be possible to force the synthetic ham-
merhead to adopt particular secondary structures preferen-
tially. The plan is to develop this methodology further with
a view to antiviral therapeutics in addition to the production
of reagents for the molecular biologist.

Oligonucleotide synthesis service

Further expansion of this key facility took place during
the year. Almost 3800 oligonucleotides were synthesized,
compared with 2200 two years ago. The heavy demands
on this service led to the purchase of a fifth synthesizer
as well as a fully automated HPLC system. In addition
to oligodeoxyribonucleotide synthesis we offer oligoribonu-
cleotide synthesis up to about 50 residues on a routine
basis, as well as incorporation of phosphorothioates, biotin,
fluorophores, psoralen and 2,4-dinitrophenyl residues.

Protein characterization

A new protein and peptide service for scientists at the
EMBL was set up and is expanding. During 1991 major
efforts concentrated on various chemical and enzymatic
digests of proteins, isolation of the resulting peptides by
reversed phase HPLC and sequencing internal fragments.
The best results were achieved by digests of proteins
directly within the polyacrylamide matrix after their one-
dimensional or two-dimensional gel electrophoretic sepa-
ration. The fragments were then eluted out of the gel matrix
and separated by HPLC. This is a useful alternative to the
electrotransfer of a protein onto a polyvinylidene difluoride
(PVDF) membrane prior to digestion, particularly when
minute amounts of sample must be handled. Sample loss
and background contamination are the major difficulties
encountered when working in the low picomole range. For
isolation of protein fragments we miniaturized the HPLC
separation step for a routine use of columns down to
1.6 mm 10. As a result, the concentrating step on the small
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elution volume is no longer required and the sample can
be applied directly onto the sequencer. Several new as
well as already known proteins were analysed in this way.

A great number of sequencing runs were done for protein
analysis, e.g. checking N-termini of crystallized samples,
or confirming the correct protein fraction out of a complex
mixture. These routine applications yielded important in-
formation about the on-going work, and sometimes saved
considerable time and effort. Our experience confirms the
importance of such verifications.

Protein modifications like the localization of cystine bridges
and phosphorylation sites are of increasing interest in
characterization and functional studies. Combination of
sequence and amino-acid analysis provided information in
protein folding experiments and identification of phospho-
rylation sites. Due to the time required for these experi-
ments only a few analyses could be carried out. For these
applications mass spectrometry will be the tool of choice.

Major goals for the immediate future will be to increase the
service capacity, to speed up the analyses and minimize
waiting time. An additional sequencer and other equipment
will be installed. Impiovement in sample piepaiation tech-
niques, particularly for microsequencing, is a continuous
process.

Peptide synthesis

The recently acquired automated multiple peptide synthe-
sizer (Abimed), developed at EMBL, now allows the pro-
duction of a large number of peptides on various synthesis
scales (5-50 j.lmoles), thus offering new applications, such
as epitope mappings. A total of 260 peptides were synthe-
sized and delivered during the year.

Together with the EMBL electronic workshop, we are now
developing a fully automated semi-preparative HPLC sep-
aration system. The aim is to increase the number of
purified peptides delivered.

Besides the service activity and the instrumentation devel-
opment several collaborative projects were carried out with
other EMBL groups.



LFB1 and LFB3 are two related homeoproteins involved
in the regulation of transcription of several liver genes.
Both proteins bind to DNA as dimers and the domain
responsible for dimerization has been identified as the
32 N-terminal residues of both sequences, a reminiscent
leucine zipper domain. These two peptides were synthe-
sized adding a C-terminal -Gly-Gly-Cys-NH2 linker which
was used to bind covalently the two peptides chains with a
disulfide bridge. The two homodimers and the heterodimer
have been analysed by NMR for secondary structure de-
termination (with the group of Annalisa Pastore).

Several dipeptides were synthesized by solution pep-
tide synthesis methods to test a model for the
carboxypeptidase-N catalytic action. A specific inhibitor
N-benzoylglycyl-L-Ieucine was designed and has proven
to work effectively. To make sure that the model is cor-
rect, several similar, but according to the model studies
non-functional N-blocked dipeptides, were also produced.
These dipeptides did not inhibit carboxypeptidase-N activ-
ity, in agreement with predictions (with the group of Chris
Sander and Gert Vriend).

The synthesis of a peptide on an 8-branched polylysine
core forms a multiple antigenic peptide (MAP) system.
After deprotection and cleavage it may be used as an
antigenic macromolecule, thus avoiding the need for con-
jugation to a large carrier protein. Several MAPs were

produced (with the groups of Sara Courtneidge, Angus
Lamond and Rolf Zeller).

Cyclic hexapeptide 008, cyclo(-D-Pro-Phe-Thr-Lys(Z)-Trp-
Phe-), is a selective inhibitor of trypanosomal triosephos-
phase isomerase (TIM) for which the mode of binding is
not known. The synthesis of six cyclic hexapeptide 008
derivatives with an alanine substituting each amino-acid
position is in progress. This systematic screening should
point out the importance of the different amino-acids in the
enzyme binding site (with the group of Rik Wierenga).

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" organized
in November at EMBL.

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

W. Ansorge & B. Sproat
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Computer Services

The central computer services of the EMBL are maintained
by the Computer Group. These services consist of vvhat
can be viewed as three separate domains, namely the
VAXcluster, the Unix workstation environment, and the
Apple Macintosh personal computer network. In addition,
the EMBL's network connection to the rest of the outside
world is also taken care of by the Computer Group.

Network connection

As indicated in last year's report, the EMBL finally withdrew
from the EARN (European Academic Research Network)
and Bitnet at the end of the year, a move which except
for small savings has led to better connections. Now the
EMBL's only connection to the outside world is on the In-
ternet, easily the biggest and most important research net-
work in the world. Recent estimates have put the number
of computer nodes on the Internet at more than 500,000
(compared to ca. 3,500 on EARN/Bitnet). The Internet pro-
tocols, which are very prevalent on Unix computers, allow
much more functionality than the comparatively primitive
Bitnet.
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The connection to the Internet must be regarded as ab-
solutely essential for many scientific collaborations. As a
measure of this, we are currently processing some 1,000
e-mail messages per day, though it should be pointed out
that most of this number are results of the Network File
Server and FASTA e-mail services described below.

Network file server (Netserv) and
FASTA e-mail service

In collaboration with the EMBL Data Library, the Computer
Group offers the facility for scientists with almost any
conceivable network connection from the humblest per-
sonal computer to the most sophisticated supercomputer
to retrieve entries from the EMBL Nucleotide Sequence
Library, including the most up-to-date entries, in addition to
the numerous other important data collections maintained
by the Data Library, as well as an ever-growing collection
of public domain software in the area of molecular biology.
The File Server, now servicing over 3,000 requests per
month from all over the world, is certainly viewed as an
extremely valuable resource by the rest of the biology
community.

The FASTA e-mail service, whereby external users can
submit their own sequences to be compared against any
of several up-to-date databases maintained at the EMBL,
has also grown in popularity. Indeed, on occasions, the
service has been so embarrassingly popular to the extent
that the existing computer capacity has been insufficient
to allow even a same-day turnround, since these jobs are
processed at a lower priority than EMBL internal users'
jobs.

The VAX/VMS environment

The EMBL has been running VAX/VMS systems since
1981. Many of the machines purchased since then are
beginning to become non cost-effective. The annual ex-
penditure for maintenance on some of these machines
dictates the necessity of withdrawing the more expensive
ones from maintenance, and perhaps replacing these with
more modern (and usually smaller) counterparts. To this



end, the VAX 8650, now more than 6 years old, was
taken out of maintenance at the end of the year. As a
replacement, a VAX 4000 model 200 was purchased, and
this machine has almost the same processing capacity
as the VAX 8650. We can expect to see several such
replacements being made in the coming year.

The Unix workstation environment

In keeping with the current trend throughout the research
community, the area where most new purchases and de-
velopments are taking place is in the Unix workstation en-
vironment. However, as indicated in previous reports, we
are experiencing a noticable management overhead since
we are now supporting more than 20 workstations from the
following manufacturers: Sun Microsystems, DEC, Silicon
Graphics, Evans & Sutherland, Stardent. There is, how-
ever, the hope that in the near future the situation will ease
with the introduction of OSF/1 and System V release 4,

the two emerging standards amongst the plethora of Unix
versions.

The Apple Macintosh personal computer environment

Many of the Apple Macintosh personal computers were
purchased in 1986. As with the VAX/VMS machines men-
tioned above, there has been a move this year to replace
the older systems with the new LC (Low Cost) Macin-
tosh, giving a much higher performance at a much lower
price. It is estimated that there are now more than 200
machines distributed throughout the EMBL. It is always
very encouraging to note the scientists' acceptance of,
and in some cases, dependence on, these computers. The
Macintosh has without doubt become an integral part of
the equipment one would expect to find in the biologist's
repertoire of tools.

R.Omond
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Data Library

As always, the main challenge to the Data Library has been
the ever increasing rate at which nucleotide sequence data
are being generated. At the end of 1991 we were entering
sequences into the database three times faster than at the
start of the year.

In 1991 the first data from major genome sequencing
projects began to flow into the databases with both the Eu-
ropean yeast chromosome III and the British C.elegans se-
quencing projects submitting their first sequences. Already
120 kilobases of data have been automatically transferred
from the local C.elegans project database (Cambridge,
U.K.).

The data collections

The kinds of data available from EMBL continued to ex-
pand with the following information now being available
(often as a result of collaborations with experts from else-
where):

Nucleotide sequence data
Protein sequence data (SWISS-PROT)
Eukaryotic promoter database (EPD)
E.coli database (ECD)
Protein pattern database (PROSITE)
Enzyme information
Restriction enzyme database (REBASE)
Protein structures
Transcription factor database (TFD)
Drosophila genetic information (FLYBASE)
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Alignments and consensus sequences
Listing of molecular biology databases (LiMB)
A sequence analysis bibliography
Codon usage tables
tRNA database
Alu database
Haemophilia B mutation database
Small RNA sequences

Data management

Major hardware investments in the course of 1991 along
with updated DBMS systems and new software develop-
ment have resulted in better productivity and will pave
the way for further improvements to take advantage of
workstations and a database server in a client/server ar-
chitecture.

Data distribution

CD-ROM has now overtaken magnetic tape as the main
distribution medium. The EMBL fiie server continued to
be popular, with requests for SWISS-PROT sequences
and Brookhaven structural data increasing dramatically
and, of course, the constant flood of requests for latest
nucleotide sequences and the free molecular biological
software. More than 170 programs are now available.

Also our servers allowing database searching for simi-
lar sequences have been in increasing demand, with an
average of more than 30 searches per day. Significant
enhancements are planned in the coming year.

EMBnet

The annual EMBnet meeting in Crete in May produced
much useful technical discussion and established the prin-
ciples for utilizing the funding now available under the EC's
BRIDGE programme. Projects to be funded so far include:
research on new protocols for daily updates, meetings
to discuss computer conferencing, and network software
licenses.
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PLATE 9

A phylogenetic tree of six Plasmodium species de-
rived from SSU rRNA sequences. Branch lengths
are proportional to estimated sequence divergen-
cies. Figures below each grouping show bootstrap
confidence limits from 1000 bootstrap samples.

= 5% divergence

International collaborations Sequence analysis research

The three-way collaboration between EMBL, GenBank and
the DNA Database of Japan (DDBJ) continued with a
working meeting in Heidelberg in June 1991. As well as
detailed technical discussions, there was much redefinition
of coHaborative links to reflect reorganisations that have
taken place in the Japanese and .American operation.

Also three of the EMBL staff paid extended visits to the
National Centre for Biotechnology Information (NCBI) in
the USA to discuss practical aspects of the collaboration.
This resulted in developments in data exchange mecha-
nisms and work on harm.onizing. editorial standards in the
databases.

GOB, the genome data base

The EMBLSCAN tool, developed in 1990 to rapidly locate
similar sequences, was enhanced for distribution on our
CD-ROM and incorporated into the normal production pro-
cedures to help avoid duplicate entries in the database.

Also the CLUSTAL multiple sequence alignment program
was rewritten to include some innovative features and to
run on a larger range of computers.

The tree in Plate 9 (from Waters et al., 1991) was calcu-
lated using CLUSTALV. It shows the relationships between
the ribosomal RNAs of six species of Plasmodium, and
indicates that P. faIciparum , the most serious cause of
malaria in humans, is most closely related to the species
that parasitise birds.

In view of the importance of good links to mapping infor-
mation, we reinforced our collaboration with the Genome
Data Base (GDB) from Johns Hopkins University and, with
them, we offered a week-long course at EMBL on the use
of GDB.

International advisory committee

The international advisory committee for nucleotide se-
quence databases met for the fourth time in March in
Washington. The discussion, which was generally sup-
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portive of the efforts of the databases, stressed the im-
portance of the EMBL/GenBank/DDBJ collaboration and
requested clarification of the relationships between the
existing databases and the new NCBI products.

Support for the Data Library

The Data Library continues to be supported jointly by
EMBL and the EC's BRIDGE programme.

The European Bioinformatics Institute

The European Bioinformatics Institute was conceived with
the recognition that the Data Library is rapidly outgrowing
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EMBL. With this in mind we have been collaborating with
the EC to refine plans for a new organisation to incorporate
and extend the mandate of the Data Library.

In 1991 the Basel consultancy firm Prognos completed
a report which followed on from the European Chemical
Industries' CEFIC study and focused on the structure
of the Data Library and its user community, particularly
EMBnet. This study saw sequence data banks as crucial to
research and in need of long-term Europe-wide financing.
The findings will provide background material for the new
EC-funded managerial study, in which the UK firm PA
Consulting will look in more detail at the proposed EBI
and develop an implementation plan.

G. Cameron



The Outstation at the DESY, Hamburg

The construction of the DORIS by-pass and of the new
HASYLAB buildings IV and V to house the new beam-lines
fell considerably behind the planned schedule. DORIS
only came into operation again in mid-summer and while
there were nominally 5-6 weeks of main-user time in this
period the machine was not sufficiently stable for routine
use. This beam-time was largely used for development
of facilities with a very limited amount of data acquisition
being possible. DORIS was operational for a further six
weeks in October and November. The beam conditions in
the first three weeks were again poor, but improved rapidly
in the second half, allowing at least a small number of
users to collect data. On account of the limited time we
concentrated on projects which could reach a reasonable
point within a short period. The delay in the construction
work meant that our mechanical workshop was effectively
out of action for a major part of the year.

It was not possible to install any of the planned beam-lines
in HASYLAB V. In January 1992 the reconstruction of
X11 (protein crystallography) and X13 (small-angle scat-
tering) can be started. Completion of this reconstruction is
foreseen before the machine will start up again, hopefully
towards the end of March 1992.

Before the start-up in 1992, the front end of the wig-
gler beam-line, BW7, has to be constructed in the ring
by HASYLAB. Eventually two branches on the wiggler
line (straight through branch BW7A and deflected branch
BW7B) will be built by EMBL. First BW7B will be installed,

because it is a more straightforward design than BW7A. If
everything turns out as planned by EMBL and HASYLAB,
the interlock for the BW7 hutches can be tested in the
middle of April 1992. This is a very tight schedule and
will be hard to achieve with the delays in 1991. BW7B
will first be used for protein crystallography; at a later
stage it may accommodate some small-angle scattering
experiments. No major shut downs of DORIS are foreseen
during 1992-1994. A call for new proposals for beam-time
will be made when we are more certain of the start-up
dates, and the priorities committee will be re-convened
when the beam-lines are working successfully.

EXAFS

The EXAFS data acquisition system was implemented on
an IBM compatible PC. Data are now displayed on a high
quality colour monitor. PC versions of much of the EXAFS
data evaluation programs were written and a standard
file structure implemented. New options were added to
facilitate experimental work, in particular for less experi-
enced users. The installation of a 13-element solid state
detector (financed by the DFG) was a major modification
to the EXAFS spectrometer. Most of the beam-time was
used to characterize this new detector system, which is
extremely useful for measurements of very dilute samples
exhibiting a large background, but is not the ideal sys-
tem for more concentrated specimens. Due to the limited
beam-time and the commissioning of the new detector only
one experimental project was carried out, jointly with the
non-crystalline diffraction group. For cloned yeast metal-
lothionein (MT), the recombinant protein binds Cu in vivo
and in vitro with a Cu:S ratio of approximately 8:12. X-ray
absorption measurements were carried out on a powder
sample from lyophilized truncated Cu-MT at 20 K. From
a first analysis each Cu is coordinated by three S atoms
at 2.24 A. Furthermore, a short Cu-Cu interaction (2.69 A)
and additional scatterers (possibly other Cu-Cu and Cu-S
interactions) are observed. It is not yet possible to define
the Cu-S cluster unambiguously, but it is already clear
that high symmetry clusters can be excluded. Additional
investigations on specially synthesized model compounds
(in collaboration with G. Henkel, Duisburg) should provide
a clear picture of the Cu-S cluster(s) in MT.
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Theoretical work on the modelling of thermal motion in the
EXAFS spectra of enzymes was continued. The aim of
this work is to include thermal motion effects correctly in
the EXAFS theory so that it is consistent over temperature.
This will enable more precise analysis of EXAFS data of
biological molecules and may lead to useful dynamical
information about the environment of metal centres in such
molecules.

Muscle

Only two test sessions of two days each (with minimal
set-up times) were possible for outside users. The group
therefore concentrated on improvements in instrumenta-
tion, use of the x-ray beam for feasibility experiments,
and the in-house project of crystallography of muscle
proteins. The existing beam-line X33 was improved. The
8 planar quartz mirror segments were cut in half to give
16 segments. These will be pre-aligned on an aluminium
bench which will be bent as a whole, thus simplifying
the frequently necessary alignment and focusing proce-
dure.

The x-ray feasibility tests were primariiy temperature-jump
experiments on lipid samples where the small-angle (SAX)
and the wide-angle (WAX) reflections have been recorded
simultaneously. In this approach we followed a sugges-
tion of M. Koch to connect two linear delay-line type
detectors electronically in series. The system was ap-
plied to phospholipids, which can exist in a variety of
phases. They are of interest not only because of their
occurrence in biological membranes but also as model
systems for studying phase transitions in general. One of
the questions investigated in recent years at the Outstation
was concerned with the kinetics of phase transitions of
lipids after rapid perturbation by a laser temperature-jump.
One detector covered the wide-angle and the other the
small-angle region. The intensities of the SAX and WAX
reflections change almost completely within a time frame
of 5 ms. Before speculating on the physical meaning of
the effects observed, the time courses have to be mea-
sured with a higher time resolution. This requires not only
improved performance of the data acquisition system but
especially an x-ray beam stable over a long period of time
(>2 h).
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Other projects pursued were those on non-bilayer struc-
tures formed by the interaction of toxic peptides with
phospholipid membranes, with A. Colotto & P. Laggner
(Austrian Academy of Sciences, Graz), the solution scat-
tering of myosin S1, with J. Wray (MPI Heidelberg) and
the cross-bridge attachment in single muscle fibres during
shortening, with P.J. Griffiths, C.C. Ashley (University of
Oxford), G. Cecchi & M.A. Bagni (University of Florence).

The crystallization of muscle proteins was actively pur-
sued. Our aim is to apply protein crystallography to individ-
ual muscle proteins and myofilaments. Recombinant pro-
teins are essential in the project. Expression systems have
been established for all the regulatory proteins. K. Maeda
(with K.C. Holmes's laboratory at the MPI, Heidelberg) has
also established expression systems for S1 and other frag-
ments of myosin. Proteolytic digestion is a major problem
during their purification. The proteins expressed in E.coli
are now being used in crystallization trials. Our recent
NMR study with A. R6sch-Kleinkauf, H.R. Kalbitzer and
A. Wittinghofer (MPI, Heidelberg) of the carboxy terminus
of the myosin rod, an a-helical coiled-coil protein, has
suggested that the two chains of the molecule are not ex-
actly in register. Systematic trials have therefore been car-
ried out to obtain crystais of coiied-coii proteins, inciuding
segments of myosin rods and tropomyosin. Tropomyosin
crystals with a new morphology have been obtained from
lobster tail muscle tropomyosin from which 11 residues at
the carboxy terminus have been proteolytically removed to
avoid head-to-tail polymerization.

Non crystalline systems

The shut-down allowed the analysis of the data from most
of the previously studied projects and provided the oppor-
tunity to revise the balance between new developments
and collaborative projects. The number of collaborations
with outside groups will, in future, be more closely matched
to the number of trained staff in the group and measures
are being taken to reduce the support needed by less ex-
perienced users. The development of the IBM-PC system
for data acquisition is complete. Data collection is inde-
pendent of the VAX-network. Most of the data processing
is now done on the IBM-PC which facilitates matters for
outside users.



PLATE 10

The shape of the octamer of yeast pyruvate decarboxylase calcu-
lated from the solution scattering pattern using spherical harmon-
ics. The side of the square corresponds to 2 nm.

D

The gene corresponding to the truncated Cu-metallo-
thionein (MT) with the signal sequence of 8 amino-acids
removed has been cloned and expressed in E.coli. The
recombinant protein has been characterized using various
biochemical and physical techniques. Previous structural
studies were hampered by a lack of rigorous criteria to
monitor simultaneously the homogeneity of the MT and
the amount of bound Cu. Preliminary EXAFS results (see
EXAFS group) confirm that copper is in the Cu(l) form
and coordinated to sulphur and calculations yield a Cu:S
ratio close to the value expected from the sequence.
This implies that early EXAFS interpretations were based
on an incorrect Cu:S ratio and illustrates once more the
need for much better coordination between biochemical
and structural work than can be achieved in practice with
collaborations or on a service basis.

Methods for shape determination of biological macro-
molecules in solution using spherical harmonics were fur-
ther developed. The method was applied to several sys-
tems. The prototype of a graphics system for the presen-

tation of the restored shapes as three-dimensional solid
models, as illustrated in Plate 10, was developed for an
IBM-PC. A new method was developed to get a prelimi-
nary estimate of the characteristic function and structural
parameters without a priori information about the range of
particle sizes.

Projects included the solution scattering from DNA at very
low ionic strength (in-house), the quaternary structure of
yeast pyruvate decarboxylase with S. Konig, G. Hubner,
A. Schellenberger (Martin-Luther-University Halle), molec-
ular packing in fibrin, with A. Bigi & N. Roveri (University of
Bologna), the in vitro calcification of tendon collagen, also
with A. Bigi & N. Roveri, ultrastructural investigations of
Morbus Dupuytren infected tissue, with H. Notbohm, (Med-
ical University Lubeck), phase diagrams of rough mutant
lipopolysaccharides, with K. Brandenburg & U. Seydel (Re-
search Institute Borstel), the induction of lamellar stacking
by cholesterol in model systems, with G.J. Somjen, T. Gilat
(Suraski Medical Centre, Tel Aviv) and E. Wachtel (Weiz-
mann Institute, Rehovot), matrices of immune stimulating
complexes, with K. Westesen (Institute of Pharmaceutical
Technology, Braunschweig) and K. Lovgren (Dept. of Vi-
rology, Biomedicum, Uppsala), and phospholipid stabilized
oil-in-water emulsions, with K. Westesen (Institute of Phar-
maceutical Technology, Braunschweig).

Work continued on detectors for synchrotron radiation, with
A. Gabriel, F. Dauvergne & F. Cipriani (EMBL Grenoble).
Small- and wide-angle scattering patterns can now be
recorded simultaneously using delay-line detectors con-
nected in series. A new method for parallel read-out of
delay-line detectors was proposed: space-time - space
conversion. It is based on the fundamental properties of
delay-lines which imply that the phase (or time difference)
information in one delay-line can be readily retransformed
into spatial information using a second one. Pulse sources
like synchrotron radiation sources lend themselves partic-
ularly well to this approach since one readily obtains the
correct superposition of the signals corresponding to simul-
taneous events in the appropriate channels. Preliminary
results demonstrate the feasibility of the approach.

Wire chambers are one of the few types of detectors
allowing accurate measurements and fast framing and
essentially all time-resolved experiments or anomalous
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scattering measurements, which are the main justifica-
tion for the use of synchrotron radiation, rely on these
devices. It is hoped that the EEC will fund the devel-
opment of these detectors at the EMBL in the near fu-
ture. Traditional wire chambers have limitations resulting
from space charge effects and from parallax which can
be circumvented by the use of parallel plate detectors.
A prototype of such a detector was tested on the X33
beam-line. The results represent a major step forward
in the development of chambers for high count rates. A
second approach to fast position-sensitive detectors relies
on position-sensitive photomultipliers and is being investi-
gated.

Biochemistry and molecular cloning

A major focus is on the work with HU, a non-sequence
specific double-stranded DNA binding protein, ubiquitous
in substantial copy numbers in eubacterial cells. The
HU genes from five different Bacilli (closely related but
with different optimum growth temperatures) have been
cloned, sequenced and over-expressed. The sequences
for the three thermophiles are identical. Those for the two
mesophiles are also identical and differ from those of the
thermophiles at 11 positions. Site-directed mutagenesis
(SDM) is being used to determine the structural basis of the
increased stability of the thermophilic proteins. The most
stable mutant HU readily forms crystals and data have
been collected to a resolution of 2.4 A.

According to the current model four arginine residues are
involved in the HU-DNA interaction. SDM is being used to
investigate the role of each arginine residue in the forma-
tion of the HU-DNA complex. Preliminary results show that
the arginines do not contribute equally to this interaction.
NMR studies on the HU protein from Bacillus stearother-
mophilus, the duplex DNA d(TCAAGGCCTTGA)2, and
the complex of HU and this DNA fragment are being
performed with R. Kaptein and colleagues (University of
Utrecht).

HU from E.coli is being studied with J. Rouviere-Yaniv
(Pasteur, Paris). E.coli HU consists of two non-identical
subunits Q and (3. The hupA and hupB genes, which
encode the (3 and Q HU subunits respectively, have
been cloned and over-expressed. Both purified subunits
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can form heterodimers in the same manner as the non-
recombinant HU protein. A rapid procedure for the large
scale isolation of recombinant integration host factor (IHF),
homologous to HU, from E.coli has been developed. Our
attempts to crystallize IHF produced stable small crystals
which diffract poorly at present. Experiments to crystallize
under different conditions as well as in a complex with the
DNA binding site are under way.

Other projects involve cloning, over-expression, purifi-
cation and crystallization of (1) the Bacillus stearother-
mophilus ribosomal protein L9, (2) the chitinase from Ser-
ratia marcescens, with A.B. Oppenheim (Hebrew Univer-
sity of Israel), (3) the plant proteins USP and vicilin, with
R. Bassuner (Gatersleben, Sachsen-Anhalt) and (4) the
c-jun oncogene protein, with Y. Spirou &M. Yaniv (Pasteur
Institute, Paris).

Protein crystallography

The refinement of rubredoxin from Desulfovibrio vulgaris,
with L. Sieker (University of Seattle) and G. Sheldrick (Uni-
versity of Gottingen), advanced considerably. The 1.0A
resolution data which were collected previously were used
to refine the structure with and without restraints. Recentiy
a single crystal was used to collect improved data extend-
ing to 0.92A resolution with a MAR Research imaging
plate scanner. The overall Rmerge factor was 3.8% and
the completeness 98.5%. The previous model was refined
against these data using the small molecule program
SHELX with anisotropic thermal parameters for all non-
hydrogen atoms and isotropic parameters for hydrogens.
The model was weakly restrained. The refinement pro-
ceeded very satisfactorily, giving no non-positive definite
anisotropic tensors and allowing improved modelling of
some badly defined side chains as having multiple confor-
mations. The final R factor for all reflections is below 8%
and for observed reflections with I >20-(1) is below 7%. The
50% thermal ellipsoids for the atoms of residue Phe30 and
the final electron density are shown in Plate 11. The 1.0A
data allowed the successful solution of the structure with
conventional direct methods, probably the largest struc-
ture ever solved this way, and with the Patterson search
method. This result however is clearly dependent on data
to about 1.0 A, and probably, in addition, to the presence
of the iron-sulphur cluster.



PLATE 11

Residue Phe30 from the structure of rubredoxin refined at 0.92 A:

(a) the final electron density map;

(b) the 50% atomic thermal ellipsoids. The anisotropic motion of
the atoms at the end of the ring can be seen in both.

(a)

(b)
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The in-house research projects on subtilisin proteinases
and their complexes with peptides were actively pursued.
A complex of savinase with a substrate analogue based
on the antibiotic peptide bacitracin (from P. Fittkau &
K. Peters, University of Halle) not covalently bound in
the active site or substrate binding region was analysed.
Crystals of the uncomplexed leech inhibitor eglin-C were
obtained and data collected to 2.0 A. Other proteinase
projects included the refinement of a bacterial trypsin-like
proteinase, with S. Branner (NOVO-Nordisk, Copenhagen)
and of a complex of carboxypeptidase A, with S. Mangani
(University of Siena) & P. Orioli (University of Florence),
both at 1.4 A.

Other projects included an epidermal growth factor recep-
tor: ligand complex, with W. Weber (University of Ham-
burg), the seed storage protein narbonin at 1.8 A, with
B. Schlesier (Institute for Genetics and Cultured Plants,
Gatersleben), carnation mottle virus, with A. Mikhailov,
E. Morgunova (Academy of Sciences, Moscow), and
D. Stuart, E. Fry (University of Oxford) and the structure
of two crystal forms of NAD dependent formate dehydro-
genase at 2.0 and 1.8 A, with V.O. Popov (Institute of
Biochemistry, Moscow) and E.H. Harutyunyan (Institute of
Crystallography, osco'vv).

Collaborations were started with three groups studying the
structures of medium-sized biological molecules: oligopep-
tides with G. Sheldrick, E. Pohl, A. Heine (University
of G6ttingen), vitamin B12 coenzymes (cobalamins) with
G. Furber and Ch. Kratky (University of Graz) and vi-
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tamin 02 with I. Leban (University of Ljubljana). These
structures are intermediate between "small-molecule" and
macromolecular crystals. The crystals generally contain
a considerable number of water molecules, are mechan-
ically fragile and sensitive to the loss of solvent. Such
structures often present great difficulties to conventional
small molecule structure solution programs. For all of the
structures we have recorded high resolution data (to 1Aor
better) with short (about 0.7 A) radiation. The data permit
the solution of all of the structures by direct methods which
for several of them was not previously possible and the
refinement of more elaborate models (including anisotropic
atomic temperature parameters etc.). The conclusion is
that the synchrotron plus image plate combination is a
good way to solve such structures.

Visitors' projects included the natural selection of en-
zyme specificity (D. Wigley, D. Roper, E. Dodson &
G. Davies, University of York), three projects from the
University of Groningen: soluble lytic transglycosylase
from E.coli (A.M.W.H. Thunnissen, H.J.R. Rozeboom,
B.W. Dijkstra), human anti-thrombin III (H.A. Schreuder,
B. de Boer &W.G.J. Hoi) and the E2-component of the
pyruvate dehydrogenase multi-enzyme complex (A. Mat-
tevi, G. Teplyakov-Obmolova & G.V'J.J. Hoi), and two
projects from the Albert-Ludwigs UniversiUH, Freiburg: the
high resolution structures of porin and of cyclodextrin gly-
cosyltransferase. More details are given in the research
report.

K. Wilson



The Outstation at the ILL, Grenoble

During 1991 the EMBL Outstation at Grenoble has been
an intimate witness of important events occurring within
our much larger neighbouring international institutes, the
high-flux neutron source at the lnstitut Laue-Langevin (ILL)
and the European Synchrotron Radiation Facility (ESRF).
In March 1991 the ILL reactor was shut-down following the
detection during a routine examination of "traces inhab-
ituelles allongees" (later confirmed as cracks) in a coolant
anti-turbulence grid in the reactor core. Major repairs to
the reactor will take at least another two years, so that
a start-up can not be envisaged before mid 1994. The
implications for the ILL modernization program with which
EMBL was involved (see below) are not yet clear, although
it will almost certainly be less ambitious than originally
planned.

On a more positive note, the European Synchrotron Ra-
diation Facility has been taking shape with astonishing
speed and the first test of the storage ring will be held in
early 1992, well ahead of schedule. This makes it all the
more pressing that EMBL and ESRF formalize their draft
agreement on the form of the collaboration between the
two organisations, both of which have an obvious interest
in providing the best possible facilities at the ESRF for
biological experiments. Even in the absence of this agree-
ment, the first practical evidence of the common interests
of the EMBL and ESRF has been the appointment of an
EMBL staff member, Andrew Thompson, to be instrument
scientist for the ESRF bending magnet beamline (BL19)
upon which will be built a station optimized for multi-
wavelength anomalous dispersion (MAD) measurements
for protein crystallography.

The scientific programme of the Outstation has now been
rationalized into groups in line with the rest of EMBL. The
four groups are (a) Protein biosynthesis led by Reuben
Leberman, (b) Macromolecular crystallography and dy-
namics led by Stephen Cusack, (c) Superhelical DNA led
by Jorg Langowski and (d) Diffraction instrumentation led
by Clive Wilkinson. However as can be seen from the
Outstation Research Reports, many projects cross group
boundaries to take advantage of the different expertise
available.

Diffraction instrumentation group

The aim of this group is to develop instrumentation to
advance the techniques of neutron and x-ray diffraction
for the determination of protein structures. New staff are
being particularly recruited in this group to build up at the
Outstation expertise in the various aspects of synchrotron
radiation such as beamline design and data collection
methods.

As mentioned above the absence of neutrons at the ILL for
most of the year has severely interrupted the program of
measurements on the low resolution neutron diffractometer
DB21, run jointly with the ILL. However some preliminary
experiments were done showing that the instrument could
be adapted, by the use of a graphite monochromator, to
measure data to intermediate resolution (5 A) on single
crystals of smaller proteins. In this way progress has been
made in locating the disordered N-terminus of FIS (factor
for inversion stimulation).

EMBL and ILL are currently working together on the design
of a quasi-Laue diffractometer for protein data collection
with neutrons, the aim being to speed up high resolution
data collection by having a large solid angle of detector
coverage and making use of beams with a broad wave-
length·band. The lack of neutrons at the ILL has not
yet severely affected development work on this project
although it remains to be seen whether the ILL will be able
to finance all the new instruments originally planned for the
future. Good progress is being made on the development
of various possible detector sytems including both position-
sensitive photomultiplier tubes and adaptation of the x-ray
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imaging plate to neutrons by addition of a gadolinium
scintillating foil.

Progress is also being made in the development of gas
detectors for x-rays with the aim of obtaining improved
characteristics (count-rate, spatial resolution and absence
of parallax) that will make them useful on high intensity
synchrotron sources. The developments involve changes
in the physical design of the detector electrodes (micro
gap) and a new faster method of signal read-out ("image-
line").

As mentioned in the introduction, the Outstation is now
fully involved in the design of bending magnet beamline 19
at the ESRF which will be optimized for multi-wavelength
anomalous dispersion (MAD) studies on protein crystals.
Several designs are under consideration and will be dis-
cussed with the user community early in 1992.

Protein biosynthesis

This group is concerned with structure-function relation-
ships between macromolecules involved in protein biosyn-
thesis mainly in bacteiia, in paiticulaily the aminoacyl-
tRNA synthetases, tRNAs and elongation factors. Much
of the work is involved with cloning, over-expression and
purification of large quantities of material suitable for crys-
tallization trials.

The system most intensively studied is seryl-tRNA syn-
thetase from E.coli, the enzyme responsible for specific
charging of all tRNAsser with serine. The three-dimensional
structure of this enzyme was determined at the Outsta-
tion in 1989. The next step is clearly structural studies
of the complex with cognate tRNA. To this end, two
isoaccepting tRNAs (tRNA2ser and an amber suppres-
sor) have been produced from synthetic genes using the
plasmid pOU71, which permits high-level expression at
42°C (about 20xchromosomal levels) and avoids insta-
bility problems. These tRNAs as well as tRNASelcys, also
charged by seryl-tRNA synthetase, have been purified via
the synthetase-tRNA complex and used in crystallization
trials. Very recently, crystals of the complex of seryl-tRNA
synthetase with tRNA2ser which diffract to about 6 A reso-
lution have been obtained.
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The function of seryl-tRNA synthetase is being probed by
site-directed mutagenesis and sequencing of temperature-
sensitive (ts) mutants. An interesting internal deletion mu-
tant has been constructed in which residues 35-97 have
been replaced by a single glycine, thus drastically trun-
cating the N-terminal helical arm of the synthetase. This
mutant has wild-type ATP-pyrophosphate exchange activ-
ity, but no aminoacylation activity, which is consistent with
the hypothesis that the helical arm is an important part
of the tRNA binding site. Kinetic studies of mutants are
planned using a newly acquired stopped-flow system set
up by Kjeld Larsen, recently recruited from Denmark.

In collaboration with two visitors from Kiev (Drs. M. Tukalo
& A. Yaremchuk) progress has been made on the seryl-
tRNA synthetase from the extreme thermophile Thermus
thermophilus for which crystals of the synthetase and its
complex with tRNA are available (see below). In the course
of attempting to clone and sequence the gene for the
synthetase, it has been shown that the culture of Thermus
used to purify the protein and tRNA contained two strains
of thermophilic bacteria, the relative proportions of which
depend on the culture conditions. The gene sequences
of the seryl-tRNA synthetase from both strains is nearing
completion and will thus provide vital information for the
crystallographic work.

Crystallography group

The aim of this group is the determination of high resolution
protein structures, particularly of viral proteins and RNA
binding proteins and the understanding of the role of
protein dynamics in protein function.

The major success of the group during 1991 has been
the determination and refinement at 2.2 A resolution of
the structure of neuraminidase from influenza virus strain
B/Beijing (illustrated on the back cover). This enzyme
cleaves terminal sialic acid, a sugar molecule, from
oligosaccharides and is required to aid progeny virus to
escape from infected cells, since the viral receptor is
also terminal sialic acid. The structure of the B strain
neuraminidase is very similar to that of the previously
determined A strain enzyme. However an unexpected
discovery was of a strongly bound calcium ion close to,



but not in, the active site. Sequence comparisons show
that the calcium site should be universally conserved in
influenza virus neuraminidases and its presence has since
been confirmed in the A strain neuraminidase structure.
Follow up biochemical experiments have shown that en-
zyme activity can be destroyed by dialysis of the protein
against ion-exchange resin to remove the calcium and
regained by titrating back calcium or other divalent ions.
Crystallographic experiments are in progress to try to prove
that the tightly bound calcium ion can indeed be replaced
by, for example, barium. The structure of the complex of
neuraminidase and the reaction product sialic acid has
also been refined at 2.8 A resolution and shows how all
the defining side chains of the sialic acid are specifically
recognized by fully conserved residues. Only aspartic acid-

148 appears to be close enough to the cleaved glycosidic
bond to be involved in the catalysis, contrary to predictions
based on earlier site-directed mutagenesis experiments.
This structure will be particularly useful to groups designing
anti-viral drugs with whom we are collaborating.

Crystallographic work on seryl-tRNA synthetase from
Feoli is continuing with structures being refined from
crystals of two different space-groups, different solvent
conditions and at 2.3 A resolution from data measured at
cryo-temperatures (100 K). A common feature of these
results, also found in the case of the seryl-tRNA synthetase
from Thermus thermophilus, is the variable orientation of
the long helical arm of the enzyme, with rigid-body-like
rotations of up to several degrees being found (Plate 12).

PLATE 12

Comparison of the structure of seryl-tRNA synthetase from Ecoli
as determined in monoclinic crystals (arrow) and orthorhombic
crystals (two arrows). In the monoclinic crystals the dimeric
molecule has exact two-fold symmetry (the axis is vertical). In

the orthorhombic crystals the molecule is asymmetric and crystal
packing constraints force the flexible helical arms of the two
monomers to adopt significantly different orientations.
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In the absence of tRNA binding, the orientation of this arm
appears to be determined by crystal packing constraints
suggesting a significant flexibility in solution.

Three crystal forms of the complex of seryl-tRNA syn-
thetase with its cognate tRNA from T.thermophilus have
been grown in the laboratory by Dr. A. Yaremchuk (Kiev).
Two of these are tetragonal with a very long cell dimension
of 470Aand diffract weakly only to about 6A resolution.
A third form is monoclinic, has much more reasonable cell
dimensions and diffracts to about 4Aresolution. Attempts
to solve the structure by molecular replacement using the
known structure of the synthetase and a model of tRNAser

are making good progress.

Viral proteins and RecA

Apart from the crystallographic work on influenza virus
neuraminidase described above, biochemical studies are
also proceeding on two of the internal proteins of the
virus with a view to detailed structural studies and a better
undestanding of viral assembly. These are the M protein
which forms a layer interior to the viral membrane and
the nucleoprotein which complexes with the viral RNA.
A systematic comparison has also been made of the
appearance in the electron microscope of influenza virus
and vesicular stomatitis virus, both membrane containing
and somewhat fragile, using different negative stains or
frozen hydrated virus. This has proved very useful in
revealing difficulties in visualising the "true" nature of intact
v'iruses in

RecA protein of E.coli is necessary for homologous recom-
bination the control of the SOS response of DNA repair
following UV or drug treatment. Both activities require
the presence of DNA and ATP. "The interaction of RecA
with s!ngle- and double-stranded DNA is being studied
by a combination of electron microscopy, biochemistry
and neutron scattering. Recent results have attempted to
investigate further the binding of RecA to single-stranded
DNA and have shown that the pitch of the helical complex
is 5% larger than with double-stranded DNA. Furthermore,
it appears that initially RecA binds to single-stranded DNA
at the stoichiometry of 1 RecA per 6 nucleotides, but
matures over time to 1 RecA per 3 nucleotides, which
corresponds to current models of the active state.
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Superhelical DNA structure and dynamics

The group is concerned with how the large-scale con-
formation of DNA, particularly topologically constrained
superhelical DNA, modulated by regulatory proteins and
other factors, effects its biological function.

Using a new HPLC technique for the separation on a
preparative scale of topoisomers of superhelical DNA from
bacterial plasmids, it has been possible for the first time to
measure by dynamic light scattering the diffusion constant
and internal motions of almost "topologically monodis-
perse" superhelical DNA as a function of superhelical den-
sity. These results could then be compared to predictions
from a Monte-Carlo model of superhelix structure (devel-
oped in collaboration with the group of Prof. M.D. Frank-
Kamenetskii, Moscow). The agreement between the model
(which contains no adjustable parameters) and the results
is very good.

Experiments on superhelical DNAs containing permanently
curved inserts or sequences bent by CAP protein gave
evidence that such curved sequences can "freeze" part
of the DNA structure, decreasing the amplitude of internal
motion. This finding correlates vvith results from the
Carlo simulations suggesting that curved sequences tend
to localize at the end loops of an interwound superhelix
and decrease the probability of loop formation in adjacent
regions, leading to an organisation of the superhelix over
a range of 1000 base-pairs.

Light scattering measurements of the internal dynam-
ics of superhelical DNA could only be interpreted semi-
quantitatively up to now due to the lack of a suitable
model for DNA dynamics. A Brownian dynamics model has
been developed which allows simulation of the dynamics,
using basic physical pro.perties 0.1 :DNA chains as well as
sequence dependent properties such as curvature. First
results with a starting model of a 281 base-pair DNA
circle show that the formation of the first interwound su-
perhelical turn takes place during the first microsecond
and proceeds through transient formation of a toroidal
structure.

S. Cusack



Administration

Audit at EMBL

Even if the EMBL budget is modest (77 MOM in 1991),
75% of its income con?ists of contributioflS fron the Mem-
ber' State,s (14 West European countries-and Israel), i.e.
around three quarters or more of the money spent by
EMBL for fundamental research in molecular biology is
from public funds.

No wonder therefore that Article X(7) of Agreemert
establishing the EMBL (May 1973) reads: "The Council
shall appoi:nt auditors to examine the accounts of the

The auditors shall 'submit a report on the
annual ,acqounts to the Council." ,

The auditors appointed by Council have up to now all been
experts from different Member States. Council asks the
delegations of the Member States whether they would be
willing to approach their national State Audit Office and ask
it to accept the duty of auditing the EMBL books.

Successively the national State Audit Offices of the Nether-
lands, Denmark, Switzerland, Austria and Finland ac-
cepted the mission for periods varying three to six
years.

It must be pointed out that the auditors, called the external
auditors, appointed by Council, have to report directly to
Council, the highest organ of decision at the EMBL. They
are, of course, independent from EMBL's management.

Article X(8) of the Agreement establishing the Laboratory
provides that "the Director-General shall furnish the audi-
tors with such information and help as they may require to
carry out their duties."

The external auditors have free access to all documents
issued by the Laboratory and they can therefore form
the most comprehensive picture of how the accounts are
maintained to reflect the way in which public funds from
the Member States are being used. Regulations 21 and
2,2 of the Financial Regulations list the precise tasks of the
external auditors.

Although in the very first years of EMBL's existence the
external auditors could have an exhaustive overview of
the activities and resulting accounts of the Laboratory,
the expansion of the EMBL soon resulted in bigger tasks
requiring more time than they could provide for EMBL, after
taking into account their other national and international
responsibilities.

Three members of the appointed State Audit Office are
commissioned, :four weeks a year to audit in Heidel-
berg the EMBL books. However efficient they may be
and are, twelve working weeks (3 experts x 4 weeks)
are much too short a perioqto carry out the audit·'of

books of a fast growing Institute like EMBL. !he
growth is n.ot only reflected in the' annual -expenditLires
(1982: 39 MOM; 1991: 76 MOM), but also in the num-
ber of entries resulting from the increase in staff, staff
turnover, the expansion of activities (number of
groups) and variety of services (fellowships, workshops,
courses and social support: canteen, guest houses, nurs-
ery, etc.).

To submit to Council a proper report not later than the
31 st May following the end of the financial year (31 st
December), which includes an examination of financial
transactions as well as status of supplies and equipment,
observations on the methods of accounting and on the
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financial consequences of administrative practices, along
with a certification on the correctness of the financial
statements means that the external auditors need help.
The size of the task, given its importance, cannot be
properly carried out in twelve man/weeks (60 working
days). Rule 10 of the Internal Financial Rules provides
therefore for an internal audit.

The internal auditor is appointed by the Director-General
and reports to him exclusively. The internal auditor exam-
ines, on behalf of the Director-General, any action taken
by the Laboratory having financial implications, and verifies
whether such actions are in accordance with general legal
principles, the rules and regulations of the Laboratory,
decisions by Council, and are in line with the annual
budgets, the indicative scheme etc.

The Director-General and the internal auditor work in
close cooperation. They agree on a working programme
for each fiscal year on which the external auditors are
invited to comment. The internal auditor's reports are
usually discussed with the persons involved and with
the Director-General to allow for comment and clarifica-
tion.

The reports are then made available to the external audi-
tors who use them as one of the main sources of infor-
mation for their own audit. The internal auditor spends at
least 100 working days at EMBL and has therefore a better
insight into the EMBL accounts.

Without going here into further detail, the advantages of
the audit structure, outlined above, must be pointed out.

The external auditors are appointed by Council, the
internal auditor by the Director-General. However a
very close cooperation is secured between all audi-
tors, i.e. between the two organs of EMBL as de-
fined in Article V of the Agreement establishing the
EMBL.

The persons responsible for activities covered by the
audit are informed of the auditors' statements and the
necessary clarifications are collected at the earliest
possible stage.
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The external auditors' report and the Director-
General's comments on it are both standard docu-
ments submitted to Council for scrutiny together with
the annual accounts.

Both internal and external auditors are not just audi-
tors in the restricted meaning of the function but also,
given the open and cooperative relations between the
persons involved, welcome advisers to the decision
making organs, Council and Director-General.

Any administrative decision resulting in a financial
implication is permanently scrutinized by the internal
and/or external auditors - the EMBL administration is
under constant review.

Last but not least, the EMBL audit system gives
delegations of all Member States full reassurance that
the most reliable and best possible use is made of the
public funds they have earmarked for the scientific
purposes of EMBL.

EMBL can be proud to have an efficient and transpar-
ent audit system. Not all international organizations have
both internal and external auditors. The external auditors
in some of these organizations would certainly welcome
the assistance and support of an internal audit func-
tion.

Finance

Laboratory income and expenditure
over 5 years (Table 2)

During 1991 the Laboratory implemented full cost account-
ing procedures. This is reflected most clearly in Table 2
by the amount shown as other income for 1991 (7,118
KDM) compared with 1990 (97 KDM). In previous years
such income was stated net of associated costs. Had this
procedure been maintained for 1991 expenditure would
be shown as 68,731 KDM rather than 76,888 KDM, an
increase over 1990 of 4.8% compared with an increase
in 1990 over 1989 of 11.2%. This clearly indicates a
reduction in expenditure growth in areas of cost not related
to income.



Table 2

THE LABORATORY'S INCOME AND EXPENDITURE OVER 5 YEARS

(KDM)

Income Actual Actual Actual Actual Budget
1988 1989 1990 1991 1992

Expenditure Actual Actual Actual Actual Budget
1988 1989 1990 1991 1992

Liquid. of Reserve 3

Ord. Contributions 46,072 48,520 52,579 56,227 60,796

Contr. for Pensioners 58

32,571 34,304 36,226 44,586 46,183Carried Forward
from Previous Year

1,118 1,000 418 Staff Costs
(gross)

Operating Costs 14,678 16,262 18,614 22,528 23,624

Capital Expenditure 7,775 8,007 10,019 9,728 10,214

946 568 2,274 568

522 726 1,044 757

Spec. Contributions

Bank Interest

Other Income 28 43 97 7,118 8,707

Reserve

Carried Forw. to
Following Year

Transfer to
Reserve Fund

79

1,000 418 740

46

Sub-Totals

Unpaid Commitments

External Sales

Pension Scheme

Internal Tax

Support Fund
(Reserve Fund
as from 1991)

Totals

48,689 50,857 56,412 64,670 69,561

329 295 237 349

192 173 194

840 912 965 1,082 1,100

6,053 6,754 7,441 8,759 9,100

350 2,028 260

56,103 58,991 65,599 76,888 80,021 56,103 58,991 65,599 76,888 80,021
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Table 3

MAIN ITEMS OF INCOME AND EXPENDITURE DURING 1991

(KDM)

Income Budget Budget Actual Expenditure Budget Budget Actual
Rev. 3 Rev. 3

Ordinary Contributions 56,227 56,227 56,227 Staff Costs 40,669 44,589 44,586
(inc!. Internal Tax)

Special Contributions 568 568 568 Operating Costs 21,086 22,533 22,528

Bank Interest 757 Capital Expenditure 9,208 9,731 9,728

Pension Scheme 1,020 1,050 1,082

Internal Tax 7,800 8,700 8,759

Unpaid Commitments 349

Other Income 4,785 8,280 7,118 Transfer to 46
Reserve Fund

Support Fund 563 2,028 2,028

Total Income 70,963 76,853 76,888 Total Expenditure 70,963 76,853 76,888
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This has been achieved despite major capital investments
to fulfil the Laboratory's Scientific Programme accepted
in principle by Council in 1990. To achieve this 2 MOM
was withdrawn from the Reserve Fund which by the end
of 1991 had a balance of 781 KOM. As Table 2 shows
the carry forward to the following year in 1991 was much
lower than in previous years. It should be noted that
whereas up until 1990 this was shown under income as an
amount "carried forward from the previous year" it is now
included at the foot of the table as a withdrawal from the
Reserve Fund. This reflects the second significant change
in procedure implemented during 1991 whereby use of
previous year surpluses requires the approval of Council.
The implementation of full cost accounting and changes in
the use of reserves reflect the need for and acceptance by
the Laboratory of high levels of financial control.

Financial situation:
1991 out-turn versus bUdget (Table 3)

This table reflects, as does Table 2, the impact of the
introduction of full cost accounting. Other income of 7,118
KOM compares with the original budget of 4,785 KOM. In
the course of the year the exact implications of full cost
accounting were calculated and reflected in the budget
revisions. The effectiveness of these calculations is shown
by the fact that actual expenditure in the year was 35 KOM
lower than the final budget revision with excess income of
11 KOM contributing to the total carry forward to 1992 of
46 KOM.

J.-F. Beerblock & R. Rivington
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Official visitors in 1991

19.03.91

16.04.91

24.08.91

14.10.91

12.12.91

66

Mr. J. Agar, Consul of the French Republic,
Baden-Baden, Fed. Rep. Germany

Dr. B. Vavakova & Dr. D. Sonolet,
Inst. f. Research and Socio-economomic
Information, Univ. Paris-Dauphine,
Paris, France

Mr. R. Mann, journalist,
"ABI-Berufswahl-Magazin",
Mannheim, Fed. Rep. Germany

Dr. W. Boder,
Volkswagen-Stiftung,
Hannover-D6hren, Fed. Rep. Germany

Mr. A. Konrad & Mrs. C. Wedel,
ZDF, Mainz, Fed. Rep. Germany



Guided tours during 1991 03.04.91

04.05.91

14.05.91

2-3.06.91

04.06.91

10.06.91

11.06.91

01.07.91

Students of the Medical Student
Society, University of Utrecht,
Utrecht, the Netherlands; 40 persons

Steering Committee of the
European Science Foundation,
Strasbourg, France; 12 persons

Students of the IGH, International
Comprehensive School Heidelberg,
Heidelberg, Fed. Rep. Germany;
20 persons

French scientists representing INRA,
INSERM, CNRS, IBS, the University of
Grenoble, the Ministry of Education and the
Ministry of Research and Technology,
France; 10 persons

Students of the University of Uppsala,
Uppsala, Sweden; 30 persons

Swedisch Natural Science Research
Council, Stockholm, Sweden;
10 persons

Chemical Centre Lund
Lund, Sweden; 25 persons

Students of the Biotechnology Institute,
University of Helsinki, Helsinki
Finnland; 20 persons

Total number of participants in guided tours: 270 persons

31.01.91

04.02.91

26.02.91

Students of the Carl-Bosch-School,
Technical Gymnasium, Heidelberg
Fed. Rep. Germany; 15 persons

Mr. Seung Duk Park, Ministry of
Science and Technology, with a
delegation of basic scientists,
Kwachon, S. Korea; 9 persons

Mr. P. Ponjaert, Consul-General of Belgium,
Frankfurt, Fed. Rep. Germany, and
members of the Belgian Parliament,
Brussels, Belgium; 32 persons

19.09.91

16.10.91

22.10.91

Students of the Georg-BOchner-School,
Darmstadt, Fed. Rep. Germany;
20 persons

Students of the Frankfurt School for
Social Studies, Diocese Speyer, Speyer,
Fed. Rep. Germany; 15 persons

Police Headquarters, Heidelberg,
Fed. Rep. Germany; 12 persons
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Table 4

EMBL STAFF DEVELOPMENT

Category of Personnel December 1989 December 1990 December 1991 Man-Years
December 1991 *

Staff Members 275 281 296
Supernumeraries 148 178 186
EMBL Predoctoral Fellows 45 56 79
EMBL Postdoctoral Fellows 22 35 42
EMBO Fellows 26 27 15
Visitors 106 124 122
Trainees 13 16 14

TOTAL 635 717 754

293.17
152.45
74.00
39.00
15.00
130.80
13.00

717.42

The figures show the total employees of the various categories during the month of December 1989, 1990 and 1991.

* 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 1991.
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Director-General

Lennart Philipson

Secretaries

Waltraud Ackermann
Nelly van der Jagt-Gonzalez

Internal auditor

Karl K6gelmayrt
Theobald Reiss

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*
Hans-Hermann Gerdes·
Fotini Gounari·
Gareth Griffiths*
Jean Gruenberg*
Bernard Hoflack*
Eduard Hurt*
Wieland Huttner*·
Eric Karsenti*
Thomas Kreis*
Jan de Mey
Robert Parton
David Vaux*·
Marino Zerial*

Fellows

Vicky Allan· (USA)(EMBO)
S0ren Andersen· (Copenhagen)(DFG)
Fernando Aniento· (Valencia)(Humboldt)
Vilma Arce· (Costa Rica)(EEC)
Francis Barr· (London)(DFG)
Rudolph Bauerfeind· (Bonn)(Univ. of Heidelberg)
Thierry Berges· (Bordeaux)(DFG)
Jean Marc Berrez· (Besangon)(Humboldt)
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Ariel Blocker· (London)(EMBL)
Haralabia Boleti· (Athens)(EMBL)
Cecilia Bucci· (Naples)(Univ. of Naples/EMBL)
Brigitte Buendia (Lyon)(ARC)
Otto Braunling· (Heidelberg)(Univ. of Heidelberg)
Eric Chanat· (Rennes)(Univ. of Heidelberg/DFG)
Philippe Chavrier (Lyon)(EMBL)
Denis Chretien (Grenoble)(EMBO)
Michael Clague· (USA)(EMBO)
Paul Clarke (Dundee)(Welcome Trust)
Michael Desjardins· (Montreal)(MRC)
Maria Do Carmo Fonseca· (Lisbon)(EMBO)
Carlos Dotti· (Argentina)(EMBO)
Valerie Doye· (Paris)(EMBO)
Rainer Duden (Heidelberg)(EMBL)
Paul Dupree (Cambridge)(Roy.Soc.)
Neil Emans (Durham)(EMBL)
Marie-Anne Felix· (Paris)(CNRS)
Klaus Fiedler· (Basel)(FCI)
Hans-Hermann Gerdes· (Heidelberg)

(Univ. of Heidelberg)
Jean-Pierre Gorvel (Marseille)(Humboldt)
Paola Grandi· (Rome)(EMBL)
Fatima Gyoeva· (Moscow)(EMBO)
Rob Hendriks· (Utrecht)(EiviBL)
Dagmar Hennig (Giessen)(EMBL)
Stephen High (Bristol)(DFG/EMBO)
Lukas Huber· (Innsbruck)(Erwin Schrodinger)
Ralf-Peter Jansen (Bochum)(DFG)
Toshihide Kobayashi (Japan)(HFSP)
Panos Kouklis (Ladenburg)(EMBL)
Teymuras Kurzchalia (Berlin)(EMBO)
Dagmar Leiss· (Martinsried)(DFG)
Anja Leyte· (Amsterdam)(EMBO)
Thomas Ludwig (Heidelberg)

(Boehringer Ingelheim)
Anne-Rose LOtcke (Marburg)(DFG)
Henrich LOtcke (Marburg)(EMBO)
Daniele Masson (Lausanne)(Swiss

NatI.ScLFound.)
Fabienne Mauxion· (Gif-sur-Yvette)(ARC)
JOrgen Meier· (Freiburg)(EMBL)
Andreas Merdes (Heidelberg)(Stud.Stift.

des deutschen Volkes)
Stephane Meresse (Lille)(EEC)
Nancy Mize· (USA)(EMBL)



Ann Mutvei* (Stockholm)(NYRP)
Shoichi Natori* (Japan)(DFG)
Ulf Nehrbass (TObingen)(EMBL)
Nicoletta Olivieri* (Siena)(Univ. of Siena)
Vesa Olkkonen* (Helsinki)(EMBO)
Thomais Papamarcaki* (loannina)(EMBO/

Greek Governm.)
Philippe Pierre* (Strasbourg)(EMBL)
Jean Pieters (Maastricht)(EMBO/DFG)
Sanjay Pimplikar (Canada)(EMBL)
Anne Regnier-Vigouroux* (Marseille)(EMBO/DFG)
Janet Rickard (Liverpool)(NATO/SERC/EMBL)
Karin Romisch* (Constance)(EMBL)
Jochen Scheel (TObingen)(EMBL)
Monika Schmelz (Heidelberg)(DFG)
Anne Schmidt* (Montpellier)(EMBO)
Georgios Simos (Saloniki)(EMBO)
Beate Sodeik (USA)(EMBL)
Olivia Steele-Mortimer (USA)(EMBL)
Harald Stenmark* (Oslo)(NAVF)
Jane Stinchcombe* (Oxford)(EMBL/DFG)
Leo Thomas (Heidelberg)(DFG)
Christian Vannier* (Nice)(INSERM)
Fulvia Verde (Pisa)(EMBL)
Irene Wacker-Schroder (Heidelberg)(DFG)
Angela Wandinger-Ness* (USA)(NCRI)
Christian Wimmer (Hannover)(EMBL)

Visitors

Eeva Aaku-Saraste* (Helsinki)
Lone Bastholm* (Copenhagen)
Julia Coleman (USA)
Nathalie D'Hahan * (Nantes)
Irene Dunia* (Paris)
Torgeir Flatmark* (Bergen)
Martin Fusek* (Prague)
Ari Helenius* (USA)
Andrea Jahraus* (Heidelberg)
Eero Lehtonen* (Helsinki)
Daniela Lombardi* (Rome)
Joen Luirink * (Amsterdam)
Joe Makkerh* (Cambridge)
Shoichi Natori* (Japan)
Jeffrey Peterson* (USA)
Siegfried Prehn* (Berlin)

Patrizia Rosa* (Milan)
Nikolaus Schlaich* (Heidelberg)
Petra Schrotz* (Heidelberg)
Brian Storrie * (USA)
Panayiotis Theodoropoulos* (Crete)
Sylvie Urbe* (Heidelberg)

Assistants

Rita Abagyan'¢-*
Anthony Ashford
Ulrike Bauer
Roland Bei Bwanger'¢-*
Peter Brown'¢-*
Mariann Brunkener
Katja Clauer'¢-*
Marion De Lepper'¢-*
Susanne Dihlmann'¢-*
Maria Ericsson
Shamsa Faruki
Gregor Fismer'¢-*
Willy GalgenmOller
Angelika Giner
Michael Hollinshead
Ruth Hollinshead*
Heinz Horstmann
Brigitte Joggerst-Thomalla
Mark Kail*
Ammar Kassis'¢-*
Hildegard Kern*
Angus King*
Jutta Lauer*
Irene Loef*
Marco Mantovanelli'¢-*
Liane Meyn
Alan Sawyer
Falk Schwesinger'¢-*
Bettina Stahl
Mark Stapleton*
Luise Stempka '¢-*
Hilkka Virta
Carmen Walter
Ursula WeiB*
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Differentiation

Programme coordinator

Thomas Graf (Senior Scientist)

Secretary

Hilary Davies-ROck

Scientists

Dirk Bohmann*
Sara Courtneidge* (Senior Scientist)
Giuli.o Draetta* .
Denis Duboule*
Ottavio Fasano*
Jon Frampton
Marek Mlodzik**
Scott Ness*
Athanasios Papavassiliou*
Ulrich ROther*
Rolf Zeller*

Fellows

Matias Avila* (Madrid)(Span. Min. of Sci.)
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)
Emanuele Burderi* (Palermo)(Univ. of Palermo)
Tullia Casini (Siena)(EMBL)
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Jose Luis De la Pompa (Madrid)(Span. Min. of Sci.)
Francesco Di Blasi* (Palermo)(EEC/EMBL)
Pascal Dolle* (Strasbourg)(EMBL)
Rosanna Dono* (Naples)(AIRC/EMBL)
Bernard Ducommun (USA)(EMBL)
Georg Feger* (Ulm)(EMBL)
Stefano Fumagalli* (Milan)(EEC)
Yves Goldberg (Heidelberg)(DFG)
Ingrid Hoffmann* (Vienna)(DFG)
JU'an-Carlos IzpisCJa-Belmonte (Valencia)(EMBL)
Constantin Kavounis* (Thessaloniki)(EMBO)
Rama Khokha* (Canada)(Humboldt)
Manfred K6g1 (Vienna)(EMBL)
Norbert Kraut (USA)(Josef Steiner Fund)
Robert Kypta* (Oxford)(EMBL)
Domenico Lazzaro* (Heidelberg)(EEC)
Filip Lim (Australia)(Humboldt)
Jiri Lukas* (Brno)(Boehringer Ingelheim)
Marfa Marcote* (Valencia)(Span.Min.of Sci.)
Kelly McNagny* (USA)(Josef Steiner Fund)
Carel Meijers* (Rotterdam)(EMBO)
Thomas Metz* (Basel)(Josef Steiner Fund)
Mario Mirisola* (Palermo)(Univ. of Palermo)
Carol Murphy (Galway)(EMBO)
Lucia Oicese* (Genova)(ltal. Sci. Res. Fund)
Catherine Ovitt (USA)(EMBL)
Michele Pagano (Naples)(EEC)
Athanasios Papavassiliou* (USA)(EMBL)
Armand Renucci (Lyon)(HFSP)
Gretchen Rice* (USA)(NIH)
Tonnie Rijkers (Utrecht)(EMBL)
Fabio Rossi* (Genova)(EMBL)
Irini Roussou (Crete)(EMBO)
Thomas Schimmang (Heidelberg)(DFG)

Seidita* (Palermo)(Univ. of Palermo)
Michael Sieweke* (USA)(Boehringer Ingelheim)
Susan Smith (Oxford)(EMBL)
Giulio Superti-Furga* (Vienna)(EMBO)
Mathias Treier (TObingen)(DFG/EMBL)
Andreas Trumpp (Freiburg)(EMBL)
Geraldine Twamley (Cork)(EMBL)
Gilbert Urier* (Lyon)(EMBO)
Arturo Verrotti (Milan)(Univ. of Calabria)
Vincenzo Zappavigna* (Rome)(EMBL)
Martin Zeidler* (Brighton)(EMBL)
Aimee Zuniga (Paris)(EMBL)



Visitors

Johannes Beckers· (Heidelberg)
Riccardo Brambilla· (Milan)
Andres Carrasco· (Argentina)
Matthieu Gerard· (Strasbourg)
Nina Iversen· (Oslo)
Lutz Kockel· (Berlin)
Holger Kulessa· (Heidelberg)
Raimondo Pannone· (Naples)
Angelika Philipp· (Heidelberg)
Daniel Pilat· (Geneva)
Claudio Sorio· (Verona)
Gaia Tavosanis· (Heidelberg)
Jozsef Zakany (Szeged)

Assistants

Pat Blundell
Andrew Cartwright·
Catherine Chavrier
Gabi D6derlein
Hildegard Falkenstein·
Sigrid Grieser
Angelika Heber
Frank van der Hoeven
Dominic James·
Margaret Jones·
Marianne Lemaistre
Asa Marknell
Lena Marknell·
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

Christine Barber·
Helen Fry·
Christine Raulfs

Scientists

Ruben Abagyan·
Pat Argos*
Belinda Bullard
Thomas Ceska
Tobi Gibson·
John Kenney
Werner KOhlbrandt*
Jeremy Lakey
Kevin Leonard*
Peter Metcalf*
Ali Moussavi·
Gour Pada Pal
Michael Parker·
Annalisa Pastore*
Franc Pattus*
Johan Postma
Chris Sander* (Senior Scientist)
Matti Saraste*
Ramon Serrano*·
Demetrius Tsernoglou* (Senior Scientist)
Paul Tucker*
Gert Vriend
Da Neng Wang·
Rik Wierenga*
David Wild
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Fellows

Ruben Abagyan* (Moscow)(BMFT)
Sylvain Arnaud* (Marseille)(EMBO)
Raghuvir Arni* (Brazil)(EMBL)
Sylvie Baudet* (Paris)(EMBO)
Torben Borchert* (Copenhagen)(EEC)
Domenico Bordo* (Genova)(EMBO/SERC)
Peer Bork* (Berlin)(HFSP)
Monetta Castiglione-Morelli* (Naples)(EMBL)
Gareth Chelvanayagam (Australia)(DAAD)
Denis Chretien* (Grenoble)(EMBO)
Philippe Cronet* (Namur)(EEC)
Thomas Dandekar* (Munich)(Boehringer

Ingelheim)
Terje Dokland (Oslo)(NAVF)
Wolfgang Eberle (Heidelberg)(Boehringer Ingelheim)
Astrid Eder* (Heidelberg)(EMBL)
Frank Eisenhaber* (Berlin)(BMFT)
Frank Eisenmenger* (Berlin)(EMBL)
Graciela Eiso de Berberian* (Argentina)(DAAD)
Martin Fusek* (Prague)(EMBL)
Roberto Gaxiola (Mexico)(DAAD)
Toby Gibson* (Cambridge)(EMBL)
Ulrich Glaeser* (Bonn)(DFG)
Juan-Manuel Gonzalez-Manas (Bilbao)

(Span. Min. of Education)
Frangoise van der Goot (Saclay)(EMBO)
Rob Hendriks* (Utrecht)(EMBL)
Uwe Hobohm (Bremen)(EMBL)
Liisa Holm (Espoo)(EMBO)
Ari Huovila (Jyvaskyla)(EMBL)
Morten Isaksen* (Oslo)(EMBO)
Denis Jeanteur (Compiegne)(EMBL)
Jacob John (Heidelberg)(Boehringer)
Hartmut Krafft-Czepa (Heidelberg)(DFG)
Andreas Kuppe* (USA)(EMBL)
Siegfried Labeit (Heidelberg)(DFG)
Pekka Lappalainen* (Jyvaskyla)(Acad. Finland)
Philip Lijnzaad (Wageningen)(EMBL)
Mathias LObben (LObeck)(EMBO)
Magali Mathieu* (Paris)(EMBL)
Dominique Massotte* (Liege)(EMBL)
Andrea Musacchio (Rome)(EMBL)
Martin Noble (Cambridge)(EMBL)
Stephan Nussberger (Munich)(EMBL)
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Victor Nwosu (Southampton)(EEC)
Gerald Nyakatura* (G6ttingen)(EEC)
John van der Oost (Amsterdam)(EMBO)
Christos Ouzounis (York)(EMBL)
Michael Palmgren (Lund)(EMBO)
Stefano Pascarella (Rome)(EMBO)
Richard Pauptit* (Basel)(EMBL)
Mark Pfuhl* (Berlin)(EMBL)
Anastasia Politou* (USA)(EMBL)
Martin Sagermann (Heidelberg)(BAP)
Uwe Sauer* (Heilbronn)(EMBL)
Michael Scharf (Heidelberg)(HFSP)
Edith Schlagenhauf (Basel)(EMBL)
Reinhard Schneider (Heidelberg)(BAP)
Peter Sibbald* (Canada)(Humboldt)
Phoebe Stewart* (USA)(Helen Hay Whitney)
Gunter Stier (Heidelberg)(DFG)
Pieter Stouten (Utrecht)(EMBL)
Alfonso Valencia (Madrid)(EMBO)
Ingrid Vetter (Frankfurt)(FCI)
Jose-Manuel Villalba* (C6rdoba)(CICYT)
Martin Vingron* (Vienna)(EMBL)
Da Neng Wang* (Stockholm)(EMBL)
Richard Ward* (Oxford)(EMBL)
Simon 'vVeston (Portsmouth)(Etv1BL)

Visitors

Jan Abrahamsson* (Link6ping)
Daniel Alge* (Vienna)
Alexander Athanasiadis* (Crete)
Timothy Baker* (USA)
Miroslav Baudys* (Prague)
Frank Bieber* (Heidelberg)
Ricardo Bringas* (Cuba)
Alain Brisson* (Strasbourg)
Ivan Brukner* (Belgrade)
Thomas Buckley* (Canada)
Gian Paolo Canuti* (Genova)
Michael Connolly* (New York)
JOrgen Deneke* (Uppsala)
Denis Duche* (Marseille)
Vincent Eijsink* (Groningen)
Steve Emery* (G6ttingen)
Robert Etges* (Lausanne)
Alejandro Ferrando* (Valencia)



Marco Fossati· (Genova)
Ignacio Frias-Viera· (Tenerifa)
Andrew Gall· (Glasgow)
Mathias Gautel· (Heidelberg)
Alessandro Giuffre· (Rome)
Ulrike Goebel (Heidelberg)
Rosario Haro· (Madrid)
Dirk Hendricks· (Antwerp)
Zara Holmes· (Cambridge)
Esmeralda Ibarz· (Barcelona)
Jussi Kankare· (Helsinki)
Nicolay Kolchanov· (Novosibirsk)
Bernhard Kolmerer· (Heidelberg)
Dimitry Kuznetsov· (Moscow)
Christina Lantwin· (Heidelberg)
Inigo de Larrinoa Santamaria· (San Sebastian)
Laura Lemieux· (USA)
Yvonne Mascarenhas· (Trieste)
Alexej Mazur· (Vladivostok)
Veronique Mikolajski· (Strasbourg)
Gervaise Mosser· (Strasbourg)
Jan Mrazek· (Brno)
Vassilios Nastopoulos· (Patras)
Hans Neervoort· (Enschede)
Heiko Ohlenbusch· (Strasbourg)
Klaus Pionek· (Zurich)
Ziv Reich· (Rehovot)
Burkhard Rost· (Heidelberg)
Helen Saibil· (London)
Suzie Scales· (Cambridge)
Raimund Schnobel· (Heidelberg)
lIya Shindyalov· (Novosibirsk)
Gil Shoham· (Jerusalem)
Matthias Steiert· (Basel)
Jolanta Stouten· (Wrocfaw)
Norbert Strater· (Munster)
William Taylor· (London)
Ivo Tews (Heidelberg)
Georg Tuparev (Sofia)
Catherine Venien-Bryan· (Oxford)
Michael Vertman· (Haifa)
Richard Ward· (Oxford)
Anna Wiklund· (Umea)
Eva Wolf· (Heidelberg)
Masakuni Yamamoto· (Strasbourg)

Assistants

Brigitte Altenberg-Greulich<¢-.
Claudia Becker<¢-·
Volker Brachvogel
Patricia Buck
Anna Cyrklaff·
Marek Cyrklaff
Carola Daffner·
Nathalie Didat
Karoline Dorr
Thure Etzold
Peter Everitt·
Charles Ferguson
Karl-Heinz Gross
Jaap Heringa
Anne Lakey
Marieke Lamers
Ulrike Lang<¢-
Consuelo Montesinos<¢-.
Elke Penka
Holger Schwarz<¢-·
Sandra Scianimanico
Hubert Sommerfeldt
Michaela Sommerfeldt·
Julie Thompson·
Sandra Thullner<¢-·
Maxim Totrov·
Alec Tucker·
Gerhard Vogt
Antony Warne
Hans van der Zandt·
Johan Zeelen

75



Gene Expression

Programme coordinator

lain Mattaj

Secretary

Maryka Kimmins*
Heide Seifert*

Scientists

Peter Becker**
Roberto Di Lauro**
rviatthias Hentze*
Angus Lamond*
Giovanni Paolella*
Hans Sch6Ier**
Bertrand Seraphin
Francis Stewart**
Henk Stunnenberg*
David Tollervey*

Fellows

Silvia Barabino (Pavia)(EEC)
Domingo Barettino* (Marburg)(EEC)
Monica Beltrame* (Milan)(It.Min.PubI.Educ.)
Anders Berkenstam (Stockholm)(NFR)
Jordi Bernues (Barcelona)(EEC)
Elio Biffali* (Naples)(Univ. of Naples)
Ben Blencowe (London)(EMBL)
Thomas Bugge (Copenhagen)(EMBL)
Maria Do Carma Fonseca* (Lisbon)(EMBO/Univ. of Lisbon)
Donato Civitareale* (Rome)(National Research Council)
Anne Constable* (Manchester)(EMBL)
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Guiseppe Damante* (Catania)(EEC)
Thomas Dandekar* (Munich)(Boehringer

Ingelheim Fond)
Mario De Felice* (Naples)(EEC)
Jono Ferreira* (Lisbon)(EMBO)
Helen Francis-Lang* (York)(EMBL)
Karl-Heinz Friedrich (Martinsried)(DFG)
Jutta Gerstner* (Heidelberg)(DFG)
Fotini Gounari* (London)(EMBL)
Nicola Gray (Edinburgh)(EMBO)
Samuel Gunderson (USA)(Humboldt)
Yves Henry* (Oxford)(EMBL)
Rafael-Eugenio Herrera* (USA)(EMBL)
Heike Hess* (Berlin)(FCI)
Artur Jarmolowski* (Poznan)(EMBO)
Hans Johansson (Stockholm)(EMBO)
Elisa Izaurralde (CH/Uruguay)(Fonds Natl.Suisse)
Christian Kambach (Munich)(EMBL)
Mary Keaveney* (Galway)(Humboldt)
Gabor Lamm (Edinburgh)(Boehringer)
Joe Lewis* (Vienna)(HFSP)
Willem Ligterink* (Wageningen)(EMBL)
Colin Logie* (Edinburgh)(EMBL)
Renata Lonigro* (Camerino)(EEC)
Olivier Lonnoy* (Liege)(EEC)
Zoi Lygerou* (Athens)(EMBL)
Margherita Maffei* (Pisa)(Univ. of Pisa)
Guy de Martynoff* (Brussels)(lnoGenetics)
Ojar Melefors* (Stockholm)(EMBL)
Jacqueline Mermoud (Vienna)(EMBL)
Catherine Mitchelmore (Cambridge)(EMBL)
John Morrissey* (Cork)(EMBL)
Giovanni Paolella* (Naples)(Humboldt)
Werner Peter* (G6ttingen)(EMBL)
Jens Pohl* (USA)(DFG)
Melanie Price* (Leicester)(EMBL)
lain Russell (Edinburgh)(EMBL)
Kenneth Simmen (Edinburgh)(EMBL)
Renata Stripecke (Munich)(Braz.Gov.)
Ian Sylvester* (Portsmouth)(EMBL)
Pierre Vankan* (Basel)(EMBO)
Marfa del Mar Vivanco-Ruiz* (Bilbao)(EMBL)
Jan Vos* (Wageningen)(EMBL)
Heather Wood (Dublin)(EMBO)
Mariastella Zannini* (Naples)(Biochem

Dept. Naples/EMBL)



Visitors

Alvaro Acebron-Fernandez· (Madrid)
Michael Antoniou* (London)
Victoria Beaumont* (Canterbury)
Wilbert Boelens* (Nijmegen)
Kerstin Bohmann* (Giessen)
Eliana Coccia* (Rome)
Lisa De Conciliis· (Naples)
Enzo De Simone (Naples)
Anna Demartis· (Pisa)
Joao Ferreira· (Lisbon)
Ralf Janknecht· (Hannover)
Stephen Kearsey* (Oxford)
Claudia Rallo· (Naples)
Bina Santoro· (Rome)
Gabriele Seethaler* (Salzburg)
Piroska Szabo* (Szeged)
Frangois Tronche* (Paris)

Assistants

Nina Dathan*
Luisa De Magistris·
Britta Goossen
Peter Hirschmann
Karin HObner*
Stefanie Kandels·
Hanna Lehtonen
Caroline McGuigan
Michele Pischetola*
Maria Polycarpou-Schwartz
Sabine Quick*
Ursula Ryder
Jacky Schmitt
Mary-Jo Sibbald
Vera Sonntag
Helen Thomas·
Gayl Wall*

Physical Instrumentation

Secretary

Julia Pickles

Scientists, Engineers

Thomas Bastian
Christian Boulin* (Senior Scientist)
Avi Epstein
Max Haider*
Arthur Jones** (Senior Scientist)
Jean-Christoph Olivo
Ernst Stelzer*
Clemens Storz
Willem Tichelaar
Joachim Zach

Fellows

Jouko Viitanen* (Helsinki)(Acad. of Finland)
Stefan Hell (Heidelberg)(DFG)
Philip Kock* (Graz)(EMBL)

Visitors

Magdalena Akke* (Lund)
Vilma Arce* (Costa Rica)
Talmon Arad· (Rehovot)
Gabi Blume* (Munich)
Bernd Bohrmann* (Basel)
Morgane Bomsel· (USA)
Thomas Cremer* (Heidelberg)
Tziki Kam* (Rehovot)
Ari Kuusisto* (Turku)
Eero Lehtonen* (Helsinki)
Olivier Litzler· (Mulhouse)
Martina MOller* (Heidelberg)
Gisela Paatz* (Heidelberg)
Jorma Paranko* (Turku)
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Patrick Plas· (Paris)
Gernot Reiner· (Heidelberg)
Jean Marc Reymann· (Strasbourg)
Harald Rose· (Darmstadt)
Susanne Siebel· (Munich)
Brian Storrie· (USA)
Martin Thonfeld· (Heidelberg)
Shlomo Trachtenberg· (Jerusalem)
Manne Uussaari· (Helsinki)
Roger Wepf· (ZOrich)
Sebastian Zellmer· (Munich)

Assistants

Frank d'Annunzio
Pekka Hanninen
Jahanshah Khazaie
Deryck Mills·
Robert Morrison
Rainer Pick
Georg Schafer
Reiner Stricker

Electronic workshop

Carol Stettner

Eli Hazan
Conor Mullaney·
Alfons Riedinger
Georg Ritter
Kurt Stroh·
Siegfried Winkler

Mechanical workshop

Hans Flosser

Thomas Blum
Leo Burger
Philip Goodman·
Gaetano Landomini
Helmuth Schaar
Otto Wernz
Wolfgang Zengerling
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Instrumentation maintenance

Norbert Hassler

Peter Collins·
Geoffrey Coomber·
Yves Sorensen
Abdullah Sulayici

Construction bureau

Hans Wittmann



Biochemical Instrumentation

Secretary

Julia Pickles

Scientists, Engineers

Wilhelm Ansorge* (Senior Scientist)
Sabro Beijer
Mark Douglas·
Holger Erfle
Roland Kellner
Dominique Nalis
Rainer Pepperkok
Uwe Pieles
Christian Schwager
Graham Smith
Brian Sproat*
Josef Stegemann
Hartmut VoB
JUrgen Zimmermann

Fellows

Ramon de la Caridad Gu'(mil Garcia· (Cuba)(DAAD)
Mark Douglas· (Liverpool)(Roy.Soc.)
Stefan Herr· (Heidelberg)(Soehringer)
Paolo Marcandalli· (Trieste)(ICGEB)

Visitors

Mariana Bengstr6m· (Helsinki)
Julio Celis· (Aarhus)
Thomas Dietrich· (Heidelberg)
Bernd Dworniczak· (MUnster)
Xavier Estivil· (Barcelona)

Gerald Friderich· (TUbingen)
Marie-Pierre Gaub· (Strasbourg)
Christopher Green· (Edinburgh)
Wilhelm Just· (Heidelberg)
Tom Kristensen· (Oslo)
Rejesh Kumar Gaur· (India)
Walter Pyerin· (Heidelberg)
Andrew Smith· (Cambridge)
Mathias Uhlen· (Stockholm)
Ute Wirkner· (Heidelberg)

Assistants

Heiko
Lars
Neil Hewitt
Tony Houthaeve
Richard Jacob·
Samantha O'Loughlin·
Martina
Ralf
Sabine
Thomas Rupp
Robert
Susan Weston
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Computer Group

Secretary

Christine Raulfs

Scientists & Assistants

Roy Omond*

Dominic Fedronic
Britta Kunkel*
Peter Rice
Erich Schechinger
Wolfgang Winkler
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Data Library

Secretary

Faith Duhaney

Scientists, Engineers

Howard Bilofsky
Timothy Black
Brigitte Boeckmann
Graham Cameron*
David Emmert
Rainer Fuchs
David Hazledine
Patrick Herde
Rosalyn Huie
Patricia Kahn<>-
Catherine Rice
Bernd Rochert*
Peter Sibbald*
Michaela Sommerfeldt
Peter Stoehr
Gunter StoBer·

Visitor

Amos Bairoch* (Geneva)

Assistants

Hamid Abbassi<>-
Rolf Apweiler<>-
Jennifer Ashurst*
Marion Beck<>-*
Jillian Burton*
Petrina Cairns



Charoula Christodoulou<7
Anastasia Daskaroulis<7
Sarah Dotti<7*
Louisa Drost*
Nicole England
Edda F611mer-Hausle<7
Matthias Frick<7
Vivien Harvey
Dominic James*
Renate Kania
Esther Keck*
Isolde Keck*
Kathleen Kelley<7*
Dianne Learmonth*
Tirza Mahfood<7
Olaf Munstermann<7*
Marina Pannone
Sabine Rehberger<7*
Jennifer Scott*
Andrea Teynor-Maclachlan*
Chariklia Tsindikidou<7
Giorgio Verde*

Additional Research Activities

The director's laboratory

Scientists

Lennart Philipson
Vincenzo Sorrentino

Fellows

Vittoria Barone* (Naples)(EEC)
Roberta Ceci* (Rome)(Univ. of Rome)
Giuseppe Giannini* (Milan)(AIRC)
Bengt Kallin* (Stockholm)(Swed. Cancer Soc.)
Rainer de Martin* (Vienna)(EMBO)
Giovanna Marziali (Rome)(ISS)
Fiorenzo Peverali (Pavia)(CNR)

Visitors

Eliana Coccia* (Rome)
John Strasswimmer* (Strasbourg)

Assistant

Alexandra Charlesworth
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John Tooze's laboratory

Scientists

John
Sharon Tooze

Fellow

Francis Barr* (London)(DFG)

Visitors

Andrea Dittier* (Marburg)
Horst Kern* (Marburg)
Anja Leyte* (Amsterdam)
Nira Pollock* (USA)
Gordon Strathdee* (Glasgow)

Assistants

Michael Hollinshead
Ruth Jelinek*

Tom Creighton's laboratory

Scientists

Tom Creighton (Senior Scientist)
Nigel Darby*
Johan Kemmink*

Fellows

Christopher Bagley* (Australia)(NHMRC)
Jonathan Ewbank (Cambridge)(EMBL)
Amina Sheikh* (Canterbury)(EMBO)
Andre Zapun* (Geneva)(EMBL)

Assistants

Leanne Cooper*
Monique van Straaten*
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Scientific Administration

Scientific coordinator

John

Szilard Library

f\,1ary Holmes
Ingeborg Martin

Visitor
Susanne Rehm*

Photography and Drawing Office

Richard Harris

Sigrid
Wolfgang Grysa*
Marietta Kaiser
Silvia Pfliegensd6rfer*
Petra Riedinger
Alan Summerfield
Wieslaw Wojtal*

Visitors

Anya Dathan* (Cambridge)
Cecile Hanoune* (Paris)



Administration

Administrative Director

Jean-Frangois Beerblock

Meetings secretariat

Frieda Leenart

Martina Denhard·
Niamh Hiney·

FINANCE:
Budget

Zuri Mahfood

Book-keeping

Albert Stegmuller

Avy Altwarg·
Daniela Becker
Agnes Bosshard
Martin Gawlitta
Seija Majoinen

Supernumerary

Petra Manser-Schmidt'¢>

Trainees

Douglas Bochan (USA)(DAAD)
Rejane Michel • (Lyon)(EMBL)
Brigitte Moret· (Bulle)(EMBL)
Katja Tropf· (Nuremberg)(EMBL)

Inventory & Price control

Torben Poulsen
Annette Kuhlmey

Purchase

Christian Moritz

Gerlinde Stricker-Heft
Maria Varela

Trainees

Claude Conti· (Thevenon)(DAAD)
Claire Perrier· (Chambery)(EMBL)

Stores

Sean Bourke
Hans Herzog
Ingo Liedtke

PERSONNEL AND GENERAL SERVICES

Konrad Muller

Ann Cooper
Daniela Israel·
Carla Jenal-Eppinger<O>·
Marietta Kaiser·
Maryka Kimmins·
Bettina Parre·
Bettina Russ·
Petra Seethaler
Tini Tan·
Murielle Victouron

Supernumeraries

Dimitra Carapali·
Vanessa Gunther'¢>·
Ingrid O'Sullivan·
Anke Schweikart·

Trainees

Birgit Baumann· (Heidelberg)(EMBL)
Diana Kesselberg· (Darmstadt)(EMBL)
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Telephonists

Kristina von der Becke'¢-*
Tanita Ey'¢-*
Penny Goodliffe'¢-*
Rita Gutfleisch'¢-*
Gertrude Lechner'¢-·
Eleanor Warren'¢-*

Central Secretariat

Isabelle Fraignaud
Marianne Remy'¢-*

Helen Fry*
Penelope Goodliffe'¢-*
Christina Kjar

Trainees'

Andrea Lovewell* (Wolverhampton)(DAAD)
Nikola Pain· (Wolverhampton)(DAAD)

Secretaries for predoctoral fellowship programme

Maria Ittensohn
Bettina Winter·

Course and Workshop Secretariat

'¢-
Ingeborg Fatscher
Marietta Kaiser'¢-·
Yvonne Powell'¢-*

Operon Service

Marietta Kaiser'¢-·
Josefine Vogel'¢-*

Building and remodelling

Ernst Heinmoller

Building maintenance

Kurt Kirsch·
Helmut Kollenz
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Supernumeraries

Christoph Doering'¢-*
Stefan Doeschl'¢-*
Norbert Ehmer*
Roland Friedl
Bernhard Funkert*
Gerhard Imkeit*
Markus Leopold'¢-
Simon Mendy*
Giovanni Miucci'¢-*
Antonio Quintana Pardo
Thomas Ruff'¢-
Semi Sattar'¢-*
Christa Schmiemann'¢-
Carsten Schmidt*
JOrgen Schmitt'¢-*
Rudolf SOfling'¢-
Matthias Veith
Carlos Verdera-Chico
Erhard Wagner'¢-
Fritz Wagner*

Guesthouse caretaker

Egon Heer

Housing service (part-time supernumerary)

Klaus Neck

Guesthouse & ISG (part-time supernumeraries)

Gerhilde Back
Guido Baron·
Birgit Bauer·
Britta Baumann·
Laura Becker
Heike Beyer*
Krongthong Deuringer*
Elsa Elfner
Melanie Gloy
Helga Heinzmann·
Dieter Hinze
Suzanne Hunold·
Elke Ittensohn*



Bettina Koebe·
Audrey Kracht·
Beate Krampen·
Bettina Kuhn·
Marianne Lehmann
Sabine Lehninger
Inge Menrath
Inge Schuhmacher
Elisabeth Stang
Rosemarie Thome
Kathe Wayer
Gerlinde Weber·
Kerstin Weichbrodt

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

Barbara Weber

Nursery (part-time supernumeraries)

Patricia Appleton
Michaela Braus
lise Engelmann
Susanne Flasser
Birgit Griebl
Christine Harle·
Susan Heikkinen·
Ralf Hemberer·
lise Hubner
Julia Insley·
Waltraud Kempny
Inge Kassler
Lucie Pfaffova·
Gisela Runzi
Kerstin Vanselow·
Kristine Warne
Sylvia Welker·
Ute Wetzstein·

Security Service (part-time supernumeraries)

Hans Riemann

Hans-JOrgen Blum·
Gerhard Fertig·
Jurgen Jahnke

Alex Jansen
Klaus Kellner·
Fritz Klose·
Heinz Lammel
York Lechtenbarger
Werner Milbrodt·
Friedheim Oertl
Heiner Rey
Peter Rosner·
Helmut Rudolph
Hubert ROcker
Wolfgang Sanger·
Rolf Schade
Kunibert Schenk
Raimund Schink·
Thomas Winkler
Karl Zipp
Werner Zipp

Canteen & Cafeteria (Supernumeraries)

Klaus Hoffmann

Melinda Berta·
Barbara Borchers·
Jutta Darr·
Ingrid Fleckenstein·
Klaus Fleckenstein
Elvira Goetzmann·
Roswitha Hoffmann<>-
Anna Hofmann·
Gerhard Koch·
Bezalel Kosten
Andreas Leibert·
Erika Leistner
Frieda Leyer<>-
Silke Luh·
Frederic Maestrali
Berta Maier<>-
Frank Munderloh·
Katja Petillon<>-.
Manuela Reis<>-
Kay Sachse<>-
Thea Sauer·
Hildegard Seebold<>-
Karin Wetterauer
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Biological safety officer and Laboratory steward

Karlfriedrich Brauch*
Willi Siller

Marion Schwertfeger*

- student laboratory
Martha Friedmann

- media kitchen
Ursula Billmaier
Angelika Fleckenstein
Monika Fleckenstein
Annette Gerlinger
Regina Goller
Katherine Hehl
Heiko Kleinbauer*
Isolde Langle
Sibille Wfcek*

- animal house
Roland Balz
JOrgen Baumann*
J6rg Bensemann
Alfredo Castro Ibarra
Thomas Engelmann
Monika Hillesheim
Alex Klug
Ludwig Merkel
Helmut Schmitt
Barbara Stace
David Stoddart

Cleaning service (part-time supernumeraries)

Klaus-Dieter Eberlein*

Adela Becker
Ingrid Bender*
Anna Beneke*
Emilie Bonk*
Rita Bonnawitz*
Bergitta Dambrowski*
Renate Franzisky*
Hedwig Heger
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Sabine Jung*
Martina Large*
Gertrud Leberer
Halina Maron*
Licia Musco
Magdalena Parmentier
Elisabeth Reichenbach*
Monika Reis
Klara Schmitt
Hilde Schuhmacher
Hilda Schuhmacher-Lang
Renate Sommer
Maria Steger*
Lore Thome
Josefine Vogel*
Gabi Wagner*
Caroline Weingand
Marianne Weis*
Medhin Woldegiorgis*
Manfred Zelitis*

Driver

Erich Honig

Supernumeraries

Karl
Manfred Klevenz
Heinrich

Gardeners

Karl-Heinz Fleckenstein
Bernhard
Helmut Mora
Manfred Weingand



Outstation at DESY, Hamburg

Programme coordinator

Keith Wilson (Senior Scientist)

Secretaries

Margret Fischer'¢>
Gabi Jansen

Scientists

Christian Betzel
Michael B6hm*
Zbigniew Dauter
Jules Hendrix
Christoph Hermes
Michel Koch (Senior Scientist)
Yuichiro Maeda
Hans-Friedrich Nolting
Gerd Rapp
Wojcieck Rypniewski*
Zehra Sayers
Alexei Teplyakov*
Constantin Vorgias

Fellows

Gwyndaf Evans (Warwick)(EMBL)
Setsuko Fujita (Japan)(EMBL)
Yoshie Harada* (Japan)(Univ.Osaka)
Michael Hennig (Berlin)(EMBL)
Silke Klupsch* (Hamburg)(EMBL)
Viktor Lamzin* (Moscow)(EMBL)
Lan Lee (Japan)(EMBL/Humboldt)
Paul Loeffen (Warwick)(EMBL)
Kayo Maeda (Heidelberg)(EMBL)

Panagiotis Padas (York)(EMBL)
Sabine Pfeffer* (Berlin)(FEBS)
Thomas Schneider* (Munich)(EMBL)
Dimitri Svergun* (Moscow)(EMBL)
Galina Teplyakova* (Moscow)(EMBL)

Engineers and assistants

Peter Bendall
Patricia Brouillon
Miroslava Dauter'¢>
Herma Ignatz
Adrian Kingswell
Arno Lentfer
Sandra McLaughlin
Andrea Miegel
Jaap Pijpelink
Tita Pohl'¢>*
Bernd Robrahn
Blanka Sausner'¢>*
Howard Terry
Marcia Visanji

Thomas Gehrmann
Robert Klaring
Viktor Renkwitz

Driver and Caretaker

Albrecht Berger

Short-term visitors

F. d'Annuzio (EMBL Heidelberg)
A. Antson (Moscow)
H.-D. Bartunik (MPI Hamburg)
R. Bassuner (Gatersleben)
V. Beecken (MPI Hamburg)
A. Bigi (Bologna)
M. Boeglin (Strasbourg)
K. Brandenburg (Borstel)
M. Carrondo (Oeiras)
S. Cohen (Basel)
A. Colotto (Graz)
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M. Defoor (Leuven)
K. Diedrichs (Freiburg)
H.M. Einspahr (USA)
G. Ewald (Frankfurt)
L. Feigin (Moscow)
A. Gabriel (EMBL Grenoble)
R. Garratt (Brazil)
N. Genov (Sofia)
L. Germeroth (Frankfurt)
E. Harutyunyan (Moscow)
A. Heine (Gottingen)
W. Hinrichs (Berlin)
L. Jacob (MPI Hamburg)
M. Killenberg (Halle)
M. Kimura (Japan)
C. Kisker (Berlin)
S. Konig (Halle)
M. Korner (Hamburg)
A. Kreusch (Freiburg)
P. Laggner (Graz)
S. Langusch (Halle)
A.B. Legocki (Poznan)
B. Lichtenberg-Kraag (MPI Hamburg)
K. Lovgren (Uppsala)
E. Mandelkow (MPI Hamburg)
E.-M. Mandelkow (MPI Hamburg)
A. Marx (MPI Hamburg)
A. Mattevi (Groningen)
M. Millington (Hamburg)
P. Mittel (Freiburg)
Y. Muller (Freiburg)
G. Murshudov (Moscow)
J. Naismith (Manchester)
A. Nickitenko (Moscow)
H. Notbohm (Lubeck)
Z. Otwinowski (USA)
E. Pohl (Gottingen)
M. Redshaw (Manchester)
G. Rosenbaum (USA)
N. Roveri (Bologna)
M. Ruff (Strasbourg)
B. Schlesier (Gatersleben)
H. Schreuder (Groningen)
I. Serdyuk (Moscow)
J. Sevcik (Bratislava)
T.P. Singh (India)

J. Sowadski (USA)
C. Steck (Freiburg)
S.E. Swerchkov (Moscow)
J.-C. Thierry (Strasbourg)
A. Thompson (Daresbury)
A.-M. Thunnissen (Groningen)
M. Thunnissen (Groningen)
M. Toney (Basel)
J. Tormo (Barcelona)
B. Trinczek (MPI Hamburg)
N. Verdaguer (Barcelona)
P. Verwer (Utrecht)
K. Westesen (Braunschweig)
J. Wray (Heidelberg)
G.A. Venin (Moscow)



Outstation at ILL, Grenoble

Programme coordinator

Stephen Cusack

Administrative assistants

Jeanne Bukowska-van Tol*
Frangoise Lafosse·
Brigitte Romero<7.

Library

Frangoise Lafosse<7.

Scientists

Carmen Berthet-Colominas
Jean-Marie Bois
Elisabeth DiCapua·
Masao Fujinaga
Andre Gabriel
Michael Hartlein
J6rg Langowski*
Kjeld Larsen·
Reuben Leberman*
Robert Ruigrok
Andrew Thompson*
Clive Wilkinson*

Fellows

Jocelyne Anselme* (Grenoble)(Univ.Grenoble)
Elizabeth Bates (Leicester)(EMBL)
Florence Baudin* (Strasbourg)(EMBL)
Valerie Biou (Paris)(EMBO)
Franck Borel (Lyon)(EMBL)

Wim Burmeister (Hamburg)(EMBL)
Laura Ferri (Milan)(EMBL)
Takemasa Kawashima (Paris)(EMBL)
Nicolas Nassar· (Grenoble)(Univ.Grenoble)
Claire Taupin· (Grenoble)(French Governm.)
Thomas ThOne (Hamburg)(EMBL)

Assistants

Annie Barge
Florent Cipriani*
Frangois Dauvergne
Marie-Therese Dauvergne
Sonia Dayan*
Ulrike Kapp
Dominique Madern*
Denis Pognant
Steven Price
Monique Romero<7

Joseph Sedita
Annie Simon
Christine Vincent·

Medical service

Dorte Lehman <7

Long-term visitors

Martine Cuillel* (Grenoble)(INSERM)
Elisabeth DiCapua· (Edinburgh)(EMBL)
John Willison· (Grenoble)(CEN)

Short-term visitors

H. Belrhali (Grenoble)
L. Channac (Grenoble)
G. Chirico (Milan)
A. De Geyer d'Orth (Grenoble)
W. Doster (Munich)
T. Duc (Grenoble)
Y. Dupont (Grenoble)
E. Fanchon (Grenoble)
S. Gair (London)
Y. Gaudin (Gif-sur-Yvette)
G. Jaworska (Warsaw)
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S. Harris (USA)
D.H. Harrison (USA)
H.G. Haubold (JOlich)
A. Jannisson (Grenoble)
M.J.H. Koch (EMBL Hamburg)
W. Kremer (Gottingen)
K. Kuroda (Annecy)
M. Lehman (Grenoble)
L. Mateu (Venezuela)
P. Nez (Saclay)
M. Pavlov (Moscow)
J. Prassl (Graz)
J.-P. Quivy (Grenoble)
V. Rodriguez (Grenoble)
C. Scholz (Constance)
M. Settles (Munich)
L. Siecker (Seattle)
D. Sillou (Annecy)
C. Steck (Freiburg)
P. Terech (Grenoble)
P. Timmins (Grenoble)
K. Toth (Budapest)
M. Tukalo (Kiev)
T. Veronese (Grenoble)
J. Vicat (Grenoble)
D. Vuaillat (Grenoble)
A. Yaremchuk (Kiev)
T. Zemb (Saclay)



Scientific Advisory Committee The Laboratory Council

Francesco Blasi (Copenhagen)
Maurizio Brunori (Rome)
Charles Cantor (USA)
Marc Chabre (Valbonne)
Nicole Ie Douarin (Nogent-sur-Marne)
Walter Fiers (Gand)
Dieter Gallwitz (G6ttingen)
Walter Gehring (Basel)(Chairman)
Harvey Lodish (USA)
Paul Nurse (Oxford)
Dieter Oesterhelt (Martinsried)
Joan Steitz (USA)
Nigel Unwin (Cambridge)
Mike Waterfield (London)
Kurt Wuthrich (Zurich)

Chairman

Vice-Chairmen

Chairman of the
Finance Committee

Vice-Chairman of the
Finance Committee

Prof. B. Hirt
(Switzerland)

Prof. J. Ortfn Monton
(Spain)
Prof. W. D6rfler
(Fed. Rep. Germany)

B. Sode-Mogensen
(Denmark)

B. Dodd
(United Kingdom)
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Delegates and Advisers

Austria

Belgium

Denmark

Finland

France

Federal Republic
of Germany

Israel

Italy

Netherlands

Norway

Spain

Sweden

Switzerland

United Kingdom
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E. Wintersberger

A. Bollen
N. Henry
M. van Montagu

O. Noren
B. Rosengreen
B. Sode-Mogensen

K. Kivirikko
M.-L. Tolonen

J. Damagnez
P. Druet
J. Hanoune
I. Royer

W. D6rfler
A. Hansen
V. Rieke

Y. Degani

G. Carante
A.lzzo
G. Tocchini-Valentini
S. Tokdemir

M. Vintges
P. van der Vliet

A. Andersen
J.R. Lillehaug
H. Prydz

J. Ortfn Monton

J.E. Gustavsson
C. Kurland

P. Burkhard
B. Hirt
E. Jarolim
J. Leutert
M. Salm

J. Alwen
B. Dodd
M. Kemp

Observers

Hungary L. Ferenczy

EEC B. Nieuwenhuis

EMBO J. Tooze

EMBC J. Weil

Auditors M. Englert
(Austria) W. Heindl

W. Stichler

Auditors T. Herrala
(Finland) M. Kivipelto

E. Miettinen



Publications by Members of
the Laboratory - 1991

A

Abagyan, R. & Argos, P. (1991). Prediction of protein
sidechain conformation by packing optimization. Chem-
tracts: Biochem. and Mol. BioI., 2, 324-327

Albiges-Rizo, C., Barge, A., Ruigrok, R.W.H., Timmins,
P.A. & Chroboczek, J. (1991). Human adenovirus serotype
3 fibre protein. Comparison of native and recombinant
proteins. J. BioI. Chem., 266, 3961-3967

Anselme, J. & Hartlein, M. (1991). Tyr426 of the Es-
cherichia coli asparaginyl-tRNA synthetase, an amino-acid
in a C-terminal conserved motif is involved in ATP binding.
FEBS Lett., 280,163-166

Argos, P., Vingron, M. & Vogt, G. (1991). Protein sequence
comparison: methods and significance. Protein Engineer-
ing, 4, 375-383

B

Bachiller, D., Schellander, K., Peli, J. & Ruther, U. (1991).
Liposome-mediated DNA uptake by sperm cells. Mol. Re-
prod. Develop., 30, 194-200

Bailer, S.M., Eppenberger, H.M., Griffiths, G. & Nigg, E.A.
(1991). Characterization of a 54-KD proteins of the inner
nuclear-membrane: evidence for cell cycle-dependent in-
teraction with the nuclear lamina. J. Cell BioI., 114, 389-
400

Bairoch, A. & Boeckmann, B. (1991). The SWISS-PROT
protein sequence data bank. Nucl. Acids Res., 19, 2247-
2249

Banting, G., Luzio, J.P., Braghetta, P., Brake, B. & Stanley,
K.K. (1991). Pubex pubsex - a versatile expression vector
system for production of fusion and nonfusion proteins in
Escherichia coli. Gene, 107, 127-132

Barbosa, A.F., Boulin, C., Gabriel, A., Golding, F., Leyen-
decker, P. & Riekel, C. (1991). A VME based data acqui-
sition system for a 2D-gasfilled detector. Nucl. Instr. and
Meth. in Physics Research, A302, 489-492

Bardwell, V.J., Wickens, M., Bienroth, S., Keller, W.,
Sproat, B.S. & Lamond, A.1. (1991). Site-directed ribose
methylation identifies 2' -OH groups in polyadenylation
substrates critical for AAUAAA recognition and poly(A)
addition. Cell, 65, 125-133

Barr, F.A., Leyte, A., Mollner, S., Pfeuffer, T., Tooze, S.A.
& Huttner, W.B. (1991). Trimeric G-proteins of the trans-
Golgi network are involved in the formation of constitutive
secretory vesicles and immature secretory granules. FEBS
Lett., 294, 239-243

Benedetti, H., Frenette, M., Baty, D., Knibiehler, M., Pattus,
F. & Lazdunski, C. (1991). Individual domains of colicins
confer specificity in colicin uptake, in pore-properties and
in immunity requirement. J. Mol. BioI., 217, 429-439

Betzel, C., Lange, G., Pal, G.P., Wilson, K.S., Maelicke,
A. & Saenger, W. (1991). The refined crystal structure of
a-cobratoxin from Naja naja siamensis at 2.4Aresolution.
J. BioI. Chem., 266, 21530-21536

Bigi, A., Dovigo, L., Koch, M.H.J., Morocutti, M., Ripamonti,
A. & Roveri, N. (1991). Collagen structural organization
in uncalcified and calcified human anterior longitudinal
ligament. Connective Tissue Res., 25, 171-179

Bigi, A., Ripamonti, A., Cojazzi, G., Pizzuto, G., Roveri, N.
& Koch, M.H.J. (1991). Structural analysis of turkey tendon
collagen upon removal of the inorganic phase. Internal. J.
BioI. Macromol., 13, 110-114

Bilofsky, H. (1991). Informatics in molecular biology. In
Medical Informatics Europe 1991: eds. Adlassing, K.-P.,
Grabner, G., Bengtsson, S. & Hansen, R.; Springer-Verlag,
Berlin, pp. 28-31
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Blundell, P.A., de la Pompa, J.L., Meijers, C.J.H., Trumpp,
A. & Zeller R. (1991). The limb deformity gene encodes
evolutionarily highly conserved proteins. In Developmental
Patterning of the Vertebrate Limb: eds. Hinchliffe, J.R. et
al.; Plenum Press, New York, pp. 25-30

Bock-Mobius, I., Brune, M., Wittinghofer, A., Zimmer-
mann, H., Leberman, R., Dauvergne, M-Th., Zimmermann,
S., Brandmeier, B. & Rosch, P. (1991). Identification
of valine/leucine/isoleucine and threonine/alanine/glycine
proton-spin systems of Escherichia coli adenylate ki-
nase by selective deuteration and selective protonation.
Biochem. J., 273, 311-316

Boelens, W., Scherly, D., Beijer, R.P., Jansen, E.J.R.,
Dathan, N.A., Mattaj, I.W. & Van Venrooij, W.J. (1991). A
weak interaction between the U2A' protein and U2 snRNA
helps to stabilize their complex with the U2" protein. Nucl.
Acids Res., 19, 455-460

Boelens, W., Scherly, D., Jansen, E.J.R., Kolen, K., Mattaj,
I.W. & Van Venrooij, W.J. (1991). Analysis of in vitro
binding of U1-A protein mutants to U1 snRNA. Nucl. Acids
Res., 19, 4611-4618

Bordo, D. & Argos, P. (1991). Mutation and conservation
in the tertiary structure of proteins. La Radiologia Medica,
81,35-39

Bordo, D. & Argos, P. (1991). Suggestions for "safe"
residue substitutions in site-directed mutagenesis. J. Mol.
BioI., 217, 721-729

Brandli, A.W. (1991). Mammalian glycosylation mutants as
tools for the analysis and reconstitution of protein transport.
Biochem. J., 276, 1-12

Brandli, A.W., Adamson, E.D. & Simons, K. (1991). Tran-
scytosis of epidermal growth factor. (1991). J. BioI. Chem.,
266, 8560-8566

Brambilla, P., Ducommun, B. & Draetta, G. (1991). Cdc2
protein kinase: interactions with cyclins and suc1. Cold
Spring Harbor Symposium on Quantitative Biology, 56,
515-521

94

Bre, M.H., Pepperkok, R., Kreis, T.E. & Karsenti, E. (1991).
Cellular interactions and tubulin detyrosination in fibroblas-
tic and epithelial cells. BioI. Cell, 71, 149-160

Bucci, C., Parton, R., Mather, I., Stunnenberg, H., Simons,
K. & Zerial, M. (1991). Involvement of low molecular weight
GTP-binding proteins in membrane traffic in mammalian
cells. In Biotechnology of Cell Regulations: eds. Verna, R.
& Nishizuka, Y.; Raven Press, New York, pp. 103-114

Buendia, B., Clarke, P., Felix, M.-A., Karsenti, E., Leiss,
D. & Verde, F. (1991). Regulation of protein kinases asso-
ciated with cyclin A and cyclin B and their effect on micro-
tubule dynamics and nucleation in Xenopus egg extracts.
Cold Spring Harbor Symposium on Quantitative Biolology,
56, 523-532

Burmeister, W.-P., Daniels, R.S., Dayan, S., Gagnon, J.,
Cusack, S. &Ruigrok, R.W.H. (1991). Sequence and crys-
tallization of influenza virus B/Beijing/1/87 neuraminidase.
Vifowgy, 180, 266-272

Butor, C., Stelzer, E.H.K, Sonnenberg, A. & Davoust, J.
(1991). Apical and basal Forssman antigen in MOCK-II
ceiis: a morphoiogicai and quantitative study. Eur. J. Ceii
BioI., 56, 269-285

Butt, H.J., Wang, D.N., Hansma, P. & KOhlbrandt, W.
(1991). Effect of surface roughness of carbon support films
on high-resolution electron diffraction of two-dimensional
protein crystals. Ultramicroscopy, 36, 307-318

C

Carmo-Fonseca, M. & Hurt, E.C. (1991). Across the
nuclear-pores with the help of nucleoporins. Chromosoma,
101, 199-205

Carmo-Fonseca, M., Kern, H. & Hurt, E.C.(1991). Human
nucleoporin p62 and the essential yeast nuclear pore
protein NSP1 show sequence homology and a similar
domain organization. Eur. J. Cell BioI., 55, 17-30

Carmo-Fonseca, M., Pepperkok, R., Sproat, B.S., An-
sorge, W., Swanson, M.S. & Lamond, A.1. (1991). In vivo
detection of snRNP-rich organelles in the nuclei of mam-
malian cells. EMBO J., 10,1863-1873



Carmo-Fonseca, M., Tollervey, D., Pepperkok, R., Bara-
bino, S.M.L., Merdes, A., Brunner, C., Zamore, P.O.,
Green, M.R., Hurt, E. & Lamond, A.1. (1991). Mammalian
nuclei contain foci which are highly enriched in compo-
nents of the pre-mRNA splicing machinery. EMBO J., 10,
195-206

Castiglione-Morelli, M.A., Pastore, A., Pedone, C.,
Temussi, P.A., Zanotti, G. & Tancredi, T. (1991). Confor-
mational study of cyclolino peptide A: a distance geometry
and molecular dynamics approach. Internal. J. Peptide &
Protein Res., 37, 81-89

Cecchi, G., Griffiths, P.J., Bagni, M.A., Ashley, C.C. &
Maeda, Y. (1991). Time-resolved changes in equatorial
x-ray diffraction and stiffness during rise of tetanic tension
in intact length-clamped single muscle fibres. Biophys. J.,
59, 1273-1283

Chanat, E. & Huttner, W.B. (1991). Milieu-induced, se-
lective aggregation of regulated secretory proteins in the
trans-Golg i network. J. Cell Bioi., 115, 1505-1519

Chavrier, P., Gorvel, J.-P., Stelzer, E., Simons, K., Gru-
enberg, J. & Zerial, M. (1991). Hypervariable C-terminal
domain of Rab proteins acts as a targeting signal. Nature,
353, 769-772

Chelvanayagam, G. & McKeaig, L. (1991). Stereo viewing
on the PC/AT with EGA graphics. J. Mol. Graphics, 9,
111-114

Chirgadze, N.Y., Kuranova, I.P., Nevskaya, N.A., Teplya-
kov, A.V., Wilson, K., Strokopytov, B.V., Harutyunyan,
E.G. and & Hohne, W. (1991). Crystal structure of MNPI
complex of inorganic pyrophosphatase from yeast at a
resolution of 2.35 A. Kristallografiya, 36, 128-132

Chirico, G. & Langowski, J. (1991). Calculating hydrody-
namic properties of DNA through a second-order Brownian
dynamics algorithm. J. Chimie Physique, 88, 2561-2566

Chirico, G., & Langowski, J. (1991). Simulation of the
structure and dynamics of superhelical and linear DNA by a
second-order Brownian dynamics algorithm with hydrody-
namic interactions. Advances in Biomolecular Simulations.
AlP Conference Proceedings.: 239, pp. 231

Clague, M.J., Knutson, J.R., Blumenthal, R. & Herrmann,
A. (1991). Interaction of influenza hemagglutinin amino-
terminal peptide with phospholipid vesicles: a fluorescence
study. Biochemistry, 30, 5491-5497

Clarke, P. & Karsenti, E. (1991). Regulation of p34cdc2
protein kinase: new insights into protein phosphorylation
and the cell cycle. J. Cell Sci., 100, 409-414

Courtneidge, S.A., Goutebroze, L., Cartwright, A., Heber,
A., Scherneck, S. & Feunteun, J. (1991). Identification
and characterization of the hamster polyomavirus middle
T antigen. J. Virol., 65, 3301-3308

Courtneidge, S.A., Kypta, R.M., Cooper, J.A. & Ka-
zlauskas, A. (1991). Platelet-derived growth factor receptor
sequences important for binding of src family tyrosine
kinases. Cell Growth & Ditf., 2, 483-486

Creighton, T.E. (1991). Characterizing intermediates in
protein folding. Curro Bioi., 1, 8-10

Creighton, T.E. (1991). Le repliement des proteines. La
Recherche, 22, 314-322

Creighton, T.E. (1991). Molecular chaperones: unfolding
protein folding. Nature, 352, 17-18

Creighton, T.E. (1991). Stability of folded conformations.
Curro Opinion Strucl. Bioi., 1, 5-16

Creighton, T.E. & Kim, P.S. (1991). Folding and binding:
editorial overview. Curro Opinion Struct. Bioi., 1, 3-4

Cremer, T., Remm, B., Kharboush, I., Jauch, A., Wienberg,
J., Stelzer, E.H.K. &Cremer, C. (1991). Non-isotopic in situ
hybridization and digital image analysis of chromosomes
in mitotic and interphase cells. RBM, 13, 51-54

Cusack, S. & Doster, W. (1991). Low-frequency dynam-
ics of proteins: comparison of experiment with theory. In
Proteins: Structure, Dynamics and Design: eds. Renugo-
plakrishnan, V. et al.; ESCOM, Leiden, pp. 193-201

Cusack, S., Hartlein, M. & Leberman, R. (1991). Se-
quence, structural and evolutionary relationships between
class 2 aminoacyl-tRNA synthetases. Nucl. Acids Res., 19,
3489-3498

95



D

Damante, G. & Di Lauro, R. (1991). Several regions
of antennapedia and thyroid transcription factor-I home-
odomains contribute to DNA-binding specificity. Proc. Natl.
Acad. Sci. USA, 88, 5388-5392

Dandekar, T. (1991). Yeast U3 localization and correct se-
quence (snR17a) and promoter activity (snR17b) identified
by homology search. DNA sequence, 1, 217-218

Dandekar, T. & Argos, P. (1991). Chaperonin-mediated
protein folding at the surface of groRL through a "molten
globule-like" intermediate. Chemtracts: Biochem. and Mol.
BioI., 2, 368-370

Dandekar, T. & Tollervey, D. (1991). Thirty-three nu-
c1eotides of 5' flanking sequence including the TATA box
are necessary and sufficient for efficient U2 snRNA tran-
scription in Schizosaccharomyces pombe. Mol. Microbiol.,
5,1621-1625

Dandekar, T., Stripecke, R., Gray, N.K., Goossen, B., Con-
stable, A., Johansson, H.E. & Hentze, M.W. (1991). Iden-
tification of a novel iron-responsive element in murine and
human erythroid 8-aminolevulinic acid synthase mRNA.
EMBO J., 10, 1903-1909

Darby, N.J., Van Mierlo, C.P.M. & Creighton, T.E. (1991).
The 5-55 single-disulphide intermediate in folding of
bovine pancreatic trypsin inhibitor. FEBS Lett., 279, 61-64

Dauter, Z., Betzel, Ch., Genov, N., Pipon, N. & Wilson,
K.S. (1991). The complex between the subtilisin from a
mesophilic bacterium and the leech inhibitor eglin-C. Acta
Cryst., 847, 707-730

De Francesco, R., Pastore, A., Vecchio, G. & Cortese, R.
(1991). A circular dichroism study on the conformational
stability of the dimerization of the transcriptional factor
LFB-1. Biochemistry, 30, 143-147

De Simone, V., De Magistris, L., Lazzaro, D., Gerstner,
J., Monaci, P., Nicosia, A. & Cortese, R. (1991). LFB3, a
heterodimer-forming homeoprotein of the LFB1 family, is
expressed in specialized epithelia. EMBO J., 10, 1435-
1443

96

De Vlieg, J. & Van Gunsteren, W.F. (1991). Combined
procedures of distance geometry and molecular dynam-
ics for determining protein structure from nuclear mag-
netic resonance data. Methods in Enzymology, 202, 268-
300

Dencher, N.A., Heberle, J., Bark, C., Koch, M.H.J., Rapp,
G., Oesterhelt, D., Bartels, K. & BOldt, G. (1991). Pro-
ton translocation and conformational changes during the
bacteriorhodopsin photocycle: time-resolved studies with
membrane-bound optical probes and x-ray diffraction. Pho-
tochem. Photobiol., 54, 881-887

Deng, Y., Griffiths, G. & Storrie, B. (1991). Comparative
behaviour of Iysosomes and the pre-lysosome compart-
ment (PLC) in in vivo cell fusion experiments. J. Cell Sci.,
99, 571-582

Disela, C., Glineur, C., Bugge, T., Sap, J., Stengl, G.,
Dodgson, J., Stunnenberg, H., Beug, H. & Zenke, M.
(1991). V-erbA over-expression is required to extinguish c-
erbA function in erythroid cell differentiation and regulation
of the erbA target gene CAlI. Genes & Develop., 5, 2033-
2047

Djabali, K., Portier, M.-M., Gros, F., Blobel, G. & Geor-
gatos, S.D. (1991). Network antibodies identify nuclear
lamin B as a physiological attachment site for peripherin
intermediate filaments. Cell, 64, 109-121

Dolle, P. & Duboule, D. (1991). L'hybridation in situ et
les genes Hox dans I'etude de la morphogenese. In:
Hybridation in situ. Methodes pratiques: eds. Calas, A.,
Bloch, B., Fournier, J.G. & Trembleau, A.; Paris, pp. 95-
103

Dolle, P., Izpisua-Belmonte, J-C., Boncinelli, E. &Duboule,
D. (1991). The Hox-4.8 gene is localised at the 5' extremity
of the HOX-4 complex and is expressed in the most pos-
terior parts of the body during development. Mechanisms
of Develop., 36, 3-13

Dolle, P., Izpisua-Belmonte, J.-C., Brown, J., Tickle, C.
& Duboule, D. (1991). Hox-4 genes and the morpho-
genesis of mammalian genitalia. Genes & Develop., 5,
1767-1776



Dolle, P., Ruberte, E., Izpisua-Belmonte, J.C., Falken-
stein, H., Chambon, P. & Duboule, D. (1991). A com-
parison of the expression domains of the murine HOX-4,
RARs and CRABP genes suggests possible functional
relationships during patterning of the vertebrate limb. In:
Developmental patterning of the vertebrate limb: eds.
Hinchcliffe, J.R. et al.; Plenum Press, New York, pp. 65-
73

Doster, W., Cusack, S. & Petry, W. (1991). Structural
dynamics of proteins, scaling behaviour and liquid glass-
transition. J. Non-crystalline Solids, 131, 357-361

Dotti, C.G., Parton, R.G. & Simons, K. (1991). Polarized
sorting of glypiated proteins in hippocampal neurons. Na-
ture, 349,158-161

Draetta, G. (1991). Biochemical regulation of the cdc2
protein kinase. In Cellular Regulation by Protein Phos-
phorylation: ed. Heilmeyer, L.; Springer Verlag, Berlin, pp.
363-374

Duboule, D. (1991). Patterning in the vertebrate limb. Curro
Opinion Genet. Develop., 1, 211-216

Ducommun, B., Brambilla, P. & Draetta, G. (1991). Muta-
tions at sites involved in suc1 binding inactivate cdc2. Mol.
Ceff 11,6177-6184

Ducommun, B., Brambilla, P., Felix, M.-A., Franza Jr.,
B.R., Karsenti, E. & Draetta, G. (1991). Cdc2 phospho-
rylation is required for its interaction with cyclin. EMBO J.,
10,3311-3319

Duden, R., Allan, V.J. & Kreis, T.E. (1991). Involvement
of j3-COP in membrane traffic through the Golgi complex.
Trends Cell BioI., 1, 14-1 9

Duden, R., Griffiths, G., Frank, R., Argos, P. & Kreis,
T.E. (1991). j3-COP, a 110 kD protein associated with
non-clathrin-coated vesicles and the Golgi complex, shows
homology to j3-adaptin. Cell, 64, 649-665

Dustin, I., Furrer, P., Stasiak, A., Dubochet, J., Langowski,
J. & Egelman, E. (1991). Spatial visualization of DNA in
solution. J. Struct. BioI., 107, 15-21

E

Eberle, W., Pastore, A., Sander, C. & Rosch, P. (1991).
The structure of CoIE1 Rop in solution. J. Biomol. NMR,
1, 71-82

Eberle, W., Sander, C., Klaus, W., Schmidt, B., von Figura,
K. & Peters, C. (1991). The essential tyrosine of the
internalization signal in lysosomal acid phosphatase is part
of a j3-turn. Cell, 67, 1-20

Eijsink, V.G.H., Van den Burg, B., Vriend, G., Berendsen,
H.J.C. & Venema, G. (1991). Thermostability of Bacillus
subtilis neutral protease. Biochem. Internat. , 24, 517-525

Eijsink, V.G.H., Van der Zee, J.R., Van den Burg, B.,
Vriend, G. & Venema, G. (1991). Improving the thermosta-
bility of the neutral protease of Bacillus stearothermophilus
by replacing a buried asparagine by leucine. FEBS Lett.,
282, 13-16

Ewbank, J.J. &Creighton, T.E. (1991). The molten globule
protein conformation probed by disulphide bonds. Nature,
350,518-520

F

Feger, G., De Vendittis, E., Vitelli, A., Masturzo, P., Zahn,
R., Verrotti, A.C., Kavounis, C., Pal, G.P, & Fasano, O.
(1991). Identification of regulatory residues of the yeast
adenylyl cyclase. EMBO J., 10, 349-359

Fischer, U., Darzynkiewicz, E., Tahara, S.M., Dathan, N.A.,
LOhrmann, R. &Mattaj, I.W. (1991). Diversity in the signals
required for nuclear accumulation of U snRNPs and variety
in the pathways of nuclear transport. J. Cell BioI., 113,
705-714

Frampton, J., Gibson, T.J., Ness, S.A., Doderlein, G. &
Graf, T. (1991). Proposed structure for the DNA binding
domain of the Myb oncoprotein based on model building
and mutational analysis. Protein Engineering, 4, 891-901

Frankel, A.D., Mattaj, I.W. & Rio, D.C. (1991). RNA-Protein
interactions. Cell, 67, 1041-1046

Fuchs, R. (1991). MacPattern: Protein pattern searching
on the Apple Macintosh. CABIOS, 7, 105-106

97



Fuchs, R. & Cameron, G.N. (1991). Molecular biological
databases: The challenge of the genome era. Prog. Bio-
phys. Mol. BioI., 56, 215-245

Fuchs, R. & Higgins, D. (1991). The EMBL Data Library.
In Genome analysis: from sequence to function (Advances
in molecular genetics), 4: eds. Collins, J. & Driesel, A.J.;
Huethig Verlag, Heidelberg, pp. 149-150

Fuchs, R., Weber-Schauffelen & Zinke, H. (1991). Com-
puter in der Molekularbiologie. In Gentechnische Metho-
den: eds. Bertram, S. & Gassen, H.G.; Gustav Fischer
Verlag, Stuttgart, pp. 307-315

Fujita, S., Maeda, K. & Maeda, Y. (1991). Complete coding
sequences of cDNAs of four variants of rabbit skeletal
muscle troponin-T. J. Musc. Res. Cell Motility, 12, 560-
565

G

Garone, L., Theibert, J.L., Miegel, A., Maeda, Y., Murphy,
C. & Collins, J.H. (1991). Lobster troponin C: amino-acid
sequences of three isoforms. Arch. Biochem. Biophys.,
291,89-91

Gibson, T.J., Sibbald, P.R. & Rice, P. (1991). Rop/Helix-
loop-helix similarity. DNA Sequence, 1, 213-215

Gorvel, J.-P., Chavrier, P., Zerial, M. & Gruenberg, J.
(1991). Rab5 controls early endosome fusion in vitro. Cell,
64,915-925

Grasser, F., Graf, T. &Lipsick, J. (1991). Protein truncation
is required for the activation of the c-myb proto-oncogene.
Mol. Cell. BioI., 11, 3987-3996

Graf, T. & Metz, T.(1991). Mechanisms of leukemia induc-
tion: lessons from avian retroviruses containing oncogene
pairs. In: Molecular Basis of Carcinogenesis: Yakult Inter-
national Symposium, pp. 41-50

Grandori, R. & Sander, C. (1991). Identification by
computer sequence analysis of transcriptional regula-
tor proteins in Dictyostelium discoideum and Serratia
marcescens. Nucl. Acids Res., 19, 2359-2362

98

Griffiths, G. & Gruenberg, J. (1991). The arguments for
pre-existing early and late endosomes. Trends Cell BioI.,
1,5-9

Gruenberg, J. (1991). In vitro studies of endocytic mem-
brane traffic. Infection, 19,210-215

H

Hager, A., Debus, G., Edel, H.G., Stransky, H. & Ser-
rano, R. (1991). Auxin induced exocytosis and the rapid
synthesis of a high turnover pool of plasma membrane
H+-ATPase in corn coleoptiles. Planta, 185,527-537

Haltia, T., Saraste, M. & Wikstrom, M. (1991). Subunit III
of cytochrome c oxidase is not involved in proton translo-
cation: a site-directed mutagenesis study. EMBO J., 10,
2015-2021

Hamid, Q., Corrin, B., Sheppard, M.N., Huttner, W.B.
& Polak, J.M. (1991). Expression of chromogranin-A
messemger RNA in small cell carcinoma of the lung. J.
Pathol., 163, 293-297

Heinz, D.W., Preistle, J.P., Rahuel, J., Wilson, K.S. &
GrOtter, M.G. (1991). The refined crystal structures of
subtilisin Novo in complex with wild-type and two mutant
eglins: comparison with other serine proteinase inhibitor
complexes. J. Mol. BioI., 217, 353-371

Hentze, M.W. (1991). Determinants and regulation of cy-
toplasmic mRNA stability in eukaryotic cells. Biochim. Bio-
phys. Acta, 1090, 281-292

Hentze, M.W. (1991). Role of iron-responsive elements in
the regulation of cellular iron homeostasis. Internat. J. Cell
Cloning, 9, 319

Hentze, M.W. (1991). Translational regulation of ferritin
biosynthesis by iron: a review. Curro Stud. Hematol. Blood
Transf., 58, 115-126

Hentze, M.W. & Argos, P. (1991). Homology between
IRE-BP, a regulatory RNA-binding protein, aconitase, and
isopropylmalate isomerase. Nucl. Acids Res., 19, 1739-
1740



Heringa, J. & Argos, P. (1991). Sidechain clusters in pro-
tein structures and their role in protein folding. J. Mol. BioI.,
220, 151-171

Heringa, J. & Argos, P. (1991). Softdocking: matching of
molecular surface cubes. Chemtracts: Biochem. and Mol.
BioI., 2, 264-266.

Hewat, E.A., Ruigrok, R.W.H. & DiCapua, E. (1991). Ac-
tivation of RecA protein: the pitch of the helical complex
with single-stranded DNA. EMBO J., 10,2695-2698

High, S. & Dobberstein, B. (1991). The signal sequence
interacts with the methionine-rich domain of the 54 kD
protein of the signal recognition particle. J. Cell BioI., 113,
229-233

High, S., Flint, N., &Dobberstein, B. (1991). Requirements
for the membrane insertion of signal-anchor type proteins.
J. Cell BioI., 113, 25-34

High, S., Gorlich, D., Wiedmann, M., Rapoport, T. A. &
Dobberstein, B. (1991.) The identification of proteins in the
proximity of signal-anchor sequences during their targeting
to and insertion into the membrane of the ER. J. Cell BioI.,
113,35-44

Hofhaus, G., Weiss, H. & Leonard, K. (1991). Electron
microscopic analysis of the peripheral and membrane parts
of mitochondrial NADH dehydrogenase (Complex I). J.
Mol. BioI., 221, 1027-1043

Holm, L. & Sander, C. (1991). Database algorithm for gen-
erating protein backbone and side chain co-ordinates from
a C(a) trace. Application to model building and detection
of co-ordinate errors. J. Mol. BioI., 218, 183-194

Howe, P.H., Draetta, G. & Leof, E. (1991). Transforming
growth factor }31 inhibition of P34 cdc2 phosphorylation
and histone H1 kinase activity is associated with G1IS
phase growth arrest. Mol. Cell. BioI., 11, 1185-11 94

Howell, K.E., Schmid, R., Ugelstad, J. & Gruenberg, J.
(1991). Immunoisolation using magnetic solid supports:
subcellular fractionation for cell-free functional studies. In
Laboratory Methods in Vesicular and Vectorial Transport;
ed. Tartakoff, A.M.; Academic Press, San Diego, pp. 172-
198

Hubbard, T.J.P. & Sander, C. (1991). The role of heat-
shock and chaperone proteins in protein folding: possible
molecular mechanisms. Protein Engineering, 4, 711-717

Hurt, E.C. & Carmo-Fonseca, M. (1991). Across the nu-
clear pores with the help of nucleoporins. Chromosoma,
101, 199-205

Huttner, W.B. (1991). Neuroendocrine secretory granule
biogenesis. Neuroscience Facts, 2, 4

Huttner, W.B. &Dotti, C.G. (1991). Exocytotic and endocy-
totic membrane traffic in neurons. Curro Opinion Neurobiol.
1,388-392

Huttner, W.B., Gerdes, H.-H. & Rosa, P. (1991). Chromo-
graninslsecretogranins - widespread constituents of the
secretory granule matrix in endocrine cells and neurons.
In Markers for Neural and Endocrine Cells: eds. Gratzl,
M. & Langley, K.; VCH Verlagsgesellschaft, Weinheim, pp.
93-131

Huttner, W.B., Gerdes, H.-H. & Rosa, P. (1991). The granin
(chromogranin/secretogranin) family. Trends Biochem.
Sci., 16, 27-30

Huttner, W.B., Niehrs, C. & Vannier, C. (1991). Bind or
bleed. Curro BioI., 1, 309-310

Izpisua-Belmonte, J.C., Falkenstein, H., Dolle, P., Renucci,
A. & Duboule D. (1991). Murine genes related to the
Drosophila AbdB homeotic gene are sequentially ex-
pressed during development of the posterior part of the
body. EMBO J., 10, 2279-2289

Izpisua-Belmonte, J.C., Tickle, C., Dolle, P., Wolpert, L. &
Duboule, D. (1991). Expression of the homeobox Hox-4
genes and the specification of positional information in
chick limb development. Nature, 350, 585-589

J

Janknecht, R., De Martynoff, G., Lou, J., Hipskind, R.A.,
Nordheim, A. & Stunnenberg, H.G. (1991). Rapid and
efficient purification of native histidine-tagged protein ex-
pressed by recombinant vaccinia virus. Proc. Natl. Acad.

USA, 88, 8972-8976

99



Janknecht, R., Sander, C. & Pongs, O. (1991). (HX)N
repeats: a Ph-controlled protein - protein interaction motif
of eukaryotic transcription factors. FEBS Lett., 295, 1-2

Jansen, R.P., Hurt, E.C., Kern, H., Lehtonen, H. Carmo-
Fonseca, M., Lapeyre, B. &Tollervey, D. (1991). Evolution-
ary conservation of the human nucleolar protein fibrillarin
and its functional expression in yeast. J. Cell BioI., 113,
715-729

Jeanteur, D., Lakey, J.H. & Pattus, F. (1991). The bacte-
rial porin superfamily: sequence alignment and structure
prediction. Mol. Microbiol., 5, 2153-2164

Johansson, H.E., De Groot, N., Hochberg, A.A. & Hentze,
M.W. (1991). Effect of heparin contained in preparations
of small cytoplasmic RNAs on cell-free translation. J. BioI.
Chern., 266, 1921-1925

Kagotani, Y., Picart, R., Barret, A., Wiedenmann, B., Hut-
tner, W.B. &Tixier-Vidal, A. (1991). Subcellular localization
of secretogranin II and synaptophysin by immunoelectron
microscopy in differentiated hypothalamic neurons in cul-
ture. J. Histochem. Cytochem., 39,1507-1518

K

Kail, M., Hollinshead, M., Ansorge, W., Pepperkok, R.,
Frank, R., Griffiths, G. &Vaux, D. (1991). The cytoplasmic
domain of alphavirus E" glycoprotein contains a short
linear recognition signal required for viral budding. EMBO
J., 10,2343-2351

Kalbitzer, H.R., Maeda, K., Rosch, A., Maeda, Y., Geyer,
M., Beneicke, W., Neidig, K.-P. & Wittinghofer, A. (1991).
C-terminal structure and mobility of rabbit skeletal muscle
light meromyosin as studied by one-dimensional and two-
dimensional 1H NMR spectroscopy and x-ray small-angle
scattering. Biochemistry, 30, 8083-8091

Kallin, B., de Martin, R., Etzold, T., Sorrentino, V. & Philip-
son, L. (1991). Cloning of a growth arrest-specific and
transforming growth factor (3-regulated gene, TI 1, from
an epithelial cell-line. Mol. Cell. BioI., 11, 5338-5345

Karsenti, E. (1991). Mitotic spindle morphogenesis in ani-
mal cells. Seminars in Cell BioI., 2, 251-260

100

Karsenti, E., Verde, F. & Felix, M.-A. (1991). Role of type 1
and type 2A protein phosphatases in the cell cycle. Adv.
Prot. Phosph., 6, 453-482

Kavounis, C., Verrotti, A.C., De Vendittis, E., Bozopoulos,
A., Di Blasi, F., Zahn, R., Crechet, J.B., Parmeggiani, A.,
Tsernoglou, D. & Fasano, O. (1991). Role of glycine 82
as a pivot point during the transition from the inactive to
the active form of the yeast Ras2 protein. FEBS Lett., 281,
235-239

Kellner, R., Jung, G. & Sahl, H.G. (1991). Structure elu-
cidation of the tricyclic antibiotic Pep5 containing 8 posi-
tively charged amino-acids. In Hisin and Novel Antibodies:
eds. Jung, G. & Sahl, H.G.; Escom, Leiden, pp. 141-
159

Killisch, I., Dotti, C.G., Laurie, D.J., LOddens, H. & See-
burg, P.H. (1991). Expression patterns of GABA-A receptor
subtypes in developing hippocampal neurons. Neuron, 7,
927-936

Koch, M.H.J. (1991). Physical approaches to conformation
and assembly of biological macromolecules in cellular
regulation by protein phosphorylation. NATO ASI Series,
H56: ed. Heilmeyer Jr., L.M.G.; Springer Verlag, Berlin, pp.
17-28

Koch, M.H.J. (1991). X-ray scattering from non-crystalline
systems. In Handbook on Synchrotron Radiation, 4: eds.
Ebashi, H., Koch, M. &Rubinstein, E.; North Holland Publ.,
Amsterdam, pp. 241-268

Koch, M.H.J., Dencher, N.A., Oesterhelt, D., Plohn, H.-J.,
Rapp, G. & BOldt, G. (1991). Time-resolved x-ray diffraction
study of structural changes associated with the photocycle
of bacteriorhodopsin. EMBO J., 10, 521-526

Kouklis, P.O., Papamarcaki, T., Merdes, A. & Georgatos,
S.D. (1991). A potential role for the COOH-terminal domain
in the lateral packing of type III intermediate filaments. J.
Cell BioI., 114, 773-786

Kroger, M., Wahl, R. & Rice, P. (1991). Compilation of DNA
sequences of Escherichia coli (update 1991). Nucl. Acids.
Res., 19, 2023-2043



KOhlbrandt, W. (1991). Membrane proteins: editorial
overview. Curro Opinion Struct. BioI., 1, 531-533

KOhlbrandt, W. & Wang, D.N. (1991). Three-dimensional
structure of plant light-harvesting complex determined by
electron crystallography. Nature, 350, 130-134

L

Labeit, S., Gibson, T., Lakey, A., Leonard, K., Zeviani, M.,
Knight, P., Wardale, J. & Trinick, J. (1991). Evidence that
nebulin is a protein-ruler in muscle thin filaments. FEBS
Lett., 282, 313-316

Laggner, P., Kriechbaum, M. & Rapp, G. (1991). Structural
intermediates in phospholipid phase transitions. J. Appl.
Cryst., 24, 836-842

Laggner, P., Kriechbaum, M., Rapp, G. & Hendrix, J.
(1991). Structural pathways and short-lived intermediates
in phospholipid phase transitions. Millisecond synchrotron
x-ray diffraction studies. Progr. Colloid. Polym. Sci., 81,
268-269

Lahm A. & Suck D. (1991). DNase I-induced DNA con-
formation. 2 A-structure of a DNase I-octamer complex. J.
Mol. BioI., 222, 645-667

Lahm A., Weston S.A. & Suck D. (1991). Structure of
DNase I. In Nucleic Acids and Molecular Biology, 5:
eds. Eckstein, F. & Lilley, D.M.J.; Springer Verlag, Berlin,
pp.171-186

Lakey, J., Baty, D. & Pattus, F. (1991). Fluorescence
energy transfer distance measurements using site-directed
single cysteine mutants: the membrane insertion of colicin
A. J. Mol. BioI., 218, 639-653

Lakey, J., Lea, E.J.D. & Pattus, F. (1991). OMPC mutants
which allow growth on maltodextrins show increased chan-
nel size and greater voltage sensitivity. FEBS Lett., 278,
31-34

Lakey, J., Massotte, D., Heitz, F., Dasseux, J.-L., Fau-
con, J.-F., Parker, M.W. & Pattus, F. (1991). Membrane
insertion of the pore-forming domain of colicin A - a
spectroscopic study. Eur. J. Biochem., 196, 599-607

Lamm, G.M., Blencowe, B.J., Sproat, B.S., Iribarren, A.M.,
Ryder, U. & Lamond, A.1. (1991). Antisense probes con-
taining 2-aminoadenosine allow efficient depletion of U5
snRNP from HeLa splicing extracts. Nucl. Acids Res., 19,
3193-3198

Lamond, A.1. (1991). ASF/SF2 - A splice site selector?
Trends Biochem. Sci., 16,452-453

Lamond, A.1. (1991). Nuclear RNA processing. Curro Opin-
ion Cell BioI., 3, 493-501

Langowski, J. & Bryan, R. (1991). Dynamic light scattering:
data analysis and applications to some biological systems.
In Neutron, X-ray and Light Scattering: eds. Lindner, P. &
Zemb, T.; Elsevier, Amsterdam, pp. 325-348

Langowski, J. & Bryan, R. (1991). Maximum entropy
analysis of photon correlation spectroscopy data using a
Bayesian estimate for the regularization parameter. Macro-

24, 6346-6348

Laverriere, J.N., Richard, J.L., Morin, A., Buisson, N.,
Tixier-Vidal, A., Huttner, W.B. & Gourdji, D. (1991). Se-
cretogranin I (chromogranin B) mRNA accumulation is
hormonally regulated in GH3B6 rat pituitary cells. Mol. Cell.

80, 41-51

Lawson, D.M., Artymiuk, P.J., Yewdall, S.J., Smith, J.M.A.,
Livingstone, J.C., Treffry, A., Luzzago, A., Levi, S., Arosio,
P., Cesareni, G., Thomas, C.D., Shaw, W.V. & Harrison,
P.M. (1991). Solving the structure of human H-ferretin
by genetically engineering intermolecular crystal contacts.
Nature, 349,541-544

Lazzaro, D., Price, M., De Felice, M. &Di Lauro, R. (1991).
The transcription factor TTF-1 is expressed at the onset of
thyroid and lung morphogenesis and in restricted regions
of the fretal brain. Development, 113, 1093-1104

Leberman, R. (1991). The Hofmeister series and ionic
strength. FEBS Lett., 284, 293-294

Leberman, R., Hartlein, M. & Cusack, S. (1991). Es-
cherichia coli seryl-tRNA synthetase: the structure of a
class 2 aminoacyl-tRNA synthetase. Biochim. Biophys.
Acta, 1089, 287-298

101



Leyte, A., van Schijndel, H.B., Niehrs, C., Huttner, W.B.,
Verbeet, M.P., Mertens, K. & Van Mourik, J.A. (1991).
Sulfation of Tyr1680 of human blood coagulation factor
VIII is essential for the interaction of factor VIII with von
Willebrand factor. J. Bioi. Chem., 266, 740-746

Lippincott-Schwartz, J., Glickman, J., Donaldson, J.G.,
Robbins, J., Kreis, T.E., Seamon, K.B., Sheetz, M.P. &
Klausner, R.D. (1991). Forskolin inhibits and reverses
brefeldin A's effects on Golgi morphology by a cAMP
independent mechanism. J. Cell Bioi., 112, 567-577

Lorenz, S., Betzel, Ch., Raderschall, E., Dauter, Z., Wilson,
K.S. & Erdmann, V. (1991). Crystallisation and prelim-
inary diffraction studies of 5S ribosomal RNA from the
thermophilic bacterium Thermus flavus. J. Mol. Bioi., 219,
399-402

Lowy, J. Popp, D. & Stewart, A.A. (1991). X-ray studies of
order-disorder transitions in the myosin heads of skinned
rabbit psoas muscles. Biophys. J., 60, 812-824

Ludwig, T., Griffiths, G. & Hoflack, B. (1991). Distribution
of newly synthesized enzymes in the endocytic pathway of
normal rat kidney ceils. J. Cell Bioi., 115, 156i - i 573

M

Maeda, K., Rosch, A., Maeda, Y., Kalbitzer, H.R., & Wit-
tinghofer, A. (1991). Rabbit skeletal muscle myosin: Un-
folded carboxyl-terminus and its role in molecular assem-
bly. FEBS Lett., 281, 23-26

Margaritis, L.H., Hamodrakas, S.J., Papassideri, I., Arad,
T. & Leonard, K.R. (1991). 3-dimensional reconstruction
of innermost chorion layer of Drosophila Grimshawil and
Drosophila melanogaster eggshell mutant FS(1 )384. Inter-
nat. J. Bioi. Macromol., 13, 247-253

Menetret, J.-F., Hofmann, W., Schroder, R., Rapp, G. &
Goody, R.S. (1991). Time-resolved cryo-electron micro-
scopic study of the dissociation of actomyosin induced by
photolysis of photolabile nucleotides. J. Mol. Bioi., 219,
139-144

102

Merdes, A., Brunkener, M., Horstmann, H. & Geor-
gatos, S.D. (1991). Filensin: a new vimentin-binding,
polymerization-competent and membrane-associated pro-
tein of the lens fiber cell. J. Cell Bioi., 115, 397-410

Merdes, A., Stelzer, E.H.K. & De Mey, J. (1991). The three-
dimensional architecture of the mitotic spindle, analysed by
confocal fluorescence and electron microscopy. J. Electr.
Microsc. Tech., 18, 61-73

Metcalf, P., Cyrklaff, M. & Adrian, M. (1991). The three-
dimensional structure of reovirus obtained by cryo-electron
microscopy. EMBO J., 10,3129-3136

Metz, T. & Graf, T. (1991). Fusion of the nuclear oncopro-
teins v-Myb and v-Ets is required for the leukemogenicity
of E26 virus. Cell, 66, 95-105

Metz, T. & Graf, T. (1991). v-myb and v-ets transform
chicken erythroid cells and cooperate both in trans and
in cis to induce distinct differentiation phenotypes. Genes
& Develop., 5, 369-380

Metz, T., Graf, T. & Leutz, A. (1991). Activation of cMGF
expression is a critical step in avian myeloid leukemogen-
esis. EMBO J., 10, 837-844

Michels, P.A.M., Marchand, M., Kohl, L., Allert, S.,
Wierenga, R.K. & Opperdoes, F.R. (1991). The cy-
tosolic and glycosomal isoenzymes of glyceraldehyde-3-
phosphate dehydrogenase in Trypanosoma brucei have
a distant evolutionary relationship. Eur. J. Biochem., 198,
421-428

Mitchelmore, C., Traboni, C. &Cortese, R. (1991). Isolation
of 2 cDNAs encoding zinc finger proteins which bind to the
alpha-i-antitrypsin promoter and to the major histocom-
patibility complex class-I enhancer. Nucl. Acids Res., 19,
141-147

Monk, B.C., Montesinos, C., Ferguson, C., Leonard, K.
& Serrano, R. (1991). Immunological approaches to the
transmembrane topology and conformational changes of
the carboxyl-terminal regulatory domain of yeast plasma
membrane H+-ATPase. J. Bioi. Chem., 266, 18097-
18103



Moser, D., Tendler, M., Griffiths, G. & Klinkert, M.-Q.
(1991). A 14-kDa Schistosoma mansoni polypeptide is
homologous to a gene family of fatty acid binding proteins.
J. BioI. Chem., 266, 8447-8454

Motta, A., Pastore, A., Goud, N.A. & Castiglione-Morelli,
M.A. (1991). Solution conformation of salmon calcitonin
in sodium dodecyl sulfate micelles as determined by 2-
dimensional NMR and distance geometry calculations. Bio-
chemistry, 30, 10444-10450

N

Nakano, T. & Graf, T. (1991). Goose-type lysozyme
gene of the chicken: sequence, genomic organization
and expression reveals major differences to chicken-type
lysozyme gene. Biochim. Biophys. Acta, 1090, 273-276

Nardelli, J., Gibson, T.J., Vesque, C. & Charnay, P. (1991).
Base sequence discrimination' by zinc-finger DNA-binding
domains. Nature, 349, 175-178

Newman, R.H., Leonard, K. &Crumpton, M.J. (1991). 2-D
crystal forms of annexin IV on lipid monolayers. FEBS
Lett., 279, 21-24

Noble, M.E.M., Verlinde, C.L.M.J., Groendijk, H., Kalk,
K.H., Wierenga, R.K. & Hal, W.G.J. (1991). Crystallo-
graphic and molecular modelling studies on trypanoso-
mal triosephosphate isomerase: a critical assessment
of the predicted and observed structures of the com-
plex with 2-phosphoglycerate. J. Med. Chem., 34, 2709-
2718

Noble, M.E.M, Wierenga, R.K., Lambeir, A.M., Opperdoes,
F.R., Thunnissen, A.M.W.H., Kalk, K.H., Groendijk, H. &
Hoi, W.G.J. (1991). The adaptability of the active site of
trypanosomal triosephosphate isomerase as observed in
the crystal structures of three different complexes. Pro-
teins: Structure, Function & Genetics, 10, 50-69

Nolting, H.-F., Hermes, C., Sudfeldt, C., Witzel, H., Krebs,
B. & Henkel, G. (1991). X-ray absorption spectroscopy
on the metal binding sites of D-xylose isomerase. In X-
ray Absorption Fine Structure: ed. Hasnain, S.S.; Ellis
Horwood, Chichester, pp. 159-162

o
Oldfield, T.J., Ceska, T.A. & Brady, R.L. (1991). A flexible
approach to automated protein crystallization. J. Appl.
Cryst., 24, 255-260

Olivo, J.C., Kahn, E., Halpern, S. & Fragu, P. (1991). Im-
age registration and distortion correction in ion microscopy.
J. Microsc., 164, 263-272

Otsu, M., Hiles, I., Gout, I., Fry, M.J., Ruiz-Larrea, F.,
Panayotou, G., Thompson, A., Dhand, R., Hsuan, J., Totty,
N., Smith, A.D., Morgan, S.J., Courtneidge, S.A., Parker,
P.J. &Waterfield, M.D. (1991). Characterization of two 85
kd proteins that associate with receptor tyrosine kinases,
middle T/pp60c-src complexes, and PI3-kinase. Cell, 65,
91-104

Ouzounis, C.A. & Blencowe, B.J. (1991). Bacterial DNA
replication initiation factor priA is related to proteins be-
longing to the "DEAD-box" family. Nucl. Acids Res., 19,
6953

Ouzounis, C.A. & Sander, C. (1991). A structure-derived
sequence pattern for the detection of type I copper binding
domains in distantly related proteins. FEBS Lett., 279,
73-78

P

Pagano, M. & Draetta, G. (1991). Cyclin A, cell cycle
control and oncogenesis. Progr. in Growth Factor Res.,
3, 267-277

Palmgren, M.G. (1991). Regulation of plant plasma-
membrane H+-ATPase activity. Physiologia Plantarum, 83,
314-323

Palmgren, M.G., Sommarin, M., Serrano, R. & Larsson, C.
(1991). Identification of an autoinhibitory domain in the C-
terminal region of the plant plasma membrane H+-ATPase.
J. BioI. Chem., 266, 20470-20475

Papamarcaki, T., Kouklis, P.O., Kreis, T.E. & Georgatos,
S.D. (1991). The "Iamin B-fold": anti-idiotypic antibodies
reveal a structural complementarity between nuclear lamin
B and cytoplasmic intermediate filament epitopes. J. BioI.
Chem., 266, 21247-21251

103



Papavassiliou, A.G., Wilcox, K.W. & Silverstein, S.J.
(1991). The interaction of ICP4 with cell infected cell fac-
tors and its state of phosphorylation modulate differential
recognition of leader sequences in Herpes simplex virus
DNA. EMBO J., 10,397-406

Papazafiri, P., Ogami, K., Ramji, D.P., Nicosia, A., Monaci,
P., Cladaras, C. & Zannis, V.1. (1991). Promoter elements
and factors involved in hepatic transcription of the human
ApoA1 gene positive and negative regulators bind to over-
lapping sites. J. BioI. Chem., 266, 5790-5797

Parton, R.G. & Simons, K. (1991). Endocytosis in the
kidney: insights from the MDCK cell system. Seminars in
Nephrology, 11, 440-452

Parton, R.G., Dotti, C.G., Bacallao, R., Kurtz, I., Simons,
K. & Prydz, K. (1991). pH-induced microtubule-dependent
redistribution of late endosomes in neuronal and epithelial
cells. J. Cell BioI., 113, 261-274

Pascarella, S. & Argos, P. (1991). A critical evaluation of
the hydrophobicity profile of membrane proteins. Chem-
tracts: Biochem. and Mol. BioI., 2, 66-69

Pastore, A.& Lesk, A.M. (1991). Brave new proteins: what
evolution reveals about protein structure. Curro Opinion
Biotechnol., 2, 592-598

Pastore, A., Atkinson, A., Saudek, V. & Williams, R.J.P.
(1991). Topological mirror images in protein structure com-
putation: an underestimated problem. Proteins: Structure,
Function & Genetics, 10,22-32

Pastore, A., De Francesco, R., Barbato, G., Castiglione-
Morelli, M.A., Motta, A. & Cortese, R. (1991). H-1 reso-
nance assignment and secondary structure determination
of the dimerization domain of the transcriptional factor
LFB-1. Biochemistry, 30, 148-153

Pauptit, R.A., Schirmer, T., Jansonius, J.N., Rosenbusch,
J.P., Parker, M.W., Tucker, A.D., Tsernoglou, D., Weiss,
M.S. & Schulz, G.E. (1991). A common channel-forming
motif in evolutionarily distant porins. J. Struct. BioI., 107,
136-145

104

Pavlov, M.Y., Rublevskaya, LN., Serdyuk, LN., Zaccaf, G.,
Leberman, R. & Ostanevich, Y.M. (1991). Experimental
verification of the triple isotopic substitution method in
small-angle neutron scattering. J. Appl. Cryst., 24, 243-
254

Pelchen-Matthews, A., Armes, J.E., Griffiths, G. & Marsh,
M. (1991). Differential endocytosis of CD4 in lymphocytic
and nonlymphocytic cells. J. Exp. Med., 173,575-587

Pepperkok, R., Lorenz, P., Jakobi, R., Ansorge, W. &
Pyerin, W. (1991). Cell growth stimulation by EGF: In-
hibition through antisense-oligodeoxynucleotides demon-
strates important role of casein kinase II. Exp. Cell Res.,
197, 245-253

Pepperkok, R., Schneider, C., Philipson, L. & Ansorge,
W. (1991). Single cell assay with an automated capillary
microinjection system. Cytotechnology, 5, S93-98

Peter, W., BrOiler, H.-J., Vriend, G., Beato, M. & Suske, G.
(1991). Identification of residues essential for progesterone
binding to uteroglobin by site-directed mutagenesis. J.
Steroid Biochem. Mol. BioI., 38, 27-33

Pfeffer, S., Hahne, W., Branner, S., Wilson, K.S. & Betzel,
C. (1991). X-ray structure of the antibiotic bacitracin A.
FEBS Lett., 285,115-119

Philipson, L. (1991). Bridging the gap between cardiology
and molecular biology. Amer. J. Cardiology, 67, 1127-
1129

Philipson, L. (1991). Turmoil in European biology. Nature,
351,91-92

Philipson, L. & Sorrentino, V. (1991). From growth arrest
to growth suppression. J. Cell. Biochem., 46, 95-101

Pieters, J., Horstmann, H. Bakke, 0., Griffiths, G. & Lipp, J.
(1991). Intracellular transport and localization of major his-
tocompatibility complex class II molecules and associated
invariant chain. J. Cell BioI., 115,1213-1223

Poole, K.J.V., Maeda, Y., Rapp, G. & Goody, R.S. (1991).
Dynamic x-ray diffraction measurements following pho-
tolytic relaxation and activation of skinned rabbit psoas
fibres. Adv. Biophys., 27, 63-75



Popp, D., Maeda, Y., Stewart, A.A.E. & Holmes, K.C.
(1991). X-ray diffraction studies on muscle regulation. Adv.
Biophys., 27,89-103

Portillo, F., Eraso, P. & Serrano, R. (1991). Analysis of
the regulatory domain of yeast plasma membrane H+-
ATPase by directed mutagenesis and intragenic suppres-
sion. FEBS Lett., 287, 71-74

Price, M., Lemaistre, M., Pischetola, M., Di Lauro, R. &
Duboule D. (1991). A mouse gene related to distal-less
shows a restricted expression in the developing forebrain.
Nature, 351, 748-751

Priggemeyer, S., Eggers-Borkenstein, P., Rompel, A.,
Krebs, B., Henkel, G., Witzel, H., Korner, M., Nolting, H.-F.
& Hermes, C. (1991). XAS investigations on the Fe(III)-
Zn(ll) center of purple acid phosphatase from red kidney
beans. In X-ray Absorption Fine Structure: ed. Hasnian,
S.S.; Ellis Horwood, Chichester, pp. 131-134

R

Radsak, K., Brucher, K.H. & Georgatos, S.D. (1991). Fo-
cal nuclear envelope lesions and specific nuclear lamin
AlC dephosphorylation during infection with human cy-
tomegalovirus. Eur. J. Cell BioI., 54, 299-304

Ramji, D.P., Tadros, M.H., Hardon, E.M. & Cortese, R.
(1991). The transcription factor LF-A1 interacts with a
bipartite recognition sequence in the promoter regions of
several liver-specific genes. Nucl. Acids Res., 19, 1139-
1146

Rapp, G. & Goody, R.S. (1991). Light as a trigger for
time-resolved structural experiments on muscle, lipids, p21
and bacteriorhodopsin. J. Appl. Cryst., 24, 857-865

Rapp, G., GOth, K., Maeda,Y., Poole, K.J.V. & Goody,
R.S. (1991). Time-resolved x-ray diffraction studies on
stretch-activated insect flight muscle. J. Mus. Res. Cell
Mot., 12,208-215

Regnier-Vigouroux, A., Tooze, S.A. & Huttner, W.B.
(1991). Newly synthesized synaptophysin is transported to
synaptic-like microvesicles via constitutive secretory vesi-
cles and the plasma membrane. EMBO J., 10,3589-3601

Rice, P.M., Elliston, K. & Gribskov, M. (1991). DNA. In
Sequence Analysis Primer: eds. Gribskov, M. & Devereux,
J.; Stockton Press, New York, pp. 1-59

Rickard, J. E. & Kreis, T.E. (1991). Binding of pp170
to microtubules is regulated by phosphorylation. J. BioI.
Chem., 266, 17597-17605

Roldan, M., Donaire, J.P., Pardo, J.M., & Serrano, R.
(1991). Regulation of root plasma membrane H+-ATPase
in sunflower seedlings. Plant Sci., 79, 163-172

Rosbash, M. & Seraphin, B. (1991). Who's on first? The
U1 snRNP-5' splice site interaction and splicing. Trends in
Biochem., 16,187-190

Ruigrok, R.W.H. & DiCapua, E. (1991). On the polymer-
ization state of RecA in the absence of DNA. Biochimie,
73, 191-197

Ruigrok, R.W.H. &Hewat, E.A. (1991). Comparison of neg-
atively stained and frozen hydrated samples of influenza
virus A and virus B and of vesicular stomatitis virus. Micron
and Microscopica Acta, 22, 423-434

Runeberg-Nyman, K., Butcher, S., Wahlstrom, E., Mutti-
lainen, S., Nurminen, M., Sarvas, M. & Holm, L. (1991).
Neisseria meningitis major outer-membrane protein P1:
prediction and tentative identification of protective epi-
topes. In Vaccines 91: Modern Approaches to New Vac-
cines Including the Prevention of AIDS: ed. Lerner, R.A.;
Cold Spring Harbor Laboratory Press, New York, pp. 415-
419

Russo, G., Mertens, K., De Magistris, L., Lange, H.,
Cortese, R. & Pietro Paolo, C. (1991). Biologically active
recombinant prothrombin and antithrombin-III expressed
in a human hepatome vaccinia virus system. Biotechn01.
Appl. Biochem., 14, 222-233

s

Sander, C. (1991). De novo design of proteins. Curro
Opinion Struct. BioI., 1, 630-638

105



Sander, C. &Schneider, R. (1991). Database of homology-
derived protein structures and the structural meaning of
sequence alignment. Proteins: Structure, Function & Ge-
netics, 9, 56-68

Saraste, M., Holm, L., Lemieux, L., LUbben, M. &Van der
Oost, J. (1991). The happy family of cytochrome oxidases.
Biochem. Soc. Trans., 19, 608-612

Saraste, M., Metso, T., Nakari, T., Jalli, T., Lauraeus, M. &
Van der Oost, J. (1991). The Bacillus subtilis cytochrome c
oxidase: variations on a conserved protein theme. Eur. J.
Biochem., 195, 517-525

Saudek, V., Pasley, H.S., Gibson, T.J., Gausepohl, H.,
Frank, R. & Pastore, A. (1991). Solution structure of the
basic region from the transcriptional activator GCN4. Bio-
chemistry, 30, 1310-1317

Saudek, V., Pastore, A., Castiglione-Morelli, M.A., Frank,
R., Gausepohl, H. & Gibson, T.J. (1991). The solution
structure of a leucine zipper motif peptide. Protein Engi-
neering, 4, 519-529

Scharpe, S., De Meester, I., Hendriks, D., Vanhoof, G.,
Van Sande, ivi. & Vriend, G. (1991). Proteases and their
inhibitors: Today and tomorrow. Biochimie, 73, 121-126

Schatz, D., Leberman, R. & Eckstein, F. (1991). Inter-
action of Escherichia coli transfer-RNAser with its cog-
nate aminoacyl-transfer RNA synthetase as determined by
footprinting with phosphorothioate-containing transfer RNA
transcripts. Proc. Natl. Acad. Sci. USA, 88, 6132-6136

Scheel, J. & Kreis, T.E. (1991). Motor protein independent
binding of endocytic carrier vesicles to microtubules in
vitro. J. BioI. Chem., 266, 181 41-1 8148

Scherly, D., Kambach, C., Boelens, W., Van Venrooij,
W.J. & Mattaj, I.W. (1991). Conserved amino-acid residues
within and outside of the N-terminal ribonucleoprotein motif
of U1 A small nuclear ribonucleoprotein involved in U1 RNA
binding. J. Mol. BioI., 219, 577-584

Schnobel, R. (1991). Integrated displays of aligned amino-
acid sequences and protein structures. CABIOS, 7, 341-
346

106

Scholer, H.R. (1991). Octamania: The POU factors in
murine development. Trends Genet., 7, 323-329

Schwager, C., Stegemann, J., Voss, H., Rice, P., Er-
fie, H., Hewitt, N., Zimmermann, J., Sproat, B. & An-
sorge, W. (1991). DNA sequencing technology today
and tomorrow. In Genome Analysis: From Sequence
to Function. Advances in Molecular Genetics, 4,: eds.
Collins, J. & Driesel, A.J.; HUthig Verlag, Heidelberg, pp.
23

Scopsi, L., Andreola, S., Saccozzi, R., Pilotti, S., Borac-
chi, P., Rosa, P., Conti, A.R., Manzari, A., Huttner, W.B.
& Rilke, F. (1991). Argyrophilic carcinoma of the male
breast: a neuroendocrine tumor containing predominantly
chromogranin B (secretogranin I). Am. J. Surg. Pathol., 15,
1063-1071

Seethaler, G. & Huttner, W.B. (1991). Secretory protein
sorting, processing and granule biogenesis. Trends Cell
BioI., 1, 35-36

Seethaler, G., Chaminade, M., Vlasak, R., Ericsson, M.,
Griffiths, G., ToffoIetto, 0., Rossier, J., Stunnenberg, H.G.
& Kreil, G. (1991). Targeting of frog prodermorphin to the
regulated secretory pathway by fusion to proenkephalin. J.
Cell BioI., 114, 1125-1133

Seraphin, B. & Mattaj, I.W. (1991). New pieces in the U5
puzzle. Curro BioI., 1, 147-149

Seraphin, B. & Rosbash, M. (1991). The yeast branch-
point sequence is not required for the formation of a
stable U1 snRNA-pre-messenger RNA complex and is
recognized in the absence of U2 snRNA. EMBO J., 10,
1209-1216

Seraphin, B., Abovich, N. & Rosbash, M. (1991). Genetic
depletion indicates a late role for U5 snRNP during in vitro
spliceosome assembly. Nucl. Acids Res., 19,3857-3860

Serrano, R., Montesinos, C., Roldan, M., Garrido, G.,
Ferguson, C., Leonard, K., Monk, B.C., Perlin, D.S. &
Weiler, E.W. (1991). Domains of yeast plasma membrane
and ATPase-associated glycoprotein. Biochim. Biophys.
Acta, 1062,157-164



Sharp, P.M., Lloyd, A.T. & Higgins, D.G. (1991). Coela-
canth's relationships. Nature, 353, 218-219

Sibbald, P.R. (1991). Computational protein sequence
analysis as an aid to solving protein structure. In Crys-
tal/ographic Computing 5: from Chemistry to Biology: eds.
Moras, D., Podjarny, A.D. &Thierry, J.C.; University Press,
Oxford, pp.435-455

Sibbald, P.R., Sommerfeldt, H. & Argos, P. (1991). Au-
tomated protein sequence pattern handling and Prosite
searching. CABIOS, 7, 535-536

Sibbald, P.R., Sommerfeldt, H. & Argos, P. (1991). Identifi-
cation of proteins in sequence databases from amino-acid
composition data. Analyt. Biochem., 198, 330-333

Simmen, K.A., Bernues, J., Parry, H.D., Stunnenberg, H.
G., Berkenstam, A., Cavallini, B., Egly, J.-M. & Mattaj, I.W.
(1991). TFIID is required for in vitro transcription of the
human U6 gene by RNA polymerase III. EMBO J., 10,
1853-1862

Simons, K. (1991). Sorting of surface proteins and lipids in
epithelial cells. In Nephrology II.: ed. Hatano, M.; Springer
Verlag, Berlin, pp. 977-983

Somjen, G.J., Coleman, R., Koch, M.H.J., Wachtel, E.,
Billington, D., Towns Andrews, E. & Gilat, T. (1991). The
induction of lamellar stacking by cholesterol in lecithin bile-
salt: model systems and human bile studied by synchrotron
radiation. FEBS Lett., 289,163-166

Sorrentino, V., Giorgi, M., Geremia, R., Besmer, P. &
Rossi, P. (1991). Expression of the c-kit proto-oncogene
in the murine male germ cells. Oncogene, 6, 149-151

Sproat, B.S. & Lamond, A.1. (1991). 2'-O-methyloligo-
ribonucleotides: synthesis and applications. In Oligo-
nucleotides and Analogues: ed. Eckstein, F.; IRL Press
at Oxford University Press, Oxford, pp. 49-86

Sproat, B.S., Iribarren, A., Beijer, B., Pieles, U. & Lamond,
A.1. (1991). 2'-O-alkyI0Iigoribonucleotides: synthesis and
applications in studying RNA splicing. Nucleosides and
Nucleotides, 10, 25-36

Sproat, B.S., Iribarren, A.M., Gu',mil Garcia, R. & Beijer,
B. (1991). New synthetic routes to synthons suitable for
2'-O-allyloligoribonucleotide assembly. Nucl. Acids Res.,
19, 733-738

Sproat, B.S., Lamond, A.I., Gu"imil Garcia, R., Beijer, B.,
Pieles, U., Douglas, M., Bohmann, K., Carmo Fonseca,
M., Weston, S. & O'Loughlin, S. (1991). 2'-O-alkyI0Iigo-
ribonucleotides: synthesis and applications in molecular
biology. Nucl. Acids Symp. Series, 24, 59-62

Stegemann, J., Schwager, C., Erfle, H., Hewitt, N., Voss,
H., Zimmermann, J. & Ansorge, W. (1991). Automated
DNA sequencing on ultrathin slab gels. Meth. Mol. Cel/.
BioI., 2, 182-184

Stegemann, J., Schwager, C., Erfle, H., Hewitt, N., Voss,
H., Zimmermann, J. & Ansorge, W. (1991). High speed
DNA sequencing on a commercial automated sequencer
using 0.3 mm thin gels. Meth. Mol. Cel/. BioI., 2, 292-
293

Stegemann, J., Schwager, C., Erfle, H., Hewitt, N., Voss,
H., Zimmermann, J. & Ansorge, W. (1991). High speed
on-line DNA sequencing on ultrathin slab gels. Nucl. Acids
Res., 19, 675-676

Stegemann, J., Schwager, C., Erfle, H., Hewitt, N., Voss,
H., Zimmermann, J. & Ansorge, W. (1991). Improvement
in resolution of a commercial automated DNA sequencer
by increasing the separation distance in the gel. Meth. Mol.
Cel/. BioI., 3, 33-35

Stelzer, E.H.K. (1991). Use of filters in confocal fluo-
rescence microscopy for cytological research. In Physi-
cal Characterization of Biological Cel/s: eds. SchOtt, W.,
Klinkmann, H., Lamprecht, I. &Wilson, T.; Verlag Gesund-
heit GmbH, Berlin, pp.65-82

Stelzer, E.H.K., Merdes, A. & De Mey, J. (1991). Konfokale
Fluoreszenzmikroskopie in der Zellbiologie. Biologie in un-
serer Zeit, 1, 19-25

Stelzer, E.H.K., Wacker, I. & De Mey, J. (1991). Confocal
fluorescence microscopy in modern cell biology. Seminars
in Cel/ BioI., 2, 145-152

107



Stewart, P.L., Burnett, R.M., Cyrklaff, M. & Fuller, S. D.
(1991). Image reconstruction reveals the complex molec-
ular organization of adenovirus. Cell, 67, 145-154

Stoehr, P. (1991). Sequence databases from EMBL and
developments in electronic access. In Proc. of the 1991
Chemical Information Conference: ed. Collier, H.; Infonor-
tics Ltd, Caine, pp. 187-195

Stoehr, P. & Cameron, G. (1991). The EMBL Data Library.
Nucl. Acids Res., 19, 2227-2230

Storz, C. & Stelzer, E.H.K. (1991). Konzept fOr Datenver-
arbeitung in der 3D-Lichtmikroskopie. In Parallele Daten-
verarbeitung mit dem Transputer. Informatik-Fachberichte,
272,: eds. Grebe, R. & Ziemann, P.; Springer, Heidelberg,
pp. 135-142

Stouten, P.F.W., Prins, T.G., Duisenberg, A.J.M., Kanters,
J.A. & Poonia, N.S. (1991). Crystal and molecular-structure
of sodium picrate monohydrate. J. Cryst. Spectrosc. Res.,
21,553-557

Stouten, P.F.W., van Eijck, B.P. & Kroon, J. (1991).
Hydrogen-bonds in concreto and in computro - the sequel.
J. Mol. Strucf., 243,61-87

Strasdeit, H., Duhme, A.-K., Kneer, R., Zenk, M.H., Her-
mes, C. & Nolting, H.-F. (1991). Evidence for discrete
Cd(SCys)4 units in cadmium phytochelatin complexes from
EXAFS spectroscopy. J. Chem. Soc., Chem. Commun.,
1129-1130

T

Takao, S., Sakai, N., Hatano, M., Koizumi, T., Hanioka, K.,
ROther, U. & Tokuhisa, T. (1991). IgG response is impaired
in H2-c-fos transgenic mice. Internat. Immunology, 3, 369-
375

Thomas, D.J. (1991). A simplified mechanical model of
proteins tested on the globin fold. J. Mol. BioI., 222, 805-
817

Timmins, P.A., Ruigrok, R.W.H. & DiCapua, E. (1991). The
solution structure of RecA filaments by small-angle neutron
scattering. Biochimie, 73, 227-230

108

Tollervey, D., Lehtonen, H., Carmo-Fonseca, M. & Hurt,
E.C. (1991). The small nucleolar RNP protein NOP1 (fib-
rillarin) is required for pre-ribosomal RNA processing in
yeast. EMBO J., 10, 573-583

Tooze, J. & Hollinshead, M. (1991). Tubular early endoso-
mal networks in AtT20 and other cells. J. Cell BioI., 115,
635-654

Tooze, J., Hollinshead, M., Hensel, G., Kern, H. &Hoflack,
B. (1991). Regulated secretion of mature cathepsin B from
rat exocrine pancreatic cells. Eur. J. Cell BioI., 56, 187-200

Tooze, S.A. (1991). Biogenesis of secretory granules.
Implications arising from the immature secretory granule
in the regulated pathway of secretion. FEBS Lett., 285,
220-224

Tooze, S.A., Flatmark, T., Tooze, J. &Huttner, W.B. (1991).
Characterization of the immature secretory granule, an
intermediate in granule biogenesis. J. Cell BioI., 115,
1491-1503

Tournier, F., Cyrklaff, M., Karsenti, E. & Bornens, M.
(1991). Centrosomes competent for parthenogenesis in
Xenopus eggs support procentriole budding in cell-
free extracts. Proc. Nat!. Acad. Sci. USA, 88, 9929-
9933

Tucker, A.D., Jackman, S., Parker, M.W. & Tsernoglou,
D. (1991). Crystallization and preliminary x-ray analysis
of phosphoporin from the outer membrane of Escherichia
coli. J. Mol. BioI., 222, 881-884

v

Valencia, A., Chardin, P., Wittinghofer, A. & Sander, C.
(1991). The Ras protein family: evolutionary tree and
role of conserved amino-acids. Biochemistry, 30, 4638-
4648

Valencia, A., Kjeldgaard, M., Pai, E.F. & Sander, C. (1991).
GTPase domains of ras p21 oncogene protein and elon-
gation factor Tu. Analysis of three-dimensional structures,
sequence families, and functional sites. Proc. Natl. Acad.
Sci. USA., 88, 5443-5447



Van der Goot, F.G., Gonzales-Manas, J.M., Lakey, J., &
Pattus, F. (1991). A molten globule membrane insertion in-
termediate of the pore-forming domain of colicin A. Nature,
354,408-410

Van der Heijdt, L.M., Veldink, G.A., Vliegenthart, J.F.G.,
Feiters, M.C., Navaratnam, S., Nolting, H.-F. & Her-
mes, C. (1991). EXAFS of soybean Iipoxygenase-1: in-
fluence of lipid hydroperoxide activation and Iyophyliza-
tion on the structure of the soybean lipoxygenase non-
heme iron active site. In X-ray Absorption Fine Structure:
ed. Hasnian, S.S.; Ellis Horwood, Chichester, pp. 125-
128

Van der Oost, J., Haltia, T., Raitio, M. & Saraste, M.
(1991). Genes coding for cytochrome c oxidase in Para-
coccus denitrificans. J. Bioenerg. Biomembr., 23, 257-
267

Van der Oost, J., von Wachenfeld, C., Hederstedt, L.
& Saraste, M. (1991). Bacillus subtilis cytochrome oxi-
dase mutants: biochemical analysis and genetic evidence
for two aa3-type oxidases. Mol. Microbiol., 5, 2063-
2072

Van Mierlo, C.P.M., Darby, N.J., Neuhaus, D. &Creighton,
T.E. (1991). (14-38, 30-51) double-disulphide interme-
diate in folding of bovine pancreatic trypsin inhibitor: a
two-dimensional 1H nuclear magnetic resonance study. J.
Mol. BioI., 222, 353-371

Van Mierlo, C.P.M., Darby, N.J., Neuhaus, D. &Creighton,
T.E. (1991). Two-dimensional 1H nuclear magnetic reso-
nance study of the (5-55) single-disulphide folding inter-
mediate of bovine pancreatic trypsin inhibitor. J. Mol. BioI.,
222, 373-390

Vasiloudes, P., Paul, N., Tooze, J. & Kern, H.F. (1991).
Acceleration of asynchronous enzyme transport in the rat
exocrine pancreas following hormonal stimulation in vivo.
Eur. J. Cell BioI., 54, 27-37

Vaux, D. (1991). The use of in vitro immunization for
monoclonal antibody production. In Protein Targeting: A
practical approach: ed. Magee, A.; IRL Press, Oxford

Vaux, D. & Fuller, S. (1991). The use of anti-idiotype
antibodies for the characterization of protein-protein inter-
actions. In Laboratory Methods in Vesicular and Vecto-
rial Transport: ed. Tartakoff, A.M.; Academic Press, San
Diego, pp.467-504

Vaux, D. & Fuller, S.D. (1991). The use of anti-idiotype
antibodies for the characterization of protein-protein inter-
actions. Methods in Cell BioI., 34, 1-38

Verde, F., Berrez, J.M., Antony, C. & Karsenti, E. (1991).
Taxol induced microtubule asters in mitotic extracts of
Xenopus eggs: requirement for phosphorylated factors
and cytoplasmic dynein. J. Cell BioI., 112, 1177-1187

Verlinde, C.L.M.J., Noble, M.E.M., Kalk, K.H., Groendijk,
H.G., Wierenga, R.K. & Hoi, W.G.J. (1991). Anion binding
at the active site of trypanosomal triosephosphate iso-
merase. Monohydrogen phosphate does not mimic sul-
phate. Eur. J. Biochem., 198,53-57

Villalba, J.M., Lutzelschwab, M. & Serrano, R. (1991).
Immunocytolocalization of plasma membrane H+-ATPase
in maize coleoptiles and enclosed leaves. Planta, 185,
458-461

Vingron, M. & Argos, P. (1991). Motif recognition and align-
ment for many sequences by comparison of dot matrices.
J. Mol. BioI., 218, 33-43

Vivanco Ruiz, M.d.M., Bugge, T.H., Hirschmann, P. &
Stunnenberg, H.G. (1991). Functional characterization of
a natural retinoic acid responsive element. EMBO J., 10,
3829-3838

Volbeda, A., Lahm, A., Sakiyama, F. & Suck, D. (1991).
Crystal structure of Penicillium citrinum P1 nuclease at
2.8Aresolution. EMBO J., 10, 1607-1618

Von Weizsacker, F., Labeit, S., Koch, H.K., Oehlert, W.,
Gerok, W. & Blum, H.E. (1991). A simple and rapid
method for the detection of RNA in formalin-fixed, paraffin-
embedded tissues by PCR amplification. Biochem. Bio-
phys. Res. Comm., 174,176-180

109



Vorgias, C.E., Kingswell, A.J., Dauter, Z., &Wilson, K.S.
(1991). Cloning, overexpression, purification and crystal-
lization of ribosomal protein L9 from Bacillus stearother-
mophilus. FEBS Lett., 286, 204-208

Vos, J.C., Sasker, M. & Stunnenberg, H.G. (1991). Pro-
moter melting by a stage-specific vaccinia virus transcrip-
tion factor is independent of the presence of RNA poly-
merase. Cell, 65, 105-113

Vos, J.C., Sasker, M. & Stunnenberg, H.G. (1991). Vac-
cinia virus capping enzyme is a transcription initiation
factor. EMBO J., 10, 2553-2558

Voss, H., Schwager, C., Wirkner, U., Zimmermann, J.,
Erfle, H., Hewitt, N., Rupp, T., Stegemann, J. & Ansorge,
W. (1991). New procedure for automated DNA sequencing
with multiple internal labelling by fluorescent dUTP. Meth.
Mol. Cell. Bioi., 3, 12-1 7

Voss, H., Wirkner, U., Jakobi, R., Hewitt, N.A., Schwager,
C., Zimmermann, J., Ansorge, W. & Pyerin, W. (1991).
Structure of the gene encoding human casein kinase II
subunit (3. J. Bioi. Chem., 266, 13706-13711

Vriend, G. & Sander, C. (1991). Detection of com-
mon three-dimensional substructures in proteins. Proteins:
Structure, Function & Genetics, 11, 52-58

Vriend, G., Berendsen, H.J.C., Van der Zee, J.R., Van den
Burg, B., Venema, G. &Eijsink, V.G.H. (1991). Stabilization
of the neutral protease of Bacillus stearothermophilus by
removal of a buried water molecule. Protein Engineering,
4,941-945

W

Wang, D.N. & KOhlbrandt, W. (1991). High-resolution elec-
tron crystallography of light-harvesting chlorophyll a/b-
protein complex in three different media. J. Mol. Bioi., 217,
691-699

Wang, H.G.H., Draetta, G. & Moran, E. (1991). E1 a in-
duces phosphorylation of the retinoblastoma protein inde-
pendently of direct physical association between the E1a
and retinoblastoma products. Mol. Cell. Bioi., 11, 4253-
4265

110

Waters, A.P., Higgins, D.G. & McCutchan, T.F. (1991).
Plasmodium falciparum appears to have arisen as a result
of lateral transfer between avian and human hosts. Proc.
Natl. Acad. Sci. USA, 88,3140-3144

Weigt, C., Wegner, A. & Koch, M.H.J. (1991). Rate and
mechanism of the assembly of tropomyosin with actin
filaments. Biochemistry, 30, 10700-10707

Wierenga, R.K., Noble, M.E.M., Postma, J.P.M., Groendijk,
H., Kalk, K.H., Hoi, W.G.J. & Opperdoes, F.R. (1991).
The crystal structure of the "open" and "closed" conforma-
tion of the flexible loop of trypanosomal triosephosphate
isomerase. Proteins: Structure, Function & Genetics, 10,
33-49

Wierenga, R.K., Noble, M.E.M., Vriend, G., Nauche, S.
& Hoi, W.G.J. (1991). Refined 1.83A structure of try-
panosomal triosephosphate isomerase crystallised in the
presence of 2.4 M ammonium sulphate: a comparison
with the structure of the trypanosomal triosephosphate
isomerase - glycerol-3-phosphate complex. J. Mol. Bioi.,
220,995-1015

Wild, D. (1991). Developing an X-windows-based user
interface for protein crystallographic software. Joint CCP4
and ESF-EACBM Newsletter on Protein Crystallography,
Daresbury Laboratory, 25, 78

Wilkinson, C. & Lehman, M.S. (1991). Quasi-Laue neutron
diffractometer. Nucl. Instr. and Meth., A310, 411-415

Wilkinson, C., Lautenschlager, G. Hock, R. & Weitzel, H.
(1991). Determination of the direction of the propagation
vector for incommensurate structures from neutron powder
diffraction patterns. J. Appl. Cryst., 24, 365-368

Wilmsen, H.U., Buckley, J.T. & Pattus, F. (1991). Site-
directed mutagenesis at histidines of aerolysin from
Aeromonas hydrophila: a planar bilayer study. Mol. Micro-
bioi., 5, 2745-2751

Winkler, F.K., D'Arcy, A., Blocker, H., Frank, R. & van
Boom, J.H. (1991). Crystallization of complexes of ECO-
RV endonuclease with cognate and non-cognate DNA
fragments. J. Mol. Bioi., 217, 235-238



Wood, M.J., Yau, P., Imai, B.S., Goldberg, M.W., Lambert,
S.J., Fowler, A.G., Baldwin, J.P., Godfrey, J.E., Moudri-
anakis, E.N., Koch, M.H.J., Ibel, K., May, R.P. & Bradbury,
E.M. (1991). Neutron and x-ray scatter studies of the
histone octamer and amino and carboxyl domain trimmed
octamers. J. BioI. Chem., 266, 5696-5702

v

Yeom, Y.I., Ha, H.-S., Balling, R., Scholer, H.R. &Artzt, K.
(1991). Structure, expression and chromosomal location of
the Oct-4 gene. Mechanisms of Develop., 35, 171-179

Yuan, J., Simos, G., Blobel, G. & Georgatos, S.D. (1991).
Binding of lamin A to polynucleosomes. J. BioI. Chem.,
266,9211-9215

z

Zanetti, M., Litteri, L., Griffiths, G., Gennaro, R. & Romeo,
D. (1991). Stimulus-induced maturation of probactenecins,
precursors of neutrophil antimicrobial polypeptides. J. Im-
munol., 146, 4295-4300

Zappavigna, V., Dolle, P., Izpisua-Belmonte, J-C. &
Duboule, D. (1991). The Hox-4 genes and the molecular
bases of pattern formation. In: Proceedings of the FISME:
eds. Forabosco, A., DiNatale, P., Lungarotti, M.S. & Neri,
G.; Monduzzi, Bologna, pp. 11-15

Zappavigna, V., Renucci, A. Izpisua-Belmonte, J.-C., Urier,
G., Peschle, C. & Duboule, D. (1991). Hox-4 genes en-
code transcription factors with potential auto- and cross-
regulatory capacities. EMBO J., 10, 4177-4187

Zhu, X., Papavassiliou, A.G., Stunnenberg, H.G. & Silver-
stein, S. (1991). Trans-activation by Herpes simplex virus
proteins ICP4 and ICPO in vaccinia virus infected cells.
Virology, 184, 67-78.

Zimmermann, J., Dietrich, T., Voss, H., Erfle, H., Schwa-
ger, C., Stegemann, J., Hewitt, N. & Ansorge, W. (1991).
Fully automated Sanger sequencing protocol for double-
stranded DNA. Meth. Mol. Cell. BioI., 3, 41-42

Internal Documents

Bairoch, A. & Data Library Staff (1991). SWISS-PROT
release notes and user manual. Releases, 17, 18, 19,20

Sander, C. & Vriend, G. (1991). PRODES90 Protein de-
sign on computers. EMBL BIOcomputing Technical docu-
ment, 6

Doctoral Theses

Blencowe, B.J. (1991). The application of antisense tech-
nology to the study of mammalian pre-mRNA splicing
factors. Thesis submitted to the University of London for
the Degree of Doctor of Philosophy in the Faculty of
Science.

Duden, R. (1991). Molekulare Charakterisierung von
,B-COP: eines peripheren Membranproteins des Golgi
Apparates. Inaugural-Dissertation zur Erlangung der
DoktorwOrde der Naturwissenschaftlich-Mathematischen
GesamtfakulUit der Ruprecht-Karls-UniversiUit, Heidel-
berg.

Felix, M.A. (1991). Controle temporel du cycle cellulaire:
etudes in vitro. These de Doctorat de l'Universite Pierre et
Marie Curie (Paris-6).

Francis-Lang, H.L. (1991). Analysis of the expression of
the rat thyroperoxidase gene in normal and transformed
thyroid cells. A thesis' submitted in partial fulfillment for
the requirements of the degree of Doctor of Philosophy.
Sponsoring Establishment: National Institute for Medical
Research, Mill Hill, London.

Gaxiola Ariza, R.A. (1991). Isolation and characterization
of genes of the yeast Saccharomyces cerevisiae involved
in salt tolerance mechanisms. Inaugural-Dissertation zur
Erlangung der DoktorwOrde der Naturwissenschaftlich-
Mathematischen Gesamtfakultat der Ruprecht-Karls-Uni-
versitat, Heidelberg.

Kypta, R.M. (1991). The identification and characterization
of members of the src family of protein tyrosine kinases. A
thesis presented in partial fulfilment of the requirements

111



for the degree of Doctor of Philosophy of the Council
for National Academic Awards. Sponsoring establishment
National Inst. for Medical Research, Mill Hill, London.

Verde, F. (1991). On microtubule dynamics and or-
ganization during the cell cycle in extracts of Xeno-
pus eggs. Inaugural dissertation zur Erlangung der
DoktorwOrde der Naturwissenschaftlich-Mathematischen
Gesamtfakultat der Ruprecht-Karls-Universitat, Heidel-
berg.

Vingron, M. (1991). Multiple sequence alignment and
applications in molecular biology. Inaugural-Dissertation
zur Erlangung der DoktorwOrde der Naturwissenschaftlich-
Mathematischen Gesamtfakultat der Ruprecht-Karls-Uni-
versitat, Heidelberg.

Vivanco Ruiz, M.D.M. (1991). Retinoic acid dependent
regulation of gene expression. Inaugural-Dissertation zur
Erlangung der DoktorwOrde der Naturwissenschaftlich-
Mathematischen Gesamtfakultat der Ruprecht-Karls-Uni-
versitat, Heidelberg.

112

Patents granted in 1991

Groups of Ansorge, W. & Sproat, 8. Apparatus for se-
quential chemical reactions (segmental DNA synthesizer).
European Patent Nr. 0 365 668

Group of Ansorge, W. Process for sequencing nucleic
acids sequencing with one dye in one lane. USA Patent
Nr. 448 726

Patents applied for in 1991

Group of Ansorge, W. General solid phase sequencing
method using labelled nucleotides. German patent appli-
cation

Group of Ansorge, W. Method for sequencing of DNA with
labelled dNTPs. German patent application

Paolella, G., Sproat, 8.S. & Lamond, A.1. Synthetic cat-
alytic oligonucleotide structures. German patent applica-
tion number P 41 20 406.9



Seminars-Heidelberg

R.A. Engh (Martinsried, Fed. Rep. of Germany)
X-ray crystallography and protein modelling: serpin
"dynamic" inhibition and other biochemical tales

B. Mao (Kalamazoo, MI, USA)
Computational studies of biomolecular systems

R. LOhrmann (Marburg, Fed. Rep. of Germany)
Structure, function and assembly of spliceosomal
U snRNPs

A.K. Mazur (Vladivostok, Russia)
Anti-fractal protein kinetics

R. Wade (Houston, TX, USA)
Computional studies of ligand-macromolecule in-
teractions and protein hydration

A. Travers (Cambridge, U.K.)
A biochemical approach to the regulation of pattern
formation in Drosophila

J. Schwabe (Cambridge, U.K.)
The solution structure of the oestrogen receptor
DNA-binding domain

D. Plachov (G6ttingen, Fed. Rep. of Germany)
A paired box containing gene (pax8) studied in
mouse and man

M. Finbow (Glasgow, U.K.)
Gap junctional channels, proton channels and
synaptic release channels - a common protein?

A.D. MacKerel1 (Cambridge, MA, USA)
Structure-function relationships of ribonuclease T1
and neuropeptide Y via molecular dynamics simu-
lations

M. Robinson (Cambridge, U.K.)
Molecular biology of coated vesicle adaptins

K. Holmes (Heidelberg, Fed. Rep. of Germany)
Actin, heat shock proteins, and hexokinase, a new
class of nucleotide binding proteins

L. Letellier (Orsay, France)
Translocation of phage DNA and colicins through
the E.coli envelope

J.E. Coleman (New York, NY, USA)
Three-dimensional solution structure of GAL4 tran-
scription factor by two-dimensional NMR

M. Meisterernst (New York, NY, USA)
Proteins involved in mediating regulatory factor ac-
tivation

K. Kuczera (Cambridge, MA, USA)
Protein structure, dynamics and thermodynamics:
MD simulations of myoglobin and haemoglobin

S. Hekimi (Cambridge, U.K.)
A genetic approach to nervous system develop-
ment in C.elegans

J.-M. Egly (Strasbourg, France)
General transcription factors for RNA polymerase B

G. Schatz (Basel, Switzerland)
Components of the mitochondrial import machinery

K. Nasmyth (Vienna, Austria)
Roles and regulations of the cdc28 protein kinase
in the budding yeast Saccharomyces cerevisiae

R.D. Burgoyne (Liverpool, U.K.)
Mechanisms involved in calcium-regulated exocy-
tosis

D. Gallwitz (G6ttingen, Fed. Rep. of Germany)
The involvement of S.cerevisiae ras-related YPT1
and RYH1 gene products in intracellular protein
transport

W. Tanner (Regensburg, Fed. Rep. of Germany)
Molecular cloning of plant transporters and their
functional expression in yeast
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P. Nurse (Oxford, U.K.)
Cell cycle control in fission yeast

L. Johnson (Oxford, U.K.)
Control by reversible phosphorylation: structural
studies with glycogen phosphorylase

L. Grivell (Amsterdam, Netherlands)
Nucleo-mitochondrial interactions in the control of
splicing and translation of yeast mitochondrial mR-
NAs

R.B. Gennies (Urbana, ILL, USA)
Cytochrome 0 terminal oxidase complex of E.coli

S. Harrison (Cambridge, MA, USA)
Three-dimensional structure of SV40 and polyoma
viruses

V. Collura (Jouy-en-Josas, France)
Development of a dynamical conformation search
algorithm using a simulated annealing method. Ap-
plication to the prediction of antibody hypervariable
loops

L. Harel (Villejuif, France)
IDF45, a growth inhibitor

B. Arcangioli (Baltimore, MD, USA)
The molecular aspect of the programme of cell-type
determination in fission yeast

A.J. Levine (Princeton, NJ, USA)
The p53 tumour suppressor gene

S. Hubbard (London, U.K.)
Molecular recognition by serine proteinases

J. Reich (Berlin, Fed. Rep. of Germany)
Information in sequences

R. White (Cambridge, U.K.)
Targets of homeotic gene control in Drosophila

L. Orgel (San Diego, CA, USA)
Molecular evolution
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M. Swindells (London, U.K.)
Structural conservation and sequence degeneracy
- a study of the interleukin-1 fold

J.D. Watson (Cold Spring Harbor, NY, USA)
The human genome project

M. Pankratz (Munich, Fed. Rep. of Germany)
Spatial control of the Drosophila gap gene knirps
in the early embryo

M. Jackson (La Jolla, CA, USA)
PreGolgi protein sorting and the retention of trans-
membrane proteins in the endoplasmic reticulum

A.L. Weisenhorn (Santa Barbara, CA, USA)
Atomic force microscopy from interaction measure-
ments to binding studies

D. Huylebroeck (Gand, Belgium)
Activins as multipotent regulators of cellular func-
tion and differentiation

J.L. Carrascosa (Madrid, Spain)
Viral connectors: towards a general model

M. Crippa (Baltimore, MD, USA)
HMG proteins 14 and 17: nucleosome binding,
gene expression and chromatin structure

H. Weintraub (Seattle, WA, USA)
MyoD: a master regulatory gene for myogenesis

U. Surana (Vienna, Austria)
The role of the cdc28 protein kinase during mitosis
in S.cerevisiae

B. Salles (Toulouse, France)
Interactions between stress regulons in E.coli

E. Schiebel (Los Angeles, CA, USA)
Studying protein translocation with pure compo-
nents: definition of a five-step catalytic cycle

H. Oschkinat (Martinsried, Fed. Rep. of Germany)
New methods for structure determination by NMR



S.E. Stachel (Salt Lake City, U, USA)
Primary pattern formation in the zebrafish embryo:
lithium, retinoic aid and cyclopamine

I. Willies (Madison, NY, USA)
Ups and downs of RNA Pol III transcriptional regu-
lation

R. Reithmeier (Toronto, Canada)
Structural studies of the anion transport protein
from human erythrocyte membranes

C. Dingwall (Cambridge, U.K.)
The nucleoplasmin nuclear targeting sequence - a
possible consensus?

D.A. Klrerke (Princeton, NJ, USA)
K+ channels in epithelial cells - isolation and recon-
stitution

T. Sixma (Groningen, The Netherlands)
Three-dimensional structure of E.coli heat labile
enterotoxin, a cholera-like toxin

B. Geiger (Rehovot, Israel)
The molecular anatomy of cell contacts

V. Bankaitis (Urbana, ILL, USA)
Phospholipid transfer proteins: a biological debut

M. Kozak (Piscataway, NJ, USA)
Control of translation by mRNA structure in eukary-
otes

A. Cattaneo (Rome, Italy)
Intracellular immunization: expression and targeting
of intracellular antibodies

S. Bray (Cambridge, U.K.)
From purified protein to genetic mutant: transcrip-
tion factor Elf-1 is essential for embryonic develop-
ment of Drosophila melanogaster

G. Bloom (Dallas, TX, USA)
Probing the structure of kinesin with monoclonal
antibodies

R. Jahn (Munich, Fed. Rep. of Germany)
Use of antibodies in the study of synaptic function

V. Small (Salzburg, Austria)
Antibody probes in studies of motility

H.-P. Hauri (Basel, Switzerland)
Use of antibodies to study transport and sorting of
proteins to the cell surface

W.-H. Kunau (Bochum, Fed. Rep. of Germany)
Saccaromyces serevisiae: a model system to study
peroxisome biogenesis

J. Davoust (Marseilles-Luminy, France)
Biosynthesis, transport and function of major histo-
compatibility complex class II molecules

N. Kolchanov & I. Shindyalov (Novosibirsk, Russia)
(1) A method for the prediction of functional sites in
biopolymers
(2) Analysis of the modes of evolution of protein
families

J.-C. Gutierrez (Basel, Switzerland)
Towards a model to study early haematolymphoid
commitment

C.J. Stirling (Manchester, U.K.)
Genetic dissection of the mechanisms of protein
translocation across the yeast endoplasmic retic-
ulum

H. Bourne (San Francisco, CA, USA)
Structure and function of normal and oncogenic G
proteins

S. Makura (Rochester, Minn, USA)
Study of molecular structure and dynamics by two-
dimensional NMR exchange spectroscopy

M. Baron (Oxford, U.K.)
Protein modules: biology's building blocks

O. Pongs (Bochum, Fed. Rep. of Germany)
Voltage gated potassium channels - new insights
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H. Sklenar (Berlin, Fed. Rep. of Germany)
Modelling sequence effects in biopolymer struc-
tures

L. Olsen (Bergen, Norway)
Functional analysis of the human uracil-DNA glyco-
sylase gene

R. Aasland (Bergen, Norway)
Molecular characterization of the salmon pituitary
specific transcription factor Pit-1

R. Klein (Princeton, NJ, USA)
The trk gene family of tyrosine protein kinases:
functional receptors for the neurotrophic factors
NGF, BDNF, and NT-3

J. Bergeron (Montreal, Canada)
SSRa and associated calnexin are the major Ca++
binding proteins of the endoplasmic reticulum mem-
brane

G. Warren (London, U.K.)
Membrane traffic in animal cells

G.P. Georgiev (Moscow, Russia)
Metastasin 1 (mts1), the gene involved in
metastatic behaviour of tumour cells

B. Balch (La Jolla, CA, USA)
Studies of endoplasmic reticulum to Golgi transport
using perforated cells

S. Pfeffer (Stanford, CA, USA)
Reconstitution of endosome-trans-Golgi network
transfer in vitro

R. Jahn (Martinsried, Fed. Rep of Germany)
Synaptic vesticles and related organelles

P. Woodman (London, U.K.)
Fusion of endocytic vesticles in vitro

N. Lamb (Montpellier, France)
Mitotic induction in mammalian cells involves both
positive and negative phosphorylation pathways
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K. Morikawa (Osaka, Japan)
Three-dimensional structure of T4 endonuclease V:
an enzyme specific for excision repair of a
pyrimidine-dimer

E. Ungewickell (Martinsried, Fed. Rep. of Germany)
Adaptors and clathrin-coated vesicles

K. Howell (Denver, CO, USA)
Immuno-isolation

L. Wolpert (London, U.K.)
Evolution of development

E. Sztul (Princeton, NJ, USA)
Transcytotic vesicles in polarized cells

H. van Straaten (Maastricht, The Netherlands)
Role of the notochord in the development of the
floor plate and early neural tube neurons

M. Bienz (Zurich, Switzerland)
Transcriptional regulation of the ultrabithoras
homeotic gene in Drosophila

M. Schafer (Dusseldorf, Fed. Rep. of Germany)
Regulation of gene expression during Drosophila
spermatogenesis

B. Schwer (San Francisco, CA, USA)
PRP16 is an RNA-dependent ATPase that pro-
motes a conformational rearrangement in the
spliceosome

S. Gasser (Epalinges, Switzerland)
DNA replication and nuclear structure: an ARS
consensus binding protein

T. Bogaert (Singapore)
Molecular and genetic characterization of genes re-
quired for muscle pattern formation in Caenorhab-
ditis elegans

M. Connolly (New York, NY, USA)
(1) Visualizing molecular surfaces
(2) Quantitating the surface and shape of proteins



M. Samsonova (St. Petersburg, Russia)
Structure comparison and evolutionary relations be-
tween elongation factors IF-Tu (IF-1 a) and SUP2
proteins

A.R. Reddy (Hyderabad, India)
Stress response in rice: varietal differences

A. Spena (Cologne, Fed. Rep. of Germany)
The understanding of the hairy root disease: iden-
tification of the biochemical function of two plant
oncogenes

S. Jentsch (TObingen, Fed. Rep. of Germany)
Genetics of the ubiquitin system

Y. Ito (Kyoto, Japan)
Nuclear oncoproteins involved in regulation of DNA
replication

J. Clos (Bethesda, MD, USA)
The molecular structure of the Drosophila heat
shock transcription factor, and how it regulates the
cellular stress response

R. Sousa (Pittsburgh, PA, USA)
Preliminary alpha-carbon trace of T7 RNAP identi-
fies a "polymerase fold" as a unifying structure of
many polymerases

G.D. Fasman (Waltham, MA, USA)
Convex constraint analysis: a natural deconvolution
of circular dichroism curves of proteins

H. Tanaka (Tokyo, Japan)
Databases and organizing molecular biological data

M. Vicente (Madrid, Spain)
Expression of genes that code for division proteins

P. Fabrizio (Carlsbad, CA, USA)
The role of U6 snRNA in yeast pre-mRNA splicing

F.L. Shamanski (Cambridge, MA, USA)
Regulation of entry into S phase at fertilization in
Drosophila

N. Ktistakis (Dallas, TX, USA)
Two aspects of intracellular transport: (a) signal
sequences for endocytosis, and (b) the mechanism
of action of Brefeldin A

J. Brunner (Zurich, Switzerland)
Site-specific modification of proteins for photo
cross-linking

P. Fantes (Edingburgh, U.K.)
New elements of the mitotic control in fission yeast

H. Steller (Cambridge, MA, USA)
Control of neuronal cell number and development
of connectivity in the Drosophila visual system

S. Cohen (Houston, TX, USA)
Molecular genetics of limp development in
Drosophila

A. Mitraki (Cambridge, MA, USA)
Genetic analysis of protein folding and misfolding
in vitro

G.A. Peschke (Vienna, Austria)
The role of cytochrome c oxidase in obligately
phototrophic cyanobacteria

P. Cosson (Bethesda, MD, USA)
Transmembrane determinants for assembly and
degradation in the endoplasmic reticulum

M. Mann (Odense, Denmark)
State-of-the-art in the application of the new mass
spectrometric methods to protein chemistry and
perspectives on future developments

V.P. Skulachev (Moscow, Russia)
Sodium bioenergetics

J.F. de Celis (Madrid, Spain)
The role of Notch and Delta genes in wing vein
pattern formation in Drosophila

M. Evans (Cambridge, U.K.)
Embryonic stem cells
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C. Fritz (Worcester, MA, USA)
An in vivo system to study protein dimerization in
yeast: analysis of the HIV1 Tat-protein

I. Caras (San Francisco, CA, USA)
The signal for GPI membrane anchor attachment

M. Bishop (San Francisco, CA, USA)
Proto-oncogenes: biochemical and biological func-
tions

D. Di Maio (New Haven, CT, USA)
PDGF receptor activation and cell transformation
by the bovine papillomavirus E5 protein

M. Lord (Coventry, U.K.)
Ricin: structure, mode of action and therapeutic
applications

M. Stitt (Heidelberg, Fed. Rep. of Germany)
Use of transgenic plants to study the regulation of
photosynthetic carbohydrate breakdown and plant
growth

D. Picard (Geneva, Switzerland)
Hormonal regulation of steroid receptor activity

G. Gonnet (Zurich, Switzerland)
All against all protein sequence comparison using
novel computational methods

F. Dieterlen (Nogent-sur-Marne, France)
Interference of oncogenes with avian embryo de-
velopment

I.M. Fearnley (Cambridge, U.K.)
The application of mass spectrometry to the analy-
sis of the mitochondrial NADH-ubiquinone oxidore-
ductase complex

C. Hirschberg (Worcester, Mass, USA)
Topography of post-translational modifications in
higher and lower eukaryotes

E. De Curtis (San Francisco, CA, USA)
A laminin receptor involved in neurite outgrowth
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M. Goulding (G6ttingen, Fed. Rep. of Germany)
Pax genes: putative regulators of early vertebrate
neurogenesis

T. Krude (Constance, Fed. Rep. of Germany)
Replication of SV40 chromatin in vitro

G. Winter (Cambridge, U.K.)
Making antibodies from their genes

A. Helenius (New Haven, CT, USA)
Protein folding in the endoplasmic reticulum

D. Beach (Cold Spring Harbor, NY, USA)
Regulation of the cdc25 phosphatases

M. Spiess (Basel, Switzerland)
Intracellular sorting of the asialoglycoprotein recep-
tor

M. Karas (MOnster, Fed. Rep. of Germany)
Matrix-assisted laser desorption - a new technique
for mass spectrometry of biomacromolecules

R. Hynes (Cambridge, iviA, USA)
Genetic analysis of cell adhesion in flies and mice

J.M. Sowadski (San Diego, CA, USA)
Three-dimensional structure of the catalytic subunit
of protein kinase

H.L. Moses (Nashville, TN, USA)
c-myc and tumour suppressor genes: Role in TGF(3
growth inhibition

K. Kaibuchi (Kobe, Japan)
Ras p21-like small GTP-binding proteins in signal
transduction

E. Eriksson (Uppsala, Sweden)
Three-dimensional structure of human basic fibrob-
last growth factor (bFGF) to 1.6Aresolution

J. Walker (Cambridge, U.K.)
Structure of a complex membrane assembly -
mitochondrial NADH: ubiquinone oxidoreductase



G. Rubin (Berkeley, CA, USA)
The pathway of cell fate determination mediated
by the sevenless protein tyrosine kinase receptor
during Drosophila eye development

L. Meijer (Roscoff, France)
Cell cycle control in starfish and sea urchin eggs

U. Schibler (Geneva, Switzerland)
The regulation of liver-enriched transcription factors

V.V. Vlassov (Novosibirsk, Russia)
Oligonucleotide and polynucleotide affinity reagents
as tools for molecular biologists

A. Goffeau (Louvain-Ia-Neuve, Belgium)
A new proteolipid component in yeast plasma mem-
branes

J. Delcour (Louvain, Belgium)
Methylation of mRNA cap is essential in yeast

H. Beug (Vienna, Austria)
Conditional oncogenes as tools to study events in
epithelial polarization and carcinogenesis

B. Goud (Paris, France)
Role of the small GTP-binding protein Rab6 in
intracellular transport

H. Jackie (G6ttingen, Fed. Rep. of Germany)
From gradients to stripes: determination of cell fate
in the Drosophila embryo

A.M. Colson (Louvain, Belgium)
Structure-function relationships of cytochrome b
and cytochrome oxidase using a genetic approach

J.-F. Tocanne (Toulouse, France)
Lateral mobility of lipids and cell plasma membrane
organization

M. Philippe (Rennes, France)
Cloning by differential screening of a family of
proteins which could play an essential role during
Xenopus early development

D. Brown (Baltimore, MD, USA)
Amphibian metamorphosis

M. Noll (Zurich, Switzerland)
Specification of sense organs in Drosophila

A. Kimchi (Rehovot, Israel)
The use of interferons and TGT-j3 to study the
molecular mechanisms of cell cycle arrest

F. Gropp (San Francisco, CA, USA)
Signal recognition particle mediated translocation of
bacterioopsin

G. Thomas (Basel, Switzerland)
The mitogen/oncogene activated 70K S6 kinase: its
role during mitogenesis and meiotic maturation

M. Little (Heidelberg, Fed. Rep. of Germany)
Clonal selection from human antibody-libraries

M.V. Wiles (Basel, Switzerland)
ES cells, to mesoderm, to haematopoietic lineages

C. Wah (Houston, TX, USA)
Electron crystallographic studies of actin-
associated proteins

P. Comoglio (Turin, Italy)
The hepatocyte growth factor/scatter factor recep-
tor

H. Garoff (Huddinge, Sweden)
The formation and function of a viral membrane in
an animal cell

U. Fischer (Wetzlar, Fed. Rep. of Germany)
Near-field optical microscopy and related local
probe concepts

I. Grummet (Heidelberg, Fed. Rep. of Germany)
Molecular mechanisms regulating RNA poly-
merase I transcription

R.G. Cutler (Baltimore, MD, USA)
Biology of human aging and longevity
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T. Wirth (Heidelberg, Fed. Rep. of Germany)
Regulation of activation and expression of im-
munoglobulin genes

S.D. Dunn (London, Canada)
Subunit interactions in energy transduction by ATP
synthase

C. Niehrs (Los Angeles, CA, USA)
Cell fate determination by homeobox genes in
Xenopus laevis

F. Zorzato (Ferrara, Italy)
Physio-pathology of the ryanodine receptor/Ca2+
channel

R. Jaenisch (Cambridge, MA, USA)
Fate, commitment and differentiation of mouse neu-
tral crest cells
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Seminars-Hamburg

A. Thompson (Daresbury, U.K.)
The development of station 9,5 on the SRS wiggler

F. Oosawa (Nagoya, Japan)
The proton motor and ratchet model

G. Rosenbaum (Philadelphia, PA, USA)
Biological EXAFS and diffractions beamline X9 at
NSLS: design and some experiments

A.B. Legocki (Poznan, Poland)
Organisation and expression of plant genes in-
volved in symbiotic nitrogen fixation

H. Yoshimura (Tsukuba, Japan)
Two-dimensional crystallization of proteins on mer-
cury surface

Z. Otwinowski (New Haven, CT, USA)
Macromolecular diffraction - how to get the best
data

J. Oikarinen (Oulu, Finland)
Nucleotide regulation of histone H1 DNA binding.
Effect of phosphate analogues and lysine side
chain derivatization on nucleotide binding and hy-
drolysis

A. Vazina (Moscow, Russia)
The time-resolved investigation of muscle structure
during contraction

J. Sussman (Rehovot, Israel)
Three-dimensional structure of acetylcholin-
esterase



Seminars-Grenoble

J. Arnez (New Haven, CT, USA)
Interactions formed by glutaminyl-tRNA synthetase
with the acceptor stem of tRNAGin

P. Boulanger (Montpellier, France)
Self-assembly of adenovirus and HIV.1 capsid pro-
teins expressed in baculo virus-insect cell system

D. Blow (London, U.K.)
Structure of cholesterol oxidase: an enzyme of
steroid metabolism

B. Dobberstein (EMBL Heidelberg, Fed. Rep. of Germany)
Signals and receptors involved in protein translation
across the membranes - Location of the endoplas-
mic reticulum

J.A. Engler (Birmingham, USA)
Transport and processing of adenovirus fibre

F. Frowlow (Rehovot, Israel)
Macromolecular cryocrystallography. What for?
When? How?

J. Geiselmann (Paris, France)
The molecular mechanism of rho-dependent tran-
scription termination

E. Hewat (Grenoble, France)
Structural studies of bluetongue virus and baculo
virus by cryoelectron microscopy

A.J. Hay (London, U.K.)
The function of the M2 protein in influenza A virus
infection and its specific inhibition by amantadine

J.N. Jansonius (Basel, Switzerland)
Spatial aspects of vitamin B6-assisted enzymic
catalysis

R. Kahmann (Berlin, Fed. Rep. of Germany)
The function of Gin and Fis in site-specific recom-
bination

F. Kamenetskii (Moscow, Russia)
Triple-stranded DNA

K. Larsen (Cambridge, MA, USA)
Metal-ion inhibitors of carboxypeptidase: specificity
and site of interaction

G. Laver (Canberra, Australia)
The molecular basis of variation and virulence in
influenza virus

M. Mirande (Gif-sur-Yvette, France)
Domain structure of eukariotic aminoacyl-tRNA
synthetases: implications

K. Nagai (Cambridge, U.K.)
Crystal structure of the U1 small nuclear ribonucle-
oprotein A and mapping of its RNA binding surface
by mutagenesis

Z. Otwinowski (New Haven, CT, USA)
Image plate detectors in protein crystallography:
past experience, future projects

D. S611 (New Haven, CT, USA)
What determines the identity of transfer RNA?

M. Takahashi (Strasbourg, France)
Etude structurale par dichro"lsme lineaire de com-
plexe ADN-recombinase RecA

A. Takenaka (Tokyo, Japan)
Role of elementary interactions in protein-nucleic
acid recognition

S.C. West (Herts, U.K.)
Genetic recombination in E.coli: the formation and
resolution of holliday junctions in vitro

J.C. Willison (Grenoble, France)
Biochemical-genetic studies of nitrogen fixation in
the photosynthetic bacterium Rhodobacter capsu-
latus

R. Zocher (Berlin, Fed. Rep. of Germany)
Biosynthesis of the fungal N-methyl-peptides en-
niatin and cyclosporin and related compounds
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Courses 1991 3.3.-13.3.1991

26.5.-5.6.1991

23.6-4.7.1991

8.7.-13.7.1991

18.7-1.8.1991

6.10-17.10.1991

CELLULAR AND MOLECULAR
BIOLOGY OF YEAST
O. Fasano, E. Hurt, R. Serrano &
D. Tollervey

ANTIBODIES IN CELL BIOLOGY
B. Burke, B. Geiger & T. Kreis

SUBCELLULAR FRACTIONATION
OF TRANSPORT VESICLES
J. Gruenberg, B. Hoflack &
A. Wandinger-Ness

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

ELECTRON MICROSCOPY IN
MOLECULAR CELL BIOLOGY
OF CELLS AND TISSUES
G. Griffiths & R. Parton

ADVANCED DIGITAL LIGHT
MICROSCOPY
J. De Mey & E. Stelzer

The following courses, conference and symposium were
held at the EMBL in Heidelberg in 1991:

EMBL Course

13.11.-23.11.1991 DNA SEQUENCING:
APPROACHES, AUTOMATED
METHODS AND ANALYSIS
W. Ansorge, T. Kristensen,
B. Sproat & H. Voss

EMBL Conference

26.8.-30.8.1991

EMBO Courses

EXPLORING GENOME
INFORMATION
H. Bilofsky

21.8.-25.8.1991 MOUSE MOLECULAR
GENETICS
D. Hanahan, R. Palmiter,
U. ROther & E. Wagner

EMBO Annual Symposium

20.1.-28.1.1991
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DNA-PROTEIN INTERACTION
D. Bohmann, R. Di Lauro, I. Mattaj,
P. Monaci & A. Nicosia

16.9-19.9.1991 MOLECULAR MECHANISMS
OF SIGNAL TRANSDUCTION



Collaborative Projects with other Laboratories

Staff member Collaborator Laboratory Country

Cell Biology

K. Simons S. Bhakdi University of Mainz, Mainz Fed. Rep. Germany

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

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

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

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

B. Dobberstein T. Rapoport Central Inst. of Mol. Biology, Fed. Rep. Germany
Academy of Science, Berlin

W. Huttner J. van Mourik CLB, Amsterdam The Netherlands

W. Huttner T. Pfeuffer University of WOrzburg, WOrzburg Fed. Rep. Germany

W. Huttner P. Rosa University of Milan, Milan Italy

W. Huttner J.G. Scammell University of South Alabama, Mobile U.S.A.

W. Huttner L. Scopsi INT, Milan Italy

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

J. Gruenberg A. Aspnas University of Turku, Turku Finland

J. Gruenberg K. Blomberg Wallac Oy, Turku Finland

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

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

J. Gruenberg P. Melangon University of Colorado, Boulder U.S.A.

J. Gruenberg J. Rothman Sloan-Kettering Memorial, New York U.S.A.

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

B. Hoflack F. Brodsky UCSF, San Francisco U.S.A.

B. Hoflack B. Goud Pasteur Inst. Paris, Paris France

B. Hoflack P. Lobel Rutgers University, Piscataway U.S.A.

T. Kreis V. Allan MRC-LMB, Cambridge U.K.

T. Kreis W.E. Balch Res. Inst. Scripps Clinic, LaJolla U.S.A.
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Staff member Collaborator Laboratory Country

T. Kreis R.D. Klausner NIH, Bethesda U.S.A.

T. Kreis V. Malhotra UCSD, LaJolla U.S.A.

T. Kreis J. Slot University of Utrecht, Utrecht The Netherlands

T. Kreis B. Storrie Virginia Polytech. Inst., Blacksburg U.S.A.

T. Kreis G. Warren ICEF Laboratories, London U.K.

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

E. Karsenti M. Bornens CNRS, Gif-sur-Yvette France

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

E. Karsenti M. Doree CNRS-CRBM, Montpellier France

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

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

G. Griffiths R. Draper University of Texas, Dallas U.S.A.

G. Griffiths H.-P. Hauri Biocentre, Basel Switzerland

G. Griffiths vv. Neupert University of rviunich, Munich Fed. Rep. Germany

G. Griffiths P. Rottier University of Utrecht, Utrecht The Netherlands

G. Griffiths A. Virki University of California, San Diego U.S.A.

E.C. Hurt W. Herth University of Heidelberg, Heidelberg Fed. Rep. Germany

S.D. Georgatos G. Blobel Rockefeller University, New York U.S.A.

S.D. Georgatos M.M. Portier College de France, Paris France

S.D. Georgatos K. Radsak University of Marburg, Marburg Fed. Rep. Germany

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

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

M. Zerial S.R. Pfeffer Stanford University, Stanford U.S.A.

Differentiation

T. Graf F. Cormier & Inst. for Mol. and Cell. France
F. Dieterlen-Lievre Embryology, Nogent-sur-Marne

T. Graf P. Chambon Inst. of BioI. Chemistry, Strasbourg France
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Staff member Collaborator Laboratory Country

T. Graf J. Ghysdael Curie Inst., Orsay France

T. Graf D. LePrince, C. Queva, Pasteur Inst. at Lille, Lille France
B. Vandenbunder &
D. Stehelin

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

T. Graf J. Lipsick SUNY, Stony Brook U.S.A.

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

T. Graf K. Weston Chester Beatty Res. Inst., London U.K.

T. Graf H. Wolfes Med. School, Hannover Fed. Rep. Germany

U. ROther K. Beyreuther 2MBH, Heidelberg Fed. Rep. Germany

U. ROther G. Ciliberto IRBM, Rome Italy

U. ROther B. Fleckenstein University Erlangen-NOrnberg, Fed. Rep. Germany
Erlangen

U. ROther W. Franke DKFZ, Heidelberg Fed. Rep. Germany

U. ROther W. Huttner University Heidelberg, Heidelberg Fed. Rep. Germany

U. ROther D. Huylebroeck InnoGenetics, Gand Belgium

U. ROther D. Komitowski DKFZ, Heidelberg Fed. Rep. Germany

U. ROther B. Kyewski DKFZ, Heidelberg Fed. Rep. Germany

U. ROther M.-G. Mattei Centre for Medical Genetics, Marseille France

U. ROther E. Wagner IMP, Vienna Austria

S. Courtneidge J. Cooper The Fred Hutchinson Research Inst., U.S.A.
Seattle

S. Courtneidge J. Feuteun Gustave-Roussy Inst., Villejuif France

S. Courtneidge E. Wagner IMP, Vienna Austria

S. Courtneidge M. Waterfield Ludwig Inst. for Cancer Research, U.K.
London

O. Fasano V. Bocchini University of Naples, Napels Italy

O. Fasano A. Parmeggiani Polytechnical School, Palaiseau France

D. Duboule D. Boncinelli 11GB, Milan Italy
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View along the four-fold axis of the tetrametic neuraminidase
molecule from influenza virus strain B/Beijing/1187. In green is
shown the location of bound sialic acid, the enzyme reaction
product. The green spheres are calcium ions, one on the four-
fold axis and one in each of the sub-units near the active site.
The structure was solved and refined at 2.2 A resolution at the
Grenoble Outstation of EMBL.




