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Computer-reconstructed images showing the expression domains
of various mRNAs encoded by the HOX-5 genes during mouse
limb development. The arrow indicates the plan of section and the
yellow and red colours show increasing amounts of transcripts.
The different genes encoding these mRNA transcripts are shown

below as boxes. This composite picture shows that the proximo-
distal specificity of expression of these genes is colinear with the
physical ordering of the genes along the complex. For further
information see the report by D. Duboule (p. 48) in the Research
Reports 1989. (Photo: C. Boulin)
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Comments by the Director-General

For a long time I believed that the comments on 1989
would be my last ones. At the beginning of the year,
however, EMBL Council could not unite about a successor
and asked me to guide the Laboratory for five more years.
I can only hope that the Danish proverb will not apply:
"Serve well for nine years and poorly for the tenth and
you will receive ingratitude for all". I want to thank the
EMBL Council for the confidence and I will try to serve the
Laboratory to the best of my ability. I accepted, however,
with some hesitation since I believe that the policy and the
research environment of the Laboratory have now reached
a form well adapted for its purposes and I have thus made
myself dispensable. At the same time I can see numerous
new projects for the organization of basic research in
molecular biology in a united Europe which should be sup-
ported during the next 5-year period. The opening of the
borders towards the East and the progressing unification of
Western Europe might ultimately lead to a much stronger
base for science provided that we can pool our resources
and recognize scientific excellence irrespective of national
borders or cultural background. The EMBO as well as the
Laboratory might make a very significant contribution to
this unification process which, if successful, might give
Europe a leading role in the biological sciences.

As a sign of this willingness to collaborate in Europe the
EMBL Council at the end of the year essentially accepted
the proposed budget for 1990 and at the very last moment
the 15th Member State, Belgium, joined the EMBL Council.
The EMBL is now seeking the accession of Iceland and
Ireland which are the only EMBC Member States that have
not yet joined the EMBL. Both organizations might thus
soon have the same Member States perhaps calling for
a fusion of EMBC and EMBL into a single international
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intergovernmental organization that will provide the bud-
get for EMBO grants and fellowships, and funds for the
Laboratory. Such a fusion of EMBC and EMBL Council
into one organization representing basic molecular biology
would facilitate attempts to solicit additional support for this
research area both from national governments, the Eu-
ropean Community, EUREKA and the European Science
Foundation.

Expansion of European collaboration in
molecular biology

At present major programmes in molecular biology are
sponsored not only by EMBO and EMBL and their gov-
ernmental organizations, EMBC and EMBL Council but
also by the European Community, the EUREKA and other
organizations. At the same time there is a strong urge to
integrate further European science along with domestic
markets and industrial enterprises. The recent plans to
sequence the human genome also require international
collaboration in molecular biology and the scientists have,
therefore, established the Human Genome Organization
(HUGO) modelled on the EMBO.

EMBO/EMBL expansion

It is thus appropriate to renew and review some of the
previous proposals designed to promote further integration
of basic research in molecular biology. Such efforts should
be aimed at removing some of the major obstacles that
currently impede closer interaction between the European
national states. First the research funds available to the
European Community and similar organizations are largely
earmarked and targeted towards applied rather than basic
research. Secondly the traditional structure of the Euro-
pean universities raises great difficulties in adapting to
the flexible and highly diverse research environment de-
manded by current molecular biology. It has been partic-
ularly hard to establish support for postdoctoral positions
which are open to young scientists on an international ba-
sis and which extend for more than 2 years after the Ph.D.
Thirdly most European universities make it very difficult for
young scientists to become scientifically truly independent
since research grants are awarded to senior investigators



who thereby keep control. Finally several emerging re-
search fields such as neurobiology, developmental biology,
plant molecular biology and protein engineering require co-
ordinated investments on a supranational scale if Europe
wants to improve its competitiveness in these important
areas.

The proven scientific and administrative capabilities of
EMBO provide an alternative in achieving European col-
laboration in basic science. Of immediate concern is an
upgrading of the postdoctoral and predoctoral programmes
of EMBO and the EMBL. It is also desirable to distribute
European research grants using scientific criteria for se-
lection. To increase mobility of scientists between the Eu-
ropean countries, EMBO investigatorships similar to those
of the Howard Hughes Medical Institute in the USA might
be introduced. It would be desirable that such awards
were used to transfer whole research groups from one
country to another to strengthen the integrated research
environment within the universities or research institutes.
Finally a network of EMBLs would help to unite European
science in a supranational effort in this field.

The EMBO and EMBL together are, therefore, currently
formulating plans for a substantial increase in the support
from the Member States, and also from the European
Community, to provide European support for basic molec-
ular biology and contribute to an integrated Europe before
the end of the century.

A European institute of bioinformatics

Likewise there is a need to expand the information services
in biological research. Academic and industrial research
in a wide variety of fields including basic biology, med-
ical diagnostics and agriculture are already completely
dependent on bibliographic and factual data bases. Patent
offices and patent agents now need to search up-to-date
unambiguous information sources to establish originality
and priority of scientific discoveries. Data generated by the
human genome project and by other large-scale sequenc-
ing projects will undoubtedly increase these needs. In the
USA dedicated centres are established to respond to these
demands and a new biotechnology information centre is
planned in Bethesda, Maryland, in the near future.

European basic science as well as industry clearly need
comparable data resources but there is as yet no clear
plan as to how they should be provided. The search for
a solution is, therefore, urgent. Based on our experience
with the EMBL Data Library which has provided molecular
biology information services since 1980, we propose that
a European centre for information in molecular biology, a
European Institute of Bioinformatics, should be established
soon. The centre should be charged with the task of pro-
viding comprehensive information services for European
molecular biologists working in the commercial, public and
academic sectors. Given EMBL's experience in this area
and the pool of expertise in molecular biology located at
EMBL the new institute should ideally be linked to EMBL
and also geographically close to it. This institute should
be responsible for the service aspect of bioinformation
and have a strong role in the research on hardware and
software development which is necessary for this activity.
Some of the main tasks of this institute will be maintenance
of a nucleotide sequence data base, collection and integra-
tion of several other data bases and easy access in Europe
to the data, as well as consultancy and user support for
the service. To achieve this, new software and hardware
as well as analysis packages must be developed. The
EMBL believes that such an institute must be functional
within the next 4 years because by that time the service
aspects of the current EMBL Data Library will significantly
encroach on the resources available for basic science
within the EMBL. The EMBL is currently formulating a
specific proposal and hopes that the institute will be funded
from a variety of sources such as the Member States, the
European Community, EUREKA, the European Science
Foundation as well as the chemical, pharmaceutical and
the information industry.

Intracellular protein transport

Last year basic research at EMBL flou rished and several
significant scientific contributions were achieved. Mem-
brane traffic has been studied in the Cell Biology Pro-
gramme for a long time by following differential sorting
of both cellular and viral proteins along the secretory
and endocytotic pathways. In vitro assays have provided
important tools to dissect these pathways involved in dis-
tributing proteins and lipids to the right destination in the
cell.
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The structure of the signal recognition particle is being
studied at EMBL and recent results suggest that the protein
(54 kDa) in the signal recognition particle (SRP) recogniz-
ing the receptor in the endoplasmic reticulum (ER) like the
receptor itself contain a GTP-binding domain. GTP-binding
proteins have also been identified in membrane vesicles
involved in intracellular transport. A whole family of such
proteins has been cloned and they all contain a sequence
domain which is similar to other GTP-binding domains.
Signal decoding and translocation might, therefore, require
GTP hydrolysis, which offers a potential proof-reading
mechanism to improve fidelity of signal recognition. A
similar mechanism might be involved in the vesicular
transport of proteins to and from the Golgi complex as
well as the sorting of the proteins to the different parts
of the plasma membrane. These GTP-binding domains
have great similarity to the Ras protein domain already
shown to be involved in signal transduction in mammalian
cells. This forms an impetus for collaboration between the
Cell Biology and the Differentiation Programmes. Within
the latter the Ras protein has been studied in detail both
in yeast and in mammalian cells. Since the structure of
the Ras protein has recently been determined to high
resolution with and without a bound nucleotide, a direct
connection to the Biological Structures Programme can
also be foreseen. It will be interesting to determine the
structure and the physiological details of this family of
GTP-binding proteins since they might be involved in
several steps of intracellular protein transport. Through
collaboration between the Cell Biology and the Biological
Structures Programmes a new intracellular receptor for
protein translocation was recently identified. Some proteins
involved in protein folding or assembly are retained in the
endoplasmic reticulum to facilitate assembly of newly syn-
thesized polypeptides. These ER resident proteins contain
a 4 amino-acids long retention signal at the C-terminus
initially recognized by Dr. Hugh Pelham (MRC Cambridge)
the EMBO Medal awardee in 1989. Through an elegant
approach involving the production of anti-idiotypic antibod-
ies by in vitro immunization, EMBL scientists were able to
identify the receptor in a compartment between the Golgi
and the ER. The anti-idiotype antibody could recognize the
receptor because its binding site mimicked the retention
signal. A Greek group leader, Spyros Georgatos, from the
Rockefeller University in New York will join the Cell Biology
Programme early in 1990. He will bring further strength to
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the studies on the organization of the nucleus pursued in
the Programme.

Limb development

Within the area of developmental genetics the EMBL has
recently recruited three research groups forming an inter-
active focus on limb development in mouse and chicken.
One group is screening transgenic mice which exhibit
abnormalities due to the insertion of foreign DNA. They
have found a genetic locus which affects limb development
in the mouse and they are now identifying and charac-
terizing the relevant genes. One of them seems to be
a:gene previously identified in mice with an abnormality
in limb development, the so-called Xt (extra toe) gene,
which may have a human counterpart in the Greyg syn-
drome. Another group is studying embryonic development
of-chickens since avian embryos are more accessible than
those of the mouse. They are also focusing on genes which
are specifically expressed in developing limbs. The group
leader (Rolf Zeller) has, before he came to the EMBL,
identified one of the essential genes for limb development
in the mouse which he is planning to study in chickens.
A third group is interested in homeobox containing genes
expressed during mouse development. This work is based
on the assumption that these genes are as crucial for
vertebrates as their Drosophila counterparts are for insect
development. This assumption is supported by their recent
finding that members of the HOX-5 gene complex are ex-
pressed in an orderly pattern in both the mouse trunk and
developing limbs, suggesting that they determine spatial
coordinates for the major body axes. There seem to be 7
contiguous members of the HOX-5 gene complex in the
mouse and mapping of their expression patterns by in situ
hybridization suggests that each gene has a characteristic
spatial domain and time of activation. Since the anterior-
posterior axis of limb development has been thought to be
determined by the concentration of retinoic acid emitted
by the cells in the polarizing zone, it is of interest that
retinoic acid receptors have also recently been shown
to be expressed in the developing limbs. The possibility
therefore arises that the expression of the HOX-5 genes
which probably encode transcriptional activators, might be
triggered by retinoic acid during morphogenesis. The work
on retinoic acid receptors and response elements within



the Gene Expression Programme might nicely complement
these studies. The new focus on limb development may
lead to a close collaboration between these 3 groups and
also with other groups working on transcriptional activation
in the Differentiation and in the Gene Expression Pro-
grammes.

Besides Rolf Zeller coming from a postdoctoral training
at Harvard Medical School, the Differentiation Programme
has during the last year recruited Dirk Bohmann previously
at the University of California, Berkeley. He is interested
in mechanisms of signal transduction leading to transcrip-
tional activation particularly using the response of the jun
and the fos genes as models. Another new group leader,
Giulio Draetta will join the Differentiation Programme early
in 1990 after postdoctoral training at Cold Spring Harbor
Laboratory. He will study growth control in mammalian
cells, especially the role of cellular kinases and phos-
phatases during cell cycle regulation.

Killer pores in bacteria

Colicins are plasmid encoded proteins which kill bacteria
closely related to the producing strain. Many colicins are
composed of structural domains specialized for targeting,
translocation or killing. The majority of the colicins per-
meabilize the cytoplasmic membrane thereby destroying
the cell membrane potential. Such colicins form gated
ion channels in artificial membranes. In all systems the
proteins are synthesized in a soluble form which is tar-
geted to the appropriate membrane by specific interactions
with protein receptors. The colicins are finally inserted or
translocated through the membrane by a complex machin-
ery which requires cell energy. The pore-forming colicins

soluble in water in a monomeric form facilitating crystal-
lographic studies. Although the complete 60 kDa molecule
contains 3 functionally distinct domains, interest has fo-
cused on the C-terminal domain, comprising around 200
amino-acids, since this contains the pore-forming activity.
It can easily be recovered by proteolytic cleavage of the
intact colicin. The structure of this domain of colicin A has
been determined at EMBL and it can be described as a
bundle of 10 a-helices which are arranged in 3 layers. Two
a-helices are completely buried and consist of hydrophobic
residues only. The apparent paradox that colicin can exist

both as a water-soluble and a membrane protein is thereby
resolved. The hydrophobic stretch in the middle adopts a
helical hairpin which is retained within the protein. Recent
results using CD spectroscopy suggest that the conforma-
tional change associated with membrane insertion leads to
reorientation of these two helices rather than a complete
reorganisation of the polypeptide chain. Positively charged
residues may be responsible for the proper orientation
of this hydrophobic hairpin towards the membrane plane.
The structure of other colicins is soon to be expected.
A ,B-sheet pore-forming protein, aerolysin, has also been
crystallized and is being solved. This entire field may open
a new understanding of ion channels and the mechanism
of gating by membrane potential. Since several mutants
are available molecular interpretation of their effect on pore
function can now be reached. These results might also
have a bearing on the molecular mechanisms that are
involved in membrane insertion and membrane excitability
in other systems like yeast and mammalian

Structure of muscle proteins

Actin is one of the most abundant proteins in nature,
present in all eukaryotic cells, and is involved in a wide
variety of different processes, e.g. muscle contraction, cell
mobility, modulation of cell shape, attachment of cells
to substrates or intracellular transport. Its structure and
function, and in particular its role in muscle contraction,
has been studied intensively. The major problem in ap-
plying crystallographic techniques has been the tendency
of monomeric G-actin to polymerize, which prevents for-
mation of crystals. This problem was overcome by co-
crystallization with DNase I or other cellular proteins which
form stable complexes with G-actin.

The x-ray structure analysis of the actin-DNase I complex
crystals was straightforward at low resolution (6A and
4.5 A, respectively), but the extension to higher resolution
turned out to be difficult and time-consuming. A major
breakthrough came with the availability of area detectors,
which allowed the collection of a complete 3.5 Adata set
with reasonable statistics from one single crystal.

In a collaborative project between several scientists at the
Max-Planck Institute for Medical Research in Heidelberg
and one group at the EMBL, a 3.5 A electron density
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map was recently calculated on the basis of two high and
several low resolution derivatives, and was interpreted in
a cyclic procedure combining the phase information from
the derivatives with that of a partial model and gradually
extending the resolution. Actin obviously consists of two
clearly separated domains of different size with the ade-
nine nucleotide (ADP or ATP) bound in the cleft between
the domains. The small domain is formed by residues 1
to 140 and 338 to 372, i.e. it contains both the N- and
the C-terminus. Both domains contain a 5-stranded, mixed
t3-sheet which is surrounded by helices. The topology is
the same in both sheets and has also been found in
hexokinase, like actin a bi-Iobal protein with ATP bound
in the cleft. Whether the crystal structure represents the
G-actin-ATP, the F-actin-ADP or some intermediate con-
formation has not yet been unequivocally established.

Chemical cross-linking as well as NMR and immunochem-
ical experiments have shown that many proteins, including
the myosin head fragment 81, predominantly interact with
residues close to the N-terminus or in some cases near
to the C-terminal end. The small domain of actin as seen
in the x-ray structure, therefore, seems to represent the
'1unctional" domain, whereas the large domain appears to
be mainly responsible for actin-actin contacts in the F-actin
filament. Genetically engineered actin domains will next be
over-expressed and complexed with myosin S1 fragments
to study actin-myosin interaction.

The combination of x-ray, electron microscopy and gene
technology approaches within the Biological Structures
Programme has also been used to study the structure
and function of arthrin, zeelin, titin and spectrin. Paul
Tucker from Physical Instrumentation was promoted to
group leader in charge of area detectors, graphics and
other supporting equipment in the Biological Structures
Programme. A group leader focusing on molecular genet-
ics, Matti Saraste from Helsinki University, will also join
this Programme in 1990. The Biological Structures Pro-
gramme, comprising 11 groups, with 5 in crystallography,
3 in electron microscopy and 3 in molecular genetics,
has now reached its final size. It is closely collaborat-
ing with other programmes within the EMBL to provide
three-dimensional structures of several interesting biologi-
cal proteins involved in membrane transport, transcription
activation or muscle contraction.
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Anti-sense probing of ribonucleoprotein structure

A central question pertaining to the mechanism and reg-
ulation of RNA splicing concerns the specific function of
trans-acting factors in the splicing process. The major
trans-acting factors are the U class of small ribonucleopro-
tein particles. These are assembled with pre-mRNA and a
number of other protein factors along an ordered pathway
to form an active spliceosome. Through a collaboration
between the Biochemical Instrumentation and the Gene
Expression Programmes anti-sense 2'-O-methylated RNA
oligonuleotides have been developed. They can be used
as a powerful affinity matrix for selection of RNPs and
consequently for studying snRNP structure and function,
since the oligonucleotides are extremely resistant to nucle-
ase degradation. They have been used to probe structure
and function of the U1 and U2 RNPs and also more
recently the U4-U6 snRNP particle. For the latter there
are no other specific tools available. The results indicate
that the structure of the U4-U6 RNP differs between com-
plexes containing the intermediates of the splicing reaction,
i.e. the spliceosome, and the complexes containing the
splicing products. Previous data suggest that the U4-U6
RNP may be destabilized during spliceosome assembly
resulting in specific release of the U4 snRNP prior to 5'
splice site cleavage. Affinity selection on oligonucleotides
favours instead the idea that the U4 snRNP is confined to
the complex but changes in structure resulting in increased
accessibility of U4 RNA sequences in the post-splicing
complex. This unmasking of U4 (and U6) RNA during
splicing may well have consequences for catalysis of the
reactions involved in either cleavage or ligation of the
pre-mRNA substrate.

Further analysis of these ribonucleoprotein particles within
the Gene Expression Programme has recently demon-
strated that some U snRNPs, in particular U6, are more
abundant in germ cells and early embryos of Xenopus
than in somatic cells. The U6 RNP in oocytes is associated
with only a single protein whereas it is complexed with U4
RNA and several proteins in somatic cells. Although the
mig ration from the cytoplasm to the nucleus of other U
RNPs has previously been associated with the proteins
binding to an internal region of the U RNA, the U6 RNP
found in the germ cells with only one polypeptide can still
migrate into the nucleus. The germ cell U6 RNP could,



however, not form the U4-U6 RNP interaction observed in
somatic cells.

A new group leader, Matthias Hentze, joined the Gene
Expression Programme in 1989 after postdoctoral training
at the NIH. He is studying translational control of gene
expression, focusing on the iron-mediated translational
control mechanism.

Instrumentation close to biological projects

The Physical Instrumentation Programme was reviewed in
April and the review board recommended strengthening
the work both on electron and confocal microscopy. Ernst
Stelzer and Max Haider have both been promoted to
group leaders based on the review report and Christian
Boulin has been made a Senior Scientist at the EMBL.
All the group leaders in Physical Instrumentation have
subsequently received a joint appointment in one of the
basic science Programmes to strengthen the interaction
between instrumentation and the biological projects.

A collaborative project with groups in the United Kingdom
and the Federal Republic of Germany has been initiated
to establish the requirements for a cryo-TEM allowing high
resolution analysis of two-dimensional crystals. The Phys-
ical Instrumentation Programme should, as suggested by
the review, in future focus on electron and light microscopy
with the goal of providing high resolution electron micro-
scopes and sophisticated three-dimensional light micro-
scopes. The microcomputer group should, as before, work
in close collaboration with other groups within the EMBL.

The Biochemical Instrumentation Programme has already
established a close link to the biological projects and also
provides a service core facility for all groups working at
EMBL. At the same time it has contributed to instrument
development and, as indicated before, major progress has
been made on automatic DNA sequencing, oligonucleotide
and peptide syntheses. This Programme has during 1989
added around 1 million DM to the Laboratory budget
through internal manufacture and royalties. It appears
therefore that this Programme, at least during the past
year, was almost self-supporting. Of special interest is
the collaboration between the Biochemical Instrumentation

and Biocomputing Programmes, as well as a group at the
Baylor College of Medicine, Houston University, on the se-
quencing of the HPRT gene on the human X-chromosome,
covering 60 kilobases. Through automated techniques in-
volving all steps from plasmid sequencing, filling gaps with
the PCR-technique and modified software for computer
storage, this gene was sequenced over a 6-months' period
including strict control of the correctness of the sequence.
The necessity to automate all steps in the sequence effort,
from plasm id DNA preparation to sequence storage in the
database, has been established through this trial project.
Additional development in genome mapping techniques is,
however, required to contribute to some of the genome
sequencing projects presently considered. The EMBL is in
1990 organizing a workshop to lay down the requirements
for sequencing the S.pombe genome in an international
collaborative effort. Wilhelm Ansorge in this Programme
was appointed a Senior Scientist at the EMBL.

Close interaction between Biocomputing
and Biological Structures

The theoretical groups in the Biocomputing Programme
focus at present on protein folding, protein design and
protein engineering. Model building by exploiting homol-
ogy and using advanced data base techniques has been
both successful and practically useful. A prediction of im-
munoglobulin and antigen binding sites and refined meth-
ods to understand the sequence and structural relationship
between distantly related proteins are notable contribu-
tions. A new software program called "Scrutineer" has
recently been made available, which allows comparison of
motifs and profiles in protein databases. This work should,
however, ideally be extended by collaboration between
the theoretical groups and those involved in expression,
cloning and structural determination. Such collaborations
have been established within EMBL on the Rop protein
and DNase I. Important new activities on the theoretical
side should lead to a careful planning of point and do-
main mutations based on structural knowledge for in vivo
testing of protein function and expression. Through cycles
of protein design and redesign a gradual understanding
of the basic principle of protein folding may be achieved.
Also in other areas like analysis of zinc finger motifs,
leucine zippers and other DNA binding domains theoretical
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biologists require a close collaboration with the Biologi-
cal Structures Programme. We will investigate new and
alternative ways to foster and expand this collaboration
between the theoretical and structural biologists.

The EMBnet

The other activities within the Biocomputing Programme
are closely connected to the Data Base services. For the
immediate future the integration of different data bases is
the most important task. Data bases of DNA sequences,
genetic maps, physical maps, protein sequences, three-
dimensional protein structures, protein families and do-
mains should all be linked and totally integrated. A com-
puter network linking a series of satellite sites in the various
European Member States has already been established
through the EMBnet. These sites make data and software
obtained from the EMBL, or in the future a European Insti-
tute of Bioinformatics, available to users within their Mem-
ber State but they should also participate in the technical
developments. Through EMBnet update copies of the data
bases are provided via the network on a regular basis. The
network should also enable users to access machines at
other sites throughout Europe, for example to use special
purpose hardware or software available at only a few sites.
Such a network could also provide an international com-
puter conferencing system. Each of the satellite sites could
provide other useful services particularly in the area of user
support and education. The EMBnet that was initiated last
year by EMBL now involves most of its Member States and
provides a possible model for future network and satellite
site activities. The EMBnet has now become so successful
that the nodes have together asked for support from the
European Community to set up the local sites both with
hardware, personnel and software. Even commercial data
bases that offer molecular biology data as part of their
services could be included among the satellite sites and
could be updated automatically over EMBnet. All this will
help to keep the original data in the public domain. This is
necessary since the time may soon come when scientific
journals and books refuse to publish primary data on which
many of the conclusions are based. The EMBL is happy
to note that more and more journals are now recognizing
the necessity of making data submission to a data bank
mandatory for publication of an article.
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The Outstations

After the termination of Bernard Jacrot's term as head of
the Grenoble Outstation Stephen Cusack was appointed
acting head of the Outstation. The EMBL is very grateful
for Dr. Jacrot's devoted and faithful services. The outstand-
ing contribution of the Outstation was the high resolution
structure of the serine amino-acyl tRNA synthetase from
E.coli. This structure shows interesting differences from
previously known tRNA synthetase structures.

Negotiations with the European Synchrotron Radiation Fa-
cility (ESRF) continue to define the role of the EMBL at this
synchrotron source. It is already evident that the Grenoble
Outstation will be an attractive site for a major biological
structure programme involving access to the ILL neutron
source as well as the ESRF synchrotron source. The
national activities in biochemistry, structural biology and
molecular genetics are also strong in Grenoble and the old
plans about creating a second EMBL in Grenoble focusing
primarily on structural biology should be rediscussed.

In the Hamburg Outstation the imaging plate scanner de-
signed and built in-house is working very well and attempts
have now been made to commercialize this equipment.
The plan for the relocation of the beam-lines X11 and X13
presently situated in the EMBL bunker to take radiation
from the electron beam of the DORIS ring is going ahead
and the EMBL Council has agreed to support at least
one wiggler station on the by-pass together with all other
beam stations. Hopefully in 1991 the EMBL will have all
its beam-lines including the new wiggler receiving radiation
generated by the electron beam and usable throughout
main and parasitic time. Yuichiro Maeda was appointed
group leader in 1989 to strengthen the work in the muscle
field.

EMBL beyond the year 2000

There is a tendency for industry to fuse activities to obtain
marketing advantages and thus keep its position in a
competitive society. Of the 17 EMBC Member States 15
are now members of EMBL. Once the Member States of
the two organizations are the same, which hopefully will
occur shortly, it might be appropriate to fuse them into



one international organization. This would eliminate the
uncertainties about the role of EMBC and EMBL in the
eyes of the politicians and the scientists in our Member
States. After this has been accomplished the possibility
of extending the EMBO/EMBL activities should be con-
sidered. One strong international organization based on
scientific excellency and peer review, and only devoted
to basic research in molecular biology will, of course,
require additional support in a unified Europe over the
next decade. It is clear that the European Community with
its interest in applied science and technical development
will expand its programmes considerably during the next 5
years. Will then many of the small European organizations
be engulfed by the Community or can they defend a
separate identity? EMBO/EMBL, with more Member States

than the European Community and with a focus on basic
research, should be able to survive provided that a need
for support to basic science separately from that required
for the applied and industrial sector is recognized. Basic
science, without any earmarked funds, needs considerable
support because it is impossible to predict where the major
breakthroughs are going to be made. In most industrialized
countries science is supported at the level of around 2%
of the gross national product and basic science at the
European level should receive a non-negligible fraction of
these funds. After all basic science is not only an elegant
dessert, but the very yeast of the dough of life.

L. Philipson
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United we stand - divided we fall

In the beginning there was EMBO, then the EMBC, and
finally the EMBL. The beginning was a meeting in Italy
at Ravello in September 1963 when, after earlier informal
discussions, a number of the leading molecular biologists
in Europe organized themselves into the European Molec-
ular Biology Organization: the EMBO was incorporated
the next year in Geneva under Swiss' law as a nonprofit
organization. The European Molecular Biology Conference
(EMBC), in contrast to the EMBO an intergovernmental
organization, came into existence in 1970, and the EMBL
achieved an independent legal status in July 1974. Be-
tween 1970 and 1974 the Laboratory had the status of a
special project of the EMBC.

Why in 1974 did it seem desirable and pragmatic to es-
tablish the EMBL as a distinct legal entity quite separate
from the EMBC, rather than have EMBL as another ac-
tivity within EMBC? The reasons were, I believe, basically
three-fold. First and simplest, not all the Member States
of EMBC decided to join the EMBL and help fund it.
Secondly, during the early years of the Laboratory's life,
the EMBL Council, the forum in which the representatives
of the Member States meet, was preoccupied with a host
of tasks and decisions which had little bearing on the
course, workshop and fellowship programmes funded by
the EMBC and managed by EMBO. The EMBL Coun-
cil had, for example, to draft and adopt a Headquarters
Agreement with the Federal German Government, then
there was the actual construction of the main Laboratory
in Heidelberg, and the establishment of the Outstations
in Hamburg and Grenoble, the adoption of staff rules and
regulations, financial regulations, and so on, and of equal if
not greater importance the recruitment of staff to an entirely
new institute. Finally, it was clear from the outset that the
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annual budgets of EMBL would be several-fold more than
those of EMBC. And by keeping the two bodies separate
there was less risk of one developing at the expense of
the other.

However, what seemed sound common sense in 1974
may make less sense as we enter the 1990s. Today all
of the Member States of the EMBC, with two exceptions,
Iceland and Ireland, are members of the EMBL. Secondly,
as its Director-General has pointed out, the EMBL has
now reached what is probably its optimum size, following
the completion of the EMBL Auditorium and the additional
laboratory space above it. Thirdly, after 16 years of com-
mensal existence there seems little reason to fear that
the EMBC budget for courses, workshops and fellowships
would be sacrificed to maintain or expand EMBL, or vice
versa.

One is bound, therefore, to ask whether it is either nec-
essary or beneficial for the EMBC and the EMBL Council
to continue to exist as independent legal entities, espe-
cially since their sessions involve the same governmental
delegates meeting at the same place on the same date.
The cause of international collaboration for the further-
ance of molecular biology in Europe, the raison d'etre of
EMBO, EMBC and EMBL, might well in the 1990s be
better served by a single intergovernmental organization
on the one hand, and the EMBO, a private international
scientific academy, on the other. The combined budgets
in 1990 of the EMBC (13.343 million DM) and the EMBL
(62.337 million DM) amount to a mere 75.680 million
DM. Does it really make sense to have two fully fledged
intergovernmental organizations for such a sum of money?
That governments, like individuals, take more interest in
and discuss more seriously large sums of money than
small ones is understandable. How much attention will
a harassed minister or senior civil servant give to an
organization that, despite having the paraphernalia of a
regional intergovernmental body, involves a national an-
nual contribution below 1 million DM? No less than 13 of
the 17 annual national contributions to the EMBC's budget
are in that category; and the largest contribution, that of
the Federal Republic of Germany, is only 2,6 million DM.
The national contributions to EMBL are larger, but even
the largest contribution to its budget, again paid by the
Federal Republic of Germany, is only 12.275 million OM.



Compared to national contributions to the EEC, to the
CERN, or to the ESA, or for that matter to large national
research institutes in many of the Member States, even
the combined EMBC and EMBL budgets are tiny. Being
small has its virtues, but when a lion sneezes it attracts
more attention than when a mouse roars.

At a time when Western Europe is making serious efforts to
increase its economic and eventually political coherence,
the furtherance of European collaboration in basic molec-
ular biological research might very well be better served
by a single intergovernmental organization. The drive for
greater economic and policital unity should generate the
political will t9 provide additional funds to promote both
the mobility of scientists in Europe and collaborative re-
search projects across national boundaries. Changes in
particular to the Common Agricultural Policy of the EEC
are likely to free funds for other European programmes.
Furthermore, if all goes well recent events in Eastern
European countries will not only result in closer collab-
oration with their scientists, who already are applying in
greatly increased numbers to participate in EMBO's activ-
ities, but also lead to reductions in defence expenditures
and, therefore, release funds for more constructive human
endeavours, amongst which molecular biology can surely
be counted.

Given the growing importance of molecular biology for both
basic science and more applied goals, should we rest
content with the current levels of international support for
EMBO and EMBL or seize the present opportunity to press
for a really significant increase? The EMBO Council and
the molecular biologists at EMBL are convinced that an
expansion is justified on scientific grounds. In that they
share the views of the founding fathers of the EMBO,
who, in the mid-1960s, certainly envisaged a European
collaborative programme for molecular biology on a much
larger scale than anything so far achieved. A pamphlet
published in April 1966 outlined the EMBO's objectives.
What was written then remains valid today and deserves
to be re-read in full.

"After careful study as to how this philosophy could be
implemented most effectively and with a minimum out-
lay of funds, EMBO has formulated the following objec-
tives:

1. The establishment of post-doctoral EMBO fellowships
for training and research. In general such fellowships
would be awarded preferentially to post-doctoral stu-
dents in one member country wishing to continue their
studies in another, or, possibly, in the central EMBO
laboratory (see below). The international character of
these fellowships would be a distinguishing feature.

2. The establishment of short-term quickly-available
EMBO fellowships and travel grants to aid co-
operative projects between laboratories in member
countries. In administering them speed would be a
major consideration, in order to meet unforeseen and
critical situations.

3. The establishment of senior EMBO fellowships at pro-
fessoriallevel for purposes of research and teaching.
These, within the European area, would be some-
what like the existing senior Fulbright fellowships, and
would enable one country to draw temporarily on the
resources of another in a field in which the beighbour
was particularly strong.

4. The establishment of EMBO professorships at uni-
versities in member countries desiring to initiate or
develop some particular aspect of molecular biology.
These would serve to introduce both research and
teaching in a field which, as a whole, is at present
hardly represented at all in many European universi-
ties, even leading ones. There would be an interplay
between such professorships, as well as the fellow-
ships, and a system of EMBO grants.

5. The establishment of a programme of EMBO re-
search grants. These would be made preferentially
for the initiation of new and promising developments,
such as the provision of teaching and research facili-
ties for an EMBO Professor, and to projects of Euro-
pean character such as those involving co-operative
research between laboratories in different countries.

6. Establishment of a European Laboratory of Molecular
Biology where a majority of the disciplines comprising
the subject would be represented. This laboratory
would have a small staff of senior workers; the re-
mainder of its scientific population would be tempo-
rary and would normally return to their own countries
after a period of training or research. The concentra-
tion of a wider variety of disciplines than exists in any
single national laboratory in Europe at the present
time would make this EMBO laboratory unique; and
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the laboratory would be an unrivalled breeding ground
for molecular biologists who would later be available
to universities and national laboratories in their own
countries. Contacts made by the non-permanent staff
at the EMBO Laboratory would lay the ground for sub-
sequent collaboration between national laboratories.

7. Establishment of an integrated programme of Ad-
vanced Courses and Study Sessions in the field
of Molecular Biology proper as well as in certain
closely related ancillary subjects. These would be
co-ordinated with other similar activities sponsored by
other institutions. Some of them would be held in the
EMBO Laboratory itself, which would serve not only
as a place for actual research but as a training centre
as well. Such courses and study sessions would be a
meeting ground for students from different countries
and might be expected to stimulate the conception of
co-ordinated projects.

All these various activities are conceived to supplement
one another as parts of an integrated programme to pro-
mote the development of molecular biology in its different
aspects at a European level. It is the conviction of the
Council that EMBO, as a European organization, capable
of drawing on the whole pool of talent and resources
available in the member countries without hindrance of
national boundaries and the restrictions to which national
funds are often subject, could accelerate the development
of this field more effectively and economically than could
the countries themselves as a result of independent and
unco-ordinated efforts. Its realization would significantly
help the Europe of the future to make the contribution of
which it is capable and which it owes to what is certain to
become one of the major fields of the science of the future.
The maximum financial commitment involved, whatever it
might be, would be only a fraction of that necessary for
a comparable programme in some other subjects such as
space research, radio astronomy, or particle physics; the
human benefits which may be expected to accrue are very
much greater."

Those words despite being 24 years old could just as
well have been written with equal conviction yesterday.
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Of course the EMBO course, workshop and fellowship
programmes have been realized and proved their worth,
and we have an EMBL. But items 3, 4 and 5 remain
unachieved. The long-term fellowships budget is insuffi-
cient to provide senior fellowships, there is no way to
fund EMBO research grants from the existing resources,
neither are there funds for EMBO professorships. If this
list of objectives was written afresh today, reference would
surely be made under item 4 to the investigatorships of the
Howard Hughes Medical Institute which are now playing
such an important role in basic biomedical research in the
USA. While under item 5 there might also be mention of
the international research grants funded, at present almost
entirely by Japan, through the recently established Human
Frontiers Programme. A proposal for a programme of
EMBO international predoctoral fellowships, as discussed
in the EMBL Annual Report for 1988, might also be added.
But in essence all the goals that were so farsightedly
outlined in 1966, including those still to be realized, remain
entirely valid and worthwhile.

Indeed one can make a cogent argument that the accel-
eration in the pace of discovery brought about since the
late 1970s by what has been termed the molecular biology
revolution has greatly increased the need in Europe for
precisely those proposals that were envisaged by EMBO
in 1966 but still have to be achieved. Imagine the impact
in a more united Europe of a programme along the lines of
that provided in the USA by the Howard Hughes Medical
Institute. Should we not, therefore, set as the goals for the
new decade, which promises such momentous changes,
first the unification of the EMBC and the EMBL Council
into a single intergovernmental body responsible, together
with the EMBO, for overseeing European collaboration in
basic molecular biology? Then a single intergovernmental
organization could, together with the EMBO, lobby for an
increase in annual funding at least comparable to, and
preferably greater than that accepted with the establish-
ment of the EMBL in 1974. As a result it might at last be
possible to realize all that was envisaged 24 years ago.

J. Tooze



Cell Biology

Cell biology is still a step-child in most European univer-
sities. There are very few chairs in this subject. This is
reflected in the training of biochemists, molecular biologists
and physicians. Most of them have only a rudimentary
understanding of the basic mechanisms of cellular orga-
nization. The morphological aspects of cell biology have
traditionally been part of the research and teaching in
the anatomy departments, and in other departments there
has not been much cell biology. Cell biology today is
an integrative discipline in which biochemistry, molecular
biology and morphology are combined to investigate the
mechanisms for generating and maintaining cellular orga-
nization. Modern cell biology can only thrive in departments
in which all of these directions are represented among the
research staff. Such an integration in research as well as in
teaching would pave the way for a more holistic approach
to the life sciences. Fields in which complex biological pro-
cesses are analysed will certainly profit from a wider view.
Cell and developmental biology as well as neurobiology
require complementary approaches. Strategies will have
to be worked out in the future that complement the search
for particular molecular mechanisms. These mechanisms
have to be placed in their intracellular and intercellular
contexts. We need research and teaching departments
where interdisciplinary collaboration is promoted.

This is the challenge that the Cell Biology Programme tries
to meet both thematically and methodologically. We are
developing a wide range of experimental themes within
the Programme itself, and try to integrate these into a
functional whole. The four areas that we are presently
concentrating on are membrane trafficking, microtubular
networks, the cell nucleus, and the cell cycle. These
themes together provide a comprehensive view of cell
organization in time and space.

Membrane trafficking

Studies of cellular organization at\the molecular level ne-
cessitated a departure from the traditional ways that cell
biologists had been using to study cells. Assays had to
be developed in which complicated processes could be
studied in the test tube. The first cell-free assay measured
the translocation of naSGent polypeptide chains across the
membrane of the endoplasmic reticulum. This system is
now the best understood of all the processes responsible
for protein targeting in the cell. The signal recognition
mechanism operating in protein translocation was high-
lighted by the recent elucidation of the primary structure of
the protein responsible for binding the signal on the protein
to be translocated. It revealed a GTP binding site and
homology with the protein to which the signal recognition
particle binds in the endoplasmic reticulum, the docking
protein. The sequence also identified a protein in bacteria
that now has been shown to function in protein export.

The next step in the pathway of membrane traffic from the
endoplasmic reticulum has also been illuminated by stud-
ies in the Programme, in collaboration with the Biological
Structures Programme. The receptor protein responsible
for retention of soluble proteins in the endoplasmic retic-
ulum has now been identified. The station following after
the endoplasmic reticulum is the Golgi complex. Proteins
destined for the cell surface for export or for the endocytic
compartments in the cell have to pass through all the
subcompartments of the Golgi complex before they reach
the exit. This is the trans-Golgi network and it functions
as the main sorting site for biosynthetic membrane traffic.
Several interesting developments have led to the charac-
terization of the vesicular carriers that transport proteins
either to the cell surface or for export from the cell. For
the first time the early steps of regulated secretion have
been reconstructed in a cen-free assay. This important
process which regulates the secretion of enzymes, neu-
rotransmitters and hormones, can now be dissected in the
test tube. In polarized epithelial cells the cell surface is
divided into apical and basolateral domains. The sorting
of apical and basolateral proteins also takes place in the
trans-Golgi network. The apical and the basolateral vesic-
ular carriers have been isolated. They have been found to
contain common and unique proteins. These are now be-
ing characterized to identify the machinery responsible for
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polarized sorting. 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. Recent work in the Programme
has demonstrated that neuronal sorting bears strong sim-
ilarity to epithelial sorting. Two enveloped viruses that
infect both epithelial and neuronal cells in culture sort their
surface glycoproteins in a polarized fashion. Influenza virus
haemagglutinin is apical in epithelial cells and axonal in
neuronal cells. In contrast, the vesicular stomatitis virus
glycoprotein is basolateral in epithelial cells and dendritic
in neuronal cells. The use of the viral probes will now
greatly facilitate the study of membrane traffic in neuronal
cells. Most promising is the prospect that the analysis of
epithelial sorting also will throw light on neuronal sorting.
These findings demonstrate once more the unity in molec-
ular biology.

Proteins are not only routed to the cell surface from the
trans-Golgi network. There is also a route that connects
with the endocytic pathway. The cell surface is contin-
uously being internalized by endocytosis into the cells.
The first intracellular station is the early endosome, the
next is the late endosome, and finally endocytosed lig-
ands reach the end station of the endocytic pathway, the
Iysosomes which function as a recycling waste disposal
facility in the cell. The Iysosomes receive newly synthe-
sized degradative enzymes from the trans-Golgi network.
These bind to specific receptors that target the complex via
clathrin-coated carrier vesicles into endosomes. In the late
endosomes, the enzymes dissociate from the receptors
which return to the Golgi complex for another round, while
the enzymes are delivered to the Iysosomes. Recent stud-
ies have identified a protein kinase in the clathrin-eoated
vesicles that phosphorylates specifically the receptors for
lysosomal enzymes. The role of this phosphorylation in the
sorting process is being studied as well as the recognition
mechanism which leads to the inclusion of the receptors
into the clathrin-coated vesicles.

In epithelial cells the endocytic pathways are polarized.
There is an apical and a basolateral circuit which involves
a specific set of early endosomes, underlying the surface
domains. The apical and the basolateral circuit meet in
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the later endosomes located deeper in the cell around the
nucleus. Cell-free assays have been constructed to study
how these apical and the basolateral circuits are separated
and how they meet.

A family of GTP proteins with sequence homology to the
ras oncogene has been found to be involved in yeast
membrane traffic. Studies in the Programme have led to
the identification of several new members of this interesting
group of proteins. Three of them have been localized, one
to a compartment between the endoplasmic reticulum and
the Golgi complex, a second to the early endosomes and a
third to the late endosomes. These proteins probably work
as switches during membrane traffic and provide direction-
ality to the pathways connecting the different membrane
organelles.

Microtubules and the cell cycle

Microtubules form cables throughout the cell. These cables
play an important role in the spatial organization of the
cytoplasm and in the movement of cytoplasmic organelles.
Studies in the Programme have concentrated on the in-
volvement of microtubules in guiding membrane traffic
within the cell. Methods have been worked out to study
the binding of different organelles to microtubules in vitro
and the movement of the organelles in vivo. Proteins have
been identified which mediate the linking of organelles to
the microtubules. One such protein which links elements
of the Golgi complex to the microtubules has been charac-
terized in detail. Computer programs have been designed
that can track the movement of organelles in living cells by
videomicroscopy.

When animal cells enter mitosis, not only does the nucleus
undergo dramatic changes but cytoplasmic organization
is changed as well. The nuclear envelope disassembles,
membrane traffic stops and the cytoplasmic microtubules
depolymerize within minutes to reassemble the mitotic
spindle that guides chromosome movement. The centro-
somes, being major microtubule organizing centers, play
an important role during the reorganization of the micro-
tubules. Before mitosis, the centrosome duplicates and
functions as spindle poles during mitosis. Recent work has
established a cell-free assay to study centrosome duplica-



tion during the cell cycle. Structural studies have also been
started, together with the Biological Structures Programme
to study the structure of this important organelle.

Studies in many laboratories have shown that the activity
of a specific kinase, the cdc2 kinase, oscillates during
the cell cycle. It is switched on prior to mitosis to hyper-
phosphorylate several substrates and then switched off to
terminate mitosis. Studies to identify the components of
the molecular clock that is believed to regulate the cell
cycle have shown that there is a particulate activator of
the cdc-2 kinase, and specific phosphatases which affect
the phosphorylation state of the components.

The changes in microtubule dynamics that occur during
the cell cycle have also been studied in cell-free assays. It
seems likely that the activity of the cdc-2 kinase modifies
the microtubule behaviour in such a way that microtubule
length is controlled. Another important finding is that the
cessation of membrane traffic during mitosis may also be
due to phosphorylation by the cdc-2 kinase. Endosome
fusion is inhibited by this enzyme. These findings illustrate
how closely interwoven the regulation of cellular organi-
zation is. They also show that a comprehensive analysis
does not necessarily lead to increased complexity. Rather,
interconnections are revealed that provide the basis for an
in-depth analysis.

There is a continuing effort in the Programme (together
with the Physical Instrumentation Programme) to improve
our methods of analyzing cellular organization on both
the light and the electron microscopic level. Many of

the findings on the changes in cellular organization have
been obtained using sophisticated novel developments
such as the confocal microscope. With this microscope,
three-dimensional images can be obtained of cellular spec-
imens which previously could not be visualized by light
microscopy. We are now assembling a collection of instru-
ments in both confocal and video-microscopy to act as
a center in Europe in this rapidly evolving field. The first
course for advanced light microscopy was held in 1989 and
we are planning to organize such a course every second
year.

The cell nucleus

A new area of research in the Programme is the cell
nucleus. Two groups will be working in this field in 1990
when Spyros Georgatos joins the Programme. The work
so far has concentrated on the yeast Saccharomyces
cerevisae. Two novel proteins have been identified. One of
them is located in the nuclear envelope and in the nuclear
pores. This essential protein has an interesting structure
with 22 tandem repeat units. The precise function of the
protein is not known but it clearly plays a role in nuclear and
microtubule organization. The other protein is a nuclear
protein that is probably involved in both nucleolar function
and nuclear structure. An important goal for the future will
be to analyze how nuclear structure affects the regulation
of chromosome function and messenger RNA export into
the cytosol.

K. Simons
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Differentiation

The major goal of the Differentiation Programme is to help
unravel the molecular mechanisms underlying the differ-
entiation and development of higher eukaryotes. Some of
the questions asked are: How does .a stem cell become
committed to differentiate towards a given lineage? How is
the body plan established within an embryo? How are cell
patterns formed within organs? How are growth control and
differentiation disrupted in cancer cells? Since specialized
cell types express only certain specific subsets of genes,
although no genes are lost during differentiation, there
must be a mechanism by which these genes are turned
on or off in an orderly fashion. Two mechanisms could in
principle be responsible for the generation of this differ-
ential gene activity: an intrinsic genetic programme which
works like a clock, independently of a cell's environment; or
a gene expression programme which responds to signals
from the outside.

Cumulative evidence from many systems indicates that
this latter mechanism plays an important role in all eukary-
otes. In higher eukaryotes, such extracellular cues include
hormones, growth factors, components of the extracellular
matrix and molecules at the surface of other cells. A
major effort within the Programme is directed at trying
to understand how these signals trigger "target" cells to
grow, traverse the cell cycle and to differentiate; that is,
the mechanisms by which the signal is transmitted from
the plasma membrane to the nucleus where gene activities
are ultimately regulated. Much of this work focuses on
studying the functions of some of the 40-50 genes which
belong to the family of 1I0ncogenes". Oncogenes encode
proteins which individually act at different levels in the
signalling cascade, from growth factors and their receptors,
to cytoplasmic protein kinases and GTP binding proteins to
factors which bind to DNA and regulate gene activity. Stud-
ies from many laboratories have demonstrated that most
oncogenes correspond to altered or aberrantly expressed
genes which normally playa central role in growth control
and differentiation.
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In the last few years, it has become clear that many
of the molecules which have been found to be essen-
tial for embryonic development and cell differentiation in
various animal species are themselves members of the
oncogene/growth control gene family. In addition, largely
through genetic work with the fruit fly Drosophila, a num-
ber of other genes, most notably the so-called IIhome-
obox" containing genes, have been found to have cru-
cial roles in the development of invertebrates as well as
vertebrates. These realizations served as an impetus to
expand the activities of the Programme into the study of
homeobox genes and developmental genetics in a broader
sense.

Signal transduction

Two groups in the Programme work on identifying and
analysing molecules which transmit signals from the out-
side to the inside of the cell. This information flow appears
to be mediated largely by phosphorylation and dephospho-
rylation of key substrates.

Sara Courtneidge's group has continued its studies on
the role of membrane-bound tyrosine kinases encoded by
members of the src oncogene family (src, yes and fyn)
in growth control. It has recently been shown by other
workers that ligand activation of the platelet derived growth
factor (PDGF) receptor on the cell surface of fibroblasts
leads to the formation of complexes between receptor
molecules and phospholipase C1, and between the PDGF
receptor and the serine-threonine kinase encoded by the
c-raf oncogene. Courtneidge's group has now obtained
evidence that members of the src protein family can like-
wise enter in a complex with the activated PDGF receptor,
further strengthening the assumption that src-encoded pro-
teins are components of the signal transduction machinery
in normal fibroblasts. Whether all of the components are in
one large complex or are assembled separately remains
to be elucidated.

Ottavio Fasano and his group work on the mechanism
of action of the RAS gene in the baker's yeast (Saccha-
romyces cerevisiae). This gene is particularly interesting
since certain mutations of the human RAS homologue
are known to play a role in the onset of different types



of cancer. The RAS gene product is a GDP-GTP binding
protein located at the inner surface of the cell membrane
which, at least in S.cerevisiae, leads to the activation of
adenylate cyclase and the cAMP pathway. The group has
now identified mutants in both RAS and the adenylate
cyclase gene which identify potential sites of interaction.
It is also currently doing an in-depth analysis of the RAS
gene by developing a large series of mutants whose bio-
logical properties will be correlated to both the biochem ical
properties of the encoded proteins and to their three-
dimensional structure (in collaboration with the Biological
Structures Programme).

Dirk Bohmann and his co-workers, who started their work
at the EMBL in August 1989, are approaching the prob-
lem of signal transduction by working from the inside to
the outside of the cell. Rather than trying to understand
how the signal is transmitted from the surface of the
cell they are asking how nuclear transcription factors are
activated in growth-stimulated cells. For this purpose they
are studying post-transcriptional modifications of the jun
and fos oncogene products, which are known to form
heterodimers and whose transcriptional activity is greatly
stimulated by serum growth factors as well as by protein
kinase C activators such as phorbol esters. These stud-
ies may not only yield insight into general mechanisms
of signal transduction and gene regulation but may also
help in providing an explanation, at the molecular level,
of the biological differences between the oncogenic and
nononcogenic forms of the jun and fos proteins.

Thomas Graf's group is using oncogene-carrying avian
acute leukemia viruses as tools to understand mechanisms
of transformation in haematopoietic cells and to probe ba-
sic processes of haematopoietic differentiation. The group
has been concentrating predominantly on v-myb, an onco-
gene which can induce myeloid leukemias in chickens.
By exploiting a temperature-sensitive mutant developed
earlier, they have now isolated a first gene which is under
the direct control of the v-myb oncogene. This gene, des-
ignated mim-1, is regulated in a tissue-specific manner in
that it is expressed in v-myb-transformed myeloid but not in
erythroid cells or in fibroblasts. In addition, it is specifically
expressed in normal haematopoietic tissues, known to be
also positive for c-myb. mim-1 encodes a 37 kDa sec-
retable protein which is a novel, and major component of

immature neutrophil granulocytes but whose function is still
unknown. Taken together these observations suggest that,
in addition to its capacity to reverse the differentiation and
to induce the proliferation of mature macrophages, v-myb
can act as a IImaster gene" in haematopoietic differentia-
tion. The latter property is perhaps the main function of the
ancestral c-myb gene during normal haematopoiesis.

Developmental genetics

The three groups working in this area study various molec-
ular aspects of vertebrate development. Special emphasis
is placed on limb development of mice and chickens as a
relatively simple system which serves as a model for more
general processes in mammalian development.

Uli Ruther's group analyses mouse mutants which exhibit
genetic abnormalities in limbs (for example, fused digits).
These mutants were obtained by examination of mouse
lines in which DNA was randomly inserted into the chro-
mosome and where the inserted DNA had destroyed or
altered the function of agene affecting limb development.
One of the two mutants analysed is dominant, while the
other is recessive. Mapping of the latter mutation, called
add (for anterior digit deformity) to chromosome 13 puts it
in the vicinity of another, previously-mapped mutant called
lI extra toe". A human genetic condition similar to the extra
toe phenotype exists in man and therefore one of the
immediate aims is to determine whether or not these three
mutations represent alterations of homologues from the
same gene in man and mice.

Before joining the EMBL in July 1989 Rolf Zeller worked on
the Id (limb deformity) gene from the mouse. His group is
cloning and analysing the chicken homologue of this gene
to gain insight into its as yet unknown molecular role in limb
morphogenesis. Furthermore, the chicken embryo is much
larger and easier to manipulate than that of the mouse
and much has been learned about limb development in
chickens from classical transplantation experiments. Be-
sides the work on Id, efforts are under way to study the role
of transforming growth factor f3 and fibroblast growth factor
in limb development, as these two growth factors have a
well-documented role in early developmental processes of
other vertebrates.
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A third group, headed by Denis Duboule, is studying the
role in vertebrate development of DNA binding proteins
containing the IIhomeobox". These genes are known to
playa crucial role in determining developmental pathways
in insects. The group (as well as other workers outside the
EMBL) cloned some of the mammalian homologues, of
insect homeobox genes, designated IIHOX". They found
that, as in insects, HOX genes are organized in clus-
ters, and that several gene duplication events have ex-
panded both the size and the number of these clusters
in vertebrates. Remarkably, in both flies and mice the
sites of expression of these genes along the main body
axis directly parallels the physical order of the genes
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along the chromosomes. The evolutionary conservation
thus strongly suggests that, as in insects, HOX genes are
important determinants in mammalian development. This
hypothesis is strongly supported by Duboule's group (in
collaboration with P. Dolle and P. Chambon from Stras-
bourg) finding that the members of the HOX5 gene cluster
are selectively expressed in specific areas of the develop-
ing limb, suggesting that the particular pattern of HOX-5
proteins in a given area of the limb bud determ ines what
type of structures develop along the proximo-distal and
antero-posterior axis within the extremities of mammals.

T. Graf



Biological Structures

The study of biological structures requires two comple-
mentary activities. The first is the solving of structures
which requires a great deal of specialized knowledge
and equipment. The methods used here may be quite
diverse but the overlap with other aspects of molecular
biology is sometimes hidden. People who choose to work
in structural biology are often attracted to the field by the
methodology, the precision and the enormous satisfaction
of revealing an accurate molecular structure. The second is
derivation of biological information from structural results.
In contrast to the rigorous mechanics of structure solution,
this aspect of structural biology is less systematic. It in-
volves a knowledge of the other disciplines of molecular
biology and represents the point at which structural results
vie with and sometimes supplant those of classical molec-
ular biology. A proper balance between these two aspects
of structural biology is very difficult to achieve. A signifi-
cant problem is that of complementary ignorance. Often
the person presenting the structural result is unaware of
the current thinking in the field impacted by the result.
Even more frequently, the classical molecular biologist
does not know the structural work which is relevant to
his problem believing that it is too arcane or peripheral
to his interests. One answer to the problem is simply that
the structural biologist should focus on the solution of
molecules of central interest in other fields. The other is
that the structural biologist should not be content with the
interpretation of his results by others but take a more direct
role in experimentation based upon structural results. 80th
activities are well represented in the Biological Structures
Programme today.

High resolution actin structure

One of the major accomplishments of the last year was
the solution of the high resolution structure of actin as a

result of a long term collaboration between Dietrich Suck's
group and scientists at the MPI for Medical Research, in
particular W. Kabsch and K. Holmes. The major problem
in applying crystallographic techniques to actin has been
the tendency of monomeric G-actin to polymerize to form
fibres, preventing the formation of single crystals. This
problem was overcome by the study of G actin in a
stable 1:1 complex with DNase I. The x-ray analysis of
actin/DNase I complex crystals in the presence of MgATP
was relatively straight forward at low (4.5 A) resolution but
the extension to higher resolution was difficult because of
a sharp drop in the intensity of reflections beyond 3.5 A
and unit cell changes of up to 7 A. The availability of
area detectors was particularly important for this project
since they allowed the collection of a complete 3.5 Adata
set from a single crystal. The 3.5 A electron density map
was calculated on the basis of two high resolution and
several low resolution derivatives and interpreted in a
cyclic procedure which combined the phase information
from the derivatives with that of a partial model consisting
of the known atomic coordinates of DNase I and the
interpretable features in the actin portion of the map. A
complete atomic model for skeletal muscle actin has been
derived using data to a resolution of 2.4 A.

The high resolution structure of actin confirms the previous
results showing the molecule divided into two unequal
domains with the adenine nucleotide bound at the cleft
between them. The small domain contains both the amino
and carboxy terminae (residues 1-140 and 338-372).
Both domains contain a 5 strand mixed ,B-sheet which
is surrounded by helices. The topology is the same in
both sheets and is similar to that found in hexokinase
which is also a bilobed protein with an ATP bound in
the cleft. The phosphates of the nucleotide interact mainly
with residues in the small domain while the adenine fits
into a pocket in the large domain. This finding suggests
that the adenine nucleotide may directly affect the relative
orientation of the two domains however no difference was
observed between co-crystals containing ATP and those
containing ADP. DNase I apparently fixes the orientation
of the two domains through contacts to both. A variety of
studies by other techniques indicate that the small domain
is the "functional" domain, the one which interacts with the
myosin head while the large domain is responsible for the
actin-actin contacts in the F-actin filament. Fitting of the
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high resolution structure to the data obtained from x-ray
fibre diffraction pattern of oriented filaments supports this
view. Work is underway to exploit this high resolution struc-
ture through the expression of fragments of the complete
molecule for co-crystallization studies and via site-directed
mutagenesis.

Organization of the contractile apparatus

Characterization of the proteins which are responsible for
assembling thin and thick filaments into the contractile
apparatus has been an area of great activity in Kevin
Leonard's group. With J. Trinick (Bristol), they have iso-
lated rabbit cDNAs for titin, the largest known polypeptide
chain (3 x 106 Da). Titin is believed to limit the maximum
extension of the muscle filament. The sequence shows
ordered patterns of 100 amino-acid domains which are
homologous to the fibronectin and immunoglobulin like
motifs found in N-CAM. These motifs may provide insight
into the way that titin functions in striated muscle. Two
new high molecular weight proteins and two hydrophobic
proteins in insect flight muscle have also been identified
from a study of the components of the Z disc. One of the
hydrophobic proteins (the 23 kDa zeelin) has been shown
by confocal immunofluorescence microscopy to surround
the sarcomere and extend away from the Z disc.

Protein-nucleic acid interactions

Several exciting developments have occurred during the
past year in the area of protein-nucleic acid interactions.
The Suck group has obtained several crystal forms of the
Zn++ dependent, single-strand specific nuclease, P1. A
4.5 A map has been calculated and a difference Fourier
reveals the locations of the three Zn++ atoms in the struc-
ture which appear to form a cluster similar to that seen in
phospholipase C. Work is continuing to higher resolution
utilizing a 2.2 A data set. The group has also obtained
crystals of a complex between DNase I and the cleavage
resistant octamer (dGGTATACC)2, which diffract to a res-
olution of 2.3 A. The comparison of this structure with that
of the previously solved complex with (dGCGATCGC)2,
a rapidly cleaved sequence, should provide insight into
the cleavage mechanism. Work by Demetrius Tsernoglou's
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and Paul Tucker's groups on the crystals of adenovirus
DNA-binding protein have produced a good isomorphous
derivative formed with gold cyanide. Finding this derivative
was the result of a painstaking search through potential
compounds and required the exchange of the mother
liquor, NaCI, for a different salt. It was greatly aided by the
availability of the area detectors since these allow much
more rapid assessment of the suitability of a derivative.

Membrane proteins and assemblies

A great deal of work in the Programme has been devoted
to the determination of the structures of membrane pro-
teins. The structure of the a-helical pore forming domain
of colicin A was solved last year through a collabora-
tion between the Demetrius Tsernoglou and Franc Pattus
groups and has led to a proposal for its mode of insertion
into membranes which is similar to that envisioned for
signal sequences. The past year has seen the initiation
of mutational, biochemical and spectroscopic tests of this
model which should serve to validate- and extend it. The
homologous protein, colicin N, has also been crystallized
and is being solved using the colicin A structure as a
model. The precursor form of aerolysin, a cytolytic toxin
from the gram negative bacterium Aeromonas hydrophila,
has been crystallized and data has been collected to 2.6 A.
A 3 Amap calculated on the basis of 5 isomorphous deriva-
tives shows that this protein, in contrast to the colicins,
is primarily a ,B-sheet protein. Solvent flattening methods
are being used to improve the map so that it can be
interpreted in terms of the chemical sequence. Aerolysin
would represent the first structure of a membrane protein
with predominantly ,B-sheet structure.

The crystallization of membrane proteins in two dimen-
sions provides a way of studying them in their native
environment. Recent developments in cryo-electron mi-
croscopy and image processing have also made two di-
mensional crystals a route to atomic resolution structure.
These methods were pioneered on the bacteriorhodopsin
structure by R. Henderson and colleagues at the MRC-
LMB in Cambridge and have recently yielded the three
dimensional structure of this protein to better than 3.7A
resolution. The situation for high resolution electron crys-
tallography is now similar to that in x-ray crystallography;



the limiting factor in obtaining three-dimensional structures
is obtaining suitable crystals. Werner Kuhlbrandt's group
is focusing on one of the few available two-dimensional
crystals of a membrane protein which diffract to atomic res-
olution, the light harvesting complex from pea chloroplast.
High resolution images and diffraction patterns are being
collected at near liquid nitrogen temperature. A projection
map has already been calculated to a resolution of 3.7A
and shows a two domain structure to the polypeptide
chain which may reflect a homology in the primary se-
quence.The collection of three-dimensional data for this
crystal is underway. Kevin Leonard's group is using a sim-
ilar method at lower resolution to study unstained crystals
of NADH:ubiquinone reductase and of its subassemblies.
The lack of suitable two-dimensional crystals is being
addressed by the Pattus and Leonard groups through the
development of monolayer methods for the crystallization
of either membrane proteins which interact directly with
the lipid or ligand protein complexes in which the ligand is
lipid linked. Among the crystals generated by this method
are maltoporin, muscle thin filaments, a toxin, and the p68
protein.

Cryo-electron microscopy in combination with image re-
construction has proved to be of great value in studying
large assemblies of proteins particularly those involving
membranes such as enveloped viruses. Work in Stephen
Fuller's group over the past year has examined the struc-
ture of detergent treated Semliki Forest virus and revealed
that the structural non-equivalence between the spike
complexes seen in a reconstruction of the whole virus
correlates with the detergent extractability of the spikes.
The same group is pursuing a study of the enveloped
bacteriophage, f-6, in which the structures of the assembly
intermediates are being solved to follow the formation of
the final enveloped particle. Work has also continued on
the mapping of sites on the hepatitis B capsid which are
essential for its assembly and for nucleic acid packaging
by the study of protein designs based upon the pro-
posed folding model. The structures of two non-enveloped
viruses, adenovirus (in collaboration with the group of R.
Burnett at the Wistar Institute, Philadelphia, USA) and
the phages P2 and P4 are also being studied by this
group. The availability of a high resolution structure of the
adenovirus hexon protein will provide an unprecedented
check on the reliability of the technique of icosahedral

reconstruction. The ability of cryo-electron microscopy to
reveal the internal structure of the virion should provide
clues concerning the interactions of the hexon with other
proteins to generate the complete virion. Peter Metcalf's
group has completed a reconstruction of reovirus which
shows an intricate set of interactions between the internal
capsid and the surface of the virion.

Ramon Serranofs group is now capitalizing on their char-
acterization of the structure of the yeast plasma membrane
proton ATPase by genetic methods. This work has led
to a novel approach to growth control by the creation of
transgenic organisms with altered capacities for proton
transport. Work with both yeast and mammalian cells in
culture support a triggering role for proton transport during
cell growth. An attempt to apply a similar analysis to
plants has begun with an immunocytochemical analysis
of the distribution of the proton ATPase. The first intriguing
results indicate that the enzyme is highly enriched in the
vascular bundles and root epidermis. Another uffshoot of
the work on yeast transport systems has been a study of
the factors which confer halotolerance. This work should
eventually lead to an ability to transfer halotolerance to
other organisms, an important goal for the biotechnology
of the future.

Ramon Serrano has, unfortunately, announced that he
is returning to Spain shortly. The Programme has been
fortunate in recruiting Matti Saraste who has specialized
in studies of the membrane proteins of the mitochondrion
by biochemical and genetic methods. His presence at
EMBL will complement the work on membrane proteins
presently going on at the Laboratory and insure that the
genetic approach to membrane studies continues to be
well represented in the Programme.

Intracellular transport sign:lls

Two groups have embarked upon studies of the signals
recognized by membrane receptors during intracellular
transport. One of the best characterized recognition and
sorting systems is that responsible for the localization of
the Iysozomal proteins. Many of these proteins are trans-
ported due to the presence of a mannose-6-phosphate
modification. This modification is accomplished by a spe-
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cific transferase capable of distinguishing between lyso-
somal enzymes and homologous secretory proteins. The
Metcalf group is addressing the question of the recognition
of the lysosomal proteins by crystallography of cathep-
sin D. The availability of a three-dimensional structure
for this molecule would allow sensible proposals for the
features seen by the specific transferase and the planning
of site-directed modifications to test them. The Fuller group
has been using an immunological approach to explore
the mechanism of retention of soluble proteins in the
endoplasmic reticulum (ER). This retention is mediated
through the carboxyterminal signal -Lys-Asp-Glu-Leu (-
KDEL) which is found on several soluble, resident proteins
of the ER lumen. Antibodies have been developed which
show varying degrees of specificity for this signal. Ones
which show a broad specificity for -KDEL, mimicking that
of the putative receptor, have been used in a collabo-
ration with the groups of David Vaux (Cell Biology) and
John Tooze to generate anti-idiotypic antibodies. These
anti-idiotypic antibodies recognize a 72 kDa intrinsic mem-
brane protein which appears to be the cellular receptor
responsible for the retention of the -KDEL proteins. Along
with the characterization of this receptor, a project has
been initiated to determine the structures of the anti-KDEL
and the anti-idiotypic antibodies to explore the recognition
interaction in a soluble model system.

Drug design

One promise of structural biology is that the availability
of high resolution structures should lead to the rational
development of drugs. The group of Rik Wierenga is
pursuing this goal with their studies of trypanosomal triose
phosphate isomerase. This enzyme is central to glycolysis
in the parasite and its host so a useful drug must exploit
the differences in the structures which distinguish the
trypanosomal enzyme from the mammalian one. Several
points of attack for selective inhibitors have been identified
including interference with the import signal necessary for
uptake of the enzyme into the trypanosomal glycosome,
binding near the active site to inhibit enzyme activity and
binding near the dimer interface to prevent formation of
the active oligomer. Several potential inhibitors have been
synthesized and co-crystals with the enzyme are being
studied to characterize their interactions at high resolution.
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The future of structural biology

Methodology is an important, if sometimes unseen, as-
pect of structural studies. The group of Paul Tucker has
invested a great deal of effort towards improving the meth-
ods available for x-ray crystallography. The development
and evaluation of area detectors and the necessary soft-
ware have been a major activity of this group. Three types
of detectors: a Xentronics, an Enraf-Nonius FAST and a
MACScience image plate system are being examined at
the Laboratory. New methods are also being developed
for the treatment of systematic errors in the processing of
x-ray data. Finally this group is developing a more con-
venient user interface for the crystallographic computing
packages used at the Laboratory and elsewhere as well
as providing direct support for graphics activity within the
Biological Structures Programme. The expansion of the
activities within our Programme as well as the alteration
in emphasis within the Biocomputing Programme have
required that we provide such support to .insure a continued
productive environment for structural biology within the
Laboratory.

One change during the past year is the more direct as-
sociation of the Arthur Jones and Max Haider groups
from the Physical Instrumentation Programme with the Bi-
ological Structures Programme. Several projects including
the development of a high resolution cryo-stage with a
cryo-transfer facility and of a field emission electron gun
are underway. These combine the needs of structural
biologists in our Programme with the expertise available
in Physical Instrumentation. A joint EMBO course to be
taught in 1990 will explore the use of novel high resolution
imaging modes with biological specimens.

The future of the Biological Structures Programme lies
not only in the availability of sophisticated methods but
in the development of new systems for structural study.
The use of protein engineering is now becoming com-
monplace within the Programme. Some proteins have
been designed as a logical consequence of the solution
of another structure since they provide a very powerful
method for testing the predictions of a model based on
structural results. The work of the Pattus group on colicin
A and of the Fuller group on the hepatitis B capsid protein
are examples of this. Another important aspect is the



engineering of proteins which should be more amenable
to structural studies. The work of the Suck group on the
expression of the small domain of actin is a good example
of this. The other and classical route to new structures
is the painstaking, at times unrewarding, preparation and
characterization of new proteins for future work. The last
year has seen progress in the crystallization of a number
of interesting proteins: thiolase (Wierenga), yeast p21 ras
(Tsernoglou), and trypanosome tubulin (Metcalf) are only a
few examples of the many pursued within the Programme.

S. Fuller & D. Suck
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Gene Expression

Living organisms develop according to a highly repro-
ducible series of steps which are carried out according to
the instructions of a genetic programme. The implemen-
tation of this programme is based on position- and stage-
specific selective gene expression. Throughout the life of
an organism, genes are differentially active in different cell
types, directing the synthesis of the proteins needed and
responding, by mechanisms of induction and repression, to
internal and external stimuli. Pathological variation in gene
expression patterns is at the root of various diseases, for
instance cancer.

The basic molecular mechanisms responsible for gene ex-
pression, that is replication, transcription, processing and
translation are well understood and many of the enzymes
involved have been characterized. It must be borne in
mind however that these processes are highly regulated
both during development and adult life in the sense that
they take place only at precise times during development
and in specific cells and tissues. For a long time the
molecular mechanisms responsible for the regulation of
gene expression eluded investigation, but in the last few
years there have been major breakthroughs, largely due to
the development of recombinant DNA technology. The var-
ious groups in the Programme of Gene Expression have
developed and exploited a variety of experimental systems
in an attempt to reproduce regulatory mechanisms in vitro
as a step toward understanding them.

Cell specific transcription

A multicellular organism derives from a single cell, the egg,
which upon fertilization multiplies to generate a large vari-
ety of differentiated cell types which constitute the various
tissues and organs. Each cell type is characterized by the
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presence of specific proteins whose synthesis depends on
the activity of cell-specific genes. An important and still
incompletely resolved problem in biology is the mechanism
responsible for the selective activation of genes in different
cell types. In the case of hepatocyte and thyroid-specific
genes, which are studied by two groups in the Programme,
selective activation occurs primarily at the level of tran-
scription: the transcriptional apparatus present in these cell
types is thus specialized. This specialization is reflected
in the presence of a certain number of nuclear proteins,
called trans-acting factors, whose synthesis or activity is
cell specific. An interaction between these trans-acting
factors and DNA sequences present in the control region
of cell type-specific genes is established. The formation of
these complexes is thought to be both necessary and suf-
ficient for the activity of the gene(s). In addition it appears
that negative trans-acting factors, or repressors, also play
a role in modulating the expression of cell-specific genes
in the corresponding cell-type, and in preventing their
expression in other cell types. A primary task is therefore
the identification of the cell-specific positive and negative
trans-acting factors and the elucidation of their mechanism
of action. During the last few years we have developed
several expression systems, including transgenic mice
culture cell transfection and cell-free in vitro transcrip-
tion, in which cloned segments of DNA, with or without
prior manipulations, have been transcribed. This work has
led to the identification, purification and characterization
of several liver-specific and at least one thyroid-specific
trans-acting factors. More recently it has been possible to
clone the genes coding for some of the liver-specific and
thyroid-specific trans-acting factors. These genes direct
the synthesis of highly specialized DNA binding proteins.
This study has led to the conclusion that these genes are
also regulated at the level of transcription. How is this
accomplished? Are there specific transcriptional activators
responsible for the expression of transcriptional activator
genes? Who regulates the regulators? Several aspects of
this work were made possible by the development, within
the program, of novel and efficient techniques to express
cloned protein via the vaccinia virus. The careful analysis
of the regulation of vaccinia virus gene expression has led
to a more profound understanding of its life cycle and has
provided invaluable information for the optimal expression
of foreign proteins. In particular, the vaccinia expression
vector appears ideal for the study of post-translational



modifications of proteins, e.g. phosphorylations, glycosy-
lations etc.. Several projects along these lines are being
carried out in the Programme.

Processing of the information: the splicing of mRNA

Down the pathway of gene expression the next step at
which control may be exerted is at the level of processing
of mRNA precursors. The primary product of transcription
is a precursor RNA which undergoes a series of modifi-
cations to generate the mRNA molecule from which the
genetic information is translated into proteins. One of the
most important steps in this pathway is the removal of
intron sequences. This is a very complex reaction involving
multiple and specific cleavages of the RNA precursor and
ligation of the resulting fragments into a single mRNA
chain. The chemistry of this reaction has been worked
out in several laboratories and the outstanding problem
is now to identify and characterize the machinery which is
responsible for it and to understand the molecular basis
for its differential regulation in different cell types. A large
number of molecules are involved in splicing complexes.
Some of these are proteins and others are organized in
several distinct RNP particles each containing a small
RNA molecule and several proteins. The biosynthesis
of the splicing apparatus, reflects this complexity: both
polymerase II and polymerase III transcriptional units are
involved, in some cases in a unique hybrid situation.
RNA processing is also involved in the highly regulated
production of proteins during development. From a single
precursor RNA, several different mRNAs can be generated
by alternative and often cell-specific splicing reactions.
Groups in the Programme are working on several as-
pects of this phenomenon, including the biosynthesis of

the RNA and protein subunits of the components of the
splicing complexes, the in vitro assembly of the various
components into mature particles and the reproduction in
vitro of the splicing reaction. Particularly noteworthy has
been the development of novel and powerful techniques
based on the synthesis of modified oligonucleotides, which
have allowed a very fine dissection of the splicing reaction,
the clarification of the role of individual components and
the revision and correction of previous models. These
biochemical and morphological studies are complemented
by direct genetic analysis of the splicing apparatus in
simple eukaryotic cells. This coordinated effort of several
groups has led to several interesting results: a rather
detailed description of the cis- and trans-acting elements
necessary and sufficient for the synthesis of several small
RNA genes; the determination of the various steps of the
pathway leading to the assembly of the small RNAs and
proteins into mature particles and of the various snRNPs
into an active spliceosome.

Cytoplasmic regUlation of gene expression

Control of gene expression at the level of translation and
mRNA stability is a relatively neglected area. However it
is becoming increasingly clear that the entry of mRNA
into the translation machinery is a regulated phenomenon,
based on the interplay of specific sequences on the RNA
and specific RNA binding proteins. A new group, working
on the characterization of the iron dependent regulation of
translation of ferritin mRNA joined the Programme during
1989. We look forward to further progress in the area of
translational mechanisms and their regulation.

R. Cortese
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Physical Instrumentation

In April of this year the Physical Instrumentation Pro-
gramme was reviewed. As a result of this review, Christian
Boulin was promoted to Senior Scientist and Max Haider
and Ernst Stelzer were appointed group leaders. To facili-
tate interaction with the user community, the group leaders
in Physical Instrumentation now have joint appointments in
one of the biological programmes. Approval was also given
to the proposal to develop a corrected TEM (Max Haider)
and to the continuation of the existing projects.

Confocal light microscopy development

Several scientists from the EMBL and from outside used
the confocal beam scanning laser microscope for their
investigations. The instrument was serviced by the group
but no significant changes were made. A fairly complete
set of tools is now available that allows the scientists to
record the data, send it to the VAX cluster at the EMBL,
process the images, back-up the data and generate high
quality colour slides. The modular confocal microscope
(MCM) has become the new data recording device. The
instrument is simpler to use than the previous instru-
ments and provides more software to process the images.
With 900 lines per second and the capability to gather
two different signals in parallel, two images may now be
recorded in 0.6 sec. The confocal instrument is attached to
a conventional, inverted research microscope that may be
used to find the sample and to do regular fluorescence or
transmission microscopy. The confocal part is completely
programmable in a "C" style language. The instrument is
currently controlled by a PC-like computer. A transputer
system has been arranged and will become the controller
of the MCM and the new device for fast three-dimensional
image processing. The transputer is essential for the next
step in wh ich we intend to record confocal images at
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almost video rate. The low number of photons that is
expected in such a device forced us to reconsider every
part of a confocal microscope. An important effort was the
development of an analytical theory of the image formation
in confocal microscopy. The theory provides a lImaster
formula" from which the main performance characteristics
may be derived. A good understanding of image formation
is essential to make the best out of the available signal.

In collaboration with Jan de Mey from the Cell Biology
Programme, an EMBO course on "Advanced Fluorescence
Microscopy" was organized, which brought together a
number of scientists, students and commercial companies
at EMBL.

Microcomputing and data acquisition

Microcomputing is a quickly evolving field and carefully-
designed hardware and modular software are essential to
fully exploit the effort put into developments.

The image processing capabilities of the Macintosh II have
been used to build a simple video system for digitizing gels.
This equipment together with a powerful image processing
program is now used routinely by the biologists from the
Gene Expression Programme.

The time spent assisting biologists with the use of the
various programs now available in the laboratory has sig-
nificantly increased during the last months.

X-ray data acquisition systems

This year, our contribution to synchrotron radiation data
acquisition systems has been limited mainly because of
our involvement with other ongoing projects. Nevertheless,
the VME memory incrementer module described in last
year's report has been installed at the ESRF in Grenoble
and work is continuing to finalize the first data acquisition
system at that site.

A new version of the fast XV read-out system based on
the commercially available (LeCroy) fast real time digitizers
has been developed.



Detectors and data acquisition for
electron microscopy

Acquisition hardware and software has been developed
for two detectors, the CCO detector associated with the
CryoSTEM electron energy loss spectrometer and the
multichannel phase-contrast detector (q.v.). The former is
now operational and will be further optimized. The latter is
still under development

The application-specific integrated circuit (ASIC) devel-
oped to provide an elegant solution to the problem of
large number of counting channels has been delivered and
the characterization and testing of these components is in
progress.

A full configuration of the digital parallel pipelined pro-
cessor built to reduce the data from the silicon quadrant
detector has been assembled and run with test vectors.
The instruction set for the processors and the software
required to generate programs and download them is now
fully tested. The hardware and software to communicate
with the VME system is complete.

Further work has been done to optimize image manipu-
lation on the VME-Unix microcomputers used to control
data acquisition of the two STEMs. A new architecture for
the future HB5 STEM dual frame store system has been
developed. The new system will include two VME/VSB
frame-store units which will provide images of 1280 by
1024 pixels. A new acquisition interface is being designed
to accept two analog channels and transfer them via VSB
to the frame stores for real time display on the STEM
console and optionally to the dual ported main memory
of the system for archiving and processing.

A first implementation of the elemental mapping program is
working on the CryoSTEM microcomputer. Work is contin-
uing to provide the users with better and faster algorithms
to carry out the extraction of elemental information.

Software tools for biochemical instrumentation

The software tools developed for laboratory automation
using the Macintosh have proved to be very efficient. In

collaboration with Biochemical Instrumentation, we have
set up a powerful workstation for multiple peptide synthe-
sis.

These tools are written in Basic and in HyperTalk. The
HyperCard package that generates the robot software has
been reorganized to improve its user-friendliness and new
features have been added. An execution monitor has been
integrated into the package to control the synthesis step
by step. The package has been extensively used during
the year (see also Rainer Frank's report).

Software for bilayer data recording and analysis

The first half of the year has been devoted to a major
clean-up of the existing software and to writing a com-
prehensible user's guide and user training. Some work
has been put into the study of the possible migration to
a more modern and powerful microcomputer system. The
Macintosh II family looks to be the best candidate due to
the possibilities (a) to use commercial hardware to replace
the existing acquisition hardware and (b) to develop a
powerful graphics interface which is clearly needed when
dealing with the kind of data produced by planar bilayers.

Electron microscope development

Although the initial tests on the low-voltage SEM corrector
were successful, the project cannot be continued until a
suitable (Le. aberration-limited) SEM is made available.
Such a microscope will be provided by our industrial col-
laborators early in 1990.

The multichannel phase-contrast detector has now been
installed and tested on the CryoSTEM column. Testing
of the detector was delayed due to the late delivery of
the electronic components but initial results are in good
agreement with the expected performance.

The freeze-dryer with the portable air-lock for the in vacuo
transfer of freeze-dried specimens to the HB5 STEM has
been completed. This will improve the preservation of
unstained, unembedded biological objects, and decrease
the residual salt meniscus around the object. Work is in
progress to make the freeze-dryer compatible with the
CryoSTEM.
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STEM applications

Mass measurement and mass mapping

As in previous years, mass measurement studies have
been conducted in collaboration with internal and exter-
nal groups. Due to the completion of the freeze-dryer,
STEM mass determinations can now be applied with in-
creased reliability to a wider range of biological samples.
Moreover, freeze-drying permits mass mapping, Le. the
determination of the mass distribution within an object.
Two mass mapping projects are in progress. Furthermore,
we are investigating if STEM (dark field) can be used to
generate radial mass profiles of vitrified helical objects, to
replace the weakly-defined equitorial data obtained in TEM
bright field phase contrast; the object studied is Salmonella
typhimurium (in collaboration with Kevin Leonard & S.
Trachtenberg (Jerusalem)).

Structural and localization studies of thin
aperiodic objects

In collaboration with Angus Lamond and co-workers, we
have continued work on the structure of snRNPs as
well as spliceosome complexes and their assembly. We
have succeeded in specifically labelling both intron and
exon sequences of two pre-mRNAs using biotinylated
2'-OMe RNA oligonucleotides in conjunction with strepa-
vidin coated 15-20 nm gold particles. In addition, both
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these pre-mRNAs have been visualized in complexes that
most probably correspond to different stages of spliceo-
some assembly.

Application of Z-contrast
(in collaboration with B. Bohrmann,
E. Kellenberger &W. Villinger, Basel)

In STEM Z-contrast, contrast formation depends on the
atomic composition and is independent of thickness vari-
ations due to surface relief. It is therefore possible to
determine the local concentration of macromolecules such
as lipids, proteins or DNA. The CryoSTEM allows sections
of resin embedded unstained material to be imaged at
liquid-helium temperature, which reduces the mass loss
to a minimum.

We have used Z-contrast to study the dinoflagellate chro-
mosome, which is claimed to be permanently condensed
and ordered in a liquid crystalline-like state. In the first
determinations, the dinoflagellate chromosome was found
to have a packing density of 20-50 mg/ml which is in the
same range as in the interphase chromatin of hepatocytes,
indicating that these chromosomes, although permanently
visible throughout the cell cycle, are not highly condensed
as liquid crystals of DNA or the DNA of phage heads
should be.

A. Jones



Biochemical Instrumentation

Automated DNA sequencing station with
fluorescent labels

The sequence technique, developed in a collaborative
effort between the groups of Wilhelm Ansorge and Brian
Sproat, was applied to a large number of projects of
groups from -EMBL and outside laboratories. During the
year the whole technology range was further optimized for
applications in routine sequencing. Much effort, in collabo-
ration with the mechanical and electronic workshops at the
EMBL, was devoted to a user friendly design and construc-
tion of the EMBL automated DNA sequencer. More than 10
of these devices were made available to leading European
laboratories active in the DNA sequencing field. The rest of
the limited number of the sequencers constructed at EMBL
will be delivered during 1990. These devices enabled the
laboratories to work with a technology developed at EMBL
and tested in a large scale sequencing project (60 kb of the
human HPRT gene locus), before the commercial version
of the DNA sequencer was made available by Pharmacia
LKB in the second half of 1989.

On the technology side, an important improvement in
the planarity of the glassware was achieved which will
allpw the increase of the number of clones sequenced
simultaneously. Automated washing of the glassware was
installed and, besides saving time, it will contribute to the
reproducibility of the casted gels and enable us to increase
the number run per day. To improve the routine work
we finished a reliable, light-tight design of the sequencer,
with incorporated safety features and computer controlled
operation.

The software for data acquisition, evaluation and editing
was considerably improved, changing among other things
the evaluation of the on-line data from the vertical to the

more convenient horizontal presentation. Further effort in
software writing will be needed for the improvements in
the determination of the sequence from the raw data by
the automated reader. One crucial step in this direction on
which we have been working for about two years, namely
a high uniformity of the detected peaks corresponding to
the four bases, was almost achieved by replacing the
magnesium by mangan ions in the enzymatic reaction
buffers. Under these conditions, in a developed one-step
reaction protocol the T7 DNA polymerase resu Its in very
uniform labelling of multiple peaks, as well as in overall
more uniform and sufficiently strong labelling profile over
perhaps 700 bases. Using the existing automated reader
software we resolve with this protocol routinely 400--600
bases on good templates. The one-step process gives
a significant improvement over the standard procedure
containing Mg2+, in the reproducible quality of raw data
in routine sequencing. It simplifies the sample prepara-
tion procedure, integration of robotics, and shurtens the
reaction time to 25 minutes. In addition, 7deaza-dGTP is
routinely used, eliminating most of the usual compressions.

Sequencing methods using only one fluorescent dye label
for the four bases of one clone, and sequence determi-
nation in only one or two lanes on the polyacrylamide
gel were developed at EMBL. The sequence is deter-
mined from the magnitudes of the peak intensities. In the
chemical degradation this is achieved by a hot piperidine
simultaneous cleavage reaction of the four bases in one
reaction tube, and subsequent loading in one sample slot
on the gel. For the enzymatic method the one-step man-
gan technique, resulting in very uniform peak intensities,
enabled a novel approach to the dideoxy sequencing.
Using only one fluorescent dye for the four bases of
one clone, adjusting the proper ratios of the dideoxies
nucleotides, the sequence is determined in two or even
only one lane, according to tre resulting peak intensities.
With very clean templates and in the absence of ghost
bands, the resolution is over 300 bases. This will enable
us to multiply the capacity of the EMBL sequencer, without
the inconveniences experienced in methods using four
different dyes, one for each base in a clone.

Development work on the automated workstation consist-
ing of two robotic systems continued by adapting it to
the needs of the service work. New programs for han-
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dling large numbers of samples were implemented. The
workstation was adapted to the new methods for plasmid
purification and to the simplified and shortened sequencing
reaction procedures.

The impulse, drive and areas for improvements in the
methodology comes often from the routine sequencing of
unknown DNA provided to us by the users of the DNA
sequencing service at EMBL. For example, most of the
clones submitted were plasmid DNA and not inserts in M13
vectors as expected, and we were soon confronted with
the necessity of finding a general method for purification
and preparatior of a large variety of plasmids. After such
a method was found, the next push was towards reducing
the time necessary to carry out sequencing reactions, in
particular the neutralization step after the alkaline denat-
uration. The latest general sequencing reaction method
applicable to M13, plasmids and even to cosmid DNA, is
about one hour shorter than the standard procedure.

Work on possible approaches for realization of the STS
(sequence-tagged-sites) mapping of genomes was initi-
ated and first tests were carried out. The method for direct
sequencing of cosmid DNA, developed during the year,
may be useful in this respect. In the spring of 1990 we will
organize a workshop at EMBL with the aim of discussing
the possibility of an international collaboration on mapping
and sequencing of the S.pombe genome.

Polymerase chain reaction (peR) and direct
sequencing of the amplified products

The commercial devices for performing PCR did not work
sufficiently well for our applications, so we constructed at
EMBL an automated device for carrying out PCR, based
upon a robot with fixed and programmable temperatures
and a moving arm. Abrupt temperature changes in only a
few seconds are achievable on the device, which seems
to be a criterion for good performance. The device gave
full satisfaction in service applications to several in-house
groups as well as outside laboratories.

An important step for the large scale sequencing strate-
gies, as well as for immediate applications in clinical re-
search, was the technique developed for direct genomic
fluorescent on-line sequencing and analysis using in vitro

32

amplification of DNA. We described in vitro amplification
by PCR of genomic DNA and total RNA, as well as
recombinant DNA, using one fluorescently labelled and
one unlabelled primer, together with on-line analysis of
the products on the EMBL fluorescent DNA sequencer.
We then directly sequenced the fluorescently-Iabelled frag-
ments by solid-phase chemical degradation, without sub-
cloning and purification steps involved. At present up to
350 bases in 4 hours are determined with this technique.
The fluorescent dye and its bond to the oligonucleotide
are stable during the amplification cycles, and do not
interfere with the enzymatic polymerization. High sensitivity
of the detection in the sequencer, down to 10-18 moles
corresponding to less than 106 molecules, makes analyses
of the non-radioactive amplified fragments possible after
only 10 amplification cycles, starting with about 5 x 104
copies of recombinant DNA.

Polymerase chain reaction and direct sequencing of the
amplified products offers a useful approach to characterize
molecular defects causing human diseases. In collabora-
tion with B. Dworniczak, from the University of Munster,
combination of the two techniques resulted in identification
of two .a-thalassemia mutations. Because of heterozy-
gosity, both mutations resulted in compound sequence
ladders, which have been interpreted unambiguously on
the EMBL sequencer by the computer software.

DNA sequencing of human hypoxanthine
phosphoribosyltransferase (HPRT) gene locus

The complete sequence of about 60 kilobase pairs of
the human HPRT locus has been determined using the
automated EMBL DNA sequencing technology, in collabo-
ration with the team of C.T. Caskey from Baylor College of
Medicine (Houston). The sequence was analysed with the
help of Peter Rice from the Biocomputing Programme. It
is the first large scale (over 10 kb) sequencing project un-
dertaken with an automated system and fluorescent labels.
The strategy sequentially employed increasingly directed
sequencing methods: First, a randomly generated M13
library was sequenced to generate contiguous overlapping
sets of sequences (contigs). Then, M13 clones at the ends
of these contigs were further sequenced using universal
and reverse primers, followed by sequencing with custom
("walking") primers to order the contigs and complete the



sequencing project. The last gap (about 100 bases in
length) was closed by PCR. This strategy facilitates the
sequencing of DNA segments of the size found in com-
mon cloning vectors such as phage lambda and cosmids.
Interspersed repetitive DNA sequences compose 30% of
the human HPRT locus. Even the presence of 49 Alu
repeats did not pose difficulties in compiling the sequence,
indicating that the random DNA sequencing method is
compatible with a high density of interspersed repeats.
The relatively long length of inserts in the M13 sequencing
clones (2 kb) partially accounts for this observation, since
a contig interrupted by a repetitive or redundant sequence
can be bridged by sequencing from both ends of the clone.
The knowledge of the sequence in combination with PCR
will enable the analysis of major genomic rearrangements
arising within the human HPRT gene. A short tandemly
reiterated sequence within the gene has also been shown
to be highly polymorphic, illustrating the presence of an ad-
ditional class of polymorphic sequences within the human
genome. The work is reported in Genomics (in press).

MUltiple segmental DNA synthesizer

Function and reliability of the novel synthesizer was practi-
cally tested during the custom design of "walking" primers
used for sequencing and closing gaps of the human HPRT
gene locus. Routinely 10 primers were simultaneously
synthesized on the device and subsequently labelled with
fluorescent dye by a simplified labelling procedure. An im-
proved version of the synthesizer will be developed by the
groups of Brian Sproat and Wilhelm Ansorge, together with
the mechanical and electronics workshops and the design
office at EMBL. The new development will be carried out
with the participation of the Amersham (Great Britain) and
Bertin (France) companies.

DNA sequencing service

In the 10 months of the service, after its introduction
early in 1989, about 1200 clones were sequenced for
groups from all biological Programmes at EMBL. On the
average we read 300-350 bases per clone for the users.
But readings up to 650 bases with single-stranded, and
up to 570 bases on double-stranded DNA were supplied.

With M13 phages the users bring phage supernatant and
the service prepares DNA, sequencing reactions, run on
the fluorescent automated EMBL system and sends the
sequence via electronic mail to the user's file on the VAX
computer. The large majority of the sequencing projects at
present is however carried out in plasmid vectors, and a
general plasmid purification procedure which would work
in the hands of all users had to be developed. Regular
discussions with the users help to define the next goals and
improve the service after its introduction. We have already
started a service in amplification of DNA fragments by PCR
for EMBL groups. In collaboration with Peter Rice and Roy
Omond from the Biocomputing Programme we will design
a PC-based station to assist the users in assembling their
sequences in an easy manner.

In general, besides performing the sequencing work for
the groups at EMBL, the sequencing service is also a very
hard test and challenge for the viability of the techniques
developed and used, as they are applied to sequencing
an unknown DNA supplied by the user. Everyday contact
and pressure from the sequencing work also serves as
a source of ideas for continuous improvements in the
process methodology (e.g. general plasmid purification,
faster and simplifi"ed protocol for sequencing reactions) and
hardware.

Microinjection and electro-transfection of cells

In the first half of the year the commercial version of
the device from the Zeiss company was added to the
automated microinjection station developed at EMBL. The
service capacity of the microinjection station has increased
to help satisfy the growing number of applications, and it
is now faster to train users in the operation of the friendly
system. At present we undertake the injection in the initial
feasibility testing phase of a project and for newcomers;
certain projects are carried out in collaboration with the
research groups. For long term projects, in many cases we
train members of the groups in the operation of the system
and provide maintenance of the equipment and assistance
in preparation and evaluation of the results. Film pattern
analysis by image processing and precise measurement
of photoemission from cells or part of cells by a photon
counting system were added to the evaluation equipment.
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Regular users of the systems were the groups of
Lennart Philipson (investigation of DNA synthesis in-
hibition), Wieland Huttner (protein transport in secre-
tory vesicles), Ulrich ROther (gene targeting in em-
bryonic stem cells), Riccardo Cortese (injection of
synthetic peptide, investigation of inhibition of tran-
scription factors), Angus Lamond (injection of oligonu-
cleotides, analysis of splicing inhibition in vivo). Mi-
crotubule dynamics was studied with the groups of
Eric Karsenti and Thomas Kreis on Madin-Darby ca-
nine kidney (MOCK) and on Vero cells by immuno-
microphotometry.

The electro-transfection technique was applied by the
groups of Lennart Philipson and Uli ROther. With the group
of Kai Simons a novel electro-transfection technique for in-
troduction of macromolecules into filter grown MOCK cells
(introduction by electroporation of proteins, gold particles,
plasmid DNA) was developed.

External collaborative projects were carried out with the
groups of S. Tonegawa (MIT, Cambridge) and A. Smith
(MRC, Cambridge) on gene targeting in embryonic stem
cells, both by microinjection and electro-transfection; with
E. Friederich (Institut Pasteur, Paris) on injection of
rhodamine-labelled actin and DNA, double injection ex-
periments and with P. Just (University of Heidelberg) on
electro-transfection of DNA into human primary fibroblasts,
luciferase assay.

The commercial version of the EMBL capillary automated
microinjection system from Zeiss was acquired by about
35 laboratories in less than one year.

Separation of biological particles

After the installation of the fluorescence activated sorter
and verification of its function, a biochemist joined the
group to carry out service sorting and to assist the users
in preparation of experiments and evaluation of results.
The maintenance of the equipment and technical aspects
are assured by members of the group and by the general
maintenance. Experiments were performed for scientists
from the Cell Biology, Differentiation and Gene Expression
Programmes.
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Some of the applications involved studies of haematopoi-
etic cell transformation (Thmoas Graf), e.g. the leukemia
virus E26 bone marrow cells. The effect of culture con-
ditions on the differentiation pathway of virus infected
cells is being studied, evaluating surface marker expres-
sion. Using two colour immunofluorescence, distribution
of surface markers has been analysed and used as a
criterion for sorting viable enriched populations of cells.
Another application was the analysis of the yeast cell
cycle (group of Ed Hurt), to examine the effects of spe-
cific mutations in genes coding for nuclear envelope
proteins involved in cell cycle control. In particular, the
temperature-sensitive mutants and the DNA content in
dependence on the temperature have been studied. In
further tests we will investigate optimum conditions for
high recovery of viable cells after sorting. Fluorescently-
labelled dextran (FITC) may be used as a marker in
the electroporation of cells. In combination with the elec-
trotransfection technique the FACS has been used to
quantify the FITC dextran in electroporated cells, using
the fluorescence as a parameter for the sorting of viable
cells.

The EMBL apparatus for separation of large DNA frag-
ments, with straight electrodes rotating around the gel, was
made commercially available during 1989 by the Appligene
Co., Strasbourg. It will be used extensively in the mapping
studies, in particular of the S.pombe genome.

Modified oligonucleotides

We have developed improved methods for the synthe-
sis of building blocks for the solid phase assembly of
2'-O-methyloligoribonucleotides. A new alkylation proce-
dure has been introduced and patented and we ex-
pect to see commercialization of our procedures. In col-
laboration with Angus Lamond these very stable anti-
sense probes have found extensive applications in the
study of RNA processing. Preliminary investigations of
other 2/-0-alkyl RNAs look very promising in that we
have so far identified one other analogue which appears
to be better than the 2/-o-methyl compounds. These
analogues show high stability in cells when microin-
jected and will be used to block transcription or transla-
tion.



Additionally, a novel psoralen containing deoxyadenosine
building block was synthesized enabling the facile solid
phase synthesis of psoralen modified oligonucleotides.
Under UV irradiation at 360 nm rapid and efficient cross-
linking of the psoralen containing oligonucleotide to a com-
plementary matrix strand is achieved. Such compounds
will be useful in antisense probe technology.

Oligoribonucleotldes

We have established a procedure for the solid phase
synthesis of oligoribonucleotides in collaboration with Prof.
C.B. Reese, and moreover, the chemistry is compatible
with our RNA analogue chemistry enabling us to make
mixed RNA, 2/-0-meRNA sequences also containing a
variety of heterocyclic modifications. The monomers are
currently being prepared commercially and by spring 1990
routine RNA synthesis will be available to EMBL.

Oligonucleotide synthesis service

Dramatic expansion of the core facility took place during
the year with the acquisition of a third commercial syn-
thesizer. A total of 2200 oligonucleotides were synthe-
sized and the majority purified, compared with 1400 for
1988. About 10% of the oligonucleotides carried some sort
of modification, e.g. biotin, fluorescein, psoralen or alkyl
residues in the case of RNA.

Protein chemistry

The group has evolved to a protein chemical core fa-
cility making the techniques of protein microsequence
analysis and peptide synthesis available to scientists
with no training in these areas. Its basic research on
protein chemistry and process automation keeps the
laboratory up-to-date with new techniques and instru-
mentation. In close collaboration with molecular biolo-
gists analytic and synthetic technologies are refined and
new instruments are developed. In collaboration with
scientific groups at EMBL about 350 sequencer runs
were performed and 280 peptides were synthesised in
1989.

Microsequence analysis of proteins

The experience of the past few years has shown that owing
to the different nature of the proteins to be analysed a
range of micropreparative and analytical techniques must
be available to allow for the selection of the optimal strat-
egy for the isolation of the individual protein. Therefore
numerous micropreparative strategies have been estab-
lished for the isolation of proteins and peptides from com-
plex biological sources and to obtain samples compatible
with subsequent microsequence analysis. Examples of
some sequencing projects, leading to the identification of
the corresponding cDNA clones, are: liver-specific tran-
scription factor LF-B1, thyroid-specific transcription factor
TTF-1, 54 kDa protein and 68 kDa protein of signal recog-
nition particle (SRP), signal sequence receptor (SSR),
chicken myelomonocytic growth factor (cMGF), cell ad-
hesion molecule AMOG, neural cell recognitior molecule
F11, human secretogranin II, yeast nucleolar protein re-
lated to mammalian fibrillarin, soluble guanylate cyclase
and adenylate cyclase.

A project concerning the utilization of plasma desorption
time of flight mass spectrometry (PD-MS) in protein mi-
crosequence analysis yielded stimulating results. By using
a special spectra accumulation technique a set of daughter
ions was recorded, which allowed the identification of all
62 residues of a 6.5 kDa peptide. This is the first ex-
ample of direct sequence assignment based on PD-MS
data, demonstrating, that PD-MS may become a valuable
alternative to Edman degradation in the microsequence
analysis of peptides.

Peptide synthesis

Solid-phase peptide synthesis has proven to be a versa-
tile tool to study protein-protein interactions and protein
folding. As a consequence synthetic peptides are now
extensively used in immunology, cell biology and structure
research. Owing to the improved performance of our con-
tinuous flow instrument the high quality synthesis of small
proteins and protein domains (up to 100 residues) is now
possible. These molecules are ideal candidates for struc-
ture studies on functional domains of complex proteins.
This has recently been demonstrated by the synthesis
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of peptides containing the leucine-zipper and the DNA
binding domain of two transcription factors (GCN4 and
CREB). The peptides exhibit specific DNA binding activity
and two-dimensional NMR data confirm the hypothesis of
a dimer formed by two parallel helices. The analysis of
hybrid molecules composed of the zipper domain of GCN4
and of the basic domain of CREB and vice versa showed
that the ability to recognize a specific DNA sequence is
a property of the basic region and can be transferred to
different dimerization elements by just transplanting the
basic domain.

Robotic workstations

Besides the updating of existing instruments a major on-
going instrumentation project is the development of robot-
based biochemical workstations. Laboratory robots are ca-
pable of producing large numbers of analytical data and/or
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synthetic molecules and therefore enable new kinds of
systematic experiments. The two prototype robots we have
developed so far (for DNA sequencing and for multiple
peptide synthesis) are now in routine use and a license
agreement for their commercial production has been con-
cluded. In collaboration with the computer group work on
software tools is being continued to provide a flexible
environment for method development on laboratory robots.

A further project concerns the automation of protein crys-
tallization protocols. The performance of these protocols
by a robotic workstation will eliminate operator errors and
allow for a more precise variation of experimental param-
eters. By using new vapor diffusion plates the automated
formation of standing drops and sandwiched drops will be
possible.

w. Ansorge, R. Frank & B. Sproat



Biocomputing

Ingenious experimental methods of modern molecular bio-
logy have provided a wealth of data on the molecular
detail of genetic sequences, three-dimensional structure
of biological macromolecules and cellular architecture and
control cycles. Understanding these data not only in the de-
scriptive but also in the predictive and constructive sense
is the major challenge for theoretical molecular biology.
Computer systems with their great capacity for storing
and analysing data and for allowing visualization and ma-
nipulation of molecular structures are most appropriate
tools in this endeavour. Genome sequencing projects and
the gradual approach to near-complete information about
cellular processes will increase the complexity of the chal-
lenge in the next few years.

Currently groups in the Biocomputing Programme at EMBL
are involved in a wide range of research and service
activities: they perform research in theoretical and compu-
tational biology; provide the general computing facilities in
the laboratory (hardware, networks and software); collect,
annotate and distribute genetic sequence and other data
in collaboration with institutions in Europe, the USA and
Japan; and coordinate EMBnet, a computer network in-
frastructure for molecular biology in Europe. Within EMBL,
the last year has seen a further increase in collabora-
tion between groups in Biocomputing and groups in the
Biological Structures, Cell Biology, Gene Expression and
Differentiation Programmeso

Protein sequences and structures

Three groups have worked on the analysis, prediction,
model building and design of protein sequences and struc-
tures.

The work in Arthur Lesk's group has included projects on:

(1) Understanding the structural determinants of antigen-
binding sites of immunoglobulins. This work has
elucidated some general principles governing con-
formations of medium-sized loops in proteins. The
role of particular framework residues in influenc-
ing the conformation of antigen-binding sites has
been clarified. As a result, comparisons of the
predictions with crystal structures show that one
can predict, with reasonably consistent success,
the conformations of five of the six hypervariable
loops.

(2) Analysis of the relationships between very distantly-
related protein structures, to understand the mech-
anism of protein evolution when constraints arising
from conservation of function are removed. In one
study, in collaboration with C.-I. Branden and C.
Chothia, it was concluded that not all the proteins
containing {3-0:-{3 barrels (as seen first in TIM) are
related. In another study, a detailed comparison of
the antenna pigment phycocyanin with the globins, it
was concluded that there is a genuine but very distant
evolutionary relationship.

(3) NMR structure determinations, together with out-
side collaborators, of the active DNA-binding frag-
ment of the yeast transcriptional activator protein
GCN4, containing the leucine zipper and DNA-binding
domains, CoIE1 Rop protein and cyclolinopeptide
A.

(4) In addition, members of the group and coworkers
have carried out projects involving: analysis and mod-
elling of interfaces between protein subunits, anal-
ysis of patterns of unusual main-chain conforma-
tions in proteins, modelling studies related to nucle-
osome structure, development of methods for ap-
plying molecular dynamics to crystallographic refine-
ment, and the design and development of computer-
graphic methods for displaying proteins and nucleic
acids.

Pat Argos' group has undertaken the following projects.
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(1) Better methods have been developed to align multiple
protein sequences as well as to identify mathemati-
cally local sequence regions with biologically signifi-
cant homology. These results are primarily achieved
by considering search matrices for each pairwise se-
quence alignment and for various values of alignment
parameters as gap penalties. Consistency of local
alignment regions across the various search matrices
is determined as a gauge of significance and mode
of alignment.

Many protein sequence families were compared dur-
ing the year. Among the most notable were the dis-
covery of a GTP-binding domain in a signal recog-
nition particle subunit as well as a feasible hypoth-
esis that many RNA- and DNA-dependent RNA and
DNA polymerases share several local sequence mo-
tifs amongst themselves and with the E.coli Klenow
fragment Pol I sequence whose tertiary structure is
known. This correlation allows prediction of the fold
for the functionally important regions in the various
polymerases.

(2) Ab initio molecular model building (from the primary
sequence alone) included work on the titin molecule,
an important component of muscular structure and
a regulator of myosin assembly. A repeating domain
is proposed to have the classic jellyroll antiparallel
eight-stranded ,a-barrel fold as recognized by cyclic
residue characteristic patterns in multiple sequence
alignments. Model building of a flavodoxin based
on a homologous tertiary structure and NMR data
coupled to molecular dynamics simulations has also
been effected. The flavodoxin is probably the largest
structure yet tackled by NMR at 137 residues.

Attempts are presently underway to build viral capsid
proteins as the AIDS p24 protein by using known
tertiary structures and novel molecular dynamics al-
gorithms. In this process, several homologous virus
structures will be examined for structural consistency
to provide "rules of modelling". In fact, a new jellyroll
,a-barrel topology was discovered in this process as
well as proposals for other classes of such folds.
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(3) In development of computer algorithms, two projects
are notable. One of the fastest and most versatile se-
quence motif, pattern and profile searching programs
has been written to search sequence databases. It
allows many types of searches including such func-
tions as secondary structure prediction and hydropho-
bic moments. A users' manual is available and the
program is freely distributed. Algorithms for sensitive
sequence comparisons have also been effected on
a Macintosh II computer interfaced to 3 transputers,
each of which at a fraction of the cost can achieve
VAX 8650 processing speed. The system will be up-
graded to a 20-transputer configuration and attempts
will be made to compare a new primary structure with
sequence databases by the most sensitive compar-
ison technique possible. Levels of significance will
also be given.

(4) Several investigations are underway or have been
completed regarding analysis of known protein ter-
tiary structures to elicit protein folding principles with
the eventual goal of predicting three-dimensional
structure from the primary sequence alone. Strongly
associating clusters consisting of 3 to 5 spatially
proximate residue sidechains have been identified in
presently known tertiary structures. Their composition
and position within the protein topology and the glob-
ular protein shape have suggested a "collapsable"
theory of protein folding; Le., the clusters coalesce
and may even force the association or bringing to-
gether of some secondary structural elements. A
further topic involving an examination of constraints
on single point mutations as inferred from known
three-dimensional structures has led to suggestions
regarding protein core evolutionary development in
protein family members as well as recommendations
for protein engineering and design. Among the more
notable rules are that protein core substitutions in-
volve residues with a volume change of no more than
one methyl group. Finally, the preferred interaction
geometry of all possible residue sidechain pairs in
known structures has been investigated; in some
cases, the preferred association may be helpful in
molecular modelling.



Chris Sander's group has focused on protein design and
on database methods for model building and prediction of
protein structures.

(1) The complete protein design cycle from theoretical
concept to experimental test has been achieved once
for redesigns of a small protein structure solved at
EMBL, Rop (repressor of primer), a bundle of four 0-
helices. In collaboration with Demetrius Tsernoglou's
group in Biological Structures and Annalisa Pastore in
Biocomputing as well as groups at the GBF in Braun-
schweig and the Max-Planck Institute for Medical
Research in Heidelberg, several redesigned variants
of the Rop protein were produced by gene synthesis
and expression in bacteria; crystals were grown which
have so far yielded one solved structure and NMR
spectroscopy has allowed comparison of the three-
dimensional structure of the modified and wild-type
protein. The redesigned structures test concepts of
protein folding: What is the dependence of peptide
conformation and antibody recognition on structural
context? What are the requirements for engineering
a metal binding site? What role do loop regions
have in protein folding? The basis for subsequent,
more rapid, protein design cycles has now been
laid.

(2) Lacking a correct physical theory of protein folding,
database methods remain the currently most powerful
computer tool of deducing the structure or function
of a protein. These methods appropriately deal with
the individuality of proteins, in particular enzymes and
control proteins, as well as with the evolutionary con-
nections within protein families. For model building, a
database algorithm to generate protein backbone and
sidechain coordinates from a Co trace was developed
which constructs a protein structure in a piecewise
fashion from fragments of known structures, with sur-
prisingly high accuracy.

(3) A new database that integrates sequence and
structure information was developed, grouping to-
gether all protein sequences homologous to a pro-
tein of known structure and thereby multiplying
the database of effectively known protein struc-
tures.

(4) Analysis of atomic contacts in known protein struc-
tures led to a new method for evaluating the quality
of protein models and two preprocessed data sets
of residue-residue contacts can be searched rapidly
and interactively during analysis and construction of
protein structures.

(5) Model building applied to particular sequences re-
sulted in a first-principles three-dimensional trimeric
model of the adenovirus fibre, in collaboration with
scientists at the Grenoble Outstation, and an under-
standing of structural conservation in the G domains
of ras p21 oncogene protein, elongation factor TU
and several ras-related proteins with novel functions,
based on the crystal structure of Ras p21 determined
by Ken Holmes and colleagues at the Max Planck
Institute for Medical Research.

(6) The more ihan sixty protein sequences from the Ep-
stein Barr virus genome were analysed for structure
and function, using database algorithms, to assess
the future needs and develop methods for analysis
of complete protein information of bacterial and other
genomes.

Other projects include the calibration of an effective
protein-water interaction and the implementation of
integrated computer graphics and database software
on modern graphics workstations. During the year,
many sequence homology and pattern searches as
well as structure predictions were performed in col-
laboration with molecular geneticists (Plate 1).

The EMBL Data Library

In 1989 the Data Library saw major expansion. Increased
funding through the EEC allowed the appointment of
new staff, bringing the group up to 30 people. Much of
the growth has been necessary to cope with the ever-
increasing flood of data, and also new network and CO-
ROM distribution systems have required expansion. The
most important development of 1989 has been the instal-
lation of the database in the Oracle relational database
management system, which will clear the way for a number
of important improvements in the coming year.
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PLATE 1

Homology threshold as a function of alignment length.

The relation between sequence and structure of proteins is central
to protein folding and engineering. Here, a database study has
quantified the extent of sequence similarity required for save
prediction of structural similarity.

Each point represents a sequence alignment between two frag-
ments from proteins of known structure, with a given alignment
length (x-axis) and given level of sequence similarity (y-axis).

The homology threshold curve divides the graph into an area of
safe structural homology (only blue points) where essentially all
fragment pairs are observed to have good structural similarity and
a region of homology unknown or unlikely (mixed color) where
most fragment pairs are structurally dissimilar.

As a result, the database of known protein structures can be
extended significantly by deducing the structures of all proteins
in the much larger sequence data base which are homologous to
a protein of known structure.

40



PLATE 2

Cumulative nucleotide bases published by year of publication.
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The two main databases, the nucleotide sequence
database (prepared in collaboration with GenBank in
America and DDBJ in Japan) and SWISS-PROT have both
shown an increase of a little more than 500/0 in size in 1989,
bringing the nucleotide sequence database to 35 million
base pairs and SWISS-PROT to 3.8 million amino acids.

Analysis of citations in the database by year of publication
yields a fairly smooth accelerating growth curve as shown
in Plate 2. Extrapolation of this curve predicts a database
of 1010 base pairs in the year 2000: that is, 300 times
larger than the present collection or three times the size
of the human genome. This, coupled with developments in
automated sequencing and genome research will require
new approaches to the database problem in the future,
and the Data Library is carrying out exploratory research
in this area.

In their early years the databases entered almost all
the data manually from journal articles. More recently
the emphasis has been on direct submission of data by
researchers, with the protein and nucleotide. sequence
databases operating a common submission scheme, in-
volving agreements with most of the major molecular bio-
logical journals. A computer program which helps authors

to produce submissions for any of the nucleotide sequence
databases was completed by GenBank in 1989 and is now
in the final stages of testing.

Despite initial resistance to the idea of direct submission in
some circles, progress in 1988 was good, with about 60%
of data being submitted directly. Unfortunately 1989 has
not seen such improvement - strong resistance from a few
important journals makes it difficult to get the submission
rate above about two thirds of the data. This is alarming
in that increases in the total data flow rate make entering
even the remaining data a huge task.

Early in 1989 the Nucleotide Sequence Database was
installed in the ORACLE relational database management
system (RDBMS), and the last release of 1989 was pro-
duced directly from that version of the database. The next
stage is to develop further the tools for entering data into
the RDBMS.

Although distributing copies of the entire database on mag-
netic tape continues to be an effective way of delivering
the data, there have been major developments in the last
two years. Computer networks enable users to get the
very newest data directly from EMBL. The EMBL network
file server allows individual entries to be requested, and
using EMBnet we update remote copies of the database
at centres in the EMBL Member States. At present seven
national EMBnet nodes receive daily updates of data. The
quarterly releases are now distributed on CD-ROM as well
as on magnetic tape, a medium well suited to users in low
investment computer environments.

The Data Library currently receives almost half of its
support from the European Community's BAP programme,
and the expansions allowed in 1989 are now beginning to
have an effect. The EEC funding runs out in early in 1991,
but further support through to the end of 1993 is being
sought under the EEC's BRIDGE programme. In the longer
run we expect information services to outgrow EMBL, and
are exploring the possibility of establishing an independent
European centre for this purpose.

Computing and network facilities

The central VAXcluster facility, which continued to be the
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main workhorse in the laboratory, received a substantial
increase in total CPU power with the addition in September
of a VAX 6000-420 with 64 Mbytes of main memory. This
is a 2 processor machine, where each processor is some-
what faster than the previous main machine, the VAX 8650.
The workload on the VAXcluster had reached the situation
where many scientists were waiting an inordinate amount
of time to process large computation-intensive jobs. This
purchase should go a long way to alleviating the situation.
In addition the VAXcll:Jster was further augmented with the
inclusion of several more VAXstation computers so that the
cluster now consists of 24 nodes representing a substantial
increase in CPU power compared to that available at the
end of 1988.

The size of the user community increased accordingly;
we now have more than 570 registered users of the
VAXcluster. The Unix environment also continued to grow,
both in terms of number of nodes and in terms of user
acceptance. A small Silicon Graphics Personal Iris, a
DECstation 3100 and a SPARCstation I were all integrated
into the Unix world during the year. Connectivity between
the VAXcluster and the Unix environment was also much
improved by the installation of NFS (Network File System)
on the VAXcluster allowing users on the Unix workstations
to access VAX files transparently.

Network file server

The network file server, a relatively simple but very ef-
fective vehicle for electronic distribution of data (bitnet
address: NETSERV@EMBL) has increased in world-wide
popularity during 1989. In response to electronic mail re-
quests, the file server, a computer program with access
to databases, currently services between 600 and 1,000
requests a month from scientists connected to mail net-
works in Europe and the rest of the world. In this way
the newest EMBL nucleic acid sequences are available as
electronic mail as soon as entered and well before they
appear in the next regular Data Library release. Protein
three-dimensional coordinate dala sets continue to be
available on NETSERV, by license agreement with the
Protein Data Bank (USA), as well as protein structure data
derived or produced at EMBL and public domain software
for molecular biology.
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EMBnet - European Molecular Biology Network

EMBnet had its first full year of operation in 1989. The
network was formed to (1) address the need for novel
methods of data distribution and data capture brought
about by the accelerated growth of databases, (2) pro-
vide for closer communication in the European molecu-
lar biology community and (3) initiate or strengthen bio-
computing research and services in all EMBL Member
States.

EMBnet is not an academic mail network like EARNIBitnet
but provides much more: close links between computers
with functionality far beyond simple mail traffic. It allows for
file transfer on demand, remote logins, pre-programmed
daily transfer of data, an international central bulletin
board, remote execution of jobs etc. Currently using both
Decnet and TCP/IP protocols, EMBnet will use the interna-
tional Open Systems Interconnection (OSI) standard when
available.

National nodes have now been designated in almost
all EMBL Member States: Denmark (Aarhus), Finland
(Helsinki), France (Paris), Federal Republic of Germany
(Heidelberg, with Braunschweig), Greece (Heraklion), Is-
rael (Rehovot), Italy (Bari), Netherlands (Nijmegen), Nor-
way (Oslo), Spain (Madrid), Sweden (Uppsala) and the UK
(Daresbury) (Table 1). Frequent automatic transfer of the
newest nucleic acid sequence data entered at EMBL is
now taking place routinely to six of the nodes. A trial link
to a pharmaceutical company in Basel, Switzerland is also
operational.

Visitors' programme, technical reports, courses

The Biocomputing visitors' programme provides an op-
portunity for collaborative work visits of three to eight
weeks duration. In the 1989 programme, visitors worked
on projects in the areas of prediction of protein struc-
ture (Ptitsyn, USSR), protein dynamics (Stern, Israel),
protein model building (Holm, Finland), characteris-
tic sequence patterns (Kanehisa, Japan), NMR struc-
ture determination (Molinari, Italy), distance geometry
(Braun, Switzerland), and protein solvation (Frommel,
GDR).



Table 1

EMBnet node status

Node Status

CITI2 Paris, France Receiving daily updates

SERC Daresbury Laboratory Daresbury, U.K. Receiving daily updates

CAOS/CAMM Centre Nijmegen, the Netherlands Receiving daily updates

Centre of Molecular Biology Madrid, Spain Have national mandate

Biocomputing Biozentrum Basel, Switzerland Receiving daily updates

Biomedical Centre Uppsala, Sweden Receiving daily updates

Weizmann Institute of Science Rehovot, Israel Receiving daily updates

Institute of Medical Biochemistry Oslo, Norway Have national mandate

Institute of Biotechnology Helsinki, Finland Awaiting national mandale

Institute of Biological Chemistry Bari, Italy Have national mandate

'Institute of Molecular Biology and Biotechnology Heraklion, Greece Have national mandate

DKFZ Heidelberg, F.R.Germany Have national mandate

Bioregulation Research Centre Aarhus, Denmark Have national mandate

Institute of Molecular Pathology Vienna, Austria Awaiting national mandate

Hoffmann-La Roche Basel, Switzerland Receiving daily updates

Biocomputing Technical Documents are available from
the Biocomputing secretary. The latest is EMBL-BCTD#4:
PROSITE, A Dictionary of Protein Sites and Patterns, by
Amos Bairoch, University of Geneva. An EMBO workshop,
Patterns in Protein Sequence and Structure, was orga-
nized in 1989 and in-house training in theoretical meth-
ods and use of sequence and structure analysis software
provided.

Future

The growth of the Data Library and the proposal of a Euro-
pean Institute of Bioinformatics will require reorganization
of the Programme in the future. We anticipate that support
for service activities will increasingly become a task of
the European Community. Support for basic research in
theoretical molecular biology would remain a task of EMBL.

Theoretical, computing and database methods are be-
coming increasingly useful in everyday molecular biology.
New areas of biocomputing research will have to be
approached, especially as a result of rapidly increasing
genome projects and increased understanding of the ge-
netic control of cellular processes.

The key to significant contributions in this field by EMBL in
the future will be the allocation of sufficient resources for a
number of newly created small research groups, training a
sufficient number of young researchers and providing them
with an opportunity for independent research early in their
careers.

C. Sander
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The Outstation at the DESY, Hamburg

The application of synchrotron radiation to problems of
molecular biology is of increasing importance. This can
easily be seen in the EMBL Outstation in Hamburg: over
200 visitors have used the radiation facilities during 1989,
and in protein crystallography alone we have received
almost 100 proposals for beam-time from a very wide
user base since the beginning of the year. The increased
interest in synchrotron radiation arises from the recognition
of the vital importance that an understanding of structures,
at a variety of levels, plays in molecular biology, and greatly
benefits from the new possibilities of obtaining sufficient
quantities of many proteins through the techniques of
molecular genetics, cloning and overexpression of cloned
genes. The Outstation has continued to provide access to
synchrotron radiation for a wide community of users from
the molecular biology community in Europe, with strong
support from the DESY staff.

The DORIS storage ring at the Deutsches Elektronen
Synchrotron (DESY) acted as source of synchrotron ra-
diation from mid-February until mid-December 1989, with
the loss of 2-3 weeks due to maintenance and break-
downs. Our beam-lines have thus been very intensively
used throughout the year. In September 1989 the external
priorities committee assessed proposals for beam-time for
the second half of 1989 and for 1990. We have followed
the guidelines of the committee in allocating beam-time
and we also reserve a proportion of beam-time for new
projects which require urgent attention.

In 1990 DORIS will only function for a period of 4 months
approximately from March to June. There will then be
a major shut down until the first half of 1991 while the
DORIS lIby-pass" is constructed. EMBL will construct one
beam-line on this by-pass taking radiation from a multipole
wiggler with a substantial gain in intensity over the present
lines. At the same time lines X11 and X13 will be turned
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round to take radiation generated by the electron beam,
allowing their use in both main-user and parasitic modes.

This expansion of our capacity is essential given the cur-
rent pressure for beam-time which is projected to increase
in the future. The need for efficient detectors to handle
the data produced need hardly be emphasised. The in-
strumentation group has made a fundamental contribution
in this area through the development of the imaging plate
scanner which has been used for data collection in protein
crystallography throughout 1989, and is described in more
detail below.

The imaging plate scanner

The imaging plate scanner, a detection system for protein
crystallography, which was designed, developed and built
in-house during 1988, has been a major success. The
device is so reliable that it has been in use on one or
other of the protein crystallography beam-lines, practically
without interruption, over the whole beam periods of 1989.
Well over 20,000 images have been collected without any
serious technical problem. Our imaging plate scanner also
proved to be far superior to similar commercially available
systems presently available. The x-ray image is stored in
a phosphor plate and is subsequently read out using a
laser. The image is transferred directly to a storage disk
on our computer system for analysis and extraction of x-ray
intensities.

A particular advantage of the imaging plates is their good
sensitivity at short wavelengths: the response of the plates
is essentially flat in the range 1.5A to 0.5 A. Using short
wavelengths, 1.0 A and below, has two important advan-
tages for protein crystallography. The first is the reduction
in absorption, the single largest systematic source of error
in most data collections, to a level where it can generally
be ignored. The second follows directly from the first:
the reduced absorption gives reduced radiation damage.
For many crystals we have observed increase in effective
lifetimes of the order of 5-10 times using 1.0Awavelength
radiation with the imaging plate, in comparison to 1.5 A
radiation with film. In practical terms this has meant that
for a substantial number of projects it has been possible
to record complete three-dimensional data from a single
crystal.



The imaging plate scanner is incorporated into our crys-
tallography beam-line systems in such a way that com-
plete data sets can be collected fully automatically, while
the crystallographer processes the already collected data
practically on-line (or realistically one data set behind I).
The instrumentation group has now almost completed
the construction of an improved version of our imaging
plate scanner. Important improvements will be the shorter
read-out and erasure cycle time of 1 1/2 minutes instead
of the present 2 1/2 minutes and a much wider dynamic
range. This system will be operational by March 1990, and
both crystallography beam-lines will then have a scanner
for data collection.

The imaging plate scanning devices provide the Outstation
with an ideal detection system for Laue crystallography
because of the large dynamic range combined with the
excellent spatial resolution and the high sensitivity to short
wavelength radiation. Test patterns have already been
taken and are presently being analysed. Imaging plate
systems presently provide us with the only acceptable
detection systems for protein crystallography with beam-
lines providing the intensity which we will get from the
wiggler on the by-pass. The impact of the scanner is not
restricted to protein crystallog raphy and in 1990 we also
expect to use it for muscle diffraction experiments.

Applications of the imaging plate scanner

The power of the imaging plate scanner is illustrated by the
projects carried out in a five week period early in the life
of the scanner during March and April 1989. In this period
the scanner was first used by Ada Yonath for two weeks
for the collection of ribosomal subunit data, and then for
three days to record 7 data sets for in-house and visitor's
projects. The beam-line then shut down for 1 week over
Easter. In the following 11 days a further 10 high resolution
data sets were recorded. The scanner has continued to
produce data at this rate for the rest of the year.

The scanner is able to handle data from more than 95%
of the projects. The only important limitation of the present
system is in the resolution of very closely spaced reflec-
tions. The scanner is presently restricted to resolve up to
110-120 orders at each side of the centre. This limitation

is not dictated by the spatial resolution of the scanner, but
rather by the actual spot sizes in the pattern. The scanner
has thus been used for essentially all protein crystallog-
raphy data collection in 1989. We will briefly describe two
in-house projects to illustrate its effectiveness.

In a preliminary experiment on a rubredoxin crystal sup-
plied by Larry Sieker we used a wavelength of 0.65 A,
giving a limiting resolution at the edge of the plate of 0.9 A.
We evaluated the data for the 1.0-1.9 A shell only from
the images: the 15% of the data between infinity and 1.9A
were rejected as so many of these were saturated. The
images unfortunately showed that the crystal was not of the
highest quality and that it had an unexpected susceptibility
to radiation. The overall merging R factor on intensities
was 11%, using all data. The model of rubredoxin from
the Brookhaven data bank (determined by Larry Sieker and
colleagues in Seattle) was refined against these data, but
the R factor fell only to 260/0 after 5 cycles. A small section
of the electron density synthesis with observed amplitudes
and calculated phases is shown in Plate 3, and shows the
advantages of structural analyses at this resolution. We
plan to carry out a full data collection during 1990.

The second example of the power of the imaging plate
scanner is in the application to the enzyme xylose iso-
merase from S. a/bus which we are studying in collabo-
ration with H. Witzel (University of MOnster). The enzyme
has a molecular weight of about 42,000 and large crystals
can easily be grown. The crystals are orthorhombic with
space group 1222 and cell dimensions a=93.9 A, b=99.7 A,
c=1 02.9 A. We have collected complete data on both
metal-free crystals to 1.65Aand Mg2+ containing crystals
to 1.55 Ausing the X11 beam-line. In both cases the total
data collection time was about 9 hours. The overall Rsym
(the symmetry R on intensities and using all data) for the
metal free data was 5.8% and for the Mg2+ containing data
5.5%.

As a starting model for refinement we used the structure
of xylose isomerase from Arthrobacter (Collyer, Henrick
& Blow) and refined both structures using restrained least-
squares. The current R factors for the two data sets, 13.9%
and 14.8% respectively including all data to the limiting
resolutions, for a protein of this molecular weight at this
resolution are excellent indicators of the high quality of
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PLATE 3

A region of the rubredoxin Foexp(ia)c Fourier synthesis with data
from the imaging plate scanner. Only data between 1.9Aand
1.0Awere successfully recorded and used in this synthesis. This
region covers the side chain of tryptophan 37.
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PLATE 4

A stereo view of the 1.6 Aresolution electron density map con-
taining the two metal binding sites (labelled Me1 and Me2) of

glucose isomerase. Data were collected with the imaging plate
scanner.
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the data which can be collected with the imaging plate
scanner. A region of the map is shown in Plate 4.

The in-house protein crystallography projects continued
to concentrate on bacterial proteins. As before the four
themes were (1) subtilisin proteinases, (2) metalloproteins,
(3) carbohydrate metabolising proteins and (4) nucleic
acid - protein interactions. All of these benefited from the
imaging plate. Visitors from many laboratories in Europe
also used the instruments.

Laue diffraction (I. Schlichting*, G. Rapp**,
S. Almo***, A. Lentfer**, K. Petratos**,
K. Wilson**, E. Pai*, G. Petsko*** & R.S. Goody*;
* MPI Med. Research, Heidelberg,
** EMBL Outstation at DESY, Hamburg &
*** MIT, Cambridge, Mass., USA)

The first Laue data collection on our beam-lines was
carried out for test purposes at the end of 1988. In 1989 the
first real experiments were carried out by the above group
from the Max-Planck Institute Heidelberg, MIT Boston and
in-house staff on the time-resolved x-ray studies on the H-
ras p21 crystals grown in MPI Heidelberg. The Heidelberg
group had recently shown that the H-ras oncogene product
p21 could be crystallized with a photolabile GTP derivative
(caged-GTP) at its active site, and that after photolytic
removal of the protecting group, hydrolysis of GTP to GDP
occurs in the crystal at the same rate as with p21 in solution
(Schlichting st al., 1989).

Such crystals were used in conjunction with Laue and
classical x-ray diffraction techniques to provide information
on the structural changes accompanying GTP hydroly-
sis in this system. This process is of particular interest,
since it is thought to constitute the transition between the
Uactive" and Uinactive" forms of p21, and is assumed to
be analogous to similar switches which occur with the
G-proteins and other guanosine nucleotide binding pro-
teins. The structures of stable or quasi-stable complexes in
this system were determined by classical (monochromatic)
x-ray diffraction methods. This was not possible for the
relatively short-lived complex between wild-type p21 and
GTP. This structure was determined by the Laue method
using synchrotron radiation after photolytic cleavage of the
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protecting group in the crystals of wild-type p21.caged-
GTP and before significant hydrolysis of GTP to GOP had
occurred. In addition, the structure of the protein was also
determined (in the same crystal) by the Laue method 14
min. after initiating the GTPase reaction by removal of the
protecting group, Le. during GTP hydrolysis. l\ publication
is currently in preparation regarding the results of these
experiments.

Small-angle scattering

A large quadrant detector, built by Andre Gabriel and
Fran90is Dauvergne (EMBL, Grenoble), was installed and
used throughout the year in conjunction with the interface
built by Christian Boulin (EMBL, Heidelberg). The range
of scattering vectors is doubled compared with the previ-
ous detector. Some in-house and user projects are now
outlined.

It is a paradox that, in vitro, compaction of chromatin at
increasing ionic strength is accompanied by precipitation
at salt concentrations well below physiological ones. It
was shown recently that in the nuclei of many cells there
are large concentrations of free amino-acids. Our solution
scattering experiments indicate that chicken erythrocyte
chromatin remains in solution at salt concentrations up to
200 mM NaCI in the presence of uncharged amino-acids
(glycine and proline) although compaction is complete at
about 80 mM NaCI. In contrast, the positively charged
lysine interferes with compaction.

Using a Kerr cell with a short path length, dependence of
the electric linear dichroism (ELD) of chicken erythrocyte
chromatin on NaCI concentration was measured (in collab-
oration with R. Marquet &C. Houssier, University of Liege).
The ELO was found to be small and positive above 3 mM
NaCI as predicted by our previous calculations. A detailed
analysis of the changes in ELD and relaxation times has
been submitted for publication.

The measurements obtained last year in collaboration with
P.E. Nielsen (University of Copenhagen) on chromatin
from Ehrlich ascites were repeated and confirmed the
dependence of the dian1eter of condensed chromatin on
the linker length.



The potential of electric field x-ray scattering was further
investigated using DNA from various sources. Orientation
could be achieved using solutions with a concen.tration of
1-2 mg/ml. A detailed analysis of the results is in progress.

Work was started on the purification of Cu-metallothionein
from yeast, a protein for which there is a controversy
concerning, among others, the geometry of the metal
centres. A copper resistant strain of Saccharomyces cere-
visiae which overproduces the protein is being used. Pu-
rification procedures are based on ion exchange and gel
filtration chromatography and the protein is assayed by
Cu-determination using atomic absorption spectroscopy
and amino-acid analysis. Methods to assay the degree of
purity of the final product still have to be developed.

The major collaborations and user projects in 1989 were:
studies on the cofactor and activator induced structural
changes in yeast pyruvate decarboxylase (G. HObner et
a/., Martin-Luther University, Halle/S.), the association of
proteins from thin filaments of striated muscle (A. Weg-
ner et a/., Ruhr-Universitat Bochum) and of troponin from
cardiac muscle (K. Jaquet et a/., Institute of Physiol. Chem-
istry, Ruhr-Universitat Bochum); on microtubule assembly
and microtubule associated proteins (E. Mandelkow et a/.,
MPG/ASMB, Hamburg); on the structural polymorphism of
free lipid A (K. Brandenburg & U. Seydel, Forschungsin-
stitut Borstel), on phospholipid lamellae as cholesterol
carriers in model systems of bile (G.J. Somjen et al., Ichilov
Hospital, Tel Aviv); further structural studies on pathologi-
cally calcified collagen (A. Bigi & N. Roveri, University of
Bologna), on osteogenesis imperfecta (0.1.) collagen (Th.
Nemetschek et a/., Heidelberg University), on the molec-
ular basis of the mechanical properties of collagen (Th.
Nemetschek et a/., Heidelberg University); time-resolved
x-ray studies on structural changes in bacteriorhodopsin
during the photocycle (G. BOldt et al., FB PhysikiBiophysik,
Freie Universitat Berlin).

EXAFS

During last year's EXAFS experiments on very dilute met-
alloprotein samples it became obvious that the quality of
spectra was hampered by the occurrence of "glitches".
The physical origin of these artifacts is a modification

of the beam intensity by the presence of one or more
secondary reflections satisfying Braggs's law simultane-
ously. Sample inhomogeneities (e.g. in frozen solutions)
and non-linearities in the detection system may result in
serious distortions of an x-ray absorption spectrum. A
computer program was developed that allows prediction of
the occurrence of glitches as a function of monochromator
orientation. For a given absorption edge it is possible to
choose a specific orientation which minimizes the effect of
glitches in the interesting energy range.

The following collaborative experimental projects were car-
ried out: hog kidney aminoacylase (University of Marburg),
the interaction of iron with anthracyclines (Medical Univer-
sity Lubeck and University of Tubingen), the hydrogenases
from Alcaligenes eutrophus (Medical University Lubeck
and Universities of Duisburg, Gettingen and Bielefeld),
studies on a series of chemically simple nickel compounds
of precisely known three-dimensional structure (Universi-
ties of Duisburg and MOnster), carbonic anhydrase (Uni-
versity of Warwick), soybean lipoxygenase-1 (Universities
of Utrecht and Nijmegen), purple acid phosphatases (Uni-
versities of MOnster and Duisburg), the metal binding sites
in glucose isomerase from Streptomyces albus (Univer-
sities of Munster and Duisburg), xylose isomerase from
Arthrobacter (Imperial College, London), the Zn environ-
ment in inorganic deposits present in the wall of human
aorta (Jagellonian University of Cracow) and the antibiotic
bacitracin with divalent cations (in-house). More details are
given in the research report.

Muscle

We here present an overview and perspective of the
muscle research presently being carried out in Hamburg.
The in-house group, in close collaboration with outside
users, have pioneered the following fields of application of
x-ray diffraction to muscle research. In the next years, we
plan to concentrate on projects along the lines described
below, including the study of individual proteins by protein
crystallographic techniques.

Firstly, single isolated muscle fibres have been success-
fully used in time-resolved x-ray diffraction. The single fibre
preparation has significant advantages over conventional
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whole muscle preparations. The mechanical properties
are uniform within an isolated fibre, free from interfibre
variability. In a single fibre all the highly sophisticated
techniques, like the sarcomere clamp and quick release,
can be applied to define the conditions or to apply per-
turbations in a well controlled manner. Using intact single
fibres from frog, we are now obtaining valuable information
about the location of the cross-bridges, the lattice spacing
and the lattice disorder under well defined conditions of
the muscle. We have also found that x-irradiation dam-
age is not a limiting factor in this type of experiment,
encouraging us to continue the projects on a wiggler
beam-line to record more reflections using the increased
intensity.

Secondly, to follow structural parameters in the relaxation
phase after giving stepwise perturbations of chemical or
physical parameters of muscle, techniques using the pho-
tolysis of "caged-ATP" or ucaged-Ca" with a Xenon flash
lamp, and temperature jump generated by an infra-red
laser have been introduced and successfully employed.
The perturbations bring otherwise unsynchronized cross-
bridge cycles into phase.

Thirdly, filamentous aggregates of muscle protein ori-
entated in a glass capillary and genetically engineered
muscle proteins in solution have been studied. These
systems have advantages over normal muscle for some
experiments. Firstly, the capillary oriented actin filament
is a potential candidate for a system which enables us
to solve the phases of the x-ray diffraction patterns. Sec-
ondly we are able to limit the number of protein com-
ponents in the system. For example, using the capillary
oriented actin filaments the effect of calcium binding to
the actin filament structure has been successfully stud-
ied free from the possible influence of myosin. Thirdly,
the dissection of the system at the molecular level is
now possible by employing genetically engineered pro-
teins.

On the instrumentation side, we have finished rebuilding
beam-line X13 which is now in routine operation. In two
years time, muscle users will have access to a wiggler
beam-line. In some fields of instrumentation, however, we
still see the need for improvement in our institute. A good
electric area detector with fine focus x-ray optics and, in
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particular, an elastically bent continuous focusing mirror
are of great importance. We also absolutely require the
upgrading of the apparatus for the data acquisition and
subsequent computer interface and analysis to a more
up-to-date and reliable system. At present at the beginning
of a week's beam-time, it is not unusual for us to spend
1-2 days setting up the system and optimizing the x-ray
optics. Such delays are unnecessary and will be solved by
the improved set-up.

In-house projects carried out during 1989 include the
following: (1) time-resolved x-ray diffraction study of
troponin-associated reflections (in-house, Brandeis); (2)
structural and biochemical study of invertebrate troponin-
tropomyosin system (in-house, Brandeis, Baltimore); (3)
x-ray diffraction studies of submaximally activated frog
muscle by use of rapid cooling contracture (in-house); (4)
the nature of the catch contraction of molluscan muscle
(in-house, Brandeis); and (5) time-resolved x-ray diffrac-
tion studies of anterior byssus retractor muscle (in-house,
Brandeis). Visitors projects include (1) time-resolved x-
ray diffraction studies on intact single muscle fibres (Ox-
ford, Florence, EMBL) and (2) dynamic x-ray diffraction
experiments following photolytic relaxation and activation
of rabbit psoas fibres (Heidelberg, Pennsylvania, EMBL).
Details of these projects are given in the research re-
port.

Design of the by-pass beam-lines

The major changes which will take place during the long
reconstruction phase of the DORIS-ring in 1990 - 1991 are
shown in Plate 5.

(1) A new wiggler beam-line (Line no. 7 in Plate 5) will
be installed for EMBL.

(2) Our present beam-lines X11, X12 and X13, which
now take radiation from the positron beam, will be
turned around to take radiation from the electrons and
be sited in the new building. This makes space avail-
able in our present experimental hall for the new HA-
SYLAB beam-lines No.4, 5 and 6. These beam-lines
will then receive radiation during the whole operating
periods of the storage ring resulting in a substantial
increase in the available beam-time.



PLATE 5

The proposed EMBL new beamline set-up.
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(3) The staff of the Outstation would like to make use
of the opportunity to reconfigure the set-up of all
the EMBL beam-lines into a single laboratory within
the new experimental hall, which will be constructed
adjacent to our building. The proposal is to install one
or two beam-lines on the bending magnet, next to the
set X11, X12 and X13 (see Plate 5). In exchange
we would give up the space of our beam-lines in
the present HASYLAB experimental hall for other
experiments. As a result, EMBL would operate a
single set-up with four bending magnet beam-lines
and one wiggler line. This proposal is subject to
further discussion with HASYLAB.

K. Wilson
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The Outstation at the ILL, Grenoble

The Grenoble Outstation of EMBL is situated on the site of
the high-flux nuclear reactor at the Institut Laue-Langevin
and adjacent to the site of the European Synchrotron Radi-
ation Facility (ESRF) which is currently under construction.
In the years to come this juxtaposition promises to put
the Outstation in a unique position to develop structural
biological work at both these outstanding facilities although
the precise role of the Outstation in relation to the ESRF
remains to be defined. Meanwhile the Outstation continues
to strengthen its internal research programme, with an
increasing emphasis on x-ray crystallography, but has also
maintained a number of long-term collaborations with local
and external scientists involving different aspects of neu-
tron scattering. Service activities of the Outstation include
the supply of perdeuterated proteins and nucleic acids for
NMR and neutron scattering and the construction of the
Gabriel x-ray area detectors which are now installed in
a large number of classical and synchrotron x-ray labo-
ratories around the world. Both these latter activities are
benefiting from continual technical improvements.

The in-house research programme is focused principally
on the structure and interactions of bacterial aminoacyl-
tRNA synthetases and on the adenovirus fibre protein.
However there has been important progress in other do-
mains of study such as the development of a rigorous
method of analysing dynamic light scattering data using
maximum entropy methods (with R. Bryan, EMBL Heidel-
berg) and the growth of very highly diffracting crystals of
the neuraminadase from a B strain of influenza virus.

Aminoacyl-tRNA synthetases

The nl0st notable scientific achievement of the year has
been the determination by x-ray crystallography of the
structure of seryl-tRNA synthetase from E.coli, a dimeric
enzyme of molecular weight 98 kDa which specifically
charges tRNASer with serine. This is the result of a very

close collaboration between the crystallography group and
the group of biochemists and molecular biologists working
on various aspects of bacterial protein biosynthesis. An
interpretable electron density map was obtained using
three derivatives and improved by solvent flattening almost
exactly three years after the growth of the first crystals.
The structure is now completely built and partially refined
to 2.5A resolution and shows two extraordinary features.
The N-terminal 100 residues are involved in a unique 60A
long arm which projects out into solution and is composed
of an antiparallel coiled coil of a-helices. This arm has
heptad repeats of leucine (or isoleucine) and is thus the
first three-dimensional structure of the IIleucine zipper"
motif whose sequence is being increasingly found in DNA
binding proteins. The bulk of the protein forms a more
IIglobular" domain based around a seven-stranded antipar-
allel ,B-sheet. The protein thus contains no Rossmann-fold,
which is characterized by a parallel ,B-sheet and which is
found in the three other known synthetase structures (Tyr-,
Met- and most recently Gln-) and many other ATP-binding
proteins. The mode of binding of the ATP in the seryl-tRNA
synthetase remains to be determined.

These features establish the seryl-enzyme as represent-
ing a new class of synthetase structure which poses
an interesting puzzle as to the evolutionary relationships
between the aminoacyl-tRNA synthetases. Parallel with
the structural work, a number of deletion, insertion and
site-directed mutants have been made. However the ex-
periments are currently hindered by the finding that many
mutants cannot be overexpressed although the mRNA is
apparently synthetized to high level. There appears to
be a post-transcriptional regulatory mechanism controlling
translation perhaps involving a stem-loop in the coding
region of the mRNA, the details of which will have to be
worked out before mutants can be made at will. Meanwhile
attempts to produce large amounts of a pure species
of tRNASer by both in vivo and in vitro expression of
synthetic genes are continuing to provide material for fur-
ther studies of the complex with the synthetase. Work on
the asparaginyl-tRNA synthetase has continued with the
determination of kinetic and binding parameters of the now
over-expressed and purified native enzyme. Significant
sequence homology with yeast aspartyl-tRNA synthetase
in two regions suggests putative functional regions which
are now being investigated by site-directed mutagenesis.
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Adenovirus proteins

The adenovirus fibre is a long slender, trimeric protein
with a distal head which carries the viral receptor-binding
site and has been studied by a number of techniques
at the Outstation for several years. Attempts to express
correctly-folded adenovirus fibre protein in E.coli have
continued with partial success. The fibre polypeptide from
both serotypes 2 and 3 (Ad2 and Ad3) has now been
expressed with native sequence (previously fusion pep-
tides had been expressed) and also a tail-only fragment of
Ad2. All recombinants are insoluble but can be purified
upon extraction with urea which is subsequently slowly
removed. The most promising results are with recombinant
Ad3 fibre which appears in the electron microscope as an
elongated molecule with a trimeric, triangular head. Anti-
recombinant Ad3 fibre serum has been used to help purify
the native Ad3 fibre and penton in order to permit close
comparison with the recombinant material. Comparative
electron microscope measurements of the length of native
Ad2 and Ad3 fibres suggest a length of 13.2A for the
15 residue pseudo-repeat in the fibre tail sequence. This
corresponds to exactly half the repeat observed in x-ray
diffraction patterns of fibre crystals. On the basis of these
results a new model for the structure of the tail, based
on a triple helix with interchain hydrogen bonds, has been
constructed in collaboration with Pieter Stouten and Chris
Sander at EMBL Heidelberg.

Recombinant and native protein lila, an adenoviral protein
previously expressed in E.coli at the Outstation, have
now been characterized and shown to have an unusu-
ally elongated conformation (length about 180 A). This
may explain the fact that the protein is accessible at
the viral surface and can also be cross-linked to the
core.
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Neutron scattering projects

Outstation staff and their collaborators routinely use small-
angle neutron scattering as a means to characterize bio-
logical samples in solution particularly when use of the
contrast variation method allows more detailed structural
dissection of protein-nucleic acid complexes and usually
in combination with other biophysical techniques (e.g. elec-
tron microscopy and dynamic light scattering). Examples
of recent results are: the finding of an increase in radius of
gyration of EcoRV restriction endonuclease upon binding
to DNA, which is compatible with the hypothesis derived
from the crystal structure that the cleft between the two
subunits needs to open up to accomodate the DNA (with
U. Selent & A. Pingoud, Hannover); the measurement
of the stoichiometry of binding of tRNASer to seryl-tRNA
synthetase and the separation of the two bound tRNA
molecules (with G. Zacca"i, Grenoble); the characterization
of the structure of recA self polymers and recA-DNA
complexes with and without ATP as a function of salt
concentration (with E. DiCapua, Edinburgh & P. Timmins,
Grenoble); the determination of the scattering curve of
EF-Tu in its complex with leucyl-tRNALeu as a test of the
new method of triple isotopic replacement, which uses
deuteration and the contrast variation method to enable
accurate characterization of a single component within a
complex (with M. Pavlov & I. Serdyuk, Moscow). Other
neutron scattering projects in progress are the use of low
resolution neutron crystallography to try and locate the
detergent required for growth of the seryl-tRNA synthetase
crystals and continued use of inelastic neutron scattering
to investigate the dynamics of lysozyme and tRNA (with
W. Doster, Munich) to compare with results previously
obtained with myoglobin.

B. Jacrot & S. Cusack



Administration

A new Member State: Belgium

After long negotiations the 14 Member States of EMBL
were informed that Belgium had decided to join as from
January 1st 1990. Belgium is heartily welcome. The mem-
bership of Belgium will hopefully help the Belgian scientific
community and contribute to the resources of EMBL. This
additional support is especially welcome at a time when
the other Member States are showing some reluctance to
increase the funding of the Laboratory to the level required
by the scientific developments. The time may soon come
when all the countries of Western Europe are Member
States of EMBL. The political developments which took
place in Eastern Europe at the end of 1989 will soon raise
new challenges for Council and Management.

Patents and licenses at EMBL

EMBL, an intergovernmental research institute whose ac-
tivities are focused on basic research, has developed close
ties with the instrumentation industry at the same time. The
interaction with industry is manifold. In some cases EMBL
scientists are approached by private firms interested in
the potential application of the technological developments
carried out in the Laboratory. Staff from the firms cooperate
with EMBL members and the firms provide money or
instruments (as gifts or on loan). A cooperation agreement
is signed which regulates the terms and conditions of the
interaction including patent rights and option on a license
contract.

In other cases scientists who already know a company
through experience or by repute, and who suspect that
the firm might be interested in a development, negotiate
the terms under which the firm can contribute to, or com-
plement, the budget of the research group in exchange for
access to the new development.

The incentive for the development of a new instrument
sometimes comes from the instrumentation programmes
themselves, e.g. when they want to replace repetitive op-
erations by automatic handling. The groups in the Physical
and the Biochemical Instrumentation Programmes make
the first development. When the device is finalized, it is
used at EMBL, shown to other scientists and sometimes
manufactured in a limited number.

Other products of various kinds are also developed, such
as chemicals and software packages but in the case of
biological tools the EMBL acts as European clearing house
and only offers non-exclusive licenses.

After a period of cooperation, or when the development
is finalized, a license contract is signed with an outside
industrial partner interested in including the EMBL instru-
ment or chemical in their sales programme. A standard
license contract includes the payment of a lump sum as
contribution to the development costs, and royalties based
on the net turnover.

Sometimes EMBL applies for a patent, which makes the
product more attractive for the licensee. The policy of the
Laboratory is to apply first for a patent in the Federal
Republic of Germany (or in France) to secure priority, but
the licensees are responsible for patenting in any other
countries if they consider it necessary to protect their
sales.

The EMBL contribution is highly appreciated by the private
firms who conclude a license. At a very reasonable price
they are able to buy a new device, chemical or software
programme, already tested by very demanding scientists;
in some cases EMBL will have already sold a small num-
ber of units of the new instrument or product paving the
way for further sales; a market is thereby opened and
references are immediately available. EMBL partners are
firms of the highest standard with world-wide distribution
nets.

At present EMBL owns about 30 patents, most of them
licensed to outside firms.

License fees and patent royalties represent part of the
miscellaneous income of EMBL. They amount to a very
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modest sum indeed in relation to the budget, and for
various reasons are a fluctuating and unpredictable source
of income.

It is however a type of income which is worth mentioning
because it shows another aspect of the activities con-
ducted at EMBL. The inventors and their groups receive
a fair return for their achievements. Patents and license
contracts contribute to the reputation of the Laboratory
and demonstrate how fruitful the interaction of research
and industry can be, although their respective ways of
operating are basically different.

Revision of Financial Regulations and
Internal Financial Rules

Over the last few years several decisions proposed by
the Finance Committee and approved by Council have not
yet been introduced into the basic texts ruling the EMBL
Administration as they applied only for a limited period of
time. Council in July of this year set up a special Finance
Working Group to examine whether the experience gained
during this trial period was positive and whether these
interim decisions could thus be recommended for future

years. The Working Group met in September this year
and presented at the December meeting of Council a
framework of principles for approval. The main principles
were: transparency of the accounts, how to deal with
unexpected income and how to operate the Reserve Fund.
A further meeting of the Working Group is scheduled for
early 1990 to discuss more details and prepare the revised
wording of the Financial Regulations and Internal Financial
Rules.

Finance

Distribution of income and
expenditure 1985-1989

From Table 2 (page 57) it appears that the main sources
of income (contributions, internal tax) are growing steadily
for three reasons: net growth, cost variation indices and
new members.

The other sources of income are fluctuating (see Plate 6):
except for the amount carried forward and the contributions
to the Pension Scheme, they can only be estimated when
the budget is drafted (September for the following year):

Distribution of Income and Expenditure 1985-1989
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Table 2

THE LABORATORY'S INCOME AND EXPENDITURE OVER 5 YEARS

All figures in 1000 OM

Income

Carried forward
from previous year

Liquid. of Reserve

Ord. Contributions

Spec. Contributions

Bank Interest

Actual Actual Actual Actual Budget Expenditure
1986 1987 1988 1989 1990

1,213 1,023 1,118 1,000 *700 Staff Costs
(Net; gross as)
from 1989)

6 392 3 - Operating Costs

41,705 44,600 46,072 48,520 51,469 Capital Expenditure

602 1,170 946 568 568 Reserve

367 398 522 726 600 Carried forw. to
following year

Actual Actual Actual Actual Budget
1986 1987 1988 1989 1990

22,874 23,978 32,571 34,304 35,502

14,385 14,858 14,678 16,262 17,701

6,017 8,210 7,775 8,007 9,134

392 97 79

1,023 1,11 8 1,000 418

Other Income 798 678 28 43 50

Totals

As from 1988

Unpaid Commitments

External Sales

Pension Scheme

Internal Tax

Support Fund

Totals

44,691 48,261 48,689 50,857

329 295 250

192 173 200

840 912 1,000

6,053 6,754 7,150

350

56,103 58,991 62,337 44,691 48,261 56,103 58,991 62,337

(Comments p.56)

* The outturn 1989 shows a carry forward of 418 KDM. The 1990 budget will be revised accordingly.

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

- unpaid commitments;
- external sales;

- pension scheme contribution;
- internal tax.

This demonstrates that the EMBL salaries are taxed ac-
cording to an independent system. Therefore, on the ex-
penditure side the gross salaries are shown instead of the
net amount as in the past.
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- only the special contributions are agreed beforehand,
but they are short-term and when they terminate they
leave a gap in the budget;

- bank interest depends on when the Member States pay
their contributions and on the interest rate market;

- unpaid commitments are trimmed at the end of the year
but depend mostly on the volume of orders which have
not been delivered by December 31 st;

- external sales include the amount of obsolete equip-
ment which is sold during the year, the EMBL share in
the surplus derived from the sale of internal manufac-
ture and from the returns on license fees and royalties.
None of these amounts can be properly forecasted:
they result from unexpected sales or of turnover which
the Laboratory cannot predict.
Although the total of external sales only amounts to
about 2 MOM. its fluctuations may put in jeopardy
some projects when it decreases or fund minor ini-
tiatives when it increases. The budget should not be
upset by such movements. Some procedure should

be agreed with the Member States to compensate for
the occasional deficit in the fluctuating income so that
no expenditure agreed upon has to be cancelled or
postponed. It is essential that EMBL keeps pace with
the rapid developments in molecular biology.

Replacement rate of equipment and
available funds

The updated value of the equipment in use at EMBL
amounts to about 40 MOM at this date. Taking an average
write-off rate of 15% per year - which is a slow rate for
highly-technical equipment and computers - it means that
in theory devices of a total value of about 6 MOM worth
must be replaced each year. One can see that a budget
for Heading III (Capital Expenditure; including building, re-
modelling and Library) amounting to 8 MOM approximately
is very tight. to keep the quality level of EMBL facilities
abreast with the latest technological developments.

Evolution of H1 Personnel Costs 1985-1989

1989 .-rw I I I I
.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.

1988 •.:.:.:.:....•.............•............•.............•.............•.............•.........:...•.•...•......•...........•.;..... --...-
1987 :.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.:.

1986 W
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Table 3

MAIN ITEMS OF INCOME AND EXPENDITURE DURING 1989

All figures in 1000 OM

Income Budget Actual Expenditure Budget Actual

Carried forward 1,000 1,000 Staff Costs 34,307 34,304
from 1988 (inc!. Internal Tax)

Liquidation of Reserve Operating Costs 16,607 16,262

Ordinary Contributions 48,520 48,520 Capital Expenditure 8,255 8,007

Special Contributions 568 568 Reserve

Bank interest 450 726

Pension Scheme 957 912

Internal Tax 6,800 6,754

Unpaid Commitments 250 295

Sales 400 173

Other Income 224 43 Carry Forward to 1990* 418

Total Income 59,169 58,991 Total Expenditure 59,169 58,991

* The carry forward to 1990 consists of unspent commitments (595 KDM) reduced to 417 KDM by an income deficit (178 KDM).

Insurance

The insurance contracts had to be renewed as from De-
cember 31 st 1989. The view was voiced that, except for
liability, a public institute like EMBL could dispense with
insurance altogether. However, opinions were in favour of
insuring the assets of EMBL because, in spite of the small
size of the Laboratory, the Member States might not be
willing to provide new funds for replacements in case of a
major catastrophy. A reasonable solution was found with
one insurance company, after fierce competition among
several participants in the tender.

Personnel Costs

Plate 7 (page 58) shows the breakdown of the social
charges since 1985.

Financial situation:
19890utturn versus budget (Table 3, page 59)

Income

The outturn in bank interest exceeded the forecast be-
cause the trend of the interest rate market was upward.
The extreme rates ranged from 3% (a few days' term) to
8% (2-3 months).

On the other hand sales amounted to 173 KDM, which is a
modest figure resulting from three items: sale of obsolete
fixed assets (30 KDM), returns on internal manufacture
(110 KDM), and on license fees (33 KDM). This outturn
is different from the 1988 outturn (159 KDM, 16 KDM and
17 KDM respectively) and shows how unreliable the dif-
ferent categories of miscellaneous income can be. Under
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1I0 ther income" fall various unexpected amounts, the major
one being refund of costs relating to previous years.

Expenditure

No major remarks are worth making except that the funds
ultimately approved for the three Headings were all spent
up to nearly 100%

, which confirms that the EMBL budget
is tight and must be very carefully managed.

J.-F. Beerblock
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Official visitors in 1989

16.01.1989 Dr. J. Erler, Head of
European Weather Forecast, U.K.

19.01.1989 Dr. Engstfeld, Adviser to the
European Parliament Committee for
Environmental Problems

25.01.1989 R. Menzel, Chairman of the Heidelberg
Section of the Federation of Trade Unions
in the Federal Republic of Germany

29.03.1989 P. Newmark,
Nature, London, U.K.

03.05.1989 Secretary of State Dr. K. Miltner,
Karlsruhe

31.05.1989 G. Elrom, Vice-president of
Finance and Administration of the
Weizmann Institute of Science,
Rehovot, Israel

28.06.1989 Dr. W.J. Deetman,
Minister for Education and Science,
The Netherlands

24.08.1989 M. Erb-Sommer,
Journalists Office, Bonn

18.09.1989 Secretaries of State Dr. Miltner,
Karlsruhe with Dr. Bulling, Stuttgart,
Mr. Dorr, Augsburg, Dr. Gogler, Tubingen,
Mr. Mosch, Ansbach, Dr. Vogt, Wurzburg

20.10.1989- A. Dines, Chief Engineer
24.10.1989 and N. Porath, Architect,

Weizmann Institute of Science,
Rehovot, Israel
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Guided tours during 1989 21.06.1989 Students of the University of Uppsala
Inst. of Radiology, Sweden; 5 persons

05.01.1989 Students of the Third World
(special study programme)
Stuttgart; 45 persons

09.01.1989 Brotherhood Kurpfalz;
59 persons

24/25.1.1989 Molecular biology students,
University of Odense, Denmark;
15 persons

10.03.1989 Students of the
Pfaffenwald Ecumenical Centre,
Stuttgart; 20 persons

16.03.1989 Genetics students,
University of Bayreuth; 21 persons

21.03.1989 Members of the Committee for
Environmental Problems, Public Health
and Consumer Protection of the
European Parliament, Luxemburg;
25 persons

31.03.1989 Students of the American Highschool,
Heidelberg; 32 persons

23.06.1989

06.07.1989

14.07.1989

08.09.1989

29.09.1989

03.10.1989

23.10.1989

24.10.1989

Gymnasium Adelsheim (biology course);
16 persons

Delegation from Intersyndical INSERM;
6 persons

Genetics students of the
University of Tubingen; 12 persons

Physics students of the
University of Budapest, Hungary;
26 persons

Students of the Gymnasium
in Rehovot, Israel; 20 persons

Participants in the seminar on
Gene technology of the Heinrich Pesch-Haus
Ludwigshafen; 21 persons

Delegation of economists
Israel; 10 persons

Students of the Kurpfalz-Gymnasium
(biology course), Mannheim;
15 persons

12.05.1989 Chemistry Students of the
University of Utrecht, the Netherlands;
35 persons

24.04.1989 Delegation of the National Federation
of Students from Catalonia, Spain;
12 persons

07.04.1989 Biology students of the
comprehensive school of Bad Bergzabern;
32 persons

Total number of participants in guided tours: 531 persons

Science journalists from the
Netherlands; 9 persons

Members of the Research Association
for Biotechnology, Tokyo, Japan;
4 persons

Students of the Centre for
Extension Studies, University of Turku,
Finland; 18 persons

Round Table Nordbaden;
58 persons

09.11.1989

25.10.1989

19.12.1989

11.12.1989

Members of the personnel of the
Regional Office for Environment Protection
and Trade Inspection, Oppenheim;
15 persons

22.05.1989
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Table 4

EMBL STAFF DEVELOPMENT

Category of Personnel December 1987 December 1988 December 1989 Man-Years 1989*

Staff Members 251 263 275 271.97
Supernumeraries 109 124 148 97.53
EMBL Predoctoral Fellows 32 35 45 45
EMBL Postdoctoral Fellows 15 25 22 22
EMBO Fellows 11 15 26 26
Visitors 94 95 106 105
Trainees 3 10 13 12.25

TOTAL 515 567 635 579.75

The figures show the total employees of the various categories during the month of December 1987, 1988 and 1989.

* The lIStaff Complement" of the EMBL is based on man-years and the figures indicate the total number of posts that were
filled in 1989 during the whole of that year.
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Director-General

Lennart Philipson

Secretaries

Waltraud Ackermann
Nelly van der Jagt-Gonzalez

Internal auditor

Karl KoglmayrO
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Staff and Visitors

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

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

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

data assistants and supernumeraries



Central Laboratory,
Heidelberg

Cell Biology

Programme coordinator

Kai Simons (Senior scientist)

Secretary

Anne Walter

Scientists

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

Fellows

Robert Bacallao* (USA)(NIH)
Oddmund Bakke* (Trondheim)(NAVF/EMBL)
George Banting* (London)(Royal Society)
Francis Barr* (London)(DFG)
Mark Bennett* (USA)(NIH)
Jean Marc Berrez (Besan90n)(ARC)
Heather Bond* (Leeds)(Royal Society)
Andre Brandli (Basel)(EMBL)
Paola Braghetta* (Padova)(Univ. Padova)

Brigitte Brake* (Innsbruck)(DFG)
Brigitte Buendia (Lyon)(EEC)
Eric Chanat (Rennes)(EMBO)
Philippe Chavrier (Lyon)(ARC/EMBO)
Carlos Dotti (Argentina)(EMBO/Humboldt)
Rainer Duden (Heidelberg)(EMBL)
Neil Emans* (Durham)(EMBL)
Marie-Anne Felix (Paris)(Ec.Norm.Sup.)
Maria Do Carma Fonseca* (Lisbon)(EMBO)
Hans-Hermann Gerdes (Marburg)(EMBL)
Ute Hamann* (Epalinges)(EMBL)
Rob Hendriks* (Utrecht)(EMBL)
Dagmar Hennig* (Giessen)(EMBO)
Joachim Herz* (Heidelberg)(EMBL)
Stephen High (Bristol)(EMBO)
Wai Chang Ho* (USA)(EMBL)
Ralf-Peter Jansen* (Bochum)(DFG)
Paula Karecla (London)(Roy.Soc.)
Marianne Lehnert-Wilzenski* (USA)(EMBO)
Klaus Lingelbach* (Australia)(EMBO)
Joachim Lipp* (Heidelberg)(DFG)
Thomas Ludwig* (Heidelberg)

(Boehringer Ingelheim Fonds)
Henrich Lutcke* (Marburg)(EMBO)
Alessandra Luzzago (Brescia)(Humboldt)
Stephane Meresse* (Lille)(INSERM)
Nancy Mize (USA)(EMBL)
Ann Mutvei (Stockholm)(NOMBA-NYRP)
Ulf Nehrbass (Tubingen)(EMBL)
Christof Niehrs (Berlin)(EMBL)
Robert Parton (Leicester)(EMBO)
Jean Pieters* (Maastricht)(EMBO)
Sanjay Pimplikar* (Canada)(Humboldt)
Franca Pischedda* (Turin)(AIPC)
Kristian Prydz* (Oslo)(NAVF)
Anne Regnier-Vigouroux* (Marseille)(EMBO)
Janet Rickard (Liverpool)(NATO/SERC/EMBL)
Karin Romisch (Konstanz)(EMBL)
Jochen Scheel (TQbingen)(EMBL)
Thomas Schimmang (Erlangen)(DFG)
Peter van der Sluijs* (Groningen)(Humboldt)
Beate Sodeik* (USA)(EMBL)
Jane Stinchcombe (Oxford)(EMBL)
Sharon Tooze (Heidelberg)(EMBL)
Fulvia Verde (Pisa)(EMBL)
Angela Wandinger-Ness* (USA)(NIH)
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Visitors

Claude Antony* (Paris)
Vilma Arce* (Costa Rica)
Anders Aspnas* (Turku)
Bernd-Uwe Barth (Heidelberg)
Luca Boluger* (Zurich)
Morgane Bomsel* (Paris)
Stefano Bonatti* (Naples)
Marie-Helene Bre (Gif-sur-Yvette)
Giorgio Bressan* (Padova)
Yuping Deng* (USA)
Annette Draeger* (Salzburg)
Evelyne Friederich* (Luxembourg)
Tytti Graeffe* (Helsinki)
Anita Hung-Leo (Venezuela)
Teymuras Kurzchalia* (East Berlin)
Heike Kutt* (Heidelberg)
Dagmar Leiss* (Martinsried)
Ludwig Lin* (USA)
Varpu Marjomaki* (Jyvaskyla)
Ian Mather* (USA)
Andreas Merdes* (Heidelberg)
Ad Oprins* (Utrecht)
Jorma Paranko* (Turku)
Siegfried Prehn* (East Berlin)
Norbert Roos* (Oslo)
Patrizia Rosa* (Milan)
Petra Schrotz* (Heidelberg)
Gabriele Seethaler* (Salzburg)
Brian Storrie* (USA)
Carlo Tachetti* (Genova)
Frederic Tournier* (Gif-sur-Yvette)
Teppa Tuomikoski* (Oulu)
Christian Vannier (Nice)
Senen Vilaro* (Barcelona)
Frank Vogel* (East Berlin)
Irene Wacker-Schroder* (Heidelberg)
Margharita Zanetti* (Trieste)

Assistants

Anthony Ashford*
Ulrike Bauer*
Roland BeiBwanger<>*-
Shamsa Faruki
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Gregor Fismer<>
Nicholas Flint
Willy Galgenmuller*
Angelika Giner*
Hege Hardersen<>*-
Michael Hollinshead
Ruth Hollinshead
Heinz Horstmann
Ruth Jelinek
Brigitte Joggerst-Thomalla
Mark Kail
Hildegard Kern
Angus King*
Ulrike Mathieu<>
David Murfitt*
Elizabeth Phillips*
Margueritte Ragueneau*
Bettina Stahl
Hilkka Virta
Carmen Walter
Jane Webb*
Ursula WeiB



Differentiation

Programme coordinator

Thomas Graf (Senior scientist)

Secretary

Hilary Davies-Ruck

Scientists

Dirk Bohmann**
Rodrigo Bravo**
Patrick Charnay**
Sara Courtneidge*
Denis Duboule*
Ottavio Fasano*
Achim Leutz*
Scott Ness
Ulrich Ruther*
Lindsay Williams*
Rolf Zeller*
Martin Zenke*

Fellows

Daniel Bachiller (Madrid)(Min.Educ.& Science, Madrid)
Maurizio Baroni* (Milan)(EMBO)
Tullia Casini* (Pisa)(EMBL)
Francesco Di Blasi* (Palermo)(EMBO)
Jean-Bernard Crechet* (Paris)(EMBO)
Pawel Dobrzanski* (Cologne)(Squibb)
Georg Feger (Ulm)(EMBL)

Jon Frampton (Glasgow)(EMBO)
Ulrike Fuhrmann (Cologne)(EMBL)
Yves Goldberg (Brussels)(EMBO)
Belinda Hall* (London)(EMBL)
Juan Izpisua-Belmonte (Valencia)(EMBL)
Uwe Janssen-Timmen* (Essen)(DFG/EMBL)
Karla Kovary* (Brazil)(CNPD)
Robert Kypta (Oxford)(EMBL)
Patrick Lemaire* (Paris)(EMBL)
Filip Lim* (Australia)(Humboldt/EMBO)
Thomas Metz (Basel)(EMBL)
Carel Meijers* (Rotterdam)(Sophia Found.)
Carol Murphy* (Galway)(EMBO)
Toru Nakano* (Japan)(Osaka Univ.)
Tetsuro Noguchi* (Marseille)(EMBL)
Catherine Ovitt (USA)(Humboldt)
Armand Renucci (Lyon)(EMBL)
Olivier Revelant* (Paris)(Rhone Poulenc)
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Barr virus latent genes

W. Welte (Freiburg, Fed. Rep. of Germany)
Crystallization of membrane proteins, development
of new detergents and a 6Aelectron density map
of porin from R.capsulatus

A. Oi Pietro (Lyon, France)
Structure-function relationships in the yeast Schizo-
saccharomyces pombe F1-ATPase either solubi-
lized or integrated inside the mitochondrial mem-
brane ATPsynthase-ATPase complex

R.K. Saiki (Emeryville, CA)
PCR and its applications in molecular biology

H. Heller (Munich, Fed. Rep. of Germany)
Molecular dynamics simulation on a multi-trans-
puter system
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C. Cabrera (Cambridge, GB)
Scute, a family of transcription factors responsible
for the onset of a cell differentiation programme
during neurogenesis

B. Burke (Boston, MA)
Membrane dynamics in mitotic cells

D. Kioussis (London, GB)
Thymus directed gene expression in transgenic
mice

N. Cowan (New York, N.Y.)
Dissection and functional analysis of tubulin iso-
types and microtubule-associated proteins using
specific antisera

w. Birchmeier (Essen, Fed. Rep. of Germany)
Molecular aspects of tumour cell invasion

R. Chiquet-Ehrismann (Basel, Switzerland)
Identification of functional and structural domains in
the extracellular matrix protein tenascin by mono-
clonal antibodies

B. Geiger (Rehovot, Israel)
Transmembrane interactions of cell contact- asso-
ciated molecules

G. Brady (Toronto, Canada)
Total cDNA amplification from small numbers of
haemopoietic cells

W. Earnshaw (Baltimore, MD)
Use of antibodies to identify and clone proteins
of the inner and outer centromere of metaphase
chromosomes

E. Nigg (Epalinges, Switzerland)
Signal transduction from cytoplasm to nucleus: a
role for translocating kinases and shuttling sub-
strates?

E. Ungewickell (Martinsried, Fed. Rep. of Germany)
Adaptors and assembly proteins in clathrin coated
vesicles
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R.H. Michell (Birmingham, GB)
Inositol lipids and phosphates in cell regulation?

R.M. Glaeser (Berkeley, CA)
Progress towards interpretable three-dimensional
density maps in high-resolution electron mi-
croscopy

R. Vale (San Francisco, CA)
Kinesin and dynein: Tales of two microtubule mo-
tors

P. Ingham (Oxford, GB)
The genetic analysis of pattern formation in
Drosophila

N. Unwin (Cambridge, GB)
Three-dimensional structure of the acetylcholine re-
ceptor and its response to agonists

R. Fletterick (San Francisco, CA)
Analysis of trypsin variants by x-ray crystallography

A. Rodriguez-Navarro (Madrid, Spain)
Transport of K+ and Na+ in Saccharomyces cere-
visiae

B.R. Brinkley (Birmingham, AL)
Biology of the centromere: repetitive microtubule
binding segments in the kinetochore of mammalian
chromosomes

E. Rodriguez-Boulan (New York, N.Y.)
Sorting and targeting of apical and basolateral pro-
teins in epithelial cells

M. Matsushima (Osaka, Japan)
The three-dimensional structure of RNaseH

A. von Haeseler (Bielefeld, Fed. Rep. of Germany)
Decomposition of metrics. Some results concerning
the VP1-gene of the FMDV-virus

B. Storrie (Blacksburg, VA)
Interphase Goigi apparatus: A "sticky" organelle?
Initial observations from cell fusion experiments



J. Garnier (Jouy-en-Josas, France)
The protein stereochemical code: what is its
present status?

J. Aqvist (Los Angeles, CA)
Free energy calculations on staphylococcal nucle-
ase catalysis

A. Tavitian (Paris, France)
More and more members of the Ras protein super-
family

T. Tokuhisa (Kobe, Japan)
Specific regulation of class II MHC gene expression
by anti-sense RNA

M. Kanehisa (Kyoto, Japan)
A knowledge base approach for functional predic-
tion of proteins and nucleic acids

P. Stern (Rehovot, Israel)
Normal-mode dynamics of proteins and nucleic
acids

8. Gumbiner (San Francisco, CA)
Role of cadherins in the biogenesis of epithelial
functions in early Xenopus embryos

D.G. Russell (New York, N.Y.)
The parasite Leishmania and the macrophage: a
marriage of inconvenience

S. Stabel (Cologne, Fed. Rep. of Germany)
Expression and characterization of protein kinase C
family members and c-raf kinase using baculo virus

T. Papavassiliou (New York, N.Y.)
Herpes virus gene expression: interaction of virus
DNA with host and viral proteins

I. Mellman (New Haven, CT)
Molecular interactions during endocytosis

M. Sheetz (S1. Louis, MO)
Organelle transport and surface glycoprotein mobil-
ity

M. Hortsch (Berkeley, CA)
The role of neural cell adhesion molecules in the
development of the embryonic nervous system of
Drosophila melanogaster

A. Wlodawer (Frederick, MD)
Structures of two retroviral aspartic proteinases

R. Crowell (Philadelphia, PA)
Evidence for dual cellular receptors for a host range
variant of Coxsackievirus 83

D. Graur (Tel Aviv, Israel)
Compositional factors affecting rate and pattern of
substitution in protein coding genes and pseudo-
genes.

I. Pastan (Bethesda, MD)
Novel anticancer agents created by the fusion of
growth factors and toxin genes

A.L. Hughes (Houston, TX)
Polymorphism and evolution of MHC genes

E. Racker (Ithaca, N.Y.)
Signal transductions from the plasma membrane to
the nucleus by protein kinases

E. Pai (Heidelberg, Fed. Rep. of Germany)
Structure and GTPase reaction of the ras oncogene
product p21

N. Modyanov (Moscow, USSR)
Current view of the structural organization of the
sodium pump

H.R. Horvitz (Cambridge, MA)
Genes that control aspects of nematode develop-
ment

R. Jahn (Martinsried, Fed. Rep. of Germany)
Towards a molecular understanding of neurotrans-
mitter storage and release

E. Sztul (New Haven, Conn.)
Transcellular traffic in polarized cells
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S. Mian (La Jolla, CA)
Antibody-antigen interactions: amino acid move-
ments to accommodate antigen binding

A. Fusco (Naples, Italy)
Isolation of a new oncogene (PTC) from thyroid
papillary carcinomas

C.L. Smith (New York, N.Y.)
Physical and molecular studies on whole chromo-
somes

R. Laufer (Paris, France)
Regulation of acetylcholine receptor biosynthesis in
skeletal muscle cells

B.D. Keiper (Waltham, MA)
Translational control of ribosomal protein synthesis
in Xenopus

E. Friederich (Paris, France)
Study of the biological function of the actin-binding
protein villin by transfection of its cDNA into cultured
cells

L. Regan (Wilmington, DE)
The de novo design of peptides and proteins

E. Norrby (Stockholm, Sweden)
The chemistry of HIV and RS virus site-directed
serology

A. von Gabain (Stockholm, Sweden)
Regulation of mRNA stability in bacterial growth
and development

S.R. Pfeffer (Stanford, CA)
Molecular analysis of protein sorting along the path-
way to Iysosomes

N. De Groot (Jerusalem, Israel)
In vitro differentiation of cytotrophoblasts from hu-
man placenta

S. Phillips (Leeds, GB)
Structure and function of E.coli met repressor
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P. Bash (Cambridge, MA)
Computer simulation of the enzyme reaction in
triosephosphate isomerase

R. Henderson (Cambridge, GB)
A model for the structure of bacteriorhodopsin
based on high resolution cryo-electron microscopy

A. Aranda (Madrid, Spain)
Regulation of growth hormone gene expression by
retinoic acid and thyroid hormones

M. Noordewier (Madison, WI)
Computational linguistic techniques for biological
sequence analysis

G. Walter (San Diego, CA)
Role of protein phosphatase in cell transformation
by polyoma virus

J. Pouyssegur (Nice, France)
Transmembrane signalling pathways controlling cell
growth

G. Vriend (Heidelberg, Fed. Rep. of Germany)
Mutant prediction

T. Bestor (Cambridge, MA)
DNA modification in mammalian gene control and
reproduction

B. Piiia (Marburg, Fed. Rep. of Germany)
Interaction of transcription factors to the MMTV
regulatory elements organized in nucleosomes

H. E. Gaub (Munich, Fed. Rep. of Germany)
Studies of supported planar lipid protein mem-
branes by means of an atomic force microscope

C.C. Harris (Bethesda, MD)
Oncogenes and tumour suppressor genes in hu-
man lung carcinogenesis

F. Schadel (Martinsried, Fed. Rep. of Germany)
Expression of hepadnaviral antigen in salmonella
for oral vaccination



G. Fink (Cambridge, MA)
Cell fusion in yeast: Protein kinases strike again

G. Fink (Cambridge, MA)
Gene duplications in arabidopsis, the 112CV" of the
plant world

M. Siniscalco (Alghero, Italy)
Genetic recombination and viral integration

A. PIOckthun (Martinsried, Fed. Rep. of Germany)
The role of protein folding in protein transport: Stud-
ies with ,B-Iactamase and recombinant antibodies

J. Sayers (Gottingen, Fed. Rep. of Germany)
High efficiency site-directed mutagenesis using the
phosphorothioate approach

J. Beckwith (Boston, MA)
Protein secretion and membrane protein topology
in E.coli

M. Rocco (Genova, Italy)
Modelling high molecular weight multidomain pro-
teins as a chain of beads

F. Mavilio (Milan, Italy)
Regulation of human homeobox gene expression
in development and differentiation

P. Pevzner (Moscow, USSR)
Sequencing by hybridization. A computer analysis

T. Kouzarides (Cambridge, GB)
Leucine zippers control DNA binding potential

H. Ponstingl (Heidelberg, Fed. Rep. of Germany)
Mitotic apparatus piecemeal

R. Nobiling (Heidelberg, Fed. Rep. of Germany)
The role of free Ca2+ in stimulus-response coupling
in cells of kidrey arterials

T. Boehm (Cambridge, GB)
T-cell oncogenes identified by chromosomal
translocations

D. Engel (Evanston, IL)
Trans-acting factors in haemoglobin switching

M. Farrall (Harrow, GB)
Molecular approaches to Greig cephalopolysyn-
dactyly syndrome, a morphogenetic mutation in
man

H. Mohr (Freiburg, Fed. Rep. of Germany)
Limits to reductionism?

C. Petzelt (lie d'Yeu, France)
Ca2+ regulatory mechanisms during the cell cycle

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

M. Eilers (San Francisco, CA)
What is the function of the human MYC protein
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Seminars-Hamburg

R. Liddington (Cambridge, MA)
Structure of SV40 virion

I. Tanaka (Sapporo, Japan)
Crystallographic data collection by image plate

H. Hotani (Kyoto, Japan)
Dynamic microtubules as visualized by dark field
light microscopy

T. Choli {Berlin, (West))
New micromethods for protein characterization

G. Papadopoulos {Berlin, (West))
Neutron scattering on purple membranes: Water
distribution, light dark adaption

L. Sieker (Seattle, WA)
The crystal structure of a 3Fe ferrodoxin

R.J. Fletterick (San Francisco, CA)
Crystallography of trypsin variants

F. Oosawa (Nagoya, Japan)
Actin and sliding

R. Bott (San Francisco, CA)
Structural analysis of subtilisin variants

C.A. Collyer (London, GB)
The elucidation of the mechanism of D-xylose iso-
merase

P. Wills, (Gottingen, Fed. Rep. of Germany)
Proteinaceous infectious agents: implications for
our view of function and evolution

E. Arutyunyan (Moscow, USSR)
Studies on the structure of proteins at the Institute
of Crystallography, Moscow
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G. Petsko (Cambridge, MA)
Protein crystallography at atomic resolution on a
millisecond timescale

A. Leslie (Cambridge, GB)
Structure of an antibiotic resistance enzyme

J. Littlechild (Bristol, GB)
Phosphoglycerate-kinase as a test bed system to
study phosphoryl transfer and protein thermostabil-
ity

D. Stuart (Oxford, GB)
Structure of foot and mouth disease virus



Seminars-Grenoble

F. Azorin (Barcelona, Spain)
DNA conformation variability : in vitro and in vivo

V. Biou (Jouy-en-Josas, France)
Previsions des structures secondaires des
proteines et modelisation pour la RMN

D.M. Blow (London, GB)
Future prospects for biological molecular structure
analysis

A. Bock (Munich, Fed. Rep. of Germany)
Biosynthesis of seleroproteins

L. Bosch (Leiden, Netherlands)
RNA pseudoknots. A universal structural element
of RNA

M. Bruschi (Marseille, France)
Un cytochrome multihaemique, Ie cytochrome C.
Structure et mecanisme de transfert d'electrons

S. Diekmann (Gottingen, Fed. Rep. of Germany)
Curved DNA

M. Fujinaga (Groningen, Netherlands)
Computer simulation and its application to the study
of macromolecules

J.-C. d'Halluin (Lille, France)
Cellular transformation by adenoviruses

J. Helliwell (Manchester, GB)
X-ray analysis using the Laue method and the
prospects for time-resolved structure studies

E. di Mauro (Rome, Italy)
Topology-dependent DNA-protein interactions :
DNA topoisomerase I, nucleosomes, RNA poly-
merase II

C. Hermes (EMBL Hamburg, Fed. Rep. of Germany)
Use of EXAFS to study metal environments in
proteins

D. Manstein (Barcelona, Spain)
Genetic manipulations of the Dictyostelim
doscoideum conventional myosin gene

F. Pattus (EMBL Heidelberg, Fed. Rep. of Germany)
Structure and function of a pore forming domain of
colicin A

P. Roesch (Heidelberg, Fed. Rep. of Germany)
Protein active site structures by NMR

B. Roux (Cambridge, MA)
Le transport des ions dans la gramicidine.
Une etude theorique a partir de la dynamique
moleculaire

L. Roux (Geneva, Switzerland)
Effects of defective interfering particles on the
course of the Sendai virus infection

C. Sanders (EMBL Heidelberg, Fed. Rep. of Germany)
Protein design

W.V. Shaw (Leicester, GB)
Protein and substrate engineering of chlorampheni-
col acetyltransferase

J.J. Skehel (London, GB)
Receptor binding and membrane fusion by the in-
fluenza haemagglutinin

J. Squire (London, GB)
Synchrotron radiation to follow rapid molecular
movements in biological systems

J.A. Subirana (Barcelona, Spain)
Conformational versatility of DNA as revealed by
x-ray diffraction of oligonucleotide crystals

A. Yonath (Hamburg, Fed. Rep. of Germany)
Challenging the three-dimensional structure of ribo-
somes
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J. Sussman (Rehovot, Israel)
Elimination of radiation damage in protein crystals

P. de Vries (Bilthoven, Netherlands)
Measles virus fusion proteins; purification and im-
munological characterization
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Courses 1989 3.9.-9.9.1989 ADVANCED FLUORESCENCE
MICROSCOPY
E. Stelzer & J. De Mey

The following courses, workshops and symposium were
held at the EMBL in Heidelberg in 1989:

6.10.-17.10.1989 LONG RANGE MAPPING AND CLONING
OF MAMMALIAN DNA; LINKING,
JUMPING AND PULSED-FIELD GELS
H. Lehrach, D. Barlow &A. Poustka

EMBL Courses

23.1 .-27. 1.1989 GENE EXPRESSION
A. Lamond

10.9.-21.9.1989 EXPRESSION OF DNA SEQUENCES
CODING FOR SECRETORY AND
MEMBRANE PROTEINS IN f.COLI
AND IN CELL-FREE SYSTEMS
B. Dobberstein & H. Bujard

9.10.-20.10.1989 BIOLOGICAL STRUCTURES
AND BIOCOMPUTING
W. KOhlbrandt,
F. Pattus & C. Sander

27.2.-3.3.1989 ONCOGENES, GROWTH CONTROL
AND DIFFERENTIATION
T. Graf

15.11.-25.11.1989 DNA SEQUENCING: ADVANCED
APPROACHES,AUTOMATED
METHODS AND ANALYSIS
W. Ansorge, A. Bankier,
G. Volckaert & B. Sproat

EMBL Workshops

30.5.-31.5.1989 EMBnet
P. Stoehr

4.12.-9.12.1989 DNA SEQUENCING
W. Ansorge &J. Stegemann

EMBO Courses

26.8.-30.8.1989 MOUSE MOLECULAR
GENETICS
E. Wagner, & P. Gruss

5.2.-11.2.1989

2-1 .5.-30.5.1989

DNA-PROTEIN INTERACTIONS
I. Mattaj, P. Monaci,
D. Bohmann, & A. Nicosia

ANTIBODIES IN CELL BIOLOGY
T. Kreis, B. Burke &J. De Mey

10.12.-11.12.1989 HIGH RESOLUTION
ELECTRON MICROSCOPY
R. Henderson, W. Kuhlbrandt &
M. Haider

EMBO Workshop

EMBO Annual Symposium 1989

12.6.-17.6.1989

14.8.-24.8.1989

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

CRYO-SECTION IMMUNOLABELLING
AND QUANTITATION
G. Griffiths

2.10.-5.10.1989

18.9.-21.9.1989

PATIERNS IN PROTEIN
SEQUENCE AND STRUCTURE
P. Argos, P. Bayley, & W. Taylor

MOLECULAR COMMUNICATION
IN HIGHER PLANTS
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Collaborative Projects with other Laboratories

Staff ·member Collaborator Laboratory Country

Cell Biology

K. Simons E. Lehtonen .& L. Saxen Univ. of Helsinki, Helsinki Finland

K. Simons K. Sandhoff & W. Manheller Univ. of Bonn, Bonn Fed. Rep. Germany

B. Dobberstein N. Koch DKFZ, Heidelberg Fed. Rep. Germany

B. Dobberstein S. Prehn Humboldt University, Berlin GDR

B. Dobberstein T. Rapoport Central Inst. f. Mol. BioI. of the GDR
Academy of Science, Berlin

W. Huttner H. 80denmOller Boehringer-Mannheim, Tutzing Fed. Rep. Germany

W. Huttner M.80wnes Univ. of Edinburgh, Edinburgh U.K.

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

W. Huttner E. Degryse Transgene, Strasbourg France

W. Huttner G. Kreil Inst. of Molecular Biology, Salzburg Austria

W. Huttner K. Naujoks Boehringer-Mannheim, Tutzing Fed. Rep. Germany

W. Huttner P. Rosa Univ. of Milan, Milan Italy

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

W. Huttner H.C. Schaller 2MBH, Heidelberg Fed. Rep. Germany

W. Huttner 8. Spruce Imperial College, London U.K.

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

W. Huttner J. van Mourik CLB, Amsterdam Netherlands

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

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

J. Gruenberg & A. Aspnas Univ. of Turku, Turku Finland
B. Hoflack
J. Gruenberg & M. Doree CNRS-CRBM, Montpellier France
B. Hoflack
J. Gruenberg & J. Giossl Centre for Applied Genetics, Vienna Austria
B. Hoflack
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Staff member Collaborator Laboratory Country

J. Gruenberg & S. Kornfeld Washington University, St Louis USA
B. Hoflack
J. Gruenberg & P. Lobel Centre for Advanced Biotechnology, USA
B. Hoflack Piscataway

J. Gruenberg & E. Soini, L Hemmila Wallac Oy, Turku Finland
B. Hoflack & K. Blomberg

J. Gruenberg & J. Ugelstad Univ. of Trondheim, Trondheim Norway
B. Hoflack
T. Kreis S. Bonatti Univ. of Naples, Naples Italy

T. Kreis J. Donaldson & R. Klausner NIH, Bethesda USA

T. Kreis E. Friederich & D. Louvard Pasteur Inst., Paris France

T. Kreis H.P. Hauri Biozentrum, Basel Switzerland

T. Kreis J.C. Perriard ETH, Zurich Switzerland

T. Kreis B. Storrie Virginia Polytechnic, Blacksburg USA

E. Karsenti A. Adoute CNRS, Orsay France

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

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

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

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

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

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

G. Griffiths N. Andrews New York Univ. Med. Center, New York USA

G. Griffiths H. Beug IMP, Vienna Austria

G. Griffiths S. Gordon Oxford Univ., Oxford U.K.

G. Griffiths S. Kornfeld Washington Univ., St. Louis USA

G. Griffiths M. Marsh Chester Beatty Inst., London U.K.

G. Griffiths K. Mostov Univ. of California, San Francisco USA
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Staff member

G. Griffiths

G. Griffiths

G. Griffiths

G. Griffiths

G. Griffiths

G. Griffiths

Differentiation

T. Graf

T. Graf

U. Ruther

U. Ruther

U. Ruther

U. Ruther

U. ROther

U. Ruther

U. Ruther

U. Ruther

U. Ruther

U. Ruther

S. Courtneidge

S. Courtneidge

S. Courtneidge

S. Courtneidge

O. Fasano

O. Fasano
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Collaborator

W. Neupert

A.Oprins

S. Rabinowitz

P. Rottier

J. Slot

B. Storrie & Y. Deng

D. LePrince

J. Lipsick

K. Beyreuther

P. Charnay

W. Franke

D. Komitowski

B. Kyewski

M.-G. Mattei

W. MOiler

J. Schmidt

G. Schutz

E. Wagner

M. Hanley

S. Cheng

M. Hanley

E. Wagner

A. Parmeggiani

V. Bocchini

Laboratory

Univ. of Munich, Munich

Univ. of Utrecht, Utrecht

Oxford Univ., Oxford

Univ. of Utrecht, Utrecht

Univ. of Utrecht, Utrecht

Virginia Polytechnic, Blacksburg

Inst. Pasteur de Lille, Lille

State Univ. New York, Stony Brook, N.Y.

2MBH, Heidelberg

Lab. of Molecular Genetics, Paris

DKFZ, Heidelberg

DKFZ, Heidelberg

DKFZ, Heidelberg

Centre for Medical Genetics, Marseille

Inst. f. Genetics, Cologne

GSF, Munich

DKFZ, Heidelberg

IMP, Vienna

MRC Mol. Neurobiol. Unit, Cambridge

Integrated Genetics, Framingham

MRC Molecular Biology Laboratory,
Cambridge

IMP, Vienna

Ecole Polytechnique, Palaiseau

University of Naples, Naples

Country

Fed. Rep. Germany

Netherlands

U.K.

Netherlands

Netherlands

USA

France

USA

Fed. Rep. Germany

France

Fed. Rep. Germany

Fed. Rep. Germany

Fed. Rep. Germany

France

Fed. Rep. Germany

Fed. Rep. Germany

Fed. Rep. Germany

Austria

U.K.

USA

U.K.

Austria

France

Italy



Staff member

Biological Structures

D. Tsernoglou

D. Tsernoglou
D. Tsernoglou

D. Tsernoglou

D. Tsernoglou

D. Suck

D. Suck

F. Pattus

F. Pattus

F. Pattus

F. Pattus

F. Pattus

S. Fuller

S. Fuller

S. Fuller

S. Fuller

S. Fuller

S. Fuller

S. Fuller

R. Serrano

R. Serrano

R. Serrano

R. Serrano

Collaborator

S. Bhakdi

M. Crumpton & R. Newman

S. Emery

M. Harter

P. v.d. Vliet

W. Kabsch, E.F. Pai
& K.C. Holmes
A.F. Worrall & B. Connolly

D. Baty &C. Lazdunski

T. Buckley

A. Charbit & M. Hoffnung

T. Pugsley

P. Timmins

D. Bamford

A. van Brunnen

R. Burnett

N. Dimmock

D. Ganem

H. Kern

M. Nassel, F. Birnbaum
& H. Schaller
E.W. Weiler

R. Perona

F. Portillo

P. Eraso

Laboratory

University of Giessen, Giessen

ICRF, London

Soc. f. Biotechnol. Res., Braunschweig

Cleveland Clinic, Cleveland

Univ. of Utrecht, Utrecht

MPI for Medical Research, Heidelberg

Univ. of Southampton, Southampton

CNRS Mol. Biological Centre, Marseille

Univ. of Victoria, Victoria

Pasteur Institute, Paris

Pasteur Inst., Paris

ILL, Grenoble

Univ. of Helsinki, Helsinki

2MBH, Heidelberg

Wistar Inst., Philadelphia

Univ. of Warwick,Warwick

Univ. of California, San Francisco

Philipps University, Marburg

2MBH, Heidelberg

Ruhr-Univ., Bochum

Inst. of Biomedical Research, CSIC,
Madrid
Dept. of Biochemistry, Univ. Autonoma,
Madrid
Dept. of Biochemistry, Univ. Autonoma,
Madrid

Country

Fed. Rep. Germany

U.K.

Fed. Rep. Germany

USA

Netherlands

Fed. Rep. Germany

U.K.

France

Brit. Columbia

France

France

France

Finland

Fed. Rep. Germany

USA

U.K.

USA

Fed. Rep. Germany

Fed. Rep. Germany

Fed. Rep. Germany

Spain

Spain

Spain
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Staff member Collaborator Laboratory Country

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

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

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

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

P. Metcalf H. Haupt & S. Baudner Behringwerke, Marburg Fed. Rep. Germany

P. Metcalf D. Russel New York Univ., New York USA

P. Metcalf T. Seebeck Univ. of Bern, Bern Switzerland

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

R. Wierenga H. Kessler & R. Osowski Technical Univ., Munich Fed. Rep. Germany

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

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

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

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

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

Gene Expression

R. Cortese C. Abbott & S. Pavey Univ. College, London U.K.

R. Cortese S. Cerenghini & M. Yaniv Inst. Pasteur, Paris France

R. Cortese G. Ciliberto Univ. of Naples, Naples Italy

R. Cortese R. Lovell-Badge MRC, Mill Hill, London U.K.

R. Cortese M.Tripodi Univ. of Rome, Rome Italy

R. Cortese V. Zannis Children Hospital, Boston USA

I. Mattaj J.M. Egly CNRS, INSERM and Faculty of France
Medicine, Strasbourg

I. Mattaj A. Krol IRBfvl du CNRS, Strasbourg France
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Staff member CoIiaborator Laboratory Country

I. Mattaj J. Steitz Yale University, New Haven USA

I. Mattaj S. Tanaka UCLA, Los Angeles USA

I. Mattaj W. v. Venrooy Univ. of Nijmegen, Nijmegen Netherlands

I. Mattaj P. v.d. Vliet Univ. of Utrecht, Utrecht Netherlands

H. Stunnenberg A. Munoz CSIC, Madrid Spain

H. Stunnenberg G. Schutz & W. Schmitt DKFZ, Heidelberg Fed. Rep. Germany

H. Stunnenberg H. de The & A. Dejean Inst. Pasteur, Paris France

H. Stunnenberg B. Vennstrom Karolinska Inst., Stockholm Sweden

H. Stunnenberg P. v.d. Vliet Univ. of Utrecht, Utrecht Netherlands
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Two views of the partially refined structure of seryl-tRNA syn-
thetase (molecular weight 2 X 48,000) from E.coli determined by
x-ray crystallography at the Grenoble Outstation of EMBL. Top:
looking down the dimer 2-fold axis; bottom: looking perpendicular
to the 2-fold axis. For further information see report on p. 180 in
the Research Reports 1989.




