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1. INTRODUCTION 

In 1979 the Laboratory was five years 
Agreement establishing it was ratified 
1974, and the first scientist joined the 
September of that year. 

old the 
on 4 July 
staff on 1 

The first five years were the years of growth of 
the budget, of the staff and of the buildings. Now 
growth gives place to maturity: the buildings are 
complete (except at Grenoble), and the rate of staff 
increase is slowing down -

Staff members 

January 1975 13 

1976 58 

1977 107 

1978 124 

1979 201 

1980 212 

After 4 years of occupation of temporary 
accommodation, and finally the move into the 
permanent buildings, 1979 has been a year of settling 
into the Laboratory, and of consolidation and 
definition of the program of research. 

2. RESEARCH POLICY 

2.1. The customary brief accounts of the work of each 
research group are to be found in section 4. The 
present section contains a more general discussion of 
a few particular areas. 
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2.2. 

2.2.1. 

2.2.2. 

The Instrumentation Division 

Introduction 

A fundamental element of the original proposal for a 
European laboratory made by in 1970, which was 
later endorsed by the Member States and is still a 
central feature of the policy of the Laboratory, was 
that one unique feature of the organization should be 
the establishment of a very powerful Division of 
instrumentation development, much larger in scale 
than existed in any of the national institutions, and 
capable of undertaking, in close collaboration with 
biological groups in the Laboratory, the development 
of the new and sophisticated instruments increasingly 
required in advanced biological research. 

Although some instrumentation research was initiated 
at an early stage in the history of the Laboratory, 
this could not be on a substantial scale until the 
permanent building was ready. Thus it was only in 
1979, the year following the one in which the 
building was completed, that the original policy 
could come anywhere near fruition. Although the 
development of the Division is still not complete, 
this is an appropriate time to outline the progress 
that has been made and the plans for the future. 

Staff 

At the beginning of the year the staff of the 
Instrumentation Division numbered about 40; during 
1979 it has increased by about 20%. This increase was 
about equally divided between technical services 
(technical bureau, graphic artwork and photography, 
mechanical and electronic workshops, and scientific 
instrument maintenance) and involvement in new 
scientific projects that enlarge the scope of 
instrumentation-oriented research at the EMBL. A 
further increment in technical staff will be made 
during the next year, but then the ceiling of staff 
positions available to the Instrumentation Division 
will have been reached. About one-third of the 
instrumentation staff is related to technical 
operations serving all Divisions of the Laboratory. 
The other two-thirds are more specifically engaged in 
development projects and in supporting the 
application of existing advanced instrumentation in 
collaborative efforts with the biological divisions. 

-12-



2.2.3. 

In the past year the activities were mainly devoted 
to high-resolution scanning electron microscopy, to 
advancing the state of the art in position-sensitive 
x-ray detectors for synchrotron radiation 
applications, to the development and improvement of 
computer-assisted methods for data acquisition and 
analysis, to the investigation of new or improved 
analytical and preparative techniques and to the 
introduction of advanced optical and spectroscopic 
methods for the study of dynamics of functional 
molecular mechanisms in biology. 

Research 

2.2.3.1. Established projects 

Making a very advanced scanning transmission electron 
microscope (STEM) available for the biological 
research at the Laboratory is now a well-established 
goal of the Instrumentation Division. The Computer 
Group and the Electron Microscope Development Group. 
have collaborated closely to develop and install a 
very versatile and fast data acquisition link between 
the STEM and its dedicated NORD computer. This 
computer has been equipped with an array processor to 
enhance the speed of the computations related to 
image transformation and processing and the 
extraction of quantitative structural parameters. 
Special devices and programs were developed by the 
Computer Group to enhance greatly the degree of 
interaction that the user of computer-assisted 
electron microscopy can have with his stored or on-
line acquired data. 

The program of the Electron Microscope Development 
Group has taken a new direction, following the 
recommendation of the Instrumentation Policy Planning 
Committee at its first meeting in January 1979, that 
the EMBL should undertake the construction of two new 
electron microscopes, equipped with cryogenically 
cooled lenses and specimen stages. One of these will 
be of the conventional transmission electron 
microscope (TEM) type, the other one a scanning 
transmission electron microscope (STEM). This 
recommendation was based on the finding and further 
substantiation of the fact that radiation damage in 
biological specimens is very greatly reduced when the 
specimen is maintained at liquid helium temperatures 
during irradiation with the electron beam. The 
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construction of these microscopes, in collaboration 
with a group in the Siemens Research Laboratories in 
Munich and with the group of Prof. Laberrigue at the 
University of Reims, is now under way. In view of the 
size and high priority of this undertaking, other 
investigations aiming at the addition of an electron-
loss detector to our present STEM have been phased 
out. 

The efforts to improve the performance of position-
Sensitive x-ray detectors and of associated 
electronic signal-processing circuitry were 
concentrated in Heidelberg during the past year. The 
aim is to increase the maximum counting rate, the 
resolution and the sensitivity of the now operational 
types of detectors, and to investigate new approaches 
matched to particular applications, especially to the 
high photon fluxes that are required for time-
resolved diffraction studies. 

The development of computer-assisted methods in 
biological research is being pursued in the 
Instrumentation Division in two different directions. 
One is the integration or close interconnection of 
data-generating instruments or other data input 
equipment with a programmable, interactively 
monitored computer system for data acquisition, 
storage, retrieval and processing. The Computer Group 
is also engaged in the development and installation 
on this system of versatile, efficient, fast 
interactive programs that are adapted to the specific 
needs of the community of users of this system. In 
order to specify these needs and to evaluate their 
relative priorities, a Computer Users' Committee has 
been established so that close contact between the 
users and the providers of these facilities is 
ensured. 

Another direction of computer-related research is the 
application and development of numerical mathematical 
methods and tools for the extraction of relevant 
quantitative information from experimental data. 
These methods are to be formulated in numerical 
algorithms and implemented in reliable, well-
documented, transportable computer programs that are 
of general interest, so that they can be distributed 
and made available to the wider community of 
biologists. Prime areas of development and 
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application are the analysis and reduction of data 
structures, either one-dimensional (time series, 
spectral data, small' angle or fibre diffraction data, 
chromatographic data etc.) or mUlti-dimensional (e.g. 
images, simultaneous projections), the calGulation of 
diffraction patterns from partially oriented 
structures, and the reduction and processing of 
topographic structures. 

The installation, in 1979, of a remote station for 
communication with the computer centre of the 
neighbouring Max-Planck Institute .for Nuclear Physics 
has very much facilitated these efforts. A contract 
with the Max-Planck Institute ensures the EMBL a 
guaranteed access to the computer centre for the 
coming years. The increasing use of numerical data-
processing in almost all areas of scientific research 
has led the Laboratory to a careful evaluation of its 
expected future data processing needs and their most 
economical distribution over small, medium or large 
computers and peripheral facilities. This evaluation 
was carried out by the Computational Resources 
Committee, established for this purpose under the 
chairmanship of Dr. S. Brenner (MRC Laboratory, 
Cambridge), and including Dr. J. Gassmann (MPI fUr 
Biochemie, Munich) as one of its members. As a result 
of this evaluation, the future installation of a 
medium-scale computer for scientific calculations is 
being prepared for. A survey of the possible 
alternative solutions has been made on the basis of 
tenders submitted by various suppliers, and a request 
for purchase is being submitted for approval to the 
Finance Committee in 1980. 

2.2.3.2. New projects 

Most of the research activities mentioned so far had 
already been initiated in the Instrumentation 
Division during the preceding years. The following 
new research projects started in 1979: 

a) Biological applications of magnetic separation 
techniques 

The importance of improved methods for larger 
scale separation of specific cell populations and 
of selected organelles has been pointed out on 
several occasions in the past. It was felt that 
the most recent techniques, based upon fast 
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sorting or classification of individual cells 
after determination of some specific optical 
property of each cell passing a probing laser 
beam, had already been undertaken on a sufficient 
scale by commercial instrument makers, so that an 
involvement of the Instrumentation Division might 
lead to unnecessary duplication of efforts. 
Furthermore, inherent quantitative limitations 
must be anticipated for such a sequential, one by 
one, sorting method, especially if a small 
subclass is to be separated from a large 
population. The advances in magnetic separation 
technologies in non-biological, even large-scale 
industrial, applications was the starting point 
for taking up a different approach in which the 
specificity of chemical affinity could be combined 
with the flexibility by which magnetic forces can 
be controlled. This approach involves the 
manipulation of chemically-coated magnetic 
particles carrying the selectively adhering 
organelles or cells. A small research group has 
begun to study the properties of agarose- or 
acrylamide-coated ferrite particles and their, 
potential uses. Immuno-selective proteins have 
been covalently attached to the coated particles. 
Some simple applications, in which magnetic 
manipulation replaces operations like filtering or 
centrifugation, have already led to significant 
improvements in immuno-analytical assay methods, 
which are usually considered extremely tedious and 
time-consuming. 

b) Analytical applications of surface microstructures 

Analytical methods for determining the composition 
of very minute amounts of sUbstances are of 
enormous importance in molecular biology. Although 
present chromatographic and electrophoretic 
laboratory techniques are the result of a long 
development, and thus possess a corresponding 
degree of maturity, recent advances in 
instrumentation and the introduction of new 
technologies in this domain had been proposed at 
earlier meetings of the Scientific Advisory 
Committee. Many areas of biological research 
would greatly benefit by even moderate 
improvements in sensitivity (decreasing the amount 
of substance required), in resolution (making 
possible the recognition of smaller differences in 
chemical composition), in speed (reducing the time 



lag between preparation of a sample and 
availability of the result of the analysis) and in 
ease of operation (reducing the time and manpower 
required for sample processing). 

A new research group has accordingly embarked on 
the study of potential applications of surface 
structures of very small dimensions. In order to 
establish the orientation of this research, 
initial interest has been focussed on the way in 
which electrophoretic phenomena are influenced by 
geometrical factors. New procedures for preparing 
and using very thin gel thicknesses (0.05-0.2 
mm)in gel electrophoresis have been worked out; 
because of the marked improvement obtained and the 
simplicity of the new technique, it is already 
being used routinely by biological groups in the 
Laboratory. 

c) Application of advanced optical instruments and 
methods 

The enormous progress in optical technology over 
the last decades, especially in the area of laser 
light sources with various new and unique 
properties, has led to innovations in optical and 
spectroscopic techniques in many areas of science. 
Classical applications of visible and ultraviolet 
radiation: absorption, emission, fluorescence, 
dichroism, scattering, diffraction and microscopy, 
are widely used to characterize and investigate 
biological structures. With the development of the 
laser as a brilliant source of coherent radiation 
new applications have emerged, such as quasi-
elastic light scattering, Brillouin and Raman 
spectroscopy. Recently another type of laser light 
source, the mode-locked picosecond laser, has 
reached a state of maturity, technical reliability 
and relative simplicity of operation. With these 
sources a new class of phenomena, in the domain of 
non-linear optics, can be studied in biomolecular 
structures, or they can be applied externally to 
generate a light source with unique time 
structure, tuneable over the whole visible and UV 
spectrum. A proposal to construct such a pico-
second UV light-source and to investigate a number 
of new biological applications was worked out and 
discussed in detail with the Instrumentation 
Policy Planning Committee. Besides applications in 
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2.2.4. 

2.3. 

UV fluorescence microphotometry, time-resolved 
spectrometric applications are most promising. The 
orientation of instrumentation development 
toward the study of dynamic phenomena extends the 
application of instrumentation to dynamic x-ray 
studies in a different time domain and complements 
the search for improved techniques in structural 
research. 

Technical service departments 

The Instrumentation Division includes technical staff 
and facilities for a variety of centralized technical 
services required by the scientific activities of the 
Laboratory. In addition to the mechanical and 
electronic workshops, a workshop for special 
technologies has been installed to make available a 
number of modern processing operations that are not 
usually found in a conventional mechanical workshop. 
Handling and processing of very hard and brittle 
materials (glass, ceramics), polishing of optical 
surfaces, vacuum deposition, etching and other 
operations can now be carried out in the Laboratory, 
facilitating and speeding up the development of 
special devices needed in instrumentation research. 
The mechanical and electronic workshops have produced 
special equipment for the research laboratories. The 
technical bureau has undertaken the engineering 
design of improved new beam-lines for synchrotron 
radiation applications at the Outstation in Hamburg. 
A scientific equipment maintenance service has been 
established to take care of regular maintenance of 
the numerous instruments that are now in use in the 
Laboratory. The photographic laboratory and graphics 
drawing office produce photographic and graphic 
artwork for publications, conferences and poster 
displays. The photographic laboratory also handles a 
large amount of scientific photographic work, e.g. 
printing and enlarging, processing of films and 
autoradiographs. 

Recombinant DNA research 

With the construction of the containment 
was clear that the EMBL was well placed 
strong activity in this very important 
field of research. Already during 1978 
groups joined the Laboratory; during the 
a further two groups have arrived, under 
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Murray (Edinburgh) and Dr. R. Cortese (Naples). A 
final group, under Dr. N. Murray (Edinburgh) will 
shortly become active. The available laboratory 
space will then be full and the build-up will be 
complete. 

Meanwhile the physical facilities of the containment 
facility itself were further developed during the 
year, the agreement of the German Central Committee 
for Biological Safety for experiments at the P3 (or 
L3) level having been obtained at the end of 1978. 
P4 laboratories should be available in the summer of 
1980, but the fitting out of these has proceeded with 
lower priority as a consequence of developments 
outside the Laboratory concerning the guidelines for 
recombinant DNA research. In most countries, 
including Germany, it has come to be realized that 
the hypothetical dangers of this technique are less 
than had been feared by some, and in consequence the 
containment levels for particular experiments have 
been lowered. This process has continued to the 
extent that the P4 level is now prescribed for very 
few classes of experiment, and indeed no requests 
have yet been received from outside scientists to use 
the EMBL facility at this level of security. 
Accordingly the proportion of the containment 
facility allocated to p4 has now been reduced to two 
small laboratories (though the flexibility of the 
design is such that this could at any time be 
increased). 

It should also be noted that P3 facilities now exist 
in many national institutes in the Member States and 
elsewhere; thus the demand for laboratory space by 
visiting workers will probably be very much less than 
was anticipated at the time the facility was planned. 
This does not, however, mean that the containment 
facility will be under-employed. Not only, as 
mentioned above, are 7 different recombinant DNA 
research groups active, but many postdoctoral 
fellows, students and short-term visitors are being 
attracted to the Laboratory for training in the field 

up to the end of 1979, 12 postdoctoral fellows, 4 
students and 13 visitors. 
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2.4. The Outstations 

Further developments are being planned or executed at 
both Outstations. At Grenoble a major problem has 
been caused by the fact that; since the beginning, 
laboratory accommodation for the Outstation has been 
available not in the Institut Laue-Langevin itself, 
but in the Centre des Etudes Nucleaires (Grenoble), 
physically separated from the high-flux reactor and 
located behind a security fence. These factors have 
naturally caused difficulties in spite of the 
generous hospitality of the C.E.N.(G.). During 1979, 
however, it became possible to make active plans for 
a new building on the ILL site itself and very close 
to the reactor, to 'be shared between the EMBL 
Outstation and research groups of the ILL active in 
biology and chemistry. It is hoped that this 
building will be completed during 1981, and this will 
certainly effect a major improvement in the 
facilities available. 

Meanwhile, at Hamburg, the extension to the 
Outstation laboratories at the DORIS' storage ring, 
mentioned in last year's Annual Report, was completed 
and became operational. Furthermore, active planning 
began for the development during 1980 of new beam-
lines on the electron side of the storage ring in the 
new so-called HASYLAB experimental hall (the present 
laboratories are situated on the positron side of the 
ring). Most important of all was the fact that 
during the year under review there was a dramatic 
increase in the number of days on which the high-
energy physics program made possible the provision of 
high-intensity x-rays to the Outstation, to the very 
great benefit of its research and that of visitors 
(see section 4.5. below). It is anticipated that 
this improvement will be maintained in the future, 
and the EMBL and its visiting groups in Hamburg are 
much in the debt of the authorities of the DESY for 
this. 

3. SOME OTHER ACTIVITIES 

3.1. Staff appointments 

The Council, on the proposal of the Director-General, 
agreed during the year to the following appointments 
carrying the title of Senior Scientist: 
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Professor K. Murray (Edinburgh) 
Professor J.-E. Edstrom (Stockholm) 

3.2. The Szilard Library 

The idea of creating a European biology laboratory 
was first conceived by Leo Szilard, the distinguished 
Hungarian-born physicist who later became an American 
citizen and a biologist and was one of the important 
formative influences in molecular biology in the late 
50's and early 60's. It was he who first stimulated 
discussion of the project - a discussion which led to 
the foundation of EMBO anq later of EMBC and of the 
Laboratory itself. Szilard died in 1964, not many 
months after the foundation meeting of EMBO in which 
he took part; he was thus unable to participate in 
the development of the project of which he had been 
the founding father. It seemed appropriate that his 
name should in some way be associated with the 
Laboratory, and accordingly, at the November meeting 
of Council, the library was named the Szilard Library 
at an informal ceremony attended by the Delegates of 
the Member States and others. A bookplate, now in 
use for all books in the Library, incorporates the 
dolphin symbol used by Szilard after the appearance 
of his book of essays The Voice of the Dolphins. Two 
characteristic photographs of Szilard are displayed 
in the Library. 

3.3. The EMBL Lectures 

As in all laboratories, seminars take place in the 
EMBL almost daily, arranged either for the benefit of 
the Laboratory as a whole, or for various sectional 
interests. Very often such seminars are so closely 
focussed on a particular research topic that, in 
t"hese specialized days, it is inevitable that in many 
cases they are of interest to only a small proportion 
of the scientists working in the Laboratory or 
visiting it. To meet this problem a series of so-
called EMBL Lectures was begun late in 1978 and 
continued throughout 1979, intended to be of more 
general interest to a wider spectrum of biologists 
than the normal seminars. These Lectures have been 
very successful, almost always filling the Lecture 
Room with members of the Laboratory and visitors. The 
speakers and titles are listed on p.182. 
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3.4. Teaching courses 

In Heidelberg three courses were arranged during the 
year by members of the staff in the teaching 
laboratories. These were 

- on the electron microscopy of nucleic acids (Dr. H. 
Delius, 5-14 March, 8 students) 

- on ultracryomicrotomy (Dr. G. Griffiths, 2-4 May, 
10 students) 

- on membranes and the cytoskeleton (Dr. G. Warren, 
1-10 October, 36 students). 

In addition the staff at the Hamburg Outstation 
arranged a workshop 

- on x-ray and neutron small-angle scattering of 
biological structures (Prof. H. Stuhrmann, 24-28 
September, for 60 students). 

3.5. Public relations 

In addition to the usual meetings with members of the 
from many countries, an Open Day was arranged 

on 19 May. To everyone's surprise no less than 4000 
visitors from the local area took this opportunity of 
visiting the Laboratory and, in the warm Spring 
sunshine, the occasion was generally thought to be 
very successful. In addition a number of parties of 
school children and students visited the Laboratory, 
coming from several countries including Germany, the 
Netherlands and Switzerland. 

3.6. Schooling for the children of the staff 

42 children of staff members are now attending the 
Internationale Gesamtschule in Heidelberg, where 
tuition is available in German and English between 
the ages of 5 and 19. 

In addition since September 1979 seven children have 
attended the Europa-Schule in Karlsruhe. This school, 
belonging to the European Communities, offers 
teaching in 6 languages between the ages of 5 and 19. 
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4 . 

4 . 1 • 

4 . 1 .1. 

4 • 1 .2. 

THE SCIENTIFIC RESEARCH OF THE LABORATORY 

Changes in research groups 

The following new research groups began work in 1979: 

in the Division of Cell Biology 

- on the expression 
secretory proteins 
Edstrom) 

and 
in 

control of genes 
Chironomus (Prof. 

for 
J.-E. 

- on gene expression and its control (Prof. K. 
Murray) 

- on the expression of cloned genes (Dr. R. Cortese) 

in the Division of Instrumentation 

- on the development of microanalytical techniques 
(Dr. W. Ansorge) 

- on applications of lasers (Dr. R.A. Wijnaendts van 
Resandt) 

- on magnetic separation (Dr. T. Reed) 

The work of these groups is described below. 

Two research activities in the Division of Cell 
Biology were terminated during the year 

- on non-histone chromosomal proteins (Dr. E. Jost) 
- on morphogenetic substances and the nervous system 

in hydra (Dr. H.C. Schaller). 

The work of the former group is described in the 
Annual Report 1978, paragraph 6.2.6., and of the 
latter in the present Report, paragraph 4.2.3 .. 
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4.2. 

4.2.1. 

Division of Cell Biology 

Structure and function of the nervous system 

Members: N.J. Strausfeld, G. Geiger, D. Nassel 

* Fellow: D. Byers 

* workers: A. Gh¥ssen, * W. Krempiei, Visitiig 
Masson * 
Stocker 

M. Rosentreter, F.W. Schurmann 

* * 

C. 
R. 

Technicjl assistants: J: Berriwan , M. Obermayer , R. 
Schwall, H. Seyan, J. Weinelt 

Experimental analysis of the visual system of flies 
is being performed by micro-ablation of defined 
regions of the developing neuropil. Ablation of only 
a few cells is achieved by means of a focused pulse 
dye laser. Adult flies are subjected to a number of 
behavioural tests and afterwards their brains are 
examined histologically. Reproducible alterations of 
brain structure give rise to consistent alterations 
of normal behaviour. These methods may make it 
possible to determine some of the minimal structural 
requirements needed by the nervous system for it to 
compute directional, velocity and positional 
information in the visual world. Another approach to 
visual processing is the study of cell arrangements 
and connexions. Combined light and electron 
microscopical studies show that an intra-neuronal 
marker, horseradish peroxidase, passes retrograde 
between neurons that are synaptically connected. The 
pattern of passage is identical to that of cobalt 
ions reported earlier. Most recently, highly 
fluorescent dyes have been injected into single 
neurons. Fluorescent dye diffusion shows specific 
constellations of neurons to be dye-coupled. Thus, 
three different methods mutually support the notion 
that functional contiguities might be resolved 
structurally at the light microscopical level. 

This group is also studying central nervous 
structures in normal and mutant Drosophila and has 
shown that dendrites, rather than axon terminals, of 
central neurons are most likely to be alteFed as a 
consequence of alterations of the sensory periphery. 
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A new project initiated during the year is the 
structural study of olfactory pathways in mutant 
Drosophila (dunce) that are deficient in olfactory 
learning. 
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4.2.2. A genetic analysis of embryonic pattern formation in 
Drosophila melanogaster 

Members: C. NUsslein-Volhard, E. Wieschaus 

* * Visiting workers: M. Lohs-Schardin , G. Struhl 

* Technical assistants: H. Kluding and M. Weber 

The establishment of spatial patterns is a phenomenon 
observed in the development of all higher organisms 
and represents one of the major unsolved problems in 
developmental biology. In the Drosophila embryo, it 
is generally thought to occur in two steps. In the 
first step, a set of positional cues is provided in 
the egg, perhaps in the form of a graded distribution 
of morphogens defining the anterior-posterior and 
dorsal-ventral axis. In the second step, the cells 
formed in each region of the embryo assume their 
particular fates depending on the local concentration 
of morphogen in that region. The work of the group 
is directed towards a genetic refinement of this 
model and in the past year has concentrated on the 
identification and characterization of mutations 
affecting either the first or the second step. Since 
the egg is made under the control of the maternal 
genome, mutations which interfere with the 
establishment of gradients should be active during 
oogenesis and the mutant phenotype should depend on 
the genotype of the mother. One mutation in this 
category, dorsal, causes homozygous females to 
produce eggs showing a dorsalization of the entire 
embryonic fate map. In the past year, the phenotype 
has been shown to be partially rescuable by injection 
of wild type cytoplasm. This result may proVide a 
bio-assay to identify substances involved in the 
establishment of positional information in the egg. 
In contrast to processes affected by maternal effect 
mutations, the interpretation and response to a 
particular morphogen level are expected to be zygotic 
functions occurring in each cell at the time when its 
fate is chosen. The relevant mutations here should 
depend on the genotype of the embryo and act early 
during embryogenesis. An example of this type of 
mutation is KrUppel which causes homozygous embryos 
to form a much reduced number of segments. In 
addition to an extensive analysis of the 
developmental effects of this mutation, the group has 
also undertaken large scale mutagenesis experiments 
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to identify other loci on the second chromosome 
having similar effects on segment pattern. 
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4.2.3. Morphogenetic substances and the nervous system in 
hydra 

* * Members: Schaller, C.J.P. Grimmelikhuijzen , H. 
BodenmUller 

* Student: T. Schmidt 

* * assistan.s: R. Breunig, T. Rau, M. 
Weber , B. Zachmann 

This group uses hydra as a model system to study how 
growth and differentiation are controlled at the 
molecular level. In particular it has isolated four 
substances which influence morphogenesis in hydra: an 
activator and an inhibitor of head formation and an 
activator and an inhibitor of foot formation. They 
have made further progress in the purification and 
characterization of these substances. 

In the normal animal all four substances are 
secretory products of nerve cells. Within the animal 
kingdom hydra is the most primitive organism with a 
nervous system. Hydra is, therefore, suited to study 
the evolution and essence of cells specialized for 
nervous function. The nervous system in hydra has 
two functions: (1) it is necessary for the 
coordination of movements, and (2) it controls 
pattern formation, cellular growth, and 
differentiation. The first function, which may be 
described as fast transfer of information between 
cells, absolutely requires the presence of nerve 
cells, i.e. of cells with specialized membranes 
capable of generating and propagating electrical 
potentials and transmitting them to other cells. The 
most convincing evidence that nerve cells are needed 
for this fast, long-distance intercellular 
communication comes from the finding that hydra 
without nerve cells lack this property. Hydra can be 
made nerve-free by mutation or by chemical 
maltreatment. The group has developed a new and more 
gentle method for producing hydra. By 
inducing animals to become sexual the multipotent 
stem cells, which are also the precursors to nerves, 
differentiate into sex cells. If such animals are 
force-fed, the epithelial cell population multiplies 
faster than the few remaining stem cells. As a result 
such animals produce asexual offspring which are free 
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of stem cells and consequently also of nerve cells. 
Such nerve-free hydra are unable to move, e.g. they 
do not respond to tactile stimuli with contraction, 
or to a feeding stimulus by the coordinated sequence 
of movements constituting the feeding response. In 
general, fast transmission does not function in hydra 
without nerves. Using nerve-free hydra as controls 
the hope is to find out how and with what transmitter 
substances the fast neuronal communication system 
works. 

The second function of the nervous system in hydra is 
the control of cellular growth and differentiation 
resulting in pattern for-mation. This control is 
achieved by means of hormone-like sUbstances such as 
the inhibitors and activators of head and foot 
formation. These sUbstances act as slow carriers of 
intercellular communication. This slow transfer of 
information is not a strictly neuronal property. The 
group has established the fact that, in the absence 
of nerve cells, epithelial cells take over the 
hormone-producing function of nerve cells. This was 
not unexpected, since in an embryo the slow flow of 
intercellular communication must also exist before 
the' nervous system becomes established. It also 
suggests that the slow intercellular communication by 
means of hormone-like substances is the more ancient, 
or primitive, type of information transfer between 
cells, and that the fast conduction system requiring 
nerve cells and neurotransmitters is a more modern 
version of intercellular communication. 

One of the hydra neuropeptides, the head activator, 
has also been found in mammalian brain and intestine; 
in fact it has recently been shown that even human 
beings contain this peptide in their hypothalamus and 
intestinal tract. 
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4.2.4. Semliki Forest virus structure, assembly and entry 
into the host cell; vaccines against enveloped 
viruses 

Members: K. Simons, H. Garoff, A. Helenius 

* * * Fellows: M. Marsh, K. Matlin, M. Sarvas, J. White 

* Visiting worker: G. van Meer 

Technical assistants: E. Bolzau, E. Kiko, H. Virta 

This group is studying the envelope of Semliki 
Forest virus as an experimental model for plasma 
membrane structure and assembly. During the past 
year the effort has been concentrated on solving the 
primary structure of the virus proteins. Together 
with A.-M. Frischauf and H. Lehrach the group has 
cloned the cDNA transcribed from the 26S virus RNA 
coding for the four proteins. The DNA was then 
sequenced by the method of Maxam and Gilbert. From 
the DNA sequence it was then possible to deduce most 
of the amino-acid sequences of the structural 
proteins. Combined with previous knowledge of the 
structure of the virus membrane glycoprotein, the 
amino-acid sequence data give us a detailed picture 
of the spatial organization of this oligomeric 
protein in the membrane. 

Little is known about the way animal viruses enter 
host cells. Recent studies by the group have 
revealed the pathway of entry used by Semliki Forest 
virus. It first binds to the cell surface, and is 
then rapidly taken up into the cell by receptor-
mediated endocytosis. The endocytosis occurs at 
specialized regions of the cell surface membrane 
called coated pits. These pits invaginate into the 
cytoplasm forming coated vesicles with virus trapped 
inside. The coated vesicles fuse with endosomes, 
which later release the viruses into lysosomes. 
Earlier studies had shown that other viruses 
internalized by endocytosis can find their way into 
lysosomes too, but this route has usually been 
considered a dead end because the viruses were 
expected to be rapidly destroyed inside the lysosomes 
by the lysosomal hydrolases. The Semliki Forest virus 
genome, however, seems to use a clever trick to 
escape destruction: at the low pH inside the 
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lysosomes fusion is triggered between the virus 
membrane and the lysosomal membrane, and in this way 
the viral genome escapes uninjured into the 
cytoplasm. The last stage of virus entry can be 
blocked by a number of weak bases including ammonium 
chloride and chloroquine, and since most other 
enveloped viruses are known also to be blocked by 
these components early in infection, it seems likely 
that these viruses use the same pathway as Semliki 
Forest virus to enter their host cells. 

The group is continuing its work on the development 
of safe and potent subunit vaccines against enveloped 
viruses. It was previously. shown that the membrane 
glycoproteins can be prepared either as protein 
micelles (octameric water-soluble complexes devoid of 
lipid and detergent) or as virosomes (spike proteins 
reconstituted into synthetic lipid vesicles). In both 
these forms the spike proteins are extremely 
efficient in preventing the encephalitis caused by 
Semliki Forest virus, when tested in mice. Further 
studies have now shown that protein micelles can be 
prepared with ease from the membrane glycoproteins of 
other enveloped viruses (influenza, rhabdo- and 
paramyxo-viruses). Virosomes are much more difficult 
to make. Protein micelles have a further advantage 
over virosomes in their stability; they stay intact 
even after lyophilization. Tests are therefore being 
made whether protein micelles from other enveloped 
viruses can be used as vaccines. Protein micelles 
have been prepared from para-influenza 3 virus, a 
paramyxovirus causing pneumonia in domestic animals 
and young children. This subunit vaccine is being 
tested in specific pathogen-free lambs by M. Sharp 
(Moredun Institute, Edinburgh). Preliminary results 
indicate that this vaccine is as potent as vaccines 
made of inactivated whole viruses. It is planned to 
study influenza virus in 1980. 
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4.2.5. Early events in protein secretion and membrane bio-
genesis 

Member: B. Dobberstein 

* * Fellows: S. Kvist , D.I. Meyer 

* Visiting worker: L. M. Roberts 

Technical assistant: M. Olsen 

Translocation of proteins across membranes 

Secretory proteins and the extracellular parts of 
certain membrane proteins are translocated across the 
membrane of the rough endoplasmic reticulum during 
their synthesis. The group is characterizing the 
components involved in this process in an effort to 
understand how the transfer occurs. 

One component of the membrane, which is disposed on 
its cytoplasmic side, has been characterized by D. 
Meyer. This is a protein necessary for protein 
translocation to occur. Limited proteolysis and high 
salt concentration are required to dislodge it from 
the membrane. It reconstitutes transfer activity in 
membranes inactivated by protease and high salt. It 
is a basic protein with an apparent molecular weight 
of 60,000. (The larger protein complex described in 
last year's Report was probably an aggregate.) 

Biosynthesis and membrane assembly of histocompat-
ibility antigens 

A knowledge of the properties of the major 
histocompatibility complex (MHC) genes and their 
products is essential to an understanding of immune 
recognition and function. In last year's Report a 
description was given of biosynthesis and membrane 
insertion of mouse H-2 histocompatibility antigens 
(Dobberstein et al., 1979). Work has continued on the 
pURification of the messenger RNAs coding for the H-
2D antigens and S2-microglobulin. In collaboration 
with P. Kourilsky ,Institut Pasteur, Paris) and P. 
Peterson (Wallenberg Laboratory, Uppsala) an attempt 
is being made to characterize the genes for these 
antigens at the molecular level. 
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The I region of the mouse MHC regulates a number of 
immunological functions including immune 
responsiveness, immune suppression, and cooperation 
between T and B cells and between T cells and 
macrophages. In man the analogous region is called 
HLA-D. Particular alleles of this region are 
associated with certain diseases such as rheumatoid 
arthritis, diabetes mellitus and myasthenia gravis. A 
detailed biochemical characterization of the products 
of the HLA-D region genes (HLA-DR antigens) and of 
their assembly and cell surface expression, and 
finally the molecular analysis of the genes 

. themselves, are required to understand the function 
of these antigens and the regulation of this 
important genetic system. 

The features of the HLA-DR antigens, their 
biosynthesis in vitro and in vivo, and their membrane 
assembly, have been studied by S. Kvist in 
collaboration with P. Peterson (Wallenberg 
Laboratory, Uppsala). 
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4.2.6. Expression and control of genes 
proteins in Chironomus 

* Member: J.-E. Edstrom 

* Fellow: H. Sierakowska 

* Student: L. Rydlander 

* Technical assistant: C. Francke 

for secretory 

Puffs are functionally active genes in giant 
chromosomes from two-winged insects, Diptera. Certain 
puffs characteristic of salivary glands in the 
dipteran Chironomus, and designated Balbiani rings, 
reach a giant size and produce giant messenger RNA. 
There is indirect evidence that they are responsible 
for the production of certain secretory proteins. The 
group has initiated a study of a Balbiani ring which 
can be induced from the inactive gene by means of 
treatment with galactose to become the dominating 
genetic activity in the cell. They have found that 
there is a parallel appearance of a giant secretory 
protein which may amount to as much as one fourth of 
the total protein synthesized. Using molecular 
techniques the hope is to prove the role of the new 
Balbiani ring as well as the origin of the new 
protein, likely to be directly connected to each 
other. The salivary gland cell system will be used in 
subsequent studies of the expression and control of 
Balbiani rings, in the first place the inducible 
Balbiani ring. These Balbiani rings offer special 
advantages in such work, being available for 
microanalysis, e.g. determination of the number of 
transcripts formed per unit time per gene. It is 
planned to follow certain metabolic changes during 
the induction as well as to develop a simplified 
in vitro system in order to analyse the induction 
mechanism. In cooperation with other groups and 
visitors, it is also planned to explore the 
usefulness of microdissection and microextraction 
techniques in the molecular analysis of gene 
expression. 
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4.2.7. Gene expression and its control 

* * Members: K. Murray, A. Dunn 

* Fellow: R. Perez Mellado 

* Technical assistant: H. Krischke 

Some of the factors that govern gene expression in 
bacteria and their viruses are now quite well 
understood. A combination of this knowledge and the 
techniques for construction of recombinant DNA 
molecules biochemically the basis for the 
productive transfer of some eukaryotic genes or their 
derivatives to Escherichia coli and the study of the 
expression of these genes in their new environment. 
In some instances high levels of expression have been 
attained, but in others it has proved difficult to 
demonstrate any synthesis of the gene product. 

When eukaryotic DNA can be replicated in bacteria as 
a recombinant with a plasmid or phage vector, both 
biochemical procedures and the more classical genetic 
manipulations can be used to make mutations through 
which various factors relating to gene expression and 
its control can be studied. It is relatively simple 
to perform these genetic operations in bacteria and 
to replicate the DNA for analysis at the nucleotide 
sequence level, whereas equivalent experiments in 
eukaryotic cells, particularly animal cells, are much 
more complex and often not possible. The methods of 
modern genetic engineering provide an opportunity for 
harnessing the classical biochemical genetic 
approaches to studies of the regulation of gene 
expression in higher cells by carrying out genetic 
and analytical experiments in bacteria and returning 
the altered eukaryotic sequences to higher cells for 
studies of the effect of the changes upon expression. 
This will preferably be effected via a vector 
molecule such as a viral genome. Vectors comprising 
parts of bacterial and eukaryotic replicons such that 
they can be propagated in both bacterial and 
eukaryotic cells are particularly attractive for 
these purposes. Initially the group will be concerned 
principally with the construction of such vectors and 
studies of the expression of viral antigens. 
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4.2.8. Gene expression and regulation 

Member: V. Pirrotta 

* Fellows: C. Baldari, K. Kaiser, G. Scherer 

Student: C. Tschudi 

* * Visitiig workers: J.C. Le Hegarat , F. Schoffl, A. 
Viotti 

* Technical assistants: D. Abildsten, J. Telford 

This group is interested in the control of gene 
expression at the molecular level. In the past year 
its work has concentrated on three aspects, aimed at 
three levels of molecular complexity. One is the 
interaction between E.coli RNA polymerase and 
specific binding sites on the DNA of phage A. This is 
a well characterized system and it is possible to 
study the effects of such interactions on 
transcription, both in vivo and in vitro, in 
considerable detail. A matter of particular interest 
has been to find out why a particular site, Brex 
binds very efficiently to RNA polymerase but does not 
promote transcription in vitro. 

A more complex and less well characterized system is 
that of the 5S RNA genes of Drosophila. The group has 
now completely determined the sequence of the gene, 
and would like to identify the specific recognitions 
responsible for its transcription. The attempt is 
therefore being made to characterize proteins which 
bind specifically to 5S RNA genes and affect· their 
expression. 

A much more complex problem, and the object of the 
main research effort, is the control of gene 
expression in the development of Drosophila embryos. 
To begin a study of the mechanism of control, genes 
are being isolated which are specifically active at 
certain stages of embryonic development. Using 
differential hybridization to mRNA sequences from 
different stages, gene sequences have been cloned and 
studied, the expression of which is switched on at a 
certain stage (blastoderm) or in a certain 
developmental pathway (dorsal hypoderm). 
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A different approach is to isolate genes which are 
known to be involved in the control of development. 
To isolate some of these genes which are genetically 
characterized, the group is collaborating with F. 
SCrlenghe and L. Melli to clone DNA from fragments 
microdissected out of Drosophila polytene 
chromosomes. 

A recently initiated collaboration with A. Viotti of 
the Laboratorio Biosintesi Vegetali, Milan, is 
directed at cloning maize genes and, in particular, a 
family of zein genes and a regulatory element 
associated with it. 
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4.2.9. Regulation of gene activity in eukaryotes 

Member: M. Melli 

Fellows: L. Dente*, F. Scalenghe, E. Ullu 

* * Visiting workers: I. Bozzoni , G. Spinelli 

Technical assistant: K. Goldmann 

The development of the cloning technology offers the 
possibility of isolating genomic regions containing 
specific genes in order. to study their functions and 
the related regulatory processes. The system chosen 
by this group is the human histone genes, which 
present some attractive regulatory aspects described 
in last year's Report. 

Two types of DNA fragments coding for histone 
proteins have now been cloned and characterized, one 
derived from genomic DNA and the other from the 
cloning of histone mRNA-DNA hybrids. 

The 11.4 kb genomic histone gene is characterized by 
the presence of a number of inverted repeated 
sequences which are interspersed throughout the 
recombinant fragment including the coding regions. 
These structures have been examined electron 
microscopically by H. Delius after denaturation of 
the DNA. In the single-stranded DNA the self-
complementary sequences renature instantaneously with 
the formation of four to five characteristic single-
stranded loops of different sizes with stems which 
represent the regions where the base pairing has 
occurred. The sequences involved in base pair 
formation are repeated within the fragment and they 
seem to be similar to each other but not identical. 
Furthermore, they show some degree of homology with 
one or more families of repeated sequences 
interspersed in the human genome. A family of 
similar inverted repeated sequences representing up 
to 3% of the human genome has recently been described 
by Houck et ale (1979) and it seems likely that the 
repeats found in the histone gene are related to this 
ubiquitous DNA. Davidson and Britten (1975) have 
proposed that repetitive elements often found 
interspersed in the eukaryotic genome might have a 
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regulatory function at the transcriptional level. The 
finding of such sequences near genes which are coding 
for fundamental structural proteins might support 
this hypothesis. However, the apparently widespread 
distribution of homologous inverted repeats 
throughout the genome suggests that the function of 
this DNA might not be very specific, and that the 
inverted repeated sequences might have a more general 
function, perhaps structural, either at the 
chromosomal or post-transcriptional level. They 
might, for example, be important in regulating the 
maturation of nuclear RNA, by providing a binding 
site for the enzymes which process the primary 
transcripts into messenger RNA molecules. Experiments 
are in progress to check this hypothesis. 

The second type of clone that has been isolated is a 
copy of an mRNA molecule coding for a variant H2A 
histone protein. In contrast with the great majority 
of histone mRNAs, which are poly-A-, this molecule 
has poly-A attached at the 3' end. Hybridization of 
the H2A sequence with genomic DNA suggests that poly-
A- and poly-A+ histone mRNAs are coded by different 
genomic sequences and are probably under a different 
regulatory control. 

Efforts to use cloning as a tool for the construction 
of probes for specific genes have been continued and 
extended to Drosophila melanogaster. In the attempt 
to clone specific Drosophila genes by 
micromanipulation of polytene chromosomes a number of 
problems has been met. It is now clear that the 
amount of DNA obtainable by the dissection of a few 
chromosomal bands is so small that even using· 
microtechniques most of it is lost during the cloning 
procedure. The minimum amount of polytene chromosome 
DNA necessary to give recombinant phages is 
approximately 10-8 g, 100 to 1000 times more than the 
amount conveniently available. The problem is now 
being approached at the nanoscale level in 
collaboration with V. Pirrotta and J.-E. Edstrom, 
using the oil chamber described for the 
micromanipulation of Chironomus Balbiani rings. 
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4.2.10. Genetic studies of restriction and modification genes 

Member: M. Zabeau 

* Fellow: K. Breunig 

* Student: L. Bougueleret 

* Visiting worker: J. Brooks 

Technical assistant: V. Stirling 

Restriction and modification enzymes are uniquely 
to studying how proteins recognize specific 

sequences, since they exhibit an 
ab$"olut"e specificity for short well-defined 
s69uence"s. This group intends to examine how the 
recognit-i'On properties of these enzymes can be 
altered by mutational changes. 

A detailed genetic study of the EcoRI restriction and 
modification system carried by the plasmid pMB4 has 
been undertaken. Using in vitro recombination 
techniques, the group has characterized and 
physically mapped the restriction and modification 
genes. Further in vitro manipulation of these genes 
made it possible to construct restricting strains 
which carry the EcoRI methylase gene on the 
chromosome and the EcoRI restriction gene on a 
plasmid. Since these plasmids are not viable in 
normal strains lacking the EcoRI methylase, mutations 
which inactivate the restriction function can be 
directli selected for, upon transformation with this 
plasmid. Preliminary studies of the restriction-
deficient mutants isolated in this way indicate that 
the lethal phenotype associated with the restriction 
function in the absence of the modification function, 
should be most useful in isolating mutations which 
alter the recognition specificity of the EcoRI 
restriction and modification enzymes. In addition it 
has been shown that plasmids carrying the EcoRI 
restriction gene are useful as cloning vectors, since 
the insertional inactivation of this gene permits a 
direct selection for recombinant plasmids. In an 
alternative approach, an attempt has been made to 
clone the genes coding for different Type II 
restriction and modification systems. Despite the 
availability of powerful selection systems to select 
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either for cells carrying a restriction and 
modification system, or for plasmids carrying 
methylase genes, the cloning of these genes has so 
far been unsuccessful. Several lines of evidence 
indicate that this might result from the fact that 
these genes are not properly expressed in E.coli. 
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4.2.11. Cloning and seguence analysis in eukaryotic molecular 
biology 

Members: H. Lehrach, A.-M. Frischauf 
* * Student: J. Reiter , T. Sundt 

* * Visiting *workers: M. Aiplebury ,W. Bihr, A. de 
Batseli*r, J. Bedbrook , J.C. Perriard ,C. Unger-
Ullmann 

* * Technicil assistint: R. Buckland, D. Diamond, A. 
Poustka , M. Roth 

The work of the group can be classified into two 
general areas of interest, the application of cloning 
and in vitro genetic techniques to the analysis of 
functions and mechanisms in eukaryotes, and the use 
and development of computer-assisted DNA sequence 
analysis and interpretation techniques in eukaryotic 
molecular biology. It is however clear that many 
projects involve, or are planned to involve, both 
sets of techniques. 

Seguence analysis and seguence interpretation 

The major sequencing project, a collaboration with H. 
Garoff and K. Simons, for the cloning and sequencing 
of Semliki Forest virus 26S mRNA, is close to 
completion and it is hoped to have the complete DNA 
sequence, verified by protein data, finished by the 
time this Report is distributed. Sequences already 
available, covering parts of the membrane protein E2, 
the processed region between E1 and E2, the entire E1 
and 3' untranslated regions of the mRNA, clearly 
demonstrate the power of the techniques used, and 
allow the interpretation of a number of biochemical 
observations in the Semliki Forest virus life cycle. 

To determine a large fraction of this sequence, use 
was made of a newly developed subcloning strategy, 
which essentially allows sequence and restriction-
site independent sequencing and which, it is thought, 
will in many cases be easier to use than the usual 
techniques. 
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Parallel to the sequencing experiments, computer 
programs have been developed, in collaboration with 
S. Stier of the Data Analysis Group and partly by 
expanding pre-existing programs developed in other 
laboratories, which permit the input, assembly and 
analysis of DNA sequence data. Such programs have for 
example made possible the identification of potential 
transmembrane sequences in E1 and E2 and will be 
extensively used to verify and check the DNA 
sequence. 

A longer range project, the development of computer 
techniques to read and analyse sequencing gels 
automatically, in cO.llaboration with the Da ta 
Analysis Group, has proceeded very successfully. 
Other collaborations with the Instrumentation 
Division, aimed at automating further steps in the 
sequencing process, are under discussion. 

Structural and genetic studies on cloned genes 

Another part of the work during the last year has 
involved the preparation for structural and genetic 
analysis of different genes to identify regulatory 
signals and mechanisms. The main effort in this 
direction has been directed at cloning cDNAS and gene 
sequences expressed in different muscle and non-
muscle tissues. This work has lead to the 
establishment and screening of cDNA banks containing 
skeletal muscle sequences from rat (with D. Yaffe, 
Weizmann Institute, Rehovot), mouse and chicken (with 
J.-C. Perriard, ETR, ZUrich). Screening has resulted 
in the identification, among others, of rat muscle 
actin (verified by DNA sequence analysis) and myosin 
light chain clones. Further characterization of 
clones is in progress. 

The next step, the identification of the 
corresponding genome clones, is proceeding in two 
directions. In one series of experiments an attempt 
has been made to develop, in collaboration with J. 
Bedbrook, a gene-specific cosmid cloning system. The 
necessary vectors have been constructed, and it is 
hoped to test this possibility in the near future. 
The alternative approach is to screen available or 
freshly constructed gene banks in lambda or cosmid 
vectors using the usual plaque hybridization 
approach. 
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Other collaborations with outside groups or visitors 
have included work with G. Kohler (Basel Inst. of 
Immunology), C. Unger-Ullmann (from the group of G. 
Kreill, Institute for Molecular Biology of the 
Austrian Academy of W. and M. 
Applebury (Princeton) and A. de Batselier (from U. 
Littauer's laboratory, Weizmann Institute, Rehovot). 
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4.2.12. The expression of cloned genes 

'* Member: R. Cortese 

* * * Fellows: L. Bossi, L. Cesareni , G. Ciliberto 

* Visiting worker: J.D. Smith 

* Technical assistant: S. Ciampi 

The work of this group, which joined EMBL in July 
1979, is concentrated in two areas. 

1) Correlation of the structure and function of tRNA 
genes 

In work done before joining EMBL, cloned DNA 
containing tRNA genes was injected into the 
nucleus of frog oocytes. The various 
transcriptional products (tRNA precursors) were 
identified and analysed, their sequences were 
determined and their intracellular localization 
was established. The immediate transcriptional 
product is usually a molecule longer than tRNA, 
with 5' and 3' extranucleotides and, in some 
cases, intervening sequences. This primary 
transcript is converted to mature tRNA by way of a 
defined and ordered process consisting of several 
steps; first the removal of the 5' 
extranucleotide, then the cleaving off of the 3' 
extranucleotide, and then the CCA modification. 
During this process several nucleotides are 
modified in a stepwise fashion (methylation, 
pseudo-uridylation), and only at the end is the 
intervening sequence spliced away, thus generating 
a mature functional tRNA, which is then exported 
into the cytoplasm to enter the protein-
synthesizing machinery. 

The various steps in the pathway of gene 
expression, from gene to gene product, have been 
established in detail. It is intended to 
mutagenize various tRNA genes in vitro in order to 
identify the DNA segments responsible for the 
various steps in the gene expression pathway. As 
these steps can be studied separately, it should 
be possible to isolate mutants affecting any of 
them. 
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In parallel with this study, it is proposed to 
characterize the enzymatic reactions responsible 
for tRNA maturation, using as substrates the 
various tRNA precursors which can be produced in 
large amounts. 

2) Cloning the genes directing the synthesis of serum 
proteins in liver cells 

This is a new project, and so far the group has 
constructed a number of cloning vehicles 
containing unique restriction sites in convenient 
locations with respect to bacterial promoters. It 
is planned first to clone cDNA from liver cells, 
identifying interesting clones by specific 
immunological reaction directly onto the Petri 
dish, and then to use these cDNA clones as probes 
for further study. 
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4.3. 

4.3.1. 

Division of Biological Structures 

. 
Organization of structural (cytoskeletal) elements 
and their temporal and spatial association with cell 
membranes 

Members: B.M. Jockusch, G.W. Griffiths 

* * Visitiig workers: J.*Kuznicki , K.T. Tokuyasu, J.H. 
Sanger, J.W. Sanger 

Technical assistant: K.H. Kelley 

The work of this group has concentrated as before on 
several aspects of the organization of cytoskeletal 
proteins with respect to their reversible interaction 
with cell membranes. 

The protein a-actinin is presumably involved in the 
formation of actin-containing microfilaments to give 
contractile units in muscle and non-muscle cells. It 
is assumed that a-actinins are a class of closely 
related but species- and tissue-specific proteins. In 
myotube differentiation in vitro, a-actinin is 
already present in high concentrations in presumptive 
myoblasts but appears organized in the Z-lines of the 
fully differentiated myotubes only at the same time 
as they start to contract. In some pathological 
conditions (e.g. human congenital nemaline myopathy), 
the Z-lines are extremely enlarged and grossly 
distort the regular myofibrillar arrays. a-actinin 
was found to be a major constituent of these nemaline 
rods. The organization and distribution of a-actinin 
in non-muscle cells (fibroblasts) from patients 
suffering from nemaline myopathy are currently being 
investigated (with F. Jennekens, Children's Hospital, 
University of Utrecht). 

Species- and tissue-specific differences in the 
organization of a-actinin have been investigated in 
tissue culture cells. The periodic spacing of the Z-
line equivalent structures (as defined by the 
location of a-actinin) is characteristic of the cell 
type. While the myofibrils of heart cells and 
myotubes are very stable, the equivalent structures 
("actin cables") in non-muscle cells (fibroblasts and 
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epithelial cells) are highly dynamic structures. They 
can be disassembled (e.g. by allowing for the 
expression of a viral gene product in virus-infected 
cells, or by treatment with the drug dimethyl 
sulphoxide) and reassembled very quickly. a-actinin 
seems to be involved in the internal reorganization 
of these contractile elements as well as in their 
reassociation with membranes at precisely the 
previous location. Movement of surface-exposed 
membrane proteins (e.g. induced by cross-linking 
surface antigens on lymphocytes) is accompanied by an 
aocumulation of a-actinin at the same site, 
stiggesting a functional role of a-actinin in the 
movement of proteins in the plane of the membrane 
(with B. Boschek, University of Giessen, J.M. and 
J.W. Sanger, EMBL, T. Kreis, ETR ZUrich, G. Gabbiani, 
University of Geneva). 

An integral membrane protein ("platelet glycoprotein 
IlIa") can be isolated on affinity columns with 
specific antibody against a-actinin (see last year's 
Report). Work is in progress to determine whether 
this protein is a modified a-actinin or whether, 
alternatively, it has a high affinity for a-actinin 

K. Clemetson, University of Bern). 

Work has been started to investigate the possible 
role of coated vesicles in intracellular transport 
(with G. Warren). This, as well as most of the work 
described above, depends critically on the use of 
specific and well-defined antibodies. Therefore the 
technique of immunoelectron microscopy on ultra-thin 
frozen sections has been set up at EMBL (G. Griffiths 
and K. Tokuyasu), and a start has been made on the 
development of antibodies produced in tissue culture 
(monoclonal antibodies) against cytoskeletal proteins 
such as a-actinin and clathrin, the coat protein of 
coated vesicles. 
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4.3.2. Intracellular transport of newly-synthesized plasma 
membrane proteins 

Member: G. Warren 

* Fellow: J. Green 

* Technical assistants: M.-T. Sagne, H. Walker 

Many membrane proteins are assembled in the membrane 
of the endoplasmic reticulum and then sorted to 
different locations in the cell. The details of this 
sorting process are obscure but it is clear that 
significant progress towards an understanding of 
these will only be made if one can first determine 
the precise pathway taken through the cell by a 
particular set of membrane proteins. Cells infected 
with Semliki Forest virus are ideally suited for such 
a study because in them those cellular components 
responsible for transport are entirely devoted to 
conveying the viral spike proteins from their site of 
assembly in the endoplasmic reticulum to the cell 
surface. 

Using various biochemical and morphological 
approaches, the group has obtained strong evidence 
that the spike proteins pass through the Golgi 
complex on their way to the cell surface. It is now 
hoped to show the direction taken through the Golgi 
stacks. The experiments indicate that coated 
vesicles may be involved in conveying these spike 
proteins from the endoplasmic reticulum to the Golgi 
complex and from the Golgi to the plasma membrane. It 
is hoped, in the near future, to reconstruct parts of 
the intracellular transport system in vitro. This 
would make it possible to determine which cellular 
components (proteins, ions, energy sources) are 
needed and how they function. 

-50-



4.3.3. Mitochondrial electron transfer enzymes 

Members: H. Weiss, P. Wingfield 

* Visiting worker: S. de Vries 

Technical* assistants: B. Juchs, A. Scharm, M. 
Slaughter 

Mitochondrial oxidative phosphorylation is the 
principal energy-conserving process in heterotrophic 
organisms. In this process the energy from the 
oxidation of organic substrates is transformed and 
utilized for ATP formation. Oxidative 
phosphorylation is catalysed by five discrete multi-
subunit enzymes, which include four electron-transfer 
complexes and the ATP synthetase complex. These 
complexes contribute most of the protein present in 
the inner membrane. The electron-
transfer complexes transduce oxidative energy into 
transmembrane proton gradients and the ATP synthetase 
complex uses the gradients to drive the formation of 
ATP from ADP and inorganic phosphate. 

This group is studying the structure and function of 
three of the above electron transfer complexes, 

succinate:ubiquinone reductase, ubiquinone: 
cytochrome c reductase and cytochrome c:02 oxidase. 
These complexes have been isolated in monodisperse 
states using non-ionic detergents and have been 
characterized physicochemically and enzymatically. 
Membrane crystals have been prepared from isolated 
ubiquinone: cytochrome c reductase. In collaboration 
with K. Leonard a three-dimensional image of the 
complex has been obtained by electron microscopy. 
The structural relationship of the subunits within 
the complex and their location in the membrane have 
been studied by stepwise cleavage of the complex. 
Ultimately, it is hoped that more detailed 
information about the structure of the electron-
transfer complexes will contribute to a fuller 
understanding of the mechanism of energy 
transduction. 
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4.3.4. Membrane biogenesis in polarized epithelial cells in 
culture (MDCK) 

* Members: D. Louvard, H. Reggio 

* Fellow: K. Soderberg 

* Student: E. Coudrier 

Technical assistant: S. Robinson 

This group has continued its studies of the molecular 
mechanisms involved in-cell surface polarization of 
epithelial cells. As described in detail in the 1978 
Report, the model system used is a continuous cell 
line (MDCK) which forms a stable monolayer in culture 
and can still express differentiated characteristics 
in vitro. 

By the use of specific antibodies against membrane 
proteins and immunofluorescence it has been shown 
that MDCK cells, like epithelial cells in vivo, 
display a structural or morphological polarization of 
the cell surface. An antibody raised against dog 
kidney aminopeptidase has been found to be a marker 
for the membrane, while an antibody raised 
against Ma K+ATPase was found to label the lateral 
faces specifically. An antibody raised against 
actinin (a peripheral protein known to be associated 
with the inner surface of the junctional complex in 
intestinal cells) was shown to be a convenient marker 
for this complex in MDCK. 

Endocytosis of apical membrane markers, by 
specific antibodies, has provided interesting 
information about the biogenesis of this membrane. 

Antibodies trigger the clustering of their antigens, 
and this is followed by the internalization of the 
immunocomplexes. The cell surface is rapidly depleted 
of these antigens (within 30 min) and most of the 
internalized material is found in larger vacuoles 
surrounding the nucleus. However, a small but 
significant fraction of the immunocomplexes are re-
expressed on the cell surface (after 40 min), mainly 
reappearing at the cell borders in the area of the 
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cell-cell contact characterized by the junctional 
complex. The process is completed after 2 hr by the 
full degradation of the target antigen. 

It has been shown that this massive internalization, 
which is a non-physiological procedure, and occurs in 
the absence of new protein synthesis, is followed by 
the expression of new antigen molecules. This is 
rapid and occurs within 30 min. Newly-inserted 
proteins from the apical face also appear first at 
the site of cell-cell contact and rapidly invade the 
whole apical membrane, presumably by lateral 
diffusion. This membrane recovers its normal 
complement of antigens within 40 min. A large 
intracellular pool of apical markers has been found 
to be associated with vesicular structures inside the 
cells, and is presumably used during this process to 
restore the normal composition of the apical 
membrane. These experiments highlight the importance 
of the site of cell-cell in epithelia and 
suggest that the junctional complex plays an 
important role in the biogenesis of the plasma 
membrane. 

the arrival of new members of the group, the 
project has been extended in three new directions. 
In the first place an attempt is being made to 
isolate membrane components from the junctional 
complex using purified brush borders from intestinal 
mucosa as the starting material. This preparation is 
rich in junctional elements (tight junction, zonula 
adherens, desmosomes). A combination of mechanical 
dissociation and detergent treatment has been used to 
isolate well-defined protein fractions. Antibodies 
have been produced against these fractions and are 
now being used to study their effect on the 
development of the cell monolayer. The junction can 
be characterized by measuring the electrical 
resistance displayed by the MDCK cell monolayer. 

The second objective is to isolate a variant of the 
cell line which has been transformed by a 
thermosensitive RNA tumor virus. It is already known 
that normal strains of RSV or MSV viruses will 
transform MDCK, and that this transformation is 
correlated with a loss of polarity. By shifting the 
growth temperature up and down this thermosensitive 
strain will permit the study of the sequence of 
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events leading to the polarized phenotype. 

Finally, electron microscopic techniques, and in 
particular immunolocalization using immunoferritin 
labelling of plastic or frozen sections, have now 
been introduced by H. Reggio. Experiments are now 
being undertaken at ElM level and it is hoped to 
extend our understanding beyond the limit of the 
light microscope and immunofluorescent investigation. 
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4 . 3 . 5 . Electron microscopy of nucleic acids 

Members: H. Delius, B. Koller 

* Visiting worker: I. Kiss 

* Technical assistant: J. Clarke 

The basic method employed in most of the projects of 
this group is the so-called Kleinschmidt technique. 
Nucleic acids are spread out in a surface film of 
cytochrome c and their lengths can be accurately 
measured with the electrop microscope. For studies 
requiring higher accuracy and resolution the method 
of adsorbing nucleic acids to mica (developed by R. 
Portmann and Th. Koller, ZUrich) is employed. 

The main project of the group is the analysis of 
chloroplast DNA (cpDNA). A restriction map of Vicia 
bean cpDNA has been constructed using partial· 
denaturation mapping as well as gel analysis.. Only 
one set of ribosomal genes was found in Vicia cpDNA 
in contrast to all other higher plants analysed so 
far which have duplicated ribosomal RNA genes. 

The sizes and positions of the 16 S, 23 S, and 5 S 
rRNA genes were accurately determined using the mica 
adsorption technique. Their arrangement in Vicia 
chloroplast DNA is the same as found in the E.coli 
rRNA operons. Heteroduplexes between Vicia cpDNA and 
a rif d18 DNA were prepared which demonstrate 
extensive homologies between the ribosomal RNA genes 
of E.coli (contained in the phage DNA) and Vicia 
cpDNA. Melting studies differentiate between regions 
of stronger and weaker partial homologies. These 
studies will be extended to other E.coli ribosomal 
RNA operons. 
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PLATE 

Large supposedly circular DNA molecule from an 
unidentified agent (probably a mycoplasma) prepared by 
the cytochrome spreading procedure. A trace of the DNA 



structure was automatically computed employing 
algorithm developed by P.T. Speck. The calculated 
is superimposed in white on the original scan of 
picture. 

an 
line 

the 



In collaboration with I. Kiss (Szeged) a number of 
E.coli rRNA operons has been analysed by heteroduplex 
analysis, R-Ioop analysis, and mapping of RNA 
polymerase binding sites. These data will be 
correlated with the results of the sequence analysis 
done in Szeged. 

P.T. Speck of the Data Analysis Group has developed 
an algorithm which allows automatic length 
determination in cytochrome spreadings. This method 
could be applied to obtain measurements of very large 
DNA molecules that would be too complex for manual 
tracing (Plate 1). This type of DNA is being analysed 
in collaboration with 9. Darai (Heidelberg). 

Other collaborative projects within EMBL include 
- the determination of RNA polymerase binding sites 

and transcription patterns of plasmids carrying 
restriction enzyme genes (with M. Zabeau); 

- the localization of cloned segments from the 
Semliki Forest virus genome on the viral RNA (with 
H. Garoff, H. Lehrach, and A.-M. Frischauf); 
the analysis of inverted repeat structures in 

DNA carrying histone genes (with M. 
Melli) . 
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4 . 3 .6. High resolution electron microscopy Group 

Member: K. Leonard 

* Fellow: F. Booy 

Technical assistant: T. Arad 

This group is using electron microscopy combined with 
computer image analysis to obtain high resolution 
structural information on biological macromolecules. 
During the last year, work has concentrated on 
analysis of images of membrane crystals of the 
enzyme cytochrome reductase from Neurospora crassa 
(in collaboration with the group of H. Weiss). These 
crystals are ideally suited to study by electron 
microscopy (Plate 2), and after two-dimensional 
analysis to determine the crystal packing, tilted 
images have been combined to make a low resolution 
three-dimensional reconstruction (Plate 3) of the 
dimeric molecule (MW 550,000). Work is continuing to 
improve the resolution of the model, and to try to 
locate, by antibody labelling, positions of the nine 
subunits which make up this complex enzyme. 

The Group has been involved (with R. Freeman of the 
ElM Applications Group) in establishing a STEM 
computer-linked system for mass measurement of 
unstained biological molecules. Work has also 
continued (with F. Booy) on the preparation of frozen 
specimens of periodic biological material (e.g. 
collagen, muscle) in the hope that these techniques 
will lead to higher resolution information free from 
the artefacts which may be introduced by heavy metal 
staining. 
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PLATE 2 

Negatively 
reductase. 

stained membrane crystal of 
Scale bar represents 100 nm. 
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PLATE 3 

Computer-processed microscope image of a 
membrane crystal of cytochrome reductase. Protein has 
been represented by an isodensity contour map, which was 
then differentiated to give the impression of depth. 
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4.3.7. Electron microscopy applications Group 

* Members: J. Dubochet, R. Freeman, C. Walter 

Fellow: J. Lepault 

* * Visiting workers: M. Reedy, M. Reedy 

* Technical assistant: M. Groom, A. McDowall 

The Electron Microscopy Applications Group aims to 
provide access to electron microscopy for other 
scientists both inside and outside EMBL. The group 
has collaborated with 8 groups inside EMBL, mainly on 
the structure of MDCK cells (D. Louvard), on Semliki 
Forest virus (F. Winkler and K. Simons), on coated 
vesicles (G. Warren), and on gap junctions in hydra 
(H.C. Schaller). 

The main collaborations outside the Laboratory were 
with D. Robertson (Duke Univ., USA) on imaging of 2-
dimensional crystals, and with E. Delain (Orsay) and 
J .. Escaig (Paris) on methodology for specimen 
preparation. There has also been collaboration on 
nucleosomes with G. Moyne (Institut Pasteur, Paris), 
M. Noll (Basel) and G. Pflugfelder (Munich), and on 
nucleosome-like particles in prokaryotes with J. 
Yaniv (Institut Pasteur, Paris). 

The work of the Applications Group itself has been 
concentrated on the use of low-temperature techniques 
in electron microscopy. Using the cryo-electron 
microscope of Siemens Ltd. (Munich), the reduction of 
about 100x in beam damage to biological material 
maintained at liquid helium temperature, which was 
first reported in 1978, has now been confirmed in a 
number of other organic compounds. Taking advantage 
of the cold stage now fitted to the STEM, damage and 
mass loss were found to decrease with temperature, 
but at 40 0 K the gain is still much smaller « 10x) 
than at 4°K. An investigation has also begun into the 
origin and prevention of freezing artefacts using the 
techniques of ultracryomicrotomy, freeze fracture and 
freeze etching. In collaboration with other groups, 
frozen sections and ice-embedded crystalline samples 
have been prepared; some structures have been 
observed but have not yet provided high-resolution 
information. 
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4.3.8. Structure and assembly of filamentous bacterial 
viruses 

* * Members: D*A. Marvin, D.W. Banner, G.G. Kneale, 
J.E. Ladner, C. Nave 

Fellow: W. Folkhard 

* * Workers: J. Armstrong, K.-O. Greulich, T. 
Watts 

Techni*al assistants: R.S. A.G. Fowler, F. 
Marvin (part-time), H. Siegrist (part-time) 

This group is working on the structure of filamentous 
viruses. Many important biological processes involve 
interactions between assemblies of macromolecules. 
Some examples are transport across membranes, control 
of DNA replication, and control of cell division. In 
order to understand such processes, it is important 
to learn more about the interactions between the 
macromolecular structures involved. The filamentous 
virus system carries out many important biological 
functions in a simplified form, and is therefore 
being used as a model. The virus itself is a rod-
shaped nucleoprotein consisting of a DNA core 
surrounded by a coat of several thousand helically 
arranged protein molecules. Assembly of the virus 
begins with the packaging of the DNA-binding assembly 
protein (not the same as the final coat protein) into 
a rod-shaped precursor particle, and with placement 
of the coat protein in the cell membrane. The virus 
is extruded through the cell membrane as the assembly 
protein is displaced from the DNA by the coat 
protein. 

Samples of virus have been oriented in fibres using a 
strong magnetic field, a new technique that has 
yielded strikingly improved x-ray diffraction 
patterns (Plate 4). Data have been collected from 
high resolution x-ray fibre diffraction patterns of 
the virus and are being processed for detailed 
structure analysis using a suite of computer programs 
largely developed by the group. Heavy atom 
derivatives of the virus have been prepared and 
ordered x-ray diffraction patterns of these 
derivatives have been obtained. 



PLATE 4 

X-ray fibre diffraction pattern of the Pf1 strain of 
filamentous virus, prepared at 10°C in a 7 Tesla 
magnetic field, showing 5.40 units/turn symmetry. 
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Analysis of the diffraction differences between 
native and derivative virus gives information about 
the symmetry of the virus and also gives the phase 
information needed for detailed structure analysis. 
A temperature-induced transition in the virus 
structure has been analysed by x-ray diffraction and 
by solution physical chemistry. Purified samples of 
the complex between the viral DNA and the assembly 
protein have been examined using x-ray diffraction 
and electron microscopy. Good quality x-ray 
diffraction patterns have been obtained from oriented 
fibres of bacterial pili, the membrane-attached 
organelles to which the infecting virus adsorbs, and 
these diffraction patterns have been analysed to give 
a molecular model of pili. 
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4 . 3 . 9 . Structural studies on macromolecular assemblies 
and on proteins interacting with nucleic acids 

Member: F.K. Winkler 

Technical assistants: , * * A. DArcy , H. Siegrist 

a) Semliki Forest Virus 

A considerable amount of information about the 
structure, function and synthesis of this animal 
virus has been provided by other members of the 
Laboratory during the .past few years. The small 
crystals of the virus grown by R. Leberman in 1977 
raised the hope that important details of the 
spatial arrangement of the macromolecules forming 
this complex structure, a model system for 
biological membranes, could be determined by 
crystal structure analysis. Disappointingly the 
somewhat larger crystals grown since then diffract 
x-rays to only about 40 A resolution at which no 
really new structural information can be expected. 
In addition, a of practical difficulties 
larger crystals could not be grown neproducibly 
and deteriorated quickly made a systematic 
crystallographic study even at this resolution 
impossible. Many other procedures and conditions 
for crystallization were tried, but the quality of 
the crystals could not be improved and work on 
this project was halted towards the end of 1979. 

b) Coated Vesicles 

Coated vesicles have been shown to function as 
intracellular carriers in a variety of processes 
including receptor-mediated protein uptake, plasma 
membrane recycling and intracellular membrane 
transfer. These organelles consist of a membrane 
vesicle surrounded by a protein coat which shows a 
pronounced, regular surface structure built 
predominantly from a single kind of protein, named 
clathrin. The coats of these vesicles can be 
disassembled and reassembled into empty coats 
("baskets"). The goal is to reassemble the 
essential coat components into defined regular 
structures, e.g. baskets of a single type, so that 
they can be studied by diffraction techniques. 
Before this can be attempted the coat structure 
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must be better defined biochemically, i.e. the 
essential components have to be identified and 
characterized. Experiments that should provide 
this information have just been started in close 
collaboration with G. Warren. 

c) Crystal structure analysis of enzymes interacting 
with nucleic acids 

Apart from being indispensable tools in genetic 
recombination experiments, restriction 
endonucleases represent an ideal class of enzyme 
for studying specific protein/nucleic acid 
interactions. Unfortunately they occur in very 
small quantities in bacterial cells and it is 
difficult to obtain the amounts of pure enzyme 
needed for crystallization. So far the 
characterization of two enzymes, Mbo I and Bcl I, 
which recognize the nucleotide sequences GATC and 
TGATCA respectively, has been attempted. In the 
case of Mbo I initial results indicated that the 
quantitative yield of enzyme was hopelessly low. 
For Bcl I a purification procedure and very 
promlslng yields have been reported (Bingham 
et al., 1978). The group was unable to reproduce 
these yields and doubts whether the enzyme has 
been correctly characterized, but as somewhat 
lower yields would still be acceptable work on the 
proper characterization of this enzyme has 
continued with modified purification procedures. 

Molecular cloning techniques make it possible to 
obtain amplified expression of certain gene 
products. This appears to be the most elegant way 
to circumvent laborious large-scale preparations 
for enzymes the structures of which would be of 
great interest, but which are only present in 
small quantities in the cell. In the case of 
restriction endonucleases these techniques have 
not yet been successful (see report by M. Zabeau). 
Significant amplification has however been 
reported for the enzyme T4 DNA ligase (N.E. Murray 
et al., 1979), which catalyses the repair of 
phosphodiester breaks in DNA-DNA and DNA-RNA 
hybrid duplexes and is capable of joining duplex 
molecules with staggered and flush ends. 
Sufficient amounts of pure enzyme for 
crystallization should soon be available. 
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4.3.10. structure of bacterial polypeptide elongation factors 

Members: R. Leberman, D. Suck 

* Fellow: W.H. Gast 

Student: R. Guariguata 

* Technical assistant: B. Antonsson, K. Siegemund 

These studies are being carried out in collaboration 
with the following staff of the Max-Planck-Institut 
fUr Medizinische Forschung in Heidelberg: 

Scientists: W. Kabsch, A. Wittinghofer 

Student: R. Frank 

Technical assistant: R. Schumann 

Polypeptide elongation factors are key enzymes 
inv0lved, together with the ribosomal machinery, in 
the synthesis of proteins. The group's studies are 
concerned with two of the three bacterial factors. 
These are the proteins EF-Tu and EF-Ts, which are 
responsible for the transfer of aminoacyl-tRNA to the 
correct location (A-site) in the ribosome-mRNA 
complex. The former effects the transfer and the 
latter is required to recycle the former. The two 
factors also form a tight complex which constitutes 
one half of the tetrameric RNA polymerase, 
Q-replicase. The factors have also been implicated in 
other cellular processes such as the control of rRNA 
synthesis. Thus it can be seen that the structure of 
these multifunctional proteins is of interest in the 
fields of both protein and nucleic acid biosynthesis. 

The factor EF-Tu2 interacts with a large variety of 
ligands, viz. Mg +, GDP, GTP, EF-Ts, and ribosomes, 
and is the target for the antibiotic kirromycin. An 
x-ray diffraction study of the trypsin-modified 
factor from E.coli is under way. A high-resolution 
map of the protein has been produced using a single 
isomorphous heavy-atom derivative and the technique 
of molecular replacement. The map shows that the 
protein contains three structural domains. In two of 
these the secondary structure elements are well 
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defined but the poor definition in the third prevents 
the complete tracing of the polypeptide chain. It is, 
therefore, necessary improve the data by obtaining 
a second isomorphous heavy-atom derivative. 

Besides x-ray diffraction studies the group is 
actively engaged in solution studies on the factors. 
These are largely performed with the EF-Tu from the 
thermophilic bacterium B.stearothermoDhilus, because 
it offers the advantage of thermostability when 
carrying out many physico-chemical measur2ments. 
These studies have included the role of the Mg + ion 
which is required for the correct functioning of the 
enzyme; it has been shown activity, binding, and 
ESR measurements that one Mg + ion is strongly bound 
to the factor so that EF-Tu could be classed as a 
metalloenzyme. Studies have also been initiated, in 
collaboration with the Outstation at Grenoble, on 
neutron diffraction by the EF-Tu.GTP.aminoacyl-tRNA 
complex. The object of this study is to observe 
conformational changes in the protein on binding 
aminoacyl-tRNA, by observing the diffraction from the 
complex in solvents containing D20 at suitable 
concentrations. 
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4.3.11. Structural basis of the control mechanism of allos-
teric enzymes 

Member: M.F. Moody 

* Fellow: P. Vachette 

Technical assistant: A.M. Foote 

X-ray solution scattering is being used to 
investigate the quaternary structure forms present in 
solutions of the allosteric (i.e. controllable) 
enzyme aspartate transcarbamylase. The basis of this 
project is the large change in the solution 
scattering pattern of this enzyme occurring when it 
is converted into the form necessary for enzymatic 
activity. The evidence for this change was reported 
last year, together with a tentative scheme for the 
movements of its subunits following the allosteric 
transition. 

In order to extend this information, preliminary x-
ray data have been obtained from other forms of 
aspartate transcarbamylase, particularly the 
catalytic subunit, which shows a small decrease in 
the radius of gyration after the structural 
transition. (It will be recalled that this 
transition increases the radius of gyration of the 
complete enzyme.) In addition, an EXAFS study of the 
zinc atom of aspartate transcarbamylase, made in 
collaboration with J. Bordas, M. Koch and I.M. 
Phillips of the Hamburg Outstation, has confirmed the 
crystallographic finding (from Harvard) that the zinc 
is tetrahedrally coordinated with four sulphur atoms; 
but it shows that the tetrahedron must be distorted. 
The possibility of changes in the EXAFS spectrum 
after the structural transition is under 
investigation. (Some changes would be expected in 
view of the large movements of the subunits.) 

The change in solution scattering pattern is also 
being exploited to study the proportions of the 
different quaternary forms present in solution, 
either at equilibrium or while the conformational 
change is occurring. In collaboration with A. 
Tardieu, and using the camera in the synchrotron 
radiation laboratory LURE (near Paris), it has been 
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possible to obtain a preliminary titration curve of 
aspartate transcarbamylase with a small molecule that 
activates it. 

With the ultimate aim of investigating the kinetics 
of the structural transition by using the high-
intensity source of x-rays at the Hamburg Outstation, 
development of suitable stopped-flow equipment has 
continued. As a first stage in this development, a 
relatively slow reaction is being studied, namely the 
dissociation of aspartate transcarbamylase in the 
presence of a mercurial. Using this, the first 
successful stopped-flow scattering experiments 
have been conducted both at LURE (in collaboration 
with A. Tardieu), and at Hamburg (in collaboration 
with M. Koch and J. Bordas). Plots of the averaged 
scattering curves show the course of the reaction 
with a time resolution of a few seconds. Besides the 
dissociation of aspartate transcarbamylase, the 
formation of its subunits can also be seen, and the 
presence of an intermediate is suggested. Even with 
the existing equipment, it should be possible to 
obtain useful x-ray data from dissociation reactions 
with a time resolution of 100 msec. This is still 
some distance from the goal, but the experimental 
methods are being further developed. 
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4.3.12. Protein sequencing 

Member: A. Tsugita 

Fellows: I. Kubota, K. Maeda* 

student: M. Tadros 

Technical 
Scheffler 

assistants: R. v.d. Broek and J.J. 

Work has continued on the sequencing of insoluble 
proteins, including the development of new 
methodologies. The latter include a new specific 
method for derivatizing the N-terminus, based on a 
simple modification of the Edman degradation method 
(Tsugita et al., 1979). This technique has been 
applied to the semi-empirical determination of the 
sub-unit molecular weight of proteins, especially for 
sugar- or lipid-containing proteins and for small 
peptides (Kubota & Tsugita, in press); by binding 
the protein to a solid phase through the N-terminus, 
to solid phase C-terminal sequencing procedures using 
carboxypeptidases (Tsugita & Van der Broek, in 
press); and to aligning peptides by partial 
degradation of the N-terminally modified protein 
(Tsugita, Van der Broek & Gregor, in press). 

Sequence determination has been mainly applied in 
three areas. 

a) The heavy chain of myosin (in collaboration with 
the Grenoble Outstation), 

b) Two single-strand DNA-specific DNA-binding 
proteins - the protein gP32 of bacteriophage T4 
(with J. Hosoda, University of California), and 
the DNA-binding protein of bacteriophage Pf1 (with 
D. Marvin), 

c) Three bacteriophage capsid proteins - gP23 (Aebi 
et al., 1979) and pre-I pep II, respectively the 
major capsid protein and the precursor protein of 
internal peptide II in T4, and an outer surface 
protein of A (with T.J. Hohn, University of Basel; 
Imber et al., in press). 

-76-



In the gP32 project the N-terminal sequence has been 
to residues, which two regions 

-Arg-Lys - 'and -Lys -GlY-Glu-Trp-Lys-Leu-
Lys ) are probably DNA-binding sites; on the other 
hand the C-terminal sequence of 51 residues contains 
clusters of 8 Ser and 7 Asp residues which appear to 
inhibit DNA binding. 

The sequence of pre-Ipep II (79 residues) has now 
been completed, and the cleavage site located. As in 
the other 5 proteins of the same system, the 
morphogenesis-specific cleavage probably takes place 
between an a-helical and random segment at a Glu-
Ala bond (Tsugita, Van der Broek & Gregor, in press). 

Finally, some preliminary work has been done on 
membrane glycoproteins of Dictyostelium (with 
particular reference to their contact properties; 
collaboration with G. Gerisch, MPI fur Biochemie, 
Munich, Muller et al., 1979), on three thioredoxin 
isomers of spinach chloroplasts (with P. Schurmann, 
University of Neuchatel), and on a lipoprotein from 
the outer membrane of P.mirabilis (with R. Plopp, 
University of Kaiserslautern). 
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4.4. 

4.4.1. 

Division of Instrumentation 

Electron microscope development 

Members: A.V. Jones, J.-C. Homo, B.M. Unitt 

* Technical assistants: P. Labouesse , N. Webster 

1979 marked the beginning of a major commitment to 
cryo-electron microscopy in both the Instrumentation 
and the'Structures Divlsions. The development on the 
Scanning Transmission Electron Microscope (STEM) of 
techniques for imaging unstained specimens (Jones & 
Leonard, 1978; Freeman et al., 1978) and for semi-
automated mass measurement had already resulted in a 
program to develop procedures for preparing and 
imaging specimens at liquid nitrogen temperature. In 
the latter half of 1978, results obtained in an 
experimental microscope at the Siemens Research 
Laboratory in Munich indicated that beam-induced 
specimen damage, the fundamental limiting factor in 
biological electron microscopy, was strongly 
inhibited at specimen temperatures approaching 4°K. 
This was confirmed by our own results (see report of 
the ElM Applications Group) also obtained on the 
Siemens microscope. 

Accordingly the advice of the Scientific Advisory 
Committee and the Instrumentation Policy Planning 
Committee was sought (in January 1979) on the 
proposal that EMBL construct a cryoSTEM specifically 
designed for specimen temperatures approaching 4°K. 
This proposal was endorsed and the Committees further 
recommended that, since the cryoSTEM would inevitably 
be a relatively long-term development, the EMBL 
should also undertake the construction of a cryoTEM 
by fitting a cryogenic objective lens to a 
conventional transmission electron microscope (TEM). 

It was eventually decided to have the lens for the 
cryoTEM constructed by the Siemens Research 
Laboratory. This lens will be fitted by the EMBL to 
a modified Zeiss EM10 microscope which has already 
been purchased. The contract to construct the lens 
was placed in November 1979. The cryoTEM should be 
available for use about 6 months after delivery of 
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the cryo-Iens, which is expected early in 1981. 

The cryoSTEM development differs fundamentally from 
that of the cryoTEM. First, it is a more complex 
instrument with a far greater electronic content. 
Secondly, with the exception of the field-emission 
gun (purchased from V.G. Microscopes Ltd.), the 
design, development and construction will be carried 
out at the EMBL. For the critical problem of the 
cryo-Iens design we have been fortunate in enlisting 
the collaboration of Professor A. Laberrigue and his 
co-workers at the University of Reims. 

In the year under review, priority was given to the 
electronics development without which the electron 
optics cannot be tested. The design of the 
electronics is based wherever possible on the use of 
standardized circuit boards, and with the active 
participation of the electronics workshop, a large 
number of these circuit boards has been designed and 
they are now in serial production. These will be 
assembled into completed electronic units during 
1980. 

The concept of the electron optics is largely 
original, so an extended initial design phase, now 
completed, was necessary before detailed design and 
construction could commence. The electron gun was 
delivered in December 1979. Detailed design and 
construction will begin early in 1980, when current 
projects on the HB5 STEM are completed. 

other projects were concerned with the provision of 
extended cryogenic facilities to support the 
development of specimen preparative techniques by the 
ElM Applications Group. The specimen stage was 
further developed to achieve even lower temperatures, 
and specimen temperatures down to 40 0 K are now 
routinely obtainable with a resolution of 3.4 
attainable at 45°K. Furthermore, an airlock system, 
now operational, was developed to enable specimens to 
be inserted while frozen. 
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4 . 4 .2. computer Group 

* * Members: R. Herzog, M. Albrecht, H. Bosshard*, C. 
Boulii, F. Herzog*(half timi) , . D.B. Iversen, R. 
Kempf, R.C. Ladner, T. Pitt, H.R. struve 

* * * Students: R. Balzinger , P. Martin, J. Viry 

The computers in use at the EMBL are NORD 10 
minicomputers, organized as a network for data 
collection and pre-processing. This network has been 
in operation since mid-197S, and as the purchase of a 
powerful central facility has been delayed, it has 
been used also, and still is, for general computing. 

The year 1979 saw few new developments but rather a 
continuation of already started projects, and 
maintenance of the existing facilities: as more and 
more users came to use the mini-computer network, 
more and more work was required to adapt the present 
systems in attempts to cope with loads they were not 
intended to carry. This went in parallel with 
discussions and planning of the new computer centre 
for the Laboratory, in consultation with outside 
experts. A call for tenders was sent out during 
October 1979, and recommendations will be presented 
to the Finance Committee in February 1980. 

The preparation of texts and documents was automated 
on the time-sharing system, with a total of 4 
dedicated input stations and 2 high quality output 
devices. Software for this system was developed in 
collaboration with the Biomedical Centre of the 
University of Uppsala (Sweden). 

R.C. Ladner left the staff during the 
departure bringing to a halt the molecular 
project. His sucessor, H. Bosshard, 
implementing programs developed at the 
Biochemie, Munich, as a stop-gap measure 
much-delayed project. 

year, his 
modelling 

started 
MPI fur 
for this 

The operation of the Scanning Transmission Electron 
Microscope with its dedicated computer continued, 
much effort being spent on interactive displays, 
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cursors and user-friendly operations. Hardware for a 
faster data-acquisition system was designed and 
tested, its dellvery to users with associated 
software being scheduled for mid-1980. Installation 
of an array processor was carried out; its use is 
somewhat difficult, but will be simplified by 
embedding it in the image-processing package SEMPER 
developed at Cambridge University. This package was 
installed in its standard version, and provides most 
functions for processing two-dimensional micrographs, 
albeit slowly. 

A major improvement in'data acquisition systems for 
x-ray detectors was carried out in collaboration with 
A. Gabriel and CERN, resulting in a fifty-fold speed 
improvement over standard methods. This system, 
based on CAMAC modules, and using direct time-to-
digital conversion, is the only system available 
today that provides the speed required for kinetic 
experiments using synchrotron radiation. 

Improvements were made to the batch and backup 
systems, in the interests of improved user safety and 
ease of operation. 
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4.4.3. Data analysis Group 

Members S.W. Provencher, J.M.F. Chamayou*, V.G. 
Dovi, P.T. Speck, R.H. Vogel 

Students: J. Glockner, S. Stier* 

The algorithm and Fortran package for the automatic 
analysis of ill-posed or unstable data inversion 
problems (see last year's Report) was fully tested 
and is nearly ready for distribution. It was shown to 
have special advantages for the analysis of data from 
equatorial fibre and low-angle x-ray 
scattering, and further applications are foreseen in 
low-angle neutron scattering, dynamic laser light 
scattering, and EXAFS. It is also the basis of a new 
and reliable method for estimating the secondary 
structure content of globular proteins in solution 
from circular dichroic spectra. 

Fully automatic methods are being developed for the 
analysis of DNA sequencing gels (in collaboration 
with H. Lehrach) and for length measurement of DNA 

in electron micrographs (Plate 5). The 
former method could handle data as part of a fully 
automatic sequencing instrument, and variations of 
the method for the removal of geometric distortions 
in images of regular biological objects will be 
investigated. The latter method has been used for the 
measurement of very high molecular weight DNA (with 
H. Delius). Both methods provide a reliability and 
reproducibility that manual or interactive methods 
usually cannot. 

Rapid analytic approximations and a Fortran program 
(available for distribution) have been developed for 
the correction of fibre diffraction patterns for 
disorientation and finite coherent particle length. 
Support was given to H. Lehrach in implementing a 
basic set of programs for assembling, and 
interpreting DNA sequence data (see report of the H. 
Lehrach group). 
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PLATE 5 

Illustration of the steps for automated recognition and 
length measurement with a sample DNA strand at 25 m 
film resolution. 

Figure 

A original image 

B defocussed image 

C binary image 

D thinned image 

E line graph 

F weeded graph 

G condensed graph 

H smoothed graph 

Transition operation 

low-path filtering 

grey level threshold 
slicing 

connectivity-preserving, 
skeletonizing 

extraction of polygonal 
sequences 

removal of short, open 
sequences ("hairs") 

screening of large 
connected components 

linear approximation 
(including length 
measurement) 

I original image and resulting graph 
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4.4.4. Instrumentation development support for applications 
of synchrotron radiation: position-sensitive x-ray 
detector development and fabrication 

Member: A. Gabriel 

Technical assistant: F. Dauvergne 

A laboratory for the fabrication, testing and 
calibration of position-sensitive x-ray detectors was 
established. The construction of linear detectors of 
the lumped delay-;irre read-out type was 
standardized; their performance and behaviour over 
long periods is being followed to derive information 
about factors. that influence their stability and 
reproducibility. In collaboration with C. Boulin, P. 
Clout and E. Dorrington, a novel position read-out 
system was developed for these detectors, increasing 
the count rate by a factor of ten. This system makes 
use of a direct time-interval-to-digital-converter 
(TDC) module developed at CERN for use in high energy 
particle detectors. By the addition of an adaptor 
module, bin-switching control module and storage 
modules, a versatile and fast all-CAMAC data 
acquisition system for time-resolved x-ray 
diffraction studies has now been installed at the 
Hamburg Outstation. 

Crossed-wire detectors with delay line read-out in 
two dimensions were further investigated, and two 
detectors of this type are in current use at the 
Outstation. Fabrication techniques have been 

. improved in order to increase the attainable 
resolution. Development was begun of a wire array 
detector to be used with an array of individual 
amplifiers and a fast parallel access storage system 
designed by H. FUrst and J. Hendrix. 
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4 .4. 5 • Synchrotron radiation detectors and electronics 

Members: J. Hendrix, H. FUrst 

Technical assistant: B. Hartfiel 

The characteristic time structure of synchrotron 
radiation, consisting of very short radiation pulses 
with a duration measured in picoseconds, has to be 
taken into consideration in designing detectors with 
high count rates. This is especially important when 
the radiation is used in a parasitic mode during 
high-energy physics experiments, because then only 
one particle bunch circulates in the storage ring at 
a time, so that only one very brief pulse of 
radiation is available per microsecond. 

Work has continued on a novel detector principle, in 
which the time of flight between the origin of 
ionization and a circular array of ionization wire 
detectors is used to derive positional information. 
The mechanical design of detectors of this type has 
been investigated and prototypes have been 
constructed. A signal-processing and data-storage 
system in which many x-ray photons can be detected 
simultaneously and their positions recorded, was 
designed and built for this and other types of 
detectors. This will also be used with parallel wire 
array detectors. It can handle count rates much 
greater than 106 counts/sec. during single bunch or 
multi-bunch operation, and is able to collect and 
store data in a series of time frames; it is thus 
particularly adapted for time-resolved studies of 
specimens with high scattering intensities. 

other research projects included a study of different 
designs of continuous delay lines in linear and two-
dimensional detectors, and of the influence of design 
parameters on resolution. A prototype linear 
detector was constructed incorporating a continuous 
delay line with 1 microsecond delay over a length of 
250 mm. Various approaches to high-resolution direct 
digital conversion of time differences are under 
study and their circuit implementations were 
designed. 
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4.4.6. Development of microanalytical technigues 

* Member: W. Ansorge 

The group was established in March 1979, and its 
first project was a microscale adaptation of 
electrophoretic separation on polyacrylamide gel. A 
novel technique using very thin gels (0.05-0.2 mm) 
with thermal stabilization was applied to DNA 
sequencing and SDS protein separation. Its main 
advantages are: 

small temperature gradient across the thickness of 
the gel, as a result of efficient heat transfer 
which, combined with thermostatic control, eliminates 
distortions caused by thermal effects; 

lower joule heating per unit electrical field and per 
unit surface, permitting application of higher field 
strengths and resulting in improved resolution and 
substantially shorter running times; 

significantly shorter staining (fixing) and de-
staining times; 

higher sensitivity and therefore smaller samples. 

Techniques developed for the application of very thin 
gels included a simple method for their preparation, 
processing and manipulation, design of a platen with 
thermostatic control and of a gel-casting device, and 
chemical treatment of polyester and glass surfaces to 
provide substrates to which the polyacrylamide gel 
adheres during processing and the subsequent 
visualization steps. 

Application of the very thin thermostatically-
controlled gels to DNA sequencing was carried out in 
collaboration with H. Garoff.· The results are very 
promlslng: the separated bands are straight and the 
sequence pattern is suitable for computer analysis, 
while the band sharpness and the number of resolved 
bases is higher than that obtained by conventional 
techniques (Plate 6). 
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A project for protein separation on very thin gels 
has the advantage of significantly (about 10 times) 
shorter processing times, as well as higher 
sensitivity. 

Other activities included: 

calculations of deformations and forces required for 
bending x-ray focusing mirrors of various shapes; 

estimations of hydrodynamic and magnetic factors for 
containment of magnetic beads in a magnetic field 
(with T. Reed); 

detailed specifications for a helium iiquifier 
required for the superconducting magnets of two new 
electron microscopes under design for working at 
liquid helium temperatures (with A. Jones); 

standardization of electrophoresis 
throughout the Laboratory (collaboration 
mechanical workshop, H. Flosser); 

equipment 
with the 

development of a technique for centrifugation in 
submerged capillaries of Lindemann glass (diameter 1 
mm, wall thickness 0.01 mm), the centrifuged material 
to be used directly for x-ray diffraction experiments 
(with H. Weiss). 
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PLATE 6 

DNA-sequencing gel. Thermostatically controlled at 53°C, 
0.2 mm thick, size 400 x 200 mm, E = 40 V/cm, = 12 rnA. 
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4.4.7. Applications of lasers 

* Member: R.W. Wijnaendts van Resandt 

The group has surveyed the recent literature with the 
object of investigating the applicability of advanced 
optical techniques to the study of dynamic aspects of 
functional biomolecular mechanisms. This survey 
resulted in a proposal presented to the 
Instrumentation Policy Planning Committee in July and 
again in December, describing the particular 
properties of a pumped, mode-locked, 
cavity dumped dye laser as compared to other intense 
pulsed light sources such as synchrotron radiation. 
This laser system generates picosecond light pulses 
of high repetition frequencies (up to 82 MHz) and of 
tunable wavelength. The proposal considers three 
applications of such a source: 

1) Fast intensity correlation measurements in the 
range between 10 nsec and 10 psec.These would be 
useful for the measurement of rotational diffusion 
constants which yield important information on the 
anisotropy of macromolecules. Furthermore the 
system should be valuable for the detection of 
relatively slow internal motion, thus bridging the 
gap between conventional correlation spectroscopy 
and Raman-Brillouin spectroscopy. 

2) Dynamic fluorescence depolarization. The 
biological relevance of this method has already 
been demonstrated using the picosecond time 
structure of synchrotron radiation. Its 
realization requires the development of ver¥ fast 
light detection systems. 

3) The construction of a laser microprobe making use 
of UV light generated by frequency doubling the 
dye laser pulses with a non-linear crystal. The 
microprobe will be used to study direct 
fluorescence and multiphoton fluorescence, giving 
optical information on a microscopic scale. 
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After setting up the laser system the 
begin construction of the fast intensity 
system. 

group will 
correlation 

Concurrently an experimental study has been made of a 
new type of electron energy-loss spectrometer and of 
its potential use as a detector for elemental 
microanalysis in the scanning transmission electron 
microscope. The quantum yield of a channel-plate 
electron multiplier was determined for electron 
energies between 8 and 30 kV. Extrapolation to the 
working energy of the STEM, which is 100 kV, shows 
that the sensitivity of a' channel-plate used as a 
direct detector of energy-selected electrons would be 
too small. However, in combination with a 
scintillator optically coupled to a photocathode, 
satisfactory sensitivity can be obtained. A possible 
design was worked out for a STEM energy-loss 
spectrometer using this system together with magnetic 
energy selection. 
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4.4.8. Magnetic separation 

* Member: T. Reed 

* Technical Assistant: A. Cockcroft 

The recent development and commercial availability of 
adsorption media with paramagnetic ferrite inclusions 
opens unique options for support geometry and 
manipulation in affinity chromatographic techniques. 
These will be used to eliminate, or greatly reduce, 
the problems of low' throughput and non-specific 
binding which are the major drawbacks in applying 
affinity column procedures to cell and organelle 
separation. The actual specificity of separation is 
achieved in the conventional way by having antibody 
or lectin substrates covalently bound to the surfaces 
of beads. (This project does not concern itself with 
the magnetic properties of the cells or organelles 
themselves.) 

Various types of "open array" can be produced by the 
interaction of paramagnetic adsorption beads and 
magnetic fields. These are being investigated by 
simulation at the computer facility of the 
Gesellschaft fUr Schwerionen Forschung, Darmstadt, 
and by experimentation on several different types of 
magnet, including a large electromagnet on extended 
loan from the Max-Planck Institut fUr Medizinische 
Forschung, Heidelberg. 

Affinity binding on open arrays of adsorption media 
at relatively high flow rates involves a knowledge of 
binding kinetics. Such information is not generally 
available and is being accumulated using model 
systems such as horse erythrocytes with concanavalin 
A as the substrate bound to the solid support. As 
the appropriate kinetic parameters in the model 
systems are evaluated by experiments involving 
reactions in slowly tumbling glass containers, these 
chemical systems will be used to determine 
experimentally the critical factors in the magnetic 
devices resulting from the studies on magnetic 
fields. 
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Immunoprecipitation by the "sandwich" technique and 
radio-immunassay methods involve extensive and 
tedious manipulation of adsorption media in bead 
form. Preliminary studies (Guesdon & Avrameas, 1977; 
Guesdon, David & Lapeyre, 1977) indicate that the use 
of magnetic adsorption media would greatly improve 
the speed and convenience of such manipulations. A 
series of studies to optimize the of the 
necessary magnetic device and the associated 
chemistry has been undertaken with D. Meyer and S. 
Kvist. The initial results are encouraging. Based 
on these, five devices are being constructed in the 
mechanical workshop under the supervision of H. 
Flosser. These will be distributed, along with the 
necessary substrate-coupled magnetic gels, for 
further evaluation by members of the scientific 
staff. 
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4.5. The Outstation at the DESY, Hamburg 

Head: H.B. Stuhrmann 

(the other personnel and visitors to the Outstation 
are listed separately on p. 133 below) 

Both the availability of more x-ray synchrotron 
radiation at the storage ring DORIS and the improved 
performance of the five instruments in the enlarged 
Lab. 4 (X11, X13, X15, S11 and P11) have led to 
encouraging experimental results. 

For 60 days during the year DORIS was run under 
conditions which were optimized for the specific 
purposes of EMBL experiments; this was the so-called 
EMBL main-user time. Most of the main-user time at 
DORIS was in July and August, but there were also 3-
day periods of main-user time in February, March and' 
December. In November and December colliding e+e-
beam experiments of the DESY high energy physics 
program produced relatively hard synchrotron 
radiation at somewhat lower intensity. (In the first 
half of 1979 DORIS was operated mainly as an 
intermediate positron storage ring for PETRA, with 
only poor emission of x-rays.) 

The research program of the Outstation includes: 

protein crystallography 
(X11); 

anomalous dispersion 

small angle scattering - time-resolved studies 
(X13), anomalous dispersion (X15); 

high resolution x-ray spectroscopy (S11); 

nuclear scattering (P11). 

For the identification of the instruments X11, X13, 
X15, S11 and P11 see the Annual Report for 1978; a 
description of some typical experiments carried out 
with most of these instruments is given below. 
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Some results were also reported at the EMBO-EMBL 
workshop on "X-ray and Neutron Small Angle Scattering 
of .Biological Structures" from September 24-28, 
organized by the Outstation. 

There were 61 visits by 39 groups of scientists to 
use the synchrotron radiation facilities at the 
Outstation. They are listed in Table 1. 

The direct "white" beam used by S11 was shared with 
physicists of DESY who carried out the experiments 
listed in Table 2. This arrangem.nt was made because 
of the construction of HASYLAB ,which caused the 
DESY synchrotron radiation group to close down its 
own facilities for more than a year (Plate 7). 

HASYLAB will also be the future location of three new 
instruments of the Outstation. This arrangement is 
dictated by the fact that HASYLAB will receive a 
higher fraction of main-user time at DORIS, which 
will indeed not be available in our Lab. 4 from 1981 
onwards. However, colliding-beam experiments of the 
high energy physicists will provide some synchrotron 
radiation both in Lab. 4 and in HASYLAB (Plate 7). 

Some members of the staff were also active in the 
discussions of the projected European Synchrotron 
Radiation Facility, and contributions were made to 
the reports on this subject published by the European 
Science Foundation. 

*) Synchrotron Radiation Laboratory 
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PLATE 7 

Electron and positron accelerators at DESY. EMBL 
started in Lab. 2 (which receives x-radiation from the 7 
GeV synchrotron). At present Lab. 4 receives the most 
useful synchrotron radiation. In future the HASYLAE 
expansion will be more attractive for very demanding 
experiments, but a considerable fraction of research 
projects will still be carried out in Lab. 4. 
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PLATE 8 

0.5 0 oscillation photograph of satellite tobacco 
necrosis virus. Exposure 15 min, glvlng 1.9 
resolution. Wavelength 1.01 A, distance 100 mm (Note 
that with a rotating anode x-ray tube an exposure of 20 
hr would give a resolution of only 2.5 A.) 
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Some selected research projects 

Protein crystallography: high resolution study of 
satellite tobacco necrosis virus CX11) 

Quite apart from its convenience for the application 
of anomalous dispersion methods, synchrotron 
radiation with its high intensity offers advantages 
over conventional sources as regards the resolution 
obtainable, especially with large unit cells. 

For example (see Plate 8), L. Liljas and B. 
Strandberg (Uppsala) their studies of satellite 
tobacco necrosis virus crystals (space group £2; 
a=318 A, h=305 A, Q=185 A, =94.4°), collected data 
out to spacings of 1.9 A with short exposure times 
(10-15 min per 0.5° rotation, A=1.0 A). Earlier data 
collected with a rotating anode x-ray tube (Elliott 
HX20) was limited to spacings greater than 2.4 

Small-angle scattering: time-resolved diffraction of 
frog muscle (X13) 

Time-resolved structural studies of muscle 
contraction provide the most striking example of what 
can be achieved at present with synchrotron 
radiation. Among three projects of this type the 
experiments on frog muscle will be mentioned in more 
detail. The thick filaments in this muscle are 
organized in a hexagonal array in which the trigonal 
positions are occupied by the thin filaments. The 
helical arrangements of crossbridges along the myosin 
filaments gives rise to a rich off-meridional layer 
line pattern. 

The problem here is to establish the details of the 
molecular mechanism which produces the sliding of the 
thick and thin filaments during contraction. Plate 9 
shows a typical time course for the intensity of the 
weak layer lines during an isometric contraction 
produced by an electric stimulus. To achieve the 
required statistics with 10 msec time frames, the 
results of a few hundred stimulations spaced at 30 
sec intervals were accumulated in the memory. A 
complete experiment thus lasts about two to three 
hours. To avoid radiation damage to the specimen, a 
small beam shutter is synchronized with the electric 
stimulus. For details of these results and their 
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implications for the mechanism of muscle 
(Huxley, 1969) the reader is referred 
et al. (1979). 

contraction 
to Huxley 

Small-angle scattering: anomalous dispersion of 
ferritin solutions (X15) 

Isomorphous replacement methods are traditionally 
used in macromolecular structure research and can 
also be used to investigate particles in random 
orientation. But in this case fairly big labels are 
needed to produce a significant contribution to the 
diffuse small angle scatter. Contrast variation has 
been successful because the whole excluded volume 
acts as a label. A relatively easy test of the 
anomalous dispersion method has been provided by 
studying the small-angle scattering of ferritin. 

Some studies are also being made of the anomalous 
scattering from solutions of enzymes. The 
determination of heavy metal configuration in enyzmes 
by anomalous dispersion will demand some improvement 
of the accuracy of the small-angle scattering 
measurements, and it is hoped to achieve this later. 

High-resolution x-ray spectroscopy: x-ray absorp-
tion fine structure of xanthine oxidase (S11) 

Since the advent of synchrotron radiation sources 
x-ray absorption spectroscopy has become almost a 
routine tool for structural studies. The phenomenon 
of extended x-ray absorption fine structure (EXAFS) 
is caused by the constructive and destructive 
interference between the photoexcited electron waves 
emanating from an absorber. atom and the back-
scattered electron waves emanating from surrounding 
atoms. It provides structural information (bond 
distances and coordination numbers) about the local 
environment around the absorber atom. 

A substantial research effort using these techniques 
has been mounted at the Outstation, in collaboration 
with several European groups. A typical project has 
been the investigation of the structural differences 
in the region round the molybdenum atom in the enzyme 
xanthine oxidase in the active and the desulpho 
forms, and the experimental results have been found 
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PLATE 9 

Time course of the intensity of the layer lines in the 
scattering pattern of frog sartorius muscle during 
isometric contraction. The patterns were recorded every 
10 msec after electric stimulation (at S). Fifty 
stimulation cycles were accumulated to obtain adequate 
statistics. 
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to be in good agreement with a theoretical 
calculation based on first principles (collaboration 
with the Universities of Sussex and Manchester). 

References 

Huxley, H.E. (1969). Science, 164, 1356-1366. 

Huxley, H.E., Faruqi, A.R., Bordas, J., Koch, M.H.J. 
& Milch, J.P. (1979). Nature (London), 284, 140-143. 
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TABLE 1 - Biological Experiments at the Hamburg Outstation, 1979. 

DATE 

On X11 

2/2 3/2 
2/5 4/5 

29/6 1/7 
4/8 - 10/8 

3/2 

4/2 5/2 
18/2 - 26/2 

22/6 - 23/6 
12/7 - 14/7 
10/8 - 12/8 
16/8 - 20/8 

6/7 9/7 
14/7 - 17 /7 

30/7 - 31/7 
9/11 - 10/11 

NAME 

M. Reedy 
R. Goody 
K.C. Holmes 

E. Mandelkow 
E.M. Mandelkow 
A. Harmsen 

W. HoI 
C. Kalk 
W. Gaykema 

J. Helliwell 
W. Adams 

L. Liljas 
B. Strandberg 

H.D. Bartunik) 
K.S. Bartels) 
P. Jolles 
J. Berthou 

12/11 
29/11 -

W. Sanger 
1/12 U. Englisch 

A. Pahler 

15/11 - 20/11 
8/12 - 17/12 

Y. Maeda 
R. Goody 
K.C. Holmes 

20/11 - 28/11 K. Wilson 

On X13 

T. Standing 
L.N. Johnson 

30/1 6/2 H. Riedl 
11/7' - 15/7 R. Jonak 
27/11 - 1/12 

2/2 5/2 C. Berthet 

AFFILIATION TITLE OF PROJECT 

MPI f. Med. Forschung Investigation of 
Heidelberg fixation methods for 

insect flight muscle. 

MPI f. Med. Forschung 
Heidelberg 

Univ. of Groningen 

Daresbury 
Uni v. of Oxford 

Univ. of Uppsala 

EMBL (Hamburg) 
Univ. of Paris V 
Univ. of Paris VI 

MPI f. Exp. Medizin 
G6ttingen 

Test experiment for 
study of structural 
transitions in micro-
tubule assembly 

Localization of Cu pairs 
in the haemocyanin 
structure by anomalous 
dispersion techniques. 

Anomalous phase 
determination for 
6-phospho-gluconate 
dehydrogenase by 
resonant scattering near 
the Pt-LII"I edge 

High resolution data 
collection for 
satellite tobacco 
necrosis virus. 

Anomalous phasing of 
lysozyme B by resonant 
scattering near the 
U-M I edge. 

High resolution data 
collection for 
carboxylase. 

MPI f. Med. Forschung Time-resolved studies 
Heidelberg on contracting crab 

muscle. 

Univ. of Oxford 

Univ. of Heidelberg 

EMBL (Grenoble) 
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Isomorphous data 
collection for 
phosphorylase b 
derivations. 

Small-angle scattering 
from native and stained 
collagen fibres. 

Small-angle scattering 
from cartilage. 



6/3 - 10/3 

1/5 4/5 
16/8 - 18/8 

1/12 - 5/12 

1/5 4/5 
10/11 - 16/11 

15/6 - 21/6 

2/7 7 

16/7 - 20/7 

20/7 - 28/7 
12/12 - 17/12 

2/8 6/8 

6/8 - 15/8 

F.R. Poulsen 

E. Mandelkow 
E.M. Mandelkow 
A. Harmsen 

R. Rigler 
L. Nilsson 

J. Porta 

C. Berthet 
B. Dal'Zotto 

G. Elliott 
S. Whitburn 

H. Huxley 
A. Faruqi 

R. Tregear 

J. Lowy 
F. Poulsen 

28/10 - 4/11 Z. Kam 

6/12 - 12/12 M. Moody 
P. Vachette 

On X15 

3/2 5/2 K. Nierhaus 
P. Wurmbach 

9/8 - 10/8 M. Hockel 
T. Nawroth 

9/8 - 10/8 H. Notbohm 

Univ. of Aarhus Crossbridge 
configuration studied 
in hypertonic muscle 
as a function of time. 

MPI f. Med. Forschung Structural transitions 
Heidelberg in microtubule 

assembly 

Karolinska Institute 
Stockholm 

Univ. of Barcelona 

EMBL (Grenoble) 

Open University 
(Oxford) 

MRC Laboratory for 
Molecular Biology 
Cambridge 

ARC Inst. for 
Animal Physiol., 
Babraham 

Open University 
(Oxford) 

Weizmann Institute 
Rehovot 

EMBL 

MPI f. Molekulare 
Genetik, Berlin 

Univ. of Mainz 

Med. Hochschule, 
LUbeck 
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Time-resolved small-
angle scattering on 
the structural 
dynamics of charged 
and uncharged tRNA. 

Helix/coil phase 
transition in DNA 
with incorporated 
metal ions. 

Small angle scattering 
from cartilage. 

Structural studies on 
stained and native 
cornea. 

Time-resolved studies 
on contracting frog 
muscle. 

Effects of nucleotides, 
solvents and low 
temperature on insect 
flight muscle. 

Crossbridge 
configuration studied 
in hypertonic muscle 
as a function of time. 

Measurement of spatial 
fluctuations in x-ray 
instantaneous scattering 
from solutions. 

Slow kinetic small-
angle scattering from 
allosteric proteins. 

E.coli ribosomes. 

ATPase from 
Micrococcus 

Chromatin (test) 



17/8 - 20/8 J. Mellema 
J. Krijgsman 
P. Oostergetel 
S. Cusack 

27/11 - 29/11 R. Pain 

3/2 5/2 H. Stuhrmann 

3/2 5/2 H. Stuhrmann 
26/7 - 31/7 

8/11 - 10/11 
14/12 - 15/12 

6/8 9/8 H. Stuhrmann 
16/12 - 17/12 

On S11 

2/2 5/2 
5/8 - 14/8 

21/3 - 23/3 
3/5 4/5 

19/5 - 21/5 
17 /8 - 20/8 

23/3 - 28/3 
17 /5 - 18/5 
3/7 8/7 
7/11 - 14/11 

2/5 3/5 
23/5 - 25/5 

9/7 - 21/7 

22/7 - 23/7 
15/11 - 21/11 

R. Bray 
S. Gutteridge 
D. Garner 
S. Hasnain 

M. Moody 
A. Foote 

J. Randall 

M. Hart 
R. Rodrigues 
D. Isaac 

D. Garner 
N. Blackburn 
S. Hasnain 

A. Miller 
S. Perkins 

22/11 - 28/11 R. Torensma 

7/12 - 8/12 E. Mandelkow 

J. Bordas 

14/12 - 17/12 M. Zeppezauer 
W. Maret 

Univ. of Leiden 

EMBL (Grenoble) 

Univ. of Newcastle 

EMBL (Hamburg) 

EMBL (Hamburg) 

EMBL (Hamburg) 

Univ. of Sussex 

Univ. of Manchester 

EMBL 

Univ. of Edinburgh 

King's College, 
London 

Univ. of Manchester 

EMBL (Grenoble) 

Univ. of Groningen 

MPI f. Med. Forschung 
Heidelberg 
EMBL (Heidelberg) 

Alfalfa mosaic virus 

Penicillinase 

Anomalous dispersion 
of ferritin solutions 

Scan with 28eV steps 
Scan with 14eV steps 
Scan with 7eV steps 
Scan with 2.8eV steps 

Anomalous dispersion 
of haemoglobin (test) 

EXAFS of molybdenum-
containing enzymes. 

EXAFS studies of Zn 
atoms in aspartate 
transcarbamylase. 

X-ray absorption 
experiments on 2Zn and 
4Zn Insulin, carboxy-
peptidase A, vitamin B12 
and model compounds. 

Monochromator 
installation and tests. 

EXAFS studies of the 
copper centres in 
superoxide dismutase. 

EXAFS studies of 
lanthanide-protein 
complexes. 

Cu-ligand distances 
in haemocyanin from 
Helix pomatia. 

X-ray spectroscopic 
studies of the Zn-
centres of sheet 
tubulin. 

Univ. of SaarbrUcken EXAFS studies of zinc 
proteins: native and 
chemically modified 
liver alcohol dehydro-
genase. 
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TABLE II - HASYLAB Guest Experiments carried out in the EMBL Lab. 4 during 1979 

DATE 

28/4 - 30/4 

1/5 8/5 

14/5 - 20/5 

21/5 - 27/5 

23/5 - 25/5 

16/6 - 25/6 

26/6 - 29/6 

11/7 - 18/7 

19/7 - 25/7 

26/7 - 31/7 

1/8 3/8 

4/8 5/8 

NAME 

B. Buras 

J. Als-Nielsen 
J.D. Litster 

J. Staun Olsen 
L. Gerward 

J. Als-Nielsen 
F. Christensen 

T. Tuomi 
J.D. Stephenson 

H. Arnold 
K. Kosten 
W. Graeff 

N. Greaves 
T. Cox 
S. Parke 

W. Hartman 
J.D. Stephenson 

T. Tuomi 

B. Buras 

F. Christensen 

1.1. Steinberger 

W. Greaff 

J. Als-Nielsen 
F. Christensen 
R.J. Birgeneau 
G. Shirane 

L. Leonard 
M. Koch 

J.A. Golovchenko 
G. Materlik 

AFFILIATION 

National Lab. 
and Univ. of Copen-
hagen 

National Lab. 
MIT (Cambridge, Mass.) 

Univ. of Copenhagen 
Techn. Univ. of 
Copenhagen 

National 
Laborat0ry 

Univ. of Helsinki 
Fritz-Haber Inst., 
Berlin 

Techn. Hochschule, 
Aachen 
DESY 

Daresbury Laboratory 

MPI, Stuttgart 
Fritz-Haber Inst., 
Berlin 
Univ. of Helsinki 

National Lab. 
and Univ. of Copen-
hagen 

National Lab. 

Hebrew Univ., 
Jerusalem 
DESY 

National 
Laboratory 
MIT (Cambridge, Mass) 
Brookhaven Natl. Lab. 

Univ. of Louvain 
EMBL 

Bell Telephone Labs. 
DESY 
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TITLE OF PROJECT 

High resolution studies 
of structural phases 
of liquid crystals 

Structural studies by 
the energy dispersive 
method 

High resolution studies 
of structural phases of 
liquid crystals 

Studies of magnetic 
domain walls in Fe-Si 
crystals 

Test of Guinier camera 

EXAFS studies of 
amorphous glasses 

Test of real-time 
topography set-up 

High resolution studies 
of crystalline powders 

Determination of 
grain-size distribution 
of colloidal suspensions 

High resolution studies 
of structural phases of 
liquid crystals 

EXAFS studies of 
catalysts 

Tests of x-ray 
interferometers for use 
in standing wavefield 
studies 



15/8 - 19/8 

28/10 - 3/11 

4/11 - 6/11 

7/11 - 15/11 

16/11 - 27/11 

28/11 - 30/11 

W. Dorn 
G. Tolkiehn 

N. Greaves 
G. Clark 
D. Money 
J. Nicholson 

N. Greaves 
P.H. Gaskell 

J. Als-Nielsen 
F. Christensen 

B. Buras 

J. Staun Olsen 
L. Gerward 

W. Hartmann 
J.D. Stephenson 

T. Tuomi 

1/12 - 8/12 J. Peisl 
W. Weber 

9/12 - 14/12 W. Graeff 
C. Materlik 

Univ. of Hamburg 
Univ. of Kiel 

Daresbury Laboratory 
Univ. of Durham 

Daresbury Laboratory 
Univ. of Cambridge 

Riso National Lab. 

Riso National Lab. 
and Univ. of Copen-
hagen 
Univ. of Copenhagen 
Techn. Univ. of Copen-
hagen 

MPI, Stuttgart 
Fritz-Haber Inst., 
Berlin 
Univ. of Helsinki 

Univ. of Munich 

DESY 
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Tests for x-ray 
fluorescence analysis 
with synchrotron 
radiation 

Topographic studies 
of anti ferromagnetic 
domains and natural 
quartz 

EXAFS studies on 
amorphous and 
crystalline Ge-Pd 
alloys 

High resolution studies 
of structural phases of 
liquid crystals 

Structural studies by 
the energy dispersive 
method 

Real-time topographic 
studies of magnetic 
domain walls 

EXAFS studies of 
defect correlations 

X-ray phase contrast 
microscopy and white 
line studies of rare 
earth L-edges 



4.6. The Outstation at the ILL. Grenoble 

Head: A. Miller 

(the other personnel and visitors to the Outstation 
are listed separately on p. 136 below) 

The Grenoble Outstation is now established as a 
compact laboratory specializing in structural 
molecular biology and using a variety of techniques 
grouped around neutron scattering. The ILL neutron 
facilities are, of course, central to the laboratory 
but it also has available ancillary techniques such 
as x-ray scattering, electron microscopy and image 
processing, light scattering and spectrophotometry, 
as well as fairly comprehensive biochemical 
facilities. This means that the laboratory is 
centred on biological problems but harnesses a number 
of physical and chemical methods. This attempt to 
integrate neutron methods into the molecular 
biologist's armoury of techniques allows neutrons to 
make a more effective impact on biology than would a 
monolithic concentration on neutron methods alone. 
The equipment at the Outstation is such that it could 
be readily adapted to almost any type of research 
activity in molecular biology based on neutron 
methods. 

The research program on connective tissue has 
resulted in a better-established model for the 
molecular arrangement in collagen. This model is 
based on the medium-angle x-ray diffraction pattern. 
Since that pattern was first published, some 15 
different models have been proposed, all of them 
based only on measurements of the B-values of the 
x-ray reflexions. The new model, in which the 
collagen molecules are quasi-hexagonally packed and 
inclined to the fibril axis, not only predicts the R-
values of the reflexions better than the other 
models, but also accounts for their Z-values and 
intensities. A calculated (R, Z) map has been 
photowritten by the Optronix instrument and compares 
well with the observed near-equatorial pattern. 
Neutron scattering and x-ray scattering have been 
used to investigate how other molecular species 
interact with collagen to produce the variety of 
connective tissues. The location of inorganic 
apatite crystals in developing bone-like tissues was 
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determined in this way. Now the more difficult task 
of investigating collagen-proteoglycan interactions, 
in tissues such as cartilage and intervertebral disc, 
is under way. The x-ray data from both of these 
tissues have been greatly improved even in the last 
year by both conventional x-ray methods and by 
synchrotron radiation at the Hamburg Outstation. 
Interpretation of the results is being carried out. 
More recondite tissues which illustrate the 
versatility of collagen, such as dog-fish egg-case, 
are being studied. A neutron study with Dr. Helen 
Muir (Kennedy Inst., London) on protein-
polysaccharide interactions is also under way. 

As a complement to these structural studies on 
connective tissues, Brillouin scattering has yielded 
new values for the elastic modulus of collagen and 
bone. For dry collagen a 3-dimensional analysis of 
the phonons made possible a determination of the 
values of the five elastic constants. Apart from the 
longitudinal modulus, this is the first time that 
these values have been measured and it is now 
possible to insert experimentally determined 
parameters into the formulae devised by materials 
scientists for the mechanism whereby apatite crystals 
stiffen collagen to form bone. Since the first 
publication from the Outstation on Brillouin 
scattering by biological materials, several other 
groups have begun similar studies on nucleic acids 
and other biological materials. 

As foreseen in an earlier Annual Report the in-house 
research topics are diversifying. The installation of 
the deuteration laboratory was a step in this 
direction. A considerable Outstation effort goes 
into the multi-group project on the molecular 
arrangement in the 50S ribosome subunits. Studies on 
chromatin continue and a new involvement has 
developed in studies on the membrane ATPase F1 
complex. Some 8 groups are now being supplied with 
deuterated cell fragments or biochemicals. An NMR 
method is being developed to assay the extent to 
which cells and macromolecules are deuterated. 

Research also continues on the amino-acid sequence of 
the rod portion of the myosin molecule. Since several 
myosin species coexist in the same muscle fibre (as 
demonstrated by immunochemical techniques) 
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purification of these species is necessary before 
sequence work is carried out. Isoelectric focussing 
in granulated shows several bands at the heavy 
chain position. This technique is now being used 
routinely to accumulate material from these bands. 
Fragmentation of myosin heavy chain by either 
chemical or biochemical methods gives peptides of 
very similar properties. In particular those from the 
rod region are highly insoluble and show a strong 
tendency to aggregation. After many trial experiments 
on these peptides, using all the known conventional 
methods, isoelectric focussing appears to be by far 
the most promising. At present optimal conditions are 
being sought for the of complex mixtures 
of peptides from the rod region of myosin. 

A joint project with J. Mellema and his colleagues 
(Leiden) on the structure of alfalfa mosaic virus has 
been particularly successful. The bottom component of 
this virus has the shape of a truncated cylinder with 
hemispherical ends. It is 560 long and 180 in 
diameter. The capsid is an open hexagonal net of 
protein but nothing was known about the RNA position 
and it was this question which first stimulated the 
neutron work. This firmly established that the RNA is 
in the interior of the particle where it is rather 
loosely packed. X-ray and neutron studies on an 
icosahedral particle formed by the capsid protein 
alone has confirmed the icosahedral symmetry and the 
high quality diffraction data have permitted the 
construction of models for both this particle and the 
bottom components of the virus. This model is being 
tested and refined by further studies designed to 
investigate the mode of RNA packing. 

Another joint project which exploits the power of 
neutrons in investigating protein-nucleic acid 
interactions is with R. Leberman and his colleagues 
(EMBL, Heidelberg) on the elongation factor EF-Tu, an 
important factor in protein biosynthesis on the 
ribosome. EF-Tu has been examined by small-angle 
neutron scattering in solution and compared with the 
ternary complex EF-Tu.GTP.aa.tRNA. By the contrast-
variation technique a sensitive search can be made 
for conformational changes in either EF-Tu or tRNA 
during ternary complex function. This project is 
being extended to include studies on the interaction 
between the elongation factors Tu and Ts, and the 
results should complement those from the major 
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ribosome project. 

A new technique which has been introduced into the 
laboratory this year is photon correlation 
spectroscopy. This is being used in research on the 
structure of a membrane protein and on the kinetics 
of virus assembly. A big attraction of the new 
equipment is that it can be used to monitor 
aggregation in preparations of macromolecules. This 
can be done extremely rapidly - in minutes or even 
seconds and it may well become a routine 
preliminary of specimen checking before the more 
lengthy x-ray or neutron on solutions of 
macromolecules. 

There has been some demand from the ILL Biology Sub-
Committee and from EMBL in-house research groups for 
an x-ray solution camera. This is now under 
construction and should be available in the spring of 
1980. 

The group enjoyed collaboration with at least a dozen 
ILL scientists, including the present Director, on 
various projects and it is hoped that this 
collaboration will deepen when the move to the new 
building on the ILL site takes place in 1981. The 
new location will make it easier for visiting neutron 
users to take advantage of the EMBL facilities. 

In summary, the Outstation is pursuing an active 
research program using neutrons and related 
techniques in a range of topics in the structural 
molecular biology of proteins, protein-nucleic acid 
interactions and protein-polysaccharide interactions. 
A new project with H. Weiss at Heidelberg on a 
membrane protein will extend this to protein-lipid 
interactions. All the facilities of the Outstation 
are, of course, available to scheduled users of the 
ILL. 
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5. ADMINISTRATION 

5.1. Budget and expenditure 

To facilitate comparisons a summ"ary of the financial 
situation is presented in two tables in the same form 
as last year. Table 3 summarizes the budgeted and 
actual expenditure during 1979; the capital 
expenditure has decreased further, while the 
expenditure on staff and recurrent costs has 
increased. Table 4, which includes the budget for 
1980, gives an indication of general trends. 
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f-' 
f-' 
-.J 
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TABLE 3 

SUMMARY OF THE LABORATORY'S BUDGETED AND ACTUAL INCOME AND EXPENDITURE DURING 1979 

INCOME 

Carried forward from 1978 

Liquidation of Reserve 

National Contributions 

Special Contribution of the 
Federal Republic of Germany 

Bank Interest 

Pension Scheme 

Internal Tax 

Unpaid Commitments 
and Other Income 

Total Income 

Surplus 

TOTALS 

BUDGET ACTUAL 
KDM KDM 

7,170 7,170 

3,437 3,437 

22,861 22,861 

1,000 1,349 

300 845 

908 650 

2,537 2,244 

603 1,403 

38,816 39,959 

1,143 

38,816 

EXPENDITURE 

Staff Costs 
(including Internal Tax) 

Operating Costs 

Capital Expenditure 
on Building 

Equipment 

Reserve 

Total Expenditure 

Provisions not spent 
or committed 

TOTALS 

BUDGET ACTUAL 
KDM KDM 

16,213 13,549 

12,413 8,497 

3,057 3,255 

4,191 4,189 

2,942 2,942 

38,816 32,432 

6,384 

38,816 



TABLE 4 

TRENDS IN THE LABORATORY'S INCOME AND EXPENDITURE 1978-1980 

BUDGET 1980 OUTTURN 1979 OUTTURN 1978 BUDGET 1980 OUTTURN 1979 OUTTURN 1978 
INCOME KDM KDM KDM EXPENDITURE KDM KDM KDM 

Carried forward 4,426 7,170 5,269 
from 1978 

Staff Costs (net) 15,876 10,934 8,529 

Liquidation of Reserve 2,942 3,437 3,437 Operating Costs 13,171 8,497 7,889 

Ordinary Contributions 26,500 22,861 22,800 Building Costs 1,043 3,255 2,691 

Special Contribution 1,349 2,832 Equipment 4,303 4 ,189 6,849 
Federal Republic of 
Germany 

I Bank Interest 400 845 645 Reserve 2,942 3,437 f-' 
f-' 
(Xl Pension Scheme 105 279 55 Carried forward to 7,527 7,170 
I (previous years only) following year 

Other Income 20 1,403 1 t 527 

TOTALS 34,393 37,344 36,565 . TOTALS 34,393 37,344 36,565 



DIRECTOR-GENERAL 
John Kendrew 

Secretary 
Waltraud Ackermann 

Internal auditoi 
Joachim Willert (part-time) 

* ) part of the year 

-119-



STAFF AND VISITORS 
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Scientists 

Secretaries 

Technicians 

CENTRAL LABORATORY HEIDELBERG 

DIVISION OF CELL BIOLOGY 

* Giovanni 
Riccardo Cortese 
Bernhard Doiberstein 
Ashley Dunn * 
Jan-Erik Edstrom (Senior Scientist) 
Anne-Marie Frischauf 
Henrik Garoff 
Gad Geiger * 
Cok Grimmelikhuijzen 
Ari 
Erich Jost 
Hans Lehrach 
Lulla 
Ken Murray *(Senior Scientist) 
Dick Nassel 
Christiane Nlisslein-Volhard 
Vince Pirrotta* 
Chica Schaller 
Kai Simons (Senior Scientist) 
Nick Strausfeld 
Eric Wieschaus 
Marc Zabeau 

Annie Biais 
Wendy Moses 

Dorte Abild.,ten 
Alan d'Arcy 
Agaath van Beik 
John Berriman 
Eva-Maria Bolziu 
Robin Buckland 
Helene Cambi.r 
Sofia 
Don Diamond * 
Cornelia Francke 
Karin Goldmann 
Evelyn Kiko 
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Hildegard Kludini 
Hartmut Krischke * 
Christopher Morris 
Margit Olsen * 
Malu Obermayer * 
Annemarie Poustka 
David 
Melinda Roth * 
Caro-Ann Schonenbe*ger 
Jennifer 
Regine Schwall 
Harjit Singh Seyan 
Vivianne Sti*ling 
John Telford 
Hilkka Virta* 
Helen Walker 
Maria Weber * 
JUrgen Weinelt 

Laboratory assistants * 

Fellows 

Ruth Breunii 
Traudel Rau * 
Beate Zachmann 

Cosima Baldari 
Heinz BodenmUl.er (Basel)(DFG) 
Lionello (Naples)(EMBO) 
Karin Breunii (Heidelberg)(EMBL) 
Duncan Byers 'Canada) (EMBL) 
Luisa Cesareni 
Gennaro Cilib*rto (Naples)(DAAD) 
Luciana Deite (Naples)(EMBL) 
Kim Kaiser* (London)(EMBL) 
Sune Kvist* (Uppsala)(EMBO) 
Mark Marsh *(London)(Royal Soc.) 
Karl Matlin* (Rockefeller)(EMBL) 
David Meyer* (USA)(Humboldt) 
Dick Nassel 
Rafael Perez Mellado (Madrid)(EMBO) 
Matti Sarvas (Helsinki)(EMBO) 
Franco Scalenghe (Turino)(EMBO) 
Gert Scherer (Freiiurg)(DFG) 
Halina Sierakowska (Poland)(EMBL) 
Elisabetta Ullu (Rome) 

* (University of Rome/EMBL) 
Judith White (USA)(Am. Cancer Soc.) 
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Students 

Visiting workers 

* Lydie Bougueler*t (Paris)(EMBL) 
Johannes Reite. (Vienna) 
Lars Rydlander* (Stockholm) 
Tobias (Heidelberg) 
Thoralf Sundt (Princeton) (EMBL) 
Christian Tschudi (Basel)(SNF) 

M. Applebury (Princeton) 
W. Bahr (Princeton) 
A. de Batselier (Rehovot) 
J. Bedbrook (Trumpington) 
I. Bozzoni (Rome) 
J. Brooks (CSH, USA) 
A. Ghyssen (Brussels) 
W. Krempien (WUrzburg) 
J.C. Le Hegarat (Gif-sur-Yvette) 
M. Lohs-Schardin (Freiburg) 
H. Manor (Haifa) 
C. Masson (Fontenay-aux-Roses) 
G. van Meer (Utrecht) 
J.C. Perriard (ZUrich) 
L.M. Roberts (Bradford) 
M. Rosentreter (Gottingen) 
F. Schoffl (Erlangen) 
J. Smith (Cambridge) 
G. Spinelli (Palermo) 
R. Stocker (Fribourg) 
G. Struhl (Cambridge) 
C. Unger-Ullmann (Salzburg) 
A. Viotti (Milan) 

-123-



Scientists 

Secretary 

Technicians 

t) deceased 

DIVISION OF BIOLOGICAL STRUCTURES 

David Banner* 
Hajo Delius 
Jacques Dubochet 
Robert Freeman 
Gareth Griffiths 
Brigitte 
Geoff Kneale 
Barbara Kol.er 
Jane Ladner 
Reuben Leber'man 
Kevin Leonard 
Daniel Louvard 
Don Marvin 
Michael Moody 
Colin Nave * 
Hubert Reggio 
Dietrich Suck 
Akira Tsugiti 
Clive Walter 
Graham Warren 
Hanns Weiss 
Paul Wingfield 
Fritz Winkler 

Anne Saunders 

Bruno Antonsson 
Talmon Arad* 
Alan d'Arcy 
Rudolf van den Broek 
Raymond Brown 
Jill Clarke 
Alison Foote 
Alan Fowler 
Michael Groom (t) 
Brigitte Juchs 
Kristin Kelley 
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Fellows 

Students 

Visiting workers 

* Felicity Marvin * 
Alisdair McDowall 
Shirley Robinson 
Marie-Therese Sagne 
Annette Scharm 
Jean-Jacques Scheffler 
Herbert 
Karin Siegemund * 
Melvin Slaugiter 
Helen Walker 

* Frank Booy (Bristol)(EMBO) 
Waltraud Folkhard (Graz)(EMBO) 
Wolfgang Gist (Heidelberg)(DFG) 
John Green (Cambridge) (EMBL) 
Ichiro Kubota (Osaka, Japan)(EMBL) 
Jean Lepau.t (Paris)(EMBO) 
Kayo Maeda* (Nagoya, Japan) (EMBL) 
Mary Reedy (W. Carolina, USA)(NIH) 
Michael Reedy (N. Carolina, USA) 

* (Guggenheim/NIH) 
Jean Sanger (Philadelphia, USA) 

* (Humboldt) 
Joseph Sanger 'Philadelphia, USA)(NIH) 
Kathy Soderberg (San Diego, USA) 

'Helen Hay Foundation) 
Patrique Vachette (Gif-sur-Yvette) (EMBO) 

* Evelyne Coudrier (Paris)(EMBL) 
R. Guariguata (Venezuela) 
Monier Tadros (Cairo) 

J. Armstrong (Cambridge) 
I. Kiss (Szeged) 
J. Kuznicki (Warsaw) 
A. Leone (Naples) 
G. Moyne (Paris) 
M. Reedy (N. Carolina, USA) 
M.K. Reedy (N. Carolina, USA) 
S. de Vries (Amsterdam) 
T. Watts (Alberta, Canada) 
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DIVISION OF INSTRUMENTATION 

Head of Division 
Leo de Maeyer (Senior Scientist) 

Secretaries 
Ines Benner 
Bettine Schafer* 

Scanning Transmission Electron Mi.croscope 
Arthur Jones 

Computer group 

Data analysis group 

Jean-Claude Homo 
Brian Unitt 
Nicholas Webster * 
Patrick Labouesse 

Richard Herzog 
, * Michele Albrecit 

Heinz Bosshard 
Christian Boulin 
Florence Herzoi (part-time) 
Dennis Iverseif 
Richard Kempf* 
Robert Lainer 
Tony Pitt 
Herman Struve 

Students * 
Richard Balzingir (Mulhouse) 
Philippe Vartin (Nancy) 
Joel Viry (Mulhouse) 

Stephen Provencher 

* Jean Chamayou 
Vincenzo Dovi 
JUrgen Glockner 
Peter Speck * 
Sebastian Stier 
Robert Vogel 
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Detector development 

Surface structures 

Laser optics 

Magnetic separation 

Special techniques 

Technical Bureau 

Mechanical Workshop 

Fran90is Dauvergne 
Hans FUrst * 
Andre Gabriel* 
Jules Hendrix * 
Bernt Hartfiel 

Wilhelm Ansorge 

* Roel Wijnaendts van Resandt 

* Tom Reed 

* Alix Cockcroft 

* Hendrik Vos 

Borje Nilsson 

Pierre Perrot 
Marie Posdiena * 
Horst Schneider 
Hans Wittmann 

Hans FH5sser 

Leo Burger * 
Wolfgang 
Kevin Gallagher 
Ian Hutchby * 
Joachim Kohler * 
Patrick Labouesse 
Franz Peschl 
Walter Schmitt 
Otto Wernz 
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Electronic workshop 
Carol Stettner 

* Hans Krause * 
Wilfried Muck 
Luciano Pignotti 
Alfons Riedinger 
Georg Ritter 
Siegfried Winkler 

Photography and graphics 
Claus Christensen 

Petra Riedinger (part-time) 
Axel Schmide. 
John Stanger 
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Building 

Finance 

Personnel 

General duties 

ADMINISTRATION 

Ottokar Beer (part-time) 

Secretary 
Anke von Bohl (part-time) 

Eckart Weis 

Anke von Bohl (part-time) 
Geert Over 
Albert StegmUller 
Gabriele Mastmeier 
Petra Schmidt 

Desmond Gale 

Michael Jost* 
Lionel Melchior 
Konrad MUller 
Pamela Needham 

Torben Poulsen 

Roland Dopp 
Friedrich Wagenblass 
Christine Kjar * 
Catherine Le Pen (part-time) 
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Meetings secretariat 

Trainee secretaries 

Frieda Leenart 

Nelly van der Jagt 
Maryline Sinnigjr 
Margarida Wasch 

* Catherine 
Sharon Park * 
Alexandra Rudloff 
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SCIENTIFIC SERVICES 

Szilard Library 
Mary Holmes (part-time) 

Susan Mottram 

Microbiological safety officer 
Hotse Bartlema 

Animal house 
Heike Deschner 
Maria Hecker * 
Peter Sommavilla 

Laboratory steward and laboratory kitchens 
Bodil Holle 

Stores 

* Ria Forderer 
Martha Friedmann 
Inge Hauck 
Margarete Kinzinger 
Waltraud KUhnle 
Ruth Pfisterei 
Hedwig Probst 
Elsa Schmidt 
Milena Veckova 

Horst Alsfasser 

Hans Herzog 
Antony Ismay 
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Building maintenance 

Telephonists 

Driver 

Caretaker 

TECHNICAL SERVICES 

Sietse Vrugt 

Friedrich Frank 
Manfred Gieser 
Helmut Kollenz 
Richard Mally * 
Horst Schneider 

Diana Firth * Catherine Le Pen 

Erich Honig 

Egon Heer 

(part-time) 

Guest-house caretaker 
Gerda Mack (part-time) 

Supervisor of EMBL children at school 
Rosi Benkel (part-time) 
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OUTSTATION AT DESY, HAMBURG 

Head of the Outstation 

Scientists 

Heinrich Stuhrmann (Senior Scientist) 

Secretary * 
Ulrike (part-tim§) 
Elke Peters (part-time) 

Klaus-Soren Bartels 
Hans-Dieter Bartunik 
Jean Bordas§ 
Peter 
Hans FUrst * 
Jules Hendrix 
Michel Koch 
James Phillips 

Technicians and engineers 
Peter Bendall 
Herbert Borgwardt 
Eric 
Peter Gill 
Robbert Klaring§ 
Hans Ludwig 
Paul Moir-Riches 
Viktor Renkwitz 
Bernd Robrahn 
Harald Sammet 
Karl-Heinz Sohnholz (part-time)§ 

§) on loan from Heidelberg 
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Fellows 

Trainees 

Visiting workers 

David Isaac (Swansea)(EMBL) 

Rudolf Dimper 

w. Adams (Daresbury) 
C. Berthet (EMBL, Grenoble) 
J. Berthou (Paris) 
N. Blackburn (Manchester) 
R. Bray (Bristol) 
S. Cusack (EMBL, Grenoble) 
B. Dal'Zotto (EMBL, Grenoble) 
G. Elliott (Oxford) 
U. Englisch (Gattingen) 
A. Faruqi (Cambridge) 
W. Gaykema (Groningen) 
D. Garner (Manchester) 
R. Goody (Heidelberg) 
S. Gutteridge (Bristol) 
A. Harmsen (Heidelberg) 
M. Hart (London) 
S. Hasnain (Manchester) 
J. Helliwell (Daresbury) 
M. Hackel (Mainz) 
W. HoI (Groningen) 
K.C. Holmes (Heidelberg) 
H.E. Huxley (Cambridge) 
D. Isaac (London) 
L.N. Johnson (Oxford) 
P. Jolles (Paris) 
R. Jonak (Heidelberg) 
C. Kalk (Groningen) 
Z. Kam (Rehovot) 
J. Krijgsman (Leiden) 
L. Liljas (Uppsala) 
J. Lowy (Oxford) 
Y. Maeda (Heidelberg) 
E. Mandelkow (Heidelberg) 
E.M. Mandelkow (Heidelberg) 
W. Maret (SaarbrUcken) 
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Visiting workers (continued) 
J. Mellema (Leiden) 
A. Miller (EMBL, Grenoble) 
M. Moody (EMBL, Heidelberg) 
T. Nawroth (Mainz) . 
K. Nierhaus (Berlin) 
L. Nilsson (Stockholm) 
H. Notbohm (LUbeck) 
P. Oostergetel (Leiden) 
R. Pain (Newcastle) 
S. Perkins (EMBL, Grenoble) 
A. Pahler (Gottingen) 
J. Porta (Barcelona) 
F. Poulsen (Oxford) 
F.R. Poulsen (Aarhus) 
Sir John Randall (Edinburgh) 
M. Reedy (Heidelberg) 
H. Riedl (Heidelberg) 
R. Rigler (Stockholm) 
R. Rodrigues (London) 
W. Sanger (Gottingen) 
T. Standing (Oxford) 
B. Strandberg (Uppsala) 
R. Tregear (Babraham) 
P. Vachette (EMBL, Heidelberg) 
S. Whitburn (Oxford) 
K. Wilson (Oxford) 
P. Wurmbach (Berlin) 
M. Zeppezauer (SaarbrUcken) 
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OUTSTATION AT ILL, GRENOBLE 

Head of the Outstation 

Scientists 

Technicians 

Laboratory kitchens 

Fellows 

Andrew Miller 

Secretary § 
Erica Heyl (part-time) 

Carmen Berthet 
Francesco Borras-Cuesta 
Jean-Claude 
Hugh Lindley (part-time) 
Bernardus Schoot 
Karl Simpson 
Defendente Tocchetti 
Charlotte Wolff (part-time) 
Martin Zulauf 

Jean-Marie Bois 
Bernard Dal'Zotto 
Fran90is Dauvergne 
Valerie Fowler * 
Hartmut 
Claude Masuiel 
Hung Ngotri 
Joseph Sedita * 
Elisabeth Truche 

Pierrette Delphine (part-time) 

Stephen Cusack (Oxford)(EMBL) 
Stephen Perkins (Oxford)(EMBL) 
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Visiting workers 
J. Baldwin (Porthmouth) 
M. Balme (Yale, USA) 
M. Boulter (Porthmouth). 
M. Built (Basel) 
S. Bram et ale (Paris) 
K.M. Bruckdorfer (London) 
M. Carpenter (Porthmouth) 
P. Chenavas (ILL, Grenoble) 
M. Cuillel (ILL, Grenoble) 
C. Desvaux (ILL, Grenoble) 
M. Easton (Bristol) 
D. Engelman (Yale, USA) 
T. Hardipghem (London) 
D. Hulmes (Boston, USA) 
K. Ibel (ILL, Grenoble) 
B. Jacrot et ale (ILL, Grenoble) 
G. Kneale (Porthmouth) 
M. Koch (EMBL, Hamburg) 
P. Krijgsman (Leiden) 
J. Kruse (Strasbourg) 
R. Leberman (EMBL, Heidelberg) 
M. Lorenz (Munich) 
G. Maret (MPI, Grenoble) 
J.E. Mellema (Leiden) 
H.D. Mittendorf (London) 
H. Muir (London) 
K. Nierhaus et ale (Berlin) 
R. Oldenbourg (MPI, Grenoble) 
P. Oostergetel (Leiden) 
J. Ouberture (ILL, Grenoble) 
A. Poland (Porthmouth) 
Sir John Randall (Edinburgh) 
C. Read (Porthmouth) 
N. Roveri (Bologna) 
D. Sadler (Bristol) 
S. Scott (London) 
P. Sengel (Grenoble) 
I. Serdyuk (Moscow) 
G. Sibbett (Porthmouth) 
S. Spells (Bristol) 
M. Stockel (Munich) 
M. Strell (Munich) 
P. Strom (Rome) 
P. Timmins (ILL, Grenoble) 
J. Torbet (MPI, Grenoble) 
F. Wittinghofer (Heidelberg) 
J. Witz (Strabourg) 
D. Worcester (London) 
J. Zaccai (ILL, Grenoble) 
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CONSULTANTS 

Ekke Bautz (Heidelberg) 
Sydney Brenner (Cambridge) 
Mark Darlow (Porton) 
Johann Gasimann (Munich) 
Ken Murray (Edinburgh) 
Jeffries Wyman (Rome) 
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SCIENTIFIC ADVISORY COMMITTEE 

Maurizio Brunori (Rome) 
Henri Buc (Paris) 
Don Caspar (Brandeis, USA) 
Pierre Chambon (Straspourg) 
Jan Drenth (Groningen) 
Alfred Gierer (TUbingen) 
Ernst Helmreich (WUrzburg) 
Hugh Huxley (Cambridge) 
Edward Kellenberger (Basel) 
Ole Maaloe (Copenhagen) 
Alberto Monroy (Naples) 
Rudolf Rigler (Stockholm) 
Manfred Schweiger (Innsbruck) 
Michael Sela (Rehovot) 
Peter Walker (Edinburgh) 
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THE LABORATORY COUNCIL 

Chairman: Professor E.C. Slater 
(Netherlands) 

Vice-Chairman: Professor H. Tuppy (Austria) 
Dr. K. Strgby (Sweden) 

Chairman of the 
Finance Committee: Professor P. Fasella (Italy) 

Vice-Chairman of the 
Finance Committee: M. Rey Esq. (France) 
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DELEGATES AND ADVISERS 

Federal Republic of Germany 

Austria 

Denmark 

France 

Israel 

Italy 

Netherlands 

United Kingdom· 

. Sweden 

Switzerland 

-141-

H. Zachau 
C. Zelle 
W. Sandtner 

H. Schacher 
H. Tuppy 

N.O. Kjeldgaard 
K. Hammer-Jespersen 
H. 0stergaard-

Andersen 

J.-P. Ebel 
M. Rey 
P. Chambon 
F. Normand 

Y. Saphir 
M. Sela 

P. Fasella 
C. Saccone 
G. Armento 
C.M. Moschetti 
B. Purificato 

J.A.M. Goemans 
E.C. Slater 
R.F. Heyn 
C.A. Ladage 

S.G. Owen 
F. Rushton 
J.E.A. Hay 

K. Stdlby 
M.O. Ottosson 
M. von Glehn 

A. Kamer 
N. Roulet 
B. Ecoffey 



OBSERVERS 

EMBO 

EMBC 

Spain 

Ireland 

Norway 

Auditors (Denmark) 
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N.O. Kjeldgaard 
J. Tooze 

A. Rorsch 

E. Aragon 
A. Duran-Miranda 
T. Mendizabal 
A.M. Municio 

A. Moore 
P. O'Carra 

A. Andersen 
S. Laland 

K. Brixtofte 
J. Wagner-Rasmussen 



PUBLICATIONS BY MEMBERS OF THE LABORATORY 

Bachi, B., Reiser, J. & Pirrotta, V. (1979). Methylation 
and cleavage sequences of the EcoP1 restriction-
modification enzyme. J. Mol. Biol., 128, 143-163. 

Bedbrook, J.R., Lehrach, H. & Ausubel, F.M. 
Directive segregation is the basis of ColE1 
incompatibility. Nature (London), 281, 447-452. 

(1979). 
plasmid 

Berthet-Colominas, C., Miller, A. & White, S.W. (1979). 
Structural study of the calcifying collagen in turkey leg 
tendons. J. Mol. Biol., 13!, 431-445. 

Bendall, P. J . & Clout, P. N. ( 1979). Genormte FORTRAN 
Unterprogramme fUr CAMAC unter Betriebssystemen RSX-11M and 
RT11. DECUS MUnchen, 1979, 95-97. 

BodenmUller, H., Schaller, H.C. & Darai, G. (1980). Human 
hypothalamus and intestine contain a hydra neuropeptide. 
Neurosci. Let., lQ, 71-74. 

Bordas, J., Bray, R.C., Garner, C.D., Gutteridge, S. & 
Hasnain, S. (1979). EXAFS studies of the molybdenum centre 
of xanthine oxidase. J. Inorgan. Biochem., li, 181-186. 

Bordas, J., Koch, M.H.J., Clout, P.N., Dorrington, E., 
Boulin, C. & Gabriel, A. (1980). A synchrotron radiation 
camera and data acquisition system for time resolved x-ray 
scattering studies. J. Phys., (in press). 

Boschek, C.B., Jockusch, B.M., Friis, R.R., Back, R. & 
Bauer, H. (1979). Morphological alterations to the cell 
surface and cytoskeleton in neoplastic transformation. 
Beitr. elektronenmikroskop. Direktabb., Oberfl., 1£, 47. 

Boulin, C., Herzog, R.F. & Unitt, B.M. (1980). High speed 
data acquisition system from a scanning electron 
microscope. Proc. 1st European Symposium on Real-time Data 
Handling and Process Control, (in press). 

.Byers, D. (1980) . A review of the behaviour and 
biochemistry of dunce, a mutation of learning in 
Drosophila. In Development and Behaviour of Drosophila 
melanogaster: eds. Siddiqi, O. , Babu, R. & Hall, L. ; 
Plenum, New York ( in press) . 
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Clout, P.N. (1979). Computation facilities for 
and data treatment. In European Synchrotron 
Facility. Supple III Instrumentation. European 

recording 
Radiation 

Science 
Foundation, Strasbourg. p.75-88. 

Cusack, S. (1979). Discussion contribution to "Brillouin 
scattering in systems of biological significance". 
Phil. Trans. Roy. Soc., London, ser.A, 347-348. 

Cusack, S. & Miller, A. ( 1979) . Determination 
elastic constants of collagen by Brillouin 
scattering. J. Mol. BioI., 132, 39-51. 

of the 
light 

Dietrich, I., Fox, F., E., Weyl, R. & Dubochet, J. 
(1980). Reduction of radiation damage by imaging with a 
superconducting lens system. In Proc. Meeting on Two-

(i n pre s s) . 

Dobberstein, 
(1979). Cell 
mouse H-2Dd 
microglobulin. 

B., Garoff, H., Warren, G. & Robinson, 
free synthesis and membrane insertion 

P.J. 
of 

histocompatibility antigen and 
Cell, 12, 759-769. 

B2 -

Dubochet, J. & Knapek, K. (1978-79). Use 
temperature to reduce electron beam damage 
specimens. Chemica Scripta, 267-269. 

of very low 
in biological 

Ferguson-Miller, S., Weiss, H., Speck, S.H., Brautigam, 
D.L., Osheroff, N. & Margoliash, E. (1979). Kinetics and 
binding of cytochromes c with purified mitochondrial 
oxidase and reductase. In Cytochrome oxidase: eds. King, 
T.E., Orii, Y., Chance, B. & Okunuki, K.j Elsevier/North-
Holland, Amsterdam, p.281-292. 

Fries, E. & Helenius, A. (1979). Binding of Semliki 
virus and its spike glycoproteins to 
Eur. J. Biochem., 32, 213-220. 

Forest 
cells. 

Friis ,R.R., Jockusch, B.M., Boschek, C.B., Ziemicki, A., 
Rlibsamen, H. & Bauer, H. (1979). Transformation defective 
temperature-sensitive mutants of Rous Sarcoma virus have a 
reversibly defective src gene product. Cold Spring Harb. 
Symp. Quant. BioI., 44 (in press). 

Goody, R.S. & Leberman, R. (1979). The preparation of 
thiophosphate analogues of GDP and their interaction with 
EF-Tu. FEBS Letters, 102, 269-272. 
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Gray, C.W., Brown, R.S. & Marvin, D.A. 
visualization of adsorption protein 
J. Supramol. Struct., Suppl.3, 91. 

(1979). 
of fd 

Direct 
phage, 

Gray, D.M., Edmondson, Lang, D., Vaughan, M. & Nave, 
C. (1979). The circular dichroism and x-ray diffraction of 
DNA condensed from ethanolic solutions. Nucl. Acids Res., 
Q, 2089-2107. 

Griffiths, G.W. & Jockusch, B.M. (1980). Antibody labelling 
of thin sections: an evaluation of BSA embedding and 
ultracryomicrotomy. J. Histochem. Cytochem., (in press). 

Grimmelikhuijzen, C.J.P. (1979). Properties of the foot 
activator from hydra. Cell Diff .. , .§., 267-273. 

Grimmelikhuijzen, C.J.P., BodenmUller, H. & Schaller, H.C. 
(1980). A hydra neuropeptide is also present in mammalian 
brain and intestine. In Neuropeptides and Neural 
Transmission: ed. Traczyk, W.; Raven Press, New York (in 
press) . 

Grimmelikhuijzen, C.J.P., Lepault, J. & McDowall, A.W. 
(1980). The gap junctions in hydra do not permit electrical 
and chemical transmission. In Proc. 4th International 
Coelenterate 'Conference: ed. Tardent, P.; Elsevier/North-
Holland, Amsterdam (in press). 

Grimmelikhuijzen, C.J.P. & Schaller, H.C. (1979). Hydra as 
a model organism for the study of morphogenesis. TIBS, 
265-267. 

Hausen, K. & Strausfeld, N.J. (1980). Sexually 
interneuron arrangements in the fly visual 
Proc. Roy. Soc. London, 208, 57-71. 

dimorphic 
system. 

Hauser, M., Hausmann, K. & Jockusch, B.M. (1980). 
Demonstration of tubulin, actin and a-actinin by 
immunofluorescence in the microtubule-micro filament complex 
of the cytopharyngeal basket of the ciliate Pseudo-
microthorax dubius. Exp. Cell Res., l22, 265-274. 

Helenius, A. (1980). Entry of Semliki Forest virus into the 
host cell. In Membranes and the Environment: Responses 
between Membranes and External Agents.: eds. Block, K. & 
Bolis, L.; (in press). 
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Helenius, A. & Kartenbeck, J. (1980). The effects of 
octyloglucoside on the Semliki Forest virus membrane: 
evidence for a spike protein-nucleocapsid interaction. 
Eur. J. Biochem., (in press). 

Helenius, A., Kartenbeck, J., Simons, K. & Fries, E. 
(1980). On the entry of Semliki Forest virus into the BHK-
21 cells. J. Cell BioI., 84, 404-420. 

Helenius, A., Marsh, M. & White, J. (1980). Virus entry 
into animal cells. TIBS, (in press). 

Helenius, A. & Simons, K. (1980). Mechanisms of animal 
virus entry into cells. In The Molecular Basis of Microbial 
Pathogenicity: eds. Smith,' H., Skehel, J.J. & Turner, 
M.J.; Dahlem Konferenzen. Verlag Chemie, Weinheim (in 
press). 

Hoessli, D., Rungger-Brandle, E., Jockusch, B.M. & 
Gabbiani, G. (1980). Lymphocyte a-actinin: relationship 
with cell membrane and co-capping with surface receptors. 
J. Cell Sci., (in press). 

Hulmes, D.J.S. & 
molecular packing 
282, 878. 

Miller, A. 
in collagen 

( 1979) . 
fibrils. 

Quasi-hexagonal 
Nature (London), 

Huxley, H.E., Faruqi, A.R., Bordas, J., Koch, M.H.J. & 
Milch, J. (1980). The use of synchrotron radiation in 
time-resolved x-ray diffraction studies of myosin layer-
line reflections during muscle contraction. 
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H.B. Stuhrmann, "The use of synchrotron radiation in 
molecular biology" 

MRC Laboratory of Molecular Biology, Cambridge, England. 
N.J. Strausfeld, "Sexual dimorphism in the visual system of 
Calliphora" 

Department of Zoology, University of Cambridge, England. 
N.J. Strausfeld, "Sexual dimorphism in the visual system of 
Calliphora" 

Fachbereich Biologie, 
Republic of Germany. 
H. Weiss, "Struktur von 
Ubichinon: Cytochrom 
Mitochondrien" 

Universitat Konstanz, Federal 

Succinat:Ubichinon Reduktase und 
c Reduktase aus Neurospora 

Department of Zoology, University of Sussex, Brighton, 
England. 
N.J. Strausfeld, "Sexual dimorphism in the visual system of 
Calliphora" 

-160-



Institute of Fundamental Physics, University of Kyoto, 
Japan. 
S. Cusack, "The use of neutron scattering in structural 
studies of simple viruses with particular reference to 
Alfalfa Mosaic virus" 

Department of Biophysics, University of Hiroshima, Japan. 
S. Cusack, "The use of neutron scattering in structural 
studies of simple viruses with particular reference to 
Alfalfa Mosaic virus" 

Universitat ZUrich, Switzerland. 
E. Wieschaus, "fs(1)K10 and the establishment of dorso-
ventral polarity in the developing oocyte of Drosophila" 

Max-Planck-Institut fUr medizinische Forschung, Heidelberg, 
Federal Republic of Germany. 
V. Pirrotta, "Expression of recombinant DNA molecules" 

Biological Institute, 
Nagoya, Japan. 
A. Tsugita, Series of 
the applications to 
morphogenesis-specific 

Faculty of Science, University of 

lectures on "Protein sequencing and 
some biological problems" and "A 
protease and its novel specificity" 

Summer Course on "DNA Structure and Function", 
Norway. 

H. Delius, Instructor 

Institut fUr Genetik, Universitat WUrzburg, Federal 
Republic of Germany. 
D. Byers, "Neurogenetics of learning in Drosophila" 

Max-Planck-Institut fUr biophysikalische Chemie, Gottingen, 
Federal Republic of Germany. 
P.T. Speck, "Computer Graphics und interactive 
Datenanalyse" 

Naturwissenschaftlicher Fachbereich Chemie und Pharmazie, 
Universitat WUrzburg, Federal Republic of Germany. 
H. Weiss, "Enzymatische und strukturelle Analyse von 
Membranproteinen" 

Biophysics Institute, Academica Sinica, Beijing, China. 
A. Tsugita, "Morphogenesis-specific cleavage in T4 phage 
capsid and development of protein chemistry for membranes" 
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Institut fUr Anatomie und Zellbiologie, Philipps 
Universitat, Marburg, Federal Republic of Germany. 
H.C. Schaller, "Neurohormone aus Hydra" 

Fachbereich Biologie, Universitat Konstanz, Federal 
Republic of Germany. 
H.C. Schaller, "Kontrolle der Morphogenese in Hydra" 

Imperial Cancer Research Fund, Mill Hill Laboratory, 
London, England. 
C. NUsslein-Volhard, "Maternal effect mutants altering the 
pattern of the Drosophila embryo" 

Institut fUr Immunologie, 
Republic of Germany. 

MUnchen, Federal 

B. Dobberstein, "Biosynthese 
antigenen" 

von H-2 Histokompatibilitats-

August 

Rijksuniversiteit Leiden, The Netherlands. 
A. Miller, "Collagen structure" 

Biozentrum, Basel, Switzerland. 
H.C. Schaller, "Morphogene Substanzen aus Hydra" 

University of Virginia, Charlottesville, Virginia, USA. 
C. NUsslein-Volhard, "Genetic analysis of pattern formation 
in the Drosophila embryo" 

Summer School on "Protein-Nucleic 
Interactions", Spetsai, Greece. 
H. Delius, Lecturer 

September 

Acid Recognition 

Centre de Biochimie et Biologie Moleculaire, CRNS, 
Marseille, France. 
D. Louvard, "Mecanismes impliques dans la formation de 
regions specialisees de la surface cellulaire" 
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FEBS-SKMB Advanced Course on "Membrane Proteins", Gwatt, 
Switzerland. 
B. Dobberstein, "Insertion of nascent proteins into 
membranes" 
K. Simons, "Detergent-protein interactions" and "Semliki 
Forest virus" 
H. Weiss, "Cytochrome c reductase" 

Italiana di Biofysica e Biologia Molecolare, Pisa, 
Italy. 
Sir John Kendrew, "Molecular biology: reflections and 
prospects" 

Rijksuniversiteit Groningen, The·Netherlands. 
J.C. Phillips, "X-ray absorption spectroscopy of 
metalloproteins" 

Imperial College, University of London, England. 
R. Leberman, "Isolation of and studies on elongation factor 
Tu" 

October 

EMBO Course on "Membranes and the Cytoskeleton", EMBL, 
Heidelberg, Federal Republic of Germany. 
B. Dobberstein, "Assembly of histocompatibility antigens" 
H. Garoff, "Structure and assembly of Semliki Forest virus 
membrane" 
G. Griffiths, Instructor 
A. Helenius, "Mechanism of Semliki Forest virus entry into 
cells" 
B.M. Jockusch, Instructor 
D. Louvard, Course on "Immunochemistry and 
immunofluorescence" 
G. Warren, Organizer 
H. Weiss and P. Wingfield, "Enzymic assay for the 
measurement of membrane fusion and the crystallization of 
ubiquinone: cytochrome c reductase" 

Birkbeck College, University of London, England. 
H.D. Bartunik, "Applications of synchrotron radiation to 
protein crystallography" 

Physics Department, Universitat Regensburg, Federal 
Republic of Germany. 
H.B. Stuhrmann, "Position-sensitive x-ray detectors" 
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EMBO Course on "Visualization 
Electron Microscopy", 
Germany. 
J. Dubochet, "Electron microscopy 

of Nucleic Acids with 
Ulm, Federal Republic of 

of chromatin" 

Yale University, New Haven, Conn., USA. 
K. Simons, "The life cycle of a membrane virus: the 
mechanisms of exit and entry into the host cell" 

Rutgers University School of Medicine, Piscataway, N.J., 
USA. 
D. Meyer, "Studies on the mechanism of transfer of nascent 
peptides across microsomal membranes" 

New York University School of Medicine, N.Y., USA. 
D. Meyer, "Studies on the mechanism of transfer of nascent 
peptides across microsomal membranes" 

University of Connecticut, Storrs, Conn., USA. 
D. Meyer, "Studies on the mechanism of transfer of nascent 
peptides across microsomal membranes" 

Unite de Genie Genetique, Institut Pasteur, Paris, France. 
B. Dobberstein, "Biosynthesis and membrane assembly of H-2 
histocompatibility antigens" 

Mainz, Federal Republic of Germany. 
H.B. Stuhrmann, "Anwendungen der Synchrotronstrahlung in 
der Molekularbiologie" 

Zoologisches Institut, Heidelberg, Federal 
Republic of Germany. 
C.J.P. Grimmelikhuijzen, "Hydra als Modellsystem fUr die 
Morphogenese" 

November 

University of California, Los Angeles, Calif., USA. 
D. Meyer, "Studies on the mechanism of transfer of nascent 
peptides across microsomal membranes" 

Department of Physiology, The Medical School, The Hebrew 
University of Jerusalem, Israel. 
G. Geiger, "Visually guided orientation and head-body (eye-
body) movements in the house-fly" 

Max-Planck-Institut fUr Biochemie, Martinsried/MUnchen, 
Federal Republic of Germany. 
J. Dubochet, "Electron microscopy of chromatin" 
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Department of Biophysics, Laboratorium voor Algemene 
Natuurkunde, Rijksuniversiteit Groningen, The Netherlands. 
N.J. Strausfeld, "Sub-divisions in neuropil beneath 
isomorphic retinae" 

Department of Science, University of Gent, Belgium. 
M. Zabeau, "Restriction endonucleases: a model system for 
studying protein-DNA interaction" 

Faculte des Sciences, Universite Libre de Bruxelles, 
Belgium. 
M. Zabeau, endonucleases: a model system for 
studying protein-DNA interacions" 

Justus Liebig Universitat, Giessen, Federal Republic of 
Germany. 
H.B. Stuhrmann, "Verwendung der Synchrotronstrahlung zur 
Bestimmung der Eisen-Konfiguration in Protein en" 

University of Leuven, Belgium. 
J. Bordas, "Synchrotron radiation applications to 
structural problems in molecular biology" 

University of Stockholm, Sweden. 
H.B. Stuhrmann, "Synchrotron radiation and its uses in 
molecular biology" 

University of Uppsala, Sweden. 
H.B. Stuhrmann, "Use of synchrotron radiation and thermal 
neutrons for the investigation of biological structure" 

University of Goteborg, Sweden. 
H.B. Stuhrmann, "Anomalous dispersion techniques and 
synchrotron radiation for molecular structure techniques in 
biology" 

University of Princetown, N.J., USA. 
E. Wieschaus, "The role of the maternal and zygotic genomes 
during early embryogenesis in Drosophila melanogaster" 

December 

Johns Hopkins University, Baltimore, Maryland, USA. 
E. Wieschaus, "The role of the maternal and zygotic genomes 
during early embryogenesis in Drosophila melanogaster" 

University of Pennsylvania, Philadelphia, Penn., USA. 
E. Wieschaus, "The role of the maternal and zygotic genomes 
during early embryogenesis in Drosophila melanogaster" 
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Center for Pathobiology, University of California, Irvine, 
Calif., USA. 
E. Wieschaus, "The role of the maternal and zygotic genomes 
during early embryogenesis Drosophila melanogaster" 

Institute of Biophysics, Academica Sinica, Beijing, China. 
H. Weiss, "The structure of mitochondrial electron transfer 
enzymes" and "The biogenesis of mitochondria" 

Institut fUr Molekulare Genetik, Universitat Heidelberg, 
Federal Republic of Germany. 
J. Dubochet, "Electron microscopy of chromatin" 

Institute of Biophysics, Academica Sinica, Shanghai, China. 
H. Weiss, "Structure and biogenesis of mitochondrial 
electron transfer enzymes" 

Ecole Poly technique , ZUrich, Switzerland. 
J. Dubochet, "Electron microscopy at EMBL" and "Electron 
microscopy of nucleosomes" 

Indian National Sciences Academy, Delhi, India. 
Sir John Kendrew, "Evolution and the recombining of genes 
in nature and by man" 

University of Leuven, Belgium. 
M.H.J. Koch, "Toepassing van synchrotron straling in 
biologie" 

Physikalisches Kolloquium der Universitat Heidelberg, 
Federal Republic of Germany. H. B. Stuhrmann, "Anwendungen 
der Synchrotronstrahlung in der Molekularbiologie" 

Centre de Recherche sur le Cancer, Gustave Roussy, 
Villejuif, France. 
D. Louv.ard, "Mecanismes impliques dans la formation de 
regions specialisees de la surface cellulaire" 

Laboratory of Molecular Biology and Bio-organic Chemistry, 
Moscow State University, Moscow, USSR. 
A. Tsugita, "New methodology of protein chemistry" 

University of Bombay, India. 
Sir John Kendrew, "Recombinant DNA research: a paradigm for 
the public responsibilities of science" 

Protein Institute of the Academy of Sciences of the USSR, 
Pushchino, USSR. 
A. Tsugita, "A morphogenesis-specific protease in T4 phage 
capsid formation" 
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CONTRIBUTIONS AT CONFERENCES, MEETINGS AND SYMPOSIA 

January 

Biochemical Society Meeting, University of Nottingham, 
England. 
H. Garoff, "Structure and assembly of the Semliki Forest 
virus membrane" 

February 

Deutsche Forschungsgemeinschaft Kolloquium "Steuerung von 
Differenzierung und Entwicklung") Tutzing, Federal Republic 
of Germany. 
C.J.P. Grimmelikhuijzen. "Morphogene Substanzen aus Hydra" 
H.C. Schaller, "Morphogene Substanzen in nervenfreien 
Hydren" 

5th Winter School on "Biophysics of Membrane Transport", 
Michalowice, Poland. 
A. Helenius, "Structure and function of the Semliki Forest 
virus, a simple membrane-containing animal virus" 

23rd Annual Meeting of the American Biophysical Society, 
Atlanta, Georgia, USA. 
K. Simons, "Entry of Semliki Forest virus into host cells" 

March 

17th Dortmund Workshop on Electron 
Federal Republic of Germany. 
K.R. Leonard & R. Freeman, 
microanalysis of biological objects: 
ray system" 

Microscopy, Dortmund, 

"Cryotechniques for 
the EMBL STEM-cryo-x-

ICN-UCLA Symposium on Molecular and Cellular Biology, 
"Biological Recognition and Assembly", Keystone, Colorado, 
USA. 
R. Ash, D. Louvard & S.J. Singer, "Plasma membrane/ 
cytoskeleton interactions" 
D.M. Marvin, Organised Workshop on "Helical viruses" 
K. Simons, "Biological recognition and assembly of Semliki 
Forest virus" 
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FrUhjahrstagung der Gesellschaft fUr Biologische Chemie, 
Berlin, Federal Republic of Germany. 
H. BodenmUller,"A neurohormone from hydra is present in 
mammals" 
R. Guariguata, B. Antonsson, A. Wittinghofer & R. Leberman, 
"The isolation of elongation factors from the thermophilic 
bacterium PS3" 
A. Wittinghofer & R. Leberman, "SH-1 von Polypeptid 
Elongationsfaktor Tu ist nicht essentiell fUr die Bindung 
von GDP" 

Annual Course of the Vaudoise des 
Physique", Zermatt, Switzerland. 
J. Dubochet, "Microscopie de 
biologique" 

Chercheurs en 

la matiere 

Jahrestagung der Deutschen Gesellschaft fUr Hygiene und 
Mikrobiologie, MUnchen, Federal Republic of Germany. 
M. Tadros, R. Schmid, R. Plapp & A. Tsugita, "Protein 
chemistry of the lipo-protein from the outer membrane of 
Proteus Mirabilis" 

Symposium of the Society for Experimental Biology, York, 
England. 
N.J. Strausfeld, "Neuronal assemblies in the insect brain" 

April 

Tagung der Gesellschaft fUr Entwicklungsbiologie, 
Heidelberg, Federal Republic of Germany. 
H.C. Schaller, "Morphogene Substanzen aus Hydren" 

a l'Institut de Sciences Exactes et Appliquees 
de l'Universite de Haute-Alsace, Mulhouse, France. 
C. Boulin, "Systeme d'acquisition a grande vitesse dans Ie 
standard CAMAC pour microscopie electronique du type STEM" 
R. Herzog, "Mise en ligne pour ordinateur NORD 10 d'un 
microscope a balayage et a transmission 
(STEM): exemples de traitement d'images pour la biologie 

. 

63rd Annual Meeting of the Federation of American Societies 
for Experimental Biology, Dallas, Texas, USA. 
A. Helenius, "Mechanism of Semliki Forest virus penetration 
into the host cell" 
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Leopoldina Symposium on "Cell 
Metabolic Channeling", Schloss 
Democratic Republic. 

Compartmentation and 
Reinhardsbrunn, German 

Warren B. Dobberstein, H. Garoff, G. 
"Synthesis and membrane insertion 
histocompatibility antigens" 

& 
of 

P. Robinson, 
mouse H-2 

Annual Meeting of the German Zoological Society, 
Regensburg, Federal Republic of Germany. 
N.J. Strausfeld, "The repre.sentation of a receptor map 
within retinotopic neuropil of the fly" 

Meeting of the Australian Biochemical Society on 
"Biochemical Genetics of Energy-transducing Systems", 
Canberra, Australia. 
H. Weiss, "Structure and assembly of mitochondrial electron 
transfer enzymes" 

Annual Meeting of the Australian Biochemical Society. 
Colloquium on "Molecular Organization of Intrinsic Membrane 
Proteins", Canberra, Australia. 
H. Weiss, "Enzymology of mitochondrial electron transfer 
enzymes in non-ionic detergents and in reconstituted 
membranes" 

Cold Harbor Meeting on "The Cytoskeleton-Membranes 
and Movement", Cold Spring Harbor, N.Y., USA. 
G. Gabbiani, D. Hoessli, E. Rungger-Brandle & B.M. 
Jockusch, "Lymphocyte a-actinin: relationship with cell 
membranes and co-capping with surface receptors" B.M. 
Jockusch, "Association of a-actinin with cell membranes" 

Cold Spring Harbor Meeting on "Membrane Biogenesis", Cold 
Spring Harbor, N.Y., USA. 
B. Dobberstein, H. Garoff, G. Warren & P. Robinson, 
"Synthesis and membrane insertion of mouse H-2 
histocompatibility antigens" 
H. Garoff, "Structure and assembly of the Semliki Forest 
virus membrane" 
D. Louvard, "Immunofluorescent studies on the polarity of 
the epithelial cells" 

Kolloquium Uber "Probleme der Struktur-Funktions-Beziehung 
biologischer Makromolekule", Sektion Molekularbiophysik in 
der Deutschen Gesellschaft fUr Biophysik, Maria-Laach, 
Federal Republic of Germany. 
K. Bartels & H.D. Bartunik, "Proteinkristallographie 
Synchrotronstrahlung am Speicherring DORIS: Anwendung 
anomale Phasenbestimmung an U-Lysozym B" 
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INSERM Symposium, no. 10, on "Cell Lineage, Stem Cells and 
Cell Determination", Seillac, France. 
C. NUsslein-Volhard, "Pattern mutants in Drosophila 
embryogenesis" 
E. Wieschaus, "fs(1)K10, a female sterile mutation altering 
the pattern of both the egg coverings and the resultant 
embryos in Drosophila" 

International Conference on "Biological Membranes", Crans-
sur-Sierre, Switzerland. 
A. Helenius, "Mechanism of Semliki Forest virus penetration 
into the host cell" 

Workshop on "Regular 2-D Arrays of Biomacromolecules", Burg 
Gemen, Federal Republic of Germany. 
J. Dubochet & E. Knapek, "Considerable reduction of beam 
damage in cryo-electron microscopy" 
K.R. Leonard, P. Wingfield, T. Arad & H. Weiss, "Membrane 
crystals of ubiquinone: cytochrome-c reductase from 
Neurospora mitochondria" 

Gordon Research Conference on "Protein Structure", New 
Hampton, New Hampshire, USA. 
W. Folkhard, Poster on "Structure of pili by x-ray 
diffraction and electron microscopy" 

Congres de la Societe Fran9aise de Physique-Colloque H 
"Rayonnement Synchrotron", Toulouse, France. 
M.H.J. Koch & J. Bordas, "Mesures de diffraction cinetiques 
sur des systemes biologiques" 
H.B. Stuhrmann, "Experiences de diffusion centrale 
l'antenne de LEBM Hambourg" 

Congress on "Neuropeptides and neurotransmission", 
Marsewa/Warsaw, Poland. 
C.J.P. Grimmelikhuijzen, "Neuropeptides in hydra" 

International Workshop 
Detroit, USA. 
H. Weiss, "Biogenesis of 
enzymes" 

on "Membrane 

mitochondrial 

Bioenergetics", 

electron transfer 

International Conference on "Prebiological and Biological 
Assembly", Moscow, USSR. 
A. Tsugita, I. Gregore & R. van den Broek, "Approaches on 
morphogenesis of T4 phage capsid" 
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International Congress of Biochemistry, Toronto, Canada. 
W. Folkhard, Poster on "Structure of bacterial pili by x-
ray diffraction and electron microscopy" 

Gordon Research Conference on "Energy Coupling Mechanisms", 
Andover, New Hampshire, USA. . 
H. Weiss, "Structure of ubiquinone:cytochrome c reductase" 

Gordon Research Conference on 
Andover, New Hampshire, USA. 
C. NUsslein-Volhard, "Pattern 
embryogenesis" 

August 

"Developmental 

mutants in 

Biology", 

Drosophila 

5th European Crystallographic Conference, Copenhagen, 
Denmark. 
H.D. Bartunik, K. Bartels et al., "Protein crystallography 
with synchrotron radiation at the storage rings DC1 and 
DORIS" 
M.H.J. Koch & J. Bordas, "Dynamic studies on biological and 
chemical systems using synchrotron radiation" 

Nobel Symposium on "Direct Imaging of Atoms in Crystals and 
Molecules", Liding6, Sweden. 
J. Dubochet & E. Knapek, "Use of very low temperature to 
reduce electron beam damage in biological specimens" 

1st International Colloquium on "Receptors, Neurotrans-
mitters and Peptide Hormones", Capri, Italy. 
K. Simons, "Use of detergents in membrane research" 

International Union of Biological Societies, Helsinki, 
Finland. 
K. Simons, "Structure and function of surface membrane 
proteins" 

Science Research Council Workshop on "New Techniques in 
Protein Crystallography", Wye College, England. 
D.W. Banner, Discussion contribution on "Model-building 
studies of filamentous phage structure: a problem for 
computer graphics" 
K. Bartels & H. Bartunik, "Protein crystallography with 
synchrotron radiation at EMBL Hamburg" 
A. Fowler, Discussion contribution on "Magnetic orientation 
of Pf1 bacterial virus" 
A. Fowler, R.S. Brown & D.A. Marvin, Poster on "X-ray 
diffraction studies of Pf1 bacterial virus" 
A. Miller, "Neutron scattering in biology" 
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September 

Symposium of the Society for Experimental Biology on 
"Animal Frameworks", Leeds, England. 
A. Miller, Discussion contribution on "Design in biological 
fibres" 

Herbsttagung der Deutschen Gesellschaft filr Zellbiologie, 
Salzburg, Austria. 
C.B. Boschek, B.M. Jockusch, R. Back, R.R.Friis & H. Bauer, 
"Early morphological changes in neoplastic transformation" 

12. Kolloquium des Arbeitskreises Elektronenmikroskopische 
Direktabbildung von Oberflachen, Tilbingen, Federal Republic 
of Germany. 
C.B.Boschek, B.M. Jockusch, R.R. Friis, R. Bach & H. Bauer, 
"Morphological alterations' to the cell surface and 
cytoskeleton in neoplastic transformation" 

Electron Microscopy and Analysis Group Meeting, Brighton, 
England. 
E. Knapek & J. Dubochet, "Investigations of beam-sensitive 
materials with superconducting lenses" 

8th European Conference on "Muscle and Cell Motility", 
Heidelberg, Federal Republic of Germany. 
B. Bullard, J. Bell, R. Craig & K.R. Leonard, "An actin-
like protein from insect muscle" 

G. D. Hoessli, E. Rungger-Brandle, B.M. Jockusch & 
Gabbiani, "Alpha-actinin is associated with 
lymphocyte plasma membrane and co-caps with 
immunoglobulins and Thy-1 antigens" 

mouse 
surface 

B.M. Jockusch, C.B. Boschek, R.R. Friis & H. Bauer, 
"Changes in the cellular distribution of actin and alpha-
actinin induced by malignant transformation" 
H. Jockusch, B. Segnitz, K. Kelley & B.M. Jockusch. "The Z-
line protein, a-actinin, in developing skeletal muscle 
fibres" 
M.K. Reedy, K.R. Leonard, R. Freeman & T. Arad, "Thick 
filament mass determination by electron scattering 
measurements with the scanning electron microscope" 

EMBO-EMBL Workshop on "X-ray and Neutron Scattering of 
Biological Structures", Hamburg, Federal Republic of 
Germany. 
S. Cusack, "Studies of the elastic properties of collagen 
and other biological fibres by Brillouin light scattering" 
M.H.J. Koch, "Neutron scattering on eukaryotic ribosomes 
and on selectively deuterated E. coli ribosomes" 
A. Miller, "Structural studies of c611agen in cartilage" 
J.C. Phillips, "Anomalous dispersion effects in small angle 
scattering studies of metalloproteins" 
H.B. Stuhrmann, "Anomalous dispersion in small angle 
scattering" 
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4th International Coelenterate Conference, Interlaken, 
Switzerland. 
C.J.P. Grimmelikhuijzen, "The gap junctions in hydra do not 
permit electrical and chemical transmission" 
H.C. Schaller, "Morphogenetic substances in nerve-free 
hydra" 
T. Schmidt, "Morphogenetic substances in hydra" 

Deutsch-Sowjetisches Symposium "Recombinant DNA", MUnchen, 
Federal Republic of Germany. 
H. Lehrach, H. Garoff, A. Frischauf, K. Simons & H. Delius, 
"Cloning and sequencing of Semliki Forest virus 26s RNA" 

Jahrestagung der osterreichischen biochemischen 
Gesellschaft, Graz, Austria. 
A. Frischauf, H. Garoff, H. Lehrach, K. Simons & H. Delius, 
"Cloning and sequencing of Semliki Forest virus 26s RNA" 

Deutsche Forschungsgemeinschaft 
"Neuroendokrinologie", G5ttingen, Federal 
Germany. 
H. BodenmUller, "Neuropeptid aus Hydra 
intestinalen Trakt von SAugetieren" 
H.C. Schaller, "Neurosekretion in Hydra" 

Kolloquium 
Republic of 

im Gehirn und 

Deutsche Forschungsgemeinschaft Kolloquium "Biochemie des 
Nervensystems", G5ttingen, Federal Republic of Germany. 
H.C. Schaller "Struktur und Wirkungsweise von Neurosekreten 
aus Hydren" 

5th European Drosophila Conference, Dubrovnik, Yugoslavia. 
C. NUsslein-Volhard, "Studies on the maternal effect mutant 
dorsal" 
E. Wieschaus, "KrUppel, a zygotic mutation altering the 
segment pattern in the Drosophila embryo" 

Conference on "The Basic Mechanisms of Cellular Secretion", 
Annapolis, Maryland, USA. 
V. Herzog & H. Reggio, "Tracer studies on the fate of 
luminar plasma membrane in the rat exocrine pancreas" 

STEM Users Meeting, EMBL, Heidelberg, Federal Republic of 
Germany. 
J. Dubochet, Organizer 
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19. Tagung fUr Elektronenmikroskopie, 
Republic of Germany. 

TUbingen, Federal 

E. Knapek & J. Dubochet, "Verringerung 
an organischen Substanzen durch 
Temperaturen" 

der Strahlenschaden 
Verwendung tiefer 

October 

3rd International Conference on Solid Phase Methods in 
Protein Sequence Analysis, "Methodological Progress in 
Protein Sequence Analysis" Heidelberg, Federal Republic of 
Germany. 
A. Tsugita & R. van den Broek, "Newly developed sequencing 
method: C-terminal sequencing by carboxypeptidase" 

Assemble Annuelle de la Societe Suisse de Sciences 
Naturelles, Lausanne, Switzerland. 
J. Dubochet, "EMBLEM ou la microscopie electronique au 
Laboratoire Europeen de Biologie Moleculaire" 

Jane Coffin Childs Memorial Fund Symposium on "Challenges 
in Biomedical Sciences", Middleburg, Conn., USA. 
K. Simons, "Mechanism of Semliki Forest virus entry into 
host cells" 

"Small Brain" Conference, Max-Planck-Institut 
Verhaltungsforschung, Seewiesen, Federal Republic 
Germany. 

rur 
of 

N.J. Strausfeld, "Structural studies on the insect brain" 

5th EMBO Annual Symposium. "Nucleic Acid-Protein 
Interactions", Heidelberg, Federal Republic of Germany. 
M. Zabeau, "Genetic studies of type II restriction and 
modification enzymes: a model approach to protein-DNA 
interactions" 

Dahlem Konferenz on "The Molecular Basis of Microbial 
Pathogenicity", Berlin, Federal Republic of Germany. 
A. Helenius, Participant 
K. Simons, Participant 

Herbsttagung der Deutschen Gesellschaft fUr Hygienische 
Mikrobiologie, Berlin, Federal Republic of Germany. 
C.B. Boschek, B.M. Jockusch, R. Back, R.R. Friis & H. 
Bauer, "Morphological aspects of cell transformation" 

Symposium on "Nucleic Acids and Proteins", Shanghai, China. 
H.C. Schaller, "Control of pattern formation in hydra" and 
"A hydra neuropeptide is present in mammalian hypothalamus 
and intestine" 
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November 

NOCUS, NORD User Society Meeting, Strasbourg, France. 
R. Herzog, "Software implementation of high-speed DMA 
devices" and "An incremental backup and directory 
maintenance system for the NORD-10" 

December 

International Conference on "The Development and Behaviour 
of Drosophila", Bombay, India. 
D. Byers,. "The behaviour and biochemistry of dunce: a 
mutation of learning in Drosophila" 
N.J. Strausfeld, "Sensory and central projections in normal 
and bithorax mutant Drosophila" 
E. Wieschaus,"A combined genetic and mosaic approach to 
the study of oogenesis in Drosophila" 

National Symposium on "Plant Physiology", Kwangjou, China. 
H. Weiss, "Resolution and reconstitution of mitochondrial 
membrane enzymes" 

British Biophysical Society Meeting on "Neutron Scattering 
in Biology", Queen Elizabeth College, London, England. 
S. Cusack, "Neutron scattering studies of the structure of 
Alfalfa Mosaic virus" 
A. Miller, "Neutron studies on fibrous proteins" 

European Science Foundation Workshops and Meetings. 
J. Bordas, M.H.J. Koch & J.C. Phillips have made 
contributions both verbal and written to these Workshops. 
They are available in "European Synchrotron Radiation 
Facility". Suppl.1, Scientific case; Suppl.3, 
Instrumentation, European Science Foundation, Strasbourg. 
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J. Slot (Utrecht) 

J. Bedbrook (Trumpington) 

V. Torre (Geneva) 

A.W. Linnane (Victoria, 
Australia) 

SEMINARS 

Immuno-cytochemistry on 
ultra-thin frozen sections 

Structure analysis of plant 
chromosomes 

Ionic bases and mechanisms 
of phototransduction in 

rods 

The biogenesis of mitochondria 

S. Harrison (Cambridge, USA) Tomato bushy stunt virus at 
2.9 A resolution 

P. Hall (Stockholm) 

G. Felsenfeld (Bethesda, 
USA) 

D.M. Blow (London) 

A.K. Kleinschmidt (Ulm) 

W. Franke (Heidelberg) 

J. Dubochet (EMBL) 

T. Koller (ZUrich) 

Protein synthesis, micro-
filaments and the stimulation 
of steroidogenesis by trophic 
hormones (ACTH and LH) 

Nucleosome architecture 
and chromatin function 

Progress in understanding 
tRNA synthetase 

Modern trends in the electron 
microscopy of nucleic acids 

Modes of preparation of 
transcriptionally active 
chromatin 

Interaction between supporting 
film and macromolecules 
with special reference to 
the adsorption of nucleic 
acids onto amylamine 
treated films 

Superstructures of DNA 
and chromatin 
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M. Delaage (Marseille) 

S. Avrameas (Paris) 

J.I. Garrels (New York, 
USA) 

J. Mallet (Paris) 

P.B. Lazarow (New York, 
USA) 

M. Shane (Rehovot) 

T. Yonetani (Philadel-
phia, USA) 

R. Burnett (Basel) 

J. Meldolesi (Milan) 

Recent advances in 
radio-immuno assay of 
low molecular weight 
molecules 

Differentiation of 
B-Iymphocytes: cells 
producing immunoglobulin 
without antibody appearing 
after antigenic stimulation 

Differentiation in nerve and 
muscle cell lines; a study 
using computer analysed 
two-dimensional gel 
electrophoresis 

Biochemical and immunological 
studies on the cerebellar 
development of normal mouse 
and some of its neuro-
pathological mutants 

Organelle biogenesis: 
synthesis of catalase in 
a cell-free protein-
synthesizing system and 
in rat liver 

Inhibition of myogenesis 
by ethidium bromide and 
proflavin 

The molecular structure of 
oxy-cobalt-myoglobin and 
the subunit cooperativity 
of haemoglobin 

The structure of adenovirus 
type II hexon, viral coat 
protein 

Studies on the biogenesis 
and turnover of 
NADH-cytochrome b 
reductase, a with 
multiple membrane localization 
in rat hepatocytes 
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E.P. Bakker (Bochum) 

M. Beer (Baltimore, USA) 

P. Kourilsky (Paris) 

S.W. de Laat (Utrecht) 

C. Baglioni (Albany, USA) 

E. Di Mauro (Rome) 

M.L. Applebury (New Jersey, 
USA) 

P. Lu (Philadelphia, 
USA) 

S. Campo (Edinburgh) 

R. Glaeser (Berkeley, 
USA) 

P. Peterson (Uppsala) 

D. Ish-Horowicz (London) 

M. Cereijido (Mexico City) 

K+ Transport by Streptococcus 
faecalis: an ATP-regulated 
H+ - K+ symport mechanism 

Atomic microscopy of molecular 
complexes 

The structure of ovalbumin 
gene from chicken and its 
environment in the chicken 
genome 

The role of the cell membrane 
in the regulation of growth 
and differentiation of 
neuroblastoma cells 

Enzymes induced by interferon 
and structures of the 
enzymes activators 

Binding of sea urchin RNA 
polymerase II to homologous 
histone genes 

Primary processes of vision 

Genetic approach to NMR 
study of Lac repressor 

Molecular heterogeneity of a 
DNA virus which produces 
cancer in mammals 

Progress in high resolution 
electron microscopy of 
biological materials 

On the structure and .function 
of transplantation antigens 

Molecular and genetic 
organization of heat shock 
loci in Drosophila 

MDCK monolayer as a model 
for epithelial membrane 
studies 
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A.R. Kimmel (San Diego, 
USA) 

T. Gingeras (New York, 
USA) 

B. Minke (Jerusalem) 

J. Bedbrook (Trumpington) 

C. Lazdunski (Marseille) 

T. Fujisawa (Misima, Japan) 

H.A. Sheraga (New York, 
USA) 

H. Manor (Haifa) 

I. Scheffler (La Jolla, 
USA) 

J. Nikolaj (Rome) 

P.A. Lawrence (Cambridge) 

A.D. Mirzabekov (Moscow) 

H.L. Ploegh (Cambridge, 
USA) 

A transcription unit 
composed of a repetitive and 
single copy sequence in 
Dictyostel ium . 

DNA sequence and computer 
analysis of the adenovirus 
genome 

The origin of the 
metarhodopsin potential 
in the eye of the fly 

Characterization of sequences 
in'the telomer of rhy 

Protein transfer across 
membranes in E.coli 

Control of stern cell 
differentiation in hydra 
mutants 

Experimental and theoretical 
aspects of protein folding 

Biochemical and electron 
microscopic mapping of 
polyoma virus-specific 
"late" nuclear and 
cytoplasmic RNAs 

Enzyme induction in a 
temperature-sensitive cell 
cycle mutant of Chinese 
hamster fibroblasts 

Variability of 5S RNA genes 
in Drosophila melanogaster 

Cell lineage and compartments 
in the development of insects 

Recent studies on nucleosome 
and chromatin structure 

Structure and biosynthesis 
of human histocompatibility 
antigen 
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R. Firtell (San Diego, 
USA) 

N. Sharon (Rehovot) 

W. McClure (Cambridge, 
USA) 

G.R. Marshall (st. Louis, 
USA) 

P. Macino (Rome) 

T. Fox (Basel) 

H. Noll (Evanston, USA) 

M. Zabeau (Heidelberg) 

T. Gulik (Gif-sur-Yvette) 

A. de Batselier (Rehovot) 

J. Burckhardt (Frederick, 
USA) 

G. Kreil (Salzburg) 

Isolation and characterization 
of actin genes from 
Dictyostelium 

Lectins as cell surface 
markers 

Initiation of transcription by 
E.coli RNA polymerase 

Molecular recognition and 
receptor mapping 

Sequence of the ATPase genes 
and discrepancies of the 
genetic code in yeast 
mitochondrial DNA 

Translation of the UGA stop 
codon as tryptophan in yeast 
mitochondria 

Reconstitution of cell 
interaction and embryonic 
development in dissociated sea 
urchin blastula cells by 
reinsertion of membrane 
proteins extracted with 
butanol 

Restriction enzymes: a model 
system for studying 
protein/DNA interactions 

New developments in freeze-
etching electron microscopy. 
Applications for biological 
molecules in solution. 

Translation in vitro of rat 
brain mRNA coding for a 
variety of tubulin forms 

Cleavage mechanism and 
methylation by EcoK 

Melittin - a peptide in search 
of a membrane: studies on its 
biosynthesis and mode of 
actions 
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M.J. Owen (London) 

G.C. Nicolae (Hamburg) 

R. Jackson (Cambridge) 

Hydrophobic labeling of 
lymphocyte surface antigens 
by a lipophilic, photo-
activatable reagent. 

Digital real-time processing 
of video-picture series 

The translation of viral RNA 
in vitro: the synthesis 
and activity of virus-coded 
proteases 
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D. Hogness (Basel) 

J. Watson (CSH, USA) 

A. Garcia-Bellido (Madrid) 

A. Rich (Cambridge, USA) 

LECTURES 

The molecular analysis of 
genes in Drosophila 

In defence of DNA 

The genetic control of 
spatial specification 

Molecular structure of a 
left-handed double helical 
fragment of DNA 

P. Slonimski (Gif-sur-Yvette) Complementation between exons 
and introns and the "guide 
RNA" concept of gene 
expression 

H.L. Sanger (Giessen) 
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Viroids: a new class of 
molecular pathogens 




	Annual Report 1979 Front 1-2.pdf
	Annual Report 1979 Front 2-2.pdf
	Annual Report 1979 2-74.pdf
	annual report 75-142pdf.pdf
	annual report 143-182.pdf
	Annual Report 1979 Back.pdf

