RESEARCH REPORTS 1980

TABLE OF CONTENTS

PAGE
DIVISION OF CELL BIOLOGY

6

Structural and behavioural studies of the insect
nervous system

7

Genetic analysis of embryogenesis in
melanogaster

Drosophila

18

Semliki Forest virus structure, assembly and
entry into the host cell;
vaccines against
enveloped viruses

22

Early events in protein secretion and
biogenesis

membrane

32

secretory

35

Expression and control of genes
proteins in Chironomus

for

Gene expression and its control

38

Molecular genetics of prokaryotes

41

Drosophila gene organization and expression

45

Regulation of gene activity

eukaryotes

50

Genetic studies of the EcoRI
methylase

endonuclease

Cloning and sequence
molecular biology

analysis

The expression of cloned genes

-3-

in

and

55

eukaryotic

64

68

PAGE
DIVISION OF BIOLOGICAL STRUCTURES
Organization
elements

and

dynamics

Intracellular transport
plasma membrane proteins

of

75

of

cytoskeletal

76

newly-synthesized

80

Mitochondrial electron transfer enzymes
Biogenesis of cell surface domains as
by epithelial cells

84
displayed

Electron microscopy of nucleic acids

87

97

High resolution electron microscopy group

103

Electron microscopy applications group

109

Structure and assembly of filamentous
viruses

bacterial

Structural studies on clathrin coats
proteins interacting with nucleic acids

on

128

its

135

elongation

139

basis of the allosteric
control
mechanism in aspartate transcarbamylase (ATCase)

149

Protein sequencing

156

The structure of
sequence analysis
Structure
factors

Nucleotide

the 'clathrin

of bacterial

gene

polypeptide

data group

-4-

and

117

and

160

PAGE
DIVISION OF INSTRUMENTATION

162

Electron microscope development group

163

Data analysis group

168

Computer group

177

Position-sensitive detectors

1 91

Applications of lasers

194

Development of microanalytical techniques

198

Separations
using
adsorption media

201

magnetically

manipulated

THE OUTSTATIONS

210

The Outstation at the DESY, Hamburg

211

The Outstation at the ILL, Grenoble

236

-5-

DIVISION OF CELL BIOLOGY

-6-

Structural
system

and

behavioural

studies

of

the insect nervous
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N. Strausfeld, G. Geiger, D. Nassel, U.
H. Anderson

Bassemir *

Fellows: D. Byers, B. Mulloney * , P. Sivasubrahmanian *
Visiting workers: S. Garen * ,

Devoe *

Technical assistant: H. Seyan
Structure of descending neuronal
to the thoracic ganglia of the fly

pathways

from

the brain

Relatively few neurons project axons from the brain to motor
centres of the thoracic ganglia (Strausfeld & Nassel,
1980).
A few of these cells (descending neurons,
DNs)
can be
(HRP)
consistently
filled with horseradish
peroxidase
(Nassel,
1981), cytochrome c (Nassel et al., 1981) or cobalt
ions (Obermayer & Strausfeld, 1980). These methods are being
used to study the synaptic relationships of DNs with other
neurons.
One neuron,
in particular, has been intensively studied.
This is the giant descending neuron (GDN) which is known,
from early electrophysiological experiments, to
receive
inputs from many types of nerve cell. Some of these can be
revealed by the transneuronal passage of HRP, cobalt, or the
fluorescent dye Lucifer Yellow (Stewart, 1978), as described
below.
In this way it has been shown that certain dendrites
of the GDN make connections with specific visual interneurons
and with antennal receptor fibres.
Fluorescent dye coupling of the GDN
(in cooperation with Dr. J. Bacon, MPI, Seewiesen)
Recordings of DNs indicate that many of them show spike
activity, but the GDN seems to spike rarely.
It responds to
a wide variety of stimuli, including mechanical displacement
of the antennae and visual stimulation.
After recording,
Lucifer Yellow is iontophoretically injected into the cell.
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PLATE
Some dendrites of the giant descending neuron (GDN)
filled
with Lucifer Yellow after recording electrophysiological
activity.
The ventral posterior dendrites appear to be
contiguous with the faintly fluorescing axons of visual
interneurons (Col A). Identical coupling ha + been resolved
after retrograde transneuronal
of Co 2 .
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Several DNs, including the GDN, show dye coupling to other
neurons.
The GDN terminals are coupled to the contralateral
homologue and its dendrites are coupled to axons of visual
interneurons, the Col A cells (Plate 1). The same pathway
from the GDN to Col A cells has been demonstrated with cobalt
ions (Plate 2) and HRP. Since Col A synapses have structural
features typical of chemical synapses, but because Lucifer
Yellow is .known to pass across electronic junctions, it is
possible that the junctions between GDNs and Col A cells have
a dual chemical and electrical nature.
Cobalt uptake across neuronal membranes
The phenomenon of transneuronal staining after cobalt uptake
into nerve cells has been discussed in previous Research
Reports. The site of the cobalt within primary filled GDNs
and within secondarily filled cells has been examined by
electron microscopy.
Silver intensification methods, using
block staining of cobalt sulphide deposits, allow their
resolution
by
light microscopy and
their
subsequent
investigation by electron microscopy. Cobalt silver deposits
are seen in
after short diffusion periods. After
longer diffusion periods heavier deposits are seen at the
postsynaptic
specializations
of the GDN and
in
the
presynaptic specializations of the secondarily filled cells
(Plate 2). Only some of the cells presynaptic to the GDN
become transneuronally filled, suggesting that these possess
a different type of junction.
Horseradish peroxidase uptake by neurons
Horseradish peroxidase is taken up transneuronally in some
pathways of the fly CNS (Nassel, 1981). The transneuronal
enzyme passage is specific to certain junctions and HRP can,
in some cases, cross two consecutive synapses. The labelling
resolves
the
detailed morphology of
three
sets
of
synaptically-connected nerve cells.
Studies are being undertaken to determine whether
the
junctions allowing transneuronal passage are morphologically
distinct from others and whether the uptake across junctions
depends on synaptic activity (e.g. by means of endocytic
uptake of HRP at the site of synaptic vesicle membrane
recycling).
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PLATE 2
Electron micrograph of cobalt-filled neurons demonstrating
trans-neuronal cobalt migration. The primarily-filled neuron
(the giant descending neuron, GDN) contains electron-dense
in its cytoplasm (·double asterisk). Mitochondria
(m ) exhibit heavy precipitates. Postsynaptic membrane areas
(double arrow) also show accumulations of precipitate.
The
trans-neuronally (secondarily) filled cell was identified as
a Col A neuron (Strausfeld, 1980) by light microscopy.
It
also contains precipitates in its cytoplasm (asterisk),
though these are less dense than in the primarily filled
neuron
onto which it is presynaptic.
However,
the
presynaptic ribbon (single arrow) does show cleir deposits as
does the mitochondrion in the Col A terminal (m ). The scale
bar indicates 1 micron.
The inset shows the precipitates in
the postsynaptic membrane area of GDN and in the secondarily
filled
presynaptic ribbon of a Col A cell.
In
this
preparation there has been no staining with lead citrate in
order to give good contrast of the deposits which would
otherwise be obscured when they are of such fine grain.
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The uptake and/or axonal transport of HRP has been found to
be improved by addition of various agents to the enzyme
solution;
lysolecithin, Non det P40, the membrane mobility
agent A C, DMSO, BSA and La + are all effective. HRP is now
2
being used to study the connections between peripheral optic
lobe neurons and higher order nerve cells connecting cerebral
and thoracic ganglia.
HRP is also being used in conjunction
with cobalt labelling in order to develop "double marking" of
neurons for recognition in the electron microscope (Plate 3).
Another method used for labelling neurons that are not
revealed by transneuronal labelling is to combine HRP with
stochastic silver impregnation. Eventually it is hoped to
develop a triple label, using HRP, cobalt-silver and silver
chromate.
All three products are separately identifiable at
the light and electron microscope levels and will enable us
to determine the identity of several profiles at" high
resolution.

3

studies on visually-guided orientation behaviour of the house

LlY

Three main problems are being investigated.
These can be
summarized as follows. (1) For a moving object in the visual
field an image is formed on the retina which is characterized
by at least two parameters. These are its position and its
velocity.
The aim of the present study was to investigate
properties of visual behaviour during transient stimulation
(using the laser torque-meter described in the 1979 Research
Reports).
The results show that positional information is
"computed" independently of motion. (2) Studies of monocular
orientation behaviour revealed that monocular properties of
orientation
towards objects are similar
to
binocular
properties except in the region of binocular overlap where
responses to front-to-back (progressive) stimuli are smaller
than elsewhere and the delay of the direction-sensitive
response is larger. 3) Properties of asymptotic oscillation
during
tracking were investigated in
connection
with
progressive-regressive response differences and
response
delays.
In "closed-loop" tracking these asymptotic nondecaying oscillations are present and have a
frequency of
5-6 Hz. The significance of asymptotic oscillations with
respect to underlying mechanisms of tracking and fixation
behaviours is being investigated (3 was done in collaboration
with T. Poggio, MPI TUbingen).
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Visual behaviour and structural correlates
As described
in the 1979 Research Reports, we are also
investigating
the effects of brain lesions on
visual
behaviour using laser ablation in the developing optic lobes
of 1st-2nd instar Musca larvae.
Methods for raising single
operated flies to adulthood, and for assuring accurate
location of the laser beam, have been refined.
It is now
possible to ablate cell groups in the larval brain and to
achieve alterations in certain .visual neuropils in the adult.
Behavioural defects are being correlated with structural
defects.
Some of the structural analysis uses computer
graphics developed by P.T. Speck in order to relate abnormal
neuropils to the structure of unoperated animals.
Development of sensory projections in the locust
In locusts, as in many insects, the CNS develops in the
embryo and is well differentiated at the time of hatching.
Sensory
neurons, on the other hand, continue
to
be
differentiated throughout postembryonic life. They develop in
the periphery from epidermal cells and then send their axons
into the CNS.
This system is being used to study how sensory neurons
navigate through the CNS to form arborizations in the
appropriate
places and make connections with
specific
interneurons.
,The approach being used is to examine
anatomically
(by
dye-filling
of
neurons)
and
electrophysiologically (by intracellular and extracellular
recording of neurons) the projections and connections of
sensory neurons developing at ectopic locations following
transplantation of their epidermal precursors.
The results
to date show that sensory neurons are assigned an intrinsic
developmental
program on the basis of the position of their
epidermal precursors on the embryonic body surface, and that
this
enables
them
to
distinguish
ipsilateral
and
contralateral areas of the CNS and to recognise a specific,
restricted region of the CNS neuropil.
Neurogenetics of learning in Drosophila
Work is continuing on this project with the objectives of
comparing the neuroanatomy of normal Drosophila and mutants
deficient in learning, and of learning the details of the
normal
neuroanatomy.
This
is
in
preparation
for
immunohistochemistry of a particular enzyme that is defective
in one of the mutants, using antibodies now being sought in
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PLATE 3
Two
electron micrographs showing silver-coated
cobaltsulphide grains in the endings of antennal receptor fibres.
Note
that the deposits are specially concentrated
at
presynaptic ribbons (single arrow in (a), double arrow in
(b)).
The upper micrograph shows a dendrite of the giant
descending neuron (GDN) which can be clearly recognized in
normally prepared tissue, even though in this case there is
no lead staining. The lower micrograph shows the result of
double labelling. The GDN was back-filled with horseradish
peroxidase
whereas; the antennal
fibres
were
filled
anterograde with Co + Sulphide and silver intensification
(the latter as the last stage in the procedure) reveal CoSAg· grains in antennal fibres. Peroxide-DAB treatment, on the
other hand, shows up reaction products in GDN whose electronopacity is clearly distinguished from that in cobalt" filled
elements. The scale represents 1 micron.
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other laboratories.
The Bodian and Cajal (Bodian,
1936;
Cajal,
1913) methods of staining with reduced silver have
been explored using Drosophila and found to be sufficiently
reliable for use with mutants.
A study of the distribution
of the cranial nerves is nearing completion and a similar
study of the body nerves is in the early stages.
Publications during the year
Bacon, J., Strausfeld, N.J. (1980).
Non-random resolution of
neuron arrangements. In:
Neuroanatomical Techniques: Insect
Nervous System.
Eds.: Strausfeld, N.J.
& Miller, T.A.,
Springer-Verlag, New York, p. 357-372.
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,
0., Babu, R. & Hall, L.; Plenum, New York, p.467474.
Byers,
D.,
Davis, R. L. & Kiger, J. A.
(1981).
Defect
cyclic AMP phosphodiesterase due 'to the dunce mutation
learning in Drosophila melanogaster.
Nature (London),
79-81.

in
of

Geiger,
G.
(1981). Is there a mqtion-independent position
computation of an object in the visual system of the house
fly?
Biol. Cybern., !Q, 71-75.
Hausen,
K.
& Strausfeld, N. J. (1980). Sexually dimorphic
interneuron
arrangements
in the
fly
visual
system.
Proc. Roy. Soc. London, ], 208, 57-71.
Na sse 1 ,
D. R.
( 1981 ) .
Transneuronal
lab ell ing
wi th
horseradish peroxidase in the visual system of the house fly.
Brain Res., 206, 431-438.
Nassel,
D.R.,
Berriman,
J.A. & Seyan,
H.S.
(1981).
Cytochrome c as a high resolution marker of neurons for light
and electron microscopy. Brain Res., 206, 439-445.
Obermayer, M.
& Strausfeld, N.J. (1980).
Silver-staining
cobalt sulphide deposits within neurons of intact ganglia.
In: Neuroanatomical Techniques: Insect Nervous System.
Eds.
Strausfeld N.J. & Miller, T.A., Springer-Verlag, New York, p.
401-430.
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Strausfeld, N.J. (1980). Male and female visual neurons
dipt'erous insects. Nature, lli, 381-383.

in

Strausfeld,
N.
J.
&
Miller,
T.
A.,
eds.
(1980).
Neuroanatomical techniques: insect nervous system.
(Springer
series in experimental entomology, 5) Springer, New York.
Strausfeld, N.J. & Nassel, D.R. (1980).
Neuroarchitectures
serving compound eyes of crustacea and insects.
In: Handbook
of Sensory Physiology,
Vol III/6B.
Ed.:
Autrum,
H.,
Springer-Verlag, Heidelberg, p. 1-132.
Strausfeld, N.J. & Singh, R.N. (1980). The projection of
sensory and central axons in normal and mutant (bithorax)
Drosophila melanogaster:
eds. Siddiqi, 0., Babu, P. & Hall,
L.; Plenum, New York, p.267-291.
Other references
Bodian, D. (1936). Anat.Rec., Q2, 89-97.
Cajal, S.R.
(1913). Trab. Lab. Invest. BioI. Univ. Madrid.,
Vol. II, p. 219 and Vol. XIV, p. 155.
Stewart, W.W. (1978).

741-759.
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Genetic analysis of embryogenesis in Drosophila melanogaster
Members: C. NUsslein-Volhard, E. Wieschaus
Fellow: G. JUrgens
Visiting workers: F. Forquignon * , F. Minena *

G. Struhl *

Technical assistants: H. 'Kluding, M. Weber
In the development of higher organisms, an apparently uniform
egg cell gives rise to a complex, strictly
organized
structure
of differentiated tissues.
The
principles
governing the correct segregation of developmental potential
in a defined spatial and temporal sequence are poorly
understood. We are studying this process in Drosophila, using
mutants as tools to alter specific developmental decisions.
By their mode of inheritance, two types of genes may be
distinguished, those which are expressed during oogenesis
(maternal effect mutants) and those which are expressed after
fertilization, indicating activity of the zygotic genome
(zygotic mutants). To identify the mutations of each class
different screening procedures are required.
In the past
year we have completed large scale mutagenesis screens for
zygotic mutants on all three major chromosomes and have begun
similar screens for maternal effect mutants.
Zygotic genes affecting embryonic development
In the past, the number of mutations known with specific
effects on embryonic development was very small.
Such
mutants were usually buried in a large and anonymous class
called lethal mutants and only in a few selected cases had
they
been
recognized to
affect
embryonic
decisions
specifically. Compared to mutants altering the morphology of
the adult fly, embryonic lethal mutants seemed difficult to
,obtain, recognize and analyse.
For an understanding of the
logic behind the complex process of embryonic determination,
however, it appeared necessary to know what fraction of the
genome is involved in developmental decisions, how unique
each of these genes is and what types of disturbances of
embryonic development could be caused by alteration of single
genes.
With this aim in mind, we began large scale
mutagenesis experiments designed to identify, if possible,
all genes required for the development of a morphologically
normal embryo.
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Lines isogenic for single ethyl-methyl-sulphonate treated
chromosomes were established using genetic procedures which
avoided sorting out flies in each generation and enabled us
to handle the very large number of lines required in such a
saturation experiment. From each lethal line
unhatched
embryos
were processed for microscopic inspection
and
screened for abnormalities in the cuticle under a compound
microscope.
For this purpose we had developed methods
enabling us to screen on average 1500 lines in one week.
In
three separate experiments for each of the three major
chromosomes (the preliminary results of the screen for the
second chromosome were mentioned in last year's Report)
we
screened a total of 22,000 lines and obtained about 500
mutants which revealed distinct morphological alterations in
the embryo.
In crosses performed between mutants with
similar phenotype, complementation groups were established
with on average 4-5 alleles each.
We have identified about
50 loci on the second chromosome, and 40 and 20 on the third
and
first
chromosome respectively.
From
the
allele
frequencies and Poisson calculations we estimate that we have
almost reached genomic saturation and thus that not many more
than 100 genes are required for the development of a
morphologically normal larva (2-3% of the genome).
This number is surprisingly small and encouraging since it
indicates the upper limit of complexity of the system.
Although not all of these genes may affect
embryonLc
decisions, most of those which do should be contained in our
collection. With few exceptions, each locus has its own
distinct
phenotype.
Certain
classes
of
phenotypic
characteristics appear frequent, others one might imagine are
not represented.
We are currently analysing the phenotypes
in more detail with the aim of arriving at a reasonable
working hypothesis about the role of the individual genes in
normal development. These studies involve the observation of
development in mutant individuals, the analysis of the range
of tissues affected and the determination of the earliest
time in development when the absence of gene activity causes
a deviation from normal development. We have also begun
phenotypic studies on double mutants to detect possible
interaction between two or more genes.
One particularly intriguing class of mutations comprises
those that affect the segmentation pattern of the larva.
Normally the larval body consists of 11 segments which arise
as equally sized subdivisions of the blastoderm. We found
that the number of loci affecting the number and polarity of
the larval segments is very small (not many more than 19
genes). Only three types of pattern alterations are observed
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in these mutants while other imaginable alterations appear
forbidden.
These three types are: pattern duplication in
each segment (seven loci), pattern deletions in every other
segment
(8 loci) and the deletior. of one group of adjacent
segments (4 loci).
The discovery of a mutant class affecting
corresponding regions in every other
was not expected
a priori.
These mutants suggest that s8gmentation proceeds
by large, double segmental repeat units, which are later
subdivided into individual segments.
A second important class of mutations involved in the
establishment of segmental pattern comprises those that cause
homeotic transformations,
such that the affected segments
develop a morphology characteristic of another region of the
body.
To identify such mutations we have pursued two
different tactics:
(1) screening the adult progeny of xirradiated males for dominant phenotypes indicative
of
partial transformations, followed by subsequent analysis of
the phenotype in homozygous embryos, and (2) direct scoring
of homozygous embryos as a part of our large-scale screens
for zygotic lethals (see above). The latter method led to the
isolation of new alleles of previously kncwn loci as well as
the identification of two new loci, one on the X- and one on
the third chromosome. The total number of zygotically active
genes identified so far appears to be eight, if complex loci
are counted as single units: one on the X-chromosome,
three
on the second and four on the third.
Maternally active genes
Many of the decisions made by cells in the embryo are
influenced by substances put into the egg during oogenesis
and thus involve genes which are active in the maternal
rather than in the zygotic genome. We are now planning largescale mutagenesis experiments aimed at identifying all such
genetic loci and preliminary screens have been carried out in
connection with the mutagenesis for zygotic lethal mutations
on the second chromosome. Homozygous females from the
1160
non-lethal lines were tested for female sterility, abnormal
embryonic development and agamety in their progeny. 135 new
mutants were found and of these,
4 result in pattern
already
visible in the
chorion
of
the
unfertilized egg.
Two other mutations cause
visible
alterations only in the embryonic pattern, one shortening the
anterior-posterior axis, the other affecting the formation of
germ cells.
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The lines established in the screens for zygotic lethals on
the second and third chromosome were also tested for dominant
maternal
effects. Since these tests were made on
F2
heterozygous females, all stocks could be tested regardless
of whether or not they possessed additional lethals (5800
second chromosomes, 12,000 third chromosomes). Lines in which
the heterozygous females were totally sterile were maintained
by outcrossing males to balancer females.
On the second
chromosome, 17 mutations have been identified, on the third,
seven.
At least 4 of the mutations isolated so far affect
chorion pattern and 9 cause alterations only in embryonic
pattern.
Publications during the year
Nlisslein-Volhard, C., Lohs-Schardin, M., Sander, K. & Cremer,
C. (1980).
A dorso-ventral shift of embryonic primordia in a
new maternal effect mutant of Drosophila
melanogaster.
Nature (London),
474-476.
Nlisslein-Volhard,
C.
& Wieschaus, E. (1980).
affecting
segment number and polarity
in
Nature (London),
795-801.

Mutations
Drosophila.

Wieschaus, E. (1980).
A combined genetic and mosaic approach
to the study of oogenesis in Drosophila. In Development and
Neurobiology of Drosophila:
Eds.
Siddiqi,O.,
Babu,
P.,
Hall, L.M. & Hall, J.C., Plenum, New York, p. 85-94.
Wieschaus,
E.,
Audit, C. & Masson, M.
(1981).
A
analysis of the roles of somatic cells and germ line
oogenesis in Drosophila.
Develop. BioI., (in press).
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Semliki
Forest virus structure, assembly and entry into
the host cell; vaccines against enveloped viruses
Members: K. Simons, H. Garoff and A. Helenius
Fellows: C. Kondor-Koch * , M. Marsh, K. Matlin, J. White
'Student: H. Riedel *

* N. Genty * , P. Lehtovaara,
*
Visiting *workers: F. Daniel,
Soderlund

H.

*
Ohlsen,

B.

Technical assistants:
Skene , H. Virta

E. Bolzau, E. Kiko,

M.

The life cycle of Semliki Forest virus
Our group has been studying the life cycle of Semliki
Forest
virus in BHK-21
cells since
1970.
These studies are
approaching an end. Semliki Forest virus (SFV) is now one of
the best characterized animal virus systems; more
is known
about how this virus enters its host cell and
is assembled
into progeny viruses than is the case for any other animal
virus. These studies have not only elucidated the mechanisms
of virus entry and assembly, but they have also given
insights into important cellular functions.
Viruses have to
rely on the biochemical machinery of a
cell
for
their
reproduction.
By studying viruses one is, in
fact,
gaining
access to aspects of cell structure and
function
that
otherwise would be difficult to investigate.
SFV has turned
out to be a useful probe to study membrane assembly and
traffic
in the animal cell, two central
topics in cell
biology today.
SFV is exceptional among enveloped viruses in having a very
simple, defined structure and composition; purified viruses
can,
in fact, form three-dimensional crystals. SFV consists
of a spherical nucleocapsid (40 nm in diameter) which contain
the 42S viral RNA and 240 copies of the capsid
(C)
protein
(molecular weight
30,000), a lipid bilayer membrane with
about
36,000 phospholipid,
cholesterol
and
glycolipid
molecules,
and
240 membrane-bound
spike
glycoprotein
complexes.
Each spike consists of 3 glycopolypeptide chains
E1,
E2 and
E3 (49,000,
51,000 and
10,000 respectively)
forming 7 nm long projections on the viral surface.
The Cterminal moieties of E1 and E2 are membrane-bound;
both span
the membrane with the extreme C-terminal 31 residues of E2
internal
to the bilayer interacting with the nucleocapsid.
-22-

The regions coding for the virus structural proteins on the
virus
RNA have been sequenced using
recombinant
DNA
technology and the amino-acid sequences have been deduced (in
collaboration with A.-M.
Frischauf,
H.
Lehrach, and H.
Delius) .
The life cycle of the virus in BHK-21 cells starts by the
viruses attaching to the cell surface.
The viral spike
glycoproteins bind to glycoprotein receptors on the cells.
The binding is virtually irreversible and depends on multiple
spike protein - receptor contacts. In lymphoblastoid cells we
have
evidence
that binding can occur to
the
major
histocompatibility antigens,
but the presence of
other
receptors is likely.
After moving laterally along the
membrane the viruses are internalized in coated vesicles.
At
0
37 C the half-life on the surface is about 7-20 minutes and
the uptake capacity of BHK-21 cells is several
thousand
viruses per minute.
Fusion of virus with the plasma membrane
does not occur under physiological conditions.
Within
minutes the viruses collect in endosomes and from here pass
to
the lysosome with a half-life of \ 30-45
minutes.
Penetration of the genome into the cytoplasm most likely
occurs in the lysosomes.
There the low pH apparently
triggers a
fusion reaction between the virus and
the
lysosomal
membrane
resulting in the release
of
the
nucleocapsid into the cytoplasm and the initiation of protein
synthesis and RNA replication.
In the entry process the virus makes use of the physiological
receptor-mediated endocytotic pathway into the cell.
Only
two virus functions are required to deliver the genome into
the cytoplasm;
the capacity to bind to the cell surface and
to
fuse with an intracellular membrane. Both functions are
properties of the virus spike glycoproteins.
After uncoating of the nucleocapsid in the cytoplasm the
virus
423 RNA serves as a messenger for
translation of
proteins needed
for new virus RNA synthesis.
Negativestranded 423 RNA is first made and from this two positivestranded RNA molecules are produced in the infected cell: new
42S RNA and 263 RNA molecules.
The 263 RNA carried the genes
located at the 3' end of the 423 RNA, and these encode the
four
structural proteins of the virus.
There is only one
initiation site for protein synthesis on the 263 RNA;
the
virus proteins are translated sequentially from this site in
the order C, E3, E2 and E1.
Between the genes of E2 and E1 a
small segment is located that codes for 60 amino acids which
corresponds to a nonstructural 6 K peptide.
This peptide has
-23-

recently been identified in infected cells by Welch and
Sefdon (1980).
Soon after synthesis the C proteins combine
with 42S RNA in the cytoplasm and together they form the
virus nucleocapsid.
The E polypeptides, on the other hand,
are inserted into the membrane of the endoplasmic reticulum
and transported through the Golgi apparatus to the cell
surface.
Thus the proteins made from the same mRNA are
directed to two different compartments of the cell.
Our
studies show that the virus mRNA manages to route these
proteins with different destinations within the cell by
interposing a signal peptide between the regions coding for
the C-protein and the E proteins.
The ribosome translating
the 26S mRNA first becomes bound to the membrane of the
endoplasmic reticulum after this signal peptide has been
translated,
initiating
translocation of the E proteins
through the membrane. The virus polypeptides C, E1, and the
precursor p62 are formed by proteolytic cleavages during
translation.
The last cleavage forming E2 and E3 from p62
probably takes place at the plasma membrane or shortly
before.
The cleavage site contains an arginine pair located
before the amino-terminus of E2.
Many prohormones
and
proproteins have been shown to be processed to their final
forms via specific cleavages at sites bearing pairs of basic
amino-acid residues.
The secreted proteins and the virus
membrane glycoproteins are probably processed by the same
proteases, part of the post-Golgi pathway to the cell
surface.
How
the virus glycoproteins find
their way from
the
endoplasmic reticulum to the surface of the cell is not yet
known.
This problem is currently being studied by G.
Warren
and his group (see his Report, p. 80).
The final event in the morphogenesis of the virus particle is
the budding of the nucleocapsid through the plasma membrane.
This occurs by the binding of the nucleocapsid to the
cytoplasmic segment of the virus spike glycoproteins spanning
the plasma membrane. Budding proceeds when more
spike
proteins diffuse into the budding site and are trapped by the
underlying nucleocapsid. When all the binding sites have been
occupied,
the membrane folds around the nucleocapsid and
probably breaks to release the virus particle.
The newly
formed virus then attaches to another cell to start the
infectious cycle once again.
SFV has not only proven a useful experimental system to study
basic virus and cell functions, but our studies have also
-24-

resulted in a number of important spin-offs
application.

with

practical

1. In the elucidation of the structure of virus membrane a
considerable effort was spent on studying how different
detergents solubilize the membrane and especially the
amphiphilic membrane proteins. This made it possible to
isolate the virus glycoproteins in non-denatured form,
to
prepare
lipidand
detergent-free
water-soluble
glycoprotein
complexes
(protein
micelles)
and
to
reconstitute them into lipid bilayers using octylglucoside
and dialysis.
The methods and the basic concepts in
detergent solubilization which emerged from these studies
are now commonly used in membrane biochemistry.
2. The methods developed to isolate the virus glycoproteins
as protein micelles turned out to be especially suitable
for preparing potent subunit vaccines against enveloped
viruses. We have shown that protein micelles are very
efficient in preventing the disease caused by Semliki
Forest virus in mice and by parainfluenza 3 virus in sheep
(in
collaboration with M.
Sharp, Moredun Institute,
Edinburgh and B. Morein, State Veterinary Institute,
Stockholm) .
Subunit vaccines against diseases caused by
enveloped viruses have so far not been widely used in
human and veterinary practice.
The situation will
probably change dramatically in the next few years with
the introduction of recombinant DNA technology to produce
the needed protein antigens.
The problem of how to
present the protein as an efficient immunogen remains.
Our studies show that the protein micelle form is a
promising possibility.

3. The

virus entry studies showed that a number of weak
bases, the so-called lysosomotropic agents,
inhibit SFV
infection.
These compounds (chloroquine, amantadine,
NH Cl) pass through cellular membranes in their uncharged
4
forms. The molecules entering the lysosomes become charged
and as a result they are too polar to pass back through
the lysosomal membrane. They therefore accumulate and
raise the intralysosomal pH above the limit necessary for
induction of SFV fusion. Earlier work has shown that these
compounds inhibit infection of a number of other membrane
viruses, but the mechanism of inhibition has been unknown.
Amantadine is, in fact, in use as an anti-viral drug
against influenza virus. Our recent work with vesicular
stomatitis virus and with influenza virus makes it likely
that the inhibitory effect is due to the increase in
lysosomal pH.
Both of these viruses seem to use the same
low pH device as SFV for entry through the lysosomes into
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the cytoplasm by membrane fusion.
These new findings
might make it possible to develop more efficient antiviral drugs against viruses which use low pH for entry.

4. Membrane

fusion has many uses in biological research.
Applications include the production of hybrid cells for
monoclonal antibody production and the introduction of DNA
and proteins into cells. Although quite successful in some
cases,
the available techniques are limited in their
usefulness by problems of low efficiency and toxicity.
The pH-dependent fusion activity of Semliki Forest virus
can be used to fuse cells to each other and probably also
to fuse lipid vesicles with cells. The fusion activity of
Semliki Forest virus seems more efficient than that of
Sendai
the classical virus fusogen.
The fusion
reaction is easy to control and no lysi,s of cells is
induced.
These preliminary studies indicate that Semliki
Forest virus will find application as a fusion agent.

5. Other

methodological developments include methods worked
out in conjunction with the sequencing of the cDNA copied
from the Semliki Forest virus 26S RNA. A useful subcloning
procedure was worked out mainly by H. Lehrach and A.-M.
Frischauf (see their Report, p. 64).
Together with W.
Ansorge the gel electrophoresis step for separating the
end-labelled
oligonucleotides in DNA sequencing
was
improved (see his Report, p.
198). A simple protein
sequencing method was also developed to check the aminoacid sequence.deduced from the DNA sequence.

The generation of surface polarity in kidney epithelial cells
We are now shifting the emphasis of our work to another
experimental system. The general strategy remains unchanged.
We intend to use viruses as probes to study the generation of
cell surface polarity.
The cell line we are using is the
MDCK cell, a kidney epithelial cell which is also being
studied by D. Louvard (see his Report, p. 87).
Our studies
will be done in collaboration with Louvard and his group. The
MDCK cell grows as a monolayer in continuous culture.
Its
cell surface is polarized into two domains, the apical and
basolateral surfaces separated by a
junctional complex.
These surface domains have a completely different protein
composition.
The plasma membrane proteins not only have to
find the plasma membrane from their site of synthesis inside
the cell, but they must also be sorted out either to the
apical or the basolateral domains.
Rodriguez-Boulan and
Sabatini (1978) have shown that different enveloped viruses
insert their membrane glycoproteins either into the apical or
the basolateral surface. We are using fowl plague virus (FPV)
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as our apical membrane marker and vesicular stomatitis virus
(VSV)
as our basolateral marker.
We are approaching the
sorting out problem in three different ways. Our aim is to
find out how the virus glycoproteins reach their correct
destination at the cell surface.
1. Implantation of the virus membrane protein into the MDCK
cell surface membrane
Together with H. Reggio we have demonstrated that both FPV
and VSV use a mechanism of entry into MDCK cells similar
to that described for SFV: receptor-mediated endocytosis
into the lysosomes and low pH-induced membrane fusion.
If
these viruses are bound to the cell surface a drop of the
pH below 6 for VSV and below 5.5 for FPV induces' fusion of
the virus membrane with the plasma membrane. We now want
to study what happens to the virus membrane proteins if
they are implanted either into the apical or into the
basolateral domains of the cell surface of MDCK cells.
Are there two circuits of membrane recycling, one apical
and one basolateral?
Are these connected to each other?
If so, where?
2. Sorting out during intracellular transport after de novo
synthesis of the virus glycoproteins
We will attempt to find out where sorting takes place: in
'the Golgi apparatus or first at the cell surface?
This
. will be done using cell fractionation,
inhibitors of
intracellular transport and immuno-electron microscopy (in
collaboration with G. Griffiths).
Cell
fractionation
methodology will have to be improved for this purpose. We
hope to do this in collaboration with K. Howell and D.
Louvard using organelle-specific monoclonal antibodies.

3. Use

of genetic engineering to localize the apical and
basolateral "address tags"
in the genes coding for the
virus membrane glycoproteins
It is reasonable to assume that the apical and the
basolateral proteins contain the information for delivery
to
their respective destinations in
their
primary
structure.
Our working hypothesis is that it is the Cterminal region of the membrane protein that carries the
signal for its transport from the endoplasmic reticulum
via Golgi to either the apical or the basolateral surface
of the MDCK cell.
This segment of the protein spans the
cellular membrane and extends into the cytoplasm. We shall
test this hypothesis by studying the expression of hybrid
proteins in' which we have exchanged the gene

-27-

segments coding for the cytoplasmic C-terminal region
between an apical and a basolateral marker protein.
The
construction of the hybrid molecule will be done on the
DNA level using cloned eDNA copies of the appropriate
mRNA's and conventional genetic engineering techniques.
The problem of eDNA expression in the MDCK cells will be
approached in two ways. First we shall synthesize RNA
in vitro using E. coli RNA polymerases and as a template
our cloned eDNA, which has been linked to a prokaryotic
promoter.
The RNA will then be injected with
a
microneedle into the cytoplasm of the MDCK cell and the
cells will be screened for surface expression using
immunofluorescent techniques. In the second approach we
want to transform the MDCK cells to produce viral membrane
proteins.
The eDNA will be linked to SV40 promoter
splicing and polyadenylation sequences and then either
injected into the nucleus of MDCK cells or given to these
cells as a calcium-phosphate co-precipitate together with
a co-transforming selectable marker gene (the thymidine
kinase gene of Herpes simplex virus or the bacterial
xanthine-guanosinephosphoribosyltransferase
gene).
Abortive
transformants
that
can
be
studied
by
immunoflurorescence would probably suffice to solve our
initial problem but we would also like to have stable ones
for more sophisticated biochemical
We are now at the stage of constructing our hybrid DNA
molecules and testing systems for cell transformation,
for
microneedle injection, and for in vitro transcription.
The
transformation experiments are being done together with K.
Soderberg and D.
Louvard and the in vitro transcription
experiments with H. Lehrach.
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Early events in protein secretion and membrane biogenesis
Members: B. Dobberstein, S. Kvist *
Fellows: S. Kvist * , D.I. Meyer, L.M. Roberts *

* D. Larhammar *
Visiting workers: F. Daniel,
,Technical assistant: M. Olsen
Selection and chafiacterization
cDNA clone coding for
part of a mouse H-d major histocompatibility antigen
The major histocompatibility complex of the mouse (H-2)
governs the expression of several cell surface proteins which
are highly polymorphic. Among them are the H-2K,
D and L
transplantation antigens which are non-covalently linked to
B -microglobulin. These antigens are responsible for graft
2
rejection
and are known to be involved in the recognition of
virally or chemically modified cells by cytolytic T-cells. It
is hoped that a molecular analysis of these antigens and the
genes coding for them will explain the polymorphism on a
structural basis and also give further clues to the function
of these proteins.
In collaboration with the groups of P. Kourilsky in Paris, P.
Peterson in Uppsala and H. Garoff, S. Kvist has approached a
structural analysis by cloning DNA sequences coding for H-2
antigens.
Messenger
RNA
coding
for
mouse
major
transplantation antigens of the d-haplotype was partially
purified, copied into double-stranded cDNA, and cloned in
E.coli.
Clones were selected by their ability to hybridize
specifically with mRNA goding for H-2K, D or L antigens. One
of these clones, pH-2 1, carried a 1200 base-pair insert,
comprising the non-coding region including poly A at the 3'
end and part of the coding region. A partial sequence of the
latter region revealed
homology with the known
amino-acid sequences of H-2K , K and HLA-B7 antigens.
From
this comparison, the coding region extends from amino-acid
133 in the second domain, through the 3rd domain, and down to
the cytoplasmic carboxy-terminal region. A stretch of 24
hydrophobic or uncharged residues, located 31 amino acids
from the C terminal end, could represent the segment that
spans the membrane. This is followed on the cytoplasmic side
of the membrane by a cluster of basic amino acids and a
possible phosphorylation site on a threonine residue.
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d
The availability of the pH-2 1 probe will facilitate the
determination
of complete amino-acid sequences of
H-2
antigens from different alleles as well as from different
loci.
This will make it possible to map the polymorphism at
the molecular level. Work in this direction is at present
being carried out by L. Roberts in collaboration with A.-M.
Frischauf.
Furthermore, it will be possible to analyse the
genes for histocompatibility antigens in mouse, and possibly
in other organisms such as man, on a structural as well as a
functional level.
A membrane protein necessary
for the translocation
proteins across the membrane of the endoplasmic reticulum

of

The mechanism by which secretory proteins are translocated
across a membrane, and plasma membrane proteins are inserted
into a membrane, is unknown.
Several lines of evidence
suggest that specific membrane proteins of the endoplasmic
reticulum
are involved in this process.
The
nascent
polypeptide chain must be recognized, translocated, and
proteolytically processed, and in certain instances it is
also glycosylated or phosphorylated and disulphide bonds are
formed.
The aim is to separate and isolate components
involved in these processes and to reassemble them into
functional complexes.
In doing so it is hoped to learn about
the translocation process at a molecular level.
Using a reconstitution system which translocates nascent
polypeptide chains across rough microsomal membranes,
D.
Meyer has characterized a membrane protein which is involved
in translocation.
This protein. can be detached from
microsomal membranes by using elastase and high salt, and it
reconstitutes
protein
translocation
to
translocationincompetent membranes.
It constitutes the cytoplasmicallydisposed domain of a larger membrane protein, has a molecular
weight of 60,000,
is basic in character and contains an
accessible sulphydryl group (Meyer & Dobberstein, 1980, a &
b).
In collaboration with D. Louvard, D. Meyer has raised
antibodies against this protein. These specifically react
with the 60,000 dalton protein fragment and block protein
translocation
across
microsomal
membranes
in
the
reconstituted system.
Using these antibodies it was shown
that the intact membrane form of the 60,000 dalton protein
fragment has a molecular weight of 80,000.
Using these
antibodies as a tool it should be possible to characterize
this translation-active protein further, and furthermore the
search for other membrane proteins involved in protein
translocation across membranes should be facilitated.
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Expression
Chironomus

and

control

of genes

for secretory proteins in
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* L. Rydlander *
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Technical assistants: K. Burvall * , C. Francke,
Gene regulation studies
Balbiani rings (BR) are genetic loci in giant polytene
chromosomes in the salivary glands from the Dipteran insect'
Chironomus.
BR transcribe giant mRNA which codes for a group
of giant secretory proteins (Rydlander et al., 1980).
These
proteins weigh about 850,000,
i.e. they are of a size
normally characteristic only for proteins formed by crosslinking of smaller units.
However,
in this case the
translation units are similar in size to the proteins and
thus of truly giant size (Rydlander & Edstrom,
1980).
Normally there are at least two giant proteins Ia and Ib
determined by two BR and these account for about 50% of the
total protein synthesis. If animals are exposed to galactose
or some other compounds a new ring, BR6, will form (Beermann,
1973) and concomitantly a new giant protein component Ic
appears.
Component Ib which is normally formed in largest
amounts decreases. This switch encompasses about one fourth
of the total protein synthesis (Edstrom et al., 1980).
The BR system is particularly suitable for studies on gene
regulation.
One advantage is the unique size of the
translation
units accounting for the majority of
the
differentiation products.
Another is the possibility to
induce an apparently inactive locus (BR6) to become the one
accounting for most of the protein 'synthesis in the cell.
In
addition, the size of the cells, their nuclei and chromosomes
make microdissection of chromosome segments easy and permit
chemical analysis of a few cells.
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1 • The size of the dominant translation units leads to
polysomes of unique properties. In collaboration with the
group of Dubochet and with o. Miller we can demonstrate
these in the electron microscope as units with long
so-called
of growing protein chains, the
gradients
correlating
Further work aims
at
trees.
Christmas
morphological with chemical data as well as determining
the basic parameters of the polysomes.

2. Polysomes of giant size are more sensitive to some
inhibitors
than other smaller-sized polysomes.
This
permits the synthesis of most of the differentiated
products
to
be selectively
inhibited.
Such
"dedifferentiated" cells form an interesting model in work on
gene activity control. The effect on the Balbiani rings is
being studied as well as the fate of the messenger RNAs no
longer expressed in a cell that is otherwise little
affected.

3. Metabolic changes after administration of agents

inducing
BR6 and component Ic are being investigated.
Different
inducers all lower inorganic phoshate.
Added phosphate
will inhibit induction or de-induce already
induced
glands.
The phosphate changes in turn are likely to exert
their effect via influences on the adenosine nucleotides.
This is now being studied.

4. Work

on the intact system will be supplemented by other
types of studies in which macromolecules are injected into
.living cell cytoplasm or nuclei. Since electrophoretically
distinct alleles of the induced protein are present, BR6
messenger RNA can be used for microinjection into induced
and non-induced cells to probe for translational control.

5. Clones

of BR6 DNA are being made with a new microcloning
technique
(see below). They can be used for
mRNA
identification, sequencing, studies of structural changes
during induction, microinjection, etc. Several hundred
clones have now been isolated from a small piece of one of
the chromosomes containing BR6 and encompassing about 0.5%
of the genome.

Microtechniques
Development of microdissection-microextraction techniques for
gene expression studies represents a second line of interest.
In collaboration with the groups of Pirrotta and Melli a
technique has been developed for extracting and purifying DNA
in picogram amounts using nanolitre volumes in the oil
chamber (Scalenghe et al., 1981). Clones were obtained from
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small
microdissected
segments of
Drosophila
polytene
chromosomes.
There are many other biologically important
instances for which microcloning would open new possibilities
such as mammalian chromosomes, the Drosophila Y chromosome,
meiotic chromosomes, etc. For such purposes a method capable
of handling even smaller amounts of DNA would, however,
be
desirable
together with a somewhat
increased
cloning
efficiency. As a result of recent experience we consider it a
realistic goal to use about one picogram of DNA to obtain
several dozens of clones.
Although DNA obtained by microdissection and microextraction
has an obvious use in cloning, we are not overlooking other
potential applications such as for direct injection into
nuclei for studies of BR6 induction. It might also provide an
interesting
material
in
work
on
replication
and
polytenization.
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Gene expression and its control
Members: K. Murray, A.R. Dunn

* R. Perez Mellado, U. Reif *
Fellows: N.C. Gough,
Yisiting workers: T. Burnett * , M. McCrae * , M. Viola *
Technical assistant: H. Krischke
Two systems are being used in studies of gene expression.
One of these, histone genes, is of interest for both the
product and control of expression of the gene, and the other,
viral antigen genes, for the regulation of expression and
involvement with host cell transformation,
particularly
malignant transformation.
\

Histone genes from sea urchins and yeast have been cloned in
both bacteriophage
and plasmid vectors and propagated in
Escherichia coli. Here,
the principal objective is the
production of histones in E.coli so that mutants can then be
engineered which will provide opportunities to harness the
approaches of biochemical genetics to the analysis of histone
function.
Histone genes have therefore been placed in
vectors so that their expression could be placed under the
control of
promoters. Sites in the DNA for the initiation
of transcription in vitro and for binding of E.coli RNA
polymerase were'located by electron microscopy (with H.
Delius)
and these experiments revealed the presence of
promoter-like sequences within the cloned DNA.
Analysis of
the transcription products in E.coli after infection with the
recombinant
phages confirmed that these segments
were
functional in
but effective transcription of
the
histone genes also occurred from the A P
promoter. A
L
transcription map of a sea urchin histone gene cluster has
been constructed, but attempts to demonstrate translation of
the transcripts in E.coli have been unsuccessful.
More
recombinants have therefore been constructed in which various
segments of the yeast H3 gene (of which the parent organism
has only two copies;
M.M. Smith & K.
Murray, unpublished
work)
have been fused to control sequences from
some
bacterial genes so as to make hybrid polypeptides. If these
prove to be expressed efficiently it will be possible to make
a range of mutant polypeptides for studies of histone
function in vitro and in eukaryotic cells.
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Hepatitis B
(HBV) constitutes a major world-wide threat
to public health.
Some claim that it is the largest single
cause of viraemia in the world; there is a strong correlation
between the
of HBV infection and chronic liver
disease including primary hepatocellular carcinomas, and it
is estimated that there are some 200 million carriers of HBV
in the world. Normally, the virus infects only man and some
other primate species (although recent evidence suggests that
some rodents carry a similar virus), and there is no
satisfactory tissue culture system for propagation of the
virus.
Little is known, therefore, of the life cycle of HBV
or of its interaction with its host, although viral genomic
sequences have been detected in the DNA of some hepatoma cell
lines (Brechot et al., 1980; Chakraborty et al., 1980).
HBV has a small DNA genome which has been cloned in E.coli,
and some of the viral antigen genes can be expressed in
E.coli (Burrell et al., 1979; MacKay et al., 1981). From the
nucleotide
sequence
of cloned HBV
DNA
the
general
organization of the viral genome has been deduced
(Pasek
et al., 1979). Some of the recombinant plasmids are therefore
being used as substrates for transcription with various cellfree extracts of RNA polymerase II in attempts to locate
sequences
controlling expression, and to
establish
a
transcriptional map of ,the HBV genome. Such experiments are
of basic importance to an understanding of the biology (and
pathology)
of HBV since no satisfactory system exists for
in vivo studies and they can be used to explore organspecific transcriptional control of HBV, the organization of
transcriptional control of the viral genome, and the presence
of additional genes of which we are currently unaware.
HBV DNA molecules have been constructed from some
unusually large HBV DNA molecules isolated as recombinants
with the E.coli plasmid-pBR322 and are being put into a
variety of animal cells, for mouse L cells have been
transformed into a line that can produce the viral surface
antigen by co-infection with a recombinant DNA molecule
carrying a head-to-tail dimer of the HBV genome and a plasmid
containing the thymidine kinase gene of Herpes simplex virus
as a selectable marker (Dubois et al., 1980). These and other
similar experiments have as their combined objectives the
productive infection of the cell with HBV, the integration of
the
viral
genome into that of the host
cell,
and
morphological transformation of the host cell, all of which
will illuminate the life cycle of the virus and the general
problem of gene expression and its regulation.
Integration
of viral DNA sequences into the host genome is also being
studied in a number of 'hepatoma cell lines in collaboration
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with Prof. P.-H. Hofschneider and his colleagues R. Koshy and
A. von Loringhoven von Freitag (MPI Martinsried, Munich).
In
these experiments fragments of DNA carrying the integrated
HBV sequences are being cloned in phage
vectors to provide
material for nucleotide sequence analysis at the points of
integration, for use as substrates in in vivo transcription
studies, and for transformation experiments.
Evidence from a number of viral systems suggests that only a
few viral gene functions are involved in the
changes
accompanying neoplastic transformation of mammalian cells by
DNA tumour viruses. In order to identify these genes and
study the changes that they induce in the host cell, cloned
fragments of viral DNA are being inserted sequentially into
host cells by cotransformation with DNA molecules carrying
selectable markers such as thymidine kinase or xanthineguanine phosphoribosyl transferase. Several independent lines
of epithelial cells that are mutant in their thymidine kinase
gene have been established from rat liver for this purpose.
Some of these transformed cells containing viral antigens
appear to be phenotypically normal, while others appear
grossly abnormal. These cell lines are being analysed for the
presence and organization of integrated viral DNA in the host
chromosomes and by standard criteria for
morphological
transformation.
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Molecular gen§.t.ics of prokaryotes
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This group is studying basic biological processes via a
combination of genetic and molecular approaches.
These
processes
include the mechanisms and control
of
DNA
replication and the control and specificity of bacterial
restriction and modification systems.
Genetic analysis of the replication of plasmid pmB1
Small plasmids like colE1 are often used as models to study
DNA replication. We are investigating the replication of a
plasmid derived from pMB1,
a plasmid structurally
and
functionally very similar to colE1.
pMB1 requires
the
polymerizing activity of DNA polymerase I, maintains a high"
number of genomes per cell and its replication continues in
the absence of protein synthesis.
A region of about 600 nucleotide pairs has been shown to
contain all the information necessary for plasmid replication
(Backman
et al.,
1978).
In this region at least
two
transcripts are initiated in vitro (Itoh & Tomizawa,
1980)
though their importance for plasmid replication is not clear.
The evidence available indicates that no plasmid-encoded
protein acts as a positive regulator of plasmid regulation
(Donoghue & Sharp, 1978).
Our approaches to the problem involve both the isolation of
mutants affected in plasmid replication or its control and
the
in vivo study of the two transcripts,
previously
identified in vitro, by the fusion of their promoters to the
gene.
The detailed genetic analyses were made possible by using
phasmids
vectors in" which the plasmid can
reversibly
integrate into a
A chromosome
via int-mediated recombination. Integration of the plasmid into the phage, in fact,
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confers to the hybrid structure the ability to grow in a
homoimmune lysogen. This virulent phenotype, due to titration
of phage repressor, results from plasmid-driven replication,
and it has allowed us to isolate point mutants that are
either affected in plasmid replication or its control. The
mutations have been mapped genetically and physically within
a region of approximately 1000 nucleotides near the origin of
replication.
We are sequencing the DNA of some of these
mutints and hope to correlate base changes in the DNA with
its function in DNA replication.
Some of the mutants
affected in control of plasmid copy number have been shown to
map in a region different from the 600 base pairs region
previously shown to be sufficient (Backman et al., 1978)
for
"colE1-type" replication.
The second approach concerns the relevance of transcription
in the region of the origin of plasmid replication.
We have
fused, in vitro, various restriction fragments of the plasmid
to the e-galactosidase structural gene and via these fusions
we have characterized two promoters, both located in the
region upstream to the origin of replication.
Our aim is to
isolate mutations in these promoters using as convenient
phenotypes the coloured indicator systems provided by the Bgalactosidase technology. These mutated promoters will then
be transferred to the pMB1 plasmid by in vivo recombination
and the mutated plasmids should allow us to ask whether, and
how, these transcripts are involved in plasmid replication.
Host specificity (hsd) systems
Restriction and modification enzymes exemplify an important
class of proteins that recognize specific DNA sequences. The
restriction endonucleases encoded by chromosomal genes of
E.coli are particularly complex and, in contrast to many
other restriction enzymes, do not break DNA at specific
targets.
Nevertheless,
these systems
retain
sequence
specificity in that modification is the methylation of a
specific DNA sequence. Information relevant to DNA sequencespecificity resides within the subunit determined by the hsdS
gene (Boyer & Roulland-Dussoix, 1969; Arber & Linn,
1969;
Hubacek & Glover,
1970).
Thus a hybrid protein having
polypeptides determined by the hsdM and R genes of E.coli K
and the hsdS gene of E.coli B has B-specificity.
The
nucleotide sequences recognized. by E. coli K and B are now
known to be closely related.
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We have cloned the hsd genes of E.coli K12 (Sain & Murray,
1980) and deduced the order of the three closely linked
genes.
The three hsd genes are transcribed in the same
direction but not necessarily from the same promoter. Genetic
evidence
identifies
two
promoters,
one
from
which
transcription of hsdM and
can be initiated and a second
necessary for transcription of hsdR. Since the product of
hsdR is not needed for modification the potential for
sequential control exists. A fourth gene downstream, but
immediately adjacent to hsdS, could playa regulatory role.
Currently we are making operon fusions that will permit us to
test our hypothesis of sequential control and to deduce the
mechanism of control.
E.coli, and related enteric bacteria, provide a reservoir of
allelic host specificity systems.
Present studies are
extending to the level of comparative DNA sequence analyses
of a series of allelic hsdS genes each conferring the ability
to recognize a different DNA sequence.
In the case of two
Salmonella spp, genetic evidence (Bullas et al.,
1976)
suggests a new substrate specificity as the result of genetic
recombination.
Our studies confirm DNA homology between the
E.coli K hsd genes and those of E.coli B,
Salmonella
typhimurium (SB) and Salmonella potsdam (SP).
However, only
a minority of wild type E.coli strains analysed have hsd
genes sharing homology with those of E.coli K.
Comparative
DNA. sequences should aid the understanding of both proteinDNA interactions and evolutionary diversification.
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Member: V. Pirrotta

* K. Kaiser, G. Scherer,
Fellows: T. Baldari, C. Hadfield,
Spena

A.

Student: C. Tschudi

* P. v.d. Elsen,
* N.
Visiting workers: E. Calef,
A. Viotti

*
Junakovich,

Technical assistants: D. Abildsten, J. Telford
The main effort of our group is devoted to the study of the
structure and expression of genes in Drosophila melanogaster
and in particular those genes which are involved in the early
stages of development.
Embryonic gene expression To isolate gene sequences which are
specifically expressed at different stages of embryonic
development, we have undertaken extensive screens of a cDNA
clone library prepared from 2-5 h embryos and of a genomic
clone library. The libraries were screened by hybridization
with poly A+ RNA sequences from 0-90 min embryos and from 2-5
h embryos. Since transcription from the zygotic genome begins
around 2 h,
the former sequences represent
maternally
contributed
RNA.
Clones which hybridized
to
2-5
h
(blastoderm)
RNA but not to maternal RNA represent gene
sequences presumed to be specifically transcribed around the
blastoderm stage.
By this technique we isolated a collection of blastoderm
differential clones. However, 85% of these contained members
of a repeated, disperse gene family which we call B104 and
which hybridizes in situ to about 120 sites in the polytene
chromosomes.
A rough calculation based on the number of B104
clones detected suggests that the number of genes newly
activated at the blastoderm stage is not high (perhaps 2030).
Among these we expect to find genes responsible for
early
developmental decision.
One of our
single-copy,
blastoderm-specific clones, for example, hybridizes in situ
to 17E, the region where the developmental mutation fused has
been mapped.
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An interesting feature of the clones we have isolated is that
corresponding sequences in the poly A+ RNA appear at 2-5 h,
increase in abundance for a short period but disappear after
10 h,
indicating that they are truly specific for early
embryonic stages. Another interesting aspect is that many of
these clones contain in close proximity sequences which
appear in the poly A+ RNA at different embryonic stages.
Genes specific for dorsal hypoderm.
To study the expression
of genes in the development of a particular type of tissue,
we have used the dorsal mutant of C. NUsslein. As a result of
this maternal effect mutation, embryos fail to make any but
the earliest developmental decisions and differentiate only
dorsal hypoderm.
Clones which hybridize specifically to late dorsal poly A+
RNA were isolated by screening both a genomic clone library
and acDNA library made from late dorsal poly A+ RNA. Many of
these clones contain a repetitive, disperse sequence which we
identified as the copia element. We found that both in wild
type and in dorsal embryos, copia sequences appear in the
cytoplasmic poly A+ RNA around 10 h and continue
to
accumulate thereafter.
The single copy late dorsal specific clones we isolated
contain genes which are normally expressed in the late wild
type embryonic stages or in the early larval stages. We
conclude that .even in the absence of any other embryonic
structure, the dorsal embryos follow a predetermined program
of sequential gene expression. Using these clones we would
now like to study how the expression of these genes is
controlled at the molecular level.
As with the blastoderm clones, we found that the late dorsal
clones frequently contain two or more genes which are very
differently regulated. One clone, for example, contains three
genes within the space of 14 kb. One gene codes for a
maternal
RNA which disappears from the
embryo
after
blastoderm. One is activated around 15 h and the third, a
copia element, is apparently activated around 10 h.
Gene families.
Not only B104 and copia,
but the other,
previously described gene families,
412,
297,
225, are
regulated during development, at least at the level of the
appearance of the corresponding poly A+ RNA. Each family has
a characteristic developmental profile: B104 appears early,
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copia late, 225 very weakly and late while 297 is present
maternal RNA and decreases slowly during development.

in

We have studied the B104 gene family in greater detail.
The
element is about 8kb long and includes direct terminal
repeats of 429 bp. The length and the sequence are somewhat
variable in that certain members of the family contain short
additional
DNA inserts not present in other
members.
Transcription begins within the left terminal repeat and can
produce a full-length RNA molecule, or it can terminate
earlier, producing classes of shorter poly A+ RNA molecules.
RNA molecules which hybridize only to internal parts of the
B104 element have also been detected. We have sequenced both
terminal repeats from one clone and the right terminal repeat
from a different clone. The results indicate that, like copia
in Drosophila, Ty-1 in yeast and retroviruses in general,
insertion
of B104 in a genomic site causes a
short
duplication of the host target sequence, in this case of 5
bp.
The sequence near the edges of B104 bears remarkable
similarity to that of some retroviruses,
suggesting
a
similarity in the mechanism of insertion and excision.
The 53 RNA genes.
These genes, of which there are some 150200 copies in Drosophila, are arranged in an array of tandem
repeats.
The basic unit, the sequence of which we had
previously determined, is 375 bp long. N. Junakovich of the
University of Rome found that in many Drosophila strains the
53 RNA gene cluster is split by the insertion of one or more
DNA regions containing non-53 RNA sequences. Together with
Junakovich we have cloned a DNA fragment containing one such
insertion from the Yale strain of Oregon R Drosophila
melanogaster.
DNA fragments containing 53 RNA gene repeats
are unstable in a A cloning vector apparently because they
undergo rapid internal recombination and lose the multiple
copies.
The clone we isolated contains one remaining 53 RNA
gene out of an original 9-10 copies, flanked by non-53 RNA
sequences on both sides. One side represents the normal edge
of the 53 gene cluster but the sequence on the other side and
immediately adjacent to the remaining 53 RNA gene is a
repetitive element found in more than 100 other sites in the
polytene chromosomes. We conclude that the 53 RNA gene
cluster is a
for the insertion of a repetitive,
disperse, mobile element. When tested against the DNA of
other known disperse, repetitive sequences in Drosophila,
this element was found to be a member of the B104 gene family
which we had independently isolated in our screen for
sequences specifically expressed during early
embryonic
development.
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Dissection and cloning of
fragments.
Another
approach to the isolation of genes important in development
is to try to clone genes which are known from genetic
analysis to influence development. A number of such genes has
been mapped genetically but no biochemical handle exists to
identify them at the moLecular level.
In collaboration with F. Scalenghe, E. Turco and J.E.
Edstrom, we have developed a technique which permits us to
dissect fragments from a desired region of a polytenic
chromosome, extract the DNA and obtain clones from it. The
reactions take place in aqueous droplets of a few nanolitres,
permitting us to work with picogram amounts of DNA. The
results show that it is possible to obtain a few hundred
EcoRI clones from a chromosome region corresponding to
several hundred kilobases of genomic DNA.
We are therefore
not far from saturating the desired region.
In order to map
several
hundred kilobases of genomic DNA, it is
now
sufficient to use these clones to obtain and arrange in order
corresponding clones from a library of larger
genomic
fragments, for example a cosmid library. Using this method we
are now in the process of cloning the region of section 3 of
the Drosophila X chromosome.
Cloning of zein genes from maize.
In collaboration with A.
Viotti of the Istituto Biosintesi Vegetali, CNR, Milan, we
are studying the organization and control of expression of
the zein genes of maize.
We have begun by cloning cDNA made
from poly A+ RNA of endosperm and have obtained a collection
of clones using ,the EcoRI liner method and inserting in the A
641
vector. Representative cloned sequences have
been
characterized by cross-hybridization with each other, by
hybrid-selected
translation of corresponding mRNAs,
by
hybridization to Southern blots of genomic DNA and by in situ
hybridization to maize chromosomes. The cDNA clones can be
divided into subsets which do not cross-hybridize, which
select RNAs coding for different polypeptide chains and which
hybridize to different genomic fragments.
The results
confirm the existence of a large number of zein genes, coding
for different zein polypeptides and distributed in four
chromosomes. We have constructed clone libraries of genomic
DNA fragments and are in the process of screening them with
the cDNA clones.

-48-

Publications during the year
Pirrotta, V., Ineichen, K. & Walz, A. (1980). An unusual RNA
polymerase binding site in the immunity region of phage A.
Molec. Gen. Genet., 180, 369-376.
Scalenghe, F.,
Turco, E., Edstrom, J.-E.,
Pirrotta, V. &
Melli, M. (1981). Microdissection and cloning of DNA from a
specific
region
of
Drosophila
polytene
chromosomes.
Chromosoma, (in press).
Tschudi,
C.,
& Pirrotta, V.
(1980).
heterogeneity
in
the
5S
RNA
gene
Drosophila melanogaster.
Nucleic Acids Res.,

-49-

Sequence
and
cluster
of
441-451.

Regulation of gene activity in
Member: M. Melli
Fellows: F. Scalenghe, E. Ullu
Students: L. Dente, V. Esposito *
Visiting. workers: P. Battaglia * , E. Ginelli * ,G.
E. Turco

*
Spinelli,

Technical assistant: K. Goldmann
Sequence organization in the human genome: characterization
of a short polydispersed,
repeated DNA.
The discovery of Britten & Kohne (1968)
that a large
proportion
of
eUkaryotic DNA consists
of
reiterated
sequences, either clustered or interspersed within
the
genome, has stimulated a massive amount of work in the
attempt to understand the nature and possible function of
such DNA.
The development of cloning techniques combined with the
discovery of restriction enzymes has given a further impulse
to these studies, providing means for the identification of
the primary structure of defined DNA fragments.
Recently
Houck et ale (1979) have characterized the so-called "Alu"
family of repeated interspersed sequences in the human genome
which represents approximately 3% of the haploid DNA.
Some
of the components of this family have been cloned and
sequenced, and homologies have been found
the origin of
replication of BK virus, simian virus 40 and polyoma virus,
which has led to the hypothesis that the Alu family of
interspersed sequences might function as the origin of DNA
replication in mammalian cells (Rubin et al., 1980;
Jelinek
et al., 1980).
Last year we reported the presence of repeated sequence(s) in
a human DNA recombinant clone called AHh1
(Research Report
1979). The subject of the present communication is the
detailed study of the structure of this sequence and of its
relation to genomic DNA and cellular RNA.
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In order to isolate the repeated sequence we have subcloned
AHh1 DNA digested with the restriction enzyme SauIII A into
the BamH1 site of the plasmid PBR322. Recombinant plasmids
containing the repeat were selected by hybridization with
nick-translated human DNA, which contains a high proportion
of the sequence (Research Report, 1979). A large number of
colonies gave positive hybridization and five of them,
randomly chosen, were used for further analysis. Sequencing
of the recombinant DNA derived from these clones showed tll<1t
they all contain a 60 base-pairs fragment highly conserved
that we call "b6". The hybridization of b6 to human and AHh1
DNA digested with various restriction enzymes confirmed the
interspersed and repeated nature of b6 in the recombinant
clone and in the human genome. Comparison with the available
sequences of human DNA recombinant molecules has shown its
multiple presence in the DNA surrounding structural genes,
sometimes within "Alu" type sequences. Furthermore a very
similar structure has been found in the early region of
adenovirus 12.
The alignment of b6 with all the homologous
fragments has allowed the identification within the 60 base
pairs of a "consensus sequence" 30 base-pairs long which
contains a small inverted repeat and represents the most
highly conserved portion of the fragment, whereas
the
flanking regions show a higher degree of base substitutions
and insertions. Hybridization of b6 with mouse DNA, after
digestion
with
the
EcoR1
restriction
enzyme,
gel
electrophoresis
and Southern transfer results
in
the
appearance of a diffused pattern of radioactivity without
definition of bands, similar to what we have observed for
human DNA. However, the intensity of the signal is lower in
the former sample suggesting that this sequence in mouse is
conserved, but is fairly heterogeneous in respect with the
human counterpart. We have not observed any detectable
homology hybridizing b6 with Xenopus laevis, chicken and sea
urchin DNA.
Quantitative hybridization of b6 to human DNA shows that this
fragment representg 4% of the genome and has a reiteration
frequency of 2 x 10 . If the repeat were randomly distributed
we would expect to find it once every 1500 bases. The
distribution that we have actually observed shows that b6 can
be clustered, as in AHh1 DNA, or present at intervals of 500
to 1000 bases, as in the spacer regions of some of the hunan
globin genes.
The high frequency distribution and relative conservation of
this sequence might suggest that it plays a role in the
organization of chromatin structure. In view of this we have
undertaken the digestion of chromatin in different functional
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states with endogenous and exogenous nucleases, in order to
find out if the distribution of this sequence in the
nucleosome is random, or if this structure or part thereof is
protected by the nucleosomal body in comparison with the
remaining DNA.
Hybridization of the separate strands of b6 with nuclear RNA
of HeLa cells, electrophoresed on a denaturing ge"l and
transferred to millipore filter, gave the following result.
Both strands hybridize strongly and with equal intensity to
HnRNA in a very diffuse pattern.
Only the fast-moving strand
seems to hybridize to two discrete RNA bands which migrate in
the approximate position of 278 and 178 RNAs. We have not
found homology with ribosomal RNA.
Only the slow-moving
strand hybridizes to cytoplasmic RNA and in particular to a
250 base-pair long molecule previously described as 78 RNA
(for review see Bishop, 1978). This RNA has been found in
hamster, mouse,
chicken and human cells.
In all cases
fingerprint analysis has revealed a very simple pattern of
oligonucleotides, seemingly identical in all these species,
which suggests a high degree of conservation throughout
evolution (Erikson et al., 1973; Walker et al., 1974;
Zieve
&
1976). We have now cloned in Aphage a cDNA copy of
HeLa cell 78 RNA in order to sequence it.
The cloning was
carried out as described in the following section for cDNA
copies of histone mRNA.
The knowledge of the sequence of 78
and its availability in a pure form should allow us to study
the structural relationship of 78 with the repetitive DNA and
with the cellular components with which it might interact.
Cloning of cDNA copies of histone mRNA of HeLa cells.
We have attempted to clone copies of the major histone mRNA
species of HeLa cells either using RNA-DNA hybrids directly,
or synthesising cDNA from poly A- RNA by the technique of
random priming of the reverse transcriptase enzyme.
Neither
technique
was
satisfactory in producing
the
desired
recombinant DNA clones.
Adenylation of 98 poly A- RNA
enriched for histone mRNA, followed by reverse transcription,
has produced a cDNA capable of hybridizing with histone DNA.
The cDNA made double-stranded with the Klenow fragment of
polymerase I was ligated with EcoR1 linkers and A641
phage
DNA (Murray et al., 1977). After packaging, the recombinant
phages were screened with single histone genes of the sea
urchin Psammechinus miliaris cloned in the single-stranded
phage M13, giving a number of histone-positive recombinants.
Hybrid-selected translation and sequencing of the recombinant
DNA have been used to establish the exact nature and
structure of the molecules.
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In collaboration with G. Spinelli, we have also cloned
histone mRNA copies of the sea urchin Panacentrotus lividus
at the stage of mesenchyme blastula. These mRNAs have been
shown to diverge considerably from those of early blastula,
but the genomic genes from which they are encoded have not
been
yet
identified.
We
are
now
undertaking
the
identification of such a gene using the histone recombinant
clones decribed above as probes for hybridization to sea
urchin DNA,
after Southern transfer. Under very stringent
conditions of hybridization, these DNAs should be different
enough to give a specific signal on the genomic coding
sequences.
The identified gene will be isolated by size
fractionation of the DNA and cloned.
The study of the
structure of developmentally specific histone genes might be
important for the recognition of sequences which may be
responsible for the activation of such genes at specific
developmental stages. For this reason we would like to follow
a similar approach in order to analyse stage-specific human
histone mRNAs and the related genes.
Cloning of
chromosomes

defined

fragments

of

Drosophila

melanogaster

In collaboration with E. Turco, J.E. Edstrom, and V. Pirrotta
we have succeeded in cloning picogram amounts of DNA obtained
by microdissection of the polytene chromosomes of Drosophila
melanogaster.
10 chromosomal fragments each
containing
approximately 10 bands, as determined by phase contrast
microscopy, were digested with proteinase K and
phenol
extracted in the oil chamber described for micromanipulation
of
Chironomus
Balbiani rings.
All
the
following
manipulations except for the packaging of DNA were also
carried out in the oil chamber. The DNA (10-20 pg)
was
digested with the restriction enzyme EcoR1, ligated with \641
DNA (Murray et al., 1977) and packaged in vitro. We have
obtained 80 recombinant phages containing Drosophila DNA.
Five of them,
randomly chosen, were hybridized in situ
showing
homology with the region of the
X-chromosome
originally dissected which includes the genes white and
notch.
A subsequent experiment, carried out with a similar
amount of DNA from a different chromosomal region, has given
up to 500 recombinant phages of Drosophila DNA.
The high
cloning efficiency might permit the use of this technique for'
cloning single mammalian chromosomes.
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Protein-nucleic acid interactions play a central role in the
molecular biology of living cells. Control of gene expression
and DNA replication,
for example,
involve enzymes
and
regulatory proteins which interact in a highly specific
manner with defined target sequences in DNA or RNA.
Certain
proteins,
such as repressors, recognize
one
specific
nucleotide sequence, thus enabling them to act selectively on
one particular target site iq the chromosome. Other enzymes,
such as RNA polymerases, interact with a family of related
sequences, and the activity of the enzyme is modulated by the
precise nature of this interaction.
Most of our present
understanding of how proteins recognize specific nucleotide
sequences comes from the extensive studies of the phage
and
lac repressor-operator complexes.
The precise amino acid
nucleic acid interactions have not, however, yet
been
identified and will have to await the solution of the crystal
structure of these complexes by x-ray diffraction analysis.
Alternatively, a genetic approach can be used to investigate
how proteins recognize specific sequences, provided that. one
can
isolate and recognize mutations which
alter
the
recognition
properties
of the protein. The
type
II
restriction endonucleases which have been extensively used in
recombinant DNA research are uniquely suited for such an
approach.
First, these enzymes recognize well-defined short
sequences
(4-6 base pairs long), and
their
sequence
specificity can be readily deduced from their cleavage
specificity.
. Secondly, the biological properties of these
enzymes can be exploited, as outlined in detail below, to
develop genetic systems for isolating mutations which alter
their sequence specificity. Thirdly, each restriction enzyme
has a companion modification methylase which recognizes
exactly the same nucleotide sequence, thus providing a unique
opportunity
for investigating how a sequence
can
be
recognized by two
proteins.
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The EcoRI restriction endonuclease and modification methylase
from Escherichia coli, chosen for this study, recognize the
hexanucleotide sequence:

The
arrows indicate the position of cleavage by
the
endonuclease, the asterisks indicate the adenine residues
which are methylated by the methylase.
This methylation
prevents cleavage by the'endonuclease, thereby allowing the
methylase to protect the target sites on the bacterial
chromosome
against restriction
endonuclease
cleavage.
Foreign DNA such as bacteriophage DNA which is not methylated
is recognized by the endonuclease and is degraded upon
entering the cell. The in vivo activity of the endonuclease
can thus easily be monitored by measuring phage restriction.
Experimental strategy
The main objective of this project is to examine how the
EcoRI enzymes recognize their target sequence by analysing
how mutations can affect their recognition properties.
The
rationale we followed for developing a genetic system which
permits the isolation of this type of mutation was to take
advantage of the potential suicidal character of
such
mutations.
Indeed, if the endonuclease were allowed to
recognize a different target sequence it could then cleave at
sites which are not protected by the methylase.
Consequently
such a mutant enzyme would be expected to degrade the
bacterial chromosome and hence kill the cell.
Such mutants
are readily isolated when the expression of the endonuclease
can be experimentally controlled, for example by fusing the
gene to a controllable promoter such as the APR promoter: in
the presence of a temperature-sensitive
A repressor the
expression of the gene can then be turned on and off by
incubating
the
cells at high
and
low
temperatures
respectively.
Our
basic strategy was to use in vitro
recombination
techniques (1) to analyse the molecular organization of the
genes coding for the EcoRI restriction endonuclease and the
modification methylase (2)
to manipulate these genes to
investigate how the activities of the enzymes are regulated
in vivo,
(3) to exploit the genetic properties of the
manipulated genes to devise genetic approaches for isolating
various types of mutation, and in particular mutations which
alter
the recognition specificity of
the
restriction
endonuclease and the modification methylase.
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Organization of the EcoRI genes
Earlier studies had shown that the EcoRI restriction and
modification system was encoded by a rnulticopy plasmid,
termed pMB4. By subcloning different DNA fragments from this
plasmid into other multicopy plasmid vectors we were able to
show that a 2 kb fragment carried all the genetic information
for the EcoRI system.
The precise location of the genes
coding
for the EcoRI endonuclease and
methylase
was
determined by deleting different segments of this 2 kb
fragment.
These experiments also revealed that each gene is
transcribed from its own promoter. In collaboration with H.
pelius we have mapped the RNA polymerase binding sites and
initiation
sites for in vitro transcription.
A
rather
complicated picture emerged, revealing the presence of a
total of 6 or 7 transcription initiation sites.
Both genes
are transcribed in the same direction, proceeding from the
endonuclease gene to the methylase gene. One initiation site,
located
upstream of the endonuclease gene,
presumably
corresponds to the endonuclease promoter. The three candidate
promoters for the methylase gene were found within the
endonuclease gene.
Two or three additional transcription
initiation sites are located within the methylase gene but
their function is unclear.
Short of further evidence, we
believe that this complex promoter arrangement reflects a
mode of regulation for the sequential expression of these two
genes.
Efficient transfer of EcoRI plasmids between E. coli
strains indeed requires a full expression of the methylase
prior to that of the endonuclease, which would otherwise kill
the recipient cell.
Manipulation of the EcoRI genes
The different steps involved in the manipulation of the EcoRI
endonuclease and methylase genes are shown diagrammatically
in Plate 4.
The conclusions emerging from these experiments
can be summarized as follows.
1. First we sequestered the two genes onto two different
compatible multicopy plasmids. Since each gene segment
carries its own promoter, cells harbouring these two
plasmids exhibit normal restriction and
modification
properties.
The finding that we were unable to transfer
the plasmid carrying the endonuclease gene into cells
which did not carry the methylase gene plasmid indicated
that the endonuclease is lethal to the cell in the absence
of the methylase.
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Manipulation of the Eco RI genes
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2. To facilitate further manipulations of the endonuclease
gene we translocated the methylase gene from the·multicopy
plasmid into the E.coli chromosome by first inserting the
gene
into an appropriate
A phage vector and
then
lysogenizing cells with this recombinant A phage.
This
"translocation caused, however, a 20- to 30-fold reduction
of the methylase gene copy number, and we were therefore
not
surprised to find that plasmids
carrying
the
endonuclease gene were not viable in this strain, which
synthesizes too low levels of methylase. To overcome this
problem we attempted to amplify the synthesis of the
methylase by fusing the methylase gene to the strong A
promoters P L and PR.
Several plasmids overproducing the
methylase were isolated. Our best overproducer synthesizes
roughly 100,000 molecules per cell corresponding to a
level of methylase protein equivalent to 7 per cent of the
total cell protein. These promoter-gene fusions were
inserted into the appropriate A vector. Lysogenic strains
carrying a chromosomal methylase gene fused to the A P or
R
P promoters can now be used to propagate the endonuclease
L
gene carrying plasmid.
Transfer of the plasmid isolated
from these strains into
strains occurs
at very low frequencies (10
to 1 0 ) .
An extensive
analysis of these transformed cells revealed that they all
harbour plasmids carrying a mutant endonuclease gene (see
below).
These results clearly demonstrate that the
methylase gene plays an essential role in protecting the
cell against the deleterious activity of the endonuclease.
Furthermore, analysis of the restricting properties of the
different strains revealed that the efficiency of phage
restriction was inversely proportional to the level of
methylase activity present in the cell.
Thus the
methylase
directly with the endonuclease in
restriction of foreign DNA.
3. As
outlined
earlier,
we
attempted
to
control
experimentally the expression of the EcoRI endonuclease by
fusing the gene to the A P promoter, in such a way as to
R
delete the original endonuclease promoter.
A set of 14
promoter-gene fusion plasmids was isolated which, in the
presence of a temperature-sensitive
A repressor, direct
the
synthesis of EcoRI endonuclease only
at
high
temperature but not at low temperature. The expression of
the endonuclease in these plasmids is thus entirely
controlled by the A P promoter. Further genetic studies
R
revealed, however, the existence of two distinct classes
of A PB-endonuclease fusion plasmids. Nucleotide sequence
analysls of the fusion points-revealed that the class I
fusions express a wild-type endonuclease protein since all
fusions occurred upstream of the endonuclease gene.
In
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contrast, the class II fusions express fusion proteins in
which 5 to 15 NH terminal amino acids of the endonuclease
are substituted for by the NH -terminal polypeptide of the
2
cro gene,
22 amino acids long. In one case the fusion
occurred upstream of the AUG in phase with cro, producing
a fusion protein consisting of the NH -terminus of cro
2
fused onto an intact endonuclease protein.
All fusion
proteins
possess the specific EcoRI
endonucleolytic
activity,
indicating that the NH -terminus
is
not
essential for this activity. These
of the NH 2 terminus however strongly affect the biological activiEy
of the endonuclease within the cell (see below).
Dual mode of control of the endonuclease activity
The detailed analysis of the biological properties of the
class I and II P -endonuclease fusions lead us to conclude
that the
of the EcoRI endonuclease in vivo is
controlled in two different ways.
First,
the methylase
protects its target sites in the chromosome.
Secondly, the
activity of the endonuclease is "compartmentalized" within
the cell in such a way that it cannot act on the cell's own
chromosome. Although we have not yet identified the molecular
nature of this compartmentalization, it seems likely that the
enzyme might be bound to the membrane, possibly at specific
locations. This notion would be consistent with the second
important observation, namely that this compartmentalization
is essential for efficient restriction of foreign DNA (phage
restriction).
Furthermore, our genetic evidence indicates
that both modes of control of the endonuclease activity
in vivo are essential to protect the cell fully against the
deleterious ·effects of endonucleolytic cleavage of
the
chromosome.
The evidence supporting these conclusions rests
on the observation that the alterations in the NH 2 terminal
domain of the endonuclease found in the class II fusions
produce two effects.
First they abolish, almost completely,
the capacity of the enzyme to restrict phages (while the
endonucleolytic activity remains uneffected). Secondly they
markedly increase the suicidal activity of the endonuclease,
both in cells that do and in those that do not synthesize the
methylase. Induction of the endonuclease in cells that do not
carry the methylase gene results in a very rapid cell killing
in the case of the class II fusion plasmids, while cells
carrying class I plasmids survive much better.
The class II
fusion plasmids are clearly unstable in methylase-producing
strains,
segregating endonuclease-deficient mutant plasmids
at high frequencies.
In addition, genetic evidence indicates
that a still unidentified regulatory protein encoded by the
endonuclease-methylase
DNA segment is involved in
the
compartmentalization process.
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Endonuclease mutations
The manipulations of the EcoRI endonuclease and methylase
genes have provided simple genetic systems for isolating and
analysing different types of mutations in these genes.
Endonuclease-deficient mutations.
Several methods are now
available
for selecting mutations that inactivate
the
endonuclease:
(1) transfer of the endonuclease gene-carrying
plasmid into a methylase-deficient strain, (2) induction of
endonuclease synthesis in the same strain and selection for
surviving cells,
(3) selection for mutants that do not
restrict
phages.
Using the first selection method we have
isolated 80 independent endo- mutants. 38 of these
(about
50%) turned out to carry the IS1 insertion element integrated
at a total of 26 different sites within the endonuclease
gene.
We are at present determining the precise integration
sites of these IS1 insertions using DNA sequencing,
in the
hope of unravelling the sequence recognition patterns that
govern IS1
insertion. Furthermore the relative ease with
which we can isolate these insertions should enable us
eventually to pick up all the sites within the endonuclease
gene at which IS1 can integrate and to measure carefully the
relative frequencies of insertion at different sites.
Recognition specificity mutations.
Following the rationale
outlined above, we used the PR-endonuclease fusion plasmids
to select mutations that alter the cleavage specificity of
the EcoRI endonuclease. These mutations were isolated by
screening for mutations which render the activity of the
endonuclease lethal in the presence of the methylase.
The
class
II
fusion plasmids which synthesize
the
croendonuclease fusion proteins were chosen since they produce
effective cell killing in the absence of the methylase.
Mutations were isolated by transforming in vitro mutagenized
plasmid DNA into strains carrying a chromosomal methylase
gene and a plasmid which encodes a temperature-sensitive A
repressor. After replica plating colonies failing to grow at
high temperature were isolated. Genetic analysis confirmed
that 7 of the temperature-sensitive lethal mutations were
located within the endonuclease gene.
Preliminary results
from assays of the EcoRI endonuclease activities present in
crude extracts of these mutants thus far failed to reveal any
alteration in the cleavage specificity of the mutant enzymes.
A more careful analysis of the mode of cleavage, using
purified mutant enzyme preparations, will be required to
characterize the nature of the defects in these mutant
endonucleases. Our main future efforts will be directed
towards using different types of procedures of in vitro
mutagenesis and in particular localized mutagenesis
to
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isolate and examine different types of mutations affecting
the cleavage properties of the restriction endonuclease.
In
a parallel approach we hope to isolate suppressor mutations
in the methylase gene which compensate for the lethal defects
of different endonuclease mutations. Such mutants can readily
be
obtained
by
selecting
for
temperature-resistant
revertants. In this way we hope to induce alterations in the
recognition specificity of the methylase, similar to those
present in the mutant endonucleases.
Characterization of
analysis

mutations by

direct nucleotide sequence

The genetic analysis of genes carried by multicopy plasmids
is severely hampered by the difficulties encountered in using
conventional recombinational analysis for mapping mutations.
This prompted us to explore the feasibility of
using
nucleotide sequencing techniques to characterize and map
mutations. We have recently developed a novel application of
the dideoxy chain termination method in which plasmid DNA
prepared on a miniscale from small cultures can be used as
template DNA for sequencing.
By using carefully chosen
primers the entire sequence of the endonuclease gene (850
base pairs)
can be deduced from four different elongation
reactions. Provided a suitable mutagenesis approach is used,
this sequencing method can be used to characterize directly
the
structural
alterations
in
mutant
proteins:
by
mutagenizing short segments (100-250 bases)
using in vitro
techniques
of
localized
mutagenesis,
and
subsequent
sequencing of these segments, mutational alterations can be
identified in an unambiguous manner.
Furthermore,
this
development opens novel perspectives. For instance, aminoacid residues which are not essential for normal enzymatic
activity can be identified by sequencing a population of
carefully mutagenized plasmid DNAs.
In this way mutant
enzymes which could be useful for structural studies (e.g.
NMR analysis) and which exhibit no detectable phenotype bould
be isolated.
The clathrin gene: a collaborative project
In collaboration with K. Stanley, G. Warren, D. Louvard "and
F. Winkler we have recently started a project described in
detail on page 135, aimed at using in vitro recombinant DNA
techniques to study the structure and function of the
clathrin gene in eukaryotic cells.
Our initial efforts will
be directed towards isolating recombinant plasmids carrying
sequences coding for clathrin. These cloned DNA segments will
then be used (1) to examine the number of clathrin genes in
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the chromosome,
(2)
to deduce the primary
clathrin from the sequence of its gene.
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Sequence analysis and interpretation
The sequence analysis of cloned Semliki Forest virus 26 S
mRNA has been completed (Garoff et al., 1980a, Garoff et al.,
1980b).
The results have proved to be very instructive in
many different respects. On the one hand this first complete
sequence of the structural proteins of an enveloped virus has
contributed to a better understanding of the structure,
assembly and biology of this and similar viruses.
In
addition, owing to the large amount of biological information
available about this system, it has been possible to gain
some
insight into the general problem
of
extracting
information from nucleic acid sequences, a problem which can
be expected to be treated more exhaustively in connection
with the recently established DNA sequence library.
Examples
have been the development of programs for the identification
of potential trans-membrane stretches, and their use for the
identification of the trans-membrane regions of the spike
proteins e1 and e2 as well as of regions potentially involved
in membrane fusion or serving as potential signal sequences.
In addition it has been proposed that the amino-terminal
region of approximately 110 amino acids of the capsid protein
might be involved in the interaction with the genomic RNA of
this virus;
this prediction is based on the high abundance
of
basic amino-acids and of proline in this
region,
predominantly found in clusters of lysines and arginines with
prolines.
Similar sequence elements have been found in other
virus capsid proteins and histones.
Further insight into the
structural importance of specific segments of the proteins
can be gained by comparing the sequence with the still
unpublished Sindbis virus 26 S RNA sequence (Rice et al.,
unpublished) and possibly by secondary structure predictions
of the two virus
a study which has been started
with G. Schulz (MPI fUr med. Forschung, Heidelberg).
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The collaboration with H. Garoff will be continued to help in
applying in vitro genetics to the analysis of membrane
protein export and segregation mechanisms in the eukaryotic
cell.
In connection with the Semliki Forest virus sequence analysis
we have also developed and used a new and powerful strategy
for sequence analysis of plasmid inserts (Frischauf et al.,
1980).
This procedure is a subcloning approach designed to
allow
the
efficient,
deterministic
and
essentially
restriction-site independent construction of overlapping sets
of deletion plasmids covering the entire region to be
sequenced. The plasmids constructed can then be end-labelled
and sequenced without further purification and gel elution
steps.
This procedure has been successfully applied in other
laboratories and will,
it is hoped,
provide a
useful
alternative to the strategies available up to now.
Another technique developed in connection with the Semliki
Forest virus sequence analysis, and which we also expect to
find more general use, is a rapid method for the verification
of protein-coding DNA sequences by partial protein sequence
data (Garoff, Riedel & Lehrach, in preparation).
The set of programs developed for DNA sequence acquisition,
assembly, and analysis, developed in collaboration with S.
Stier of the Data Analysis Group, has been further developed
together with G. Hamm. Improvements in the programs will
be
made in connection with the DNA sequence library mentioned
above.
The development of a computer system allowing fully automatic
acquisition and analysis of DNA sequencing gels has been
carried to a stage permitting a. test of its capabilities.
Further progress will depend, inter alia, on the installation
of the larger computer system to be delivered in 1981.
Structural and genetic studies on cloned genes
The completion of the Semliki Forest virus sequencing project
enabled us to become once again involved in the question of
gene regulation and gene structure.
This work is aimed at
the isolation and analysis of genes coding for muscle and
non-muscle contractile proteins.
Very recently we have also
started, in collaboration with the group of B.
Dobberstein,
to work on genes from the major histocompatibility locus in
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mouse.
In the muscle system, we have continued
to
characterize cDNA clones containing muscle or cytoskeletal
proteins.
This has resulted, in collaboration with I.
Ginzburg (Weizmann Institute, Israel) in the cloning and
characterization of a set of non-muscle actin and tubulin
cDNA clones (Ginzburg et al., 1980). A similar collaboration
with J.C.
Perriard (E.T.H.,
ZUrich) was aimed at
the
identification of cloned chick muscle cDNA sequences. Similar
experiments have been carried out in Heidelberg with mouse
muscle and non-muscle cDNA sequences.
The next step in the characterization of such a gene system,
the
isolation and characterization of
genomic
cloned
sequences, has progressed in different directions. The most
commonly used route, the construction of a genomic DNA
library in a
vector system, has been followed using the
BamHI vector 1059 developed by S.
Brenner and is now
essentially completed. In parallel we have tried to establish
a cosmid library, and also to proceed with the development of
the sequence-specific cosmid cloning vector mentioned last
year.
These experiments are not so far advanced as the A
library but we nevertheless hope to have these
tools
available and tested in the near future.
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The work
interest.

of

the

group is concentrated

in

two

areas

of

1) Correlation of the structure and function of tRNA genes

Purified segments of DNA can be used to study gene
expression and the correlation between the DNA sequence of
the gene and the function of the gene product. tRNA genes
are particularly suitable for studies aimed at
structure with function because they can be expressed in
simple experimental systems both in vivo (by
oocyte
microinjection) and in vitro (in cell free extracts), and
also because tRNA functions are well characterized.
In previous studies we have established in detail the
various steps in the pathway of tRNA gene expression.
In
the last year we have gained considerably more insight
into the molecular mechanisms of tRNA transcription,
by
analysing the properties of mutants constructed in vitro.
The structure of a tRNA

Pro

gene

tRNA genes can in general be considered as made up of
three domains (Plate 5, lower diagram):
domain 1 is the
sequence flanking the cQding sequence at the 5' end,
domain 2 is the coding sequence and domain 3 is the DNA
segment flanking thepcoding sequence at the 3' end.
In
particular, the tRNA ro gene from Caenorhabditis elegans
has two identical restriction sites making possible a
physical separation
these three domains (see Plate 5).
We have purified and subcloned them separately and in
various combinations.
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Genes carrying deletions of domain 1 were transcribed
normally, thus this domain does not contain information
necessary for the promotion of transcription, furthermore
DNA segments containing only domain 1 could not direct the
.synthesis of any detectable RNA molecule. Genes carrying
deletions of domain 3 were able to start transcription
efficiently, but could not terminate it.
It was possible
to establish that a sequence of five thymidine (T)
contains all the information necessary
for
termination of transcription. The coding sequence alone,
domain 2, is capable of directing the transcription of a
tRNA precursor which is processed to mature tRNA. By
placing the termination sequence (five T's) at varying
distance from domain 2, we secured the synthesis of RNA
molecules of various length, all of which were correctly
processed.
We
conclude that regulatory regions
promoting transcription coincide with
region coding for tRNA.

essential
for
the
structural

Genetic dissection of the domain 2
A DNA sequence can be mutated in three different ways,
first by changing its sequence (base
substitution),
secondly' by deleting a number of bases, and thirdly by
inserting some bases. We have used these three methods to
analyse the properties of the DNA sequence of domain 2.
Properties of deletion mutaqts
The coding region of the tRNA Pro gene consists of 71 basepairs. We divided it into three fragments (a, b and c) of
similar size, which were cloned separately and in various
combinations (Plate 5, upper diagram). None of
the
fragments
alone could direct the synthesis of
any
detectable
transcript.
Furthermore,
genes
carrying
deletions of fragment a or fragment c were completely
inactive, while genes carrying deletions of fragment b did
direct RNA synthesis, but with an efficiency only about 1%
of that of the intact gene. The simple conclusion to be
drawn from these results is that all three segments are
important for transcription.
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Other deletion mutants studied were a deletion of 7 basepairs in segment a, which results in 30-fold
less
transcription, and a deletion of 4 base-pairs at the
junction of segments band c (two bases deleted from each
side), which eliminates transcription.
of insertion mutants
Insertion of three base-pairs at the junction between
fragments
a
and b does not
significantly
affect
transcription, nor does an insertion of 10 base-pairs at
the junction between segments band c. It may be concluded
that the sequences across the ab and bc junctions do not
play any role in transcription, since their destruction by
interruption has no effect on RNA synthesis.
This,
together with the results obtained with the deletion
mutants, proves that there are at least three separate
regions within the coding sequence (domain 2) that are
essential for promotion of transcription.
This conclusion poses some very interesting problems. What
is the meaning, as regards the molecular mechanisms of
transcription, of the fact that there are three separate
regions? The distance from the front (5' end) to the rear
(3' end) of the gene, that is the distance between the
essential regions of segment a and c, cannot be more than
This distance is small enough to make it conceivable that the proteins responsible for transcription
(the RNA polymerase III complex)
could simultaneously
interact with the three essential regions.
What happens
if we bring these regions far apart by inserting extra
segments of DNA between them?
We
have constructed a series of
mutants
carrying
insertions of variable length between fragments band c,
and therefore separating the essential regions contained
in each of the fragments.
Transcriptional analysis of
these
mutants
revealed
that
the
efficiency
of
transcription was inversely proportional to the distance
between
ab and c. However, we
obtained
efficient
transcription even when the distance was about 120 bases
(longer mutants are being tested).
In our opinion these
results rule out the possibility that the RNA polymerase
III
complex might interact simultaneously with
the
essential regions contained in segment c and with those
contained in the others (in the longest mutant they are at
a distance of no
than 350 R). We believe therefore
that
the
interaction must consist
in
successive,
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necessarily interdependent steps. This suggests a very
interesting hypothesis as to the actual mechanism whereby
this
can be accomplished.
On any basis, when
the
polymerization reaction starts, the polymerase III must be
located at the extreme front of the gene. We have
therefore to postulate that information (or molecules)
must somehow be transferred from the rear to the front of
the gene.
We favour the idea that it is the RNA
polymerase III itself which first binds to segment c
(the
recognition step) and then .moves backwards, in
the
direction of the 5' end of the gene where it will initiate
This hypothesis would explain the inverse
proportionality between the length of the insert and the
efficiency of transcription; this would merely reflect the
fact that the RNA polymerase III has a higher probability
of not reaching the 5' end, the longer the distance it has
to travel .
.Base substi t ut ion mutCl.nts
We have been able to introduce a number of such changes by
the procedure outlined in Plate 6. We have identified an
important region within the sequence contained in pthe
segment b which codes for the extra arm of tRNA rOe
Transcriptional analysis has given the following results:
wild-type

sequence ----AGGU---

100% transcription

mutant A45

"

----AAGU---

25%

"

mutant A46

"

----AGAU---

20%

"

mutant A45A46

"

----AAAU---

10%

"

We have analysed the extra-arm sequences of all known
eukaryotic tRNAs. An interesting regularity emerged:
the
most frequent "average sequence" is AGGU. We believe that
in this region of a tRNA gene some sequences
are
compatible with transcription and, within the compatible
sequences, that there are some which are "better" than
others.
In our mutant collection the best sequence (for
transcription)
is AGGU, next comes AAGU, then AGAU and
last AAAUC.
We conclude that, in the extra-arm coding
region, two G's are better than one, which in its turn is
better than none. In nature it is possible to find one or
two G's (never none) in this region of a tRNA gene.
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This sequence regularity, with limited variations, is
exactly the property that one would expect for DNA
sequences interacting with the transcriptional machinery.
The best documented example of this property is in
bacterial promoters.
Here sequence similarities have led
to the identification of a common "average sequence",
namely the Pribnow box, the individual variations probably
reflecting different promoter strengths. A differential
promoter strength could be important also in the case of
eukaryotic tRNA genes.
The fact that part of the coding sequences is involved in
transcriptional control raises some important questions:
are all tRNA genes transcribed by the same transcriptional
machinery? Or, alternatively, are there individual RNA
polymerase III complexes, specific for each gene or group
of genes? For the first hypothesis to be right, one would
necessarily expect that every tRNA gene had some stretches
of homologous sequences to which RNA polymerase and/or
factors would bind. The presence of constant regions
within
tRNA genes in prokaryotes, as well
as
in
eukaryotes, is well established. These regions correspond
to the invariant or semi-invariant nucleotide residues in
the sequence Qf tRNA, which are probably important for the
function of this molecule in protein synthesis. It seems
possible that in the course of molecular evolution the
same regions could have acquired, at the DNA level, the
additional role of specific transcriptional signals.
2) Purification of
proteins

genes coding

for

rat· and

human plasma

This project has only recently begun. Up to now we have
done only routine work such as preparing antibodies to
specific plasma proteins, developing sensitive assays for
their
activity, and optimizing conditions for
mRNA
translation using cell-free extracts or by microinjection
into
the
cytoplasm of the
Xenopus laevis
oocyte.
Furthermore, we have constructed vectors suitable for
cloning cDNA fragments.
Publication during the year
32aboni, C., Cortese, R. & Salvatore, F. (1980). Selective
P-labelling of individual species in a total tRNA
population. Nucl. Acids Res.,
5223-5232.
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Organization and dynamics of cytoskeletal elements
Members: B.M. Jockusch, G. Griffiths

* G.
Visiting wirkers: C.B. Bischek * , R.R. Friis,
J.H. Sanger, J.W. Sanger

*
Isenberg,

Technical assistant: K.H. Kelley
The work of this group has been concerned with several
aspects of the organization of cytoskeletal elements and with
intracellular transport.
Our studies on
experimentally induced reorganization of
microfilaments and their components in tissue culture cells
have been completed.
For these studies, two different
systems were used.
1. The drug dimethylsulphoxide is known to induce
the
formation of bundles of actin-like filaments in the
nucleus (Fukui,
1978). We could demonstrate that 10%
dimethylsulphoxide induces the breakdown of microfilament
bundles (stress fibres) within 10-30 minutes, and that the
actin which was previously bound in stress fibres travels
into the nucleus where it reassembles into filaments.
None of the other stress fiber components (tropomyosin,
myosin, a-actinin) appears in the nucleus, and the nuclear
actin
filament bundles appear wavy,
not
straight,
indicating tnat they are devoid of tropomyosin.
Upon
removal of the drug, actin leaves the nucleus within 30
minutes and reassembles into stress fibres,
demonstrating
a rapid exchange between nuclear and cytoplasmic actin
(with J.H. and J.W. Sanger and T.E. Kreis,
ETH Zurich,
immuno-fluorescence, microinjection, electron microscopy;
Sanger et al., 1980).
2. A detailed analysis of the morphological changes after
infection
of
chicken
embryo
fibroblasts
with
transformation-defective, temperature-sensitive mutants of
Rous sarcoma virus (RSV) revealed that the observed
breakdown of stress fibres at permissive temperature is
tightly coupled to the expression of a viral gene product
(pp 60 kinase), is independent of protein synthesis and
completely reversible upon shift to the nonpermissive
temperature.
In the early phase of transformation, actin
filaments, myosin, tropomyosin and a-actinin are all
accumulating in large surface protrusions of the plasma
membrane, while in later stages the cells undergo drastic
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shape changes in conjunction with a complete breakdown of
actin filaments to the level of G actin (with C.B.
Boschek, R.R. Friis and H. Bauer, University of Giessen;
immunofluorescence,
electron
microscopy,
cathode
lumenescence, DNAse inhibition assays; Friis et al., 1979,
Boschek et al., 1981).
The interaction of actin filaments with two actin-binding
proteins, a-actinin and vinculin, has been studied. In vivo,
both these proteins have been shown to accumulate at the
attachment points where stress fibres meet with the plasma
membrane and anchor it to the substratum (Lazarides &
Burridge, 1975;
Geiger, 1979).
Vinculin was also found to
be a target of the pp 60 kinase in RSV-infected cells (DavidPfeuty & Singer, 1980). In vitro, a-actinin was found to
cross-link
actin filaments in a strongly
temperaturedependent fashion, giving rise to an extensive network.
The
cross-linking was more than one order of magnitude more
effective at 4 0 C than at 30 o C. On the other hand, vinculin
has the opposite effect on actin filaments:
it induces the
formation of highly ordered parallel bundles reminiscent of
magnesium-induced
paracrystals.
Neither
growth
nor
nucleation of polymerizing actin filaments are affected by
vinculin, and its action is temperature-independent between
4 0 C and 30 0 C (with G. Isenberg, viscometry under high and low
shear conditions, electron microscopy; Jockusch & Isenberg,

1981).

The work on clathrin-coated vesicles, which are cytoskeletal
organelles
involved
in
intracellular
transport,
has
concentrated on the characterization of different antibodies
against the major coat protein, clathrin.
We have now
characterized several affinity-column-purified conventional
antibodies with different specificities. Work is still in
progress to produce a precipitating monoclonal antibody
against clathrin (with H. Deschner and C. Morris).

G. Griffiths has been involved in improving the labelling of
intracellular antigens (clathrin in developing spermatids,
Semliki Forest virus proteins in virus-infected cells) in
frozen thin sections. Two significant innovations have been
the introduction of colloidal gold instead of ferritin,
thereby making it easier to see the marker, and an improved
contrasting of membranes.
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In conjunction with G. Warren's group we have been using the
technique of following the path of intracellular transport of
membrane proteins using Semliki Forest virus proteins as our
model system.
In addition, a detailed morphometric analysis
of this system has been made in collaboration with Prof.
Weibel's group at Bern. We now have accurate estimates of
total
surface
densities of membranes
of
endoplasmic
reticulum, Golgi apparatus and plasma membrane in BHK cells.
A satisfying result was that the values obtained from epon
sections and from frozen sections were very similar.
By
combining these morphometric results with biochemical data we
can now answer a number of molecular questions about the
process of intracellular transport such as the density of
viral spike proteins in endoplasmic reticulum and Golgi
membranes.
Publications during the year
Boschek,
C.B.,
Jockusch,
B.M.,
Friis,
R.R.,
Back,
R.,
Grundmann,
E.
& Bauer, H. (1981). Early changes in the
distribution and organization of microfilament
proteins
during cell transformation.
Cell, (in press).
Friis,
R.R.,
Jockusch, B.M., Boschek, C.B.,
Ziemicki,
A.,
Rtibsamen,
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, 1007-1012.
Griffiths,
G.W. & Jockusch, B.M. (1980). Antibody labelling
of thin sections: an evaluation of BSA embedding
and
ultracryomicrotomy.
J. Histochem. Cytochem., 28, 969-978.
Griffiths, G., Warren, G. & Jockusch, B. (1980).
of
clathrin
coated vesicles
in
acrosome
Cell BioI. Internat. Reports,
740.

Involvement
formation.

Hoessli, D., Rungger-Brandle, E., Jockusch, B.M. & Gabbiani,
G.
( 1980). Lymphocyte a. -actinin: relationship wi th cell
membrane and co-capping with surface receptors.
J. Cell
BioI., 84, 305-314.
Houk,
E.
J.
& Griffiths, G. W. (1980).
Intracellular
symbiotes of the Homoptera. Ann. Rev. Entomol.,
161-187.
Jockusch,
B.M., Griffiths, G., Veldman, H., Van Oost,
Jennekens,
F.
(1980). Immunofluorescence microscopy
myopathy:
-actinin is a major constituent of nemaline
Exp. Cell Res.,
409-420.
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Jockusch, B.M. & Isenberg, G. (1981).
Interaction of a_
actinin and vinculin with actin: opposite effects on filament
network formation. Proc. Natl. Acad. Sci., USA, (in press).
Jockusch, H. & Jockusch, B.M. (1980). Structural organization
of the Z-line protein, a-actinin, in developing skeletal
muscle cells. Develop. BioI., 12, 231-238.
Kraehenbuhl, J. P., Racine, L. & Griffiths, G. W. (1980).
Attempts to quantitate immunocytochemistry at the electron
microscope level. Histochem. J.,
317-332.
Sanger, J.W., Sanger, J.M., Kreis, T.E. & Jockusch, B.M.
(1980).
Reversible translocation of cytoplasmic actin into
the nucleus caused by dimethyl sulphoxide . .Proc. Natl. Acad.
Sci., USA, lL, 5268-5272.
Other References
David-Pfeuty, Th. & Singer, S.J. (1980).
Sci., USA, lL, 6687-6691.
Fukui, Y. (1978).
Geiger, B. (1979).

Proc. Natl. Acad.

J. Cell BioI., lQ, 146-157.

193-205.

Lazarides, E. and Burridge, K. (1975).
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Cell, Q, 289-298.

Intracellular
proteins

transport of newly-synthesized plasma membrane

Member: G. Warren

* J. Green,
* P. Quinn *
Fellows: B. Burke,
* M.-T. Sagne *
Technical assistants: R. Giovanelli,
All plasma membrane proteins that span the lipid bilayer are
first assembled in the membrane of the endoplasmic reticulum
and must then be transported to the cell surface. During this
process they must be separated from proteins destined for
other locations in the cell that are also assembled in the
same membrane.
Our ultimate aim is to define the nature of
those cellular components responsible for this selective
transport. We use cells infected with Semliki Forest virus
(SFV)
since these infected cells synthesize only viral
proteins
and the
components
responsible
for
transport are entirely devoted to conveying the
viral
membrane glycoproteins from the endoplasmic reticulum to the
plasma membrane.
Our studies during the year comprise the
following.
a. We have tried to define the precise pathway taken by the
viral membrane proteins through the cell. In particular,
we have tried to show that, as for secretory proteins
(Palade,
1975), plasma membrane proteins pass through the
Golgi apparatus on their way to the cell
surface.
Together with G. Griffiths and B. Jockusch,
thin frozen
sections of infected cells were labelled with antibody to
the viral membrane proteins so as to reveal their precise
intracellular location.
The endoplasmic reticulum, the
Golgi apparatus and the plasma membrane were all heavily
labelled. Further synthesis but not transport of these
proteins could be inhibited by cycloheximide and the loss
of labelling from intracellular membranes
monitored by
quantitative morphometry.
The results show that the viral
membrane proteins leave the endoplasmic reticulum and pass
through the stack of Golgi cisternae on their way to the
cell surface.
All the Golgi stacks in an infected cell
and all parts of a stack were involved in conveying the
viral membrane proteins. The precise route taken by these
proteins within the Golgi apparatus will be the subject of
future studies.
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b. Monensin is an ionophore that inhibits the intracellular
transport of plasma membrane and secretory proteins but
not their synthesis (Tartakoff & Vassalli, 1978). It
specifically dilates the Golgi cisternae in all cells. In
cells infected with SFV and treated with monensin, we have
shown, together with G. Griffiths, that the viral membrane
proteins accumulate in vacuoles in the Golgi region that
are" covered with nucleocapsids. The nucleocapsids normally
bind to the viral membrane proteins in the plasma membrane
and proceed to bud from"this membrane. Now, in the
presence of monensin, they bind to, and bud
into,
intracellular vacuoles.
We have tried to identify the
precise site at which monensin blocks
intracellular
transport of the viral membrane proteins. The vesicles
covered by nucleocapsids do not react cytochemically for
enzymes that mark the endoplasmic reticulum, transitional
elements or distal Golgi cisternae. We conclude that the
block occurs on the proximal side of the Golgi apparatus.
The presence of so many nucleocapsids on the vesicles
should increase their density and make them easy to
isolate. Our preliminary results are very encouraging.
Once isolated we hope to characterize in detail what
should be a defined subfraction of the Golgi apparatus.
c. If we are ever to dissect the Golgi apparatus into
different functional domains we must be able to identify
Golgi subfractions without reference to their morphology,
the major criterion used in past studies and one that is
too crude if we are to understand the molecular biology of
this organelle. One approach would be to define the Golgi
sub-fractions' antigenically since functionally distinct
sub-fractions
will have different protein
antigens.
Together with D. Louvard we tried to raise antibodies
specific for isolated rat liver Golgi. This proved so
successful (see his Report, p. 87) that future joint
efforts are focussed on raising monoclonal antibodies to
this organelle. The polyclonal antibody that was prepared
reacted specifically with a polypeptide of 145,000 daltons
that was also visible in the total polypeptide pattern of
rat liver Golgi (Plate 7). Biochemical characterization of
this protein is now in progress.
d. Clathrin coats convey selected areas of membrane, as
coated vesicles, between specific organelles (Pearse,
1980).
There is evidence that they transport newlysynthesized
membrane proteins from
the
endoplasmic
reticulum to the Golgi apparatus and from here to the
plasma membrane (Rothman & Frire, 1980). The selectivity
and specificity of these processes may reside, at least in
part, in the clathrin molecule itself; there may be one
type of clathrin for each specific pathway. To test this
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to rat liver Golgi

145,000 -

.....

L

LAntibody to ER

anti- clathrin
lodirnted rat liver Golgi
PLATE 7

Fluorogram showing that the antibody raised to rat liver
Golgi specifically precipitates a single band of 145,000
daltons.
Antibodies raised against
clathrin
and
endoplasmic
reticulum (ER) did not precipitate
any
specific proteins from rat liver Golgi.
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possibility we are cloning and sequencing the messenger
RNA that codes for clathrin. Since this project is a close
collaboration between four groups we have presented it as
a separate account (p. 135).
Publications during the year
Bennett,
J.
P., Hirth, K. P., Fuchs, E.,
Sarvas, M. &
Warren, G.
B.
(1980).
The bacterial factors which
stimulate neutrophils may be derived from procaryote
signal peptides.
FEBS letters, llQ, 57-61.
Dobberstein, B., Garoff, H., Warren, G. & Robinson, P. J.
(1980). Cellafree synthesis and membrane insertion of
mouse
H-2D
histocompatibility
antigen
and
B 2
microglobulin. Cell, 11, 759-769.
Griffiths,
G., Warren,
G. & Jockusch,
B.
Involvement of clathrin coated vesicles in
formation. Cell BioI. Internat. Reports,
740.

(1980).

acrosome

Warren, G.
(1981). Membrane proteins: structure
and
assembly. In Comprehensive Biochemistry: ed. Finean, B. &
Michell, R;
Elsevier/North-Holland, Amsterdam (in press).
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Proc. Natl. Acad. Sci.,
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Mitochondrial electron transfer enzymes
Members: H. Weiss, P. Wingfield
Fellows: S. Hovmoller, B. Karlsson, Y. Li *
Technical
Slaughter

assistants:

B. Juchs, A. Probst * ,A.

Scharm,

M.

The process of mitochondrial oxidative phosphorylation is
catalysed by three electron-transfer enzymes, NADH:ubiquinone
reductase, ubiquinol:cytochrome c reductase and cytochrome
c:0 oxidase, and by ATP synthase.
The electron-transfer
2
enzymes
transduce oxidative energy into the energy of a
transmembrane proton gradient and the ATP synthase uses this
gradient to drive the formation of ATP from ADP and inorganic
phosphate.
.The electron transfer enzymes and the ATP
synthase account for most of the protein of the mitochondrial
inner membrane.
We have concentrated on
ubiquinol:cytochrome c reductase
(E.C. 1.10.2.2) from mitochondria of Neurospora crassa. Four
different routes have been taken to obtain
structural
information about this very complex multisubunit enzyme.
1. Biochemical characterization of isolated subunit complexes
and single subunits
The enzyme has been isolated as a monodisperse proteindetergent complex and cleaved stepwise into
subunit
complexes and subunits. These preparations have been
characterized biochemically and biophysically.
This led
to a subdivision of the subunits into three groups:
(a)
hydrophobic subunits which bind detergent micelles after
isolation and are therefore assumed to span the membrane,
for example cytochrome b;
(b) amphiphilic subunits, only
a small part of which are bound to a detergent micelle
(after its removal by proteolysis the subunit is watersoluble) and which are assumed to protrude into the water
and to be anchored to the membrane by only
small
hydrophobic parts; cytochrome c j and probably also the
iron-sulphur subunit belong to tfiis group, and since the
amphiphilic 31,000 cytochrome c subunit and the 24,000
1
water-soluble
cytochrome
c
preparation
bind
1
ferricytochrome c with high affinity, cytochrome c
is
assumed to be located at the outer membrane surface; 1 and
(c)
hydrophilic subtinits, which are water-soluble without
detergent and are assumed to extend into the aqueous
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phase;
the 50,000 and 45,000 subunits, which contain
redox centres, belong to this group.

no

2. Neutron scattering studies
In collaboration with S. Perkins and A.R.
Miller (EMBL
Grenoble),
neutron scattering experiments have
been
performed with cytochrome c reductase, a subunit complex
containing the cytochromes band c and a cytochrome b
1
preparation.
Protonated and deuterated alkyl (phenyl)
polyoxyethylene ethers have been used as detergents.
The
contrast has been varied by using different H2 0:D 2 0 ratios
in the buffer solutions. The data are at present being
analysed (see Report of the Grenoble Outstation).
We
expect to gain information about the size, shape and
spatial arrangement of the protein and the detergent
micelle bound to it.
The centre of the protein-bound
detergent is assumed to represent the position of the
centre
of
the
phospholipid
bilayer.
Scattering
experiments will be initiated with the other isolated
subunits.
Finally, we plan to reconstruct the structure
of the enzyme using the scattering data from the subunit
complexes and single subunits.

3. Electron microscopy of two-dimensional crystals
Membrane crystals have been prepared from whole cytochrome
reductase and a subunit complex containing the cytochromes
band c by adding mixed phospholipid-detergent micelles
1
to
the protein-detergent complexes and
subsequently
removing the detergent. These crystals are suited for
high resolution electron-microscopy which is being carried
out in collaboration with K. Leonard.
A three-dimensional
model of cytochrome reductase has been constructed (see
report of K. Leonard) and the structure of the cytochrome
band c subunit complex is at present being analysed.
1
Antibodies have been raised against the single subunits,
and the Fab fragments are being used to label the position
of the subunits in the membrane crystals.
Since we have
succeeded in preparing membrane crystals of two proteindetergent preparations we are encouraged to believe that
two-dimensional crystals can soon also be obtained from
other
subunits,
especially from the
cytochrome
b
preparation.

4. X-ray analysis of the three-dimensional crystals
In
collaboration with F. Winkler,
three-dimensional
microcrystals have been prepared from the water-soluble
50,000 and 45,000 subunits. Larger crystals must be grown
before an x-ray analysis can be undertaken.
We are also
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trying to crystallize the hydrophilic 24,000 cytochrome c
1
and a complex of cytochrome c with cytochrome c.
1
On the basis of the information obtained so far the following
structure of ubiquinol:cytochrome reductase is proposed (see
also Annual Report, 1979).
The electron transfer complex is
dimeric.
The monomeric unit is rod-shaped (6 x 7 x 15 nm),
spans
the phospholipid bilayer with the
longer
axis
perpendicular to the plane of the membrane, and protrudes 7
nm into the matrix space of the mitochondrion and 3 nm into
the intermembrane space.
A complex of the 50,000 and 45,000
subunits without redox centres is located in the matrix, the
cytochrome b subunit in the membrane and the cytochrome c
1
subunit in the intermembrane. The two monomeric units have
contact only in the membrane.
Publications during the year
BUcher, T., Sebald, W. & Weiss, H. (eds.) (1980). Biological
Chemistry of Organelle Formation. Springer, Berlin.
Hovmoller, S., Leonard, K. & Weiss, H.
(1981).
Membrane
crystals of a subunit complex of mitochondrial cytochrome
reductase containing the cytochromes band c . FEBS Letters,
1
ll.3., 11 8-1 22 .
Leonard., K., Wingfield, P., Arad, T. & Weiss, H.
(1980).
'Membrane crystals of ubiquinone:cytochrome c reductase from
Neurospora
mitochondria.
In
Electron Microscopy and
Molecular Dimensions:
Eds. Baumeister, W. & Vogell, W.,
Springer, Berlin, p.101-107.
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Biogenesis of cell surface domains as displayed by epithelial
cells
Members: D. Louvard, H. Reggio
Fellow: K. Soderberg
Student: E. Coudrier
Visiting worker: C. Huet *

Technical assistants: S. Robinson, P. Webster *
This group is interested in studying the mechanisms which
promote segregation of membrane components into particular
organelles or areas of membrane. Such a sorting-out mechanism
is required to create the specialized functional domains
evident at the plasma membrane of epithelial cells.
An
established
cell
line (MDCK)
forms
a
differentiated
transporting epithelium in culture and is being used by this
group as a model system to study the biogenesis of the cell
surface (see Research Reports 1978 and 1979).
Studies on a specific antigen of the Golgi complex
One working hypothesis predicts that the segregation of cell
surface membrane proteins would occur inside the cell during
transport between the site of synthesis and the cell surface.
The Golgi complex, an organelle involved in the intracellular
transport of secretory and membrane proteins, could act as a
crossroad for control of this membrane traffic.
Therefore a
precise structural and functional analysis of this set of
internal
membranes· is
desired.
Unfortunately,
the
heterogeneity of Golgi membranes and internal smooth membrane
in general has made it difficult to pursue such studies using
classical
approaches of subcellular
fractionation
and
enzymatic analysis. During the past year wi have attempted to
characterize Golgi membranes using an immunological approach,
defining the smooth membranes on the basis of their major
antigens.
An antibody has been raised in rabbits against
purified Golgi membranes isolated from rat liver homogenates.
After appropriate adsorption to remove unwanted specificities
the serum was used for immunofluorescent staining of cells in
culture or sections of frozen tissue.
This antibody was
.shown to react with a supranuclear tubular network within
cells as well as vesicular structures concentrated at the
periphery of this network (Plate 8). This pattern strikingly
resembles the Golgi apparatus defined by the silver staining
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PLATE 8
Immunofluorescent labelling of normal rat kidney fibroblasts
(NRK), using purified antibodies against Golgi antigens after
appropriate absorption.
Antiserum was raised in
rabbit
against purified Golgi fractions obtained from a rat liver
homogenate.
A clear reticular network forming a cap around
the nucleus is observed in (c) and (d).
Corresponding
Nomarsky picture of (c) is shown in (a) and phase contrast
picture of (d) is shown in (b).
Magnification is 1,250x in
(a) and (c) and 1,980x in (b) and (d).
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method
of
C.
Golgi.
Furthermore,
the
pattern
of
immunolabelling observed is greatly altered in cells treated
with drugs such as colchicin or monensin known
to affect
Golgi
organization and function.
Immunoprecipitation
experiments
performed using detergent-solubilized
Golgi
membranes
have shown that this antibody recognizes
a
polypeptide of 145,000 from rat liver. These data, obtained
in collaboration with G. Warren (see his Report), indicate
that there is at least one major immunogen localized at the
set of internal membranes morphologically related to the
Golgi complex. These antibodies immobilized on beads will now
be
used
to isolate membranous structures
from
cell
homogenates so that their composition and function can be
studied.
A technically more advanced project has recently
been
initiated for the production of monoclonal antibodies against
membrane proteins of the Golgi apparatus. Our hope is to
produce specific tools capable of recognizing different parts
of this complex. These antibodies will be used to study the
intracellular
pathways followed by the various
smooth
membrane vesicles found in cells. At the end of this year,
several monoclonal antibodies were obtained which allowed
visualization of different independent vesicular structures
within the cell. Characterization of these antibodies and
their targets is now in progress.
Clathrin antibody
The attention of, cell biologists has recently become focused
upon a class of intracellular vesicles, first described by
Roth & Porter (1964), termed coated vesicles.
The membrane
of these vesicles is covered by a thick, dense layer of
proteinaceous material which has been shown by Pearse (1975)
to contain a high molecular weight protein, clathrin.
These
coated structures are clearly involved in the endocytosis of
various physiological ligands bound to the cell surface (lowdensity lipoprotein, insulin, epithelial growth
factor,
viruses such as Semliki Forest virus, etc.).
In addition it
has been proposed that coated vesicles act as vesicles for
the transport of material among cellular compartments such as
between the endoplasmic reticulum and the Golgi, or between
the Golgi and the cell surface. We have produced a specific
antibody directed against clathrin using
urea-extracted
clathrin from purified pig brain coated vesicles.
This
protein was coupled to haemocyanin in order to make it more
immunogenic and then injected in small amounts (20-50
into the popliteal lymph nodes of rabbits. The resulting sera
were affinity purified using an, acrylamide-agarose gel onto
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which
intact
coated vesicles had been
bound.
In
immunofluorescence experiments, the antibody demonstrated a
dual localization of antigen within the cell which was
consistent with the functions proposed for coated vesicles.
One observes tiny dots randomly scattered just underneath the
cell surface as well as a high concentration of antigen in
the vicinity of the Golgiapparatus (Plate 9).
This high
affinity
antibody can also be used
for
quantitative
immunoprecipitation of clathrin from solubilized extracts of
radio-labelled cells or for precipitation of products from
in vitro translation systems. In collaboration with other
groups at the EMBL (see the special Report on the structure
of the clathrin gene, p. 135) we plan to use this antibody to
screen for and characterize cDNA clones coding for clathrin
with the eventual goal of determining the sequence of this
biologically important molecule.
Genetic studies
Several variants of MDCK transformed with an RSV strain have
been obtained and were shown to have lost their polarized
character as a result of transformation.
Unfortunately,
attempts to transform MDCK with a thermosensitive virus
strain have so far been unsuccessful.
Various recessive mutations have been introduced into the
cell, line, including thymidine kinase deficiency, and Hprt
deficiency.
Such mutants may prove useful for monitoring
expression of DNA fragments which are inserted into the
nucleus of these cells. A .project to be performed in
collaboration with H. Garoff and K. Simons calls for the
introduction of altered cDNAs of viral membrane proteins into
these cells so that the process by which surface antigens are
sorted into distinct domains may be studied (see their
Report). Such mutants have already been used for
the
selection of somatic hybrids created with MDCK and
a
nonpolarized cell type, namely mouse lymphocytes.
We would
like to determine whether these hybrid cells, which have
maintained a polar distribution of canine
proteins,
express the murine antigens in a polar or non-polar manner.
Cytoskeleton of microvilli
As mentioned above, the· cell surface of epithelial cells is
divided into specialized membrane domains containing specific
membrane proteins.
In addition, underlying
cytoskeletal
structures associate9 with the membrane are also highly
differentiated.
The apical membrane is arranged as numerous
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PLATE 9
Immunofluorescent labelling of NRK cells using an affinitypurified antibody raised against urea-extracted clathrin from
pig brain coated vesicles. (a) Shows the fluor'escent picture
where dots are seen scattered randomly beneath the cell
membrane.
Intense bright labelling is observed as a cap
around the nucleus. (b) Is the corresponding Nomarsky view of
the field shown in (a). (c) and (d)
Represent a doublelabelling experiment using WI38 human fibroblasts which grow
as a very flat monolayer and are easy to observe. Cells were
doubly
stained with fluorescein-conjugated
wheat
germ
agglutinin (WGA) and with rabbit-anti-clathrin followed by
rhodamine labelled goat-anti-rabbit immunoglobulins in (c)
while (d)
is a view of the same field,
showing
the
localization inside the cell of WGA receptors.
Antibodies
used for clathrin staining were
previously
absorbed on a WGA column in order to eliminate antibodies
carrying WGA receptors. WGA is believed to bind specifically
to glycoproteins present in the content of Golgi cisternae. A
tubular network positioned on one side of the nucleus is
visualized using this lectin. Labelling with anti-clathrin is
quite superimposable with some minor reductions in intensity
along the tubular network (arrows). Magnification is 1,250x.
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PLATE 10
Thin frozen sections of rat skeletal muscle stained with an
antibody raised against purified 110,000 protein obtained
from pig intestinal microvilli. (a) Shows a fluorescent
labelling of muscle tissue sectioned longitudinally.
(b)
Represents the corresponding phase contrast view of the field
shown in (a).
I and A bands as well as the Z line are
clearly visible.
Labelling is specifically localized in the
I band which appears to be discontinuously stained (arrows).
(c) Shows a fluorescence labelling of a cross section through
skeletal muscle using purified antibody against 110,000
protein. A honeycomb-like pattern is clearly seen, suggesting
the localization of the 110,000 protein at the periphery of
the myofibril.
(d) Shows ·the corresponding phase-contrast
view of the field shown in (a) and (c).
Magnification is
2,060x.
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microvilli containing well-organized filamentous
bundles
attached at the tip of the microvilli and also connected
laterally, along the long axis of each villus,
to the
membrane. These actin-containing bundles resemble actomyosin
filaments, but the associated proteins of microfilaments are
absent.
The filaments of microvilli contain a special set of
proteins,
primarily
calmoduline
(M.W.=16,000),
actin
(43,000),
fibrin
(68,000), villin (95,000) and a
110,000
protein.
Villin acts to bundle actin filaments together
while the 110,000
appears to connect the actin
bundles laterally to the membrane.
Using
immunological
techniques we have demonstrated a cross-reaction between
villin and the 110,000 protein.
A protein immunologically
related to the 110,000 protein has now been shown to be
present in the I band area of skeletal muscle localized to
the periphery of the myofibrils (Plate 10, (a) and (b)).
The
pattern of staining observed has led us to propose that a
protein similar to the 110,000 protein of microvilli must be
present in myofibrils and involved in the association of
actomyosin filaments with their surrounding membranes.
Publications during the year
Herzog, V. & Reggio, H. (1980).
Pathway of endocytosis from
luminal plasma membrane in exocrine pancreas.
Eur. J. Cell
BioI., 21, 141-150.
Louvard, D. (1980).
Apical membrane aminopeptidase appears
at site of cell-cell contact in cultured kidney epithelial
cells.
Proc. Natl. Acad. Sci., USA, 11, 4132-4136.'
Other references
Pearse, B.M.F. (1975).

J. Mol. BioI., 126, 803-812.

Roth, T.F., Porter, K.R. (1964).
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J. Cell BioI., 20, 313-332.

Electron microscopy of nucleic acids
Members: H. Delius, B. Koller
Technical assistant: J. Clarke
In continuation of the work on chloroplast DNA (cpDNA)
heteroduplexes between Vicia faba (broad bean) cpDNA and a
second rRNA operon from E.coli have been analysed. The E.coli
rrnD operon contained in the plasmid
(provided
I.
Kiss,
Szeged) carries genes for the tRNA e and tRNA
in
the
163-23S spacer.
The heteroduplex of this operon with
bean chloroplast rDNA showed (contrary to the rrnB operon
described in the last Report) additional homologies in the
spacer region in a position corresponding to the location of
the two tRNAs in E.coli (Plate 11 (A)). The cp spacer DNA
forms
three
distinct
loops.
H.
Kossel
(personal
communication)
has sequenced the 16S-23S spacer region in
maize cpDNA and described an 800 bp long intron in the middle
of each tRNA.
The loops observed in the
Vicia-E.coli
heteroduplex correspond to this structure. ,At least
of
the smaller loops may represent an intron in the tRNA
.
In collaboration with the group of T. Dyer and C.
Bowman
(Plant
Breeding
Institute, Trumpington,
Cambridge)
a
restriction map for the cpDNA of wheat was established.
The
extension of the inverted repeat and the positions of the
rRNA genes were determined.
A clone containing the gene for the large subunit of ribulose
bisphosphate carboxylase (LS gene) was constructed by the
same group and analysed in detail by electron microscopy.
Plate 11 (B) shows an RNA/DNA hybrid between the LS mRNA from
wheat and the cpDNA BamHI fragment 2, cloned in the plasmid
TAC39.
The positions of the LS gene and the adjacent, and
not yet identified, 2.4 kb gene on the same DNA fragment were
measured.
The E.coli RNA polymerase binding pattern and
in vitro transcription revealed several distinct promoterlike positions which are located outside the structural
genes. Heteroduplexes between the wheat cpDNA BamHI fragment
2
(ca.
10 kb from plasmid TAC 39) and maize cpDNA BamHI
fragment 9
4,300 bp out of plasmid pZmB) which carried
the maize LS gene were prepared using the mica technique
(Plate 11 (C)). While the areas of the genes (the LS gene and
part
of the 2.4 kb gene)
show complete
homology
a
characteristic sequenoe of loops of about 50-300 nucleotides
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PLATE 11
A. Heteroduplex between the single strands of Vicia faba
chloroplast DNA and the E.coli rrnD operon contained in
the plasmid pBK8. The arrows point to the three loops
formed by the Vicia spacer between the 16S and 23S rRNA
genes due to homologies with the short E.coli spacer.
B. Hybrid between mRNA and a 10 kb DNA fragment from plasmid
TAC 39 containing the gene for the large subunit of
ribulose bisphosphate carboxylase from wheat.
C. Heteroduplex between the same fragment from TAC 39 shown
in Plate B (wheat) and a 4.3 kb fragment from plasmid pZmB
(containing the corresponding gene from maize). The arrows
point to th ends of the maize fragment DNA.
The small
loops reflecting mismatches between the two sequences are
located outside of the structural gene.
D. Partially denatured DNA of SV40 virus linearized with
BamHI. The DNA was treated with formaldehyde and the
further denatured by complexation with T4 gene 32-protein.
The degree of denaturation is about 8%. The smallest
stretches of complexed single-strands have sizes of not
more than 30-50 nucleotides.
E. The same SV40 DNA as shown in Plate D denatured to
40%.
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about

is visible in the flanking areas, reflecting a
conserved and non-conserved DNA stretches.

pattern

of

This collaboration will continue with the analysis
of
different cpDNA genes. Work on the cpDNA of Euglena gracilis
was started in collaboration with E. Crouse (Strasbourg).
Together with R. Mellado. (of K. Murray's group)
recombinant
lambda
phages carrying histone gene inserts from
two
different sea urchin species were analysed by electron
microscopy. The orientation of the inserts was determined in
heteroduplex experiments, and the binding of E.coli RNApolymerase,
and in vitro transcription
complexes
were
studied. Several binding sites for RNA polymerase were found
(probably located in the spacer regions between the histone
genes) which might act as promoters for transcription of the
recombinant DNAs in the bacteria in addition to the phage
promoters.
The technique of partial denaturation mapping has been
refined for low to medium degrees of denaturation by using
mica adsorption to prepare the partially denatured molecules
for the electron microscope.
The denaturation is
a
combination of a slight reaction of the DNA with formaldehyde
and a subsequent denaturation using the complex formation of
T4 gene 32-protein with the single-stranded DNA.
Partially
denatured molecules were obtained which yielded very fine
denaturation maps after adsorption to mica. SV40 DNA prepared
using this method is shown in Plate 11
(D) and (E). A
computer program has been written to construct simulated
partial denaturation histograms based on the nucleotide
sequence (similar to Funnel & Inman,
1979)
in order to
determine the parameters leading to the best match of the
experimental and predicted patterns.
A new microcomputer has been installed to replace the old
Wang calculator. The old peripherals have been connected to
the new system, and most of the programs have been rewritten.
The new system offers a much better organization of the data
files,
and an easy interaction with the user.
All the
mapping and histogram work is very much aided by the
availability of a graphic display. Also the development of a
semi-automatic measuring instrument is greatly helped by this
new computer. A prototype was set up which can recognize DNA
lines using a random access camera. This instrument can shift
the negative along the line using a step-motor-driven stage
controlled
via
the microcomputer.
It is
planned
to
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incorporate this device into a measuring instrument which
will allow an easy switch-over between manual and automatic
measuring.
Various collaborative work:
- together
with G.
Scherer (of V.
Pirrotta's
group)
heteroduplex analyses were performed on several clones
isolated from a Drosophila library using a probe which was
enriched for mRNA initiated at the blastoderm stage.
Positions of deletion loops between different members of
one family of isolates as well as the positions of terminal
repeats at the flanking heterologous DNA regions were
mapped.
- the binding of RNA polymerase and in vitro -transcription on
Mu DNA was analysed in collaboration with H.
Brepoel
(Leiden). The position of the major binding site for E.coli
RNA polymerase was determined.
- heteroduplexes and hybrids between cloned leg-haemoglobin
genes, cDNA and mRNA were analysed in collaboration with K.
Marcker and B.
Borkhardt (Aarhus).
Th positions and
approximate sizes of three intron loops expected from
sequence work were confirmed, while the presence of a
possible fourth intron could not be observed.
- in collaboration with the group of G.
Darai
(Heidelberg)
partial denaturation maps were determined for
Tupaia
adenovirus DNA and correlated to the restriction maps.
Single strands of Tupaia Herpes virus DNA were isolated
from agarose gels. In contrast to other Herpes DNAs no
inverted repeats were detected.
- together with M. Temple and E. Winnacker (Munich) a partial
denaturation map was constructed for mouse adenovirus DNA.
Publications during the year
Bornkamm, G.W.,
Delius,
H., Zimber,
U.,
Hudewenz,
Epstein,
M.A,
(1980).
Comparison of Epstein-Barr
strains of different origin by analysis of the viral
J. of Virology, ]2, 603-618.

J.

&

virus
DNAs.

Darai, G., Matz, B., Fluegel, R.M., Grafe, A., Gelderblom, H.
An adenovirus from Tupaia (Tree Shrew):
growth of the virus, characterization of viral DNA and
transforming ability.
Virology, 104, 122-138.

& Delius H. (1980).
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Delius, H., Charlier, D., & Besemer, J.
(1980).
The
structure of unstable constitutive revertants of mutant
ga10P-308::IS2-1. Molec. Gen. Genet,
391-397.
Delius, J. & Koller, B. (1980).
Sequence homologies between
Escherichia coli and chloroplast DNA as seen by heteroduplex
analysis. J. Mol. BioI., 142, 247-261.
Garoff, H., Frischauf, A.-M., Simons, K., Lehrach, H. &
Delius, H.
(1980).
The capsid protein of Semliki Forest
virus has clusters of basic amino acids and prolines in its
amino-terminal region. Proc. Natl. Acad. Sci., USA, 11, 63766380.
Garoff, H., Frischauf, A.-M., Simons, K., Lehrach, H. &
Nucleotide sequence of eDNA coding for
Delius, H. (1980).
Nature, 288,
Semliki Forest virus membrane glycoproteins.
236-241.
Kiss, I., Boros, I., Udvardy, A., Venetianer, P. & Delius, H,
(1980).
RNA polymerase binding at the promoters of the rRNA
genes of Escherichia coli. Biochim. Biophys.
435447.
Koller, B, & Delius, H. (1980).
Vicia faba chloroplast DNA
has only one set of ribosomal RNA genes as shown by partial
denaturation mapping in R-Ioop analysis. Molec. Gen. Genet.,
"ill,261-269.
Priess, H., Koller, B., Hess, B. & Delius, H.
Electron microscopic mapping and sequence analysis
terminator for the early message of E.coli phage T7.
Gen. Genet.,
27-34.

(1980).
of the
Molec.

Temple, M., Antoine, G., Delius, H., Stahl, S., & Winnacker,
E.-L. (1981). Replication of mouse adenovirus strain FL DNA.
Virology, (in press).
Other reference
Funnel, B.E. & Inman,' R.B. (1979).
340.
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J. Mol. BioI., 131, 331-

High resolution electron microscopy group
Members: K. Leonard
Fellows: F. Booy, S. Hovmoller *

B. Karlsson *

* D.
workers: S. Grundy,
Reedy , H.G. Schramm , 1.0. Walker

*,

*
M.A. Reedy,

M.K.

Technical assistant: T. Arad
This group has been working principally on the electron
microscopy and computer image reconstruction of membrane
crystals. Membrane proteins are only stable in a hydrophobic
environment such as the lipid bilayer, or in detergent
micelles. This normally disadvantageous factor can be used to
advantage
for
electron microscopy, by
inducing
twodimensional protein crystals to form within the
lipid
bilayer.
These two-dimensional membrane crystals are very
suitable for analysis by Fourier methods.
Specimen damage
can also be reduced by taking advantage of the redundancy of
information in a crystalline array. The procedure for threedimensional analysis requires the combination of data from a
large number of tilted microscope images. We have tried to
reduce the time required for collecting data by using a rapid
T/V system for image display and selection, together with a
hardware
array processor for very high speed
Fourier
transformation (with programming assistance from T. Pitt of
the Computer Group).
This development allows a large number
of images to be processed interactively in a short time using
a relatively small computer system (NORD 10).
We have been studying the enzyme cytochrome reductase from
Neurospora
crassa and its sub-complex containing
only
cytochromes band c (with the group of H. Weiss).
A low1
resolution
three-d1mensional
structure for
the
native
molecule which is in good agreement with the biochemical
model has been reconstructed from tilted views of the
crystals (Plate 12).
We are now attempting to label the
crystals with antibodies to the enzyme subunits in order to
confirm the polarity of the model and if possible to locate
some of the larger subunits.
We hope also to improve the
resolution of the native structure, using larger, better
ordered,
crystals which have been obtained at
higher
temperatures (work of S. Hovmoller), see Plate 13.
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PLATE 12
stereo pair showing the three-dimensional model for· one
native cytochrome reductase.dimer displayed as a. surface
contour image on the Evans & Sutherland graphics system. This
system now provides a convenient method of displaying the
three-dimensional image reconstructions, with the possibility
of on-line rotation of the displayed structure. (with H.
Bosshard of the Computer Group).

PLATE 13
(a) Part of a very large, single layer membrane crystal of
cytochrome reductase, negatively stained with uranyl
acetate. Scale bar is 1 micron.
(b) Optical diffraction pattern from a single layer crystal,
extending to 6th order (resolution 2.5 nm).
(c) Computer averaged noise-filtered image of a single layer
cytochrome reductase crystal; protein is white, stain
black.
The molecular dimers seen in projection are
oriented alternately with opposite polarity across the
membrane bilayer which is in the plane of the image.
Photographed from the STEM/NORD-10 display.
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PLATE 14

crystalline
vesicle containing
the
bC 1
Scale bar is 1
subcomplex of cytochrome reductase.
micron.
( b) Computer-averaged
image of a single-layer bc
crystal.
In this case, the molecular dimers seen in projection are
all oriented with the same polarity across the bilayer.
(a) Collapsed
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Using essentially the same crystallization procedure, it has
been possible to prepare a second type of membrane crystal,
from the bc1 subcomplex of the reductase molecule.
Although
these crystals are not as large or as well ordered as the
native reductase membrane crystals, we have carried out twodimensional filtering
(see Plate 14), and a preliminary
three-dimensional
analysis (work in progress
with
B.
Karlsson).
The packing in the crystal differs from that
found for reductase with a smaller unit cell. We are carrying
out a three-dimensional reconstruction of this molecule to
establish whether its structure is in agreement with that
predicted from the biochemical and electron-microscope models
for the native enzyme.
All the analyses described above have been carried out on
negatively stained material, where resolution is limited to
about 2 nm by the presence of stain. It would clearly be very
desirable to use unstained frozen-hydrated material where
stain artefacts are absent and where there is also a
possibility of improved resolution. We have continued to
pursue this line of work (with F. Booy and in collaboration
with the group of J. Dubochet). Some encouraging results have
been obtained, but the optimal conditions for preparation,
cold transfer and microscope observation of these specimens
have not yet been fully worked out.
Publications during the year
Freeman, R.,
Booy, F. P. & Leonard, K.
R.
(1980).
Cold
transfer and observation of frozen hydrated
biological
specimens in the scanning transmission electron microscope
(STEM). In Electron Microscopy 1980; 7th European Congress on
Electron Microscopy Foundation, Leiden, Vol.2, p.650-651.
Freeman, R. & Leonard, K.
R.
(1981). Comparative mass
measurement
of
biological macromolecules
by
scanning
transmission electron microscopy. J. Microsc., (in press).
Freeman, R.,
Leonard, K. R.
Dubochet, J.
(1980). The
temperature dependence of beam damage to biological samples
in the scanning transmission electron microscope (STEM).
In
Electron Microscopy 1980; 7th European Congress on Electron
Microscopy Foundation, Leiden, Vol.2, p.640-641.
Hovmoller, S., Leonard, K. & Weiss, H.
(1981). Membrane
crystals of a subunit complex of mitochondrial cytochrome
reductase containing the cytochromes band Q1.
FEBS letters,
1Z3, 118-122.
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Leonard, K. R., Wingfield, P., Arad, T. & Weiss, H. (1980).
Membrane crystals of ubiquinone: cytochrome c reductase from
Neurospora mitochondria. In Electron Microscopy at Molecular
Dimensions:
eds. Baumeister, W. & Vogell, W.;
Springer,
Berlin, p.101-107.
Reedy, M. K., Leonard, K. R., Freeman, R. & Arad, T. (1981).
Thick myofilament mass determination by electron scattering
measurements
with
the scanning
transmission
electron
microscope. J. Muscle Res. and Cell Motil., 2, 45-64.
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Electron microscopy applications group
Members: J. Dubochet, R. Freeman, C.A. Walter

* J. Lepault
Fellows: J.-J. Chang,

w.

* , B.*Blasy * , J. *Cartaud,
*
Visiting wirkers: A.
Christopher * J. Escaig , S. Grundy, D. Hilmes, G.
Moyne,
G. de Murcia , H.G. Schramm , M. Takahashi
Technical assistants: J. Berriman * , A. McDowall
Development of cryo-electron microscopy
The
cryo-transmission electron microscope based
on
a
superconducting lens developed and built by I.
Dietrich's
group (Siemens, Munich) should be operational at the EMBL in
the first half of 1981. The ability to maintain specimens at
liquid helium temperature, which considerably reduces the
damaging effect of the electron beam
(Knapek &
Dubochet,
1980),
also
opens
the
possibility
of
observing
frozen-hydrated specimens.
This approach is known
to
overcome many of the preparation artefacts limiting the
reliable observation of biological samples (Taylor & Glaeser,
1976).
The third advantage of cryo-electron microscopy is
the possibility of exploring-dynamic biological processes by
the rapid freezing of samples in the course of biological
reactions (Heuser et al., 1979).
The task of this group is to learn how to prepare and observe
frozen-hydrated specimens at high resolution.
Continuing the
work of 1979, our effort was mostly directed towards the
development of reliable methods for preparing thin films of
frozen-hydrated solutions and cryo-sections.
These methods
enable us to study the effects of freezing on biological
samples
and of the electron beam
on
frozen-hydrated
specimens. It will, however, be only in 1981, when the cryoCTEM, a good transfer mechanism developed by the
ElM
Development Group, and a new cryomicrotome become available,
that we shall be able to prepare, transfer and observe the
samples under good conditions. For the moment, the basis of
our work is not so much to find essential principles as to
develop the individual skills and "knacks" which will allow
us to prepare and manipulate frozen-hydrated
specimens
reproducibly.
We shall mention here only a few salient
features of our resul ts ..
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PLATE 15
Spreading of water micro-droplets on hydrophilic carbon
films. The water droplets were sprayed on the surface and
frozen after 7,15 and 45 msec in (A),
(B) and (C)
respectively.
In (A) and (B)3 the volume of each droplet is
estimated to be
30 m; in (C), two somewhat
larger
droplets «100 m) are in the process of fusing. Specimen
temperature: -160°C. Magnification: 7,000 times.
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1. Frozen-hydrated specimens can be prepared by freezing a
thin film of suspension. The film must, however, be very
thin (below 1000
but should not dry before being
frozen.
In our hands, methods used previously by other
authors
give non-reproducible results,
but we
have
developed two new methods that seem to work well.
The
first consists of sandwiching the water between the
supporting film and a layer of alkylamine derivative.
In
the second method small droplets are sprayed onto a
hydrophilic surface and frozen a fraction of a second
later.
The latter method makes it possible to study
dynamic processes as illustrated in Plate 15 which show
three typical stages in the spreading of a micro-droplet.
2. Water can be frozen in three forms, easily identifiable by
electron diffraction: amorphous, cubic crystals,
and
hexagonal crystals.
The state of the frozen water gives
valuable information about the temperature of the specimen
and about its history. We have confirmed in the ElM the
data on water structure previously obtained by x-ray
diffraction by Dowell & Rinfret (1960) and have explored
the effect of the electron beam on frozen water at various
temperatures.
It was found that water is very beamresistant except for the transition of amorphous to cubic
ice which can
in some cases, be triggered by a few
2
electrons per i .

3. We

have tested the structural effects of beam damage on
frozen-hydrated biological specimens using for the most
part catalase crystals as test objects.
16 shows
the dose, expressed in electrons per i ,
to
destroy the order of the hydrated
below 4
(
)
and for larger dimensions (above 20
(- -) as a
function of temperature.
The dotted line gives the
results for crystals embedded in sucrose.
Among other
things we deduce from these results that freeze drying
the loss of high resolution order down tg about
10
and that this loss takes place within 10 C of the
temperature
at which bulk water
evaporates.
This
observation does not support the hope that partial freezedrying could remove bulk water, thus increasing the
contrast but retaining the bound water required for
preserving the structural integrity of the sample.

4. We

are now able to observe routinely - but only at the
average rate of one good specimen per working day
cryo-sections of frozen tissues or suspensions. Here more
than anywhere else success relies on skill and "knacks".
Plate 17 is an image of a frozen-hydrated section of
skeletal muscle in 1M sucrose and Plate 18 is a similar
image after freeze-drying.
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PLATE 16
Electron dose (expressed in
for 80 kV electrons)
required to destroy the structure of catalaSe crystals.
The
continuous line (
) is related to the high resolution
order
in frozen hydrated samples whereas the dashed
line· (-------) is for larger dimensions (>20
The dotted
line (
) is related to high-resolution order
in
crystals embedded in sucrose.
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PLATE 17
Frozen hydrated section of unfixed and unstained rat skeletal
muscle in 1M sucrose. Z-bands (Z)
are visible with low
contrast. The striations (F) are due to microfractures in the
ice and the lines (4) to unevenness of the glass knife.
Magnification: 8,000 times.

PLATE 18
Same sample as in Plate 17 after freeze-drying
electron microscope. Magnification: 12,000 times.
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in

the

Service activities
The ElM Applications Group has collaborated during the
with the following scientists within the EMBL:

year

J.-E. Edstrom
A. Helenius
G. Kneale
R. Leberman
K.R. Leonard
D. Louvard
C. NUsslein and E. Wieschaus
H. Reggio
K. Simons
G. Warren
J. White
F. Winkler
Ch. Wolff (Grenoble)
We
have
collaborated with, or
provided
instrumental
facilities for, the following outside scientists:
H.G. Schramm, Max-Planck-Institut fUr Biochemie, Martinsried.
Recording series of tilted micrographs of isolated particles.
G. Moyne, Institut Pasteur, Paris. Observation of a
protein
complex
from
SV40 and
measurement
of
internucleosomal distance in the mini-chromosome.

DNAthe

J. Cartaud, Institut du Recherche en Biologie
Paris. Observation of acetylcholine receptors.
D. . Holmes, S. Grundy and J. Christopher, Manchester.
measurements on collagen.

Mass

B. Blazy, M. Takahashi and A. Baudras, Toulouse. Observation
of the complex formed by non-specific binding of catabolic
repressor protein from E.coli to DNA.
Publications during the year
Dietrich, I., Fox, F., Knapek, E., Weyl, R. & Dubochet, J.
(1980).
Reduction of radiation damage by imaging with a
superconducting
lens system.
In
Electron Microscopy at
Molecular Dimensions:
ed. Baumeister, W. & Vogell, W.;
Springer, Berlin, p.234-244.
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Dubochet, J., Booy, F.P., Freeman, R., Jones, A.V. & Walter,
C.A. (1981). Low temperature electron microscopy.
Ann. Rev.
Biophys. Bioeng., lQ, 133-149.
Dubochet, J., Groom, M. & Muller-Neuteboom, S.
The mounting
of macromolecules for electron microscopy.
In:
Advances in
optical and electron microscopy, Vol.
10, Eds.: Cosslett,
V.E. & Barer, R., Academic, London, (in press).
Freeman, R., Booy, F. & Leonard, K.R. (1980).
Cold transfer
and observation of frozen hydrated biological specimens in
the scanning transmission electron microscope (STEM).
Proc.
7th Eur. Congr. Electron Microscopy, Vol. 2, 650-651.
Freeman, R.
& Leonard, K. R. (1981). Comparative mass
measurement
of
biological macromolecules
by
scanning
transmission electron microscopy. J. Microsc., (in press).
Freeman, R.,
Leonard, K.R. & Dubochet, J.
(1980).
The
temperature-dependence of beam damage to biological samples
in the scanning transmission electron microscope (STEM).
Proc. 7th Eur. Congr. Electron Microscopy, Vol. 2, 640-641.
Grimmelikhuijzen, C.J.P., Lepault, J. & McDowall,
A.W.
(1980).
The gap junctions in hydra do not permit electrical
and chemical transmission.
Development and Cellular Biology
of Coelenterates Eds.: Tardent, P. & Tardent, R., p. 453-458.
Knapek, E. & Dubochet, J. (1980).
Beam damage to organic
material is considerably reduced in cryo-electron microscopy.
J. Mol. BioI., 140, 147-161.
Lepault, J. & Dubochet, J. (1980).
Freezing, fracturing and
etching
artefacts
in
particulate
suspensions.
Ultrastruct. Res., 223-233.
Lepault, J. & Dubochet, J.
(1980).
Preservation
of
biological specimens after freezing.
Proc. 7th Eur. Congr.
Electron Microscopy, Vol 2, 642-649.
Lepault,

(1980).

Tis. Res.,

J.,
McDowall, A.W. & Grimmelikhuijzen,
C.J.P.
Intercellular junctions in nerve-free hydra.
Cell

217-224.

Other references
Dowell, L.G. & Rinfret,·A.. P. (1960).
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Nature, 188, 1144-1148.

Heuser, J.E., Reese, T.S., Dennis,M.J., Jan, Y., Jan, L.
Evans, L. (1979). J. Cell BioI.,
273-300.
Taylor, K. & Glaeser, R.M. (1976).

448-456.
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J. Ultrastruct. Res., 52,

Structure and assembly of filamentous bacterial viruses
Members: D.A. Marvin, D.W. Banner, G.G. Kneale, C. Nave
Fellows: W. Folkhard, K.-O. Greulich * (part-time), W. Renner *
(part-time)
Visiting workers:

S. Hamodrakas *

Technical assistants: R.S. Brown * , A.G. Fowler *
The filamentous bacterial virus system is a convenient and
simple model with which to study not only the molecular
details of static and dynamic DNA-protein interactions but
also mechanisms of transport of proteins and DNA across
membranes.
The virion adsorbs via the virus gene-3 protein
to the tip of the filamentous bacterial protein appendage
known as the pilus. The pilus is thought to retract and draw
the virion down to the cell membrane, where the hydrophobic
viral coat protein dissolves into the membrane bilayer as the
single-stranded viral DNA penetrates into the cell.
This
parental viral DNA is converted to a double-stranded form,
replicated, and expressed.
Progeny single-stranded viral DNA
is
synthesized by a rolling-circle mechanism off
the
double-stranded template. The progeny viral DNA is packaged
with a DNA-binding protein in an elongated intracellular
nucleoprotein complex, and the progeny viral coat protein is
placed in the bacterial membrane. Final virus assembly then
involves displacement of the DNA-binding protein by the coat
protein as the DNA passes across the bacterial membrane.
Three minor viral proteins are located at the ends of the
virion, two at the end involved in adsorption to pili, and
one at the other end.
In order to understand the molecular details of these
processes it is necessary to know the structures of the
components
involved.
We have been using x-ray
fibre
diffraction
and complementary techniques to study
the
structures of the virion, the intracellular DNA-protein
complex, and the pili. Parallel study of the two similar but
distinct virus strains fd and Pf1 has been informative
because each strain is especially suited for certain kinds of
experiment.
In the course of these studies we have developed
new experimental and theoretical techniques of x-ray fibre
diffraction which we have begun to apply to other filamentous
biological structures such as intermediate filaments.
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Structure of the Pf1 virion
Structural analysis of the Vlrlon is our most advanced
project.
Detailed biochemical analysis of two heavy-atom
derivatives of the Pf1 coat protein hows that two atoms of
iodine
can
be attached to Tyr 25
by
lactoperoxidase
(collaboration with A. Tsugita), and one atom of mercury can
be attached to the N-terminus by the bifunctional reagent
methyl-3-mercaptopropionimidate which attaches a thiol group
to the amino terminus of the protein (collaboration with J.
Armstrong
and
R.
Perham,
University
of
Cambridge).
Continuous
equatorial
diffraction
was
measured
from
diffraction patterns of magnetically aligned wet fibres of
the native and the two heavy-atom derivatives, and the radius
and occupancy of the heavy atoms were obtained using a leastsquares
procedure developed in collaboration
with
S.
Provencher.
The iodine atoms have a mean radius of 26-28
and the mercury has a radius of
The intensity
differences between the native and the derivative data on
non-equatorial
layer lines, combined with
the
radius
determined from analysis of the equator, shows that the
virion symmetry is 5.4 units in one 15
pitch of the basic
helix.
The positions of the heavy atoms were determined in three
dimensions by calculating phases for an approximate model of
the
virion
derived from
consideration
of
intensity
distribution in the 10
equatorial region.
These phases
were then used to calculate a difference map from native and
derivative amplitudes
These heavy atom positions constrain
the positions of Tyr 25 and the N-terminus in space.
Since
individual Bessel function terms are resolved to 4
in the
Pf1
diffraction patterns used for this study, the two heavy
atom
derivatives are also in principle sufficient
to
determine phases to 4
resolution.
A computer program was
written and used to determine the most probable phases and
the figure of merit phases from the amplitudes of the native
and two derivative data sets to 8
resolution.
The maps
calculated using the two kinds of phases are slightly
different.
When the maps were constrained to have constant
solvent electron density outside the virion boundary (which
in effect imposes smoothly changing phases along the layer
line), they became virtually identical.
These maps (Plate
19) confirm the general structure of the a-helix protein
derived by model-building methods. When heavy atom positions
have been refined, an attempt will be made to define a unique
chain-tracing through the map.
This is not trivial,
because
the protein subunits are so tightly packed that it is
difficult to determine the molecular boundary of the protein
subunit
Preliminary display of an iodine difference map
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PLATE 20
X-ray diffraction pattern of magnetically-aligned fd Vlrlon.
Fibre axis vertical.
Arrow indicates the second order of the
27
layer lines, interpreted as showing the pitch of the

DNA.
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together with a model of the protein subunit on the Evans &
Sutherland graphics system indicates that this system will be
useful to compare models with maps (see Plate 36).
A "maximum entropy" approach to applying the smoothness
constraint to an electron density map is being developed by
R.
Bryan and S. Provencher.
It is planned to combine this
method with the heavy atom method and if possible improve the
maps using data to 5
resolution.
Structure of protein and DNA in the fd virion
The success of the magnetic alignment technique with the Pf1
virion encouraged us to continue its application to the
biologically better-known fd strain.
Experiments described
in the 1979 Research Reports showed that fd responds to the
magnetic field,
but that the fibres are doubly-oriented.
Reducing the pH of fd gels to pH 2 (below the isoelectric
point,
to change the pattern of charge on the virion)
gave
singly-oriented specimens.
The diffraction patterns of· these
magnetically aligned samples show two new features
(Plate
20). First, it is clear that the layer lines at orders of 32
are not "split", and therefore the meridional reflexion at
16
must indicate five identical subunits at one level
rather than a periodic perturbation repeating every five
subunits (Plate 21).
Secondly, a new set of non-protein
layer lines can be seen at orders of 27
(Plate ·20)
indicating that 'the pi tch of the viral DNA is 27
wi th
about
10 units per turn. The fact that the DNA and protein
symmetries are different, so that the corresponding
lines are separate, gives a convenient opportunity to study
the separate structures of DNA and protein in a DNA-protein
assembly.
Structural transition in the virion
The
symmetry of the Pf1 Vlrlon determined
by
x-ray
0
diffraction
changes
slightly
between
4 C
and
room
temperature, from 5.46 units/turn to 5.40 units/turn.
This
structural transition has been examined in solution.
These
studies
indicate that the transition as
followed
by
fluorescence takes about a minute, and that the kinetics with
increasing temperature are not the same as with decreasing
temperature.
The temperature midpoint of the transition seen
by fluorescence is a few degrees lower than the midpoint seen
by calorimetry or volume measurements.
These different kinds
of measurements may be resolving different components of a
multi-step phenomenon.
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In order to decide whether the transition is unique to the
Pf1 structure, we have sought a similar transition in the Xf
virion, which has the same general symmetry as the Pf1 virion
but which has a different amino-acid sequence in the coat
protein and has a 2:1 rather than 1:1 nucleotide: protein
ratio.
Preliminary x-ray and fluorescence studies both
indicate that there is a structural transition in
Xf
comparable to that in Pf1.
The replication-assembly complex
We
have
continued our studies on
the
intracellular
virus-specific DNA-protein complex.
The Pf1
complex is
morphologically similar to the complex of fd gene 5 protein
with viral DNA,
but the differences are non-trivial and
instructive.
Early attempts to isolate a DNA-binding protein
from Pf1-infected bacteria using the methods developed for fd
failed because of the different properties of the two
proteins, and it has only been possible to isolate the Pf1
protein by first isolating the Pf1 protein-DNA complex.
The
Pf1
protein weighs about 16,000 daltons whereas the fd
protein weighs 10,000 daltons; the amino-acid composition of
the Pf1 protein (determined in collaboration with A. Tsugita)
is quite different from that of the fd protein; and the fd
DNA-protein complex can be disrupted by high ionic strengths,
whereas that of Pf1 cannot.
Image
reconstruction
of
electron
micrographs
(in
collaboration with K. Leonard; see Plates 37 and 38;
Report,
p.
103) indicates that the fd and Pf1
complexes
are
morphological helices with pitches of 100
and
50
respectively.
Specimen-tilting on the Pf1 complex shows
that the helix is
The radius of the DNA
backbone (assuming 6-7
between phosphates along the helical
path) must be about 18
for the Pf1 complex and about 35
for
the
fd complex,
if the DNA helix
follows
the
morphological helix.
Since the DNA in the virion can have a
radius no larger than 10
the radius of the DNA must
decrease when it is transferred from complex to virion.
For
fd,
the transfer of DNA from complex to virion involves no
significant change in axial rise per nucleotide,
but the
change in DNA pitch from 100
to 27
implies a 26 0 change
in unit twist.
This corresponds to keeping one end of the
DNA fixed and rotating the other end by over 200 turns to
tighten the DNA helix.
For Pf1, the DNA apparently not only
decreases in radius but increases in length on transfer from
complex to virion.
This·difference between fd and Pf1 in the
conformational changes required of the DNA must be reflected
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PLATE 22
X-ray fibre pattern of the Pf1 intracellular DNA-protein
complex.
Fibre axis vertical.
Strong
near-meridional
intensity on the first layer line indicates the 50
pitch of
the morphological helix.
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in the detailed
proteins.

differences between
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two

DNA-binding

Measurements
of unstained specimens in the
STEM
(in
collaboration with T. Arad and R. Freeman) show that the mass
per length of the Pf1 complex is 2680
11%)
xray fibre patterns of the Pf1
complex (Plate 22)
taken
together with the mass per length indicate that the helix has
about seven protein subunits in one 50
pitch, with the
centre of gravity at a radius'of about 35
The protein
therefore is at a larger radius than the DNA,
but the
structure is rather open, leaving the DNA accessible.
Pili structure and virus-pili interaction
The x-ray fibre diffraction studies on the structure of PAK
pili
(1979 Research Reports)
have been
prepared
for
publication.
The right-handed four-start helix of the Pf1
virion, with 3.8 units/turn and 45
pitch, is similar to the
PAK pilus helix with 4.06 units/turn and 40.8
pitch.
If
the ends of these two structures follow helices with the same
pitch, the two structures could interlock end-to-end along
these two helices, interfaced by four molecules of the
adsorption protein.
Experiments on the binding of the fd gene-3 adsorption
protein to pili have been initiated. A specific fragment
containing about 80% of the mass of the gene-3 protein can be
separated from the virion by subtilisin digestion
and
pelleting of the virion shafts. This fragment blocks virus
infection, and is therefore presumably still biologically
active in adsorption to pili.
It is planned to look for
possible changes in pili structure as a result of binding to
the gene-3 fragment.
Intermediate filaments
Intermediate filaments are protein assemblies that are found
in many eukaryotic cells. They are about 100
in diameter,
with largely a-helical protein subunits having the long axis
of the a-helix running roughly parallel to the long axis of
the filament.
Since the structure is superficially similar
to the filamentous bacterial virus, it was hoped that the
techniques of magnetic alignment that were used to prepare
well-oriented fibres of the virion could be applied to
intermediate
filaments.
Preliminary
studies
(in
collaboration with W.
Renner and E. Mandelkow of
the
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Max-Planck-Institut fUr medizinische Forschung, Heidelberg)
were made on pre-keratin, which was chosen because it is
available in large amounts.
These experiments have not been
successful, mainly because the material forms disordered gels
rather than the desired ordered liquid crystals at high
concentration.
Non-aqueous solvents give paracrystals that
may respond to the magnet.
Silkmoth chorion
Dr. S.
Hamodrakas took x-ray patterns of the eggshell
(chorion)
of silkmoths.
His experiments showed that the
protein in the chorion is primarily B-sheet, with a preferred
orientation relative to the chorion surface.

Erratum: In the 1979 Research Reports, the captions on Plates
22 and 23 were interchanged.
Publications during the year
Banner, D. W., Nave, C. & Marvin, D. A. (1981). Structure of
the protein and DNA in fd filamentous bacterial virus.
Nature (London), (in press).
Folkhard, W., Marvin, D. A., Watts, T. H. & Paranchych, W.
(1981).
Structure of polar pili from Pseudomonas aeruginosa
strains K and O.'J. Mol. BioI., (in press).
Gray, C. W., Brown, R. S. & Marvin, D. A. (1981).
Adsorption
complex of filamentous fd virus. J. Mol. BioI., (in press).
Hinz, H.-J., Greulich, K.-O., Ludwig, H. & Marvin, D.
A.
(1980).
Calorimetric, density, and circular dichroism
studies of the reversible structural transition in Pf1
filamentous bacterial virus.
J. Mol. BioI., 144, 281-289.
Makowski, L.,
Caspar, D. L. D. & Marvin,
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Filamentous bacteriophage Pf1 structure determined at 7 A
resolution by refinement of models for the a-helical subunit.
J. Mol. BioI., 140, 149-181.
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Helical
viruses.
Progress in Clinical and Biological Research, 40, 347-348.
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virus.
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Structural
studies on clathrin
interacting with nucleic acids
Members:

coats

and

on

proteins

F.K. Winkler, K. Stanley *

Technical assistants:

A. D'Arcy, R. Brown * , H. Siegrist *

a. Clathrin coats
The transport of lipid membrane between organelles in
eukaryotic cells has been shown in most cases to occur by
a process involving the formation of a protein coat of
clathrin and associated molecules. A coated pit first
appears on an invagination towards the cytoplasmic side of
a membrane and then transforms into a coated vesicle by
increasing its curvature and pinching off a piece of
coated membrane.
Subsequent disassembly of the coat
allows the vesicle to fuse with another cellular membrane
while the disassembled units are thought to integrate into
a newly forming coated pit.
The protein coat shows a
netlike regular surface struoture and its
principal
component is clathrin, a 180 kD polypeptide.
In vitro,
the coat can be reversibly dissociated into trimeric units
that consist of 3 clathrin molecules and 3 polypeptide
chains of smaller molecular weight ('light chains').
In
the electron microscope these units appear as structures
composed of three flexible legs radiating from a centre
and have been termed triskelions (Ungewickell & Branton,
1981;
Plate 23.
In the formation,
transformation and
disassembly of clathrin coats in vivo, the building units,
presumably triskelions, must form and break contacts with
themselves and with other proteins in a coordinated
fashion.
Much structural information of a static as well
as of a dynamic nature is needed before even a crude
molecular picture of these processes can emerge. First we
have to answer simple questions like:
1. What is the spatial interaction of clathrin and light
chain molecules in triskelions? Are there differently
composed
triskelions,
i.e.
with
a
different
stoichiometry of the two types of light
chains?
Answers to these questions might also provide a clue to
the now unknown function of the light chains.
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PLATE 23
Electron micrograph of clathrin triskelions after rotary
shadowing as described by Ungewickell & Branton (1981).
(Electron micrograph taken by B. Burke)
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2. How
is the triskelion integrated into the
coat
structure?
Do significant conformational changes take
place on assembly or disassembly?
In addition to experiments designed to answer these
questions and described below, we have engaged in a
collaborative project with three other groups (described
separately)
to determine the clathrin sequence using
recombinant DNA and DNA-sequencing techniques.
For our studies we r6utinely prepare coated vesicles and
clathrin triskelions from frozen pig brain.
Coated
vesicles are isolated following the method described by
Pearse (1975) while clathrin triskelions are obtained by
dissociation of a cruder coated vesicle fraction in 0.5 M
Tris and subsequent gel chromatography as described by
Keen et ale (1979).
The yield of protein from 300 g of
brain is 6-8 mg for coated vesicles or about 15 mg for
clathrin triskelions.
Crystallization of clathrin triskelions and determination
of their structure by x-ray diffraction would be the most
direct way to answer some of the questions
asked.
Although we are trying to grow such crystals there are
obvious difficulties like the presence of long flexible
structures or the possible heterogeneity in light chain
composition.
We therefore rely also on biochemical and
electron-microscopic
methods
to
study
clathrin
triskelions.
Clathrin and light chains must be tightly
associated, since only in the presence of ionic or
zwitterionic 'detergents have we managed to dissociate
triskelions into clathrin and light chains and to separate
them by subsequent gel chromatography. We hope to be able
to reconstitute triskelions from the separated components
by
careful
removal of the
detergent.
Additional
separation of the two types of light chain would then
enable us to reconstitute triskelions of different light
chain composition and to see whether these still assemble
into coat structures.
In collaboration with D. Louvard we
are also raising antibodies aginst purified light chains.
We hope to localize their positions along the triskelion
legs by imaging the antibody-labelled complex in the
electron microscope using rotary shadowing techniques.
Determination of the molecular architecture of clathrin
coats presents a more difficult problem.
From electron
microscopic studies (Crowther et al., 1976) we know that
the coat consists of a net of regularly arranged hexagons
and pentagons (edge length - 170
and most probably each
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vertex of local threefold symmetry represents the centre
of a triskelion. However, it is not at all obvious how
the more than 400
legs of triskelions have to be
fitted into this lattice. Moreover, electron micrographs
of
coated pits show about
110
long,
stalk-like
connections between the coat lattice and the membrane, and
clathrin might also form part of these stalks.
A major
obstacle in probing the coat structure by diffraction
techniques is the variability in coat size.
Since the
coats
can
be reversibly dissociated
in vitro,
we
investigated numerous reassembly conditions in the hope of
finding
ones
suitable to obtain
more
homogeneous
populations of coats. Although variations in the size
distribution have been observed, the number of different
coat
structures formed under the conditions
tested
remained large.
To determine the amount of secondary structure present in
triskelions, we have recorded their circular dichroism in
the far UV (180-240 nm).
A preliminary analysis shows
that the sum of a-helix and B-sheet structures amounts to
about 60-70% (analysis carried out in collaboration with
S. Provencher). More interestingly, it appears that this
figure is significantly higher for reassembled coats.
Before definite quantitative results can be presented the
effect of possible scattering artefacts due to the large
size of the coats has to be evaluated. These experiments
are now under way.
b. Crystal structure analysis of proteins
nucleic acids.

interacting

with

We have purified two enzymes that interact with doublestranded DNA in a specific manner in amounts sufficient to
screen large numbers of crystallization conditions.
1. T4 DNA ligase, a single polypeptide chain of 60 kD
molecular
weight, recognizes DNA-DNA
or
DNA-RNA
duplexes with a single-strand nick.
The
reaction only proceeds in the presence of ATP and Mg +ions.
A number of purification procedures has been
reported for the isolation of T4 ligase from phage
infected cells and more recently for ligase from an
overproducing strain (Murray et al., 1979).
On the basis of these reported methods we have set up
our
own purification protocol that yields
large
quantities of pure enzyme in a short time.
From a
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100 1 cell culture (inoculum kindly provided by K.
Murray)
about 400 g of cells are obtained.
In our
standard preparation 50 g of these cells are broken by
sonication and after a low and high speed spin the
crude extract is applied to a phosphocellulose column,
followed by a second ion-exchange chromatography step
on a DEAE-cellulose column.
The ligase-containing
fractions
eluted from these columns
are
easily
identified on SDS polyacrylamide gels. After a final
concentration step of the purest fractions, yields of
about
100 mg of ligase are obtained.
The purified
enzyme
is
fully active
in
the
stoichiometric
adenylation assay (Knopf, 1977) and efficiently ligates
DNA substrates.
2. EcoRI methylase, a single polypeptide chain of 39 kD
molecular weight, recognizes the nucleotide sequence
5'pGAATTC in DNA duplexes and methylates the central
adenine base in the presence of
methyl group donor
S-adenosyl-methionine and of Mg + ions.
Crystals of
the EcoRI endonuclease were reported some time ago
(Rosenberg et al., 1978) and its structure analysis is
now under way in two laboratories.
As both enzymes
recognize the same sequence but in different ways
(Berkner & Folk,
1977; Modrich & Rubin,
1977) the
comparison of the two recognition sites would provide
important information on the variability of sequencespecific protein nucleic acid interactions.
The purification of the enzyme is based on
the
procedure described by Rubin & Modrich (1977) for the
methylase from wild type E.coli. The about 80-fold
amplification of enzyme in the strain constructed by M.
Zabeau has allowed a reduction in the number of
purification steps.
Again cells are grown in 100 I
fermentations which yield 100 to 150 g of cells.
The
purification proceeds very similarly to that of the T4
ligase except that the second chromatographic step is
replaced by a hydroxylapatite column.
Identification
of methylase-containing fractions occurs by observation
of the methylase band on SDS polyacrylamide gels.
After a final concentration step about 40 mg of
methylase are obtained from 50 g of cells.
Enzyme
activity
is monitored by the
methylation
assay
described by Rubin & Modrich (1977) using the plasmid
pBR322 as DNA substrate.
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Extensive crystallization trials have been set up for
both
enzymes
using
the
common
hanging
drop,
microdialysis and batch type techniques.
Ideally, one would want to determine the structure of
the enzyme with and without substrate (in this case a
fragment of DNA). For this purpose we have initiated a
collaboration with J. van Boom (University of Leiden,
Netherlands) who has agreed to synthesize suitable
oligonucleotide substrates in the large quantities
needed.
Apart from being more
interesting
the
complexes might even be easier to crystallize if the
enzymes contain flexible parts that fold up
and
rigidify only on substrate binding.
It is also planned
to study the formation of the complexes +n
by
spectroscopic techniques; in particular Hand
P NMRspectroscopy should provide valuable information on
structural, kinetic and energetic aspects of
the
interactions responsible for binding.
c. Contribution to other projects
We are also collaborating with the group of M.
Moody on
the crystal structure determination of the catalytic chain
trimers from the enzyme aspartate transcarbamylase (see
Report by M.
Moody).
One important reason for this
collaboration was to speed up the installation of data
collection and data processing facilities for crystal
structure analysis at the EMBL so that these facilities
are in operation when our own crystallization attempts
have succeeded.
Publications during the year
Foote,
A.M., Winkler, F.K.
& Moody,
M.F.
Crystallization
and preliminary x-ray study
catalytic subunit of aspartate transcarbamylase.
Biol., 146, 389-391.
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The structure of the clathrin gene and its sequence analysis
Members: K.Stanley, D.Louvard, G.Warren, F.Winkler, M.Zabeau
This project is being performed by collaboration between four
groups in the Divisions of Cell Biology and Biological
Structures.
Rather than lose coherence by writing separate
reports of each group's efforts, we present the project here
as one account.
The aim is to obtain a sequence of the
protein clathrin using recombinant DNA techniques and DNA
sequencing.
At the same time the number of copies of the
clathrin gene will be assessed in view of the possibility
that several different clathrin molecules might be used by
the cell to sort membrane vesicles containing different
nascent or endocytosed proteins.
In the longer term we hope
to define the precise molecular biology of clathrin and its
role in membrane transport.
Clathrin is the major structural protein associated with
coated vesicles, which are now recognized as an organelle
involved in the transport of protein through the cell.
Two
distinct pathways have been recognized which involve the use
of coated vesicles; one is the uptake of proteins at the
plasma membrane during receptor-mediated endocytosis, and the
other is the transport of newly synthesised protein from its
site of synthesis at the endoplasmic reticulum (Plate 24).
At
both
membranes clathrin molecules appear
to
be
responsible for the process by which the membrane is pinched
off to form a vesicle.
Once this has been accomplished the
clathrin coat dissociates again and the vesicle is free to
fuse with other intracellular membranes. This process is not,
however, random.
During receptor-mediated endocytosis the
vesicles fuse with specific intracellular sites (e.g. the
lysosomes and Golgi apparatus) depending on the nature of the
endocytosed protein.
Similarly, secretory and
membrane
proteins synthesized on the rough endoplasmic reticulum are
transported to a variety of different sites in a well-ordered
fashion.
The mechanism by which proteins are transported to
specific intracellular sites in this way remains unknown.
One possibility is that several different clathrin molecules
exist, one specific to each route through the cell. A direct
approach to this problem is to measure the number of clathrin
genes expressed in a cell.
This involves synthesizing
double-stranded cDNA from mRNA enriched in sequences which
code for clathrin, inserting this cDNA into a bacterial
plasmid, and then isolating a clone of bacteria transformed
with this material which contains a fragment of DNA coding
for clathrin.
Hybridization of this DNA with the genome of a
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PLATE 24
Distribution of clathrin in human fibroblast cells
Human fibroblast cells (strain WI38) were stained by indirect
immunofluorescence using affinity purified rabbit anti (pig
brain clathrin) and rhodamine-labelled goat anti(rabbit IgG)
antibodies.
This picture shows part of a single cell
photographed in the fluorescence light microscope. In (a) the
microscope was focused in the plane of the nucleus (the large
dark body) showing the intense fluorescence associated with
the Golgi apparatus, while in (b) it was focused on the cell
surface showing the irregular array of coated pits formed
beneath the plasma membrane.
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mammalian cell should then allow the number of clathrin genes
to be assessed.
A second level of investigation will be to
determine
how
many
of
these
genes
are
expressed
simultaneously in vivo.
Little is known about the structure of clathrin, how it
interacts with other clathrin molecules, or how it is
attached to the membranes of coated vesicles.
A complete
amino-acid sequence of the clathrin molecule is likely to
shed some light on these problems. Since clathrin has a
molecular weight of 180,000 it would take many years to
determine this by protein sequencing techniques.
Instead we
intend to use the rapid methods for sequencing DNA to
sequence the DNA coding for clathrin, and from this to deduce
the amino-acid sequence of clathrin using the genetic code
and partial protein sequence information.
Although
developed
a result
and its
following

the techniques for achieving these objectives were
for small proteins, considerable problems arise as
of the large size of the clathrin mRNA (about 5kb)
low abundance.
We have therefore adopted the
strategy:

1. to isolate an enriched mRNA fraction coding for clathrin.
Various tissues have been assessed as a source of clathrin
mRNA on the basis of the quantity of mRNA available, the
relative abundance of mRNA molecules coding for clathrin
and the level of RNAase present. Most critical of these
factors is the activity of RNAase, and the possibility of
using recently reported inhibitors (Lizardi,
1980) is
being
investigated.
By making use of the
large
sedimentation coefficient of clathrin mRNA it has been
possible to enrich it on sucrose gradients until it
constitutes about 0.5% of the total translated products.
Clathrin has been identified in in vitro translates of
this mRNA by its mobility on SDS polyacrylamide gels and
by its immune precipitation with an affinity-purified
antibody raised in rabbits against pig brain clathrin.
2. to isolate clones containing sequences which code for
clathrin
The enriched mRNA fractions will be used to direct the
synthesis of double-stranded cDNA using avian myoblastoma
virus reverse transcriptase primed with oligo-d(T). These
fragments will then be inserted into plasmid cloning
vectors and used to-transform appropriate E.coli hosts.
Transformed
cells
harbouring
recombinant
plasmids
containing clathrin cDNA sequences will be identified
using either an in vitro translation assay to monitor the
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hybridization of clathrin mRNA to plasmid DNA sequences,
or by direct immunoradiometric assay of the colonies
synthesizing
fragments
of clathrin
with
antigenic
determinants.
The final identification of a clathrinpositive
clone will be made by comparison of
the
nucleotide sequence with portions of the
amino-acid
sequence of purified clathrin. To this end the N-terminus
of cyanogen bromide fragments of purified clathrin will be
sequenced by traditional amino-acid sequencing techniques.
References
Goldstein,
Nature,

J.L.,

Anderson, G.W. &

679-685.

Lizardi, P.M. (1980). J. Cell BioI.,
Pearse, B.M.F. (1975). J. Mol. BioI.,

-138-

Brown,

M.S.

292-296.
93-98.

(1979).

Structure of bacterial polypeptide elongation factors
Members: R. Leberman, D. Suck
Student: R. Guariguata
Technical assistant: B. Antonsson
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, G.E. Schulz, A. Wittinghofer
Fellow: R. Frank
Technical assistant: R. Schumann
One of the most fundamental processes of life is the
conversion of the information contained in a genetic element
into a gene product.
Since most gene products are proteins,
molecular biology has been very concerned over the past
twenty years with protein biosynthesis, i.e. the mechanics of
mRNA translation.
Following the verification of Crick's
adaptor hypothesis by the identification of the tRNAs, many
aspects of protein biosynthesis research have centred around
these
low
molecular weight nucleic acids
and
their
interactions
with
other
components
of
the
protein
biosynthetic pathway.
Although a description of at least one tRNA is available at
the
atomic level, as yet no complete
high-resolution
structure of a protein which interacts specifically with tRNA
has been obtained. One such protein is the
bacterial
polypeptide elongation factor, EF-Tu, whose structure we are
studying both in solution and by x-ray diffraction analysis
of crystals.
This protein, which is the most abundant in the
bacterial cell, is a single polypeptide chain of molecular
weight 44,000.
It is a multi-functional protein interacting
with a number of guanosine nucleotides, divalent metal ions,
aminoacyl-tRNA, another polypeptide elongation factor EF-Ts,
ribosomes, and antibiotics. It is associated with a GTPase,
implicated as functioning as a kinetic editor to ensure the
fidelity of the genetic code, and as a component of QBreplicase participates in RNA synthesis. Furthermore it has
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been suggested that it is structurally related to actin and
might be the structural unit of a bacterial cytoskeleton.
X-ray diffraction studies on trypsinized EF-Tu GDP
At the present time the only method available for determining
the atomic structure of a protein is x-ray diffraction
analysis of crystals.
For such an analysis, in the first
place suitable crystals must be routinely available, and
secondly isomorphous heavy-atom derivatives must be obtained
for the solution of the phase problem. We can meet this first
condition with crystals of the EF-Tu.GDP complex modified by
a mild treatment with trypsin, and isomorphous derivatives
were produced for an analysis of the structure to
a
resolution of 6
(Kabsch et al., 1977). However, despite an'
extensive search, only the methylmercury derivative has
proved to be suitable for an analysis to higher resolution.
As we reported last year, a 2.7
electron density map, based
on this derivative and on molecular averaging over the noncrystallographic 2-fold axis, did not permit complete tracing
of the polypeptide chain. We now have a new derivative which
shows no changes in cell constants. This is obtained by
soaking protein crystals in solutions of the mercury complex
of N,N-bis-(hydroxyethyl)glxcine (nbicine n ).
A differenceFourier synthesis using 6 l diffractometer data from this
mercury-bicine
derivative revealed 6
heavy-atom
sites
different from those found for the methylmercury derivative.
Ceritric parameter' refinement at 6
resolution yielded an R
factor of 32.5% and an overall figure of merit of
demonstrating the high quality of the derivative. The phasing
power (FH/E) is 2.8.
Using
synchrotron
radiation, high
resolution
oscillation data have been collected on the mercury-bicine
derivative
at the EMBL Outstation at
DESY,
Hamburg.
Synchrotron radiation has the advantage over conventional
sources,
like rotating anode tubes,
that much
shorter
irradiation times are required and therefore smaller crystals
can be used. For the EF-Tu.GDP crystals we also obtained a
slight increase in resolution, from 2.7
to
Plate 25
shows an example of the oscillation data. The data for the
mercury-bicine derivative are being processed and,
together
with the data from the methylmercury derivative, should
provide the information needed to produce an electron density
map at 2.7
resolution.
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PLATE 25
1.1 0
oscillation
photograph of
mercury-Bicine
derivative of the EF-Tu.GDP complex taken with synchrotron
radiation at DESY (F=78.6 mm,
irradiation time 6
min). The diffraction limit is 2.4 A.
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The GDP binding site
The tetraphosphate ppGpp, synthesized in bacteria under
stringent control through the transfer of a pyrophosphate to
the 3'-OH of GDP, can replace GDP in the EF-Tu.GDP complex.
Using crystals of EF-Tu.GDP soaked in ppGpp solutions and
applying difference-Fourier methods, we have been able to
locate unambiguously the GDP-binding site of the protein.
Furthermore, we find that the 5'-pyrophosphate groups of both
GDP and ppGpp occupy identical positions in their complexes
with the protein. There "are only two prominent peaks in the
difference-Fourier synthesis and they represent the positions
of the additional 3'-pyrophosphate groups bound to the two
EF-Tu molecules in the asymmetric unit of the crystal.
The GDP or ppGpp binding site is located at the surface of
the "head" or "tight" domain of the protein at the end of a
20
rod of electron density which most probably represents a
length of a-helix (Plate 26). None of the heavy-atom sites of
the methylmercury derivative is closer than 20
to this
position.
Assuming that the sulphydryl groups of EF-Tu are
labelled in the methyl-mercury derivative, this means that
none of the three cysteine residues is in the vicinity of the
GDP-binding site. This is in agreement with our solution
studies on EF-Tu from Bacillus
where it
was shown that none of the protein sulphydryl groups was
essential for the binding of GDP (Wittinghofer & Leberman,

1979).

EF-Tu.EF-Ts complex
The interaction between the two elongation factors EF-Tu and
EF-Ts is highly specific, the
forming a complex
with a binding constant of 5x10 M . The two proteins have
been identified as subunits III and IV of QB-replicase, so a
structural analysis of the complex, probably
data from
the x-ray diffraction study of EF-Tu.GDP, may be a start on
the way to an analysis of the more intricate 4-subunit
polymerase.
We
have
crystallized
the
EF-Tu.EF-Ts
complex
from
polyethylene glycol solutions. The crystals belong to the
Qrthorhombic space group P2 2 i 2 with cell dimensions a=81.7
1
1
l, Q=110.5
and c=206.0
There are two molecules in the
asymmetric unit, and since EF-Ts has a molecular weight of
36,000, this means that the weight of the asymmetric unit is
160,000. The crystals appear to be somewhat disordered
reflections can only be observed to a resolution of 4.5
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PLATE 26
GDP-binding site of E.coli EF-Tu.
A balsa wood mQdel of the
EF-Tu.GDP complex derived from the averaged 6
electron
density map is shown. The GDP- and ppGpp-binding site at the
surface of the head domain is indicated.
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The search for heavy-atom derivatives yielded two likely
candidates, one being methylmercury acetate and the other
uranyl sulphosalicylate. Crystals soaked in solutions of
these compounds gave diffraction patterns different from both
the native crystals and each other. No changes in cell
dimensions were observed with these two derivatives.
During
the search for heavy-atom derivatives, crystals were soaked
in a very dilute solution of methylmercury acetate (1
Crystals from this soak showed an improvement in molecular
order with the diffraction pattern now extending to 3
resolution. This improvement
by changes
the cell dimensions (to £=74.3
Q=108.7
Rnd Q=198.5
but no changes either macroscopically or in the space group
were observed.
Since the amino-acid sequence of EF-Ts is not known a program
has been initiated to determine this by protein sequencing
techniques and (in collaboration with the laboratory of J.
Friesen, York University, Ontario) by sequencing the EF-Ts
gene contained in the plasmid pDB9.
Solution studies
In any structural program a regular supply of material has to
be assured. For our progFam with the bacterial elongation
factors we have been able*to do this by greatly improving the
isolation procedures so that relatively large amounts of
bacterial cell paste can be processed in a short time to
produce sufficient material for both our x-ray diffraction
and solution studies (Leberman et al., 1980). The procedure
eliminates many of the time-consuming, and often deleterious,
preliminary
steps
in dealing with
cell
lysates
by
fractionating the whole lysate rapidly on DEAE-Sepharose CL6B. Procedures such as ammonium sulphate fractionation and
dialysis are completely avoided.
The methodology lends itself particularly to proteins which
are present in high concentrations and a similar procedure
has been developed (with A. Foote and M. Moody)
for the
isolation of ATCase from the overproducing strain of E.coli.
This may be an example of the general utility of the method
for the isolation of specific proteins from overproducing
strains of bacteria.
As
indicated above EF-Tu has been compared with
the
ubiquitous eukaryotic protein actin. One of the most quoted
pieces of evidence for the structural similarity between the
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PLATE 27
Gel filtration of a mixture of EF-Tu.GDP (1.28 mg) and DNAse
I (0.087 mg) on AcA 54. The separation of protein activities
demonstrates conclusively that even a ten-fold molar excess
of EF-Tu does not complex DNAse I.
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PLATE 28
Schematic representation of the tryptic digestion of EF-Tu.
The arrows indicate the points of tryptic attack on the
polypeptide chain;
a, band c are the different reaction
pathways.
The length of the bars are proportional to the
number of amino acids in each fragment.
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two proteins is the report (Beck et al., 1978) that EF-Tu.GDP
binds to a column of immobilized DNAase I and thus resembles
actin in its ability to form a complex with the nuclease.
However, in the isolation procedure described above we use,
very successfully, small amounts of DNAase I to digest
bacterial DNA in the presence of high concentrations of EFTu.
Simple activity measurements of one protein in the
presence of large molar excesses of the other produced no
evidence of functional inhibition.
Nevertheless
complex
formation could take place without concomitant inhibition of
enzymatic activity, but Plate 27 shows the result of a gelfiltration experiment which shows clearly that no significant
complex formation takes place between the two proteins.
Therefore EF-Tu does not possess the actin-like property of
binding to DNAase I.
As we reported last year, the trypsinized EF-Tu from the
crystals used in the x-ray analysis resembles native protein
in its ability to stimulate polyphenylalanine synthesis
(Wittinghofer et al., 1979). We have since analysed both the
sequence of events on trypsin digestion of EF-Tu.GDP and the
composition of the final products (Wittinghofer et al.,
1980).
The study was carried out with undenatured protein
digested with trypsin at aOe i.e. under conditions pertaining
to the production of modified protein for crystallization.
We find that the 393-residue
chaig 8 is first
cleaved at one of three sites Arg
,Lys
or Arg
· Further
digestion
hydrolysis at all three sites so that
peptide Ala -Arg
is completely excised (Plate 28).
The
two other peptides of residues 1-44 and 59-393
(termed
fragments D and A respectively) form a tight complex which
still binds GDP. This complex binds aminoacyl-tRNA in the
presence of GTP, albeit less strongly than the native
protein.
It resembles native protein in its ability to
stimulate both polyphenylalanine synthesis and the binding of
aminoacyl-tRNA to 70S ribosomes.
Publications during the year
Guariguata, R. (1980). Untersuchungen am Elongationsfaktor Tu
aus dem Thermophilen Bakterium PS3.
Dissertation zur
Erlangung
der
Doktorwlirde
der
Naturwissenschaftlichen
Gesammtfakultat, Universitat Heidelberg.
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Leberman, R., Antonsson, B., Giovanelli, R., Guariguata, R.,
Schumann, R. & Wittinghofer, A. (1980).
A simplified
procedure
for the isolation of
bacterial
polypeptide
elongation factor EF-Tu. Anal. Biochem., 104, 29-36.
Wittinghofer,
A.,
Frank, R. & Leberman,
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(1980).
Composition and properties of trypsin-cleaved elongation
factor Tu. Eur. J. Biochem., 108, 423-431.
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Structural basis of the allosteric
aspartate transcarbamylase (ATCase)

control

mechanism in

Member: M.F. Moody
Fellow: P. Vachette

*
Technical
assistants:
A.M.
Foo.e,
(Instrumentation Division), P.T. Jones

A.G.

Fowler *

Solution scattering experiments
A system for measuring static medium/large-angle solution
scattering patterns has been built to exploit the large
scattering pattern change following the allosteric transition
of ATCase (Moody et al., 1979).
This system (described in
earlier Reports) has been completed with computer programs
that correct for non-linearities in the detector response and
facilitate the acquisition of experimental data.
Data
collection is 1 - 2 orders of magnitude faster than with
film, and use of the system has already shown that the form
of ATCase grown in the presence of 2-thiouracil (provided by
G.
Herve) has the normal T-type quaternary structure in the
absence of PALA, contrary to expectation (Thiry & Herve,
1978).
It is hoped to use this system to investigate the
nature of the quaternary states as a function of pH.
The kinetic studies of the dissociation of ATCase (described
in last year's Report) have been continued at our Hamburg
outstation.
A new cell was built to transmit the entire
cross-sectional area of the direct beam (less than half of
which was used last year), and a· prototype annular detector,
constructed by A. Gabriel, collected all the scattered
photons (most were lost last year).
A new experiment
(performed in collaboration with J. Bordas, A. Gabriel and M.
Koch) gave much better data (Plate 29).
A time frame of 200
msec (Plate 29a) gave better data than a 5 sec frame last
year (Plates 33 and 34 of last year's Report).
Sufficient
counts are now available to give useful data with much
shorter time frames,
but the present mixing cell shows
distortion artifacts that prevent this.
It is planned to
improve the apparatus to the point where the allosteric
transition can be followed by x-ray scattering.
Avoidance of precipitates limits the concentration of the
dissociating agent (Q-chioromercuribenzenesulphonate), so the
reaction cannot be made pseudo-first-order.
By plotting the
-149-
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PLATE 29
X-ray scattering
dissociation (20
Except for changes
to those described

curves obtained at Hamburg for ATCase
mg/ml ATCase mixed with 1.6 mg/ml PMBS) •
noted in the text, conditions were similar
in last year's Report.

(a) using 200 msec time frames.
(b) using 1 sec time frames.
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5

Time sec

Integrals of the scattered intensity in the central
of the curves of Plate 29.
(a)
Using data taken at 200 msec intervals (Plate
showing an initial apparent time constant of 2.4 sec.

maximum
29a),

Using data taken at 1 sec intervals (Plate 29b), showing
an initial apparent time constant of 18 sec.
(b)
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integrated intensity of the central maximum against time,
apparent time constants can be calculated for the rapid
intial phase (2.4 sec; Plate 30a) and the slower later phase
(18 sec; Plate 30b).
(The same rate is calculated for the
later phase by following the rise of the first scattering
minimum.) In collaboration with S. Provencher, the data have
been analysed for their principal components using a singular
value decomposition procedure.
No evidence was found for
more than two components (i.e. the initial and final states),
despite the fact that the dissociation is known to proceed
via the intermediate c r
(Subramani & Schachman,
1980).
6 4
Presumably the invisibillty of the intermediate is due either
to its very similar scattering pattern, or to its relatively
low concentration under the conditions we have been using.
Since x-ray measurement of the allosteric transition rate is
possible only with an apparatus capable of detecting the
intermediate, we shall try to determine its concentration and
measure its scattering pattern.
Environment of the zinc atom
In collaboration with J.
Phillips, new data have been
collected for ATCase using the fluorescence EXAFS detector
recently installed at our Hamburg outstation.
Much clearer
curves now show no detectable change after ligation with
PALA, so it appears unlikely that there is any change in the
zinc-sulphur
bond
lengths
following
the
allosteric
transition, despite the large changes in quaternary structure
and
circular
dichroism
spectrum
that
occur
then.
Calculations and comparison with the spectra from several
model compounds are needed to set limits to the possible
changes in Zn-S bond lengths.
Crystals of the catalytic subunit
Winkler and R. Brown).

(In collaboration with

F.

In Lipscomb's laboratory, the structure Qf the T-state of the
complete enzyme has been solved to 2.8
resolution (Monaco
et al., 1978), and crystals of the PALA-ligated (probably Rstate)
enzyme are under study.
However, even when the
structural details of the allosteric transition of the
complete enzyme have been revealed, experience with other
allosteric proteins shows that many structural questions will
remain unanswered.
But ATCase is unusual in allowing us to
separate the portion of the enzyme that responds to substrate
binding (i.e. the catalytic subunit), and to study the
conformational changes that it undergoes in isolation.
These
changes are smaller than the corresponding changes found with
-152-

(a)

(b)

PLATE 31
(a) Crystals of the catalytic subunit of ATCase grown
ammonium sulphate.
(Later crystals have grown bigger
this, to about 0.1 mm in their smallest dimension.)

from
than

(b) X-ray precession photograph (taken by F. Winkler) of
catalytic subunit crystal.
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a

the complete enzyme, either by hydrodynamic measurements
(mostly from Schachman's group), or by x-ray scattering.
An effort has therefore been made to crystallize
the
catalytic subunit, and tetragonal bipyramidal crystals have
been (very slowly) grown by the microdiffusion technique,
using ammonium sulphate (Plate 31a).
Thin-layer SDS gelelectrophoresis
of
a
single
crystal
(performed
in
collaboration with W. Ansorge and J. Dickson) showed that the
catalytic subunit was intact.
X-ray precession photographs (Plate 31b) show that the
crystals are tetragonal, with the space grQup P4 12 12
p4 2 2), and with cell dimensions a = b = 82
and Q = 299
Oni y 1one trimeric catalytic subunit could be accommodated in
the asymmetric unit of this space group.
Studies in
Lipscomb's laboratory have shown that the catalytic trimer
has a 3-fold axis in several crystal forms of the complete
enzyme.
If retained in the isolated subunit, this pointgroup symmetry would have to be non-crystallographic in the
space group of our crystals - a feature that should help in
solving the structure.
So far the resolution has been limited to about 3.5
but
comparison with the known structure of the T state should
nevertheless allow much useful information to be obtained.
To begin with, data are being collected out to 5
to find
the structure of the subunit at low resolution.
Photography
has been done partly here, and partly at the Hamburg
outstation
(in collaboration with K. Bartels
and
H.
Bartunik).
Since these are the first crystallographic data
to be analysed at the Heidelberg laboratory, we have to
. install and adapt several computer programs, but this is an
investment needed for all subsequent crystallographic work
here.
Publications during the year
Foote, A. M., Winkler, F. K. & Moody, M. F. (1981).
Crystallization and preliminary x-ray study of the catalytic
subunit of aspartate transcarbamylase. J. Mol. Biol., 146,
389-391.
Moody, M. F., Vachette, P., Foote, A. M., Tardieu, A., Koch,
M. H. J. & Bordas, J. (1980).
Stopped-flow x-ray solution
scattering: the dissociation of aspartate transcarbamylase.
Proc. Nat. Acad. Sci. USA, 11, 4040-4043.
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Koch, M.H.J., Stuhrmann, H.B., Tardieu, A. & Vachette, P.
(1980).
Small-angle
scattering of solutions. In
Uses
of Synchrotron Radiation in Biology:
ed. Stuhrmann, H.B.;
Academic Press, London, (in press).
Other
Monaco, H.L., Crawford, J.L. & Lipscomb, W.N.
Natl. Acad. Sci., USA 12, 5276-5280.
Moody, M.F., Vachette, P. & Foote, A.M.
Biol., 133, 517-532.
Subramani,
S.
communication.)

& Schachman,

Thiry, E. & Herve, G.
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H.K.
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(1980).
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Protein sequencing
Member: A. Tsugita
Fellow: K. Maeda

* M. Tadros *
Students: S. Fischer,
Visiting worker: A. Dianoux *
Technical
Scheffler

assistants:

R.

v.d.

*
Broek,

M.

*
Roche,

J.J.

Work has continued on the development of methods
for
sequencing insoluble proteins, and on the determination of
such sequences.
A new rapid hydrolysis method, adapted to
hydrophobic
proteins, has been established (Tsugita
&
Scheffler, 1981), and this has been extended to a method for
the specific cleavage of the hydrophobic regions of proteins.
Complete sequences were determined for yeast cytochrome c
oxidase (with I. Gregor, University of Basel;
see Gregor &
Tsugita,
1981) and for the C-terminal domain of the helixstabilizing protein gP32 of phage T4 (with J. Hosoda and I.
Kubota; see Hosoda et al., 1980 a & b, Kubota et al.,
1981).
There has also been work on the regulatory subunit of
aspartyl transcarbamylase
(with M.F. Moody),
on the DNAbinding protein of filamentous phage Pf1 (with D.A.
Marvin),
and on the ATPase inhibitor IF1 of beef heart mitochondria
(with A. Dianoux, ,Centre d'Etudes Nucleaires, Grenoble).
The
lipoprotein of the outer membrane of P. mirabilis has been
used as a model protein for the development of techniques, as
well as for sequence studies (with R. Plopp,
University of
Kaiserslautern) .
Preliminary work has been carried out on
the
following proteins: the membrane glycoproteins
of
Polysphondylium pallidum in connection with studies
of
membrane-membrane adhesion (with G. Gerisch, MPI Martinsried,
Munich; see Bozzaro et al., 1981); three thioredoxin isomers
of spinach chloroplasts (with P. Schilrmann,
University of
Neuchatel;
see Schilrmann et al.,
1981); 'and several Dfructose 1:6-diphosphate aldolases of Staphylococci (with K.
Schleifer, University of Munich). Heavy-metal derivatives of
filamentous
virus pf1 were prepared for
x-ray
fibre
diffraction analysis (with D.A. Marvin;
see Nave et al.,
1981).
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There follows an account of the three major projects.
The rapid hydrolysis method
Organic solvents had been found to render hydrophobic regions
of protein molecules accessible to organic reagents or
enzymes, by altering the conformation (Tsugita et al., 1979);
tests were therefore made on the effects of adding organic
solvents to the protein hydrolysis mixture.
Preliminary
experiments indicated that acetic acid (Inouye et al., 1970),
propionic acid (Westall & Hesser, 1974), and trifluoracetic
were
promising candidates;
trifluoracetic
acid
was
eventually chosen because of its volatility and high acid
strength, and because it gave the fewest side reactions.
The
final
solvent mixture was a 2:1 mixture of conc.
HCl and
trifluoracetic acid, and hydrolysis was carried out at
167°C
for 25 or 50 min.
Amino-acid recoveries were comparable
those obtained with the conventional method (6N HCl at
110 C
for 24 or 72 h), and the results were more favourable for
hydrophobic proteins.
Cytochrome c oxidase from yeast, subunit VI
This subunit, which is synthesized in the cytoplasm, is made
up of 108 amino-acids. Preliminary data were presented by
Tsugita et ale (1979), and the sequence was completed this
year after removal of artificially-bound detergent from the
protein. The charge distribution is highly non-random;
both
termini are acidic, while the interior includes both a nonpolar and a basic region. There is 28% homology with subunit
V of bovine cytochrome oxidase. The absence of methionine,
and the presence of a single histidyl residue very close to
the N-terminus,
suggest that this subunit is unlikely to
carry the haem a in the native complex.
The helix-destabilizing protein gP32 of phage T4
The C-terminal domain of this protein, consisting of 51
residues, has been completely sequenced and was found to
contain clusters of aspartyl and seryl residues.
The removal
of this domain by limited proteolysis results in an increased
helix-destabilizing potential, an increased affinity for
single- and double-stranded DNA, and reduced affinity for DNA
polymerase and RNA-priming proteins. All these
results
enabled us to propose a model for the control of helixdestabilization during DNA replication by the C-terminal
domain.
(The sequence was also published by another group a
short time later; see Williams et al., 1980.
The two results
were in good agreement apart from minor discrepancies.)
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Publications during the year
Bozzaro, S., Tsugita, A., Fromme, I., Janku, M., Monok, G.,
Opatz, K. & Gerisch, G. (1981).
Characterization of a
purified cell surface glycoprotein as a contact site in
polysphondylium pallidum. Exp. Cell BioI., (in press).
Gregor, I. and Tsugita, A. (1981).
The amino acid sequence
of cytochrome Q oxidase subunit VI from
Saccharomyces
cerevisiae. J. BioL. Chern., (in press).
Hosoda, J., Burke, R.L., Moise, H., Tsugita, A. & Alberts, B.
(1980a).
Structural and functional studies of T4 gene 32
helix destablizing protein by limited proteolysis.
Supramol. Struct., suppl.,
340.
Hosoda, J., Burke, R.L., Moise, H., KUbota, I. & Tsugita, A.
(1980b).
The control of T4 gene 32 helix-destabilizing
protein activity in a DNA replication complex.
Mechanistic
studies
of DNA replication
and genetic recombination.
Alberts, B. & Fox, C.F. eds., Academic, New York, p. 507-515.
Imber R., Tsugita, A., Wurtz, M. & Hohn, T. (1980).
surface protein of bacteriophage A. J. Mol. BioI.,
295.

Outer
277-

Kubota, I. & Tsugita, A. (1980). A new semi-empirical method
for the determination of the subunit molecular weight of
protein. Eur. J. Biochem., 106, 263-268.
Kubota, I., Hosoda, J., Moise, H. & Tsugita, A. (1981).
The
structure and function of the terminal domains of T4 gene 32
helix-destabilizing protein. Eur. J. Biochem., (in press).
Nave, C., Brown, R.S., Fowler, A.G., Ladner, J.E., Marvin,
D.A., Provencher, S.W., Tsugita, A., Armstrong, J. & Perham,
R.N. (1981). The symmetry of Pf1 filamentous bacterial virus
determined by x-ray fibre diffraction analysis of two heavyatom derivatives. J. Mol. BioI., (in press).
SchUrmann, P., Maeda, K. & Tsugita, A. (1981).
Isomers in
spinach chloroplast thioredoxins.
Eur. J. Biochem., (in
press).
Tsugita, A. & v.d. Broek, R. (1980). Solid phase. C-terminal
sequencing by carboxypeptidases. ·In Methods in Pe·ptide and
Protein Sequence Analysis, Ed. Birr, C., Elsevier, North
Holland Biomedical Press, pp. 359-369.
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Tsugita, A., v.d. Broek, R. & Gregor, I. (1980).
chemical
approaches for the investigation of
Morphogenesis Biosystem,
225-238.

Protein
T4-head.

Tsugita, A. & Scheffler, J.J. (1981). A new quick method for
complete acid hydrolysis of protein. Proc. Natl. Acad. Sci.,
Japan, (in press).
Other references
Inouye, M., Okada, Y. & Tsugita, A. (1970) . .

31, 3363-3365.

J. Mol. Biol.,

Tsugita, A., Gregor, I. Kubota, I. & v.d. Broek, R. (1979).
In Cytochrome Oxidase. Eds. King, T.E. et al., Elsevier,
North Holland Biomedical Press, pp. 67-77.
Westall, F. & Hesser, H. (1974). Anal. Biochem., Qi, 610-613.
Williams, K.R. LePresti, M.B., Setoguchi, M. & Konigsberg,
W.H. (1980). Proc. Natl. Acad. Sci., USA, 11, 4614-4617.
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Nucleotide sequence data group
Member:

G. Hamm *

Data library
Work was begun in October to plan and develop a nucleotide
sequence data library at the EMBL.
It is hoped that an
initial library will become operational for general use
during the second half of 1981.
The data included in the
library will be drawn initially from existing collections,
and will be made available in two ways:
(1) via dial-up
access to the Laboratory's VAX 11/780 computer (which is to
be installed in the summer of 1981); and (2) by distribution
of copies of the data base on magnetic tape for use on other
computers.
Limited provision is also foreseen for sending
printed copies of specific sequence data upon request.
It is intended that the formal data library contain only
sequence data which have been published or accepted for publication in refereed journals or other recognized sou.rces,
although provision for an additional, less formal "working"
library may also be made.
As a minimum set, the following
information will,be available for each sequence stored:
1. sequence name;
2. taxonomic classification;
3. author(s) and journal reference(s);
4. data source;
5. dates received and updated;
6. sequence length; and
7. annotation of the sequences to include the positions
known sites or regions of biological interest,
such
genes, promoters, mutation sites, etc.
This list is expected to evolve as the content and
library develops.

use

of
as

of

Considerable effort since October has been devoted to the
establishment of contact and cooperation with other groups
working with nucleotide sequence data, some of which maintain
data collections.
Since the question how to deal with
sequence data is still the subject of much discussion, it is
hoped that cooperation will lead to better standardization of
sequence data and methods -for its storage and dissemination,
and to t-he establishment of means (perhaps via journals)
for
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acquiring sequence data as directly as possible,
thus
reducing the rate of error.
These and other topics related
to the establishment and use of sequence data libraries will
be discussed this spring at an EMBL Workshop on "Computing
and DNA Sequences" which is being organized in collaboration
with K. Murray.
Software development
In order to provide the planned capabilities of the data
library, a data base system is necessary to support both a
biological organization of the data (i.e. sequence data seen
as
recognition
sites,
chromosomes,
etc.)
and
structures amenable to flexible computation, searching, and
analysis.
A system under development at the University of
Colorado at Boulder fulfils both these needs admirably;
a
major task for 1981 will be the implementation of the system
at the EMBL.
The system will then be developed further in
collaboration with its authors, T. Schneider, G. Stormo and
J. Heamer (personal communication).
Once the data library system is established, it can be used
as a basis for the development of tools with which biologists
,can
perform very flexible analyses of sequence
data,
including library data as well as new research data.
Longer
term plans include the design and development of such tools,
with the integration of existing tools where feasible.
Computer-assisted sequence data acquisition
Also planned for 1981 is the installation (on one of the
Laboratory's NORD-10 computer systems) of a digitizing tablet
for computer-assisted reading of nucleic acid sequencing-gel
autoradiograms.
This system will permit rapid entry of
sequence data into the computer with a much lower error rate
than manual reading followed by keyboard entry.
Reference
Gingeras, T.

& Roberts, R. (1980).
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Division of Instrumentation
Electron microscope development group
Members: A.V. Jones, J.-C. Homo, B.M. Unitt
Technical assistants: C. Eavis * , H.J. Elema, P.
N. Webster

*
Labouesse,

The main activity of the ElM development group continues to
be the design and construction of the two cryo-microscopes.
As was reported last year, the aim of this project is to
provide facilities 0 for electron microscopy at a specimen
temperature
of 4 K. Preliminary experiments (Knapek
&
1980) have indicated that the susceptibility of
biological specimens to electron beam damage is appreciably
reduced at such temperatures.
This in turn is expected to
extend the attainable resolution in both periodic and nonperiodic specimens .
.The combined project was expected to take several years, the
microscope, the CryoTEM, becoming available for use' in
mid-1981.
Development during 1980 has remained on schedule
and it is expected that the original dates will be met.
To
from the previous Report, the
CryoTEM
consists essentially of a superconducting objective lens
manufactured
under
contract by the
Siemens
Research
Laboratory in· Munich, fitted to a modified Zeiss EM10
electron microscope.
The objective lens is based on a
prototype, developed at Siemens, on which the preliminary
experiments referred to above were carried out. Construction
of the new lens is well advanced and the Zeiss microscope is
at present being modified in anticipation of the lens being
delivered in April or May 1981.
The second microscope, the CryoSTEM, is the more complicated
of the two instruments and is not expected to be fully
operational until 1982.
The electronic units which constitute a major part of this
instrument are based where possible on standardized modules
to simplify both the construction and later the servicing of
the completed microscope. The design and construction of most
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PLATE 32
Watercooled modular power
supplies for CryoSTEM

PLATE 33
Microprocessor-controlled
lens supplies for CryoSTEM
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of these modules is now complete and they are now being
assembled into complete electronic units.
The collaboration
of C. Stettner and the staff of the electronic workshop was
and is an important factor in this phase of the development.
A number of the completed units is shown in Plates 32 and 33.
A notable feature of the electronics is the extensive use of
microprocessor technology which has led to considerable
simplification of the overall hardware design together with
increased flexibility in operating functions.
The scan
generator, refresh memory, electron beam control unit and the
specimen shift control unit are controlled by individual
microprocessors, which communicate wi tho each other and wi th
the on-line image processing computer to exchange both data
and status information.
The refresh memory designed by B .. M. Unitt deserves special
note.
Basically it consists of two separate 512 x 512 x 8
bit digital memories under microprocessor control.
Each
memory can be expanded to 1024 x 1024 x 8 bits simply by
exchanging the present 16K memory chips for 64K memory chips
when the latter become available at a reasonable price.
Each memory can accept data at a maximum rate of
1
microsec/point while quasi-simultaneously displaying
the
memory
contents,
i.e. the
microscope
image,
using
conventional television monitors.
Originally designed to act
simply as a
memory for the microscope displays,
it
has since been modified to act as a buffer memory to provide
additional flexibility during data acquisition and for use of
a
grey-scale computer terminal for
interactive
image
processing. The interfacing necessary for these functions has
been developed in collaboration with D.
Iversen and M.
Albrecht of the computer group.
The construction of the optical column is now completed up to
the level of the cryo-objective lens.
As previously reported, two types of objective lens are under
consideration.
The first is a relatively conventional highexcitation immersion' lens, the second a modifie'd version of
the Mulvey "Schnorkel" or monopole lens.
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Calculation of lens parameters using programs supplied by Dr.
E. Munro of Imperial College, London, are in progress.
A
suitable
design for the "conventional" lens has
been
established and is at present being "engineered" into a
technically viable form.
A new variant of the monopole lens
having
improved
shielding
characteristics
and
lower
excitation requirements is being studied at the present time.
Assuming that the Siemens cryolens is delivered on schedule,
the construction of the CryoTEM will then be given full
priority so that testing of the CryoSTEM is not expected to
begin before the latter part of 1981.
In support of the program to develop preparative techniques
for frozen specimens, the cryostage previously developed for
the HB5 STEM has been further improved, particularly with
regard to the introduction of pre-frozen specimens.
In addition, a demountable cryo-shield has been developed for
the EM 400 to reduce specimen contamination.
Publications during the year
Boulin, C., Herzog, R. F. & Unitt, B. (1980). High speed data
acquisition system from a scanning electron microscope.
In
Elements de Biophysique:
ed. Gremy, F. et Perrin,
J.;
Flammarion Medecine-Sciences, Paris, p.249-253.
Dubochet, J., Booy, F. P., Freeman, R., Jones, A. V. &
Walter, C. A. (1981).
Low temperature electron microscopy.
Ann. Rev. Biophys. Bioeng., .1Q., 133-149.
Homo, J.-C.
(1980). Micro-cryostat for high
resolution
electron microscope specimen stage. Electron Microscopy 1980;
7th European Congress on Electron Microscopy Foundation,
Leiden, Vol.1. p.92-93.
Jones, A. V. (1980). Computers and scanning microscopes:
present and future trends. J. Microsc. Spectrosc. Electron.,
5., 595-609.
Jones, A. V. & Unitt, B. M. (1980). Computers in scanning
microscopy.
Scanning Electron Microscopy/1980;
Scanning
Electron Microscopy, Inc., AMF O'Hare, Ill., Vol.1, 113-124.
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Reference
Knapek, E. & Dubochet, J. (1980).
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Data analysis group

* V.G. Dovi, P.T. Speck,
'Members: S.W. Provencher, R.K. Bryan,
R.H. Vogel
'Students: J. Glockner, G.H. Hamm * , S.M. Stier *
Wagner

workers:

H.

*
Camerer,

E.A.

*
Jonckheere,

H.-J.

Unstable data inversion problems
S.W. Provencher and J. Glockner
The portable Fortran package for the regularized solution of
unstable linear data inversion problems (see last year's
Report)
was documented (Provencher,
1980) and is being
distributed.
It also contains five "applications packages",
which are groups of modules (subprograms)
that can be
inserted
to
specialize the program to
a
particular
application.
There are applications packages for (1)
the
estimation of globular protein secondary structure from
circular dichroism , (2) the analysis of polydispersity with
dynamic laser l'ight scattering, and the inversion of (3)
Laplace transforms, (4) equatorial fibre diffraction data,
and (5)
low-angle scattering data.
More applications
packages are planned. However, the program is designed also
to allow the user to implement easily a wide variety of his
own
applications by modifying small,
fully
documented
modules.
In addition to the continuing applications mentioned in last
year's Report, applications package (3) was used to study the
feasibility of methods for characterizing neurons
from
dynamic
electrical
measurements
(Camerer,
1980) .
In
collaboration with C. Nave, a highly constrained package (4)
was used to analyse simultaneously the equatorial fibre
diffraction patterns of Pf1 filamentous bacterial virus and
heavy atom derivatives to obtain the radial positions of the
heavy atoms as well as the occupancies and the relative scale
factors connecting the patterns.
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Estimation of globular
circular dichroism

protein

secondary

structure

from

'Applications package (1) implements the method (Provencher &
Glockner,
1981) outlined in last year's Report. The method
was further verified by estimating the secondary structure
content from the circular dichroic (CD) spectra of five
proteins of known structure (in collaboration with A.M.
Freund,
J. Pouyet, and M. Daune of the CNRS in Strasbourg).
We then analysed the CD spectra of 70 ribosomal protein
preparations from E. coli (in collaboration with J. Dijk and
J.A.
Littlechild of the Max-Planck-Institut fUr Molekulare
Genetik in Berlin and with the Strasbourg group). No x-ray
crystallographic structures of these particular proteins are
available for comparison. However, such a structural study of
a ribosomal protein from Bacillus stearothermophilus is in
progress (in R. Huber's group at Max-Planck-Institut fUr
Biochemie in Martinsried), and (in collaboration with the
Berlin group) we intend to estimate the secondary structure
content with CD first and then compare the estimate with the
crystallographic results when they become available.
In
collaboration with F. Winkler, we have begun to analyse the
CD spectra of clathrin systems.
Package (1)
is by no means restricted to CD spectra or to
proteins. For example, it would be directly applicable to
laser Raman studies of protein conformations
(Williams
et al., 1980).
Large and non-linear inverse problems
V.G. Dovi, R.K. Bryan, and S.W. Provencher
The Fortran package mentioned above is flexible enough to
solve conveniently most data inversion problems that arise in
the biological sciencies, with two important restrictions:
the problem must be linear and the solution must
be
representable by fewer than about 100 parameters. The most
common approaches to large and non-linear inverse problems
involve analytic (e.g. Fourier) inversion formulae. They are
fine with analytic functions but generally have the following
serious disadvantages with real data:
(1) interpolation,
extrapolation, and truncation errors occur; (2) no direct use
is made of a priori knowledge like non-negativity of electron
densities or finite particle size; (3) statistical weighting
of the data is not possible; (4) the ill-posed problem is
usually stabilized with a subjective and suboptimal low-pass
filter.
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V. Dovi has begun investigating a very general method for
three-dimensional
structure
estimation
from
electron
micrographs. This is a large linear ill-posed problem.
Probably the most common non-linear inverse problem is the
phase problem, where only the intensity rather than the
amplitude of the scattered wave is directly measurable.
Usually, in addition to being ill-posed, these problems have
the added difficulty of not having unique solutions, and no
amount of data manipulation can remedy this; more data (e.g.,
from heavy-atom derivatives) are needed. R. Bryan has begun
investigating a method for fibre diffraction based on a
maximum-entropy regularizer. It analyses the native and all
the heavy atom data simultaneously and avoids all of the
disadvantages listed above, thereby tending to give high
resolution with less danger of artifacts. Very preliminary
results indicate that formidable convergence problems may
very well occur unless a reasonable starting structure is
given. However, at the very worst, the method could start
from the best structure obtained from standard procedures and
refine from there. This will be done with the Pf1 data, in
collaboration with C. Nave and D. Marvin.
Several analyses
could also be performed starting from competing postulated
structures to
if they all converged to the same refined
structure.
This could even be done without heavy atom data,
to find structures consistent with the data.
Automatic analysis of multicomponent data
R.H. ·Vogel and S.W. Provencher
A new method was developed for the analysis of
data
represented by sums of one-parameter functions, such as
exponentials or convoluted exponentials. After some initial
computations, which can be done once and for all, the number
of arithmetic operations in each least-squares iteration
becomes independent of the complexity of the model functions
and of the number of data points. For models involving
convolution, as in fluorescence decay, this can mean an
enormous increase in speed, with a corresponding increase in
reliability because of the thoroughness with which parameter
space can be searched for the global optimum. R. Vogel is
implementing this method in a portable Fortran package that
will automatically determine the parameters of the smallest
number of components necessary to fit the data. No starting
estimates are needed. The package should be ready for
distribution in 1981.
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Principal components analysis of two-dimensional data
S.W. Provencher and J. Glockner
A procedure based on singular value decomposition
was
developed
to determine the effective column
rank
of
rectangular matrices,
somewhat analogous to matrix rank
analysis or principal components analysis.
It determines the
number of linearly independent column vectors that are needed
to fit a two-dimensional array of data to within experimental
error. For example,
if each column is an x-ray solution
scattering pattern measured at a different time during an xray kinetics experiment, then the program can tell how many
intermediate species, if any, are necessary to fit the entire
two-dimensional array of data (see the Report of the M. Moody
group,
p.
149).
It was also used to show that standard
methods with three or four reference CD spectra could never
adequately represent observed CD spectra.
Automatic analysis of DNA sequencing gels
V.G. Dovi, R.H. Vogel, and S.W. Provencher
The individual steps in the method described in last year's
Report have been finalized. The main improvement in speed and
flexibility
is
that
each track
is
first
analysed
independently and this information then combined with prior
knowledge and constraints in a dynamic programming procedure
to yield the sequence. The final implementation of the method
will only be worth while when the EMBL midi-computer system
and a standardized instrumentation and
data-acquisition
system are running and when the volume of data inevitably
overwhelms manual gel-reading procedures.
Nucleic acid sequence data handling
S.M. Stier and G.H. Hamm
There
was
continued support to H.
Lehrach
in
his
implementation and improvement of a basic package of programs
for inputting, assembling, and interpreting nucleic acid
sequence data. This package was used for the Semliki Forest
virus sequencing project.
G. Hamm redesigned several of
these imported programs with the aim of achieving more
efficient operation, while keeping them largely transportable
through modular structure. This also allowed the compatible
use of many program modules in different applications,
including nucleic acid sequence homology searching, protein
sequence searching, and general data handling and conversion.
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PLATE 34
Automated recognition of DNA strands in mica preparations.
The original image (a) of a sample DNA strand scanned at
25 m
film
resolution is low-pass filtered
(b)
and
repetitively thinned as a grey-tone image (c-d).
After
threshold slicing (e) the knot- and endpoints are selected
(f)
for circular dilation (g). Repetitive thinning (h-i)
is
applied a second time followed by the proper recognition
step, which renders the DNA strand as the largest connected
image component (j).
After final line smoothing (k) accurate
measurements (e.g. of length) can be performed.
Image (1)
shows the resulting line graph superposed on the low-pass
filtered image.
-172-

Recognition of DNA molecules on electron micrographs
P.T. Speck
The range of applications for the method of automated
recognition of DNA strands on electron micrographs has been
widened
by
a
number of new
techniques
for
image
preprocessing:
- shading correction compensates for wide-range shading
irregularly shadowed or imperfectly illuminated images,

in

- grey-tone thinning thins line structures in grey-tone
images to unitary width and allows threshold selection to
be performed after thinning,
thus rendering repetitive
thinning for different thresholds unnecessary,
- selective image dilation connects DNA strands over local
image defects by selected growth of knot- and end-points of
a thinned binary image.
Suitable
combinations
of these techniques
allow
the
recognition method to be extended to a wider range of
filamentous structures on electron micrographs (Plate 34
illustrates the processing of a protein-free mica preparation
provided by H. Delius).
Reconstruction of the three-dimensional biological structures
from serial sections
P.T. Speck
The existing neurographics package has been extended by an
algorithm that applies a visibility criterion to serial
sections of biological structures prior to projection on an
arbitrary viewing plane.
The method works on a raster
representation of the viewing volume that makes it only
linearly dependent on the complexity of the structure.
The
resolution of the image can be chosen according to the
and computational expenditure; its raster format allows fast
display on a raster device (e.g.
VERSATEC or TV screen).
Plate 35 shows three identical views (a-c) of the same object
rendered at low, medium, and high resolution.
The images
show reconstructions of serial sections of reduced silver
stained brains of house flies (Musca) provided by D.
Nassel
(N. Strausfeld group).
The second row of images (d-f) shows
different views of the same object, namely the optic lobes of
Musca whose arrangement and structure were altered by means
of laser beam surgery in early larva (G.
Geiger and D.
Nassel) .
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h

PLATE 35
Reconstruction of three-dimensional
sections with hidden-line removal.

objects

from

serial

Low, medium, and high resolution representation of the same
256, (b) 512, and (c) 1024 picture elements per
view (a)
line.
Three different views of the same object (d) tilted forward
0
0
by 60 ,
(e)
from top, and (f) tilted right by 60
(for
details see text).
Reconstructions from serial sections obtained
microscopy (g-h, for details see text).

by

electron

All images were made on our electrostatic printer/plotter.
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The system has been applied for the first time to serial
sections obtained by electron microscopy.
In collaboration
with H.-J. Wagner (University of Ulm)
the light-dependent
plasticity of goldfish horizontal cells was visualized by
computer
reconstruction.
Images
(g-h)
show
two
reconstructions of horizontal cell projections within the
pedicle of a red-sensitive cone, comparing a light- (g) and a
dark- (h) adapted specimen. The reduced spatial coherence of
the ElM sections is largely compensated by surface rendering
within the profiles.
Publications during the year
Chamayou,
J.
M. F. (1980). Averaging
Computer Physics Comm.,
145-161.

shifted

histograms.

Provencher, S. W. (1980). Users manual for CaNTIN: a portable
FORTRAN program for the regularized solution of linear
algebraic and linear integral equations of the first kind,
with options for peak constraints and linear equality and
inequality constraints. EMBL Technical Report DA02.
Provencher, S. W. & Glockner, J. (1980). Users guide for CIN:
a
FORTRAN
routine
for the
rapid
approximation
of
disorientation integrals in fibre diffraction. EMBL Technical
Report DA01.
Provencher, S.W. & Glockner,
J.
(1981).
Estimation
of
globular protein secondary structure from circular dichroism.
Biochemistry, 20 (in press).
Provencher, S.W. & Vogel, R.H. (1980)'. Information loss with
transform methods in system identification: a new set of
transforms with high information content. Math. Biosci., 22,
251-262.
Speck, P.T. (1980). Recognition of DNA molecules on
micrographs:
automatic
length
measurement.
Microscopy 1980, Vol. 2, 528-529.

electron
Electron

Speck, P.T. (1980). Automated recognition of line structures
on noisy raster images applied to electron micrographs of
DNA.
Proc.
5th International
Conference on
Pattern
Recognition, Miami Beach, 604-609.
Other references
Camerer,
H.
(1980).
Dissertation,
University of TUbingen.
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Williams, R.W., Dunker, A.K., and
Biophys.J., 3£, 232-234.
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Peticolas,

W.L.

(1980).

Computer group

* M. Albrecht, H. Bosshard, C. Boulin,
Memberj: R. Herzog,
Herzog, D. Iversen, R. Kempf, T. Pitt, H. Struve

F.

The group has continued the work of providing computer
facilities for the laboratory during 1980.
The departure of
R. Herzog and F. Herzog has left us short-handed, so that in
the latter part of the year less development work has been
done, since we have all had to spend proportionally more time
on running the systems.
Use of computer facilities at the EMBL Heidelberg
Apart from an increase in the number of terminals connected
the only major change in our configuration during the year
was the addition of a flat-bed plotter on the main machine.
One of the magnetic tape stations was, however, moved from
the main machine to the STEM computer during the year,
to
facilitate data transfer to and from that machine, and to
enable regular incremental back-up of files there.
The
configuration,
consisting
of
four
NORD-10
16-bit
minicomputers and one remote entry station to the DEC10 at
the nearby computer centre of the MPI fUr Kernphysik, is now
used almost to its full capacity.
Preparations are well
under way for the arrival of a medium-sized 32-bit machine
(VAX 11/780) in the middle of 1981.
Of the present 4 minicomputers, one is used for general
applications under a time-sharing operating system with many
terminals distributed throughout the laboratory. A second is
dedicated to the processing of electron-microscope images
obtained directly from the STEM.
Special software and
hardware development in relation to this application is
described
in more detail below.
The third
NORD-10
minicomputer is dedicated to the support of an Evans &
Sutherland graphics display system, which is mainly used for
displaying
molecular models and electron density
maps
obtained from x-ray crystallographic investigations done in
the Structures Division.
It has also been used for
displaying the results of three-dimensional reconstructions
from electron microscope images.
The fourth machine is a
smaller system dedicated to data acquisition from various
experimental stations and is available for the development
and testing of CAMAC data acquisition
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Towards the end of the year, the demand on the main computer
grew in an encouraging manner, reflecting an increase in the
amount of production work taking place.
Previous peaks in
demand
can be accounted for simply on the basis
of
development in certain fields.
The peak demand for the
machine occurs just after lunch, for about a two-hour period,
during which the average CPU usage (over working days during
the year) is about 35%;
but over individual months in the
second half of the year figures over 50% have been achieved.
The increase in the use of the batch streams that was noted
last year has continued, so much so that we now occasionally
keep the machine busy with batch jobs throughout the night.
Improvements in organization have been made throughout the
year, including the continued development of utility programs
for the regular
of files on a selective basis.
During the year there has been an increasing demand for
computation
which
cannot
be
met
on
the
existing
configuration.
Some of these applications require 32-bit
arithmetieLprocessing on a computer with large address space
and physical memory (e.g. energy refinement).
Increased
computer needs arise also from the initiative taken by EMBL
to develop and maintain a DNA sequence library.
This has
made necessary the future expansion by the addition of the
32-bit machine.
This will enable larger programs to be run,
and larger data structures to be processed, more easily than
on the NaRDS, in addition to giving us more flexibility,
and
increasing our computing power.
The VAX 11-780 will also
make possible a wider range of applications and
more
efficient use of the E & S graphics display system, which is
presently limited by its connection to a NORD minicomputer.
Use of an Array Processor on the NORD for Image Processing
T.J. Pitt, R.F. Herzog *
During the course of 1980, applications software for the
Floating Point System AP-120B array processor on the STEM
computer (ND460) has been written, and the machine is now
frequently used.
The array processor is interfaced via
CAMAC,
as a joint project between Floating Point System and
EMBL
this is, surprisingly, the first installation they
have made via CAMAC.
In addition to the hardware interface,
there is a software interface, in the form of a driver
program, which is partly installation-dependent.
Although
this driver had been written earlier, some changes were made
in it during the year, in the light of early experience using
the machine.. These changes were undertaken mainly with a
view to speeding up the data transfer to and from the array
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processor, and reducing the overheads involved in starting it
running.
The application that was first chosen for transfer from the
NORD to the array processor was the two-dimensional fast
Fourier transform, since that is required quickly to evaluate
operating conditions on the STEM.
It also represents a
substantial proportion of the data processing performed on
the STEM computer, as it is a pre-requisite to many image
processing operations.
Under the SINTRAN III operating system, it is only possible
for fast (DMA) data transfer to be performed from a real-time
program, fixed in memory.
Although this is inconvenient in
many respects, particularly since it means that the program
is one more step removed from the user who wishes to
calculate a transform, there was no option but to work this
way if a reasonable speed was to be obtained.
The program, written in FORTRAN, is linked to
processor driver, and via calls to this controls
processor.

the
the

array
array

The first version of the program was split into the same
row
three parts which formed the existing NORD
transforms, transpose, and column transforms - and used the
Floating Point System-supplied routines individually
to
achieve these operations.
Some improvement in speed was
achieved with this implementation, and the load on the
machine was certainly reduced.
When all the initial problems had been ironed out, the onedimensional transforms were included within the first and
last passes of the transpose, thus saving two passes of the
data.
In addition, disc transfers and data transfers to and
from the array processor were overlapped with the computation
itself.
This involves a double-buffering scheme, which
required considerable experimentation before the best order
for starting the necessary processes at each stage was found.
At the next stage, the Floating Point System-supplied "Vector
Function Chainer" was used to group together computations on
the array processor,· in order to reduce the overheads
involved.
In addition, the Fast Disc Input/Output package
developed earlier by R. Herzog and F. Herzog was employed to
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boost the data transfer rate between the disc and the NORD.
After following an assembler programming course with Floating
Point System, it was possible to increase the efficiency of
the computation still further, by programming the array
processor in assembler, instead of using the Floating Point
System-supplied routines.
Further improvements in efficiency will not be easy, because
the whole process is now limited by the data transfer rate
between the array processor and the NORD, and to a lesser
extent between the NORD and the disc.
With a larger data
memory on the array processor, data transfers can
be
increased in size, thereby reducing the overheads involved.
It is hoped that this will reduce the time for a transform by
a further 20%. Furthermore, the implementation of a different
algorithm for the transform might improve matters again.
The programs are now in regular use, but the reliability is
not as good as it might be.
Because the user is not
communicating directly with the real-time program (only via a
background program), it is difficult to clean up if a
transform goes wrong.
This happens occassionally,
probably
as a result of the fact that the data transfer rates involved
are close to the hardware limit on the NORD.
Data are being
transferred between the disc and the NORD at about 500
kbytes/second, and ,between the array processor and the NORD
at about 700 kbytes/second.
At these speeds, an otherwise
minor problem can upset things.
These problems still remain
to be sorted out, and although probably the software is at
the root of the difficulty, it might be inherent in the
hardware.
In spite of the problems, the programs have proved their
worth by allowing a large increase in the throughput of
images on the computer.
On the NORD alone, a
256-point
square transform used to take 120 seconds CPU time, and
approximately 220 seconds elapsed time (on an otherwise
lightly used machine).
Now such a transform takes only 5
seconds CPU time on the NORD, and about 22 seconds elapsed
time.
Two things result from this:
first, many more
transforms are now done at 512-points square than was
formerly the case (a 512-point square transform takes about
4.5 times as long as 256-point square), and second, the load
on the NORD is much lighter than before, as can be seen from
the ratio of the CPU time used to the elapsed time.
The
second
point
will become even
more
important
when
cryomicroscopes in the Laboratory are also producing images
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for processing.
In addition, for many on-line applications,
the factor of 10 gained in speed is crucial.
During the coming year it is hoped to embed the array
processor in SEMPER, the image-processing package installed
last year.
When this has been done it should be easier to
implement other operations on the array processor.
Application Software

* F. Herzog,
* D. Iversen, T. Pitt, H. Bosshard,
R. Herzog,
Struve

H.

Work under this heading has continued throughout the year,
but since the departure of R. Herzog and F. Herzog has slowed
down somewhate
Developments in certain of the more important
projects are given briefly below.
The SEMPER image processing package was installed on the STEM
computer (ND460)
towards the end of 1979, and during this
year has been used on a number of problems. Generally, there
has been no changeover from existing programs to use SEMPER:
rather the package has been used where the existing programs
do not provide a particular facility.
Apart from general
image-handling and display, contrast enhancement, sub-region
extraction etc.,
SEMPER has now been used in three main
areas.
These are helical filtering, lattice averaging of
curved lattices, and "straightening" of curved fibres.
While
the first of these required only a minor extension to the
existing code, and the second only the application of
existing facilities, the third involved mathematical analysis
and the development of new routines to add to the package.
It is, however, one of the advantages of the package that
such new facilities can very easily be incorporated.
A Tektronix-4663 flat-bed plotter has been installed on the
main machine (ND428), and is now operational.
Two software
interfaces
have been implemented, one
being
Calcompcompatible, the other using a subset of the Tektronix TCSlibrary.
The interactive molecular modelling system FRODO, devised by
T. Alwyn Jones, has been implemented on the graphics machine
(ND178).
Because the
& Sutherland Picture System 2 is
attached to a host computer for which it was not designed,
there were a number of major problems associated with the
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PLATE 36
Model for one a-helical protein subunit of Pf1
filamentous
bacterial virus,
together with several
symmetry-related
copies of the difference electron density
distribution
between the native virus and an iodinated derivative.
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PLATE 37
Density distribution calculated by image reconstruction of an
electron micrograph of the intracellular replication-assemQly
complex from fd filamentous bacterial virus. Pitch is 100
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PLATE 38
Density distribution calculated by image reconstruction of an
electron micrograph of the intracellular replication-assembly
complex from Pf1 filamentous bacterial virus. Pitch is 50
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software installation.
Only a subset of the E & S software
library (translated from PDP 11 to NORD assembler code by
NORSK DATA) was available, therefore we substituted a library
of emulating procedures for many of the missing facilities.
During the year several alterations and extensions have been
made, mainly to facilitate local use - only the principal
ones are mentioned here.
The maximum number of atoms that
can be handled has been doubled to 400,
a change also
reflected in the model regularization facility (See Plate
36).
Large regularizations can now be set up interactively,
and then performed in batch mode at off-peak times.
A new
mode of operation ('truck mode') has been implemented, which
allows picture updating from disc, as a means of getting
around the limited address space on the 16-bit host computer.
Currently this allows large frames of up to about eleven
thousand lines to be displayed and manipulated globally with
a subset of FRODO commands (see Plates 37 and 38). Finally a
number of support programs has been written, including one in
conjunction with T. Alwyn Jones, to produce fast contour
maps, specifically for small computers.
Although to date use
of
the system has been exclusively internal
to
the
laboratory, it is expected that outside customers will soon
start to use it.
EMBL RATMAC is an extension of the widely distributed FORTRAN
preprocessor, RATFOR (RATional FORtran from 'Software Tools'
by Kernigham and P1aguer,
Addison-Wesley PUblishing Co.,
Reading, 1976). The program has been developed independently
from that of the same name from the University of Maryland,
USA, and emphasizes transportability of code and flexibility
of programming more heavily.
The program encourages good
programming, by means of structured programming techniques,
free-format
input, and the provision for
user-defined
"macros", which may have arguments, may be nested, and can
call themselves recursively. This program will be available
on request.
It can easily be transported to different
machines, since the program itself is written in RATMAC.
Installation-specific deviations from ANSI66 FORTRAN must be
taken
into
account by corresponding changes
in
the
macrodefinitions used by the program to translate itself into
FORTRAN.
CAMAC and hardware development
C. Bou1in, R. Kempf, F. Herzog

*.

STEM Interfacing
The

Mark II interface system of the STEM has been
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described

in the previous Report. An important part of our time has
been devoted to the production of test modules so as to
ensure as perfect a simulation as possible on the STEM side
of the acquisition system.
Detailed test software was
written to check most aspects of the functioning of the STEM
without the STEM itself actually being involved.
This made
it possible to remove most errors without stopping the STEM,
and
provided the foundation for the operational
data
acquisition programs.
A substantial part of this software
was also used (by F. Herzog) for the final acquisition and
display programs. In order to make a more rational use of the
NORD-10 memory, we have also developed an interface "bank
switch" which allows one to carry out DMA (direct memory
access) transfers, via CAMAC to the selected bank.
In this
way we can avoid placing the acquisition buffer in the memory
bank where the operating system already is, and thus we can
adapt the size of the buffer to the 'parameters of the
acquisition.
The installation of the Mark II system took
place during August and September 1980, and included all
necessary user programs for high-speed image acquisition.
Detector read-out system
After the major progress in the speed of data acquisition
from the linear detectors obtained last year it was clear
that further major improvements would not be easy.
We have
in the first place examined the working conditions, in
particular whether the performance of the system corresponded
to the maximum expectations for the material used and
available.
Secondly, we have built and tested an identical
system to be installed on the X11 instrument at Hamburg.
As
regards the position-sensitive x-ray detectors, the rate of
data acquisition is no longer limited by the read-out system,
and it would therefore be most useful to assist in new
developments for the improvement of these detectors. We have
also developed a rapid read-out system for the 2-dimensional
detectors based on experience obtained with the linear ones.
In order to obtain performances similar to those of the
linear detectors we have devised a system which measures,
without ambiguity, the periods between the signal transmitted
by the anode and the signals originating from the cathodes X
and Y.
This system is composed of two time-digitizer modules
DTD 164, a control unit DTD 211, an interface WLI, a module
for data processing and for synchronization of rapid signals,
and
an
auxiliary crate controller for
read-out
and
calculation of the data on the X and Y positions.
The
configuration is of interest because of the speed with which
one can read the data, taking into account the dead-time of
about 500 ns for acquisition.
The configuration of the
system is presented in Plate 39.
Preliminary tests were
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carried out towards the end of the year and we expect to have
a complete test of the equipment in February 1981 on the X13
instrument at Hamburg.
Hardware data reduction for crystallography
In collaboration with H. Bartunik (Hamburg Outstation) we
have constructed a data reduction system for crystallography.
The system is arranged on two 16-bit memory units of 64,000
words each. One memory unit is used for the description of
areas of interest from which it is desired to register data
originating from a 2-dimensional detector system. The second
memory unit is used in histogram mode for the accumulation of
data selected by the first memory. Such a system makes it
possible to achieve a substantial reduction in the number of
data to be processed by the computer.
In order to regulate
with the maximum flexibility one can choose a reduction
factor between 2 and 256. The system will probably be
installed in the first quarter of 1981.
Future acquisition systems for the X13 instrument at Hamburg
The introduction of the XY detectors (256 x 256)
for rapid
kinetics experiments creates problems with regard to the size
of the data acquisition system required.
In fact one frame
by itself already occupies a space of 64,000 words of memory
and therefore the construction of a memory with a very large
capacity is envisaged.
The possibility of constructing a
time-frame generator module and of a calibration channels
unit is under examination.
These modules should provide more
flexibility in the carrying out of experiments as they
permit,
for
example, variable
time
structures.
The
specifications of these two units have now been fixed and the
prototypes should be ready in the beginning of the second
quarter of 1981.
Direct electrophoresis gel reading device
A first series of experiments in electrophoresis gel reading
has been carried out in collaboration with A.
Gabriel
(Grenoble Outstation). A very simple apparatus, consisting of
a modified linear detector with one window (8 mm x 1 mm), was
used as a counter for charged particles.
The gel is cast on
a device which is connected to an XY tracing table, guided by
the computer through a digital-to-analogue converter module.
The data originating from the detector are registered by a
counter.
In this way it is possible to scan the gel under
the window of the detector.
The results of the preliminary
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tests are encouraging and it is hoped that it will be
possible to solve some simple problems in the near future.
A
more general approach to the problem that is envisaged is to
use a localizing detector, thus avoiding reading in two
directions.
Fly flight dynamics
The hardware configuration of the system is now stabilized.
The system has been used very intensively during the year and
new types of experiment have been introduced.
The analysis
of the data has been developed and adapted to the new
experimental conditions.
Publications during the year
Bartunik, H.D. & Boulin, C.
Rapid data handling system using
frame selection by hardware for time-resolved diffraction
experiments with an area detector.
Proc. Workshop on "X-ray
position-sensitive detectors and energy discriminating
detectors", (in press).
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.,
938-944.
Boulin,
C.
Fast data acquisition systems for linear and
bidimensional x-ray detectors.
Proc. Workshop on x-ray
position-sensitive detectors and energy discriminating
detectors, (in press).
Boulin,
C., Herzog, R.F. & Unitt, B.M. (1980).
High speed
data acquisition system from a scanning electron microscope.
Proc. 1st European Symposium on Realtime Data Handling and
Process Control, 249-253.
Caron,
F., Gueron, M., Nguyen Ngoc Quoc Thuy and Herzog,
R.
F.
(1980).
A high-resolution multipurpose FT NMR spectrometer. Revue Phys. Appl., 12, 1267-1274.
(1980).
A short user manual for the Mark 2
Herzog, F.
EMBL Internal
microscope data acquisition system program.
Report.
Herzog, R.F. (1980).
Array processing library for the
10 computers. EMBL Internal Report CG10.
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Herzog, R.F. (1980). Operation of the floating point array
processor AP-120B under the SINTRAN III operating system.
EMBL Internal Report CG11.
O'Keefe, M. A. & Pitt, A. J. (1980). The WPO image of
Ti2Nb10029 as a measure of resolution.
In
Electron
Microscopy 1980: 7th European Congress on Electron Microscopy
Foundation, Leiden. p.122-123.
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Position-sensitive detectors
Member: A. Gabriel
Technical assistant: F. Dauvergne
Our method of localization of an incoming photon is based on
a proportional counter linked to a delay line. The choice of
an electronic position-encoding system of this type was
determined by the efficiency and the relative simplicity of
this method (Gabriel, 1977), besides which all the geometries
needed
in various types of experiment
(linear,
twodimensional, circular, cross detectors)
(Gabriel et al.,
1978) can be built.
Up to now the performance of the detector has mainly been
limited by the rate of data acquisition. The computer system
is fed by a burst of pulses into a memory location after an
ionizing event in the detector. To achieve this, the usual
method if to convert time into amplitude and then amplitude
into burst of pulses.
Such a system is very slow and
expensive. Thanks to the help of CERN and C.
Boulin an
electronic system which directly converts time into a burst
of pulses has recently been developed (see Engster et al.,
1975; also Boulin, EMBL Research Report 1979). A system of
this kind is now c9mmercially available.
Improvement of the resolution by "shifted histograms"
The idea is to build a detector in which the resolution is
not defined by the distance between wires (1 to 2 mm)
but
rather by the sharp border (say 10
between the zones of
influence of two successive wires. This was first tested by
shifting the detector and taking successive histograms in
each position; this was done using collagen as test specimen
and the analysis was made with an algorithm of Chamayou
(1980); a resolution of about 0.5 mm was achieved.
We are now developing a detector which uses the same
principle but also allows a high counting rate.
To achieve
this,
instead of moving a single detector, we are using a
multi-planar detector in which successive sets of wires are
displaced by 0.5 mm. This detector, of dimensions 200 x 200
rom is now in construction and should
a resolution of 0.5
x 0.5 mm and a counting speed of 2 x 10 per sec.
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This general principle of "shifted histograms" has potential
applications in all measuring devices that use localization
by a matrix.
Spectrometer for Tokamak-plasma studies
In collaboration with EURATOM-CEA our system has, been adapted
to allow the measurement of ion plasma temperatures (Platz
et al., in press). The measurement of the spectrum of the
soft x-radiation from a Tokamak plasma was carried out with a
spectrometer using our linear detector to localize the x-rays
reflected by a monochromator used as an energy analyser.
This measurement was completely successful, and the method
will also permit the analysis of instabilities in the plasma.
Publications during the year
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. E Sci. Instrum., 13.
Platz, P., Ramette, J., Belin, E., Bonnelle, C. & Gabriel, A.
High-throughput,
high-resolution
soft
x-ray
crystal
spectrometer for Tokamak-plasma studies.
J. Phys., (in
press).
Stuhrmann, H.B. & Gabriel, A.
A small-angle camera at
storage ring DORIS for anomalous dispersion experiments.
Appl. Cryst., (in press).

the

Gabriel, A. (1980).
X-ray position-sensitive detector and
timing system.
Proc. Int. Conf. on Synchrotron Radiation,
ESF, EMBL, CNRS, Hamburg, November 17-21.
Other references
Chamayou, J.M.F. (1980).
145-1 61 .

Computer Physics communication, Zl,

Engster,
C.V.', Koningsveld,
CERN Report, NP/1975-0620.
Gabriel, A. (1977).

L.

& Verwey,

H.

(1975).

Rev. Sci. Instrum., 48, Nr. 10.

Gabriel, A., Dauvergne, F. & Rosenbaum, G. (1978).
152, 191-194.
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Platz, P., Ramette, S., Belin, E., Bonnelle, C. & Gabriel, A.
J. Phys. E., (in press).
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Applications of Lasers
Member: R.W. Wijnaendts van Resandt

* H.J. Marsman
Technical assistants: D. Layer,
The synchronously pumped, mode locked", cavity dumped dye
laser was installed in April.
. This source
delivers
picosecond pulses « 10 ps) with variable repetition rates
(up to 82 MHz) and relatively high power (up to 2 kW) in the
visible region of the optical spectrum and,
via frequency
doubling, in the ultraviolet (down to 250 nm).
Three applications of the source were begun during the year:
1. fast
intensity correlation measurements in the range
between 10 nsec and 10 psec,
2. dynamic fluorescence depolarization, and
3. design
and construction of a
laser
(fluorescence)
microprobe.
1. Intensity correlation
This
experiment is intended for the study of
the
rotational diffusion and internal motion of biological
molecules in solution. The sample is "illuminated by two
identical
pulses separated by a time
If the
scatterers
move or change during this
time,
some
correlation between the scattered light pulses should be
found.

.

The experimental arrangement and data processing equipment
has now been set up.
The experiment consists of a type of
Michelson interferometer to generate two pulses separated
The light pulses are focusseg into a cuvette and
the scattered light is detected at 90 with respect to the
incoming
beam.
The detector (a photomultiplier)
is
connected to a MP200 microcomputer system (Data General)
by way of a fast integrator. . The correlation value is
then constructed in the computer by means of appropriate
software.
The entire data processing system,
including
software,
interfaces, and a number of general purpose
modules, have been designed and constructed.
Next,
the
experiment was carried out using rhodamine-6G molecules in
ethanol.
Rhodamine-6G molecules in ethanol.
A
correlation was found when the intensity of the exciting
beam was large enough to achieve saturation.
Although
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this technique could be used
(we found the correct
rotational diffusion time of approx.
200 psec),
the
dynamic fluorescence depolarization method described below
is
much more appropriate to study
fast
molecular
reorientation.
The intensity correlation
technique
requires that only 10-100 molecules be present in the
scattering volume which results in a very small scattered
light intensity.
Parabolic mirrors and special cuvettes
will be necessary to collect as much of this scattered
light as possible. Further experiments will be postponed
until the proper light collecting system is available.
2. Dynamic fluorescence depolarization
This is a very sensitive method for detecting the motion
of small fluorophores in solution. We have constructed a
variant of it that does not require the use of very fast
detectors (such as a streak camera or very fast crossedfield photomultipliers), or deconvolution techniques.
The
principle of the experiment is shown in Plate 40.
The
depolarization of the fluorescence is measured by means of
a differential technique, the horizontal and vertical
polarized light being measured by the same detection
equipment, thus avoiding the use of tedious normalization
procedures.
The technique was tested on the measurement
of the rotational diffusion of rhodamine-6Gn in various
alcohols (100-600 psec) and the rotational diffusion of
coumarine-1
and N-acetyl-tryptophanamide in
ethylene
glycol (30-300 psec) using 300 nm light pulses.
A side
product
of the depolarization measurements
is
the
fluorescence lifetime, which can be determined with our
existing equipment in the nanosecond range, down to about
1 nsec. For a more detailed account of the technique and
the results see Wijnaendts van Resandt & De Maeyer (1981).
In an experiment under preparation the technique will be
applied to the fluorescence of the tyrosyl-side group of
the coat protein of the Pf1 virus (with K.O.
Greulich).
3. Laser microprobe
This instrument was designed in cooperation with G.J.
Brakenhoff
(Department for Electron
Microscopy
and
Molecular Cytology, University of Amsterdam).
The final
drawings were made by the EMBL technical bureau, and
construction began at the end of 1980. It is expected that
the
first experiments will begin in mid-1981.
The
instrument consists of two confocal microscope objectives.
The sample is scanned by means of two electromagnetic
vibrators. The field of view will be at most 5 mm and the
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resolution should be about 100 nm with UV radiation.
Sample damage and bleaching will be minimized since almost
all the transmitted or fluorecence light will be detected
with photomultiplier efficiency.
Owing to the picosecond
time structure and the extremely fine focussing of the
beam «150 nm) interesting non-linear optical phenomena
can be studied and used for image formation without sample
damage.
Other projects
A number of smaller projects has been completed or started
during the year, for the most part related to those mentioned
above:
- the design and construction of a scanning autocorrelator to
monitor the pulse shape of the laser. This device is very
useful in aligning and optimizing the laser system (see
R.W.
Wijnaendts
van
Resandt &
H.J.
Marsman,
in
preparation).
The correlator has a span of 300 psec and a
resolution of 0.3 psec.
-

50 m)

and construction of an optical delay line
(with H. VOs).

(up

to

- a study of the response of photomultipliers to picosecond
pulses, which showed that the height of the output pulse of
the photomultiplier is related linearly to the intensity of
tqe picosecond pulse. This result is very important for the
intensity correlation experiment.
adaptation of an image amplifier to
(collaboration with D. Louvard).

a

Zeiss

microscope

Publications during the
Wijnaendts
van Resandt,
R.W.
(1980).
Absolute
quantum
efficiencies of micro-channelplates for 8-28 keV electrons.
J. Phys. E. Sci. Instr.,.13., 1162-1164.
Wijnaendts van Resandt, R.W. & Los,
J.
(1980").
Positionsensitive detection in atomic physics.
In The Physics of
Electronic and Atomic Collisions: eds. ada, N.o & Takayanagi,
K.;
Elsevier/North-Holland, Amsterdam, p.831-842.
Wijnaendts van Resandt,
R.W.
& De Maeyer, L.
(1981).
Picosecond rotational
by differential single-photon
fluorescence spectroscopy. Chern. Phys. Lett.,
219-223.
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Development of microanalytical techniques
Member: W. Ansorge

*
Visiting workers: P. Cantatore * , M. Drummond * , T. Knott,
Rasmussen

S.

* J. Dickson,
* Kim Lock-song *
'Technical assistants: R. Baker,
The development activity of the group
concerned with the following projects.
Electrophoresis
techniques
thermally-stabilized gels

on

very

has

thin

been

mainly

<0.02-0.4 mm)

Improvement in the preparation, handling and application of
very
thin
thermostatically-controlled
gels
for
electrophoresis (Ansorge & De Maeyer, 1980) has continued.
The device for casting very thin polyacrylamide gels by a
sliding technique (which is also applicable to agarose and
agarose-polyacrylamide mixtures) has been further developed
for preparing gels 1 m or more in length for tests in DNA
sequencing.
Several gel strips (differing for example in
acrylamide concentration) can be cast on one glass plate in
parallel using the sliding technique, and
this arrangement
has been useful for making comparative tests under identical
conditions.
Gels as little as 0.01 mm thick can be prepared
on the gel-casting device, and these are well adapted
for
isoelectric focussing,
where gels 0.02-0.1 mm thick offer
significant advantages.
Gel concentration gradients were
reliably produced on gels 0.4 mm thick.
Several techniques
for casting concentration gradient gels in the 0.02-0.3 mm
thickness range were tested, but further
improvements are
needed to make the gradients more uniform.
Design of the thermostatically-controlled platen has been
optimized and simplified by a choice of suitable materials,
taking into account safety requirements for operation at high
electrical
fields.
The
platen has been operated
with
circulating water at 10 kV across the buffer chambers and gel
without
failure.
The design of
the
thermostaticallycontrolled platen can be modified so as to make it possible
to cast two (or even four) gels onto the platen and
to run
them simultaneously.
The chemical process developed
for
binding the thin gels to their support has been modified and
is' now carried out at room temperature;
it has worked
reliably on glass for practically all gel concentrations and
buffers.
New procedures have been tested
to improve the
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adhesion of polyacrylamide gels on polyester foil, mainly in
the low concentration range (3-5%) and for gels containing
urea.
For loading of samples with capillaries a pneumatic
system has been developed which should be useful especially
for radioactive samples.
DNA sequencing on very thin thermostatically-controlled gels
This technique has been developed into a routine procedure in
collaboration with H. Garoff (Garoff & Ansorge, submitted for
publication;
see
also Research
Reports,
1979).
The
modifications introduced (reduction of gel thickness to 0.2
mm,
simple drying of the gel to a thickness of 0.01 mm made
possible by its being bound to the glass, thermostatic
control
of gel temperature) all resulted in
improved
oligonucleotide resolution as visualized by autoradiography.
The use of the thermostatically-controlled platen and high
temperature (70 0 C) resulted in a straight band pattern all
over the gel and also in the resolution of some bands that
were not resolved in other electrophoresis systems.
In the
modified system we resolve between 300 and 400 base pairs. It
has become obvious that the number of bases that can be read
from a gel may be limited by the quality of the sample, and
we have started preparing our own samples and have tested the
effect of changes in the physico-chemical parameters of the
gel on the resolution (samples for the initial tests were
provided by M. Zabeau's group).
Experiments designed to
achieve further improvements in the resolution will be
continued on gels 1 m long.
Protein separations
The procedure developed for protein separation on very thin
gels is fast (35 min on a 20 cm long platen), gives sharp
bands and is very sensitive. The sensitivity has been further
increased (by a factor of 20) by adaptation and modification
of the
te?hnique (Ansorge, 1980). Amounts as
low as 5x10
of proteln per band were resolved by this
technique. The two-dimensional separation procedure has been
simplified, especially the isoelectric focussing step, by
using the sliding gel casting technique. Tests have begun on
immunological detection and identification of antigens on
very thin gels.
Microinjection into cells
This is a new project of the group, with the aim of
developing the manual technique of Graessmann et ale
(1980)
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into a semi-automatic system with control of the displacement
and the amount injected.
The initial work has been concerned
with the reliable and reproducible preparation of capillaries
(tip
diameter
0.0002-0.001
mm)
and
with
their
micromanipulation in a stable and vibration-free manner.
A
pneumatic system for injection has been designed and tested
with living cells.
Publications during the year
Ansorge,
w. (1980).
Verfahren und
Vorrichtung
fUr
Herstellung von sehr dUnnen (0.02-1.5 mm) Gelen und ihre
Anwendung in Elektrophorese;
Silberfarbung von Proteinen.
In Proc. of the Electrophoresis Forum 1980: Kurzfassungen der
Vortrage:
Heraus. Radola, B.J., Techn. Univ., Munich. p. 67-

74.

Ansorge,
W. & De Maeyer, L. (1980).
Thermally stabilized
gels
for
very
thin
(0.02-0.3
mm)
polyacrylamide
electrophoresis.
J. Chromatog., 202, 45-53.
Other references
Graessmann, A., Graessmann, M. & MUller, C. (1980).
in Enzym., Q2, 816-825.
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Methods

Member: T. Reed
Technical assistant: A. Cockroft
In efforts to avoid problems of flow rate, non-specific
binding and limited capacity, a cell separation system has
been envisioned which will use-an adsorption bead suspension
occupying relatively small fractions (3.3% to 14%) of the
total
reaction volume.
The adsorption material,
made
magnetically
susceptible by inclusion of
ferromagnetic
particles, is retained in the reaction volume in a static or
dynamic manner by focussed magnetic fields. A suspension of
the cells to be bound and, in the case of actual separations,
of cells inert to the binding substrate, is caused to flow
through the reaction volume. Thus binding and separation are
accomplished simultaneously in a single step. To understand
the design parameters needed for the system, a study was
undertaken of the kinetics of binding between cells and
sensitized adsorption beads.
Since the design of the
magnetic devices depends on the kinetic results, the first
kinetic studies were run in roller bottles at slow rates of
rotation with the bead and cell concentrations approximating
those thought to be appropriate for the magnetic reactors.
To interpret the binding data, it was postulated that cell
binding would follow a pseudo-first-order kinetic law:
Cb = !s.[.£]
and
k

=

The instantaneous rate of binding is n.£b" cells per second;
n [c]" and n[b]" are cell and bead concentration per litre,
respectively;-"-"v" is volume swept out per bead in litres per
second;
"<e>"- is an efficiency factor indicating
the
percentage of cell-bead impacts which result in cell-bead
binding. After integration, this may be written:
k = (1/t)ln([c ]-[c])
Here, [c] is the initial-cell
and [c] is the
cell con8entration after a given time interval ttl'.
The
correspondence of cell binding to the postulated first-order
rate law may be tested by the plot in Plate 41. Increasing
the bead concentration should cause a proportional increase
in the rate constant k (Plate 42). The data, derived from the
binding of HeLa (strain S-3) cells to Magnagel-44 beads
activated with glutaraldehyde and having concanavalin-A as
substrate, confirm the. postulated rate law. Studies with an
experimental magnetic Sepharose (Pharmacia) provided further
confirmation.
Rate studies in cell suspensions containing
-201-

1.5

- --0--- _ _

"-75%

...............

ul3
...............

c

---J

1.0

---

0

I

0

0.5

- - - - - --"'50%

o0 -....-...-..-..............
o 180 360
seconds

-----....a..-..a-.-...i---a..........

540

PLATE 41
A first-order plot of HeLa (strain S-3) cells binding to
Magnogel 44 adsorption beads containing 3 mg of concanavalinA per ml of beads. The reaction volume was 30 m ' bead
volume was 2 ml and the cell concentration was 2.10 S cells
per mI.
The dotted lines indicate the percentage
of
available cells which have bound.
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cells inactivated toward con-A as well as the active HeLa
cells showed that the kinetics were not altered by the
presence of non-binding cells.
These and similar measurements, in conjunction with the fact
that the half-time of a pseudo-first-order reaction does not
vary during the course of a particular reaction, make it
possible to predict the hypothetical performance of a flow
reactor using the same principles.
Assuming that
the
suspension remains in the bead-containing volume of the
reactor for four half-lives (93.75% of possible cell binding
completed), a reactor with a volume of 100 ml and having 14%
of its volume taken up by magnetic adsorption beads would be
able to process something more than 1 5 litres of suspension
per hour. With a concentration of 10 5 cells per millilitre,
of which 10% are "target cells", such a device could isolate
1.5 x 10 cells in one hour.
The kinetic measurements have
indicated
the
parameters,
such
as
adsorption
bead
concentration and residence time 1 necessary to design a flow
reactor.
The cell systems used for the kinetic studies will
also serve as an initial test medium for such reactors.
When magnetically susceptible wires are placed between the
poles of a conventional electromagnet, the lines of force are
focused or concentrated in the wires.
This produces a large
surface
gradient,
which in turn
causes
magnetically
susceptible particles to stick to the surface of the wires as
long as the magnet is turned on. By placing a loose "wad" of
iron wire in a flow tube passing between the poles of an
electromagnet and oriented normal to the field direction,
this phenomenon may be used to produce a column of adsorption
beads in which the average inter-bead distance is quite large
relative to a normal column of adsorption beads.
In this way
rate of flow is increased, and interstitial mechanical
trapping which eventually results in non-specific binding is
greatly reduced.
This is the so called "static array".
A
series
of studies has been conducted using
a
large
electromagnet
on loan from the MPI
fUr
Medizinische
Forschung, Heidelberg.
These have shown that a static array
of beads may easily be constructed by passing a suspension of
magnetic beads through a diffuse "wad" of iron wire in a flow
tube oriented as above.
Although the layer of beads on a
given wire may be three or four beads thick, there is no
tendency to form "plugs" of massed beads even where wires
cross.
The field strength required to produce binding is
much less than expected; it lies between 100 and 300 gauss.
The next step is to study cell binding under flow conditions
in such columns.
Equipment to do this is now being
assembled.
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PLATE 42
First-order
plots
of
cell
binding
with
increasing
concentrations of beads.
The reaction mixtures were as in
Plate 41
except for the bead volumes.
Round,
square, and
triangular data points indicate 1 ml of beads, 2 ml of beads
and 4 ml of beads respectively.
The beads contained 9 mg of
concanavalin-A per mI.
The insert is a plot of normalized
first-order constants as a function of the volume of beads.
The reaction rate constants increase linearly as a
function
of the bead volume.
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The "dynamic array"
technique involves using the
endgradients of the magnetic field generated by a
solenoid to
form a "magnetic bottle" in which a disperse suspension of
magnetically-susceptible adsorption beads is held.
To do
this a vertically-oriented flow tube is passed through the
cavity of a solenoid.
The end-gradients of the solenoid
restrict the adsorption bead population to that portion of
the flow tube which lies within the end-gradients of the
solenoid magnetic field.
Within this volume, the adsorption
beads are free to move.
Because they are not held fixed
relative to one another as in the static array, there are no
interstitial spaces of the type which may produce physical
trapping and eventual non-specific binding.
The suspension
of cells is not affected by the magnetic field and is thus
free
to pass through the localized
concentration
of
adsorption beads, providing a chance for the "target cells"
of the suspension to react with the adsorption material.
While the containment effect had been observed using a simple
'solenoid on loan from the MPI fUr Kernforschung,
Heidelberg,
magnetic anomalies caused the beads to be trapped against the
side of the flow tube near the end of the solenoid magnetic
field.
The structure of magnetic fields generated by various
combinations of solenoid, iron magnetic return circuit,
shaped pole pieces and counter solenoid have therefore been
investigated in collaboration with B. Langenbeck (Computer
Centre,
Gesellschaft fUr Schwerionenforschung,
Darmstadt).
Field strength was calculated as a function of axial position
along the centre of the solenoid cavity and radial distance
from the wall' of the cavity by the program POISSON which
presented
the data in matrix form.
This matrix
was
transformed and plotted in the Computer group of the EMBL by
the programs TOMEX and MEXICO.
Plate 43 shows the plot of
the magnetic field
in one half of the flow tube passing
through a solenoid equipped with a magnetic return circuit
and square pole pieces.
It is important to notice the large
peaks associated with the position of the pole
piece
surrounding the end of the cavity containing the flow tube.
These peaks correspond to high-field regions where it might
be expected that magnetic adsorption beads would be trapped
against the side of the flow tube.
Clearly the flow tube
must be contoured to avoid this.
The force on a magnetic
particle in a magnetic field is proportional to the product
of the field strength and the field gradient at the point
where
the particle is.
Because this product is
the
definitive factor, determining the flow tube contours from
the field plot alone is difficult.
To simplify this a
plot
of the product of field gradient and field
strength was
developed.
These data are derived from the field gradient
matrix in which the field strength values are from points
with a large spatial separation.
This means that although
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PLATE 43

16141154

Plot or the magnetic rield Within a sOlenoid eqUipped With a
magnetic return Circuit and square Pole Pieces.
The "X"
direction is the distance along the centre line or the
sOlenoid cavity rrom the middle or the sOlenoid to the end or
the magnetic rield.
Direction "y" is the distance along the
diameter or the solenoid rrom one side or the cavity to the
other.
Direction "z" is a line proportional to the scalar
rield strength. Maximum rield is 4000 gauss.
Light cross_
hatching indicates the Portion or the rield corresPOnding to
the inside or the sOlenoid.
The dotted line indicates the
end or the sOlenoid.
Heavy Pole
crossPieces.
hatching indicates the area
corresPOnding
to the square
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PLATE 44
Plot indicating the location or anomalies corresPOnding to
regions or high values ror the product or rield strength
times rield gradient.
ror the .z. direction, the plot
dimensions are as in Plate 43.
.z. direction is a
runction or the rield gradient times the rield strength.
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the
locations and relative sizes of the regions involving a
change in the product of gradient and
field
strength are
shown,
their exact shapes are misrepresented.
This is
analogous to the way in which peaks in a plot of the
second
derivative of a function display the location and
relative
size of a slope change without exactly representing the shape
of the change.
A plot of the matrix-derived
product data
corresponding to the field plot of Plate 43 is shown in Plate
44. The areas of anomalously high gradient-field product are
obvious, as are the regions of smaller gradient-field product
which constitute the ends of the "bottle" holding the
particles.
By highlighting both the desired end regions and
the undesirable regions of anomalous gradient-field
product,
this type of plot provides the tool necessary to construct
the flow tube contours.
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THE OUTSTATIONS
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The Outstation at the DESY, Hamburg
Head: H.B. Stuhrmann
Members:* K.S. Bartel w' H.D. Bartunik, J. Bordas, P. Clout *§ ,
H. Furst, J. Hendrix, M. Koch, J. Phillips
Fellows:

Y. Hiragi * , Y. Inoko * , D. Isaac *

* P. Gabriel,
* J. Heuer *
Trainees:* R. Dimper * , i. Froese,
Jerzembek , P. Schubert

E.

* A.
* ,M.
* P.
Visiting workers:
R.*Aasa,
Bartholmws, R.
J.
N.
'* T.L.
Blund*ll, W. Bode * V. Borisov ,*C. Boulin*, R. Bray*, G.
Bulit, J. Burridie , R. Campiell , P. Carr*, C. Chen, i.
Cox, F.
, G.
, O.
,U. Eng.isch,
K.-E.
A.
M. F*iters, P* Fraser *
A.
Gabriel ,
Gallagher ,
Garner, R.
, K. Guth*, S.
Gutteridg*, A. Harmwen, B. Hartfiel, S. Hasnain,
Helliwell '* C. Hermes ,
HornbechiSvendson * J. Husain*,
H.E. Huxl.y , J. Jellinek*, R. Jonak , M* Just, S.
M. iress, B. L.ngeler, P.F.
C.
J.
Lowy,
•. Maeda, W. *Malzfeldt ,*E. Mande.kow,
Mandelkow*, S.E.
, M.A. Wazid , K. M*ek , E. Meyer*,
R. Miller ,*M. Moody , T. Nawroth ,
Nilson ,*K. Nierhaus ,
B. *Nowotny, S* Oatley, A.*pahler , F. Pirak, P. d. la
Paz, S.*Perkins , F.
, R. Pettifei , W. Priesk* , M.
Ragnetti '* J.-L. Ranck*, Sir John*Randall , M.K. Reedy,
Reinhammar * W. Renner ,
Riedl , R.
,B.
Z.
Saye.s, P. Siddins, B. Simmons*, D.
Suck *
R.
A.
J.
G* Taylor
Taylor , A. •hompson , G.
, P. Tiomson , I .
G.
R. Tirensma , R.
, P.* Vachette, i.
Vaugham ,
Veldink , M. V*rmeer , J. Walter, J.L.
,
H. Wjtson, J* Warwicker ,*W. Weber '* S. Whitburn '* S.
White , A. Wood , P. Wurmbach , A. Yonath , M. Zeppezauer
and engineers:
P§ Bendall, H.§ Borgwardt, D.
Dainton , E. Dorrington, P. Gill, R. Klaring , H. Ludwig, P.
Moir-Riches, V.
B. Robrahn, H. Sammet, K.-H.
Sohnholz (part-time)
After the first boom in successful synchrotron radiation
experiments in 1979 the new horizons were explored more
carefully.
1980 was as favourable as 1979 with respect to
the availability of synchrotron radiation beam time. DORIS
was operated for a total time of 40 days under optimal
conditions for the EMBL (80 mA positron current at 3.3 GeV).
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For nearly 100 days the storage ring also emitted useful
radiation during high-energy physics experiments (10-20 mA
particle current stored at various energies between 3.7 and

4.6 GeV).

The research program of the Outstation continued to cover the
following areas:
protein
crystallography
anomalous dispersion (X11);

low

temperature

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

studies,

studies

(X13),

high resolution x-ray spectroscopy (S11);
nuclear scattering (P11).
For descriptions of the instruments X11, X13, X15,
S11 and
P11 see the Research Reports for 1978. A description of some
typical experiments carried out with most of them is given
below.
Since the storage ring is now operated as a
part-time
dedicated
synchrotron radiation source, more and
more
preference is given to the storage of electrons (see Research
Reports,
1979).
It appears that in 1981
DORIS will be
operated as a synchrotron radiation source almost exclusively
for a period of five months.
Once the EMBL has installed the
three planned new 'instruments in the Hamburger Synchrotronsstrahlungslabor (HASYLAB), the radiation can be fully
At present DESY still provides a positron current in DORIS to
keep the EMBL experiments going.
However,
this will be
reduced in the future.
The instruments
X11 - Double-focussed, tunable x-ray beam, A = 0.8-2.2
protein crystallography and small-angle diffraction
Bartunik, K. Bartels).

for
(H.D.

The double-focussing instrument X11 is in routine use for
data collection in macromolecular crystallography and timeresolved muscle diffraction experiments.
The experimental
facilities have been further improved during 1980,
in
particular for low-temperature crystallography and for timeresolved measurements.
New developments of a rapid data
handling
system
for a multi-wire area
detector
(in
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collaboration with C. Boulin and A. Gabriel), and of software
for data acquisition with such a detector system, are in
progress.
1. Protein
crystallography
Bartunik).

at

low

temperatures

(H.D.

The crystal cooling device has been further developed,
in
order to reach lower temperatures and to achieve better
long-time stability of the temperature control.
The
o
o
temperature
range is now from -150 C to +60 C.
A
0
o
temperature stability of better than 0.5 C at -100 C has
been attained.
2. Time-resolved measurements (H.D. Bartunik).

The hardware (B. Robrahn) and software (R. Dimper) of the
acquisition system have been improved by adding the
possibility of variable time-frame length (between 1 msec
and
10 sec)
during an exposure, and of simultaneous
recording of parameters like muscle tension and beam
intensity.
The linear detector (A. Gabriel) is now read
out using a time-to-digital converter (C. Boulin).

3. Rapid data-handling system (H.D. Bartunik and C. Boulin).
A new data-handling system for data acquisition
with a
multi-wire proportional chamber (A.
Gabriel)
is being
developed by the inclusion of commercial CAMAC memories.
The system is based on the possibility of predicting some
features of the diffraction pattern (the co-ordinates and
sizes of the reflections) in many applications of protein
crystallography or fibre diffraction. This system is used
for data reduction, for example by integration over a
reflection and hardware rejection of events occurring
outside defined frames, leading to a reduction in the
amount of data to be stored by two orders of magnitude.
The system has been designed for maximum count-rates of 1
MHz.

4. PDP 11 software for protein crystallography (K.S. Bartels,
H.D. Bartunik and R. Dimper).

The Cambridge-Bristol programs for film data evaluation,
Fourier calculations and phase refinement have
been
installed on the PDP 11/45. The film program is used as
the basis for an area detector data acquisition program
which is in development.
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5. IBM software for protein crystallography (K.S. Bartels).
Software packages for film evaluation (Schwager/Bartels)
and crystallographic computing ("Protein", W.
Steigemann)
were implemented, modified according to the
special
requirements of synchrotron radiation experiments, and
made operational.
The film evaluation program has been
used routinely.
X12 A new instrument -·ultra
Bordas, M.H.J. Koch).

small-angle

scattering

(J.

For some time there has been a need for an instrument capable
of resolving spacings of several thousand Angstroms which
occur in the diffraction pattern of some biological objects
(e.g. frag sartorius muscle). Furthermore, the interpretation
of solution scattering from very large molecules (e.g.
tubulin) ,
for which measurements at much smaller scattering
angles than are at present accessible are required,
is a
major area of investigation at the Outstation.
For this
reason a compact, inexpensive wavelength scanning device has
been constructed. Initial measurements indicate that it will
be possible to resolve scattgrin g resolution of 10 seconds of
arc and approximately 5 x 10 photons/s in the direct beam. A
complete
characterization
of the performance
of
the
instrument and the first experiments with it will be made in
1981 .
for time-resolved
X13 double-focussed x-ray beam. A= 1.5
x-ray diffraction) (M.H.J. Koch, J. Bordas).
Beam path
The optical system of the double-focussing camera X13 has
remained unchanged and has worked satisfactorily throughout
1980.
Improvements have been made to the vacuum path between
the sample and the detector. The weak parts of the optical
system are the mirrors, which have to be exchanged regularly
as a result of radiation and heat damage caused by the
incident white beam.
It is hoped that this problem will be
cured in the new version of the camera to be installed in
HASYLAB in 1981.
Detector
The detectors used are linear detectors built by A.
Gabriel
which are operated at high pressure of Xe-C0 .
Under the
2
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conditions used
(4 atm. and 3.9 kV) parallax effects
negligible even at small sample-detector distances.

are

Data acquisition
Hardware
1. Detector read-out system
The new detector read-out system for the linear chamber
with 128 wires, built by A. Gabriel, has been designed and
built by P. Gill at the Outstation. The system, based on
priority encoders, is being tested and will be used for
experiments in 1981. The device can be connected to the
existing data acquisition system on X13 (time frame
generator, memory etc.) without further modification to
hard- or soft-ware.
2. Time-frame generator
A new time-frame generator with programmable variable
frame length has been designed and built by E.
Dorrington
at the Outstation.
The CATY data acquisition software of
X13 is being modified by D. Dainton to accommodate this
device, which should considerably increase the flexibility
of the whole data acquisition system .

. 3. Shutter control module
This NIM module (E. Dorrington) can be used to stop an
experiment if the beam conditions are unsatisfactory, and
to restart it automatically when appropriate conditions
are restored. This makes it possible to allow experiments
which need many repetitions (e.g. muscle contraction)
to
run with a minimum of human supervision.

4. Tension-recording module
This NIM module (E. Dorrington) was designed to record the
tension for time-resolved experiments on smooth muscle.
(Project in collaboration with J. Lowy and F.
Poulsen,
Open University, U.K. - Oxford Research Unit).
Software
Effort is now being put into making the data acquisition
software "user proof", in order ·to reduce the need for the
constant presence of a staff member on the experiment.
This
is a long process which will also require considerable
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attention in 1981.
The software for the parallel read-out
system developed by J. Hendrix is based on a modified version
of the X13 software CD. Dainton). Although the hardware is
quite different a special effort is being made to provide an
identical user interface for all systems. As the complexity
of the experiments increases there is a concomitant increase
in the complexity of the software, which in turn results in a
requirement for more local intelligence on the experiment. At
present a situation has been reached where any further
improvement will necessitate the upgrading of the LSI 11/2
auxiliary crate
from 32K to 64K of memory.
Data appraisal and interpretation
Documented programs are available for data evaluation.
These
interactive programs provide an easy-to-use user interface
and rely heavily on the use of graphics.
The new Tektronix
4663 plotter, which should be operational in the middle of
1981, will be a very useful addition to the computer system
in this respect.
The programs are intensively used by
visiting groups which increasingly tend to perform initial
data analysis in Hamburg, if not the entire interpretatioq.
X15 Tunable x-ray beam.
angle scattering.

A = 0.6-3.3

for anomalous small-

The accessible range of wavelengths has been extended both on
the short and long wavelength sides to 0.6
and 3.3
respectively.
'This involved slight changes of
some
mechanical parts of the double monochromator system.
The
number of beryllium windows was reduced and air gaps were
minimized to a total of 7 cm, leading to an instrument
absorption a a function of wavelength (in
given by 0.7
exp.
C-0.1.A). The factor 0.7 is due to the absorption by
the grid supporting the mylar window in front of the
detector.
With increasingly better performance of
the
position-sensitive area detector of A. Gabriel, the 1 cm grid
spacing of the window turned out to be a nuisance and is
being replaced by a finer wire mesh with 2 mm spacing.

3

311 Tunable x-ray beam. A = 0.5-2.5
for high resolution xray absorption spectroscopy, on the same site as X12 (J.
Bordas, J. Phillips).
The installation of sodium iodide scintillation counters
allowed for the additional measurement of the fluorescence
spectrum of metal proteins. In many cases the fluorescence of
a sample turned out to be much less affected by "background"
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radiation than the corresponding absorption signal. The lead
housing for monochromators has undergone several changes in
order to lower background radiation. Absorption by air (half
a metre) is limiting the performance of the instrument, to
about 1.7
for metal proteins.
P11 Tunable x-§,y beam (A =
for Mossbauer
scattering. of
Fe-nuclei
(C. Hermes, F. Parak, R.L.
Mossbauer, Technische Universitat, MUnchen; H.B. Stuhrmann
with technical assistance by H. LUdwig (EMBL, Hamburg».
The aim of this experiment is to measure resonant nuclear
scattering of Fe excited by synchrotron radiation. At the
first stage of the experiment a non-dispersive
double
monochromator system was constructed and tested. The 111
plane of perfect single crystals of germanium and silicon was
used for the selection of the 10 eV and 5 eV energy bands at
14.4 keV. Two ionization chambers, in front of and behind the
second
monochromator crystal, were used for
intensity
measurements.
The experimental values agree
with
the
theoretical ones within a factor two (Table 1).
The energy
of the monochromatic beam was scaled with respect to the
absorption edges of krypton (K edge, 1.432 eV), mercury (L II
edge, 1.4215 eV) and gold (L I edge, 1.4353 eV).
Table 1

------TD
(GeV)

(rnA)

Ge ( 11 1 )

4.5

13.5

Si ( 11 1 )

4.4

55

(x/s/10eV)
8x10 1O
1x10 11

(x/s/10eV)

(x/s/10eV)

4x10 1O

1.8x10 11

5.9x10 1O

2.75x10 11

ED' TD, energy and current of positrons stored by DORIS.
ray quanta per second and per 10 eV energy band, measured after
first
and
second
monochromator,
respectively.
theoretically expected flux of x-rays.

-217-

xthe

Computing and data acquisition
D. Dainton)

(P.N. Clout, M.H.J. Koch and

The computer electronics group has continued to consolidate
the general computing support, as well as to provide direct
help for experiments.
Hardware
To handle the large amounts of data which are collected, a
third 80 Mbyte disk and a high-density magnetic tape drive
were installed on the PDP 11/45. The latter now connects to a
total of 18 possible terminal sites including 8 with limited
graphics terminals.
The small PDP 11/10s have been equipped
with identical CAMAC interfaces to provide full
CAMAC
hardware compatibility, and are used as stand alone computers
for X11 and for software development.
Software
The
LSI
11/2 auxiliary crate controllers
are
fully
operational.
Two LSI are used on X13 and S11 and a
further
one is used for program tests. This has released the PDP
11/45 for data evaluation even during measurement periods.
Further, the CATY language has been enhanced to allow the use
of two character variables, and software has been written to
permit use of FORTRAN, with integer arithmetic only, on the
LSI 11/2.
The CAMAC driver has been further enhanced to reduce overhead
and improve functionality,
as well as being extended to
support a second serial branch.
Connection to the IBM computing centre and HASYLAB
Cabling for a direct connection of the PDP 11/45 as remote
job entry to the DESY IBM computing centre was being
installed at the end of 1980. This connection will also
permit the operation of IBM-TSO terminals from Bu-4 and,
it
is hoped, facilitate the use of the IBM computers. Experience
with the use of the IBM computer in the last year and
especially in the last two months has, however, left few
hopes that this connection would provide a final solution to
the problem of computing capacity at the Outstation.
Action
has also been taken to prepare the connection of the new
instruments in HASYLAB to the PDP 11/45 via a second CAMAC
serial highway as soon as they become operational.
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Experimental support
Apart from the electronics developments described in this
report a new
stepper motor control system is
being developed for the instruments in HASYLAB by B. Robrahn.
Some selected research projects
Only a
few characteristic research projects are presented
here.
A full account is to be found in references listed.
The complete list of projects is given in Table 2.
Protein crystallography (X11)
As exposure times in diffraction data collection from protein
crystals with synchrotron radiation are very short, even with
photographic film (typically around 1 min per degree of
rotation, the total time needed for a complete data set often
being determined by the exchange rate of film cassettes),
systematic study of protein structures as a function of
important thermodynamic variables (temperature, pressure,
etc.) is greatly faoilitated. It is for this reason that low
temperature x-ray diffraction studies have been started in
the laboratory.
Study of the flexibility of trypsinogen
(MPI
fUr
R.
Huber,
W.
Bode,
J. Walter
Martinsried), H.D. Bartunik.

Biochemie,

A full data set at 1.6
resolution was collected from a
trypsinogen crystal cooled to -100 o C (wavelength
the
total time needed for data collection was about
3 hours).
Evaluation of the film data gave a merging R-factor of 6% .
Combined
and energy refinement yielded a
R-factor of 19%. As /compared to the room temperature
structure more water molecules could be localized. Group
temperature factors were derived and discussed in terms of
intramolecular dynamics (manuscript in preparation). The
stugy will be continued at an even lower temperature near
200 C.
Gain in structural information with synchrotron radiation
Crystallographic data have been collected by external users
for about 20 different protein structures in all.
In most
cases a substantial improvement in the Bragg resolution and
the relative crystal lifetime (by a factor typically between
2 and 5) was observed
addition to a drastic reduction in
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exposure time.
Even further improvement was achieved by
cooling the crystals to temperatures around OOC.
The high
degree of collimation and signal-to-noise ratio of X11
made
it possible to collect data (to 3.5
resolution depending on
crystal quality) for a high-molecular structure (aspartate
transcarbamylase subunit;
M. Moody et al.) even from very
small crystals with dimensions between 50 and
100
A
further reduction in crystal size appears feasible.
Time-resolved x-ray diffraction studies of contracting frog
muscle
H.E.
Huxley, A.R. Faruqi, M. Kress (MRC, Cambridge);
R.M.
Simmons (Univ. College, London); J. Bordas, M.H.J. Koch.
The high intensity of the x-ray flux from the storage ring
DORIS has enabled very rapid time-resolved measurements to be
made on contracting muscle and some of these have been
described in previous reports. Improvements in the data
collecting system have now extended these measurements so
that changes in many of the principal low-angle x-ray
reflections
from muscle can be followed with a
time
resolution of one millisecond or less (Plate 45).
Large
changes in the intensity of the 143
meridional reflection
(from the myosin cross bridges) occur on this time scale
during rapid releases or stretches of the muscle in which
adjacent
actin and myosin filaments
undergo
relative
longitudinal displacements of 100
or less.
These changes
are now being analysed in detail, but they already provide
evidence of a more direct kind than has hitherto been
available that the active sliding of actin filaments past
myosin
filaments
during contraction
is
produced
by
longitudinal movement of attached cross bridges.
Microtubule
assembly
studied
by
time-resolved
x-ray
scattering
E.
Mandelkow,
A.
Harmsen,
E.M.
Mandelkow
(MPI
fUr
medizinische Forschung, Heidelberg), and J. Bordas.
The high flux x-rays emitted by the storage ring DORIS have
been used extensively for macromolecular relaxation studies.
Among these the assembly of microtubules will be reported
here.
The structural transition of the protein aggregates
during assembly from their subunits in solution is brought
0
about by changes of temperature. The x-ray pattern at 4 C
arises from a mixture of tubulin rings, dimers and some other
species.
Raising the temperature to 36°C induces
the
breakdown of rings followed by the growth of microtubules.
It
appears that microtubules are formed
from
tubulin
oligomers smaller than rings (Plate 46).
Though the
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depolymerization is not the exact inverse of polymerization,
the cycles of assembly and disassembly can be repeated until
the GTP is depleted. This applies to solutions of microtubule
protein
prepared
in the absence
of
glycerol,
with
concentrations around 10-20 mg/ml.
It is also important to
note that the structures formed and their kinetics of
polymerization do not seem to suffer significantly from
radiation damage during the experiment.
The configuration of the four iron atoms in dissolved human
haemoglobin as studied by anomalous dispersion
H.B. Stuhrmann, H. Notbohm (Univ. of Llibeck).
The anomalous dispersion of iron at its K-absorption edge in
small-angle scattering of an aqueous solution of haemoglobin
has been used to establish the geometrical arrangement of the
four iron atoms in this protein.
Though the anomalous
contributions
are about 0.001
to 0.01
of
the
total
scattering, experiments with synchrotron radiation from the
storage ring DORIS have shown that these effects can be
measured with an average precision of about 10% at each of
the 50 points of the scattering curve (Plate 47).
The
anomalous scattering represents the convolution of the whole
structure with the configuration of the four iron atoms of
haemoglobin (Plate 48). The analysis in terms of multipoles
suggests that tetrahedral symmetry of both the subunit
arrangement and the iron structure is a dominant feature. The
mean distance of 26
between the iron atoms as derived from
this experiment compares well with those derived
from
crystallographic data.
A concentration of 20 mM iron was
necessary to detect anomalous scattering of iron at the Kabsorption edge. Lower concentrations of anomalous scatterers
could be used at L1II-edges where much higher values of f'
and f"
between 10 to 30 electrons at K-absorption edges are
encountered.
It is likely that the anomalous dispersion of
phosphorus and sulphur will be of considerable interest, as
these atoms are natural markers in nucleic acids and proteins
respectively.
It should also be noted that the anomalous
dispersion curves of light elements strongly depend on the
chemical environment, which might make it possible
to
distinguish between atoms of the same element.
Furthermore,
anomalous scattering from polyelectrolytes was studied in
order to elucidate the structure of the ionic environment.
For instance, a 10% depression of the cross-section radius of
gyration was observed in a 0.5% Cs-DNA solution at the L
absorption edge of Cs (A = 2.47
Rather encouraging
results were also obtained from the anomalous scattering of
erbium in membranes.
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PLATE 45
Diffraction pattern of a frog sartorius muscle (top}.
The
arrow points to the meridional reflexion at
The
diagram (bottom)
illustrates the intensity change of this
reflexion recorded with. a linear Gabriel detector during an
isometric contraction (time resolution 5 ms). The insert
shows the tension in (full line) and the length of (dotted
line) the muscle which are recorded simultaneously with the
x-ray diffraction pattern.
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PLATE 46

- - - - -...- channel no.

Composite view of scattering traces obtained during two
cycles of polymerizatiori. Intensities were accumulated over
time frames of 15 s, but only alternate frames are shown
here. Temperature changes are as indicated. The half time of
the T-jump is 25 s. Specimen-detector distance 320 em,
detector bin size 0.31 mm (80 mm per 256 channels). Note the
changes in the height of the central scatter (left)
and in
the positions of the subsidiary maxima. The central scatter
terminates abruptly owing to a lead beam stop in front of the
detector.
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PLATE 47
The three characteristic scattering functions of the whole
haemoglobin molecule, of the iron configuration alone, and
the measured anomalous scattering of haemoglobin as a cross
term.
The cross term is deconvoluted in order to obtain the
iron atom structure, as proposed in Plate 48.
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monopole
l=O

octupole

l- 4
m- 0,3,4

PLATE 48
The iron atom structure in dissolved human oxyhaemoglobin.
The deconvolution of the cross term in Plate 47 is achieved
in terms of a multipole expansion of the scatter, which
immediately shows the dominant tetrahedral symmetry.
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PLATE 49
Background-subtracted EXAFS spectra of the two forms of
ATCase and a model compound. All three spectra are dominated
by a single wave. The unligated and ligated spectra are
identical.
The model spectrum has the same
frequency
oscillations with the same phase but is slightly greater in
amplitude. The zinc site in the two protein forms is
therefore similar to the model except for either the number
of ligands or the thermal damping factors.
The latter
explanation is more likely.
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EXAFS (S 11 2
EXAFS studies of the zinc site in aspartate transcarbamylase
M.F.
Moody,
A. Foote (EMBL, Heidelberg),
J.
Phillips,
J.
Bordas & M.H.J. Koch (EMBL, Hamburg).
The enzyme aspartate transcarbamylase (ATCase) is active as a
hexamer
and shows allosteric properties.
Each
subunit
contains one zinc atom and the purpose of the EXAFS study,
conducted by M.F. Moody's group (EMBL, Heidelberg),
is to
detect possible structural differences at the metal site
between
the unligated and activated enzymatic
states.
Spectra
obtained
in
1979 by
absorption
detection
indicated
possible differences. This conclusion was only
tentative,
however,
as the signal-to-noise ratios in the
spectra were low. The experiment was repeated in 1980 after
the new fluorescence detection system was installed in order
to obtain more reliable data. Spectra of the two forms of the
enzyme were obtained by fluorescence detection in two days of
main-user beam time. There was a great increase in quality
from absorption data enabling it to be said with certainty
that no change takes place. Shown in Plate 49 are spectra for
the relaxed
form and for the activated form,
both by
fluorescence detection. Also shown in the spectrum of a model
compound,
zinc dimethyldithiocarbamate. The improvement in
quality from absorption to fluorescence was noticeable.
The
effect of monochromator "glitches" was also reduced
in
comparison with the previous absorption data. There is no
noticeable difference between the spectra from the two forms
of the enzyme. The similarities between the enzyme spectra
and the model spectrum indicate that the zinc site is also
similar.
Thus a zinc coordination sphere of tetrahedrallyarranged sulphur atoms is inferred.
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Table 2
List of projects

Projects on X11
(a) Time-resolved muscle diffraction
Mechanism of contraction of
insect flight muscle

R.S. Goody, K.C. Holmes
(MPI, Heidelberg)

X-ray diffraction study of
contracting crustacean muscle

Y. Maeda
(EMBL, Heidelberg)

(b) Protein crystallography
X-ray crystallographic study of
M. Moody
the catalytic subunit of aspartate (EMBL, Heidelberg)
transcarbamylase
The use of anomalous dispersion
methods in the crystallography
of proteins containing zinc, iron,
mercury and platinum
- avian pancreatic polypeptide
- rabbit plasma transferrin
- a -crystallin

T.L. Blundell, P.L. Lindley,
G. Taylor, I.J. Tickle,
W.G. Turnell, G. Geodley,
J. Husain
(London)

X-ray crystallographic
investigation of
- phosphorylase 6
- B-lactamase I
- prothrombin fragment
- troponin C
- prealbumin

D.C. Phillips, C.C.F. Blake,
L.N. Johnson, A. Miller,
M.Y. Adams, S.J. Oatley,
K.S. Wilson, J. Burridge
(Oxford)

Use of anomalous scattering
to locate Zn in enzyme G

O. Dideberg, J.M. Frere,
J.M. Ghuysen
(Liege)

Data collection from native
and derivative kallikrein
crystals

W. Bode, Z. Chen,
K.S. Bartels
(Munich/Hamburg)

Low-temperature studies of
elastase

w.

Bode, H.D. Bartunik,
E. Meyer, J. Walter
(Munich/Hamburg)
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High resolution structure
determination of phosphoglycerate mutase

H.C. Watson, J. Warwicker
(Bristol)

Structure and function of the
glucose-6-phosphate isomerase

H. Muirhead, A. Achari,
S.E. Marshall
(Bristol)

High resolution structure of
bacterial 6-phosphogluconate
dehydrogenase

J. Helliwell
(Keele)

Three-dimensional structure of
ribulose diphosphate carboxylase

w.

Sanger
(Gottingen)

W. Kabsch, D. Suck
(MPI and EMBL, Heidelberg)

X-ray structure of the TU:GDP
complex from E.coli
High resolution structure of the
skeletal muscle actin: DNAase I
complex

w.

Kabsch, D. Suck
(MPI and EMBL, Heidelberg)

High resolution structure of
catalase from Penicillium
vitale

B.R. Melik-Adamjan,
S. Borisov, B.K. Vainshtein,
K.S. Bartels
(Moscow/Hamburg)

Single crystal x-ray studies on
ribosomal proteins with special
reference to low temperature
work and 1
radiation

R. Reinhardt, K.S. Wilson,
S. White
(Berlin)

Projects on X13
(a) Small-angle diffraction
X-ray diffraction from corneal
collagen

G. Elliott, Z. Sayer,
S. Whitburn, K. Meek
(Oxford)

Intermolecular crosslinking of
bovine collagen

K. Hornbech-Svendsen
(Copenhagen)

X-ray diffraction by the lens
of the eye and its individual
proteins

J. Randall, J.M. Vaughan
(Edinburgh, Malvern)
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(b) Time-resolved measurements
Muscle
Time-resolved studies of contracting frog muscle

H.E. Huxley, M. Kress,
A. Faruqi, R. Simons,
(Cambridge/London)

Time-resolved x-ray diffraction
M. Kress
from thin filaments in contracting (MRC, Cambridge)
frog muscle
Cross-bridge configuration
studied in hypertonic muscle as
a function of time

J. Lowy, F. Poulsen
(Oxford)

Assessment of the cross-bridges
in insect flight muscle when ATP
binds at sub-zero temperatures

R. Tregear, M. Clarke,
C. Rodger
(ARC, Babraham)

Collagen
scattering from
native and stained collagen
fibres

T. Nemetschek,
H. Riedl',
(Heidelberg)

Solutions
Polymerization of actin

J. Bordas, M. Koch
(EMBL, Hamburg)

Structural transitions in
microtubule assembly

E. Mandelkow,
E.M. Mandelkow
(MPI, Heidelberg)

Slow kinetic x-ray solution
scattering experiments with
allosteric proteins

M.F. Moody, P. Vachette
(EMBL, Heidelberg)

The DNA helix-coil phase
transition with incorporated
metal ions

J. Porta
(Barcelona)

Time-resolved small-angle x-ray
studies of the structural
dynamics of charged and uncharged
tRNA

R. Rigler, L. Nilsson
(Stockholm)
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Membranes
Kinetics of conformational phase
transitions in lipid phases

J.L. Ranck, A. Moudden
(CNRS, Gif-sur-Yvette)

EXAFS projects on S11
X-ray spectroscopic studies of
the Zn-centres of sheet tubulin

J. Bordas, E.M. Mandelkow
(EMBL, Hamburg/MPI, Heidelberg)

Determination by EXAFS of the Zn
environment in enzyme G

o.

EXAFS studies of the copper
centres in superoxide dismutase

D. Garner, N. Blackburn,
S. Hasnain
(Manchester/Daresbury)

X-ray absorption experiments on
2 Zn and 4 Zn insulin, carboxypeptidase A, vitamin B12 and
model compounds

J. Randall
(Edinburgh)

EXAFS studies of metallo drugs
and proteins

D. Sadler, A. Mazid
(London)

X-ray absorption spectroscopy
of copper proteins

T. Vanngard, K.E. Falk,
B. Reinhammer
(Goteborg)

EXAFS studies of the zinc atoms
in aspartate transcarbamylase

M.F. Moody
(EMBL, Heidelberg)

EXAFS studies of single
crystals of myoglobin

M.F. Moody
(EMBL, Heidelberg)

Copper-ligand distances in
haemocyanin from H.pomatia

R. Torensma
(Groningen)

EXAFS studies of yeast superoxide dismutase

R. Bauer
(Copenhagen)

EXAFS investigation of the iron
centres in soy bean lipoxygenase

M. Feiters
(Utrecht)

Dideberg
(Liege)

Projects on X15
Contrast variation studies of
ferritin in CsCl solutions at the
L absorption edge of Cs
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H.B. Stuhrmann
(EMBL, Hamburg)

Counter-ion distribution of
Os-DNA from anomalous scattering

H.B. Stuhrmann,
R. Oberthuer
(EMBL, Heidelberg/Grenoble)

Phasing of diffraction pattern of
Er-doped DPPC membrane by
anomalous scattering of erbium

H.B. Stuhrmann, J. Phillips,
G. Bueldt
(EMBL, Hamburg/Basel)

Contrast variation studies of
tryptophan synthase subunits in
various anomalous scattering
solvents

H.B. Stuhrmann,
P. Bartholmes
(EMBL, Hamburg/Regensburg)

Ion distribution in and near the
50S subunit of E.coli ribosomes

H.B. Stuhrmann, K. Nierhaus
(EMBL, Hamburg/Berlin)

Anomalous scattering of iron in
haemoglobin

H.B. Stuhrmann, H. Notbohm
(EMBL, Hamburg/Lubeck)

Ion distribution of polyacrylic
solutions

H.B. Stuhrmann,
R. Obertheur, M. Rangetti
(EMBL, Hamburg/Grenoble/Mainz)

Small-angle diffraction of
ribosome crystals

A. Yonath, H.B. Stuhrmann
(Rehovot/EMBL, Hamburg)

Small-angle scattering of
ATPase solutions

T. Nawroth, H.B. Stuhrmann
(Mainz/EMBL, Hamburg)
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Publications during the year
Bartunik, H.
D. & Boulin, C. (1981).
Rapid data handling
system using frame selection by hardware for time resolved
diffraction
experiments
with
an
area
detector.
Proc. Workshop on "X-ray Position-sensitive Detectors and
Energy Discriminating Detectors", (in press).
Bartunik, H. D., Clout, P. N. & Robrahn, B. (1981).
Rotation
data collection for protein crystallography with
timevariable
intensity from synchrotron radiation
sources.
J. Appl. Cryst., (in press).
Bartunik,
H.
D.,
Fourme,
R.
&
Phillips,
J.
(1981).
Macromolecular crystallography using synchrotron radiation.
In Uses of Synchrotron Radiation in Biology: ed. Stuhrmann,
H. B.; Academic, London (in press).
Bartunik, H.
D., Jolles, P., Berthou', J. & Dianoux,
A.
J.
(1981).
Intramolecular low-frequency vibrations in lysozyme
by neutron time-of-flight spectroscopy. Biopolymers,
(in
press).
Bendall, P. J. (1980). Die Unterstutzung von Mikroprozessoren
unter RSX-11M mit Cross-Assemblern in FORTRAN implementiert.
In
Digital Equipment Computer Users Society Symposium,
Mtinchen: Zusammenfassung der Referate;
DECUS, Maynard, MA.,
p.11-12 .
.Bendall, P. J. (1980). Lesen und Schreiben fremdformatierter
Magnetbander unter RSX-11M.
In Digital Equipment Computer
Users
Society Symposium,
Mtinchen:
Zusammenfassung
der
Referate; DECUS, Maynard, MA., p.35-36.
Bordas,
J.,
Bray, R. C., Garner, C. D.,
Gutteridge,
S. &
Hasnain,
S.
S.
(1980). X-ray absorption spectroscopy of
xanthine oxidase. The Molybdenum centres of the functional
and the desulfo forms. Biochem. J.,
499-508.
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.,
938-944.
Buras, B.
N.,
Fourme, R. & Koch, M. H.
J.
(1981).
X-ray
diffraction
Principles and applications.
In Handbook of
Synchrotron Radiation: eds. Eastman, D. E. & Farge, Y.
Vol.
1: ed. Koch, E. E.; Elsevier/North-Holland, (in press).
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Clout, P. N. & Golding, F. M. (1980). Data acquisition using
CAMAC auxiliary controllers in a synchrotron
radiation
laboratory.
In
Digital Equipment Computer Users Society
Symposium, San Francisco: DEGUS, Maynard, MA., p.1-4.
Clout, P. N. (1981). Data acquisition. In Uses of Synchrotron
Radiation in Biology: ed.
Stuhrmann,
H.
B.;
Academic,
London, (in press).
Hasnain, S. S., Diakun, G. P., Blackburn, N. J., Bordas,
J.,
Koch, M. H. J., Phillips, J., Knowles, P. F., Miller, R. N. &
Garner, C. D. (1980).
A study of the copper sites of native,
cyanide and azide bound bovine superoxide dismutase by x-ray
absorption spectroscopy. J. Amer. Chern. Soc., (in press).
Hendrix,
J.
(1981).
X-ray
detector
systems.
In
Uses of Synchrotron Radiation in Biology:
ed.
Stuhrmann,
H.B.; Academic, London, (in press).
Hendrix,
J. & Furst, H. (1980). A novel position-sensitive
detector system for x-ray scattering experiments with storage
rings
9perating
in
the
single
bunch
mode.
I.E.E.E. Trans. Nucl. Sci., NS27, 145-149.
Huxley,
H.
E., Simmons, R. M., Faruqi, A.
R.,
Kress, M.,
Bordas, J. & Koch, M. J. H. (1980). Millisecond time-resolved
changes in x-ray reflections from contracting muscle during
rapid mechanical transients, recorded using
synchrotron
radiation.
Proc. Nat. Acad. Sci., USA., (in press)
Kam,
Z., Koch, M. H. J. & Bordas, J. (1981). Fluctuation xray scattering from particles in frozen solution using
synchrotron
radiation.
Proc. Nat. Acad. Sci.,
USA,
(in
press).
Koch,
M.
H. J. (1980). EMBL
Radiation News, 2, 9-10.

Hamburg.

European Synchrotron

Koch,
M.H.J.,
Stuhrmann, H.B., Tardieu, A. & Vachette,
P.
(1980).
Small-angle
scattering of solutions.
In
Uses
of Synchrotron Radiation in Biology:
ed. Stuhrmann,
H.B.;
Academic Press, London, (in press).
Lye,
R.
G., Phillips, J. C., Kaplan, D., Doniach, S. &
Hodgson, K. o. (1980). White lines in L-edge x-ray absorption
spectra and their implications for anomalous diffraction
studies of biological materials. Proc. Nat. Acad. Sci.,
USA,
11, 5884-5888.
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Mandelkow, E.-M., Harmsen, A., Mandelkow, E. & Bordas, J.
(1980). X-ray kinetic studies of microtubule assembly using
synchrotron radiation. Nature (London),
595-599.
Mandelkow, E., Harmsen, A., Mandelkow, E.-M. & Bordas, J.
(1980).
Microtubule assembly studied by time-resolved x-ray
scattering. In Microtubules and Microtubule Inhibitors: eds.
De Brabander, M. & De Mey, J.; Elsevier/North-Holland,
Amsterdam, p.105-117.
Mazid, M. A., Razi, T.,
J., Greaves, G. N., Gurman,
S. J., Koch, M. H. J. & Phillips, J. C. (1981).
An EXAFS
study of gold co-ordination in the anti-arthritic drugs
"myocrisn" and "solganol". J. Chem. Soc. Chern. Commun., (in
press).
Meek, K. M., Elliot, G. F., Sayers, Z., Whitburn, S. B. &
Koch, M. H. J. (1981). Interpretation of the meridional x-ray
diffraction pattern from collagen fibrils in corneal stroma.
J. Mol. Biol., (in press).
Moody, M. F., Vachette, P., Foote, A. M., Tardieu, A., Koch,
M. H. J. & Bordas, J. (1980).
Stopped-flow x-ray solution
scattering: the dissociation of aspartate transcarbamylase.
Proc. Nat. Acad. Sci. USA, II, 4040-4043.
Nemetschek, Th., Jonak, R., Nemetschek-Gansler, H., Riedl,
H., Schilling, V., Bordas, J. & Koch, M. H. J. (1980).
Evidence of forces produced by bilayers composed of long
. molecules. Naturwissenschaften, QI, 416-417.
Nemetschek, Th.,
H., Bordas, J.,
Viskoelastizitat
Bedeutung fUr die
und Histol., J.§.Q,

Riedl, H., Jonak, R., Nemetschek-Gansler,
Koch, M.H.J. & Schilling, V. (1980). Die
parallelstrangigen Bindegewebes und ihre
Funktion. Virchows Archiv., A, Path. Anat.
125-151.

Stuhrmann, H.B. (1980). Small angle x-ray scatting
of
macromolecules
in
solution.
In
Synchrotron Radiation
Research:
eds. Doniach, S. & Winick, H.; Plenum Press, New
York, p.513-531.
Stuhrmann, H. B. (1980). Anomalous dispersion of small-angle
scattering of horse-spleen ferritin at the iron K absorption
edge. Acta Cryst., A}Q, 996-1001.
Stuhrmann, H. B. & .Gabriel, A. (1981). A small-angle camera
at
the
storage ring DORIS for
anomalous
dispersion
experiments. J. Appl. Cryst., (in press).
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Structure preservation of biological material in classical
thin sections: a study by x-ray diffraction using collagen
fibrils as a tool (J.-C. Jesoir, A. Miller)
Work on the molecular packing of collagen fibrils has been
continued: beyond the obvious interest of visualizing the
lattice on which collagen molecules are assembled, the aim of
this work is to use collagen as a tool to study the level of
structure preservation at each specimen preparation step.
It now seems clear that after the appropriate method of
specimen preparation has been established (and checked by xray diffraction), the main damage occurs during sectioning.
This means that the damage essentially has a mechanical
origin.
There are two alternative ways of improving the
situation: either to improve the embedding or to improve the
"en bloc" staining (besides improving the contrast, stains
can act like embedding media and support the structure).
Improving the embedding
Trying
to obtain higher resolution thin
sections
of
biological
specimens implies looking at
more
compact
structures.
This means using resins with better penetrating
power,
i.e. diminishing the resin viscosity.
However,
the
use of low viscosity resins produced the unwanted effect of
destroying the lateral order as demonstrated by
x-ray
diffraction.
It appears that most of the anhydrides used as
curing agents for epoxy resins are responsible for this
destruction.
Apparently they react with the proteins in the
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presence of residual water still contained in most of the
organic solvents used for dehydration.
The use of a drier
transitional solvent solved this problem.
Improving the staining
It has been found on many occasions that there is a definite
difference between x-ray contrast and ElM contrast: what is
"stained" for x-rays is not always "stained" for ElM.
Th
reason is that the amount of material involved is about
10
times bigger in an x-ray specimen than it is in an ElM
section. Consequently the amount of heavy-atom marker has to
be much bigger in the x-ray case, and to have sufficient
contrast in an ElM thin section the formation of aggregates
(stain clusters) is necessary.
These clusters are usually
formed by the reaction of two oppositely charged heavy-atom
ions. In order to have a better control of this reaction, the
exact conditions of aggregate formation have been studied; it
appears that aggregate formation is a function of pH, of
temperature, and of the molar ratio of the two components in
solution.

5

In addition, a purely x-ray study has shown that regular 3dimensional packing is a general characteristic of Type I
collagen fibrils (Jesior et al., 1980) and we are at present
trying to see if reconstituted fibrils also possess lateral
order, i.e. whether the information needed to specify the
packing is entirely and only contained in the sequence of the
protein (in collaboration with C. Berthet-Colominas).
Reference
Jesior, J.-C.,
Miller, A. & Berthet-Colominas, C.
FEBS letters, 113, 239-240.

(1980).

Neutron and light scattering studies of brome mosaic virus
and its proteins (M. Cuillel, B. Jacrot, M. Zulauf)
The structure of native BMV at medium resolution using smallangle neutron scattering
Concentrated samples of BMV were investigated with smallangle neutron scattering in 5 different contrasts at a formal
resolution of 37
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The data are analysed in terms of a spherical shell model
(Schneider et al., 1978; Chauvin et al., 1978 a & b):
the
virus is depicted as a sphere subdivided into an a priori
unknown number of concentric shells with various radii and
scattering densities.
Each shell is taken to define a
compartment of uniform composition of biological material
(protein, nucleic acid, water or a mixture).
The scattered
intensity is then calculated, smeared according to the
instrumental parameters of the camera D11 and compared with
the experimental data by least-squares fitting.
Note that
since the values of the scattered intensity can be determined
on an absolute scale, the densities are known on an absolute
scale and the material can be identified (Chauvin et al.,
1978 b).
The following strategy is applied to obtain a model that fits
all 5 contrasts simultaneously.
(1) The radii of the shells are taken to be the same in all 5
contrasts.
(2) The densities of the shells are required to vary linearly
with the contrast.
(3) Only the
satisfies
model and
scattering

model with the mlnlmum number of shells that
(i)
is considered.
Deviations between this
the data are then attributed to non-spherical
contributions.

The result is that we find it necessary to
6 shells to
fit the data in the range 0.03 < Q < 0.14
The large
number of shells is partially due to the finding that the RNA
density decreases gradually towards the inside of the virion.
This variation needs 4 shells to be described properly by the
model. The fits are shown in Plate 50, the radii and relative
scattering densities in Plates 51 and 52.
The
following low-resolution picture of
BMV
emerges.
Starting from the outside of the virus, we have first a shell

32

thick

that comprises 95% of the

viral

excess scattering density of that shell is 1.84x10
;
densities
comRa ct
proteins
are
usually
around
2.35-2.40x10
Next to the inside is a 6
thick
shell with very little protein and much solvent.
The next
shell of 10
thickness contains 10% protein and 90% RNA.
Further to the inside we find no protein and decreasing RNA
density.
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We confirm, with improved resolution, the previous finding
(Chauvin et al., 1978 a) that the capsid of BMV is not very
densely packed with protein. The clustering observed by
electron microscopy is likely to extend through the whole
capsid.
The systematic
of the intensity by
the model for wave vectors> 0.14
could be due to nonspherical scattering contributions arising from the protein
clustering.
In order to test this hypothesis, we are
currently investigating a non-spherical model in which the
capsid protein is depicted by globules arranged in hexamerpentamer clustering, and which allows for a continuous
variation of the RNA density. This reduces the number of
model parameters considerably and tests the question whether
the surface triangulation of the protein is actually seen in
neutron scattering.
Solubilized BMV protein at pH 7
The correlation spectra obtained from solutions of BMV
protein at pH 7, 0.5M KC1, are not single exponentials.
Analysis in terms of two exponents leads to two relaxations
that corresRond to particles with apparent hydrodynamic radii
of 28
2
(68% of the scattered intensity) and 80
These values are independent of the sampling time, the
scattering angle and the protein concentration. Combining th,
diffusion coefficient of the fast species, 7.55
O.55x10cm Is, with the observed single component sedimentation
velocity,
2.50
0.25xS,
leads to a molecular weight of
29, 600, which is neither the monomer nor the dimer of the
protein. The
of the diffusion coefficient,
6.04 ! 0.07x10 cm Is, combines to a weight of 36,800.
It is
interesting that in sedimentation equilibrium centrifugation
a single component with a weight of 40,000 appears.
Neutron scattering
similar results.

of

the

solubilized

protein

leads

to

We conclude that neither the correlation nor the neutron data
can be interpreted easily in terms of polydispersity of the
BMV protein in solution. The observation of a single boundary
in sedimentation velocity experiments and the dimer weight in
sedimentation
equilibrium
renders
polydispersity
also
unlikely. A possible interpretation of the data could be that
the protein is solubilized as a dimer in which the two rigid
globular parts of each monomer are linked by means of the
thin flexible arms with which we found the protein shell of
the whole virus anchored in the RNA.
The scattering unit
would then be basically of dumb-bell shape, with a certain
-241-

probability distribution for the separation
globular parts. Unfortunately there is no
of diffusion for such an object.

between the
theory

Polymerization of BMV protein
In order to test the idea of the flexible arms discussed
above, we have incubated the protein with trypsin, expecting
that the arms will be degraded and the free globular parts
remain.
Instead, we discovered that in the presence of
trypsin, the coat protein of BMV polymerizes in a D 0 buffer
2
at pH 7.6 to form a small empty capsid with triangulation
number T=1.
Normally, this same protein polymerizes at
acidic pH to form empty capsids with T=3. The trypsin can be
shown to remove 63 amino acids from the N-terminus leaving a
polypeptide chain of mol wt 13, 500.
The kinetics of
formation of this small particle have been followed by
neutron
scattering.
Further,
the
particle
has
been
characterized
by various physical
methods:
analytical
centrifugation, quasi-elastic light scattering and neutron
scattering. It is found to have a radius of about 85-90
and
a molecular weight of 760,000 in fair agreement with the
value expected for a particle made of 60 subunits of 13, 500
(Cuillel et al., 1981).
In the absence of RNA, at pH 7 and 0.5M KCI,
BMV protein
exists solubilized in small molecular weight
subunits,
probably dimers (see above); lowering the pH to 5 induces a
crystallization ,of the protein in empty capsids,
with
icosahedral symmetry T=3.
This implies that the protein
monomer is capable of several somewhat different bondings,
according to the different local curvatures around the
hexamer and pentamer vertices. The molecular mechanism for
the symmetry-breaking is being investigated by looking for
intermediates in the process of capsid formation. The working
hypothesis is that the protein binding at the hexamer faces
(flat positions of the icosahedron) is somewhat stronger than
at the pentamer vertices. Thus, the T=3 structure could arise
through a mechanism in which first the 20 hexamers assemble,
and in a later maturation the pentamer vertices are filled
in. Some evidence for this comes from the observation that
capsids formed by pH jump have a lower molecular weight than
those formed by dialysis. The kinetics of the assembly of the
protein will be investigated by small angle x-ray scattering
and by proton correlation, using stopped-flow techniques.
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The structure of the Top A-t component of alfafa mosaic virus
- the first non-icosahedral simple virus? (S. Cusack; P.C.J.
Krijgsman,
J.E.
Mellema,
G.T.
Oostergetel
(Leiden,
Netherlands))
Alfalfa mosaic virus (AMV) is a plant virus whose genome
comprises four distinct single-stranded RNA molecules each
encapsulated in separate protein capsids whose size is
roughly proportional to the molecular weight of RNA enclosed.
Previously we have studied the largest particle, the bottom
component AMV-B, which has an overall length of about
600
and is cylindrical with rounded caps (Cusack et ale
1981).
Three other components denoted by AMV-M, AMV-Tb and
AMV-Ta-b have a similar shape to AMV-B but lengths of
430
350
and 300
respectively.
The protein capsids of
all these structures are well explained by the Caspar and
Klug theory of quasi-equivalence, the cylindrical part being
based
on
a
hexagonal
lattice
of
axial
repeat
84
(and containing 36 protein subunits) and the
rounded
ends being half icosahedra. The possible number of subunits
forming such a capsid is 60 + 18n (n = 0,1,2 .. ).
A fifth component of AMV, denoted by AMV-Ta-t, does not fit
into the above pattern. This particle can be separated from
AMV-Ta-b as it is soluble in the presence of magnesium ions,
whereas the latter precipitates.
However, both components
have been shown to contain the same contents of RNA, namelg
two molecules of RNA4 (total molecular weight 0057 x 10
daltons).
On the ElM grid AMV-Ta-b is cylindrical with
rounded caps, but AMV-Ta-t appears ellipsoidal in shape. The
total molecular weight of each particle has been determined
and the number of protein subunits in the capsid can be
deduced to be about 132 for AMV-Ta-b and about 120 for AMVTa-t. The former value fits the above formula for the normal
AMV structure (when n = 4), whereas the latter does not.
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Further strong evidence for the different structure of AMVTa-t comes from neutron scattering. We have obtained the
neutron scattering curves for AMV-Ta-t at a number of
different contrasts and are at present engaged in analysing
them by a model-fitting technique similar to that used for
the bottom component. However it is very clear that the form
of the scattering curves is most satisfactorily explained by
oblate ellipsoidal shapes. An example of a scattering curve
fitted by an oblate ellipsoid of revolution of dimensions 284
x 284 x 216
is shown in Plate 53. The equivalent Stokes
(hydrodynamic)
radius of such a particle would be
130.5
which is close to the value of 139
obtained by photon
correlation
measurements
of
the
diffusion
constant
(Oostergetel et al., 1981). These measurements also indicated
that the solutions were monodisperse.
The interesting question arises as to what is the structure
of the protein capsid if it is neither icosahedral nor
cylindrical. From Euler's theory we can show that any closed
surface lattice composed of triangles and having five- and
six-fold vertices must have 60 + 6m subunits where m =
o, l, 2, 3,
(assuming tha t there are three protein monomers
per triangle). Three possible models of the AMV-Ta-t protein
capsid have been constructed (Plate 54) with 114 or 120
subunits and different symmetries (2-, 3- or 5-fold).
The
neutron data suggest an axial ratio of 1 : 1 : 0.76 which is
very close to that of the 5-fold model with 120 subunits
(axial ratio 1
1: 0.74).
The conclusion from this work is that AMV coat protein can
assemble with a dimer of RNA4 to form two very different
structures, one of which accords with the hitherto accepted
principles of virus construction and one which violates them.
A possible explanation of the structure of AMV-Ta-t is that
in this case the RNA4 dimer has a very well-defined threedimensional structure which determines the shape of the
particle. We now plan to try in situ cross-linking of the
RNA in both AMV-Ta components in the hope of finding evidence
for different RNA conformations in the two particles.
References
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PLATE 54
Possible protein lattice structures for the Topa-t component
of AMV.
Top left: 116 subunits,
3-fold symmetry, axial
ratios 1: 1:0.62 Top right: 120 sUbunits,
2-fold symmetry,
axial ratios 1: 0.81: 0.42 Bottom:
120 subunits,
5-fold
symmetry, axial ratios 1:1:0.74
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Structural studies of influenza virus (S. Cusack. A. Miller
(EMBL),
P.C.J. Krijgsman, J.E. Mellema (Leiden, Netherlands)
(Leiden, Netherlands))
Even though an enormous amount of information is available on
structural
aspects of influenza virus, many
important
questions remain unresolved. Largely on the basis of electron
microscopy (which however introduces significant distortion
of
large, hydrated particles)
influenza virus
has
a
reputation of being particularly variable in size and shape
(pleomorphic) and the chemical composition as reported in the
literature also shows variation. It is therefore important to
ask whether there is a unique structure for such a large and
complex virus.
More empirically this question is: can one
obtain monodisperse preparations of influenza virus with a
well-defined molecular weight and chemical composition and if
so, to what resolution can the structure of these particles
be determined? Furthermore is it meaningful to talk of the Tnumber of the M-protein shell or the symmetry of the
arrangement of the spikes? More detailed questions still to
be answered concern the degree of embedding (or possibly
bridging) of the spike proteins in the bilayer, and the
organization of the M-protein with respect to the bilayer and
the interior nucleoprotein.
We have begun to study the structure of influenza virus by
neutron, x-ray and light scattering as well as electron
microscopy.
The aim is to provide answers to the questions
raised above and in so doing, to provide a more secure
structural basis with which to discuss the processes of
infection and assembly. Neutron scattering coupled with the
method of contrast variation is uniquely suited to the study
of the low resolution structure of large, multicomponent
viruses
provided an adequate supply of an homogeneous
preparation of the virus is available.
Influenza virus (strain B/Hong Kong/5/72) , grown in chick
embryos, was kindly supplied to us by Duphar Ltd.
(Weesp,
Netherlands).
After extraction the virus is inactivated with
2-propiolactone
and purified on sucrose gnadients.
An
electron micrograph of the preparation, stained with uranyl
acetate, is shown in Plate 55. This shows remarkably uniform
spherical particles of diameter about 1200
More convincing
evidence for the quality of the preparations comes from
photon correlation measurements performed by M.
Zulauf.
A
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diffusion constant D20
of 3.45 x 10- 8 cm 2 /sec is found,
independent of
angle. The correlation curves are
very well fitted by a single exponential decay,
strongly
suggesting a highly monodisperse solution.
X-ray and neutron
scattering appear to confirm this conclusion.
Neutron
scattering curves have been obtained on instrument D11 at the
Institut Laue-Langevin in a number of dtfferent contrasts
(see Plate 56).
To a resolution of 150 I-I
up to five
subsidiary maxima are resolved and the curves are consistent
with a
solution of quasi-spherical particles with a
polydispersity in size of at most 3 or 4%. X-ray films
(obtained
by C. Berthet) show four
more widely spaced rings
out
to a resolution of 30 A-I
which may arise
from
interference between the spikes.'
Having established that sufficiently monodisperse solutions
of the virus can be obtained we are now engaged in a more·
detailed analysis of the neutron scattering curves in order
to obtain a low resolution structure for the particles.
The
method being used is the least-square fitting of spherical
shell
models to the scattering curves, as
has
been
successfully used in the determination of the structure of
several
simpler viruses.
The analysis is hindered
by
imprecise knowledge of the chemical composition and by
difficulties
in determining
concentrations
absolutely.
However, the following preliminary conclusions can be drawn.
Within the limitations just mentioned the molecular weight of
the
particles ·as determined from the gorward
neutron
scattering is estimated to be about 200 x 10 daltons, rather
lower than previous estimates. The match-point of the virus
is found to be at 31.6% D 0 which is more consistent with a
lipid fraction of 25-30%
weight, rather than 20-25%. The
most unambiguously determined parameter so far obtained from
the model-fitting is the position of the bilayer, whose
centre is found to be at a radius of 425 !
Assuming a
bilayer
thickness
of
40
and the
length
of
the
haemagglutinin spikes to be 135
(as determined by x-ray
crystallography), the radius of the complete particle is
about
Simply from the surface area of the bilayer and
reasonable assumptions for the mean molecular weight per unit
area gor a cholosterol-phospholipid bilayer an estimate of 60
x 10
daltons can be made for the molecular weight of the
lipid.
This is probably an overestimate by a
few percent
owing to embedded protein.
From this value the
total

6y
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PLATE 55
Electron micrograph of purified influenza virus stained with
uranyl acetate, and obtained from Leiden University, the
Netherlands.
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molecular weight of the particle would be about 210 x
daltons, in good agreement with the value quoted above.

10

6

Further neutron measurements are planned on a
'spikeless'
form of influenza virus obtained by bromelain treatment.
It
is hoped these measurements will aid interpretation of the
scattering curves and in particular give information on the
arrangement of the M-protein.
The interaction of detergent with matrix protein of the outer
membrane of E. coli (M. Zulauf, J.P. Rosenbusch (Biozentrum,
Basel))
Membrane proteins are not easily accessible to structural
analysis, because they aggregate in aqueous environment owing
to
hydrophobic interactions.
By adding an
appropriate
detergent, it is often possible to solubilize them (Helenius
& Simons, 1975). This has been explained by assuming that the
protein is inserted in the inside of a micelle (Tanford &
Reynolds,
1976), or that part of the protein acts as a
nucleation centre for an enveloping or attached micelle
(Robinson & Tanford, 1975; Osborne et ale 1978). This was
believed to occur' without large changes in the size and shape
of the micelle (Tanford & Reynolds, 1976).
We
have
investigated these interactions
with
photon
correlation and small-angle neutron scattering for the matrix
protein
of
E. coli (Rosenbusch, 1974) which
can
be
solubilized as a trimer (mol wt 110,000) with the help of
certain short length non-ionic amphiphiles, e.g. octyl tetraoxyethylene CH3o(CH2)7(OCH?oCH2)UOH (abbreviated as
CSE 4
below). We find that the deEergent-detergent interactions in
this system, though uncharged, cannot be neglected even in
dilute
solutions
and strongly affect
the
structural
interpretations of the data.
The phase diagram of C E4 reflects the importance of these
8
interactions.
At low temperature and above the critical
micellar concentration, the detergent forms micelles.
Upon
raising the temperature, a critical phenomenon is observed:
at a defined temperature (that depends on concentration), the
detergent separates out of water to form a liquid by itself.
We have measured the hydrodynamic radii and apparent masses
and radii of gyration as functions of the temperature. We
find
that the marked increase of the values of these
parameters on approaching the critical temperature cannot be
interpreted in terms 6f micellar growth. The'micelles always
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preserve a small spherical shape;
instead, we
observe
secondary aggregation:
at higher temperatures, the micelles
approach each other in groups to form "droplets" whose
density and size will increase and ultimately give rise to
the phase separation.
The same interactions are also operative in the presence of
matrix protein. Neutron scattering in various contrasts tells
us that the apparent amount of detergent associated with the
protein increases with temperature. However, the values of
the radii of gyration indicate that this is due to secondary
aggregation of the free micelles with the protein-detergent
complex rather than to an increase of the direct binding.
This interpretation is supported by the finding that the
phase separation of the detergent described above also takes
place in the same way in the presence of the protein.
Bearing in mind the importance of the detergent interactions,
it is a
straightforward matter to reach the following
conclusions.
1) Matrix protein binds an amount of detergent that is not
necessarily a multiple of the micellar mass, but rather a
measure of the area of the hydrophobic part of its
surface. It covers this area by forming a monolayer.
2) Comparing the radii of gyration obtained for deuterated
and protonated protein we find that the detergent is
localized in 'grooves of the protein surface.
This may
explain why long-chain detergents do not succeed in
solubilizing the protein, because the steric conditions
hinder the formation of a monolayer.
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Salt and pH dependence of
melittin in aqueous solutions
of Rome, Italy), M. Zulauf)

Biochim. Biophys. Acta,

the two aggregation states of
(F. Podo, R. Strom (University

Melittin, a 26 amino-acid peptide extracted from bee venom,
exhibits the tendency to form small aggregates in aqueous
buffer.
Its ability to interact with detergents and
phospholipids is well known (Strom et al., 1978; Lauterwein
et al.,
1979).
In particular,
its
incorporation
in
hydrocarbon moieties is accompanied by a conformational
change observable by circular dichroism and proton-NMR.
In
the absence of hydrocarbons, the phenomenon of aggregation is
associated with similar changes in the spectra obtained by
the two techniques.
The aggregation is perhaps akin to the
micellization of detergents, in that melittin-lipid contacts
are replaced by melittin-melittin contacts.
Owing to the small mass of the protein (3250 daltons), it is
difficult to assess the degree of aggregation by small-angle
scattering
techniques.
Photon correlation
offers
the
possibility to measure the transport properties of such a
molecule at moderate concentrations. Thus we were able to
perform measurements at melittin concentrations of 5 and 10
mglml in buffers containing 0.03 to 1.5M NaCl or 0.05M Na S0
2 4
with pH varying from 6.3 to 10.1. In this range of the
parameters we found only two states of
with
diffusion coefficients of 11
1 and 20
1x10{ cm Is (the
equivalent hydrodynamic radii are 19 and 10
By comparison
with structural parameters obtained from crystallography we
think that the former corresponds to a tetramer and the
latter to a monomer of melittin. The state of aggregation
then depends on pH, salt and concentration; for instance, in
the presence of NaCl melittin exists as a monomer at low pH
and as a tetramer at high pH.
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Scientific projects involving x-ray studies
Colominas (technical assistant: B. Dal'Zotto))

(C. Berthet-

Studies on collagen (C. Berthet, A. Miller)
In
collaboration
with
D. Herbage and M.-C. Ronzieres
(University of Lyon)
structural studies of collagen in
cartilage have been continued. The aim of this project was
the study of the one-dimensional structure of collagen in
cartilage
where it coexists for the most
part
with
proteoglycans.
The intervertebral disc was chosen for this
study because it contains the well-known Type I collagen in
the external regions and the unknown Type II collagen in the
central region.
The distribution of the two types of
collagen and the percentage of proteoglycans are a
function
of the distance to the centre of the disc. In the external
region the x-ray patterns showed only slight modifications
with respect to the standard pattern of Type I collagen from
tendons.
In the internal region the significant differences
in the x-ray diffraction patterns could be only explained by
a modification of the projected electron density along the
fibril
axis.
Electron microscopy suggests
that
this
modification cannot be attributed only to a difference of
structure between Type I and Type II collagen.
Nevertheless
in order to check this hypothesis studies on reconstituted
collagen have been undertaken.
Type II collagen always
coexists with other molecules in tissues, so in order to
study its x-ray diffraction pattern it is necessary to
reconstitute it after purification. If pure Type II collagen
scatters like pure Type I collagen that will mean that in
cartilage
some extra material is responsible for
the
modification of the projected electron density. A preliminary
study on the samples using electron microscopy has been
necessary
in
order to choose the
best
method
for
reconstitution.
On Type I collagen at pH 7.4, in a solvent containing 30 mM
phosphate and
140 mM NaCl, the precipitation achieved by
0
increasing the temperature between 28 and 32 C gives rise to
fibrils with a native-like structure together with a small
amount of non-banded fibrils.
The consistency of the
precipitated material is that of a gel, making it possible to
obtain after stretching reconstituted well-aligned fibres
that have been used for x-ray diffraction studies.
Smallangle diffraction patterns at sample-to-film distances of
50 - 100 cm made possible the estimation of the intensities
of the first 21 axial orders of collagen.
The integrated
intensities obtained by densitometry were very similar to
these obtained from native rat tail tendon.
Under similar
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conditions Type II collagen is reconstituted with very poor
success.
On increasing the temperature a very small amount
of native-like fibrils are reconstituted, but most of the
material is precipitated in a non-banded filamentous form. No
x-ray study of this precipitate is possible.
At low temperature, in distilled water, we have precipitated
Type II collagen as native-like fibrils.
Studies are now
proceeding by x-ray diffraction of this material.
At 4°C in 20 mM phosphate and 140 mM NaCl at pH 8 we obtained
from both Type I and Type II collagen symmetrically-banded
fibrils with a very small percentage of non-ordered material.
X-ray studies of these precipitates are now proceeding.
A knowledge of the collinear structure of collagen from
bovine and human cartilage has allowed us to undertake the
study of possible modifications in its structure in other
tissues:
a) preliminary x-ray diffraction patterns have been obtained
from three different types of collagen from chicken skin,
in order to determine if the differences in composition
are associated with differences in the structure (this
project was proposed by P. Sengel, Grenoble University);
b) a study has begun of the structure of collagen from human
joints suffering hereditary articular chondrocalcinosis
with P. Netter, Nancy Hospital).
Membranes
In June
1979 a project on membranes using both x-ray and
neutron
diffraction was started in collaboration
with
G. Zaccai (ILL) and H. Strom, F. Podo and C. Crifo (Rome
University).
The aim is to determine the structural
interaction between an artificial phospholipid membrane and a
small protein such as melittin. The results from various
physico-chemical techniques, such as fluorescence studies,
circular dichroism and prot9n NMR relaxation, had been
interpreted as indicating the disruption of melittin selfaggregates and the formation of complexes between the protein
and the phospholipids. Measuring both the change in position
and the sharpness of the ring corresponding to the distance
between
the phospholipid hydrocarbon chains,
and
the
modification
of the periodicity of the
layer,
x-ray
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diffraction
the system.

has been used to determine the phase diagram

of

In parallel neutron studies have been used to determine the
structure of the lamellar phases using specific d"euteration
of the lipids and H 0/D 0 exchange. (For the study of the
2
2
protein itself see Report of M. Zulauf.)
Studies 9n solutions
A large number of scientists, from both inside and outside
the Laboratory, is studying biological specimens in solution,
mostly in parallel with neutron experiments. A new camera for
small-angle
scattering experiments is now
in
routine
operation (Plate 57).
(Construction was carried out by
J. Sedita,
J.-M. Bois and A. Gabriel;
A. Tardieu of the
Laboratoire
Genetique,
Gif-sur-Yvette,
made
useful
suggestions.)
Focussing in the horizontal plane is achieved by a bent
mirror.
Two sets of collimators, the second one in vacuum,
give very clean background around the mean beam. The sampledetector distance can be varied from 20 to go em. A positionsensitive linear detector is used.
The sample holder allows
o
variation of temperature between
and 60 C. The radii of
gyration of the following biological systems have been
measured:

°

- protein components of adenovirus
type 2 (hexon, penton, fibre)

by

C. Devaux (Lille)
P. Boulanger
(Lille)
B. Jacrot

- variation of the R
of tRNA as a
function of ionic-§trength

by

G. Zaccai (ILL)
Z.Q. Li (ILL)

- variation of the R
of DNA as a
function of ionic-§trength

by

Z.Q. Li (ILL)
R. OberthUr
(ILL)

- tryptophan synthetase

by

K. Simpson
K. Kirschner
(Biozentrum,
Basel)
K. Ibel (ILL)
R. May (ILL)
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- cytochrome c reductase

by

s.

- proteoglycans from cartilage
(chondroitin sulphate, keratan
sulphate)

by

s.

Perkins
H. Weiss (EMBL,
Heidelberg)

Perkins
H. Muir
T. Hardingham
A. Miller

In addition measurements on concentrated solution of viruses
are being made whether or not the viral nucleic acid has an
ordered structure. These studies are complementary to neutron
scattering investigations.
The following viruses are being studied:
by

- adenovirus type 2

C. Deveaux
(Lille)
P. Timmins (ILL)
C. BerthetColominas

(The relation between the diffraction patterns derived from
the different constituents (fibre, penton, group of nine
etc.) will,
it is hoped, lead to an interpretation of the
whole virus pattern.)
- alfalfa mosaic virus

by

G. Oostergetel
(Leiden)
P. Krijgsman
(Leiden)
J. Mellema
(Leiden)
S. Cusack

- tomato bushy stunt virus

by

J. Witz

(Strasbourg)

J. Kruse

(Strasbourg)

Crystallograohic studies
A precession camera has now been set up following a doublefocussing mirror, and is at present being used to determine
the space group of the crystalline complex aspartyl tRNA-
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synthetase tRNAAsP, as a preliminary to a neutron diffraction
project (by D. Moras, R. Giege and J.C. Thiery, Strasbourg
University, and M. Roth, ILL).
Evidence for Qeriodicity in the amino-acid sequence of myosin
(F. Borras-Cuesta, B. Schoot (technical assistant: E. Truche)
We have characterized CNBr digests of rabbit myosin heavy
chain, total rod and light meromyosin (LMM), and of mouse
heavy chain, by combined isoelectric focusing and SDS gel
electrophoresis. Conditions for digestion were chosen so as
to obtain less than complete cleavage at most or all of the
methionyl residues.
Plate 58 shows finger-prints of partial CNBr digests of
fragments of myosin heavy chain.
It can be seen that
irrespective of whether the starting material is rabbit total
rod
(a), rabbit LMM-like peptides (b), or mouse heavy chain
(c), the patterns are very similar. That is, they all show
similar families of peptides having the same molecular
weights
but different isoelectric points.
This
result
strongly suggests that most of the peptides in the fingerprint originate from the LMM region.
When the molecular weights of these families (in particular
c-j in Plate 58a) were determined by SDS gel electrophoresis,
it became apparent that within experimental error they could
be considered as being multiples of around 3800 units (see
Plate 59). One interpretation of this finding is that there
is a highly periodic distribution of methionines in at the
very least the LMM region. Also, unless the existence of
several peptides within each family is artifactual
(see
below)
it would mean that there should be several equallyspaced cleavable sites along the molecule.
This further
reinforces the interpretation of periodicity.
A striking feature of Plate 58 is that the families of
fragments are alternately displaced to the left and to the
right in the isoelectric focusing dimension, depending on
whether their masses represent odd or even multiples of 3800
respectively.
This feature reinforces once again the
interpretation
of
periodicity in
the
sequence.
The
heterogeneity in this dimension could, unlike that in the SDS
dimension, be artifactual (e.g. as a consequence of deamidation
or cyanylation), or the result
of
protein
heterogeneity due to gene duplication.
However, it is also
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PLATE 58
Fingerprint of several peptide mixtures, obtained by 24
hours' CNBr treatment of various myosin fragments.
First
dimension,
isoelectric focusing at pH4 6.5; cathode at the
left and anode at the right hand side of the picture
respectively.
Second dimension, SDS electrophoresis (13%
acrylamide,
0.035% bis acrylamide);
molecular
weights
decrease from top to bottom.
(a)
Fragments from rabbit total rod.
The letters (c-j)
represent families of peptides having molecular weights
(6-13) times 3800 units respectively. See Plate 59 for
comparison.
(b) Fragments from rabbit LMM-like peptide mixture.
(c) Fragments from mouse heavy chain.
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PLATE 59
Comparison between experimental molecular weights (0) of
myosin CNBr fragments, and hypothetical multiples of 3800
uni ts (-).
The open circles (a-j) correspond to the similarly labelled
bands on the gels A and B and also on the gels of Plate 58.
A and B correspond to SDS runs of peptide mixtures produced
after 24 hours, partial CNBr fragmentation of rabbit myosin
total rod and rabbit myosin heavy chain respectively.
Molecular weights were determined by SDS gel electrophoresis
in 13% acrylamide; 0.035% bis acrylamide.
Calculations were
carried out using at least two runs (in the same gel) of
every peptide mixture and four runs of molecular weight
markers: Mr
66,000; Mr 45,000; Mr 24,000, Mr 18,400 and M
r
14,300 respectively.
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possible that it too reveals a periodicity, this time in the
distribution of charged residues in the amino-acid sequence.
Estimation
proteins by
Perkins)

levels in whole cells and cellular
H NMR spectroscopy and neutron scattering <S.J.

In the 1979 Research Reports, an account was given of the way
in which proton NMR could be used to determine overall
deuteration levels of cellular cultures in D 0-containing
2
media.
Since then,
emphasis has shifted to compare such
cellular deuteration levels with the actual deuteration
levels of proteins which have been extracted from deuterated
cell cultures.
For practical reasons these were obtained
from E. coli. Thus whereas an overall deuteration of 75% was
found in cells, two protein preparations showed deuteration
levels of 72% and 74%.
The agreement was thus rather
satisfactory.
The
conclusions from this project can be summarized:
(1)
H NMR has observed chiefly the soluble proteins of
E. coli.
(2) Since good estimates of protein deuteration
levels can be obtained from NMR on whole cells, this avoids
laborious extraction of proteins before a deuteration level
is known. This implies that deuteration levels can be readily
optimized for the growth of cells at the same time as the
growth curves for various media are themselves tested.
(3)
NMR can be used to study proteins in their native state,
involving material in quantities as little as 0.5-5 mg for
determining levels of deuteration.
These are the
same
quantities that are used for neutron experiments.
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PLATE 60
Relationship between the observed percentage deuteration in
the cells versus the % D 0 in the growth medium. The results
2
for E. coli and Neurospora crassa are denoted EC and NC,
and
are plotted after normalization for relative concentrations.
The comparison of the results with glucose and glycerol
carbon sources shows that glycerol is a more effective agent
for deuterating cells than glucose, thus illustrating the way
in which deuteration conditions can be optimized using NMR.
This was confirmed in more detail by the use of NMR and
neutron scattering on proteins isolated from deuterated
cultures.
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Small-angle neutron scattering and densitometric studies of
carbohydrates
and
macromolecules:
physical proRerties of the hyaluronate-binding region of proteoglycan from pig
cartilage (S.J. Perkins, A.
Miller, T.E. Hardingham & H. Muir)
The neutron project to investigate the neutron scattering
properties of carbohydrates and glycoproteins in detail
(see
the
1979 Reports) was completed in 1980, and will be
published during 1981. During 1.980, the previous data on the
proteoglycan were supplemented by neutron experiments on the
carbohydrates hyaluronate and chondroitin sulphate.
NMR
experiments were made to discover the extent of exchange of
the exchangeable protons in both the proteoglycan and the
carbohydrates.
NMR was important since the amount of nonexchanged exchangeable protons in the molecule significantly
affects
the
neutron
scattering
properties
of
the
macromolecule in question.
The scattering of thermal neutrons by polysaccharides in
solution was found to be characterized by match-points
(scattering densities) which are higher than those of soluble
globular proteins. They are strongly dependent upon oxidation
state, acidic pyranose sugars having higher match-points than
neutral
pyranose sugars. By
invoking
electrostriction
effects, both the observed sugar match-points and observed
mass densities could be completely interpreted in terms of
partial specific volumes which were derived from a survey of
75 sugar crystal structures (see Table 3).
The
final data on the hyaluronate-binding
region
of
proteoglycan (69% protein; 31% carbohydrate) show that it has
a scattering density equivalent to 45% D2 0.
The calculated
molecular weight from studies in H a bUffer was 81,000 !
10,000, in satisfactory agreement wi€h biochemical estimates
of 83,000.
The radius of gyration R at infinite contrast is
42 ! 2 i, showing that the object unSer study is an elongated
globular macromolecule.
The dependence of R
On solvent
contrast shows that the carbohydrate is on the §urface of the
molecule and that the protein core is compact but elongated
also with an estimated R of 37 ! 1
at infinite contrast.
The combination of neueron and light scattering data is
consistent
with an oligosaccharide structure which
is
extended semi-rigidly into solvent and traps much water.
The
compact protein core is further evidenced by NMR· which
reveals slowly-exchanging NH backbone protons, and most of
these are exchanged on heating to 50 0 C. There was no change
in the R of the "binding region" in H a when a ligand of
dodecasaccharide was added to it. This suggests
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that the binding site of hyaluronate is
"binding region".

preformed

on

the

Table 3
Summary of

% D2 0

match-points for proteins and

five pyranose sugars
Experimental
Proteins

Calculated

42%
(average value)

Neutral
Glc
GlcNAc
Fucose

48.0%

43.3%
39.9%

Acidic
Hyaluronate
Keratan sulphate
Chondroitin sulphate
Sialic Acid

52%
60 + 5%

Neutron scattering of
H. Weiss)

c reductase

53.1%
46.3%
55.3%

54.9%

CS.J. Perkins,

A study is being made of the shape of cytochrome reductase
(ubiquinol : cytochrome c reductase, E.C.1.10.2.2.) which is
a proton-translocating oxidoreductase of mitochondria.
The
dimeric enzyme has a molecular weight of 550,000 and the
monomeric unit is comprised of eight different subunits.
These are the cytochromes band c
and the iron-sulphur
1
subunit
(M - 30, 31 and 25 kD) and five subunits (M 50,
r
45,
14,
12 and 8 kD) which do not have redox centres.
The
enzyme has been isolated from Neurospora as a
proteindetergent complex and can be cleaved sequentially into
subunit complexes of decreasing complexities and single
subunits (Plate 61).
Reductase and the bc, subunit complex have both been studied
in association witn Triton X-100 and deuterated Cemusol
detergents.
This approach is preferable to that where the
protein
is
deuterated,
since
deuterated
Cemusol
is
-266-

commercially
available,
and there are
no
subsequent
uncertainties over the match-point of the deuterated protein.
The results obtained from plotting the square of the radius
of gyration against the reciprocal contrast difference are
exemplified in Plate 62 and summarized in Table 4.
All
experiments to date have shown that the protein is elongated,
and is asymmetrically inserted into the detergent micelle.
From the curvature of the plot in Plate 62, a
preliminary
estimate of the separation between the centres of mass of the
protein and the detergent is 60 to 90
for the case of
reductase-Triton X-100.
Experiments in hand involve studies with the subunit complex
containing only cytochrome b in both detergents and the core
complex of the 45,000, 45,000 and 50,000 proteins.
A
detailed comparison of the neutron scattering results with
the low-resolution structure of reductase reconstructed from
a
tilt series of electron micrographs of
crystalline
reductase-lipid preparations will be made.

Sequential cleavage of cytochrome c reductase
1 .Deoxycholate
+ 0.5M NaCI
2. Triton X-100

1. Triton X -100
+0.02MNaCI

g
\:V
0.5MNaCI

PLATE 61
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Table 4

Match-point

Radius of
gyration at
infinite
contrast

Reductase-Triton X-100
Reductase-deuterated Cemusol
bC complex-Triton X-100
1
bC complex-deuterated Cemusol
1
Trlton X-100
Deuterated Cemusol
All measurements were made at 6 o C.
Interaction between elongation
studied by neutron scattering (S.J.
Bentley, A. Wittinghofer, R. Leberman)

and aminoacyl-tRNA
G.A.

The key role of elongation factor Tu (EF-Tu)
in
protein biosynthesis involves interactions with Mg +,
GDP,
GTP,
aminoacyl tRNA, elongation factor Ts and the L7/L12
proteins of the 50S ribosomal subunit. Neutron scattering
studies of the EF-Tu-aatRNA complex are now nearly complete.
Two types of experiment have been made. In titrations made in
72% D2 0 (where the tRNA is matched out), the B
of the
ternary complex between EF-Tu, aatRNA and GTP
while
that of the control system involving EF-Tu, tRNA and GTP does
not.
This was ascribed in fact to interparticle interference
effects rather than to a conformational change, and suggests
of itself that much of the polyanionic tRNA molecule is
exposed after complex formation. In solutions of higher ionic
strengths, R
is found to decrease by about
and this
change in R ffiay appear to be a real one in this instance.
g
The other experiment involved studies of the
complex
in 0%,
40%, 72% and 100% D2 0. The variation of R
against
reciprocal contrast is shown in Plate 63, where ga marked
curvature is observed. From the curvature of the plot, a
distance of about 30 ! 10
is estimated between the centres
of aatRNA and EF-Tu in the complex. Comparisons with the low
resolution balsa-wood crystallographic models of EF-Tu and
tRNA at 6
resolution show that much of the tRNA must
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protrude from the protein. In other words the current results
do not substantiate the earlier ideas according to which an
intimate complex of tRNA. and EF-Tu is formed. In this
respect, the EF-Tu/tRNA complex is quite unlike that of the
synthetase/tRNA complex.
One important control experiment to be completed is to
confirm that a 1:1 complex of aatRNA and EF-Tu is formed
under
the
conditions of the
experiment.
Preliminary
experiments on protonated EF-Ts and deuterated EF-Tu have
been made, and it is intended to study the interaction
between L7/L12 and deuterated EF-Tu also.
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