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Structural studies of neuronal assemblies 

* Members: N.J. Strausfeld, G. Geiger, G.W. Griffiths 

* Fellows: D. Nassel, N.R. Singh 

* * * Visitini workers: R. Elofjson , K. Hausen, J. Kien , H. 
Nilsson, F.-W. SchUrmann 

Technical assistants: M. Obermayer, H. Seyan 

Laboratory hound: W. von Topferhof 

1) Brain structure: the insect visual system 

Previous reports described means for resolving the 
way in which similar-shaped cells are assembled into 
an isomorphic structure. This type of resolution is 
achieved either by injection of cobalt cations 
directly into the neuropil, or by transport of Co++ 
between contiguous interneurons. These studies have 
revealed some cardinal features of brain structure, 
one of which refers to variability of cell form and 
constancy of planar fibre patterns, and the other to 
sex-specific nerve cell arrangements. The second will 
be summarized first. 

Sexual dimorphism of gross structures in brain has 
been known for some time and is particularly 
manifested in some song birds and in the overt 
morphology of some fish visual areas. However, apart 
from one species of nematode, there is no evidence 
for sex-specific nerve cell shapes, dispositions and 
mappings. In the nematode (Sulston, 1976) the origin, 
developmental program and position of sexual 
dimorphic arrangements have all been followed. 

Cobalt fillings into the brains of Diptera reveal 
that in male and female visual centres there exist 
identical sets of neuronal assemblies. These are 
termed sexually isomorphic systems. However, there 
are sets of neurons specific to one or the other sex 
that are superimposed upon the sex-isomorph 
background. A stunning example is in males where 
giant nerve cells invade a characteristic domain of 
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Plates 1,2 

Plates 
3,4, 5 

the retinotopic mosaic which when extrapolated 
outwards to the eye surface sub tend that part of the 
retina which constitutes a special dorsal and frontal 
region of binocular overlap and high spatial 
resolution. These structures are summarized in 
Plates 1 and 2, and the patterns they make in the 
neuropil, and hence subserve from the isomorphic 
retina, are shown in Plates 3, 4 and 5. Even 
excluding sex-specific elements there are 
characteristic distortions of the hexagonal map of 
retinotopy that are specific to one sex or the other. 
These studies are, in part, being carried out in 
conjunction with K. Hausen (M.P. I. TUbingen). 

Patterns of this kind within planar neuropil are 
unique. Unlike dimorphic retinae, which are composed 
of two types of dioptric arrangements and which are 
subserved by two appropriate matrices of first order 
interneurons, the present structures reside in a deep 
level of the system, comparable to the mammalian 
visual cortex, and subserve an isomorphic retina. 
Indeed, these features and a system of binocular 
columns, described in last year's report, allow a 
favourable comparison between the insect brain and 
arrangements within the vertebrate central nervous 
system (see below). And possibly the following no 
longer holds: 

The cortex, it's said, does contain 
Stripes, fissures and bands, in the main. 
But ideas it has too 
Both in me and in you 
Which are things that one just cannot stain. 

Sex-specific neuron arrangements impart precise 
regional patterns within an otherwise regular planar 
lattice, and as such are reminiscent of two-
dimensional cuticular patterns. It is therefore 
natural to consider whether the developmental 
programs for epidermal planar arrangements may 
generally apply to neuropil. At least the present 
system is so accessible to structural analysis that 
it must be an obvious candidate for developmental 
stud'ies. Such a program was initiated early last year 
and is being carried out by D. Nassel. In addition, 
we are also investigating the early and, again, 
planar columnar-arrangements in the ventral cord. 
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PLATE 

Male (upper) and female (lower) neuronal assemblies 
within cortex-like neuropil, showing one neuron 
(MLG 1: male lobula giant) that inserts into a sexual 
isomorphic array of columnar neurons at a position 
that subserves the dorso-anterior retinotopic mosaic 
(dorsal is here to the left). The extreme dorsal and 
ventral margins of the neuropil are separated by 
about 450 m. Scale bar equals 50 m. 
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Male specific neurons may mediate information 
transfer specific to male courtship phenomena, and 
behavioural studies carried out elsewhere indicate 
that the upper frontal eye regions are used by the 
male for some sequences of the repertoire prior to 
copulation. We are at present attempting to resolve 
sex-specific neurons in Drosophila prior to screening 
the appropriate behavioural mutants. 

2) Brain structure: modular organization in the brain 

For over a century techniques have been employed for 
stochastically resolving single nerve cells. Elegant 
as they were, these methods (named after Golgi, their 
inventor) are not able to reveal relevant spatial 
relationships between one element and its immediate 
structural surround. This meant that the structural 
context of any single neuron remained obscure, and 
could only be envisaged by comparison with more 
general aspects of architectonics. Golgi methods 
have revealed a plethora of cell types, and despite 
the disadvantages of the method some workers attempt 
to define modular structures in brain from Golgi 
studies. Historically, only few brain regions, 
notably the cerebellum, have been treated with 
discipline,. as has recently one other system, the 
mammalian retina. In the latter the confusion of cell 
types and possible connexions has been rationalized 
and reduced to a simple and fundamental scheme of 
arrangements (Boycott & Dowling, 1969). 

In contrast, the neurons of the cortex may be 
described either as each unique, distinguished from 
any other in terms of its form, or they may be 
classified into two principal classes, pyramidal or 
stellate. Neither mode of description is sufficient 
and workers prefer to describe cortical organization 
in terms of layers, domains and dendritic pattern 
(Sholl, 1956; Szentagothai, 1975; Peters & Walsh, 
1972). 

Similar problems occur with the description of nerve 
cell shape in insects, in particular within levels 
that are equivalent to cortical organization. Cobalt 
filling has, however, revealed that an isomorphic 
planar network of dendrites or collaterals contains 
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PLATE 2 s. 
Sex-specific neurons comprise three types of unique 
giant elements, one of which was shown in Plate 1, 
and two systems of local columnar assemblies. All 
these cells map precisely into the neuropil mosaic 
and their domains can be extrapolated out to the 
retina surface. This provides a direct correlation 
for physiological and behavioural studies. The maps 
of the male giant neurons (MLG1-3) and sex-specific 
columnar domains (Col Band Col C) subserve that part 
of the retina which is involved in binocular overlap 
with its contralateral counterpart (Bi). The right 
hand diagram is an unfolded view of the lobula 
neuropil surface into which has been mapped each of a 
set of sex dimorph columnar cells (Col A: see Plate 
1). Axes, natural to the neuropil, have been mapped 
between the columns and reveal special areas of low 
density in the upper frontal and lower frontal 
mosaic. The lower frontal area is common to males and 
females; the upper region is specific to male 
neuropil. 
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PLATE 3 

Uptake of cobalt cations by pyramidal cells of the 
mouse cortex (area occipitalis) (upper left) reveals 
regular clusters of perikarya and collections of 
apical dendrites features that cannot be 
demonstrated by stochastic impregnation (middle 
left). Computer reconstructions through serial 
sections of pyramidal cell assemblies are shown 
(right and bottom) in various orientations ("Salami 
and Voyeur" routines) and illustrate regular 
collonnades of apical dendrites which, if traced 
towards the pial surface, would "support" the 
entablature of apical dendritic branches (cobalt and 
Golgi impregnations by M. Obermayer, computer 
graphics by P. Speck). bar equals 50 m. 
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PLATE 3 



contributions from elements which, if viewed singly, 
appear to have as variable geometries as pyramidal 
cells of the cortex (Strausfeld & Hausen, 1977). 

M. Obermayer is engaged in experiments with cobalt 
injections into cortex to see whether or not the same 
phenomena are expressed in vertebrate brain. Although 
the results are not yet of a quality comparable with 
those obtained from insects, regular palisades of 
pyramidal cells do incorporate Co++ from a pool, and 
when revealed do appear to constitute part of an 

Plate 2 isomorphic array (Plate 2).. The technique is still 
immature, and we are at present devising methods and 
instruments to obtain appropriate cobalt pools for 

Plates 3,4 uptake by many neurons (Plate 3,4). It is absolutely 
necessary to apply these techniques to vertebrate 
brain because, being non-random, they are more likely 
to show up repeating sub-units that may be described 
as modules of cortical structure. Elegant studies on 
columnar or barrel organizations derived from other 
procedures are a step in this direction (LeVay, Hubel 
and Wiesel, 1975; Woolsey & Van der Loos, 1970). 

Plate 3 

3) Neural graphics 

Last year's report outlined the collaboration between 
this group and P. Speck of the Division of 
Instrumentation in implementing computer graphics. In 
addition to stick-diagram and data-smoothing 
routines, three further programs have been devised 
and are now in These programs interact 
with each other and can exchange spatial information. 
The first of ' them, "Salami", reconstitutes serial 
sections and displays them in their reconstituted 
form. The second, "Voyeur", is a graphics device 
which allows the rotation of an eye about the 
reconstituted image so that the viewer may select a 
novel viewing angle. This choice made, the structure 
is displayed in its new aspect (Plate 3). The third 
program, "Spread", has been devised for repeating 
structures that can be mapped into a regular mosaic, 
such as that of retinotopic neuropil. This program 
allows us to make a first approximation into the way 
a single neuron could constitute a planar of 
interconnexions. This program will be further 
developed to take into consideration real distorted 
latticeworks and will include means to display 
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PLATE 4 

Cobalt uptake by mammalian neurons is better 
exemplified by cerebellar elements, such as these 
mossy fibre terminals in the granule cell layer of 
the mouse cerebellum (M. Obermayer). Scale bar 
equals 50 m. 
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alternative branching patterns that could give rise 
to an identical assembly ("Escher"). The basic 
package for neural graphics will be completed by 
facilities for the elimination of hidden lines, for 
the addition of tones, and for annotating parts of a 
structure with symbols for membrane specializations 
and so forth. 

In the longer term, it is our intention to 
reconstruct parts of the Drosophila thoracic ganglia 
in the embryo and larva, and to follow (and model) 
the events that take place when such structures 
undergo their transformation from simple ladder-like 
arrangements to intricate and convoluted ganglia. We 
hope eventually to be able to recognize specific 
landmarks in the neuropil of juvenile ganglia which 
can be used in developmental genetics of homeotic 
mutants. These studies are being performed in 
conjunction with D. Nassel. 

4) Expression of mutant allelic genes within the central 
nervous system 

Much effort has been invested in screening sensory 
input constellations from the wing, haltere and legs 
of wild-type and mutant (bithorax alleles) Drosophila 
(H. Seyan, M. Obermayer). One important result of 
these studies, though a negative one, is that one 
cannot from the study of sensory projections alone 
resolve any effect of the mutant in the central 
nervous system unless it is possible to identify sets 
of neurons that are independent of the sensory input, 
at least until toe level of the fourth order 
connexions. Several hundred cobalt screens of the 

3 34e projections from bithorax (bx or bx ) and 
bithorax-posterior bithorax (bx 3 pbx_Ubx 101 ) reveal 
that the novel sensory map is accompanied by 
extensive alterations in the forms of interneurons 
within the central nervous system (eNS). It is not 
possible to distinguish whether these are induced by 
a peripheral modification of sensory elements, or 
whether they are primary effects of the mutation in 
central nervous system development. 
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PLATE 5 

A comparison between haltere projections of the wild 
type (Oregon) melanogaster and the 
bithorax mutant (bx). The latter (to the right) 
illustrates components of the wild type haltere 
pattern in addition to novel structures that are not 
even characteristic of meso thorax , such as th3 
extensive projections into the brain. However, bx 
also gives rise to patterns of projections that are 
reminiscent of wing components, such as shown in the 
right hand inset. Studies on interneurons which are 

revealed by migration of Co++ from primary 
receptors indicates that such mutant projections are 
accompanied by profound "cascade" changes in the 
structure of the CNS. Scale bar equals 50 m. 
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Plate 5 
Three examples of projections from wild type and 
transformed hal teres are shown in Plate 5. While 
these cannot give us information about independent 
modifications within the nervous system other sensory 
systems can be studied in these animals and used as 
independent markers if they are seen to project 
separately from inputs derived from the transformed 
appendage. For example, some projections from the 
wild type wing extend as far as, and some way into, 
the metathoracic ga§glion, identical fibres 
from the wing of bx pbx-Ubx pass as far as the 
anterior margin of the first abdominal ganglion, 
indicating that the third thoracic ganglion has 
undergone some modificat-ions. Likewise, it is 
possible to reveal cobalt-filled giant interneurons 
from the brain of both wild type and mutant animals: 
in the former these project into the mesothoracic 
ganglion, whereas in the latter some give rise to 
slender collaterals directed towards the third, and 
possibly transformed, metathoracic. These studies (in 
conjunction with J.A. Campos-Ortega, University of 
Freiburg) are being further pursued to identify other 
systems of the CNS which are possibly independent of 
the sensory input. 

5) Behavioural correlates of structure and manipulation 
of the CNS 

The previous report described the construction of a 
dye pulse laser system, combined with interference 
microscopy and video recording, for selective 
ablation of embryonic and larval tissue. This system 
is now in operation and functions well. Its designer, 
G. Geiger, in conjunction with D. Nassel, achieves 
consistent ablations of selected areas (3-30 
diameter) deep within the tissue. These operations 
result in adult brains that lack specific neuronal 
systems, such as the medulla. Initial experiments 
have already shown that a sensory map from the retina 
retains its structural identity even though the 
target neuropil is not the one that it normally 
invades. Moreover, homotopic projections between the 
retina and lobula are maintained. The ability to make 
specific local deletions should provide us with 
information about which neurons in the visual system, 
if any, give rise to branching structures that are 
comparable with those of the normal animal even 
though the structural surround has been profoundly 
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altered. Also, some deletions appear to displace 
parts of a neuropil to the "wrong" locations and thus 
imitate grafting experiments. These will be important 
for defining the inviolability of borders within two-
dimensional patterns of the planar mosaic. The first 
results are, though, encouraging in that an identical 
ablation site gives rise to an identical modification 
in the adult. It is hoped that further development 
of instrumentation will allow us to direct ablations 
to discrete subsystems within a single neuropil 
region. 

Altered structures are also put to a behavioural test 
on instruments designed by G: Geiger and linked on-
line to the ND 240 computer. A question which we hope 
to clarify is a general one concerning which 
structures are indispensible for specific and 
quantifiable components of a behavioural repertoire. 
Similarly, G. Geiger is also examining differences of 
temporal events in the visual systems of male and 
female flies, and further tests are being devised for 
resolving some computational properties of male 
specific visual neuropils. 

Publications during the year 

Griffiths, G.W. (1979). Transport'of glial cell acid 
phosphatase by endoplasmic reticulum into damaged axons. 
J. Cell Sci., lQ, 361-389. 

Obermayer, M. & Strausfeld, N.J. (1979). Silver plating 
cobalt sulphide deposits within neurons of intact brains 
and ganglia. In Exoerimental Entomology, Vol 1A. 
Neuroanatomical methods. (Miller, T.A. and Strausfeld, 
N.J., eds.) Springer, Berlin, (in press). 

Strausfeld, N. J . ( 1979) . The Golgi method : its 
applications to the insect nervous system and the 
phenomenon of stochastic impregnation. Experimental 
Entomology, Vol.· 1A. Neuroanatomical methods. 
(Miller, T.A. and Strausfeld, N.J. eds.) Springer, 
Berlin,(in press). 

Strausfeld,'N.J. & Bacon, J. ( 1979) . Non-random 
arrangements. In 

Vol. 1A. Neuroanatomical 
Strausfeld, N.J., 

resolution of neuron 
Experimental entomology, 
methods. (Miller, T.A. and 
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Springer, Berlin (in press). 
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Genetic analysis of embryonic pattern formation in 
Drosophila melanogaster 

* * Members: C. NUsslein-Volhard , E. Wieschaus 

* Technical assistant: H. Kluding 

Mutations which alter embryonic pattern provide elegant 
tools for investigating the mechanisms whereby a large, 
apparently homogeneous, egg cell develops into an embryo 
with differentiated organs and tissues arranged in a 
strictly reproducible spatial order. In addition to the 
fact that it is the genetically best known higher 
eukaryote, Drosophila is well suited for a genetic 
analysis of pattern formation because its embryo 
develops a constant metameric pattern (the larva) which 
is richly provided with easily identifiable landmarks 
for position and polarity. 

The specific goals of our work are to use mutations to 
identify loci controlling embryonic pattern formation, 
to determine the time and site of action of their 
wildtype functions, to characterize their phenotype in 
as many aspects as possible and to study possible 
interactions of different loci by various genetic 
combinations. Since the egg cell is built during 
oogenesis under the control of the maternal genome, one 
major type of mutants important for the understanding of 
embryonic pattern formation is maternal effect mutants. 
In these mutants the embryonic phenotype depends on the 
genome of the female which laid the egg, and not on that 
of the embryo itself. 

Although we have begun to look for pattern mutations 
which depend on the genotype of the zygote, most of our 
work in the past year has concentrated on three classes 
of mutations, all of which are maternal. 

1. Mutations altering egg dimensions 

To investigate the importance of the egg dimensions 
for the final pattern, we have studied four mutations 
which cause females to lay eggs which are shorter 
than normal. One (small egg: seg) is a recessive 
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PLATE 6 

Drosophila eggs from normal (top) and small egg 
(bottom) females. Both are at the cellular 
blastoderm stage. The genotype of the female which 
laid the short egg was +/DTS 513. 
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Plate 6 
mapping to the proximal region of the X-chromosome, 
the others (DTS 513, DTS 91, DTS 39) are temperature-
sensitive dominant lethals on the second chromosome 
which cause production of short eggs when females are 
shifted to The effects of all four mutations 
are similar and cumulative. The reduction in length 
is accompanied by an increase in circumference such 
that the volume of the egg normal. Most of the 
shortening occurs in the posterior regions of the 
egg, and anterior chorionic landmarks such as the 
dorsal appendages occupy more posterior positions 
than they do in normal eggs. Judging from the results 
of the mutants affect an ovarian 
somatic tissue, most likely the follicle cells. 
Temperature shift experiments indicate that the 
temperature-sensitive. mutations have their effect 
during the early stages of egg elongation. 

Development in short eggs is surprisingly normal. 
The cell density at the blastoderm is the same as 
that found in normal embryos, and thus the total 
number of blastoderm cells is somewhat smaller. The 
anterior-posterior pattern of the embryos regulates 
independently of the chorion pattern, such that 
regardless of the position of landmarks in the 
chorion, the head fold is formed "at 65-70% egg length 
in both normal and short eggs. The number of 
segments is also always normal, even in cases where 
the combination of mutants has reduced the egg length 
by 40%. 

In contrast with these results obtained with normal 
embryos, preliminary experiments indicate that in 
bicaudal embryos (see below) which develpp -in short 
eggs, the average number of segments is reduced. 

2. Mutations affecting the egg shell pattern as well as 
the embryonic pattern (fs(1)K10) 

Although the polarity of the normal egg is apparent 
in the 'egg coverings as well as in the resultant 
embryo, most known mutations alter either the former 
<"§ .. the latter (bic, dl). Mutations which affect 
both might identify loci governing positional 
informatiqn in the oocyte which is later reflected in 
both the pattern in the eggshells and in a gradient 
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of embryonic morphogen. The only mutation 
present to affect both egg coverings and 
polarity is fs(1)K10 (Wieschaus, Marsh & 
1918) . 

known at 
embryonic 
Gehring, 

Rather than the two dorsal appendages normally found 
at the anterior dorsal end of the chorion, the 
anterior end of the K10 egg is characterized by a 
ring of appendage material, as though the entire 
circumference of the egg in the anterior region had 
become dorsalized. A less dramatic dorsalization is 
also observed in the follicle patterns in the 
'posterior regions of the chorion. K10 eggs which are 
fertilized develop into embryos which consist 
predominantly of dorsal skin. In contrast to' the 
phenotypes associated with the dorsal mutation (see 
below), the degree of dorsalization found in K10 
embryos depends on the position along the anterior 
posterior axis. Anterior regions are extremely 
dorsalized whereas posterior regions are often almost 
normal. 

By using pole cell transplants, K10 has been shown to 
block a function which occurs in a germ-line 
derivative. Mitotic recombination studies indicate 
that the relevant transcription at the K10 locus is 
limited to oogenesis proper, that is after the gonial 
stem cell divisions (Wieschaus & Szabad, 1919). We 
have now begun morphological studies aimed at 
determining when the earliest indication of dorsal-
ventral polarity can be observed during normal 
oogenesis and when the first deviations can be 
observed in K10 ovaries. 

3. Mutants affecting exclusively the embryonic pattern: 
bicaudal and dorsal 

Of the many maternal effect mutants known in 
Drosophila, only two have been shown to affect 
specifically pattern formation in the embryo: 
bicaudal . and dorsal. In bicaudal (Bull, 1966; 
NUsslein-Volhard, 1911), mutant females produce 
embryos which develop two tail ends arranged in 
mirror-image symmetry while head, thorax and anterior 
abdomen are missing. This mutant clearly affects the 
antero-posterior pattern of the embryo and its 
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Plate 7 

morphogen gradient defining an antero-posterior 
coordinate for the developing embryo (NUsslein-
Volhard, 1978). The other mutant, dorsal, appears to 
affect the dorsoventral pattern in a similarly 
dramatic way to the effect of bicaudal on the antero-
posterior pattern. Homozygous dl/dl females produce 
embryos which develop exclusively dorsal epidermis 
with its characteristic hair-pattern; ventral and 
lateral epidermis, nervous system, muscles and other 
mesodermal derivatives are lacking entirely. The 
mutant also shows a dominant phenotype; heterozygous 
dl/+females produce embryos which lack mesodermal 
organs and part of the nervous system and ventral 
epidermis, while dorsal, lateral and part of the 
ventral epidermis is formed. Both phenotypes are 
fully penetrant. The types of pattern alterations 
observed suggest that the dorsal-ventral pattern in 
Drosophila embryos is controlled by a gradient system 
the shape of which is affected by the dorsal mutation 
(NUsslein-Volhard, 1978). 

In order to investigate the absence of organs 
normally derived from the ventral and lateral regions 
of the egg, we have used a UV laser microbeam to 
disable discrete groups of cells at the blastoderm 
stage (with M. Lohs-Schardin, University of 
Freiburg). This treatment leads to localized cuticle 
defects whenever the anlage for the larval epidermis 
is hit. Mid-ventral irradiations of normal eggs 
never yielded defects in the larval epidermis 
presumably because the mid-ventral regions of the 
normal embryo give rise to internal mesodermal 
organs. Mid-ventral irradiations of the embryos from 
dl/+females, however, created defects in the ventral 
epidermis with high frequency, indicating that in 
these embryos the epidermal anlage is shifted towards 
the ventral mid-line. This evidence, taken together 
with embryological observations on dl embryos 
indicate that dorsal alters the fate of cells in the 
ventral and lateral regions of the embryo, making 
them form more dorsal structures. 

The expression of the dorsal-dominant phenotype, i.e. 
the degree of dorsalization, depends strongly on the 
genetic background of the female. It is enhanced by 
mutants at the bicaudal locus, an interesting 
phenomenon which is currently under investigation. 
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PLATE 7 

Cuticular patterns of the anterior abdomen in 
wildtype and mutant Drosophila larvae. (a) and (b) 
are from a normal larva, a: ventral d: dorsal view. 
The genotype of the female which produBed the other 
larvae wereb (b) fs(1)K10, (c) dl+/+yg, (e) dl/dl, 
(f) dl+/+yg. The larva in (f) developed in an egg 
which had been irradiated on the ventral midline at 
the cellular blastoderm stage, using a UV-laser 
microbeam. 
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PLATE 7 



Furthermore, it depends on the temperature: at high 
temperature all eggs from dl/+females - may show a 
mutant phenotype while at low temperature they 
develop normally. Temperature-shift experiments at 
different developmental ages of dl-dominant embryos 
indicated that the temperature-sensitive period spans 
from late oogenetic stages to briefly before 
blastoderm formation, a finding which shows that the 
dorso-ventral pattern of the embryo is not fixed by 
the time the egg is laid. 

Mutagenesis 

Small-scale mutagenesis experiments designed to detect 
new alleles of the mutations described above have been 
very promlslng, particularly a mutagenesis screen in 
which temperature-sensitive mutations were identified in 
F1 females heterozygous for a mutagenized 2nd chromosome 
and vgD (a deletion covering the bicaudal lOcus). From 
a total of 470 mutagenized first and second chromosomes 
tested in our different experiments, we have already 
isolated two new maternal effect mutations. 

a) Line '533. Mutant females produce embryos with a 
phenotype very similar to that described above for 
dorsal. The spectrum of structures formed in eggs 
from homozygous females is somewhat broader than that 
found with the original dorsal mutation and includes 
for example the antenno-maxillary complex and the 
trancheae as well as occasional small patches of 
ventral hooks. 

b) Line C96. A large fraction of the embryos prBduced by 
females heterozygous for the mutation and yg develop 
a phenotype similar to that described earlier for the 
bicaudal mutation, suggesting that it is a new, more 
penetrant allele. 

Publications during the year 

NUsslein-Volhard, C. (1979). Maternal effect mutations 
that alter the spatial coordinates of the embryo of 
Drosophila melanogaster. In Determinants of Spatial 
Organisation (Subtelney, E.S., ed.) Academic Press, New 
York, (in press). 
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Morphogenetic substances from hydra 

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

Student: T. Schmidt 

* * Technicil assijtants: R.* Breunig, Flick, 
Francke, T. Rau , M. Weber, U. Wilhelm, B. Zachmann 

We use hydra as a model system to study how 
formation and cellular differehtiation are controlled at 
the molecular level. Our specific aim is to isolate 
morphogenetically active substances which are 
responsible for the gradients in biological properties. 
We have chosen hydra because it is a simple organism 
with a simple structure consisting of only a few cell 
types. We hope to understand how each cell is regulated 
by these substances to create the spatial and temporal 
pattern of growth and determination typical for this 
multi-cellular structure called hydra. 

So far we have evidence that at least four substances 
exist that control head and foot formation in hydra: an 
activator and an inhibitor of head formation and an 
activator and inhibitor of foot formation. We have 
developed for these substances biologically relevant 
assays that can be evaluated quantitatively. By means of 
these assays we have purified the four substances r the 
head activator probably to homogeneity (10 4-foSd 
enrichment) and the other three factors with a 10 -10 -
fold enrichment. Each of the four substances is free of 
contamination by any of the others. This purification 
was a prerequisite for biological experiments such as 
testing the specificity of action of the four 
substances. We found that all four substances act 
specifically; i.e. the head factors influence only head 
formation at low concentrations and have no effect on 
foot' formation, and vice versa the foot factors only 
influence foot formation. Furthermore all four 
substances act at low concentrations, the head 
activator_ss low as 10 molar, the other three factors 
below 10 molar. The head factors are present in the 
animal as gradients with a maximum in the head, the foot 
factors with a maximum in the foot. These findings 
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justify our calling the substances "morphogens". 

In normal animals all four substances are produced 
mainly by nerve cells (75-95% of the total activity) and 
to a lesser extent by epithelial cells (5-25% of the 
total activity). Nerve-free hydra can be produced by 
selection of appropriate mutants or by coldhicine 
treatment, and in these only the epithelial cells 
produce morphogens; this morphogen production is turned 
on at least 20-fold in the case of the head activator, 
as compared to epithelial cells in normal animals. The 
result is that nerve-free animals contain more or less 
normal concentrations of all four morphogenetic 
substances. We think that this is a good explanation why 
these animals have relatively normal morphogenetic 
properties, a fact apparently confusing even to Nature. 
The above investigations were possible only with 
improved cell separation procedures which were developed 
especially for living cells by H. Bode, in part in EMBL. 

All four substances occur in the animal in two states, 
namely inactive and bound to intercellular structures, 
and active and possibly freely diffusible. For the two 
inhibitors and the foot activator we have not so far 

the structures to which they are bound, but the 
head activator co-sediments with a structure identical 
to, or resembling, neurosecretory granules. Neuro-
secretory granules are present in normal animals almost 
exclusively in nerve cells and extremely seldom in 
epithelial cells ( 1 granule per epithelial cell). In 
nerve-depleted animals we found an increase in granule-
containing epithelial cells and they contain more 
granules (up to 20 granules per epithelial cell); in 
addition such epithelial cells contain an exquisite 

Plate 8 machinery to process the granules (Plate 8). This may 
support the notion that in hydra epithelial cells can 
"turn-on" functions normally reserved for nerve cells. 

Chemical analysis 

As.with the head activator the foot-activating activity 
is lost after acid hydrolysis (24h in 6N HCI at 110°C) 
and after protease (pronase) treatment. We therefore 
assume that the two activators are peptides. The two 
inhibitors are not destroyed by such treatments and are 
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PLATE 8 

Granule processing machinery in epithelial cells of 
nerve-depleted hydra. 
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consequently considered not to be peptides. The 
molecular weights were estimated, after ultrafiltration, 
to be in the range of 500-1000 daltons for the foot 
activator and around, or below, 500 daltons for the head 
and foot inhibitor, compared to 1000 daltons for the 
head activator determined earlier. The two activators 
are acidic, the two inhibitors basic. In summary, there 
is a parallelism in chemical properties between the two 
activators on the one hand, and the two inhibitors on 
the other. We think that this is of functional 
significance and may explain, for example, the wider 
range of action of the inhibitors compared to the more 
localized influence of the activators. 

Publications during the year 

Grimmelikhuijzen, C.J.P., Schmidt, T. & Schaller, H.C. 
(1978). Substances controlling morphogenesis in hydra. 
In Differentiation and Development (Whelan, W.G. and 
Schultz, G. eds.) Academic Press, New York (in press). 

Schaller, H.C. (1978). Action of a morphogenetic 
substance from hydra. In Molecular Control of 
Proliferation and Differentiation. Proceedings of the 

Svmoosium of the Society of Developmental Biology. 
Academic Press, New York, p. 231-242. 

Schaller, H.C. (1979). Neurosecretion in hydra. TINS, 
(in press). 

Schaller, H.C., Grimmelikhuijzen, C.J.P. & Schmidt, T. 
(1979). Assay and purification of morphogenetic 
substances from hydra. In Experimental Methods in Hydra 
Research. (Lenhoff, H.M. ed.) Plenum, New York (in 
press). 

Schaller, H.C., Grimmelikhuijzen, C.J.P. & Schmidt, T. 
(1979). Separation and specificity of action of four 
morphogens from hydra. Wilhelm Roux's Archiv, (in 
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Semliki Forest virus structure, assembly and entry into 
the host cell; vaccines against enveloped viruses; 
penicillinase secretion 

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

* * * Fellows: E. Fries, B. Morein , M. Sarvas, A. Ziemiecki 
* * * Visiting workeis: S. Bakkesov ,*B. Curman , S. Hoglund , 

D. Lichtenberg , D. Soldateschi 

* Technical assistants: K. Goldmann, E. Kiko, H. Virta 

Semliki Forest virus structure and assembly 

We have continued our work on Semliki Forest virus. 
This membrane virus has proved to be a useful 
experimental tool for studying the structure and 
assembly of biological membranes. Its simple structure 
makes detailed studies possible at the molecular level. 
There are only four polypeptides (C, E1, E2 and E3) in 
the virus and these are translated from a 26S mRNA 

from one single initiation site. The first 
protein to be made is the virus capsid protein (C) which 
combines with the viral RNA to form the nucleocapsid in 
the' cytosol of the infected cell. The three other 
polypeptides which form the membrane spike proteins of 
the virus are subsequently read and inserted into the 
membrane of the endoplasmic reticulum. How proteins 
destined for two different locations in the cell can be 
translated from one mRNA by the same ribosome has been 
elucidated in vitro (Garoff, Simons & Dobberstein, 
1978). The segregation of the proteins is made possible 
by interspersing a signal for membrane binding after the 
C protein sequence at the amino-terminal end of the 
first membrane protein (E3) to be read. The requirements 
for membrane assembly are another interesting feature 
revealed by this study. Insertion of the" membrane 
proteins into the membrane of the endoplasmic reticulum 
is only possible during translation. Moreover, the 
ribosome has to be membrane-bound for assembly of the 
protein into the membranoe to occur. Correct folding of 
the protein in the lipid bilayer and in the aqueous 
phase outside the bilayer must be governed by the amino-
acid sequence of the protein, but it seems likely that 
the nascent peptide chain has to be inserted into the 
membrane and pushed through the bilayer for self-
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glycosylated 
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Schwarz, 1978). 

take place. The virus proteins 
during translation but this is 
correct membrane assembly (Garoff 

are 
not 

& 

The Semliki Forest virus crystals so far obtained are 
still not of sufficient quality for x-ray diffraction 
(collaboration with F. Winkler and R. Leberman). Studies 
have been started to sequence the virus proteins. 
Partial amino-terminal amino-acid sequences of the spike 
polypeptides E1 and E2 have been obtained. Our present 
efforts are directed towards sequencing the cDNA 
obtained by reverse transcriptase from the 26s mRNA 
coding for the virus proteins. The cDNA will be 
inserted into the plasmid pBR 322 and cloned in X 1776 
(in collaboration with A.M. Frischauf and H. Lehrach). 
The distribution of the phospholipids in the two 
leaflets of the lipid bilayer has been studied in 
collaboration with J. op den Kamp (University of 
Utrecht). Only 15% of the phospholipids seem to be 
located in the outer leaflet. This remarkable asymmetry 
might imply that the hydrophobic domains of E1 and E2 
fill up more of the outer than the inner leaflet of the 
bilayer. 

Studies of the intracellular transport of the spike 
proteins show that these are inserted as a complex of 
p62 (precursor of E3 and E2) and E1 into the membrane of 
the endoplasmic reticulum. Within about 30 minutes this 
complex arrives at the cell surface where the last 
proteolytic cleavage takes place, namely that between E3 
and E2, to form the final spike protein consisting of a 
three-chain structure of E1, E2 and E3 (one copy each) 
with E2 spanning the plasma membrane. There are thus at 
least three proteolytic cleavages involved in Semliki 
Forest virus maturation: two nascent chain cleavages 
(between C and E3, and between E2 and E1) and one 
cleavage at the plasma membrane. The cleavage between C 
and E3 takes place during in vitro translation in the 
absence of added membranes, whereas the cleavage between 
E2 and E1 requires insertion of the E proteins into the 
membrane of the endoplasmic reticulum. 

Mechanism of Semliki Forest virus entry into host cell 

Two general pathways are postulated for membrane virus 
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entry into cells, one by direct fusion with plasma 
membrane and the other by endocytosis. Our studies show 
that Semliki Forest virus uses the latter pathway. The 
virus is first bound to its receptors, the major histo-
compatibility antigens, on the cell surface (Helenius 
et al., 1978) and internalized into coated vesicles. 
These fuse inside the cell to endocytotic vacuoles which 
fuse in turn with primary lysosomes to form secondary 
lysosomes. At the low intralysosomal pH, fusion of the 
virus with the lysosomal membrane is triggered leading 
to release of the nucleocapsid at the cytoplasmic side 
of vacuole. This last stage can be reproduced in vitro: 
viruses fuse with high efficiency with liposomes made of 
phospholipids and cholesterol but only at pH values 
below 6. 

Vaccines against enveloped viruses 

Our previous studies have shown that if the Semliki 
Forest virus spike proteins are prepared either as 
protein micelles or as virosomes these can be used as 
efficient subunit vaccines (Morein et al., 1978). Their 
immunogenic effect has been tested in mice (in 
collaboration with J. Balcarova, DKFZ, Heidelberg). As 
little as two injections with one g of either protein 
micelles or the virosomes (without adjuvant) give rise 
to an antibody titre of 0.6-0.8 mg specific antibody per 
mI. To test whether efficient vaccines against other 
enveloped viruses can be prepared in a similar fashion 
we have chosen para-influenza 3 virus as a test model. 
In contrast to Semliki Forest virus this virus causes a 
local infection (usually in the respiratory tract), and 
the virus is of economic importance as a cause of 
pneumonia in cattle, pigs and sheep. Protein micelles 
from para-influenza 3 have .now been successfully 
prepared, whereas the virosomes are not yet of the same 
quality· as those made from the Semliki Forest virus 
spike. These subunit preparations will later be tested 
in sheep (in collaboration with J.M. Sharp, Moredun 
Institute, U.K.). 

Mechanism of secretion of penicillinase in Bacillus 
licheniformis 
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We have also continued our studies on penicillinase. 
This enzyme occurs in two forms, one membrane-bound form 
and one water soluble secretory form (Simons et al., 
1978), which differ from each other by a hydrophobic 
tail located at the amino-terminal end of the membrane 
penicillinase. The secretory form is cleaved off from 
the membrane-bound form during secretion. This protein 
is unique among known secretory proteins in having a 
membrane-bound form. 

When translated in vitro this penicillinase is made as a 
precursor which has an additional amino-terminal 
extension (Sarvas et al., 1978). We have tried to 
construct an in vitro system in which translation would 
be coupled to insertion into inside-out vesicles made of 
cytoplasmic membrane from B. licheniformis, but so far 
without success. However, processing of the precursor to 
the membrane-bound form can be obtained with membrane 
vesicles (in collaboration with P. Hirth and E. Fuchs, 
University of Heidelberg). The mechanism of prokaryotic 
protein secretion is now particularly interesting from 
the practical point of view of constructing suitable 
recombinant DNA molecules for production of eukaryotic 
proteins in prokaryotes. 

Publications during the year 

Engelhard, V.H., Guild, B.C., Helenius, A., Terhorst, C. 
& Strominger, J.L. (1978). Reconstitution of purified 
detergent-soluble HLA-A and HLA-B antigens into 
phospholipid vesicles. Proc. Nat. Acad. Sci., USA, 12, 
3230-3234. 

Garoff, H. (1978). Structure and assembly of the Semliki 
Forest virus membrane. Biochem. Soc., London, Trans. (in 
press). 

Garoff, H. (1978). Virusvaippa membraanimalllna (Virus 
envelopes as membrane models). Duodecim, 1270-1277. 

Garoff, H. & Schwarz, (1978). Glycosylation is not 
necessary for membrane insertion and cleavage of Semliki 
Forest virus membrane proteins. Nature (London), 
487-490. 
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Early events in protein secretion and membrane 
biogenesis 

Member: B. Dobberstein 

* Fellow: T. Egelrud 

* * Technical assistants: H. Heinz, M. Nath 

Secretory proteins are synthesized on membrane-bound 
ribosomes, transferred across the membrane of the 
endoplasmic reticulum, and then transported in vesicles 
to the plasma membrane where they are released into the 
surrounding medium. As a 'first step towards 
understanding the mechanism by which these proteins are 
transferred across the membrane, we are characterizing 
the components involved in this process. 

The non-cytoplasmic portions of proteins that span the 
membrane also have to be transferred across the 
membrane. The way in which a transmembrane protein is 
synthesized, assembled in the membrane of the 
endoplasmic reticulum, and transported to the plasma 
membrane has been studied in a cell free system and 
in vivo. 

Peripheral membrane proteins are involved in the 
transfer of secretory proteins across a membrane 

Last year we reported a rapid assay system for the 
characterization of proteins essential for the transfer 
of nascent polypeptides across the microsomal membrane 
(Warren & Dobberstein, 1978). Using this assay we showed 
that proteins which could be extracted from rough 
microsomal membranes with high concentrations of KCl 
were needed for transfer to occur. A large protein 
complex with an S20W value of about 12 and an apparent 
molecular weight or 250,000 daltons was identified as 
the active component in this extract. Characterization 
of this complex by SDS-polyacrylamide gel 
electrophoresis under reducing conditions revealed 6 
major polypeptide bands with apparent molecular weights 
of 72,000, 68,000, 58,000, 18,000, 16,000 and 14,000 
daltons respectively. The specific function of this 
complex in the transfer process has not yet been 
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elucidated, though further work should help us to decide 
which step of the transfer is facilitated by the 
complex. 

Celldfree synthesis and membrane insertion of mouse 
H-2D histocompatibility antigen and 8 2 -microglobulin 

Viral membrane proteins have been used very successfully 
to study membrane assembly in vitro (Katz et al. (1977), 
Rothman & Lodish (1977), Garoff et al. (1978). These 
proteins were chosen since the mRNA coding for the 
membrane proteins constituted a large proportion of the 
viral mRNA in the infected cell. 

In collaboration with P.J. Robinson (DKFZ, Heidelberg), 
H. Garoff and G. Warren we have studied the membrane 
assembly of the major histocompatibility antigens and 
S -microglobulin. This is a first step towards 
u6derstanding synthesis, intracellular transport and 
surface expression of this important class of plasma 
membrane proteins (see report by G. Warren, p 71). 

Histocompatibility antigens are the principal targets 
for graft rejection and are involved in several cellular 
immune responses. In mouse they are termed H-2 antigens 
and comprise the gene products of the H-2D, H-2K and H-
2L locus. They can be isolated from cells treated with 
detergent using specific alloantisera and have molecular 
weights ranging from 43,000 to 48,000 daltons. They are 
tightly associated with S2-microglobulin which is a 
secretory protein with a molecular weight of 12,000 
daltons. The major glycosylated part of these antigens, 
containing the amino-terminus, is located on the non-
cytoplasmic side of the membrane and is anchored to the 
plasma membrane by a small hydrophobic segment. Using a 
cell-free system and isolated microsomal we 
have studied the assembly of mouse H-2 histo-
compatibility antigens and S2-microglobulin in 
microsomal membranes. 

mRNA from SL2 lymphoma cells was translated in vitro in 
the presenced or absence of pancreatic microsomal 

H-6 antigens were immunoprecipitated with Ha 
2D or H-2K or a rabbit anti H-2 
antigen serum. H-2D serum detects the private 
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specificity on thed H-2D gene product of the H_2 d 
haplotype, the H-2K serum the Brivate specificity on 
the H-2K gene product of the H-2 haplotype. 

The H_2Dd histo-compatibility antigen could be assembled 
in microsomal membranes in vitro. The disposition of 
this antigen across the pancreatic membranes in vitro 
was identical to that found in microsomes isolated from 
lymphoma cells. Transmembrane insertion of the nascent 
chain was found to be accompanied by glycosylation and 
cleavage of the signal sequence. A 3,000 dalton carboxy-
terminal segment remained on the cytoplasmic side of the 
membrane. The transmembrane segment was found to be 
approximately 25 amino acids .in length, which is 
sufficient to pass once across the bilayer. 

H_2Kd histocompatibility antigens, synthesized in vivo, 
comprised a transmembrane glycoprotein located in the 
endoplasmic reticulum and an unglycosylated in 
the dcytoplasm. The glycosylated forms of the H-2D and 
H-2K antigens were modified during intracellular 
transport to the cell surface. This modification was 
probably due to a change in glycosylation. 

82-microglobulin could be transferred into microsomal 
vesicles in vitro. Cleavage of its signal sequence 
occurred during, or shortly after, transfer. In the 
absence of membranes a precursor was formed (pre-8 2-
microglobulin) which could not then be transferred 
across the membrane. This protein therefore has all the 
characteristics of secretory proteins that have been 
synthesized in vitro. In the endoplasmic reticulum 82 -
microglobulin can bind to newly-synthesized H_2 d 
glycoprotein. 

Messenger RNA coding for the H-2Dd antigen and 82-
microglobulin are approximately 18S and 9S respectively. 

A deeper understanding of the function and expression of 
the histocompatibility antigens will only obtained by 
studying the molecular features of the genes in the 
major histocompatibility complex. An important step in 
this direction would involve the molecular cloning of 
the DNA complementary to the mRNAs for these histo-
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compatibility antigegs. The purification of the mRNAs 
coding for the H-2D antigens and their translation 
in vitro should help in attaining this goal. 

Publications during the year 

Garoff, H., Simons, K. & Dobberstein, B. (1978). 
Assembly of the Semliki Forest virus membrane 
glycoproteins in the membrane of the endoplasmic 
reticulum in vitro. J. Mol. BioI., 124, 587-600. 

Warren, G. & Dobberstein, B. (1978). Protein transfer 
across microsomal membranes reassembled from separated 
membrane components. Nature (London), 21l, 569-571. 
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(1977). J. Supramolec. Structure, 1, 353-370. 

Rothman, E.J. & Lodish, H.F. (1977). 775-
780. 
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Non-histone chromosomal proteins 

Member: E. Jost 

Fellow: S. Ely* 

Technical assistant: A. d'Arcy 

Knowledge of the organization of the eukaryotic genome, 
and especially of the mechanisms of gene organization, 
is important to the comprehension of the role of the 
nucleus in controlling cell behaviour. Information that 
is essential to the understanding of the organization of 
the genetic material can be derived from studies of 
interactions between DNA and non-histone chromosomal 
proteins. Based upon the concept of first and second 
order packing of DNA by histones we have asked the 
question to what extent non-histone chromosomal proteins 
contribute to the organization of the DNA at a higher 
level. This level of organization represents the folding 
of eukaryotic DNA into independent domains with a chain 
length of about 2.10 5 base pairs. Several lines of 
evidence suggest that non-histone proteins contribute to 
this folding of DNA in interphase nuclei. 

Our experimental objects are human nucleoids, which are 
structures released from cells by gentle lysis in 
solutions containing non-ionic detergents and high 
concentrations of salt. The DNA inside nucleoids is 
organized in domains and exhibits in ethidium 
bromide/sucrose gradients the sedimentation behaviour 
characteristic of circular, supercoiled molecules (Cook 
& Brazell, 1975; Cook, Brazell & Jost, 1976). 
Constraints which prevent the free rotation of the 
strands of the double helix have been found to be 
sensitive to proteases. 

Antibodies 
which may 
eukaryotic 
localizing 

against the 7 major polypeptides of nucleoids 
be involved in stabilizing the domains in 
DNA have been prepared with the object of 

and characterizing the proteins in nucleoids. 
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PLATE 9 

Transfer of mouse specific protein LP67 from a lamina 
underlying the inner nuclear membrane into the chick 
erythrocyte nucleus during reactivation in heterokaryons 
with mouse A9 cells. The antiserum anti-LP67 which was 
raised in chickens against the protein from rat liver 
reacts strongly with rat and mouse but not with chicken 
cells. Using these sera the incorporation of mouse 
protein into the enlarging chick erythrocyte membrane 
during reactivation in heterokaryons could be 
demonstrated. The proteinaceous lamina of the 
erythrocyte nucleus incorporates progressively mouse 
protein and DNA of the chick erythrocyte is fixed to it. 

a,b, heterokaryon of 1 mouse A9 cell and two 
erythrocyte nuclei 18 h after cell fusion 

c,d, heterokaryon of 1 mouse A9 cell and two 
erythrocyte nuclei 48 h after cell fusion 

e,f, heterokaryon of 1 mouse A9 cell and 1 erythrocyte 
nucleus 72 h after cell fusion 
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Three polypeptides have been identified as constituents 
of the proteinaceous lamina attached to the nuclear pore 
complex underlying the inner nuclear envelope. The 
locati6n of the polypeptides was examined by indirect 
immunofluorescence microscopy. In whole cell 
preparations, in frozen sections and in nucleoids a 
strongly preferential binding to the nuclear periphery 
of interphase cells was observed. In cooperation with 
W.W. Franke (DKFZ, Heidelberg) the localization was 
further examined by electron microscopy using 'sections 
and "immuno-peroxidase" techniques. The results suggest 
that the three polypeptides are contained in a protein 
layer localized at the boundary between the inner 
nuclear membrane and the peripheral chromatin. We 
consider this structure as essential for the integrity 
of nucleoids and as the protein polymer which is 
involved in the organization of peripheral DNA domains 
inside the interphase nucleus. 

Further evidence for the involvement of the 
proteinaceous lamina in stabilizing DNA domains was 
derived from fusion experiments with mouse A9 cells and 
avian erythrocytes. The nucleus of avian 

Plate 9 erythrocyte has tightly condensed chromatin and is 
inactive in DNA and RNA synthesis. These nuclei show a 
sedimentation behaviour in ethidium bromide/sucrose 
gradients of DNA which is less constrained. After 
reactivation of erythrocytes in A9/erythrocyte 
heterokaryons a sedimentation behaviour of erythrocyte 
nuclei is restored which indicates that their DNA has 
undergone further constraints. 

Concomitant with the altered sedimentation behaviour we 
observe a migration of polypeptides of the proteinaceoUs 
lamina from mouse cytoplasm into the reactivating 
erythrocyte. The rate at which fluorescence, specific 
for mouse envelope-associated proteins, occurs in the 
avian erythrocyte determines the extent to which 
constraints can be observed in the DNA of the 
erythrocyte nucleus. 

In nucleoids four other polypeptides are present in 
larger quantities; these have been isolated and 
antibodies have been prepared. 
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Using the techniques described above it was found that 
two of these polypeptides form a topologically defined 
structure inside the nucleus. The structure consists of 
a filamentous network, suggesting that the polypeptides 
are part of a nuclear matrix. The three other proteins 
are associated with chromatin in a non-filamentous 
fashion. Studies are being undertaken to analyse the 
polypeptides in their relation to the domain structure 
of constrained eukarybtic DNA. 

Publications during the year 

Ely, S., d'Arcy, A. & Jost, E. (1978). Interactions of 
antibodies against envelope-associated proteins from rat 
liver nuclei with rodent and human cells. 
Exp. Cell Res., 11Q, 325-331. 

Jost, E., d'Arcy, A. & Ely, S. (1979). Transfer of mouse 
nuclear envelope-specific proteins to nuclei of chick 
erythrocytes during reactivation of heterocaryons with 
mouse A9 cells, J. Cell Sci. (in press). 

Krohne, G., Franke, W.W., Ely, S., d'Arcy, A. & Jost, E. 
(1978). Localization of a nuclear envelope-associated 
protein by indirect immunofluorescence microscopy using 
antibodies against a major polypeptide from rat liver 
fractions enriched in nuclear envelope-associated 
material. Cytobiologie, 22-38. 

Levin, J.M., Jost, E. & Cook, P.R. (1978). The 
dissociation of nuclear proteins from super-helical DNA. 
J. Cell Sci., 2.,!i, 103-116. 
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Molecular cloning and gene regulation in higher 
eukaryotes 

* * Members: H. Lehrach A.-M. Frischauf 

* Student: J. Reiter 

* * * Visiting workers: M. Hirama , D. Katcoff , G. Kohler 

* Technical assistant: D. Diamond 

The main interest of our group is to study the 
regulation of gene expression responsible for 
differentiation processes in higher eukaryotes. Our 
approach is based on the amplification of cDNA and 
chromosomal DNA fragments in bacterial systems, a method 
which makes eukaryotic gene sequences accessible to 
detailed investigation of the primary structure of the 
DNA. But even if the sequence of an isolated gene is 
known there remains the still more difficult problem of 
identifying the function of various non-coding regions. 
In prokaryotes this has been achieved using high 
resolution genetics, which would be most difficult in 
animals. As an alternative means to identify regulatory 
sequences we are mainly considering sequence comparisons 
of co-induced genes and, as a longer range project, 
studies of the expression of in vitro mutated cloned 
genes after reintroducing them into the appropriate cell 
lines. 

As our main model system we have chosen to study the set 
of genes coding for the contractile apparatus of the 
different muscle types and of non-muscle cells. In the 
case of skeletal muscle this set of genes is turned on 
simultaneously during myoblast fusion. We therefore have 
a set of genes of which some at least should be under 
coordinated control in one kind of tissue, and related 
but different sets of genes which are active in 
different cell types. We can therefore hope to be able 
to recognize the corresponding regulatory sequences as 
sequence homologies shared by a set of co-induced genes. 
Combining this information with studies of transcription 
of the genes of interest should permit an analysis of 
gene regulation in this system. 
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The first step toward this aim is the isolation and 
characterization of cDNA clones of the genes coding for 
the contractile proteins. This is necessary both for the 
later identification of the gene clones made from 
chromosomal DNA and for the studies of transcription. 
We have constructed libraries of sequences expressed in 
skeletal muscle of chicken and mouse using pBR 322X1776 
as vector/host system. Clones hybridizing to abundant 
sequences in the mRNA have been isolated. We are 
currently trying to classify these clones by 
hybridization to muscle RNA of different size classes 
and to non-muscle RNA. 

To identify clones coding for specific contractile 
proteins we are using different hybridization-
translation procedures in collaboration with J.-C. 
Perriard (ETH Zurich). Other characterization procedures 
used are DNA sequence analysis and electron microscopy 
(in collaboration with H. Delius, EMBL). 

A similar cDNA sequence library containing rat skeletal 
muscle sequences has been constructed in collaboration 
with D. Katcoff (from D. Yaffee's laboratory in the 
Weizmann Institute, Israel), which is currently being 
screened there. 

Identified clones will then be used to screen for the 
corresponding gene clones in total genome libraries 
either constructed here or made available to us. 

In addition to work on this principal system we have 
been collaborating with different groups on other 
projects. The main collaboration has been carried out 
with H. Garoff and K'. Simons with the aim of sequencing 
the 26S mRNA of Semliki Forest virus, to determine the 
sequence of the structural proteins and their precursor 
encoded in this region. This problem has up to now 
involved mRNA and cDNA characterization and the 
preparation of double-stranded DNA for cloning. 

Another collaboration has been ,carried out with G. 
Kohler and M. Hirama, on visit from the Basel Institute 
for Immunology, aiming to construct cDNA clones of 
deletion mutants in the immunoglobin heavy chain mRNAs. 
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Clones from total mRNA from mutant and wild type cell 
lines have been constructed and are currently being 
screened. 

In view of the unique opportunities offered by the 
Instrumentation Division and our strong interest in DNA 
sequencing techniques we have begun a collaboration with 
the Data Analysis Group to develop a computer system 
designed to read sequencing gels. Initial work on 
simulated data has begun, and it is hoped that such a 
system will be available at the end of 1979. 
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Regulation of gene activity in eukaryotes 

* Member: M. Melli 

* * Fellows: F. Scalenghe , E. Ullu 

* Technical assistant: K. Goldmann 

Molecular analysis of mammalian histone genes and their 
transcriotion 

We have recently shown that histone RNA of Hela cells is 
as a high molecular- weight molecule (about 

5-6.10 daltons) which is a precursor of cytoplasmic 
histone messenger RNA (Melli et al., 1977a). 
Furthermore, the histone RNA precursor is synthesized in 
synchronized Hela cells throughout the cell cycle, 
although histone mRNA is found in the cytoplasm only 
during the S-period of DNA duplication (Melli et al., 
1977b). We are now interested in understanding the 
mechanism of synthesis, processing and utilization of 
histone mRNA in synchronized human cells. Ultimately we 
would like to understand the regulatory mechanisms 
underlying the presence or absence of histone mRNA in 
the cytoplasm of Hela cells. In order to study in detail 
the structure and the fate of the primary transcript of 
histone genes it is necessary to have the homologous 
complementary probe available in sufficient quantity. 

We are now cloning human histone genes into an EK2 A 
host under P3 conditions. Human DNA digested with the 
EcoRI restriction enzyme yields at least five fragments 
of different molecular weight containing histone 
sequences (Bozzoni, Melli, Spinelli & Arnold, in 
preparation). We have now cloned one histoge fragment 
with approximate molecular weight 10 daltons. 
Experiments with the object of cloning the remaining 
histone fragments are in progress. The structural 
analysis of the histone genes carried out in parallel 
with the analysis of the primary RNA transcript should 
help to elucidate some of the problems outlined above. 

Cloning of RNA-DNA hybrids into A phages 

A better understanding of the process of transcription 
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and its regulation can be obtained from a detailed 
knowledge of the structure of the primary gene 
transcript. A direct approach to this type of study 
could be the cloning of RNA-DNA duplexes obtained from 
the hybridization of the primary RNA transcripts. 

This type of experiment offers a number of advantages 
compared with the more common cloning of double-stranded 
cDNA obtained from poly A+ RNA molecules. It requires 
fewer steps and the cloning is independent of the 
presence of poly-A tails at the 3' end of the RNA 
molecule. Furthermore, it should be possible to clone 
molecules of different sizes, from low to high molecular 
weights, and if the primary transcript of a gene 
requires processing it should be possible to clone all 
the intermediate processing products. Double-stranded 
DNA is normally utilized in recombinant DNA experiments 
with A phages. We are attempting to introduce DNA-RNA 
hybrids into a A phage following one of the standard 
procedures used for the recombination of double-stranded 
DNA molecules. This involves isolation of 1:1 RNA-DNA 
hybrid by density gradient centrifugation after S1 
digestion. Linkers containing an EcoRI site are 
attached to the hybrid by blunt end ligation. After 
EcoRI digestion the product is inserted into a suitable 
A vector or into a cosmid, and packaged in vitro. 

Cloning of defined fragments of Drosophila melanogaster 
chromosomes 

Drosophila offers two advantages for cloning 
experiments, first, the relatively small size of its 
genome (approximately sixty times the size of that of 
E.coli), and second, the high degree of polytenization 
of the chromosomes in specific tissues. The polytene 
chromosomes are large enough to allow the easy detection 
of specific genetically well-defined regions and their 
micromanipulation. This technique should offer te 
possibility of isolating these genomic regions, in order 
to clone the corresponding DNA. The resolution that we 
can obtain using the micromanipulation technique can 
vary from 10 to 100 bands of the Bridge's map, depending 
on the cytological features of the region. Fragments of 
this size will on average contain 0.4-4 picograms of 
DNA. It can be calculated that the amount of DNA 
obtained from the dissection of 20 to 50 chromosomes is 
sufficient, upon cloning, to yield a small number of 

-52-



recombinant molecules which will represent 
genomic region. In order to carry out this 
experiment we are planning to digest the DNA 
enzyme which gives a large number of fragments 
size. The maximum efficiency of cloning will be 
by utilizing the in vitro packaging technique 
phages. 

a chosen 
type of 
with an 

of small 
obtained 

into 

The availability of a number of recombinant DNA 
molecules covering relatively small and defined regions 
of the Drosophila genome, combined with the existence of 
a Drosophila library of recombinant DNA of very high 
molecular weights (Maniatis et al., 1978), allows the 
isolation of the recombinant phages corresponding to the 
genomic region under investigation. 
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Regulation of gene expression in bacteriophages and 
Drosophila 

Member: V. Pirrotta 

* * Fellows: C. Baldari G. Scherrer 

Student: C. Tschudi 

* * Visiting workers: K. Ineichen , M. Tosi 

Technical assistant: D. Abildsten 

Even in the simplest bacterial viruses the expression of 
genetic information is regulated to ensure the presence 
of the appropriate gene products at appropriate times in 
the growth cycle. This regulation is due to the 
organization of genes in the genome and to the 
interaction of controlling elements on the nucleic acids 
with specific regulatory proteins. Phage lambda has for 
many years been a model system for the study of such 
regulatory mechanisms in prokaryotes. We have continued 
our work on the interaction of repressor with its 
operators in phage lambda and the related phage 434. 
The operator controls the access of RNA polymerase to 
specific binding sites which act as promotors for the 
initiation of transcription. When the polymerase binds 
tightly to a site from which it is unable to initiate 
transcription, it might act as a block to the progress 
of a transcribing complex. We have proposed a model 
according to which such sites, at least in certain 
cases, act as specific transcription terminators. 

A new project, begun during 1978, concerns the 
regulation of gene activity during the growth and 
development of Drosophila melanogaster. A simple system 
is provided by the cluster of tandemly repeated genes 
coding for the ribosomal 5S RNA. Transcription of these 
genes is initiated at the 5' end of the coding sequence 
in each gene copy. Using these genes we can study the 
process, and the requirements for transcription 
initiation by the eukaryotic RNA polymerase III. A 
longer term project is the study of gene expression 
which accompanies the process of developmental decision-
making during embryogenesis. 
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The mature Drosophila oocyte is provided by the mother 
with a large stock of proteins and RNAs coding for a 
large number of proteins. After fertilization, very 
little transcription takes place from the zygotic genome 
until the blastoderm stage of development. At this point 
the genome begins to be expressed at a high rate. This 
is also the stage at which basic developmental decisions 
are made. Among the new RNAs produced at this we 
hope to find those responsible for these decisions or 
for their immediate implementation. As development 
proceeds and different tissues begin to differentiate, 
specific genes will be activated in a tissue-specific 
pattern, while other genes are either switched off or 
remain inactive. To study this process we made use of a 
maternal effect mutant, mat-dorsal, isolated by 
NUsslein. Embryos produced by homozygous dorsal females 
fail to differentiate embryonic tissues other than 
dorsal hypoderm. As a result of this abnormal 
development, the embryo becomes a bag of well 
differentiated dorsal skin containing yolk remains. This 
system enables us to study the pattern of gene 
activation in the specific case of dorsal hypodermal 
tissue. 

Operator-promotor regions of phage lambda and 434 

This is a continuation of earlier work on the structure 
and function of these regulatory sites. We have recently 
determined the nucleotide sequence of a 212 base-pair 
DNA fragment containing the 0BPR region of phage 434. 
The sequence shows that the 4j4 operator, like that of 
lambda, consists of three repressor binding sites. We 
have determined two preferred transcription starting 
sites, presumed to be the P and P promotors. We now 
need to demonstrate that tHese prSffiotors are regulated 
by the 434 repressor. To prepare sufficient quantities 
of 434 repressor we have constructed recombinant 
plasmids in which the QI gene and the 0RPBP region of 
434 are inserted in the plasmid pBR322, eltEWr singly or 
in tandem with an analogous fragment from phage lambda 
carrying a thermosensitive mutation in the QI gene. At 
high temperature, lambda repression is lifted and the 
lambda PR promotor drives the transcription of the 434 
QI gene. We have also constructed a plasmid containing 
the lambda HaeIII 790 fragment alone, inserted in the 
HindIII site of pBR322. Since this restriction site is 
located in the promotor for the To resistance gene, the 
inserted lambda fragment prevents the expression of Tc 
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resistance. At 43°C, the thermosensitive lambda 
repressor is inactivated and transcription starting from 
the lambda PR drives the Tc resistance gene and produces 
tetracycline resistance. A unique site, 80 base 
pairs downstream from PR, permits the use of this 
plasmid as a vector which guarantees transcription of 
DNA fragments inserted in this site. 

An RNA polymerase binding site acts as a terminator of 
transcription 

In the course of earlier work on RNA polymerase binding 
sites in lambda, we detected a site located 500 base 
pairs to the right of 0L' with which RNA polymerase 
forms a strong complex, resistant to 1 M salt in the 
absence of added nucleotide triphosphates, but from 
which no transcription initiation could be detected 
in vitro. We have localized the polymerase binding site 
called P near one end of a 150 base fragment, and 

200 base-pair region surrounding it. This 
site is strategically placed at the end of the cI-rex 
transcription unit and might serve as a terminator of 
transcription by blocking the progress of a transcribing 
polymerase. To test this hypothesis, we have inserted 
the 150 base-pair fragment in the site of the 
pBR322 plasmid. In either orientation, this fragment 
blocks the lambda PR-driven transcription of the Tc gene 
at high temperature. We are now trying to confirm this 
effect by isolating the RNA transcribed in vivo from the 
lambda PR and terminated by the P -bound polymerase. rex 

The 5S RNA genes of Drosophila 

In collaboration with the group of W. Gehring (Basel), 
we had previously determined the structure of two cloned 
fragments from the 5S RNA gene cluster in Drosophila. 
This cluster consists of 150-200 copies of a tandemly 
repeated 375 base pair unit. The repeat unit shows a 
limited degree of length heterogeneity in steps of 7 
base-pairs. We have determined most of the sequence of 
the collective repeat units and found at least one kind 
of sequence variation in the coding region which is non-
uniformly distributed in the cluster. These findings are 
confirmed by newly cloned fragments obtained by partial 
digestion with MboI which cleaves within the repeat 
unit. 
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We have subcloned single repeats in the single-stranded 
fd phage vector developed by the group of H. Schaller 
(University of Heidelberg). Using the di-deoxy-
nucleotide method of F. Sanger, we are sequencing the 
individual variant gene copies. The results so far 
confirm the conclusion that the length of heterogeneity 
is due to variable numbers of a heptanucleotide repeat 
at the 3' end of the coding sequence, but we do not yet 
know if the coding variants are accompanied by 
differences in the regulatory region preceding the 5' 
end of the gene. We are now isolating proteins from 
Drosophila extracts which bind specifically to this 
region. 

Gene expression in Drosophila embryos 

In this project, which has recently got under way, we 
want to isolate genes which are expressed specifically 
at the embryonic blastoderm stage. We have isolated 3-
hour poly-A-containing RNA and are now cloning double-
stranded cDNA from it using EcoRI and HindIII 
linkers and imm as vector. From a population of such 
clones we will then select those containing sequences 
not found in embryonic RNA or of maternal origin. 

In a parallel approach we are using embryos produced by 
mat-dorsal females to follow the process of 
differentiation from blastoderm to dorsal hypoderm. We 
have followed the pattern of protein and RNA synthesis 
during this development, using gel electrophoresis. From 
a band pattern similar to that of the wild type at the 
blastoderm stage, the dorsal embryos arrive after 30-40 
hours at a rather simpler pattern, different from that 
of mature wild-type embryos. Protein and RNA synthesis 
continue even 50 hours after fertilization and the 
dorsal embryos are still capable of responding to heat 
shock. From RNA isolated from 40-hour dorsal embryos we 
have prepared double-stranded cDNA, and are now in the 
process of cloning it. 
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Molecular genetics of restriction endonucleases 

* Member: M. Zabeau 

* Fellow: J. Brooks 

Technical assistant: V. Stirling* 

Restriction endonucleases are a particular group of 
endodeoxyribonucleases which recognize specific 
nucleotide sequences and produce double strand breaks. 

The existence of these enzymes was first inferred from 
studies of the phenomena of host-controlled restriction 
and modification processes in which bacteria were found 
to degrade foreign DNA specifically, while protecting 
their own DNA by means of strain-specific modifications. 
Biochemical analysis of these host specificity systems 
revealed two enzymatic components: 

(a) an endonuclease (restriction enzyme) and 
(b) a methylase (modification enzyme). 

Both enzymes recognize the same nucleotide sequence, and 
the action of the modification enzyme, which methylates 
particular base residues within this sequence, renders 
the DNA resistant to the action of the companion 
endonuclease. 

Based upon their mode of cleavage, two types of 
restriction endonucleases can be distinguished: type I 
enzymes which cleave DNA in a random fashion at sites 
quite distant from the recognition site, and type II 
enzymes which produce highly specific cleavages within 
or very close to the recognition sequence. 

The unique cleavage specificity of the type II enzymes 
has proved extremely valuable in the development of new 
techniques to analyze nucleic acid structure and 
function, e.g. restriction enzyme analysis of chromosome 
structure, recombinant DNA technology and DNA 
sequencing. An intensive search for new type II enzymes 
has led to the characterization of 45 enzymes, 
recognlzlng different sequences ranging from 4 to 7 
base-pairs in length. 
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The fact that restriction enzymes recognize short, well-
defined nucleotide sequences offers yet another very 
promising application: the use of restriction enzymes as 
a model system to study the molecular aspects of 
sequence recognition by proteins. The aim of this group 
is to exploit molecular genetic techniques to approach 
this problem. The central idea of the project is to 
alter genetically the sequence specificity of 
restriction enzymes (and their companion modification 
enzymes) and to correlate these alterations with the 
concomitant changes in protein structure. In this way, 
we hope to get some insight into the complexity of the 
interactions which are involved in sequence recognition; 
by analysing a large number of mutations it might even 
be possible to identify the rules governing such 
interactions. 

Research Plan 
Molecular cloning of restriction enzymes and 
modification enzyme genes 

The isolation of the genes coding for restriction 
enzymes and modification enzymes by molecular cloning in 
Escherichia coli is an absolute prerequisite to any 
genetic manipulation, since most enzymes are produced by 
bacterial strains for which no or little formal genetics 
exists. Most of our efforts have so far been directed 
towards developing a generally applicable selection 
system to isolate these genes. This system takes 
advantage of the fact that bacterial cells carrying a 
restriction system survive when challenged with 
bacteriophages, whereas non-restricting cells are 
killed. Reconstruction experiments using mixtures of 
restricting and non-restricting cells revealed that a 
10,000 fold enrichment for restricting cells can be 
obtained by growing the cells for prolonged periods (up 
to 4-5 hours) in the presence of the challenging phage. 
In addition, we have developed a rapid and sensitive 
procedure to screen the colonies obtained after 
selection, in order to distinguish pseudo-restricting 
and phage-resistant clones from true restricting clones. 
A combination of the two procedures enables us to 6Pick 
up one restricting cell out of a population of 10 to 
107 non-restricting cells. Our preliminary attempts to 
isolate the genes coding for the restriction enzymes 
Ecl, Pvu I and II and Sma, after insertion of 
chromosomal DNA fragments into the plasmid vector of 
BR322, have so far been unsuccessful, except for the 
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isolation of a new, previously unidentified restriction 
and modification system from Proteus vulgaris, most 
likely a type I restriction system. Although recent 
technical improvements should markedly increase our 
chances of cloning these genes, it is none the less 
conceivable that this approach might not be as generally 
applicable as initially assumed. Indeed, the above 
system requires a close linkage between restriction 
enzyme and modification enzyme genes, if both genes are 
to be located on a single DNA fragment, since the 
survival of the acceptor cell strictly requires the 
presence of the protecting modification function. 
Moreover, this survival also requires the modification 
function to be expressed before the restriction 
function. These problems can be-circumvented by using a 
two-step cloning procedure consisting first of cloning 
the modification enzyme genes separately; E.coli 
strains carrying these genes can then be used as hosts 
for cloning the companion restriction enzyme gene using 
the above selection system. A direct selection for 
recombinant plasmids (or phages) carrying modification 
methylase genes can be obtained by isolating recombinant 
plasmids which survive in vitro cleavage with the 
companion restriction endonuclease. Pilot experiments 
have shown that as few as two restriction enzyme target 
sites in the vector DNA molecule are sufficient to 
obtain an efficient selection. 

For reasons which will be described later, we propose to 
concentrate our efforts on the cloning of the genes 
coding for restriction enzymes recognizing related 
sequences. For example the sequences recognized by the 
enzymes Bam HI, II, Bcl and Pvu I all recognize a 
subset of the GATC sequence, which is recognized by the 
enzymes Sau 3A and Mbo I'o Two other groups of enzymes 
recognize subsets of the sequences AGCT (Alu I) and TGCA 
(Tag I). 

An additional benefit of the cloning of restriction 
enzyme genes will be the construction of overproducing 
strains, which will be extremely valuable for the large 
scale production of restriction enzyme for structural 
studies by the group of F. Winkler (see p. 119). 
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The isolation of mutant restriction enzyme genes 

Two major advantages can be successfully exploited in 
the use of restriction enzymes as a model system to 
study protein-DNA interactions. First, mutants 
exhibiting altered recognition specificities can be 
readily isolated using the selection system described 
earlier, since they will be able to restrict phages 
which are modified against the wild-type enzyme. 
Secondly, it is relatively simple to characterize the 
exact change in specificity of the mutant enzymes by 
analysing fragment patterns obtained after digestion of 
DNA substrates of known sequence. It should thus be 
possible to perform a detailed analysis on a large 
number of mutant enzymes. Ther'e is, however, one strong 
limitation of this approach in that such mutations are 
lethal to the cell unless the companion modification 
methylase gene carries a mutation analogous to the one 
induced in the restriction enzyme. This limitation can 
be circumvented by taking advantage of the existence of 
families of restriction enzymes recognizing related 
sequences (see above). For example, mutant Bam HI 
enzymes can be isolated in host cells carrying the Sau 
3A modification enzyme, since Sau 3A-methylated DNA is 
protected against Bam HI cleavage. The type of Bam HI 
mutants that can be expected should thus only affect the 
recognition of the outer G and C residues in the GGATCC 
sequence and all mutants should still recognize GATC 
(recognized by Sau 3A). In parti-cular, it will be 
interesting to see whether, for example, mutant Bam HI 
enzymes can be isolated which exhibit the recognition 
specificity of Bgl II, AGATCT. 

In a similar vein, mutant modification enzymes carrying 
mutations analogous to those present in the restriction 
enzyme can be readily isolated by selecting for 
survivors from cells carrying a mutant restriction 
enzyme and a wild type modification methylase. This 
could be achieved by eliminating the plasmid carrying 
the Sau 3A methylase from the mutant strains described 
above. 

In order to characterize the changes in protein 
structure in the different mutant enzymes, we shall 
first determine the complete nucleotide sequence of the 
wild type gene and the nucleotide changes in the various 
mutant genes. Suppressor-sensitive nonsense mutants 
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will be isolated to determine the reading frame and the 
predicted amino-acid sequence unambiguously. 
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Mitochondrial electron transfer enzymes 

Members: H. Weiss, P. Wingfield 

* Visiting worker: M. Claisse 

Technical assistants: B. Juchs, A. Scharm 

We have continued our studies on ubiquinone-cytochrome c 
reductase and have initiated studies on succinate-
ubiquinone reductase. Both enzymes are constituents of 
the inner mitochondrial membrane. Ubiquinone-cytochrome 
c reductase is a so-called energy transducing enzyme: 
it transforms the energy generated by redox reactions 
into a form suitable for ATP synthesis (proton 
translocating oxido-reduction enzyme). Succinate-
ubiquinone reductase is simply an oxido reductase. The 
mitochondria of Neurospora crassa are used as the source 
for the enzymes because the constituents (protein, haem, 
flavin, non-haem iron, phospholipids) can be labelled 
in vivo by the incorporation of radioactive precursors, 
and because the synthesis of the enzymes can be 
drastically affected by using mutant strains or by 
modifying the growth conditions. 

Structural properties 

The enzymes were isolated by means of chromatographic 
techniques performed in the presence of the non-ionic 
detergent Triton X-100. Succinate-ubiquinone reductase 
was obtained in a monomeric form (M 130,000) 
consisting of a flavin subunit (M 72,005) an iron-
sulphur subunit (M 28,000) and b subunit 
(M either 28,000 br 14,000). Ubiquinone-cytochrome c 
reauctase was obtained in a dimeric form (M 550,000), 
comprising two copies of a dimeric cytochrome b (Mr 
60,000), a cytochrome c 1 (M 31,000), an iron-sulphur 
subunit (Mr 25,000), and slx subunits without known 
prosthetic groups (M 9,000, 11,000, 14,000, 45,000, 
4'5,000 and 50,000 Y The isolated enzymes were 
essentially free of phospholipid. Each bound one 
micelle of Triton X-100 (M 90,000). After isolation, 
the bound Triton X-100 coGld be replaced by other non-
ionic detergents such as alkylphenyl polyoxyethylene 
ethers, alkyl polyoxyethylene ethers and acyl polyoxy-
ethylene sorbitan esters. By removing the detergents in 
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the presence of phospholipids, vesicular preparations of 
the enzymes were obtained. 

The environment and the arrangement in the membrane of 
the enzyme subunits were studied by surface-labelling 
and intramolecular cross-linking. The experiments were 
performed with the membrane-bound enzymes since the 
enzyme-detergent complexes are partially dissociated. 
From the results obtained so far, the following models 
are suggested: in ubiquinone-cytochrome c reductase a 
tetrameric cytochrome b forms the membraneous part which 
spans across the lipid bilayer. Cytochrome c 1 is 
located at the outer surface of the membrane, the iron-
sulphur subunit and the large subunits without known 
prosthetic groups (M 50,000 and 45,000) are located at 
the inner surface of the membrane. After dissociation 
from the membraneous part these peripheral subunits are 
rendered water-soluble. In succinate-ubiquinone 
reductase the cytochrome b subunit also forms the 
membraneous part of the enzyme. The flavin and iron-
sulphur subunits are located at the inner surface of the 
membrane. They can be cleaved from the membraneous 
cytochrome b subunit as water-soluble succinate 
dehydrogenase. 

Recently, membrane crystals up to several microns in 
diameter have been prepared from ubiquinone-cytochrome c 
reductase by replacing the enzyme-bound Triton X-100 by 
phospholipids. These membrane crystals are very suitable 
for electron microscopic studies. At present the 

Plate 10 the resolution measured by optical diffraction is 
limited to about 25 A. This is probably due to the 
staining and electron beam damage, and the resolution 
should be increased with low dose microscopy. The 
diffraction patterns and the optically filtered image 
are interpreted as arising from a projection of the 
membrane crystal corresponding to plane group Qgg. If 
the plane is a single layer this symmetry requires that 
alternate protein molecules are arranged in an up-and-
down manner. The dimensions of one (dimer) cytochrome c 
reductase molecule in projection are about 90 A X 70 A, 
which is consistent with the estimated Stokes radius and 
molecular weight of the enzyme. 
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(a) 

(b) 

PLATE 10 

(a) Negatively stained membrane crystal of cytochrome c 
reductase. The scale bar represents 0.5 micron. 

(b) Computer-filtered image obtained from the central 
crystalline region of (a). 
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Enzymatic oroperties 

A system has been developed for studying ttle oxido-
reductase activity of the isolated enzymes. In the 
membrane, the enzymes are embedded in a common lipid 
bilayer which also serves as a solvent for the 
hydrophobic substrates of the enzymes, namely 
ubiquinone-10 and hydro-ubiquinone-10. The isolated 
enzymes are each inserted into detergent micelles. 
Detergent micelles also serve as a solvent for the 
hydrophobic substrates. As a consequence, the isolated 
enzymes are in a discontinuous phase with respect to 
their hydrophobic substrates and with respect to each 
other. For the enzymic reaction to occur (reaction 2 
below), the substrates must be transferred from free 
detergent micelles to the enzyme-bound detergent 
micelles (reaction 1). Using micelles of alkyl polyoxy-
ethylene ethers with small polyoxyethylene head groups 
this substrate-transfer reaction i,eaction 1) was slow 
and rate-limiting (200 min at 30°C in 
C12H2S(OCH2-CH2)10-0H). It is, however, fast and not 
rate-limit1ng 1n alkyl ethers with large 
head groups (2000 min at 30°C in 

When the enzymic reaction 
(reaction 2) waS coupled, with a non-enzymic reaction 
(reaction 3) which rapidly converted the hydrophobic 
product of the enzyme back into the substrate within the 
enzyme-bound micelle, the substrate concentration within 
the enzyme-bound micelle became equal to the substrate 
concentration in the free micelles. Half maximal 
activity was obtained when the substrate concentration 
was half the total micelle concentration, independently 
of the type and concentration of micelles. 

Schematic representation of the reaction involved in 
assays used for isolated succinate-ubiquinone reductase 

1. E.M + M.Q 

2. E.M.Q + S 

+ 
+ 

+ 
+ 

3. E.M.QH 2 + D t 

E.M.Q + M 

E.M.QH 2 + F 

E.M.Q + DH2 

E is succinate-ubiquinone reductase, E.M the enzyme-
micelle complex, E.M.Q or E.M.QH 2 the enzyme-micelle 
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complex carrying ubiquinone-10 or dihydro-ubiquinone-10, 
respectively, M a free micelle, M.Q a free micelle 
carrying ubiquinone-10, S succinate, F fumarate and D or 
DH2 dichlorophenol indolphenol or reduced dichlorophenol 
inITolphenol, respectively. (A corresponding coupled 
test was used for ubiquinone-cytochrome c reductase; 
dihydroduroquinone was used to convert the hydrophobic 
product of the enzyme, ubiquinone-10, back into the 
substrate dihydro-ubiquinone-10 within the detergent 
micelle.) 

The coupled enzymic reaction of the two enzymes has been 
applied to the study of membrane fusion. Succinate-
ubiquinone reductase and ubiquinone-cytochrome c 
reductase were separately reconstituted into 
phospholipid vesicles. When the two different vesicles 
were induced to fuse, succinate could reduce cytochrome 
c via ubiquinone-10. Thus, an enzymic measurement of 
membrane fusion is provided. 

Biogenesis 

The site of translation of the subunits and their 
assembly in vivo and in vitro were studied. The 
cytochrome b subunits of ubiquinone-cytochrome c 
reductase are translated on mitochondrial ribosomes 
(their synthesis is chloramphenicol-sensitive). The 
other subunits of ubiquinone-cytochrome c reductase and 
all subunits of succinate-ubiquinone reductase are 
translated in the cytoplasm (their synthesis is 
cycloheximide-sensitive). As a consequence, the relative 
mitochondrial inner membrane contents of the two enzymes 
can be drastically modified by growing cells in the 
presence of chloramphenicol; succinate-ubiquinone 
reductase is about 50% increased and ubiquinone-
cytochrome c reductase is decreased 95%. However, under 
these growth conditions preassembled forms of the latter 
enzyme accumulate. So far we have characterized a water-
soluble cytochrome c 1 , weakly attached to the membrane, 
and a membraneous complex of cytochrome c 1 and three 
subunits (M 9,000, 11,000 and 14,000); the latter 
complex rea§ily binds with a dimeric cytochrome b 
isolated by cleavage of the intact enzyme. 
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We hope that the outcome of our studies will ultimately 
contribute to our understanding of how the very complex 
electron transfer enzymes are assembled and how they 
transduce and conserve the redox energy. Furthermore, we 
are trying to develop new techniques for the isolation 
and handling of membrane enzymes. 
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Assembly and intracellular 
synthesized membrane proteins 

Member: G. Warren 

* Fellow: D. Bowles 

* Visiting worker: J. Bennett 

transport 

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

of newly-

The assembly of many proteins in specific biological 
membranes occurs in two steps. First, the 
protein is synthesized on ribosomes bound to the 
membrane of the endoplasmic reticulum and inserted into 
this membrane. Second, it is separated from proteins 
destined for other membranes and then transported to the 
correct membrane. 

The first step in membrane assembly is dictated by the 
signal sequence. If the synthesis of a protein is 
preceded by that of a signal sequence then the ribosomal 
complex becomes located on the membrane of the 
endoplasmic reticulum and subsequent synthesis inserts 
the nascent protein into the membrane. The signal 
sequence is cleaved during or shortly after transfer and 
may be released into the cisternal space of the 
endoplasmic reticulum where it is degraded. In 
prokaryotes, the insertion of membrane protein occurs at 
the plasma membrane itself, so that the signal sequence 
would be released into the surrounding medium. It is 
then of interest that polymorphonuclear leukocytes are 
strongly stimulated by synthetic tri-peptides that have 
many of the characteristic features of signal sequences. 
The most effective tri-peptide (F-Met-Leu-Phe) 

the leukocytes at concentraations as low as 
10- M (Showell et al., 1976). Since polymorphonuclear 
leukocytes are involved in detecting and phagocytosing 
bacteria during the first stages of infection, we 
thought it possible that the leukocytes were responding 
to the small, highly diffusible signal sequences that 
would be released by growing bacteria. If so, this would 
not only provide a very sensitive assay for signal 
sequences which have not so far been detected after 
release, but also go some way toward giving us an 
understanding of a chemotactic response in a eukaryotic 

-71-



cell at the molecular level. In collaboration with M. 
Sarvas and P. Hirth (Heidelberg) we studied the effect 
of different forms of the bacterial protein 
penicillinase on leukocytes. The form synthesized 
in vitro contains a signal sequence and this stimulates 
leukocytes at concentrations as low as that for the 
synthetic tri-peptide. Cleavage of the signal sequence 
from this precursor reveals the membrane-bound form of 
the protein and this had no significant effect on the 
leukocytes at any of the concentrations tested. Cleavage 
of membrane-bound penicillinase releases the protein in 
the form that is finally secreted; it did not stimulate 
the leukocytes. Only those proteins containing a signal 
sequence had any effect on these cells. Experiments are 
still continuing (J. Bennett; London) to demonstrate 
that the signal sequence is binding to the same site as 
the synthetic tri-peptide. 

The assembly of viral glycoproteins is now known to take 
place on ribosomes bound to the membrane of the 
endoplasmic reticulum. The synthesis has been studied 
in vitro and details of the assembly process have been 
elucidated (Rothman & Lenard, 1977). In collaboration 
with B. Dobberstein we are studying the synthesis of two 
membrane proteins that are representative of the two 
types of transmembrane protein normally found in 
eukaryotic cell membranes. Mouse histocompatibility 
antigens are fibrous transmembrane glycoproteins, since 
they have most of their mass located on the non-
cytoplasmic side of the membrane and the transmembrane 
segment passes once across the bilayer. The Ca-ATPase 
from muscle sarcoplasmic reticulum is a globular 
transmembrane protein that has most of its mass on the 
cytoplasmic side of the membrane and spans the bilayer 
many times. The synthesis of mouse histocompatibility 
antigens has been studied in vitro and is described by 
B. Dobberstein elsewhere in this report (see p. 40). 
The synthesis of the Ca-ATPase has reached the stage at 
which specific antibodies have been prepared (in 
collaboration with B. Jockusch) and are being 
characterized. 

The means by which plasma membrane proteins are 
transported from the endoplasmic reticulum to the Golgi 
complex is still obscure though recent evidence (J.E. 
Rothman, Stanford) suggests that viral memprane 
glycoproteins are transported by coated vesicles 
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(Pearse, 1975). If so, then these vesicles could be 
responsible for selecting the group of proteins destined 
for a particular membrane in the cell. The question then 
arises as to what features of the newly-synthesized 
proteins would determine their ultimate location and 
hence be recognized by the coated vesicles. The most 
obvious modifications that occur to membrane proteins 
during their passage through different membranes are to 
their sugar residues. In the endoplasmic reticulum the 
"core" sugar, rich in mannose residues, is transferred 
to the newly-synthesized protein from a dolichol-lipid 
intermediate. These sugars are extensively modified in 
the Golgi complex to yield the "complex" oligosaccharide 
that is characteristic of plasma membrane glycoproteins. 
When glycosylation is inhibited by compounds such as 
tunicamycin, intracellular transport is inhibited. We 
have also shown recently that Ca-ATPase which is 
assembled and remains in the sarcoplasmic reticulum has 
no attached oligosaccharides. We might then expect that 
coated vesicles would recognize the oligosaccharides on 
proteins destined for transport to a particular 
membrane. In collaboration with Rothman (Stanford) we 
looked to see whether vesicles had binding sites 
for the oligosaccharide residues present on transported 
proteins. As a control we used the oligosaccharide 
derived from the dolichol-lipid that is located in the 
endoplasmic reticulum and is not transported. Despite 
extensive efforts, specific binding sites have not yet 
been found though work is still continuing. 

If coated vesicles are involved in transporting membrane 
components they must be assembled at one membrane and 
disassembled at another. It is likely that both of these 
processes require energy, and they may be carried out by 
proteins that remain associated with the vesicles during 
the transport process .. It is therefore of interest that 
one such group of proteins (with molecular weights 
ranging from 100,000 to 130,000 daltons), that are 
present in the membrane vesicle surrounded by the 
clathrin coat, have recently been found to be 
phosphorylated by ATP. We are currently examining the 
details of this phosphorylation process and whether it 
affects the binding of coat proteins to the membrane 
vesicle. 
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Association between cell membranes and structural 
proteins 

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

Technical assistant: K.H. Kelley 

We are currently trying to understand the involvement of 
structural proteins in intracellular transport and 
motility, and have concentrated on several aspects of 
this problem over the past year. 

(I) Cellular movement and transport of intracellular 
vesicles are thought to depend on cytoskeletal elements 
such as actin filaments. For a precise and controlled 
action of these intracellular structures, a reversible 
association with cell membranes must be postulated. In 
skeletal muscle, actin filaments are probably anchored 
to the Z-line by the structural protein a-actinin. We 
have been exam1n1ng the possibility that a similar 
protein might be involved in linking actin filaments to 
membranes in non-muscle cells. 

Specific (affinity column purified) antibodies against 
actin and a-actinin from muscle were used in 
fluorescence microscopy to study the distribution of 
similar proteins in non-muscle cells. As has been 
described previously (Lazarides & Burridge, 1975), 
tissue culture cells contain proteins immunologically 

Plate 11 related to muscle a-actinin. In rat fibroblasts, this 
protein is found in regularly spaced segments within 
thick bundles of microfibroblasts (actin cables) and 
especially at the points at which they converge on the 
underside of the cell. We have found previously 
(Jockusch et al., 1977) that membranes of secretory 
vesicles also contain an a-actinin-like More 
direct evidence for the involvement of such a protein in 
the dynamic regulation of actin filament-based motility 
was obtained recently: chicken fibroblasts show a 
dramatic redistribution of plasma membrane-associated 
a-actinin within 30 min after the onset of 
transformation with Rous Sarcoma virus which is 
paralleled by the breakdown of the actin cables (in 
collaboration with C.B. Boschek and R.R. Friis, 
University of Giessen). 
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PLATE 11 

Rat fibroblast stained in indirect immunofluorescence 
with antibody against muscle a-actinin, demonstrating 
the characteristic distribution of a-actinin-like 
proteins in fibroblasts: within regularly spaced 
segments along the actin cables, concentrated at the 
points at which the actin cables converge at the 
underside of the cell (contact points between the cell 
and its substratum) and along the entire plasma 
membrane. Bar: 10 m. 
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PLATE 12 

Coated vesicles isolated from pig brain, stained with 
uranyl acetate. Bar: 0.1 Insert: Individual coated 
vesicles at higher magnification showing the vesicle 
within the clathrin coat. Bar: 0.1 
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To understand the relationship between muscle a-actinin 
and the membrane-bound a-actinin in non-muscle cells, we 
have started to characterize the non-muscle protein. We 
were able to selectively purify on antibody-affinity 
columns the a-actinin-like protein from total 
homogenates of human blood platelets and mouse 
lymphocytes. The protein has a higher M.W. (about 
160,000) than muscle a-actinin (100,000) and is probably 
glycosylated. However, if membranes were first prepared 
from platelets or lymphocytes and then analysed, a 
protein with about the same M.W. as muscle a-actinin 
reacted with the antibody. We tentatively concluded that 
non-muscle a-actinin is a membrane-bound glycoprotein 
which can easily be cleaved by intracellular proteases 
into a molecule similar to' the muscle protein (in 
collaboration with K. Clemetson, University of Bern, E. 
Rungger, D. Hoessli and G. Gabbiani, University of 
Geneva) . 

(II) We have started work on coated vesicles as a 
possible vehicle of intracellular transport. These 

Plate 12 cellular organelles are composed of a membraneous 
vesicle surrounded by a very regular protein lattice. 
The major component of this "coat" is the protein 
clathrin (Pearse, 1975), a very conservative and 
widespread protein. In collaboration with G. Warren we 
intend to analyse the content as well as the structural 
components of isolated coated vesicles frOm different 
sources, and to study their localization within cells. 
These studies should be facilitated by antibodies 
against clathrin and minor components of coated 

one of which has been reported to be similar 
to Ca ATPase from muscle (Blitz, Fine & Toselli, 1978). 
We therefore prepared a specific antibody against 
Ca++ATPase from chicken muscle as well as an antibody 
directed against bovine brain coated vesicles. 

(III) To extend our studies on the localization of 
cytoskeletal elements and coated vesicles in single 
cells to a finer level of resolution, W. Griffiths is 
working to improve the techniques of immunoelectron 
microscopy. He has concentrated on labelling thin-
sectioned material with specific antibodies, using two 
techniques. (a) Embedding and sectioning the material in 
cross-linked BSA, a method developed extensively by 
Kraehenbuhl & Jamieson (1972). Specific antibodies are 
then applied followed by an anti-antibody proteo-
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PLATE 13 

Mouse skeletal muscle embedded in glutaraldehyde-
crosslinked bovine serum albumin, sectioned and labeled 
with anti-a actinin (rabbit) followed by ferritin-
conjugated sheep F(ab')2 anti-rabbit F(ab')2" Ferritin 
grains are specifically located over Z-lines. X 50,700. 
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lytically cleaved into F(ab')2 fragments and 
coupled to ferritin (in collaboration with J.P. 

Plate 13 Kraehenbuhl, University of Lausanne). (b) Cryosectioning 
and labelling with specific antibodies following the 
techniques of Tokuyasu and Singer (1976). 

So far, skeletal muscle and antibodies 
proteins have been used as a model. 
results are encouraging. 
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Mechanisms that generate polarization of plasma membrane 
components of epithelial cells 

* Member: D. Louvard 

* Technical assistant: S. Robinson 

This group is interested in the molecular mechanisms 
involved in the biogenesis of plasma membranes, 
particularly those of epithelial cells from kidney or 
intestine. These cells display an interesting structural 
and functional polarity of their cell surfaces: the 
apical face is in contact with the external medium and 
is involved in the absorption of small molecules by 
active transport, and of macromolecules; the rest of 
the cell surface, termed the basolateral membrane, is in 
contact with the adjacent cells and with the basement 
membrane. This membrane is responsible for transporting 
substances from the cytoplasm to the capillaries via the 
basement membrane. These two regions of the cell surface 
are structurally delimited by the tight junctions 
(zonula occludens) which form a collar in the apical 
part of this type of cell. These junctions prevent 
macromolecules dissolved in the external medium from 
penetration to the epithelia, and in addition they are 
probably involved in maintaining the structural polarity 
established during the biogenesis of the cell surface. 

How then do these highly differentiated cells sort out 
at least two classes of membrane proteins and insert 
them into the proper area of the cell surface? Does this 
sorting out occur during intracellular transport and, if 
so, where in the cell doe's it occur? Alternatively does 
the sorting take place after the insertion of the 
proteins in the membrane, by a mechanism that may for 
example be similar to the capping phenomenon? Cell 
adhesion, cell-cell 'contact and junctional complexes may 
also be important in the expression of the polarity of 
this type of cell so the ultimate challenge is to 
understand the mechanisms used by the cell to segregate 
membrane proteins destined for different organelles. 

To approach this problem, we have chosen a cell which 
still expresses structural and functional polarity 
despite being grown in culture. This is the MCDK cell 
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PLATE 14 

Freeze-fracture replica of MDCK cells in a confluent 
monolayer; the preparation has been penetrated by 20% 
glycerol in 100 mM cacodylate buffer (pH 7.0). The 
apical part of the cell shows numerous microvilli (MV) 
and both faces of the basolateral membrane, the 
cytoplasmic face (P) and the external face (E). The 
tight junction (TJ) is seen just underneath the 
microvilli as interwoven strands. Bar 0.5 
(Micrograph by J. Lepault, ElM Applications Group.) 
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PLATE 14 



line (established 20 years ago from dog kidney) which 
shows some features usually absent from permanent cell 
lines. The cells resemble epithelial cells and grow in 
oriented monolayers. The apical face is covered by 
numerous microvilli that are absent from the 
basolaterial face. The basolateral face exhibits three 
types of junctional complexes: gap ,junctions, 
desmosomes and, in the upper part of the cell, tight 

Plate 14 junctions. In addition, we have observed using 
immunofluorescent techniques that specific markers for 
the apical face of kidney or intestinal cells, such as 
leucyl s-naphthylamidase or alkaline phosphatase, are 
located almost entirely on the apical face of MCDK 
cells. In contrast, Na+ + K+ ATPase, which is localized 
mainly on the basolateral surface of kidney cells, has 
the same localization in MDCK cells (unpublished 
observations). This polarity is not observed when the 
cells are grown in s-uspension; the distribution of these 
enzymatic markers is uniform on the cell surface under 
these conditions. However, when cells have been grown in 
suspension for 2 days, they attach to the "substratum" 
and rapidly form tight junctions and subsequently 
display a polarized organization. This observation 
suggests that cell attachment is required to express 
polarity. Another interesting feature of this system 
comes from the work of M. Taub in G. Sato's laboratory 
in La Jolla, California, who has described the 
conditions under which MCDK cells can grow in absence of 
serum and hence in a completely defined medium (personal 
communication). Under these conditions, MDCK cells 
require 5-6 hormones before they become polarized. 

These observations suggest that junctional complexes may 
be of great importance in the expression of polarity, 
and we shall therefore focus our attention on the 
biochemical characterization of those proteins that 
constitute tight junctions in epithelia. The 
intracellular pathways of specific markers from either 
the apical membrane or the basolateral membrane will 
also be studied by after pulse-chase 
experiments with S-methionine followed by cell 
fractionation (preliminary experiments have shown that 
separation of MDCK "ghosts" from endomembrane vesicles 
is possible using the technique desribed by Atkinson 
(1973) for Hela cells). In addition, immunocytochemical 
localization with ferritin-labelled antibodies on frozen 
sections will be performed in collaboration with K. 
Tokuyasu from S.J. Singer's laboratory. 
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Preliminary experiments suggest that the organization of 
cytoskeletal proteins is correlated with the surface 
polarity. For example, using immunofluorescent 
techniques and an antibody against a-actinin (prepared 
in Singer's laboratory) it has shown that a-actinin 
displays an organization different from that exhibited 
in fibroblasts. Stress fibers are usually observed in 

Plate 15 fibroblasts (Plate 15a) but in MDCK cells the a-actinin 
is segregated at the edges of the cells (Plate 15b). 
Furthermore, different patterns are observed on the top 
and bottom of these cells (Plate 15c, d). We intend to 
test other antibodies raised against myosin, filamin and 
tropomyosin, to see if there is a correlation between 
the membrane surface polarity and the organization of 
the cytoskeletal elements. 

Finally Boulan & Sabatini (1978) have shown that budding 
of different viruses occurs in a polarized manner in 
MDCK cells, either in the apical face or strictly on the 
basolateral face. Experiments using different strains of 
virus will be conducted in collaboration with K. Simons' 
group in order to determine how these different viral 
systems are ab+e to discriminate between the two 
membranes. 
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PLATE 15 

Indirect immunofluorescence localization of a-actinin in 
(a) WI.38 fibroblasts, and (b), (c), (d) MDCK cells in 
confluent monolayers. 
(a) In fibroblasts a-actinin appears as interrupted 
stress fibers running inside the cell, 
(b) in contrast in epithelial cells a-actinin is 
concentrated at the edges of these cells in close 
contact with the plasma membrane, 
(c), (d) are two different levels in the same MDCK 
cells, (c) bottom and (d) top), showing the different 
patterns of a-actinin. 
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Electron microscopy of nucleic acids 

Members: H. Delius, B. Koller 

* * Visiting workers: N. Kennedy, I. Kiss 

* Technical assistant: M.-T. Sagne 

The studies of the T5 transcription complexes with D. 
StUber and H. Bujard (Heidelberg) described last year 
have been completed. A new program and a plotter added 
to the calculator set-up' permitted the direct 
computation and plotting of the promotor sites. Two 
other transcription systems were investigated. So far in 
both cases, mu DNA (with H. Brepoel, Leiden) and T1 DNA 
(with E. Wagner, Innsbruck) respectively, RNA synthesis 
under high salt conditions was too low for measurement, 
whereas under low salt conditions random initiation 
obscured any possible specificity. 

The analysis of Epstein-Barr virus DNA by partial 
denaturation mapping is being continued. It has been 
extended to two other virus strains and to circular DNA 
isolated from nuclei of a transformed cell line. 
Stretches containing repetitive sequences were localized 
in the denaturation patterns. 

B. Koller has started work on chloroplasts DNAs. At the 
end of the year a growth chamber was installed to 
provide a reproducible supply of plants. A quick 
procedure has been developed for the isolation of 
chloroplast DNA free from nuclear contamination. DNA has 
been prepared from different kinds of beans and from 
spinach chloroplasts. A preliminary inspection of 
heretoduplexes between different chloroplast DNAs 
indicates the quite variable degree of homology 

Plate 16 between more or less related species (Plate 16). A more 
detailed analysis using restriction fragments will be 
carried out in order to pinpoint highly conserved 
regions of the chloroplast genome. It was' known from 
restriction analysis and hybridization experiments that. 
spinach chloroplast DNA contains the ribosomal genes in 
an inverted repeat. Accordingly, the R-Ioop technique 
(the hybridization of RNA into double-stranded DNA) 
reveals two sets of ribosomal R-Ioops in the circle of 
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PLATE 16 

Heteroduplexes formed between a) Vicia and Phaseolus 
bean chloroplast DNAs and b) Vicia bean and spinach 
chloroplast DNAs. While in the bean/spinach heteroduplex 
most of the DNA remains single-stranded extensive 
homology is found between the two bean chloroplast DNAs. 
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PLATE 17 

Ribosomal R-loops in cicles of spinach chloroplast DNA 
(a) and Vicia bean chloroplast DNA (b). 
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Plate 17 spinach chloroplast DNA (Plate 17a). It was found that 
Vicia bean chloroplast DNA lacks such a duplication and 
only one set of R-loops was detected (Plate 17b). 

In collaboration with R. Herrmann (DUsseldorf) and J. 
Weil (Strasbourg) an attempt was made to localize 
specific tRNAs hybridized to single-stranded DNA of 
restriction fragments of spinach chloroplast DNA. The 
method of adsorbing nucleic acids to mica described by 
R. Portmann and T. Koller (ZUrich) was adapted for this 
purpose. The single-stranded DNA is extended by the 
formation of a complex with T4 gene 32-protein. 
Preliminary experiments show tbat the resolution is 
sufficient for the visualization of short hybrid 
stretches of the size of tRNAs. 

The same mica adsorption technique is being used in the 
mapping of a terminator for RNA synthesis in T7 DNA 
(with H. Priess, MUnchen). T7 RNA synthesized in vitro 
by E.coli RNA polymerase was hybridized to single 
strands of a restriction fragment containing the 

Plate 18 termination signal (Plate 18). The long RNA region 
complexed with 32-protein, the thin hybrid stretch, and 
the short DNA-32-protein region can be clearly 
differentiated. 

Mica adsorption was also applied to an analysis of 
binding sites for E.coli RNA polymerase in restriction 
fragments of lambda DNA (with V. Pirrotta) and 
lambda .fDNA (with I. Kiss). . 

Other collaborative work included 
- the analysis of a complex between a DNA helicase and 

DNA (M. Abdel-Monem and H. Hoffmann-Berling, 
Heidelberg) 
the attempt to form heteroduplexes between RNAs from 
different strains of influenza virus (N. Kennedy, 
London) 
heteroduplex measurements on mu DNA containing 
plasmids (E. Bade, Konstanz) and B. subtilis plasmids 
(J. Kreft, WUrzburg) 
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PLATE 18 

Hybrids formed between T7 RNA and a restriction fragment 
of T7 DNA containing the terminator signal. The extent 
of the hybrid stretch allows an accurate mapping of the 
RNA terminus on the restriction fragment. 
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- the characterization of adenovirus DNAs from a TUDaia 
virus (G. Darai, Heidelberg) and from a mouse 
adenovirus (E. Winnacker, MUnchen). 

Publications during the year 

Delius, H. & Bornkamm, G.W. (1978). Heterogeneity of 
Epstein-Barr virus. III. Comparison of a transforming 
and a non-transforming virus by partial denaturation 
mapping of their DNAs. J. Virol., £1, 81-89. 

Fleckentein, B., Bornkamm, G.W., Mulder, C., Werner, 
F.-J., Daniel, M.D., Falk, L.A. & Delius, H. (1978). 
Herpesvirus ateles DNA and its homology with Herpesvirus 
saimiri nucleic acid. J. Virol., £2, 361-373. 

Koller, B., Delius, H., BUnemann, H. & MUller, W. 
(1978). The isolation of DNA from agarose gels by 
electrophoretic elution onto malachite green-
polyacrylamide columns. Gene, 227-239. 

Schumann, W., Bade, E.G., Delius, H. & HUbert, P. 
(1978). Cloning of a restriction fragment of phage DNA 
coding for early function. Mol. Gen. Genet., 160, 115-
1 18. 

Stetter, K.O., Priess, H. & Delius, H. (1978). 
Lactibacillus casei phage PL-1. Molecular properties and 
first transcription studies in vivo and in vitro. 
Virology, .§]., 1-12. 

StUber, D., Delius, H. & Bujard, H. (1978). Electron 
microscopic analysis of in vitro transcriptional 
complexes: mapping of promoters of the coliphage T5 
genome. Mol. Gen. Genet., 166, 141-149. 
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High resolution electron microscopy 

Member: K. Leonard 
.* * * Visiting wOikers: B. Bullard, M. Reedy, M.K. Reedy, 

H.G. Schramm 

Technical assistant: T. Arad 

The aim of this group is to obtain high resolution 
structural information for biological materials by both 
conventional transmission electron microscopy and 
scanning transmission electron microscopy, together with 
analogue (optical) or digital image processing. This 
also includes use of new techniques such as frozen 
specimen preparation and imaging at low temperature to 
reduce damage caused by dehydration and by the electron 
beam. 

Scanning transmission electron microscopy of unstained 
materials 

Two developments in the last year have considerably 
facilitated the work with unstained specimens in STEM. 
These are the Mark I interface to the NORD-10 (described 
in the report of the Computer Group) and the liquid 
nitrogen cooled specimen holder (described in the report 
of the Electron Microscope Development Group). Use of 
the computer data acquisition system has enabled large 
numbers of images to be rapidly stored on disc for 
processing, and has eliminated all the problems of 
photographic recording from the video displays. With R. 
Freeman of the ElM Applications Group we have carried 
out considerable work on mass measurements of unstained 
specimens. Our results, which are in agreement with 
those of other laboratories, indicate that relative mass 
measurements (i.e. relative to an internal standard of 
known mass such as TMV) can be made to an accuracy of 
better than + 10% and can readily be corrected for 
effects of mass 10ss2if the total dose is kept below 
about 10 electrons/A. Use of the liquid nitrogen 
specimen holder, although this is still not fully 
operational, indicates that mass loss and contamination 
effects are considerably reduced at -100°C. The 
improvement at low temperature is shown in Plate 19. 
Work up to now has been confined to measurements of mass 
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PLATE 19 

Unstained images of sectioned muscle showing the 
reduction of mass loss (etching) at low temperature in 
the STEM. The upper row were obtained at room 
temperature, the lower row at -120°C. In each case the 
etched central square is an area of section which has 
been scanned at 200,000x magnification, the final image 
being taken at In (a) and (c) the total dose is 
100 electrons/A. In (b) and (d) the total dose is 20 
electrons/A2. In (c) and (d), at the lowoer temperature, 
mass loss (shown by the loss of contrast in the central 
areas), is considerably reduced. 
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PLATE 20 

Mixed signal STEM image of a specimen containing TMV, 
insect muscle thick filaments and thin filaments. This 
micrograph was obtained by direct transfer of a 512 x 
512 pixel array from the STEM on to disc, and the stored 
data later written on to film by the Optronics film 
writer. This type of image has been used for 
determination of thick filament mass relative to TMV, 
and hence the number of myosin molecules in the basic 
repeat of the thick filament. 
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PLATE 21 

Whole thin filaments extracted from insect flight 
muscle, negatively stained with 1% uranyl acetate, 
showing clearly a periodic thickening every 380 A along 
the actin filaments. For details see text. 
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per unit length in filamentous materials such as 
filamentous bacteriophages and bacterial pili (with D. 
Marvin and W. Folkhard) and muscle filaments (with M.K. 

Plate 20 Reedy, see Plate 20). Mass measurement of biological 
structures is one of the most promising applications of 
STEM, and results have been obtained with very small 
amounts of material which would be difficult to obtain 
by any other method. 

Conventional electron microscopy 

Several lines of work in collaboration with other groups 
inside and outside EMBL have continued. These include 
work on viral membrane proteins (with K. Simons) and 
mitochondrial protein complexes (with H. Weiss and P. 
Wingfield; see Plate 10, p. 68). In collaboration with 
B. Bullard (Dept. of Zoology, Oxford University) we have 
carried out structural studies on insect flight muscle 
thin filaments. Whole thin filaments from insect muscle, 
after negative staining, show a periodic thickening 
every 380 K which is not visible in equivalent 

Plate 21 preparations of vertebrate thin filaments (Plate 21). 
This may be a direct visualization of the troponin 
complex which occurs at this repeat distance, or it may 
be due to the presence in insect thin filaments of an 
actin-like protein with a higher molecular weight 
(55,000 daltons) than actin (42,000 daltons) (B. 
Bullard, unpublished results). Preliminary mass 
measurements in STEM indicate that this protein when 
purified will form filaments which have, as expected, a 
mass per unit length which is about 30% higher than that 
of F-actin. 

Computer applications 

As described above, the most significant advance has 
been the implementation by the Computer Group of the 
STEM data acquisition system, together with the ability 
to display all image files, including Fourier 
transforms, as scan-converter stored T.V. pictures. It 
has now become possible to use a 
computer-generated "diffraction pattern" to assess image 
quality or resolution while working at the microscope. 
Although the time required (about 4 min for a 256 x 256 
pixel area) is still too long to provide rapid enough 
feed-back, use of the fast array processor should bring 
the time down within the limit of 1 minute which is the 
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goal for "on-line" operation. 

Publications during the year 

Folkhard, W., Leonard, K.R., Malsey, S., ·Marvin, D.A., 
Dubochet, J., Engel, A., Achtman, M. & Helmuth, R. 
(1979). X-ray diffraction and electron microscope 
studies on the structure of bacterial F-pili. 
J.Mol. BioI., (in press). 

Freeman, R., Griffiths, G.W., Jones, A.V. & 
Leonard, K.R. (1978). Scanning transmission electron 
microscopy and x-ray microqnalysis of unstained 
biological thin sections. Proc. 9th Internat. 
Congress on Electron Microscopy, Toronto, Vol. 2, p.110-
1 1 1 . 

Jones, A.V. & Leonard, K.R. (1978). Scanning 
transmission electron microscopy of unstained biological 
speciments. Nature (London), Z1l, 659. 

Leonard, K.R. & Lake, J.A.(1979). 
hand determination by electron 
subunits. J.Mol. BioI. (in press). 

Ribosome structure: 
microscopy of 30S 

Simons, K., Helenius, A., Leonard, K.R., 
Gething, M.J. (1978). Formation of protein 
amphiphilic membrane 
Proc. Nat. Acad. Sci., USA, 12, 5306-5311. 
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Electron microscope applications group 

* Members: J. Dubochet , R. Freeman 

. * Fellow: J. Lepault 

* , * * Visiting C. Colliex , J.-C. Jesoir , Oudet , 
H.G. Schramm 

* Technical assistant: E.-M. Bolzau 

The aim of the ElM Applications Group is two-fold: 

1. to develop methods for electron microscopy in close 
collaboration with the ElM Development Group; and 

2. to provide access to electron microscopes and 
especially to the STEM - for other groups in the 
Laboratory and for visiting scientists. 

This year was mainly concerned with the establishment of 
methods and starting work in collaboration with other 
groups of the EMBL and from other laboratories. 

The Scanning Transmission Electron Microscope (STEM) is 
now a reliable instrument which has considerable 
advantages over the conventional transmission electron 
microscope (CTEM). 

It provides good images of thin specimens even when the 
contrast is too low for CTEM (e.g. in unstained 
sections). With the x-ray attached to the STEM 
it is possible to detect differences in elementary 
concentration in various features of thin unstained 
sections. The phosphorus atoms of the DNA of a single 
small spherical virus particle, and the iron in a single 
ferritin molecule, can also be detected. 

The efficient collection of scattered electrons is 
favourable for the observation of delicate specimens at 
low electron dose. High resolution images _ 
macromolecules can be obtained routinely at 10-20 e A , 
or less if the object is periodic. 
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The sequential output of the microscope linked to the 
computer provides an efficient method for the treatment 
of information. This can be used for example for the 
rapid calculation of Fourier transforms and for image 
reconstruction, and has been particularly beneficial in 
the measurement of mass/unit length (see the report of 
the High Resolution Electron Microscopy Group, p. 96). 

In the field of specimen preparation, the method of glow 
discharge for the treatment of supporting films has been 
extended. By correct choice of the gas in which the glow 
discharge is made, supporting films suitable for the 
adsorption of macromolecules with various surface 
properties can be produced, example hydrophilic, 
hydrophobic, or for the selective adsorption of 
positively or negatively charged macromolecules. (In 
collaboration with S. Muller, Biozentrum, Basel.) 

The high vacuum apparatus for freeze fracturing and 
freeze etching (Riebert), recently installed at EMBL, 
provides speciments of exceptional quality. On 
biological crystals structural details are routinely 
conserved down to 30 A. The method has been used to 
study the structure of Semliki Forest virus crystals 

Plate 22 (prepared by F. Winkler, see Plate 22), and of the 
cylinders obtained by reassociation of nucleosome cores 
(Dubochet & Noll, 1978) and intracellular chromatin (in 
collaboration with M. Noll, Biozentrum, Basel). 

With the encouragement of E. Kellenberger (Biozentrum, 
Basel) we have had the opportunity to participate in the 
assessment of the new low temperature electron 
microscope built by I. Dietrich of the Siemens Research 
Laboratories at Munchen. In this microscope, the 
specimen is maintained at 4°K in the middle of a 
cryostat containing the objective lens, and it provides 
simultaneously for the first time both low temperature 
at the specimen and high resolution. Preliminary results 
show that in this microscope beam damage is reduced by 
an order, and sometimes several orders, of magnitude. 
Among other results it was found that the 68 A 
periodicity of sucrose-embedded catalase crystals, which 
is at normal temperatures after an irradiation 
of 3e2A, was still visible after a dose of 
4000e-A (Dubochet, 1979). 
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PLATE 22 

Surface replica of a freeze-etched crystal of Semliki 
Forest virus (110,OOOx), from a preparation by F. 
Winkler. The insets show the optical diffraction pattern 
and the reconstructed image after optical filtration. 
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The group is collaborating in a number of projects with 
groups both in EMBL and in other laboratories (M. Noll, 
Biozentrum, Basel, and W. Deimann, Anatomy Department, 
Heidelberg University). 

Several short term visitors used the EMBL ElM facility 
or explored the potential advantages of the STEM to 
solve their biological problems, including 

C. Colliex (Saclay,"France) 
P. Oudet (Feculte de Medecine, Strasbourg) 
J.-C. Jesoir (EMBL, Grenoble, France) 
H.G. Schramm (MPI, Munchen). 

Publications during the year 

Dietrich, I., Fox, F., Knapek, E., Weyl, R. & Dubochet, 
J. (1979). Reduction of radiation damage by imaging 
with a superconducting lens system. Proceedings of the 
Workshop on regular 2-D a.rrays of biomacromolecules: 
Structure determination and assembly. Burg Gemen, 
F.R.G., June 17-21, 1979 (in press) 

Dubochet, J. & Noll, M. (1978). Nucleosome arcs and 
helices. Science, 202, 280-286. 

Folkhard, W., Leonard, K.R., Malsey, S., Marvin, D.A., 
Dubochet, J., Engel, A., Achtman, M. & Helmuth, R. 
(1979). X-ray diffraction and electron microscope 
studies on the structure of bacterial F-pili. 
J.Mol. BioI., (in press). 

Freeman, R., Griffiths, G.W., Jones, A.V. & 
Leonard, K.R. (1978). Scanning transmission electron 
microscopy and x-ray microanalysis of unstained 
biological thin sections. Proc. 9th Internat. 
Congress on Electron Microscopy, Toronto, Vol. 2, p.110-
111. 
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Structure of filamentous bacterial viruses 

Members: D.A. Marvin, J.E. Ladner, C. Nave 

* * Fellows: W. Folkhard, C. Gray, D. Gray 

* * * Technical assistants: R. Brown, A. Fowler, S. Malsey , 
H. Siegrist 

The filamentous bacterial virus system is a model 
minimal system that carries out fundamental biological 
processes and is accessible to study at the level of 
molecular structure. The Vlrlon is a rod-shaped 
nucleoprotein containing single-stranded circular DNA 
encapsulated at the core of a helical array of coat 
protein subunits (Marvin, 1978). It adsorbs to host 
bacteria via the A-protein, a minor protein at one end 
of the virus which attaches to the tip of the pilus, a 
rod-like protein appendage of some strains of bacteria. 
Adsorption of the virion is thought to trigger a 
retraction of the pilus, and therewith the vlrlon, 
through the bacterial membrane into the cell. The 
infecting DNA is then converted to a double-stranded 
form that replicates and produces single-stranded 
circular progeny DNA under control of the viral gene 5 
protein. The gene 5 protein forms linear intracellular 
nucleoprotein complexes with the progeny DNA. Assembly 
of the completed progeny virion involves placing the 
viral coat protein in the bacterial membrane, its 50-
residue a-helix extending across the membrane. During 
assembly the gene 5 protein is displaced from the DNA 
and replaced by the coat protein as the DNA passes 
through the membrane without lysing or otherwise killing 
the cell. 

The virion 

One basic question about the symmetry of the Pf1 virion 
has still not been answered. Are there 4.4 or 5.4 
protein structure units in one 15 A turn of the Pf1 
virus helix? At one level this question is trivial and 
uninteresting, because the local packing of structure 
units will be virtually the same for the two options. 
For instance, TMV coat protein can pack with either 
16.33 or 17.33 units per turn, sometimes with both 
options present in the same sample. At another level, 
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this question must be answered before detailed model-
building can proceed. We have attacked this question 
using three methods. The first was to measure mass per 
unit length of the Pf1 and fd strains on unstained 
samples in the STEM (in collaboration with K. Leonard 
and R. Freeman). The mass per length of fd relative to 
Pf1 is measured as 1.14 ± 0.13, compared with expected 
values of 1.14 if there are 4.4 units per turn in Pf1, 
and 0.88 if there are 5.4. units per turn. There are 
several uncertainties in this calculation, including the 
correct value for the fd standard (we took 4.5 units per 
15.8 A) and the possibility of different changes in mass 
per length of fd relative to Pf1 on the ElM grids. We 
are therefore using two crystallographic methods to 
study this problem further. One'is the classical heavy 
atom method as used for TMV. We have substituted the NH2 
terminus of the protein with SPITe, a reagent whicn 
gives a free SH group; this can then be substituted to 
virtually 100% with methyl mercury. X-ray fibre patterns 
of the mercurated virus show intensity changes which may 
be sufficient to identify the symmetry followed by the 
mercury, and therefore the symmetry of the Vlrlon. The 
second method is to use the fact that the intensity 
distribution on the m = 0 system of layer lines of the 
fibre pattern is not dependent on the number of units 
per turn, whereas the intensity distribution on the 
other layer lines does depend on the number of units per 
turn. Appropriate manipulation of these two sets of 
layer lines may enable one to distinguish between the 
two models. Both these approaches are still in progress. 

For any fibre diffraction work, well-oriented samples 
are essential. We have made use of the discovery by G. 
Maret and J. Torbet that Pf1 can be oriented in a strong 
magnetic field. For the first experiments we borrowed 
the 6 Tesla magnet of U. Haeberlen at the Max-Planck-
Institut fUr Medizinische Forschung in Heidelberg, but 
we now have our own 7 Tesla magnet. Both the frequency 
of good fibres and the quality of the best fibres has 

Plate 23 improved substantially as a result of using magnetic 
orientation, but the technique of orientation is still 
not fully under control. We have also discussed 
collaboration with the Instrumentation Division on 
developing a technique of orienting in an electric 
field. Such a technique could be useful not only for 
filamentous phage but also for other elongated macro-
molecules such as pili. 
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PLATE 23 

of X-ray fibre diffraction pattern of the Pf1 strain 
filamentous virus at 98% relative humidity. Fibre axis 
vertical, tilt 12°. Fibre oriented in a magnetic field, 
disorientation 1.5° (width at half-height). Fibre 
AF35/1, 4.46 units per turn, film 4155. 
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Our complete suite of computer programs for analysis of 
fibre diffraction data is now running on the NORD-10 
computer. This includes programs for measuring position 
and intensity on fibre patterns, angular deconvolution 
of overlapping layer lines, building and refining 
stereochemically acceptable models and calculating their 
Fourier transforms, and calculating electron density 
maps phased on the models. In parallel with developing 
these programs we have spent time developing graphics 
methods, both for data processing (display of raw fibre 
diffraction data on a Tektronix screen in order to 
measure position and intensity of spots) and for data 
output (direct output of plots of Fourier transforms, 
electron density maps, and molecular models). The 
collaboration with the Computer Group on interactive 
computer graphics is continuing. 

Analysis of the geometry of helical arrays of elongated 
subunits is essential to an understanding of filamentous 
virus structure. If structures obey symmetry rules we 
should know those rules: imagine trying to solve a 
crystalline protein structure without knowing the rules 
of space-group symmetry! This analysis is continuing and 
promises to be especially useful in discussing the 
various forms of the Pf1 virion. 

Molecular polymorphism 

Several different structural forms of the Pf1 virion 
have been identified. At room temperature in dry fibres 
there are 4.38 units per turn; when the fibres are wet, 
the helix is converted to 4.4 units per turn. If the 
temperature of wet gels is reduced below 10°C, the 
symmetry changes to 4.46 units per turn. These 
experiments suggest that the subunits may be held 
together by hydrophobic bonds which when weakened allow 
the helix to loosen slightly. The change in distance 
between subunits is small, only a few tenths of an 
Angstrom, but because of the symmetrical arrangement of 
subunits there is an amplification of this structural 
cnange over the whole virion. If one end of the virion 
is imagined to be held fixed, the other end must rotate 
by many tens of turns, and translate parallel to the 
length of the virion by over 1000 K. The structural 
change also involves the imposition of a super-helical 
structure on the basic helix of the virion. Since these 
kinds of allosteric amplification are likely to be 
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PLATE 24 

X-ray diffraction pattern of sheets of Pf1 coat protein 
at 0% relative humidity. Plane of sheet horizontal. 
Specimen AF33/2; film 4148. 
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PLATE 25 

Electron micrographs of fd with and without A-protein. 
A-protein end oriented towards the top. (Left) Virion 
and beaded DNA gene 5 protein complex; (middle) virion; 
(right) treated with subtilisin to remove A-protein. 
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important in the function of other macromolecular 
assemblies, such as intermediate filaments, we plan to 
examine this structural transition in considerable 
detail. 

If Pf1 is treated with ether, the V1r10ns collapse into 
structures about three times the diameter of the virus 
but one tenth the length; on further treatment, the 
structure collapses further into flat sheets. Mass per 
area of unstained sheets (in collaboration with K. 
Leonard and R. Freeman) suggest that they are 25-50 A 
thick. X-ray diffraction of stacked sheets oriented in a 
magnetic field show a 55 A periodicity perpendicular to 
the plane of the sheet and -a strong 10 A reflexion-in 

Plate 24 the plane of the sheet. These observations suggest that 
the sheets are planar arrays of the Pf1 coat protein 
molecule with the long axis of the a-helix coat protein 
oriented perpendicular to the plane of the sheet. The 
coat protein is thought to be oriented perpendicular to 
the plane of the bacterial membrane prior to virus 
assembly, so these artificial sheets may be interesting 
models with which to study the molecular details of 
virus assembly. 

A-protein 

Using uranyl acetate stain on virions adsorbed to glow-
discharge-activated thin carbons, we have been able to 

Plate 25 visualize directly the A-protein by electron microscopy. 
In favourably stained areas of the carbon support film, 
75% of the fd virions exhibit a knobbed structure 
visible at one end of the virion only; no virions have 
knobs at both ends, consistent with published data 
indicating that the adsorption protein is located at one 
end of the virus particle. No knobby ends are seen on 
virions treated with subtilisin, which 'se1ectively 
degrades the adsorption protein as shown by SDS gel 
electrophoresis done on the virus preparations used for 
microscopy. As seen.in electron micrographs, the A-
protein of fd consists of a roughly globular element 
with an apparent diameter of 25-50 A (the variation 
probably depends on the manner of stain deposition); 
this element is attached to the virus by a thin 
connection probably 40-70 A long. We see two, three, or 
sometimes possibly four globular units attached to one 
end of the virion, which frequently appears to be more 
tapered than the opposite end. Thus it appears that the 
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128 I 

PLATE 26 

Schematic model of F-pili structure, based on 
information from electron" microscopy and x-ray 
diffraction. The subunits are shown to overlap along 
the line of the 128 A pitch helix, but they may well be 
somewhat skew to this line. 
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PLATE 27 

X-ray diffraction patterns of F-pili (left) and EDP 208 
pili (right). Fibre axis vertical. Arrow indicates the 
strong 12.8 A meridional reflexion. 
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fd adsorption protein shares features with the 
adsorption proteins of larger viruses, in that multiple 
copies are mounted on possibly flexible stalks, 
permitting variously oriented virions to attach to the 
receptor. 

F-pili are hollow cylinders with 80 A outer diameter and 
20 ft inner diameter. Both x-ray fibre diffraction and 
optical diffraction of electron micrographs (Folkhard 
et al., 1979) show a strong layer line corresponding to 
a spacing of 32 A, to which a J 4 Bessel function is 
assigned on the basis of the optical diffraction. X-ray 
diffraction patterns show near-meridional intensity on a 
layer line corresponding to a spacing of 12.8 A, to 
which a J 1 Bessel function is assigned. Mass per length 
measurements on unstained specimens in the scanning 
transmission electron microscope give 3000 
indicating that the 11,200 dalton pilin subunits are 
3.7 A apart along the axial direction of the pili. 
These observations show that the pilus structure can be 
represented as four coaxial helices of pitch 128 with 
the pilin elongated and overlapping along the 
line of these helices. Each of these helices of subunits 
is translated axially with respect to its neighbour, to 
give a basic helix of 3.6 units per turn of 12.8 
pitch. Radial electron density calculations indicate a 
50 girdle of hydrophobic amino acids between 
the inner and outer diameters of the protein shell. A 
molecular model of the structure at low resolution is 

Plate 26 shown in Plate 26. 

Bacterial F-pili adsorb both filamentous viruses (at the 
tip) and icosahedral viruses (along the sides) whereas 
EDP 208 pili adsorb only filamentous viruses. X-ray 
diffraction patterns of EDP 208 pili are similar to 

Plate 27 those of F-pili except that they lack a meridional 
reflexion at 12.8 which we have interpreted as 
resulting from a periodic axial perturbation of F-pili. 
It may be possible to demonstrate a direct correlation 
between these structural and functional differences. 

PAK pili are the adsorption sites of the Pf1 strain of 
filamentous bacterial viruses. Their x-ray diffraction 
patterns are quite different from those of F-pili, but 
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Plate 28 are reminiscent of diffraction patterns of bacterial 
flagella, except that the layer line spacing is only 40 

Strong equatorial intensity at 10 A and meridional 
intensity at 5 A indicates considerable a-helix content 
in the coat protein, with the long axis of the a-helix 
oriented roughly parallel to the long axis of the pili, 
as in filamentous virus. The layer line pattern and 
therefore the pilus symmetry is however quite different 
from that of the virus. 

Gene 5 protein-DNA complex 

Electron micrographs of the complex between fd DNA and 
the fd gene 5 protein in vitro look the 
same as the complex isolated in vivo. Both have the 
property of contracting at low ionic strength but 
expanding to an apparently beaded form at higher ionic 
strength. It is tempting to imagine that the gene 5 
complex has structural similarities to the beaded 
structure of chromatin. If the DNA in the gene 5 complex 
winds around one bead and then passes on to the next 
bead, the stretches of DNA between the beads should be 
more sensitive to DNase than the stretches that wind 
around the beads. Digestion with several different 
nucleases however revealed no specific banding patterns 
of fragments on DNA sizing gels. Crosslinking the 
complex with glutaraldehyde before nuclease digestion 
did not affect these results. 

In collaboration with J. Torbet in Grenoble we have 
obtained neutron diffraction data on both the in vitro 
and in vivo complexes in solution. At low scattering 
angles, the scattering pr.ofile of a cylinder yields the 
radius of gyration. The scattering profile of the 
complex may be measured in a series of D20/H 20 mixtures, 
chosen so that some mixtures match the scattering 
density of DNA, and others match the scattering density 
of protein. Thus the measured scattering density will 
depend on the D20/H 20 ratio, which can be expressed as 
the contrast, P, which is the difference in the 
scattering densities of solute and solvent. It may 
shown that a plot of the squared radius of_gyration (R ) 
as a function of inverse contrast (1/p) will have 
positive slope if the complex has higher scattering 
density (DNA or hydrophilic protein sidechains) towards 
the outside and a negative slope if the complex has 
higher scattering density towards the inside. 
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PLATE 28 

X-ray diffraction pattern of PAK pili. Fibre axis 
vertical. Fibre F23F; film 4099; 98% relative humidity. 
(In collaboration with W. Paranchych.) 
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reconstituted complex of gene 5 protein and fd DNA 
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PLATE 29 
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Plot of squared radius of gyration R2 as a function of 
inverse contrast 1/p for the fd DNA/gene 5 protein 
complex. 
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In several sets of experiments we found that the complex 
between fd DNA and gene 5 protein has a slope that is 

Plate 29 zero or even slightly negative. This means that high 
scattering density and low scattering density material 
have about the same mean radius. This is the result 
expected for a beaded structure in which the beads form 
a solenoidal superstructure, but other models may also 
be consistent with these data. 

The R2 at 1/5 = 0 gives a radius of gyration of 35 A, 
which for a solid cylinder would correspond to an outer 
radius of 50 A. The mass per length can be calculated to 
be 1600 For one protein per five nucleotides, 
and 6408 nucleotides in the DNA, the contour length of 
the complex would be 9100 A, which is about the value 
observed in electron micrographs. 

X-ray diffraction of condensed DNA (D. Gray and C. Nave) 

During his sabbatical year at EMBL, Professor Gray spent 
part of his time continuing a project on the molecular 
conformation of DNA precipitated from aqueous-ethanol 
solutions. It is known that DNA undergoes a B to A 
conformational change between 60% and 80% (w/w) ethanol. 
Precipitates formed by adding salt to DNA in 60% and 80% 
ethanolic solutions can be very different. DNA 
precipitated from 60% ethanol forms a fine condensate 
that only slowly settles out of suspension and shows a 
characteristic differential scattering of circularly 
polarized light at long wavelengths. DNA precipitated 
from 80% ethanol forms a flocculent aggregate that 
exhibits the circular dichroism spectral features of the 
A conformation. X-ray diffraction patterns of the 
precipitates show that DNA molecules precipitated from 
60% and 80% ethanol are, respectively, in the B and A 
conformation. Therefore, the different secondary 
conformations of DNA in ethanolic solutions . are 
maintained during precipitation under these conditions. 
The results are of importance for the preparation and 
study of condensed forms of DNA, since a relatively 
small change in the extent of·dehydration can change the 
secondary conformation of DNA and markedly affect the 
character of a subsequent precipitate. 

-117-



Publications during the year 

Folkhard, W., Leonard, K.R., Malsey, S., Marvin, D.A., 
Dubochet, J., Engel, A., Achtman, M. & Helmuth, R. 
(1979). X-ray diffraction and electron 
studies on the structure of bacterial F-pili. 
J.Mol. BioI., (in press). 

Ladner, J.E. (1978). Structure of transfer ribonucleic 
acid. Internat. Rev. Biochem., Biochemistry of Nucleic 
Acids II, ll, 1-18. 

Marvin, D.A. (1978). Structure of the filamentous phage 
virion. In Single-stranded DNA Phage (Denhardt, D.T. 
et al., eds.) Cold Spring Harbdr Laboratory, p. 583-603. 
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Crystal structure analysis of 
and of restriction endonucleases 

* Member: F.K. Winkler 

Semliki Forest virus 

Work on Semliki Forest virus began in October 1978 while 
that on restriction enzymes is due to start early in 
1979. A brief description of the two projects follows: 

a) Semliki Forest virus can be regarded as a model 
system for biological membranes and many aspects of 
its structure, function ang synthesis have been 
investigated in this laboratory (see report by K. 
Simons et al., p. 34). There is evidence suggesting 
that both the envelope spike proteins and the 
nucleocapsid proteins are arranged on icosahedral 
surface lattices of triangulation number T:4. The two 
shells, although separated by the lipid bilayer, are 
in contact through the transmembrane segments of one 
of the spike glycoproteins, and it appears likely 
that the two surface lattices superimpose. A first 
interesting stage of an x-ray crystal structure 
analysis would be to resolve the arrangement of 
protein subunits or of subunit clusters in the two 
shells and that of the transmembrane segments in the 
lipid bilayer. This should be possible at a 
resolution of about 20 

As reported last year, small crystals of the virus 
have been grown by R. Leberman. Using similar 
conditions it has now been possible to double the 
linear dimensions of the crystals, and truncated 
octahedra measuring up to 0.20 mm in edge and 0.06 mm 
in thickness have been obtained. However, they 
diffract x-rays very poorly and so far lattice 
sampling of the transform was observed to only about 
35 § resolution. Larger and better crystals must be 
obtained before data collection and subsequent 
structure analysis are undertaken. 

-119-



b) Restriction endonucleases have become indispensable 
tools in molecular biology. Obviously they also 
represent a highly interesting class of enzymes for 
studying specific protein/nucleic acid interactions 
at atomic resolution. The first and probably the 
major obstacle to their x-ray crystallographic 
investigation is the fact that they are present in 
only small quantities in the cell, so that the 
isolation of the milligram amounts required for 
crystallization presents a formidable problem. So far 
the only enzyme purified to homogeneity in such large 
quantities is EcoRl, whose crystallization has been 
reported and whose x-ray structure analysis is 
apparently under way (Rosenberg, Dickerson, Green & 
Boyer, 1978). 

To establish the nature and geometry of these 
specific interactions, it will be necessary to obtain 
co-crystals of the enzymes with suitable 
oligonucleotide substrates. Other interesting 
questions concern the structural variability of the 
recognition site with small changes in the 
recognition sequence, and these can only be answered 
by comparing a number of related structures. The 
enzymes whose large-scale isolation and 
crystallization will be attempted first (in 
collaboration with V. Pirrotta) have been selected 
from the family of endonucleases which recognize the 
common central tetranucleotide sequence GATC. At 
present this family comprises Mbol (GATC), BamHl 
(CGATCC), Bcll (TGATCA) and BgIll (AGATCT). 

Reference 

Rosenberg, J.M., Dickerson, R.E., Green, P.J. & 
Boyer, H.W. (1978). J. Mol. Biol., 122, 241-245. 
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Structure of bacterial polypeptide elongation factors 

Members: R. Leberman, D. Suck 

Fellow: W.H. Gast 

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, A. Wittinghofer 

Student: R. Frank 

Technical assistants: R. Giocanelli, R. Schumann 

In order to proceed from the structure of bacterial 
polypeptide elongation factor Tu at 6 A resolution 
(Kabsch et al., 1977) to a structure determination at a 
higher resolution, we have searched for new heavy atom 
derivatives of the protein. Of the derivatives used for 
the 6 A structure determination, only the methylmercury 
derivative was suitable (i.e. highly. isomorphous) for 
data collection to a higher resolution. The search 
covered some 50 compounds reacted with protein ·crystals 
at three or more concentrations. From this search only 
caesium tungstate appeared to produce a suitable 
derivative. 

A study of the caesium tungstate derivative to 6 K 
resolution, using the diffractometer for data 
collection, was very promising. A difference Fourier 
synthesis revealed only one binding site per -'asymmetric 
unit giving an R -factor of 33% in the subsequent 
Dickerson refinemeHt. The occupancy, however, was very 
much higher than expected for a simple tungstate ion. We 
therefore considered the possibility that, under the 
solvent conditions in our crystals, the tungstate was 
bound as the dodecameric polyanion. 
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Diffraction data to 2.7 A resolution have been collected 
using an Arndt-Wonacott oscillation camera for the 
protein crystals and the methylmercury and caesium 
tungstate derivatives. In order to obtain a complete 
data set, an angular range of 90° had to be covered 
using oscillation angles between 1.0 and 1.5°. Each data 
set consisted of approximately 70 film packs each 
containing three films which were digitized with an 
Optronics film scanner and processed using a pattern 
recognition system developed by Kabsch (1977). The 
scaled data sets contained about 20000 unique reflex ions 
obtained from 80000 observations. 

A caesium tungstate difference Fourier synthesis 
including reflexions to 3 A resolution showed a somewhat 
asymmetric peak at the position found in the 6 A-
difference map. All possible orientations of the two 
known structures of the dodecatungstate ion were tested 
at 10° intervals, treating the polyanion as a rigid 
body. Unfortunately this complete search gave no 
satisfactory solution. The reason for this could be 
either that the derivative is not isomorphous, or that 
the dodecamer assumes many different orientations within 
the crystal, or that the polyanion has some other 
structure. 

The present plan is to calculate a single isomorphous 
replacement map averaged over the non-crystallographic 
two-fold axis, and further to improve the phases by 
several cycles of molecular replacement. At the same 
time the search for other heavy atom derivatives is 
being continued. 

The material used as a source for our crystals is mildly 
trypsin-treated EF-Tu.GDP. It is well established that 
this material still has the properties of interacting 
with GDP, GTP, and EF-Ts, but its ability to interact 
with aminoacyl-tRNA is controversial. We have compared 
the ability of the protein in our crystals to 
participate in polyphenylalanine synthesis with native 
EF-Tu.GDP. This test of biological activity showed that 
material from the dissolved crystals was just as active 
as native EF-Tu.GDP. 
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Using improved isolation procedures we have been able to 
obtain reasonable quantities of the elongation factor 
EF-Ts. This has been combined with EF-Tu and the complex 
of the two factors has been crystallized. The crystals 
belong to the space group P2 12 12 1 and have cell 
dimensions a=207 E, b=81 E, E. 

Publication during the year 

Wittinghofer, A. & Leberman, R. (1979). The effect of 
Mg++ on some properties of nucleotide-free elongation 
factor Tu from B. stearothermophilus. Eur. J. Biochem., 

95-101. 

Other references 

Kabsch, W. (1977). J. Appl. Cryst., lQ, 426-429. 

Kabsch, W., Gast, W.H., Schulz, G.E. & Leberman, R. 
(1977). J. Mol. BioI., 111, 999-1012. 
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Structural basis of the control mechanism of allosteric 
enzymes 

Member: M.F. Moody 

Technical assistant: A. Foote 

The enzyme aspartate transcarbamylase (ATCase) is the 
principal controller of the pyrimidine biosynthetic 
pathway in E. coli, and consequently shows a variety of 
allosteric control mechanisms. It has been extensively 
studied, and has contributed important pieces of 
information to our understanding of allosteric enzymes 
in general. The operation of the switching mechanism 
in these enzymes has been given different explanations. 
At one extreme, it has been suggested that the molecule 
has just two states (the inactive T state and the active 
R state), between which a sharp transition occurs; at 
the other, that there is a series of intermediate states 
which allow a stepwise transition of the molecule from 
the T to R states. Studies with haemoglobin (the most 
completely understood allosteric protein) indicate that 
the true situation lies somewhere between these two 
theories; while there are probably many different 
states at the level of detailed structure, there appear 
to be just two major quaternary structure forms (deoxy 
and oxy). It has been suggested that ATCase is rather 
similar in this respect, though here the evidence for 
quaternary structure change has hitherto been based on 
hydrodynamic properties (studies of J.C. Gerhart, H. 
Schachman and co-workers). While it is clear that the 
Rand T states differ in quaternary structure, 
hydrodynamic data specify nothing more about the number 
of forms present and very little about their structures. 
Any further evidence about the number or structures of 
the different quaternary forms present either statically 
or dynamically under different conditions would 
therefore contribute much to our understanding of 
allosteric switching mechanisms. 

The basis of this project is the large change of 
solution scattering pattern seen when ATCase is ligated 
with the substrate analogues carbamyl phosphate and 
succinate, or with the transition state analogue N-
(phosphonacetyl)-L-aspartate (PALA). This change, found 
before joining the EMBL and using film to record the 
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x-ray patterns, extended the previous hydrodynamic 
evidence for quaternary structure change. Because of 
limitations in the earlier x-ray data, however, the 
findings had first to be established more securely and 
accurately. Now that this has been done, it is planned 
to exploit this change to study the proportions of the 
different quaternary forms present in solution, either 
at equilibrium or while the conformational change is 
occurring. Equipment has to be set up for both types 
of measurement, but the effort is particularly large for 
kinetic x-ray diffraction experiments, which require an 
entirely new experimental technique. 

Accurate scattering data for the T and R states. 

Last year it was reported that problems associated 
the existence of dimer in all ATCase preparations 
been solved by purifying the monomer with 
chromatography. A detailed and accurate study of 
x-ray solution scattering pattern of the monomer, 
different angles and concentrations, has been made 
collaboration with P. Vachette, at the Centre 
Genetique Moleculaire, C.N.R.S., Gif-sur-Yvette. 
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Plate 30 The scattering curves of ATCase (Plate 30) show a 
substantial change after ligation with PALA, and confirm 
the feasibility of static and dynamic x-ray scattering 
experiments with ATCase solutions (see below). 

The scattering data also provide information about the 
change in structure accompanying PALA ligation. The 
radius of gyration of the native enzyme is 45.9+0.5 
and after ligation it increases to 48.4 + 1.0 -A. At 
the same time, the peak of the pair- distribution 
function is shifted from 58 A to These changes 
indicate that the molecule swells after the allosteric 
transition to the R form. (This accounts for the 
increased frictional coefficient found by previous 
workers.) However, the maximum distance (from the pair 
distribution function) "does not increase after ligation, 
and may even decrease slightly. In combination with 
the low-resolution structure of the unligated (T) form 
(determined by W.N. Lipscomb's group), these results 
indicate two structurally significant changes. The 
regulatory subunits probably do not extend quite so far 
from the centre after PALA-ligation, but the catalytic 
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PLATE 30 

Low-angle x-ray scattering curves of solutions of acetyl 
transcarbamylase; U, unligated; L, ligated with 
N-(phosphonacetyl)-L-aspartate. 
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trimers almost certainly increase their separation. 
This last conclusion supports the interpretation of unit 
cell dimensions of Qrystals of unligated and PALA-
ligated enzyme in a very recent paper from Lipscomb's 
group (Monaco, Crawford & Lipscomb, 1978). That same 
paper presents a molecular model for the unligated (T) 
form, and this allows us to interpret further the 
movements of the catalytic and regulatory subunits 
deduced from our data. The molecular model of the T 
form shows that the regulatory subunit consists of two 
domains linked by a single extended polypeptide chain. 
Our data suggest that the outer domain moves inwards 
after PALA ligation, and this inward movement should 
complement the increased separation of the catalytic 
subunits. An interesting point about this 
interpretation is that any such movement of the 
regulatory subunits should cause a conformational change 
in the region where they bind CTP or ATP; and these 
substances are of course the allosteric effectors of 
ATCase. It is hoped to test this hypothesis by 
calculation of the solution scattering pattern of the 
postulated R structures. 

Apparatus for wide-angle x-ray scattering measurements 

A toroidal focussing x-ray camera is being adapted for 
producing wide-angle scattering patterns (spacings less 
than about 80 A) of ATCase solutions. Through the work 
of C. Boulin, A. Gabriel and R. Herzog, these patterns 
can be registered with a linear position-sensitive 
detector, accumulated and transmitted to the computer. 
It is planned to use this apparatus to study ATCase in 
the presence either of various effectors or of high pH; 
the number of components present, their titration curves 
and perhaps also their structures will be investigated. 
Some new statistical procedures, developed with the help 
of S. Provencher, have been incorporated in a series of 
data-handling programmes which are nearly operational. 

Apparatus for kinetic x-ray scattering experiments. 

From the work of G.G. Hammes and co-workers, the most 
likely vaiue ·for the time constant of the T/R conversion 
of ATCase is probably about 20 msec, but the change of 
x-ray solution scattering pattern is so large that it 
should be possible to investigate this time constant 
independently by using the high-intensity source of 
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x-rays at the Hamburg outstation. Furthermore, there 
are many other kinetic processes which might 
advantageously be monitored in this way, so that a 
system for performing kinetic x-ray scattering 
experiments at Hamburg would be of interest to several 
workers in Europe. Relevant developments in detectors 
and switching systems are in progress in the 
Instrumentation Division, but no comparable effort has 
been mounted for the construction of fast mixing 
devices. Our group has therefore undertaken that 
development, together with the testing of the devices 
(optical equipment for which has been constructed with 
the help of L. de Maeyer), and also with the overall 
planning of the initial kinetic x-ray experiments 
(including the provision of. suitable biochemical 
specimens). 

The initial efforts were undertaken about a year ago, 
when the television detector of J. Milch was available. 
With this detector, a continuous-flow mixing device was 
the most appropriate, so a simple one was constructed 
and subjected to feasibility testing last April. Rough 
scattering patterns were recorded 40 msec after mixing, 
but excessive quantities of protein were required, so 
the device was modified to act instead as a stopped-flow 
apparatus. This was also tested in Hamburg with the 
television detector in June, and gave encouraging 
results. However, mixing artefacts in the apparatus, 
and the inconvenience of using the television detector 
for stopped-flow experiments (it requires several 
seconds to output data) prevented the acquisition of 
useful kinetic curves. Last autumn several major 
modifications were made in the apparatus, and it 
performed far more satisfactorily. It is therefore 
being modified further to allow remote operation 
(necessary when using a high-intensity x-ray source). 

Reference 

Monaco, H.L., Crawford, J.L. & Lipscomb, W.N. (1978). 
Proc. Nat. Acad. Sci. U.S.A., 5276. 
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Protein sequencing 

Member: A. Tsugita* 

* Fellow: I. Kubota 

* Student: M. Tadras 

* Visiting worker: K. Yoshida 

* Technical assistants: R. van den Broek, J.J. Scheffler 

This group is developing methods for sequencing, and is 
determining the sequences of, insoluble proteins such as 
mitochondrial membrane proteins, the rod part of the 
heavy chain of myosin and T4 phage-capsid proteins. We 
are also interested in DNA-binding proteins such as HB 
of B.globigii and gp32 of T4 phage. Most of the above 
work has been carried out in close collaboration with 
both internal and external research groups. 
Mitochondrial proteins of Neurospora cytochrome band 
c 1 , have been supplied by H. Weiss; yeast cytochrome c 
oxidase subunits by G. Schatz and I. Gregore 
(Biozentrum, Basel); studies of myosin in collaboration 
with H. Lehrach and with F. Borras-Cuesta and H. Lindley 
(EMBL outstation, Grenoble); work on T4 capsid proteins 
as a continuation of collaboration with E. Kellenberger, 
A. Erlach, A. Engel and R. van Driel (Biozentrum, 
Basel); purification and characterization of crystalline 
sheets of a proteolytic fragment of T4 gp23 are in 
collaboration with J. Dubochet; DNA-binding protein, HB 
and gp32 in collaboration with T. Bickle (Biozentrum, 
Basel) and J. Hosoda (University of California) 
respectively. 

(a) Mitochondrial proteins 

Cytochrome c reductase and cytochrome c oxidase are 
examples of mitochondrial inner membrane enzyme 
complexes; sharing cytochrome c as a substrate they 
function as reductase' and oxidase respectively. The 
cytochrome c reductase complex consists of at least 
seven subunits which include cytochrome b, cytochrome 
c 1 , an iron-sulphur protein and a number of subunits 
w1thout known prosthetic groups (Weiss, 1976). 
Cytochrome c oxidase is also composed of about seven 
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subunits (Mason & Schatz, 1973). Cytochrome b of 
cytochrome c reductase, and the three large subunits I, 
II, III in the oxidase, are coded for by mitochondrial 
DNA. These protein subunits contain a high proportion of 
hydrophobic amino acids and are embedded in the interior 
of the mitochondrial inner membrane (Tzagoloff, Rubin & 
Sierra, 1973). Cytochrome c 1 of cytochrome c reductase, 
and the four low molecular weight subunits of cytochrome 
oxidase, are specified by nuclear DNA (Weiss, 1976). 
These features make it possible to study the interplay 
between mitochondrial and cytoplasmic protein synthesis 
which leads to an assembly of a functional oligomeric 
enzyme complex. Knowledge of the amino-acid sequences is 
an important step towards understanding the manifold 
functions performed by the membrane enzyme complexes. 

These proteins contain a relatively high proportion of 
hydrophobic amino acids. By newly developed methods (see 
section d), together with solid-phase sequencing, we 
have partially sequenced these proteins (Tsugita et al., 
1979). 

(b) Capsid morphogenesis of T4 phage 

* The T4 phige head surface consilts mainly of gp23 , 
gp20, gp24 , Soc and Hoc. Gi23 is the major capsid 
protein while gp20 and gp24 are present in lesser 
amounts (Aebi et al., 1979). HOi and Soc are dispensable 
proteins that bind to the gp23 surface in the 
stoichiometric relation, with respect to P23 ,of 6:6:1 
(Yanagida, 1977). Besides the surface* tie 
capsid contains internal proteins (IP) I ,II and III , 
internal peptides (I pep) II, VII and VIII and one or 
two other proteins. The I pep VII is the cleaved product 
of gp22, and I pep II is derived from a precursor 
protein, the so-called pre I pep II, the gene of which 
is unidentified. The uncleaved proteins gp21, gp22 and 
Ip I, II and III form the morphogenetic core in the 
early stage of capsid maturation. The cleavages in the 
above proteins are morphogenetically specific and are 
catalysed by a single enzyme which is the cleaved 
product of gp21 (Tsugita, Black & Showe, 1975; Showe, 
Isobe & Onorato, 1976). In order to assist in the 

* ) stands for the cleaved form 
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understanding of the interactions between these proteins 
during head morphogenesis we have been studying the 
molecular mechanism of cleavage and the configuration of 
proteins embedded in the quaternary assembly. 

(i) Cleavage mechanism 

Cleaved and uncleaved sequences of the proteins IPI 
and IPII have been worked out by the group, as well 
as partial sequences including the cleavage site of 
IPIII and the complete sequence of I pep VII. 
Besides this the sequence of an amber fragment of 
gp23, amounting to one third of the whole molecule 
and including the cleavage site, has been worked 
out by Isobe et al., 1978. I pep II and its 
precursor proteins were purified and partially 
sequenced (Isobe & Tsugita, 1978); this sequence 
also includes the cleavage site. The table lists 
the sequences in those proteins that were found to 
be cleaved, and some similar sequences that are not 
cleaved. From the table it may be concluded that 
the sequence required for morphogenetically 
specific cleavage is H-X-Glu-Ala (or Gly), where H 
is a hydrophobic aliphatic amino acid and X is an 
uncharged amino acid. Proteases specific for so 
long a peptide sequence are rare (Isobe, Black & 
Tsugita, 1976; Isobe & Tsugita, 1978). 
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protein sequence 

+ amino terminus 

Major capsid protein gp23 
Internal protein I 
Internal protein II 
Internal protein III 

+ -Phe-Leu-Thr-GlurAla-Glu-Ile-Gly-

-Phe-Ile-Ala-Glu-Ala-Arg-Val-Gly-+ -Phe-Ile-Ala-Glu-Ala-Thr-Val-Thr-+ -Lys-Ile-Ala-Glu- X - X - X - X -Core protein gp22 
Pre-internal peptide II + -Phe-Leu-Ile-Glu-Gly-Glu-Glu-Pro-

gp23 
I P II 
I P II 
I P II 
gp22 
gp22 

-Gly-Ala-Lys-G1u-Ala-Phe-His-Pro-
-Gly-Lys-Leu-Glu-Ala-Ala-Val-Asn-
-Gln-Gln-Ile-Glu-Ala-Ala-Ala-A1a-
-Gly-Ala-Asn-Glu-Gly-Lys-Gln-A1a-
-Asn-Lys-Glu-Glu-Ala-Glu-Glu-Lys-
-Ala-Glu-Glu-Glu-Ala-glu-Lys-Lys-

(ii) Structural oroteins 

After completing the sequence of the small outer 
capsid (SOC) protein (Bijlenga, Ishii & Tsugita, 
1978), we have made progress in two principal 
directions on the major capsid protein gp23; one 
was sequence work on the amber fragment B272 (Isobe 
et a1., 1978), and the other was the isolation and 
charact.rization of a limited proteolytic fragment 
of gp23 which has the property of assembling into 
two morphologically-distinct ordered structures 
(Aebi et al., 1979). The amber fragment B272 
consists of 151 amino acids and 63 of these are 
cleaved off from the N-terminus in the process of 
maturation. The cleavage region is rich in polar 
amino acids and has polar amino-acid clusters. The 
cleavage releases two iegative charges. The N-
terminal region of gp23 has the relatively high 
proline content of 8% . This suggests that one 
effect of cleavage is the removal of the 
hydrophobic region from the precursor *protein, 
resulting in the less soluble protein gp23 . 
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* A fragment of gp23 of molecular weight 14,000 was 
prepared by limited chymotryptic digestion of the 
capsid. This fragment, in the form of crysta.line 
sheets, was shown to be derived from gp23 by 
serological tests. Studies were also made by 
suppression of accurately mapped mutants in 
§ene 23 with Su I and Su II, using C serine and 
H-glutamine in the cultur14media3 The sheets were 

isolated and the ratio of C to H was determined. 
When the amber locus was within the region coding 
for the peptide, the ratio must be different in the 
sheets isolated from a Su I host and that from Su 
II. In this way it was shown that the sheets 
originated from between the amber loci B278 and 
A489 (corresponding to residues 275 and 400 from 
the N-terminus). Two amber fragments B278 and C208 
(near A489) were isolated; the difference in 
composition of these, coinciding with that 
indicated above, accounts for that of the sheet 
protein. The N-terminus was found to be a single 
amino acid. Two types of well-ordered structures 
were observed in negatively stained preparations, 
one with a hexagonal type structure several layers 
thick and one with a rectangular type structure. 
Optical diffraction patterns of the two types of 
sheet demonstrate that the periodic structures of 
the two types are based on similar hexagonal 
lattices. Furthermore, analysis of the freeze-
dried and shadowed specimens suggested that the 
rectangular type results from a staggered 
association of two identical hexagonal layers. 
Studies on the primary sequence and metal tagging 
are actively in progress. 

(c) DNA binding protein 

The helix-destabilizing protein gp32 binds tightly and 
specifically to single-stranded DNA. Limited digestion 
of gp32 by chymotrypsin und trypsin under restricted 
conditions produces three types of cleavage. products 
with different affinities for DNA (Hosoda & Moise, 
1978). Comparative studies of DNA-binding activities, 
and the N- and C-terminal analysis of these cleavage 
products, indicate that· the N-terminal 13 or 18 amino 
acids of gp32 are required for binding to single-
stranded DNA while the C-terminal structure, including 
77 to 80 amino acids, has an inhibiting effect on 
binding and melting of duplex DNA. This year we have 
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determined the sequence of the N-terminal region of 21 
amino acids and have made a prediction of the residues 
responsible for DNA binding. By combining the sequences 
of the peptides cleaved off in the restricted 
proteolytic digests, the sequence was determined as 
below (Tsugita & Hosoda, 1978), and the basic amino-acid 
cluster (3-5) was indicated as a candidate for the DNA-
binding sites. 

5 10 -Ala-Ala-
Gln-Met-Ala -Lys-Leu-Asx-Gly-Asp -Lys-

(d) Development of sequence techniques (Tsugita et al., 
1979) 

Many difficulties are encountered in sequence studies of 
hydrophobic proteins. Several new approaches have been 
made recently in our group, in order to aid in molecular 
weight determinations of membrane proteins as well as in 
sequence determination. 

(i) Use of organic solvents 

Hydrophobic membrane proteins can theoretically, 
if not always in practice, be digested by trypsin, 
but not by chymotrypsin under conventional aqueous 
conditions. These observations indicate that the 
polar groups, such as lysyl or arginyl, are 
exposed on the surface of the molecules whereas 
the apolar groups required for chymotryptic 
digestion are buried within them. The addition of 
organic solvents can change the protein 
conformation so that the apolar groups become 
exposed on the surface and thus susceptible to 
attack by chymotrypsin. Organic solvents, such as 
propanol, change the conformation of proteins by 
breaking intra-molecular hydrogen bonds. The 
stability of various proteases to different 
concentrations of propanol has been tested. 
Several membrane proteins have been demonstrated 
to be more susceptible to proteolytic cleavage in 
30-50% propanol solutions. The results support the 
view that in organic solvents conformational 
changes can take place that increase the steric 
availability of hydrophobic residues. 
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(ii) Sequence arrangement of peptide fragments 

As mentioned above, only certain proteases can be 
used to digest lipophilic proteins, so it is 
difficult to obtain overlapping peptides for 
sequence alignment. To overcome this difficulty 
we have developed a new method for the alignment 
of peptides. First a protein is labelled with a 
radioactive reagent at the N-terminus alone and 
the labelled derivative is subjected to both 
complete and partial enzymatic digestion. 
Secondly, the digests are separated and their 
compositions and sequences are determined by 
conventional procedures. Comparison of the 
compositions of the radioactive peptides from the 
partial digestion with those from the complete 
digestion enables the linear alignment of peptides 
to be established. The method for preparing 
derivatives of the N-terminus alone is most 
critical in the above procedure; the method used 
is essentially that described in the next section. 
By this procedure the alignment of the 11 tryptic 
peptides of a protein (precursor of Ipep II of T4 
phage) has been worked out. 

(iii) Minimum molecular weight determination 

We have recently developed a method for 
determining the minimum molecular weight of a 
protein. The method includes a simple procedure to 
modify the N-terminal NH 2-group specifically. 
First all NH 2-groups, including e-NH 2-groups of 
lysyl residues and the N-terminal NH 2-group, are 
modified by phenylisothiocyanate reagent and the 
derivative is subjected to one step of Edman 
degradation. The newly revealed N-terminus is then 
reacted with radioactive PITC. From an analysis of 
the radioactivity and the amount of protein used 
the minimum molecular weight can be calculated 
non-empirically. This method has several 
advantages, including the fact that it cannot be 
affected by lipid or carbohydrate components of 
the protein. 
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Electron Microscope Development 

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

* Technical assistant: N. Webster 

Electron microscope development this year has been 
concentrated in two particular areas: 
(1) the interfacing of the STEM to a dedicated image-

processing computer, 
(2) the use of cryo-techniques for specimen 

preservation. 
The basic form of the image-processing computer was 
described in last year's report. This computer has now 
been installed adjacent to the STEM and has been 
operating on-line for some months. 

The link between the STEM and the computer 

The original intention had been to construct this link 
in the first instance in its final rather sophisticated 
form. However, it became clear during the year that the 
backlog of work in the Computer Group would seriously 
delay the implementation of such a system. It was 
therefore decided to install a much simpler system as a 
temporary measure, to enable the microscopists to gain 
experience in the use of on-line computing. This is the 
system currently in operation and it has been used by 
the E/M group for Fourier-filtering of periodic 
structures and to a greater extent for mass/unit length 
measurements of linear phages and muscle components. In 
the meantime, development of the final system has 
continued and the STEM hardware is now complete (this 
includes pulse-counting electronics for operation at 
very low beam currents). Considerable thought has been 
given to the methodology of the new system. The two 
aspects, image acquisition and image processing, are 
considered separately. It is essential that the 
mechanics of image acquisition should be kept as simple 
as possible so that the microscopist may be free to 
concentrate on the microscopy and to ensure that an 
important micrograph is not lost because of human error. 
On the other hand, the essential feature of image 
processing is versatility, even at the expense of 
simplicity of operation. The acquisition of images by 
the computer will therefore be initiated by single-
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keystroke operation. This is made possible by use of 
microprocessors to handle the dialogue between computer 
and microscope. Image processing can be carried out 
interactively using a conventional computer terminal to 
which has been added a grey-scale (image) display or 
non-interactively using archived images. The use of the 
array processor, to be installed early in 1979 by the 
Computer Group, will enable such operations as the 
calculation of Fourier transforms to be carried out 
quickly enough to enable the microscopist to check the 
quality of his stored image while the .specimen is still 
in the microscope. 

It is hoped to install the final system in the early 
part of 1979. 

Cryo-techniques 

Interest in these techniques developed from several 
starting points. First, the success of our analogue 
image-processing techniques in imaging unstained 
specimens led naturally to speculations on the 
possibility of removing another possible source of 
artefacts, the embedding medium, by the use of 
cryomicrotomy, i.e. the sectioning of frozen rather than 
embedded material. 

Secondly, the use of the STEM for mass measurement rests 
on the assumption that mass loss due to irradiation in 
the microscope can be controlled. The only general 
technique to inhibit mass loss is to maintain the 
specimen at a low temperature, approaching that of 
liquid nitrogen or lower, during the measurement. 

These two aspects are adequately catered for by cooling 
the specimen to liquid nitrogen temperature. We have 
therefore developed a cryostage for the STEM which 
operates successfully under these conditions. This 
stage is now routinely used for mass measurement. 

A third aspect, potentially of much greater importance 
for high resolution micr6scopy, is the use of 
cryotechniques to inhibit specimen damage induced by the 
electron beam. This damage has always placed a 
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fundamental limit on the resolution attainable from 
biological specimens since, in general, the electron 
dose required to produce statistically acceptable images 
at high resolution exceeds by a considerable factor the 
dose required to destroy high resolution structure. 

Results published in the latter half of the year by a 
group, at the Siemens Research Laboratories indicated 
that the radiation resistance of specimens could be 
greatly increased by the use of specimen temperature 
approaching 4°K, coupled with very low beam currents and 
correspondingly long exposure times. In conjunction 
with the ElM Applications we initiated a study 
both of the validity of these results and of the 
possibility of incorporating such facilities into an 
instrument at EMBL. 

These studies resulted in a proposal for a CRYOSTEM 
presented to the first meeting of the Instrumentation 
Policy Planning Committee in January 1979. 

Publications during the year 

Freeman, R., Griffiths, G.W., Jones, A.V. & 
Leonard, K.R. (1978). Scanning transmission electron 
microscopy and x-ray microanalysis of unstained 
biological thin sections. Proc. 9th Internat. Congress 
on Electron Microscopy, Toronto, Vol. 2, p.110-111. 

Jones, A.V. & Leonard, K.R. (1978). Scanning 
transmission electron microscopy of unstained biological 
specimens. Nature (London), 211, 659. 

Jones, A.V. & Smith, K.C.A.(1978). Image processing for 
scanning microscopists. In Scanning Electron Microscopy 
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Electron Microscopy, AMF O'Hare, Illinois, Vol. 1. p. 
13-26. 
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eds.). Scanning Electron Microscopy, 
Illinois, Vol. 1. p. 27-32. 
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Computer Group 

Memberi: R. Herzog, C. Boulin, F. Herzog J. 
KUbler, R.C. Ladner, P.T. Speck, H.R. Struve 

* * Students: R. Kempf, P. Martin 

The main events in 1978 were the move into the new 
building and the installation of two new NORD 10 
systems, of the Evans and Sutherland Picture 2 system, 
of the NORD network and many related pieces of 
equipment. The STEM project was brought to an 
operational state, the fly-flight dynamics measurements 
were automated, and data collection from Gabriel's x-ray 
detector was installed. 1978 also saw a shift of 
development activities to more and more maintenance and 
services, accentuated by temporary staff shortages which 
it is hoped to overcome in 1979. 

Description of the EMBL NORD 10 systems 

ND 428 - General Time Sharing System (TSS) 

This system provides most of the local computing 
services for the It connects all experiments 
that do not require a dedicated computer by way of CAMAC 

Plate 31 (parallel and serial). It acts as the central mode of 
communication between the other EMBL systems. It 
provides access to peripheral equipment whose 
duplication would be costly: card and paper tape input, 
magnetic tapes, electrostatic plotter, film scanner, and 
film writer. 

Some administrative work is now carried out on this 
system, for example the preparation of documents and 
printing of address labels. Use of this system has 
increased as more and more users become aware of its 
potential, and if this trend continues it will become 

Plate 32 overloaded sometime during 1979. Plate 32 is a usage 
chart for 1978; it should be noted that the x-ray 
groups are now using more than 50% of the accounted 
time. 
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ND460 - STEM Computer 

This system is dedicated to the STEM operation and image 
processing. The addition of an array processor will make 

Plate 33 it the image-processing system for the whole Laboratory, 
since it can be quickly accessed by way of the NORD 
communication network. Since June 1978, when the STEM 
connection was completed, this system has been used 6 
days a week with little idle time. 

ND 178 - Real Time Graphics System 

This computer is devoted to the support of the Evans and 
Sutherland Picture II system. It has enough local 
storage and power to give full support to molecular 
modelling projects. 

ND 234 - Development System 

This system, which is located quite separately from the 
rest of the computer facilities, is used both for 
hardware development, which requires complete and close 
access to a computer during the day (not available with 
the other 3 systems), and for software development to 
take place without disturbing other users (which are now 
logged at remote locations). It has the bare minimal 
hardware needed for independent operation, except for a 
generous disc store (in order to standardize on disc 
types). Software tests and exchanges are simplified to 
the the same disc pack may be used on all 
systems. 

Network Capabilities 

At present the lines operate at only 152 kbauds, but 
Plate 34 NORSK DATA will supply lines working at 307 kbauds 

during 1979. The NORD NET allows remote operation on any 
one system from any other system, and access to the 
files of any of the systems. It has been in daily use 
between the STEM and TSS computers, in order to make 
available the wider range of peripherals available on 
the TSS machine. 
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System Development and Support 

Members: R. Herzog, F. Herzog and R.C. Ladner 

This year most of the effort has been in adapting to 
fast changing conditions: new systems, new 
configurations and network operations. Maintenance of 
previous developments and development of new utilities 
has continued, the most noteworthy projects being: 

(1) programs to facilitate the maintenance and 
development of large suites of programs (more than 
10,000 lines of code). These programs are by-
products of the molecular modelling project. They 
permit 98% automatic transformation from the PDP 11 
dialect of FORTRAN to standard NORD FORTRAN; the 
search of large suites of files for certain strings 
(variables, variables being modified etc.); and the 
documentation of common declarations and their 
automatic editing in large suites of files. 

(2) programs to assist in the management of the growing 
usage of disc space, by providing listings of files 
needing migration etc. These programs also provide 
incremental back-up. They have been widely 
distributed to the community of NORD users. 

(3) a package to transfer data with the disc 4 to 5 
times faster than with the NORD file system. This 
package is a necessary step towards the programming 
of the STEM system. 

STEM Interfacing and Software 

Members: C. Boulin, F. Herzog, R. Herzog, B. Unitt 

After almost 18 months' delay, it was decided to 
undertake an urgent program to produce a preliminary 
system that would permit computer operation of the STEM 
with somewhat reduced performance. This "Mark I" 
interface system was a joint effort of the Computer and 
STEM groups, costing about 6 man months, and was 
completed at the end of 1978. It has been working 
reliably since then, and has eased the pressure on the 
design and implementation of the final "Mark II" 
interface. 
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Plate 35 A block diagram of the Mark I interface is given. It 
shows that if necessary (for export purposes), it can be 
driven via an existing EMBL CAMAC module, although at 
reduced speed. 

The software servlclng this interface permits the 
acquisition of images in the standard EMBL format and 
their display with gamma correction, and also the 
performance of various test functions. In the interests 
of standardization processing is done by means of the 
existing body of software. 

Further development of the Mark I interface has included 
a cursor system to allow the grey scale display also to 
be used for interactive measurements. It takes 10 
seconds to display a 512 x 512 image on this display, 
compared with 2 minutes on the Tektronix displays. 

Basic characteristics of the systems are as follows: 

acquisition of 256 x 256 pixels image 

or display 512 x 512 

1024 x 1024 

Mark I 

2 (3) 

6 (10) 

23 (40) 

Mark II (planned) 

0.7 (1) 

1.8 (2.5) 

6.7 (10) 

(the first figure is the fastest obtained, that in brackets being 
obtained in normal use) 
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An AP 120 B Floating Point System Array Processor will 
shortly be added to the STEM system. It is interfaced 
via CAMAC, but software will have to be developed at 
EMBL. Processing speeds for images should then increase 
by a factor of 4 to 6 in the case of Fourier transforms. 
The AP 120 B performs about 10 million floating point 
operations per second, about 200 times more than the 
NORD 10. The useful speed will be limited by disc and 
memory access times. 

CAMAC and Related Experiments 

Members: C. Boulin, F. Herzog, R. Herzog, R. BUcher 

Plate 36 Implemen*ation of a basic subset of the CAMAC subroutine 
standard on the NORD 10 has been completed. The next 
level has been designed with the EP division of CERN, 
and will be implemented by CERN owing to lack of 
manpower in EMBL. This standard should help in the 
exchange of programs with the outstation in Hamburg. 

A Gabriel-type x-ray detector was connected via serial 
CAMAC in September 1978. The basic data acquisition and 
evaluation software permit gathering of data, display 
and tests. Scientific evaluation is being carried out 
by M. Moody. 

The fly-flight dynamics measurements have been automated 
via parallel CAMAC for G. Geiger, and became operational 
in the Autumn of 1978. The data acquisition and 
evaluation programs were implemented on the NORD 10. 
Production runs have shown that access to the time-
sharing system may be too long when time-critical 
operations are required. 

The STEM MARK II system will be 
design was nearly completed 
Construction and 
first half of 1979. 

entirely CAMAC-based and 
at the end of 1978. 
will take most of the 

* ) "Subroutines for CAMAC" US.NIM and ESONE, June 1978. 

-153-



N I M Instrumentation 

FLY FLIGHT 
DYNAMICS 

( 4th floor) ___ .--.--. ..--. 
Analog & 

·-.. , 

Digital Informations 

NORD 10/S 
with cache memory 
192 k 16 bit words 

. Hardware 

SCC 
( L 2) 

(5thfloor) .--.-

DMA 
Controllers 

.-
70m 

CAMAC SERIAL 
HIGHWAY 

DRIVER 

-

25m 
M C A & Interface 

PROM 
Programming 

\.0 l-o 
\ 

SERIAL CRATE 
-CONTROLLER (L2) 

OPTRONICS \ 
FILM WRITER '---------t@ 

ADC Analog to Digital Converter 
DMA Direct Memory Access 
SCC Serial Crate Controller 
PROM Programmable Read Only Memory 
M CA Multichannel Analyzer 

\ X-RIlY 
17 x 22cm2 

\ 
- Gene-

GABRIEL rator 
,ETECTOR 

NO 428 TSS: CAMAC ON- LINE APPLlCATIONS 
PLATE 36 



In collaboration with D. Tocchetti and J.M. Bois of the 
Grenoble Outstation, a CAMAC-based data acquisition 
system has been developed in Heidelberg and installed at 
Grenoble for use with a laser interferometer. 

Computer Graphics: neuroanatomy 

Member:" P. T. Speck 

Development of software for this project has continued, 
including particularly the following: 

1. a package to use the TEKTRONIX terminals from PASCAL 
programs 

2. polygonal "cliffing" algorithms 
3. a virtual array file package, as the necessary 

prelude to graphical data base handling 
4. Bezier-spline approximation procedures to represent 

smooth curves controlled by polygonal sequences 
5. a graphical data base handler 
6. preliminary neurographics application programs, for 

testing the graphical data-base handler, to allow 
reconstruction of 3-D structures (early 1979) 

7. quantitative studies of Golgi impregnations with N. 
Strausfeld. 

As of 1st January 1979 P.T. Speck will be transferred to 
the Data Analysis Group, thus ending the Computer 
Group's commitment to this nearly completed project. 

Computer graphics: molecular model building 

Member: R.C. Ladner 

During the first quarter of 1978 J. Ladner used the 
programs running on the PDP 11/40 and the Evans and 
Sutherland Picture System 1 at the Deutsches 
Krebsforschungszentrum to explore the side-chain 
interactions in a model of Pf1 filamentous virus. That 
version of the program allowed 200 atoms together with 
symmetry-related atoms to be displayed and manipulated, 
and it permitted the exclusion of a number of models 
that were under investigation. EMBL has now ceased to 
use this system because it is required full-time for in-
house projects; we are, however, most grateful for the 
use we have been able to make of it during the past 2-3 
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In collaboration with D. Tocchetti and J.M. Bois of the 
Grenoble Outstation, a CAMAC-based data acquisition 
system has been developed in Heidelberg and installed at 
Grenoble for use with a laser interferometer. 

Computer Graphics: neuroanatomy 

Member: P.T. Speck 

Development of software for this project has continued, 
including particularly the following: 

1. a package to use the TEKTRONIX terminals from PASCAL 
programs 

2. polygonal "cliffing" algorithms 
3. a virtual array file package, as the necessary 

prelude to graphical data base handling 
4. Bezier-spline approximation procedures to represent 

smooth curves controlled by polygonal sequences 
5. a graphical data base handler 
6. preliminary neurographics application programs, for 

testing the graphical data-base handler, to allow 
reconstruction of 3-D structures (early 1979) 

7. quantitative studies of Golgi impregnations with N. 
Strausfeld. 

As of 1st January 1979 P.T. Speck will be transferred to 
the Data Analysis Group, thus ending the Computer 
Group's commitment to this nearly completed project. 

Computer graphics: molecular model building 

Member: R.C. Ladner 

During the first quarter of 1978 J. Ladner used the 
programs running on the PDP 11/40 and the Evans and 
Sutherland Picture System 1 at the Deutsches 
Krebsforschungszentrum to explore the side-chain 
interactions in a model of Pf1 filamentous virus. That 
version of the program allowed 200 atoms together with 
symmetry-related atoms to be displayed and manipulated, 
and it permitted the exclusion of a number of models 
that were under investigation. EMBL has now ceased to 
use this system because it is required full-time for in-
house projects; we are, however, most grateful for the 
use we have been able to make of it during the past 2-3 
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years. EMBL's own Picture System 2 was delivered in 
April, two weeks after the move into the new building, 
but NORSK DATA were unable to install the interface to 
the P52 before June. The original driver written at the 
Central Institute for Industrial Research, Oslo, for 
NORSK DATA proved to be unacceptable, but a much 
improved driver has been developed in collaboration with 
the same Institute, resolving most of the basic software 
problems. The transfer of programs from the PDP 11 to 
the NORD 10 has been automated. 

Publication during the year 

Caron, F. & Herzog, R.F.(1978). A new programmable timer 
designed for pulsed NMR. J. Magnetic Resonance, 357-
362. 
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X-ray detector development 

Member: A. Gabriel 

Technical assistant: F. Dauvergne 

(This group moved from the Grenoble Outstation to 
Heidelberg in July.) 

Two-dimensional detectors 

detectors are now in full routine 
application in the Hamburg Outstation, connected to the 
IN 90 (Intertechnique) minicomputer. 

A 5 cm flat drift space is mounted on the detector, 
permitting high efficiency at short wave-lengths and not 

Plate 37 affecting spatial resolution with a normal beam. The 
relative positions of the drift space and detector 
permit the recording of a pattern without drift space if 
parallax error occurs. The detector is now filled with 
Ar/C02 , making it possible to obtain energy resolution 
and permitting the rejection of undesirable wavelengths. 

Specification 

Area 
Depth 
Spatial resolution 
Energy resolution 
Efficiency 
Gas filling 
Pressure 
Drift space 
Efficiency 
Counting rate 

200 mm x 200 mm 
10 mm 
2 x 0.8 mm 
25% 
20% (1. 5 1l) 
Ar/C02 
1 atm. 
50 mm 

(1. 5 1l) 
10 Hz 

A detailed description of the system is in preparation. 

Linear detectors 

The linear detectors described by Gabriel (1977) have 
been in routine operation at the DESY Outstation since 
1977 and at LURE (Paris) since 1978 (see for example, a 

-158-



2 

3 

4 

5 

DRIFT SPACE 

H.T 
X RAY 

DETECTOR 

PLATE 37 

Sketch of drift-space area detector. Localization 
circuit: 1, pre-emplifier; 2, amplifier; 3, constant 
fraction discriminator; 4, delay; 5, time to pulse-
height converter. Energy circuit: 6, pre-amplifier; 7, 
amplifier; 8, single-channel analyser. 
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small-angle scattering study of water-clay suspensions 
at LURE, described at the 4th General Conference of the 
European Physical Society, September 1978, York, 
England) . They are also in use at the Grenoble 
Outstation and several other laboratories. These 
detectors, representing as they do the present state of 
the art, are indestructible by even very high intensity 
beams; however, the slow data acquisition system at 
present linked to the detector does not yet make it 
possible to obtain the full benefit of the high 
intensity of the synchrotron beam. 

Specification 

Length 
Aperture 
Depth 
Spatial resolution 
Gas filling 
Pressure 
Counting rate 

Circular detector 

80 or 100 mm 
8 mm 
6 mm 
0.2 mm 
Ar/C02 
2 
10 Hz 

A prototype exists and has been fully tested. The 
electronic arrangement is the same as that used with the 
two-dimensional and linear detectors. Only one (radial) 
coordinate of the ionizing event is recorded; however, 
in scattering experiments the signal is integrated from 
all the photons scattered at a particular angle, instead 
of only those located on a single radius as in the 
linear detector. Thus the exposure time can be very much 
reduced. 

Specification 

Diameter 
Depth 
Spatial resolution 
Gas filling 
Pressure 
Counting rate 

150 mm 
10 mm 
1 mm 
Ar/C02 
1 
10 Hz 

Considerable further development of gas-chamber detector 
systems seems possible and is under investigation, 
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especially the recording of diffraction patterns by 
several separate detectors, or by successive 
displacements of a single detector, so as to yield 
higher resolution and to make it easier to obtain the 
full benefit of the high intensity of synchrotron 
radiation (theoretical studies are being carried out by 
F. Chamayou of the Data Analysis Group). 

A further application will be to the localization of 
radioactively labelled materials as in autoradiography 
(see, for example, Gabriel & Bram, 1974). 

References 

Gabriel, A. (1977). Rev. Sci. Inst., 48, 1303-1305. 

Gabriel, A. & Bram, S. (1974). FEBS 307-
309. 
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Data analysis 

* * * Members: S.W. Provencher, J.M.F. Chamayou, V.G. Dovi 

* Student: R. Vogel 

* Visiting worker: B.E.A. Saleh 

The group was established in April 1978 and joined by J. 
Chamayou in September and V. Dovi in November. The aim 
is to develop new methods for data analysis, and also to 
provide support where it can 'in areas like theoretical 
chemistry and physics and applied mathematics to 
research groups engaged in instrument design, computer 
applications, and biological problems involving 
mathematical models. The end products, however, will 
mainly be user-oriented computer programs that can also 
be easily used outside EMBL. 

Ill-posed inverse problems 

A completely automatic regularization algorithm was 
developed for the solution of large unstable systems of 
linear algebraic equations or linear integral equations 
of the first kind. A priori statistical information and 
absolute information on the solution in the form of 
linear inequality (e.g. non-negativity) or equality 
constraints can be included. A program has been 
developed on the DEC 10 at the neighbouring Max-Planck-
Institut fUr Kernphysik and will be available for 
distribution. By modifying small user-supplied 
subprograms, it is possible to apply the program 
directly to a wide variety of problems, for example: 

(1) the determination of molecular weight (or particle 
size) distributions, e.g. from micrographs of plane 
sections, sedimentation equilibrium, low-angle 
light- or x-ray scattering, gel permeation 
chromatography, or photon correlation spectroscopy 
(Provencher, 1979); 

(2) the correction of data from optical, electronic, or 
mechanical instruments with non-ideal (i.e. real) 
impulse responses, e.g. fluorescence decay and low-
angle neutron- and x-ray scattering data; 
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(3) the analysis of the linear responses to 
perturbations in complex biological or chemical 
systems, e.g. with chemical relaxation or 
physiological tracer kinetics. 

An example of type (1) was verified experimentally with 
photon correlation spectroscopy. Continuous molecular 
weight distributions were determined automatically and 
reproducibly (Provencher et al., 1978). This provides a 
simple method for measuring polydispersity, typically in 
less than an hour. 

As an example of type (3), it was shown (with V. Dovi) 
using simulated flash photolysis data that the 
effectively continuous activation enthalpy spectra 
believed to occur in the binding of CO to haem proteins 
can be directly determined without any prior assumption 
about the functional form of the spectra. Thus the 
proposed model can be independently and objectively 
tested. It was also shown that typically at least seven 
discrete sub-barriers or conformational states would be 
required as an alternative model. This was done with a 
program for automatically analysing exponential decay 
data (Provencher, 1976) and is available for 
distribution and on the DEC 10. 

Both of the above procedures are generally considered 
impossible, and would have been if it were not for the 
automatic regularization and non-negativity constraints 
on the solution. Therefore it would be worth while to 
try to extend this approach to two- and three-
dimensional problems. Although the present algorithm is 
too complex for this, less safe but faster methods (e.g. 
based on maximum entropy) would certainly be worth 
investigating. 

Automatic analysis of multicomoonent data 

When there are only a few components or processes in 
examples (1)-(3) above, the problem reduces to 
determining the minimum number of components and their 
parameters (e.g. concentrations and molecular weights or 
emplitudes and relaxation times). A new optimum 
transform method was developed for general problems of 
this type. It was successfully tested on a wide range of 
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simulations including strongly convoluted nanosecond 
fluorescence decay over a narrow time range and chemical 
relaxation over a very wide time range (with R. Vogel). 

Diffraction from partially ordered systems 

While the above regularization technique would be useful 
in correcting the layer-line intensities in x-ray fibre 
diffraction of particles with helical symmetry, it would 
be better to avoid the intermediate deconvolution step 
altogether and refine the model directly against the 
intensity data. Work has begun with J. Chamayou, C. Nave 
and D. Marvin. 

The synchrotron source at the Hamburg Outstation will 
permit low-angle x-ray measurements to be made orders of 
magnitude faster than with conventional sources. This 
means a proportionate decrease in the damage due to 
dissipation and other processes in orienting fields 
(e.g. flow or even electric fields) in solutions and 
gels. Work has begun (with J. Chamayou) in developing a 
method for estimating the coefficients in a spherical 
harmonic expansion of the electron density and, more 
important, the uncertainties and non-uniqueness involved 
for randomly- and partially-oriented particles. 

Short-term projects 

The following were 

(1) The statistics of the Hendrix-FUrst detector 
derived, and possible ways of overcoming 
problems of multi-bunch mode were investigated 
B. Saleh and J. Hendrix). 

were 
the 

(with 

(2) An explicit expression for the uncertainty in the 
first order rate constant measured with low-angle x-
ray solution scattering was derived (with M. Moody). 

(3) A method was developed for estimating the relative 
concentrations (and their uncertainties) of two or 
three solutes in x-ray titrations (with M. Moody). 

(4) A direct expression was derived (V. Dovi and L. de 
Maeyer) for a general set of first-order chemical 
relaxation amplitudes in terms of equilibrium 
properties only. This means that one could in 
principle from equilibrium measurements only design 
a perturbation so that only one normal mode would be 
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excited and only one exponential decay would be 
observed. In practice the result will probably be 
more often used as a clear connection between 
thermodynamics and kinetic relaxation amplitudes. 

(5) An analytic solution was obtained for a classical 
model for heat flow applied to specimen damage in a 
STEM at low temperatures (with V. Dovi and A. 
Jones) . 

Publications during the year 

Provencher, s.w. (1979). Inverse problems in polymer 
characterization: Direct analysis of polydispersity 
with photon correlation spectroscopy. Makromol. Chern., 
180, 201-209. 

Provencher, S.W., Hendrix, J., de Maeyer, L. & 
Paulussen, N. (1978). Direct determination of molecular 
weight distribution of polystrene in cyclohexane with 
proton correlation spectroscopy. J. Chern. Phys., 
4273-4276. 

Other references 

Alberding, N., Chan, S.S., Eisenstein, L., Frauenfelder, 
H., Good, D., Gunsalus, I.C., Nordlund, T.M., Perutz, 
M.F., Reynolds, A.H. & Sorensen, L.B. (1978). 
Biochemistry, 11, 43-51. 

Provencher, S.W. (1976). Biophys. J., 
J. Chern. Phys., 64, 2772-2777. 
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The Outstation at the DESY, Hamburg 

Head: H. Stuhrmann 

• Membeis: H.-D .• Bartunik, v. 
FUrst, i. Gill , A. Harmsen, 
Rosenbaum 

Fellow: J. Milch 

Trainees: M. Detloff, R. Hock 

• Bordas, P. Clout, 
J. Hendrix, M. Koch, 

• • 

H. 
G. 

Visiting. workers: K .• Bartels, i. Chatelaii, H. 
Eisenbirg, P. Giliore, J. Jacobe '. M. Hart, A.U. 
Luscio, V. , P .• Phizackerley, F. Rousseau, 
H.G. Wittmann , G. Worgan 

• • Users .of the A. Bouriillon ,T. Cox., J. 
Drenti, G. Elliott., W. Faruqi. C.D. Garnei, R. 
Goody,. N. Greaves '. C. Hermes '. M. Heckel. W. 
Hofmani, K.C .• Holmes , H.E. Vuxley, R. Jonak, j. 
Joyner ,.J. Lowy , E. Wandelkow , W* Maret, M. Moody., 
F. Parak., R. Pettifir , F. Poulsin , Sir John Raidall , 
G. Reitz , H. Riedel , R. Tregear , E. Zeppezauer 

• Technical .assistants: .P. Bendall, H. Borgwardt * E. 
Dorrington , R. Klaring , H. Ludwig, P. Moir-Riches , V. 
Renkwitz, B. Robrahn 

1978 was the year of a first approach to a wide range of 
uses of synchrotron radiation. New instruments became 
operational (Table 1, p.192) and many new projects have 
been started. 

A survey of the possible uses of synchrotron radiation 
has been given elsewhere (Stuhrmann, 1978). The 
Outstation is active in the following areas: 

Small-angle diffraction 

Small-angle scattering 

X11 
X13 

X15 
X12 

Time resolved diffraction of 
muscles and other connective 
tissues 

Rapid mixing techniques 
Anomalous dispersion 
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Protein crystallography 

X-ray spectroscopy 

Mossbauer diffraction 

I. Instruments 

X11 
X13 

S11 
S1 

P 1 1 

Anomalous dispersion methods 
High resolution measurements 

Fine structure of absorption 
edges and EXAFS 

Nuclear scattering 

Plate 38 One instrument (S1) is operational at the synchrotron 

Plates 
39,40 

Plate 40 

DESY (Plate 38), and there are six operational 
instruments (X11, X12, X13, X15, S11, P11) at the 
storage ring DORIS (Plates 39,40). As there are only 
five independent beam lines at DORIS, created by 
deflecting parts of the main beam, two of the 
instruments (S12 and S11) cannot be used simultaneously. 

(a) The optical layout 

The concept of the optical layout has not been 
altered but there have been some changes in detail. 
Rectangular monochromators have been replaced by 
triangular ones wherever it is necessary to bend the 
beam (X11, X13). Vertical focussing of the beam is 
achieved by eight quartz mirror segments each of 20 
cm length, every mirror being appropriately aligned. 
A further reduction of the vertical height of the 
focal spot, from 1 mm to about 0.3 mm, will be 
achieved by bending each mirror individually. 
Attempts to bend quartz plates have failed, perhaps 
because they are too thick (2 cm). 

Much experience with double monochromator systems 
was gained. Unlike channel-cut crystals, which are 
used in S1 and S11, two single crystal 
monochromators separated by several metres (X15) are 
generally assumed to be difficult to align; however, 
practice has shown that such a system, as in X15 
(Plate 40), can be from one to another 
wavelength (1.3 - 2.2 A) in a few minutes. 
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Plate 39 

(b) Shielding 
protection 

of the instruments and radiation 

The accessibility of the instruments has been 
improved by the construction of concrete shielding. 
This work was finished in April 1978. Those 
instruments which receive a monochromatic beam from 
one or two separate monochromators (X11, X13, X15 
and P11) can be operated independently since they 
dispose of their own local beam shutters. The 
instruments in the tunnel of Lab. 4 at DORIS (X12 
and S11) will also become accessible without 
depriving the other of the main beam, by 
the installation of a new heavy beam shutter (on 
loan from the DESY synchrotron radiation group F41) 
in February 1979 (Plate 39). 

As DORIS is used for intermediate storage of 
positrons for the big new storage ring PETRA, the 
possibility of receiving synchrotron radiation in 
Lab. 4 during injection has been studied by the 
safety group of DESY. After some extensions of the 
existing shielding in November and the installation 
of additional monitors, which would dump the 
positron beam in case of emergency, the main shutter 
no longer needs to be shut when positrons are being 
injected into DORIS. Consequently since the end of 
November we have received synchrotron radiation from 
DORIS practically continuously. The energy of the 
positrons (2.2 GeV) is somewhat too low for the 
production of intense x-ray radiation, but there is 
now always plenty of beam time for testing purposes 
(see section III, p. 189). 

(c) Instruments at the Synchrotron CLabo 2 at DESY) 

In March the shielding in Lab. 2 was modified. The 
installation of a new optical system has begun. The 
vacuum path for the main beam, including two mirror 
boxes, has been finished. So far only the central 
beam is used by the instrument S1 which produces x-
ray absorption spectra. 

The 
been 
work 

construction of the instruments X1 and X2 has 
started. However, priority has been given to 
on Lab. 4 because of the more attractive beam 
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Plate 39 

Plate 41 

at DORIS. 

(d) Instruments at the storage ring (Lab. 4 at DORIS) 

The instruments on the ground floor of Lab. 4 at 
DORIS are shown in Plate 39. Two double-focussing 
systems with eight mirrors and a Ge monochromator 
are now working satisfactorily. They provide 
monochromatic focussed beams about 1 mm square with 
a flux of nearly 10 11 photons/sec. for X11 and X13. 
A third set of eight mirrors can be introduced in 
the central part of the beam whenever it is needed, 
as the bench and the frames for the mirrors have 
already been installed. It could focus the beam to 
the new x-ray absorption instrument S11 once 
cylindrical mirrors are available. 

(e) Instrument development 

i . X13: J. Hendrix, M. Koch, J. Bordas 

This fixed-wavelength double-focussing system 
is based on the same optical principles as X11 
(Barrington Leigh & Rosenbaum, 1976). 
Focussing is achieved by a set of eight flat 
grazing-incidence mirror segments in the 
vertical direction. For reasons of efficiency 
the mechanical part of the mirror system was 
based as far as possible on commercially 
available components. The mirror monochromator 
assembly is shown in Plate 41. The 
monochromator consists of a triangular 
germanium crystal (111), bent by a small 
eccentric wheel driven by a D.C. motor. The 
mechanical adjustments are made with the remote 
control system described below. The optical 
bench for the experimental set-up consists of a 
commercial granite bench (Micro Contrale, 
France) mounted on a standard frame (Spindler & 
Hoyer, Germany). 
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1. QUARTZ MIRROR B. ROTATIONAL TABLE (MICRO-CONTROL) 

2. MIRROR HOLDER 9. HEIGHT DEVICE FOR MIRROR SYSTEM 
3. MACRO-OPTICAL BENCH 10. FLEXIBLE VACUUM FEED-THROUGH 

(SPINDLER & HOYER) 11. TRANSLATIONAL TABLE VERTICAL 
4. VACUUM BOX HOUSING 12. TRANSLATIONAL TABLE HORIZONTAL 
5. MONOCHROMATOR 

6,7. GONIOMETER (MICRO-CONTROL) 

PLATE 41 

Side view of the mirrors and monochromator 
X13. This system has now also been adopted 
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ii. X15: H. Stuhrmann 

This instrument has undergone long development. 
Using the 111 reflexion of flat asymmetrically 
cut (7°) germanium single crystals, the 
wavelength range extends from 0.8 to 0.4 A. As 
the vertical distance between the two 
monochromators is 124 cm, the second 
monochromator has to be displaced by about 5 m 
in order to cover this wavelength interval. 
This has been made possible by filling the 
instrument with helium over its whole length of 
14 m from the first monochromator to the x-ray 
detector, in order to decrease absorption. 
Plastic bellows were used for the variable path 
lengths between the two monochromators and 
between the second monochromator and the 
instrument. However, the use of helium has 
considerable drawbacks and a vacuum system 
would be preferable. 

In order to maintain the mobility of the second 
monochromator a vacuum-tight telescope system, 
consisting of two pairs of plastic tubes, was 
installed in November. This reduces the total 
displacement of the second monochromator from 5 
m to 1.6 m, giving a wavelength range from 1.3 
to 2.4 using the Ge 111 reflexion. 

A big window, which is transparent to x-rays 
and at the same time strong enough to take 1 
atm pressure over an area of 20 cm x 20 cm, had 
to be constructed in order to use the Gabriel 
area detector. A simple iron-wire grating of 1 
cm spacing and 1 mm wire thickness turned out 
to be sufficient to support a mylar foil 10 
thick. All monochromator rotations and slit 
movements are remotely controlled (for test 
experiments, see III d). 

iii. Remote control systems 

J. Hendrix 

In synchrotron radiation experiments it is 
inevitable that a number of mechanical elements 
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must be adjusted remotely, since many of the 
optical components are located in the radiation 
area of the experimental building. 

A remote-control system has been designed which 
combines easy installation and maintenance with 
simplicity of operation. The drive units are 
small D.C. motors combined with multi-turn 
potentiometers used as position sensors. 

Plate 42 A schematic diagram of the system is shown in 
Plate 42. All motor-potentiometer units for a 
given experimental set-up are connected to a 
single de-multiplexed bus system, each with its 
own address. Up to four access channels can be 
installed so that four motor units can be 
driven simultaneously. Motor address and 
positional data are entered digitally, either 
through a central keyboard unit, or through an 
incremental manual control unit. Computer 
access is foreseen via the input bus and a 
standard CAMAC-input-output register. 
Positioning and read-out of the mechanical 
elements can be done to a resolution of one 
part in ten thousand. Three systems of this 
type are at present operaational. 

iv. Beam position monitor 

J. Hendrix 

The changing operating conditions of the DORIS 
storage ring result in movements of the beam 
position which make the adjustment of the 
optical elements of the beam lines in the 
experimental areas difficult and time 
consuming. For this reason a beam-position 
monitor has been developed which gives accurate 
positional information without obstructing the 
beam. It consists of two crossed ionization 
chambers which divide the active volume 
diagonally .into two halves. The difference 
between the ionization currents measured from 
the two anodes is proportional to the beam 
height relative to the monitor. 
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Remote control system for instruments X13, X15 and P11. 
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The system has been tested and proved to be 
linear over a range of ± 10 mm. The sensitivity 
under present conditions is 200 mV/mm. A 
resolution in the 100 range in the position 
of the centre of gravity of the intensity is 
easily achievable. 

v. S11: J. Bordas, M.H.J. Koch, J. Phillips 

The construction of this high resolution x-ray 
spectrograph is based on the experience gained 
from the instrument S1 constructed by the 
Daresbury Laboratory {U.K.). A rapidly tunable 
"channel-cut" monochromator was designed by J. 
Bordas. The following are some features of the 
design. 

1. Guard slits before and after the 
monochromator, to alter energy resolution 
and eliminate scattered radiation. 

2. Monochromator and guard slits enclosed in a 
helium box, which is easily openable to 
facilitate crystal changes. 

3. Low noise ion chambers, sealed and connected 
to a gas filling system. 

4. Ion chambers and sample mounted on an Ealing 
optical bench to allow for rapid and simple 
alignment. 

5. The whole apparatus mounted on a large, 
electrically powered scissor table allowing 
for an up and down motion to compensate for 
shifts of beam height. 

The apparatus was constructed in Heidelberg and 
has recently been delivered and installed at 
DORIS. The instrument is interfaced via CAMAC 
to the PDP 11/45 computer. X-ray absorption 
spectra may now be taken routinely under full 
computer control. Multiple spectra of standard 
samples have been taken and show that 
accurately reproducible spectra can easily be 
obtained. Some data reduction software has 
been obtained from the Daresbury Laboratory and 

-178-



vi. 

other programs are being developed at the 
Outstation. 

Some improvements to the system will be made in 
1979. A new monochromator, to give extremely 
high energy resolution and to eliminate 
harmonics, will be installed; it has been 
developed in collaboration with M. Hart 
(London). Also fluorescence detectors are 
being purchased, to allow for the study of 
dilute systems. 

A novel position-sensitive detector 
with rings operating in the 
bunch mode 

J. Hendrix and H. Furst 

for use 
single-

The use of multi-wire chambers in diffraction 
experiments at storage rings running in the 
single-bunch mode is severely limited. Indeed, 
it is difficult to resolve multiple photon 
events occurring within the very short high-
intensity flashes of synchrotron radiation. 
The adoption of the drift chamber principle led 
to a new concept for a position-sensitive 
detector which circumvents most of the problems 
encountered in the classical approach. The 
proposed detector offers a number of advantages 
such as high spatial resolution (0.5 mm) and 
the highest count rate capability with a 
homogeneous sensitivity over its area. 

The detector is of circular form, with a drift 
space consisting of a central cathode with 
anode wires placed in a concentric cylindrical 
configuration around it. The choice of a 
multi-anode configuration, apart from avoiding 
space-charge limitations, permits very 
efficient processing of closely spaced events. 

*) Workshop on X-ray Instrumentation for 
Synchrotron Radiation Research, Stanford Linear 
Accelerator Center, April 3, 1978. 
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Although a rectangular shape would be possible, 
the circular shape is especially suited for 
small-angle scattering experiments, where 
patterns with circular symmetry are 
encountered. Furthermore, this geometry also 
makes it possible to obtain full two-
dimensional information in polar coordinates, 
the radial information being obtained from the 
drift time, and the angular coordinate being 
given by the anode element hit. The originality 
of the approach lies in the combination of the 
drift chamber principle with a particular 
design of the associated electronics which is 
very efficient in the ,collection of data. This 
applies especially to small-angle scattering 
applications where a maximum total count rate 
of 1 GHz, with 128 channels, is envisaged. With 
kinetic experiments in mind (e.g. stopped 
flow), an electronic scheme has been adopted 
which permits read-out to proceed concurrently 
with the collection of data. In the case of 
diffraction patterns, the processing of the 
data would become much more elaborate; the 
speed here would be limited by the access time 
of the large semiconductor memory array needed 
to store the information from the large number 
of picture elements. In this case, a 
segmentation of the memory units and the 
introduction of a selective read-out system is 
conceivable. 

Prototypes of circular and rectangular versions 
of this detector have been partly built at the 
Outstation and in the Instrumentation Division 
at Heidelberg, but are not yet operational 

Plate 43 (Plate 43). 

vii. Data acquisition and handling 

P. Clout 

In the computer electronics group the main 
emphasis has been on the installation of CAMAC 
and the writing of the necessary support 
software, in addition to normal support and 
development work on the PDP 11/45 computer. 
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In order to give access to the PDP 11/45 from 
the various experiments, a CAMAC serial highway 
has been installed to cover the experimental 
areas in both bunkers. For RSX-11M, the 
operating system of the PDP 11/45, a special 
driver program had to be written to give users' 
programs access to CAMAC. The CATY system was 
modified, improved and installed' by a 
contractor in order to ease the writing of 
simple data acquisition programs (CATY is a 
simplified version of the well-known computer 
language BASIC with CAMAC 1/0 statements added 
and it provides excellent facilities for 
generating and testing simple data-acquisition 
programs as well as for testing CAMAC modules). 
The recently standardized FORTRAN subroutines 
for CAMAC have also been written for the system 
and tested; they provide a convenient FORTRAN 
interface to CAMAC. All these facilities have 
also been written for the RT-11 operating 
system for the smaller PDP-11's. 

The first use of these systems was the 
programming of the Optronix film scanner which 
is connected to the PDP 11/45 via CAMAC. CATY 
provided an excellent facility to test the 
logic of the acquisition sequence, which was 
finally written in FORTRAN using the standard 
CAMAC calls. This program was based on the 
FORTRAN program from the main laboratory in 
Heidelberg. 

The first experimental apparatus to be run 
directly by the PDP 11/45 was the recently 
completed EXAFS apparatus. The benefits of 
this automation of the data acquisition 
sequence have already been seen in considerably 
improved productivity. This is a consequence of 
the fact that, with a general purpose computer 
attached, data can be collected whenever the 
beam conditions are right and meanwhile 
previous results can be analysed 
simultaneously; in addition a sequence of 
experiments can be set up to run unattended. 
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General support work has included normal 
maintenance of the operating system, the 
installation of a new version, and the 
development of systems for the backing-up and 
archiving of data (this includes the writing of 
data to tapes so that users can take the data 
to their home computers). 

II. Research programs 

(a) Protein crystallography 

1. Rhodanese and haemocyanin 

K.H. Kalk and W.G.J. Hol (University of 
Groningen) 
EMBL collaborator: H. Bartunik 

The purpose of the experiments with rhodanese was 
to give a quantitative assessment of the 
intensity gain with synchrotron radiation, and to 
check the special Lorentz polarization factor 
required. Crystals of haemocyanin (M.W.=500,000) 
are to be studied at A=1.37 1 in an attempt to 
locate the Cu positions of the Cu-pairs from the 
relatively large anomalous differences of Cu at 
this wavelength. 

Good 16° precession pictures of a rhodanese 
crystal were obtained by using both a 
conventional 1.2 kW x-ray tube and the 
synchrotron radiation. From the fact that the 
still photographs could be taken in one minute or 
less, it could tentatively be deduced that the 
synchrotron beam (3.4 GeV, 50-100 rnA, 2-dot 
precession camera collimator) was 10-15 times 
more intense than a rotating-anode generator plus 
graphite monochromator. 

Owing to the erratic behaviour of the crystals no 
satisfactory haemocyanin diffraction patterns 
have yet been obtained. A detailed report from 
W. Hol containing many helpful suggestions is 
available. 
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Forthcoming experiments include: 

(1) localization of the pair of Cu atoms in the 
sub-unit of haemocyanin; 

(2) preliminary investigation of the recently-
obtained apo-haemocyanin crystals; 

(3) investigation of the resolution limits of 
small crystals of the parahydroxy-benzoate 
hydroxylase; 

(4) preliminary characterization of crystals of 
the cloacin-immune complex grown from 
ammonium sulphate. 

2. U-Lysozyme B 

P. Jolles, J. Berthon, R. Fourme 
EMBL collaborators: H. Bartunik, K. Bartels 

This is a joint project between the Outstation 
and LURE (Orsay). 

The only useful derivative of the orthorhombic 
high temperature form of lysozyme is its uranium 
derivative, which makes a good candidate for the 
use of anomalous dispersion for phase 
determination. Data collection at the Mr-edge 
(A=2.235 A) and the LIII-edge is 
being done at the DCI storage ring (LURE) and the 
DORIS storage ring (EMBL), respectively. 

(b) Collagen 

1. Collagen of rat-tail tendon 

Th. Nemetschek, H. Riedl, R. Jonak (University of 
Heidelberg) 
EMBL collaborators: M.H.J. Koch, J. Bordas 

Changes in the relative intensities of the 
collagen pattern on treatment with glutaraldehyde 
and with phosphotungstic acid respectively, have 
been measured together with the concomitant 
increase of tension of the collagen fibre. The 
time resolution was of the order of one minute or 
less. 
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2. Corneal collagen 

G.F. Elliott (Open University, U.K.) 
EMBL collaborator: A. Harmsen 

The resolution of the diffraction pattern of 
corneal collagen (see 1977 Report) has been 
extended to the 22nd order. This opens the way to 
the investigation of the electron-density profile 
of corneal collagen, and of its modification by 
chemical and physiological treatments. Corneal 
collagen is clearly different biochemically and 
in its x-ray pattern from tendon collagen, and 
these differences are likely to be relevant to 
the problem of the' origin of corneal 
transparency, and possibly to its impairment in 
pathological conditions. 

The next stage of this work will be to see how 
the diffracted intensities are affected by 
biochemical 'modification of cornea to extract 
glycosaminoglycans. 

3. Collagen and cartilage 

A. Miller and C. Berthet 

(See the report of the Grenoble Outstation.) 

(c) Muscles 

1. Time-resolved experiments on contracting frog 
muscle. 

On X11: H.E. Huxley, A.R. Faruqi (MRC Laboratory, 
Cambridge), J. Milch 
On X13: H.E. Huxley, A.R. Faruqi, J. Bordas, 
M.H.J. Koch 

X-ray diagrams were recorded from contracting 
frog sartorius muscle 'using Milch's television-
type x-ray detector on X11. Good pictures of the 
stronger equatorial and meridional reflexions 
could be taken in single exposures as short as 
100 msec. Improved results were obtained later in 
the year on X13 with a linear Gabriel detector 
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during a period of main user time. 

2. Structure and mechanism of insect flight muscle 

R.S. Goody, 
Medizinische 
M.K. Reedy 
R.T. Tregear 

w. Hofmann, K.C. Holmes 
Forschung, 

(Duke University, USA), 
(University of Oxford) 

(MPI fUr 
J. Milch, 

C. Rodger, 

Experiments begun on the low-angle diffraction 
bench at DESY (X1) have continued on the 
corresponding bench (X11) at DORIS. Using a TV 
camera (see 1977 Report) as detector, it was 
possible to obtain on the changes in layer 
line intensities of the diffraction pattern from 
glycerinated flight muscle in the active state 
("hypertension"). The of an earlier 
experiment by Armitage, Tregear and Miller could 
be confirmed, i.e. the intensity of the 145 A 
meridional reflexion decreases with respect to 
the relaxed state. In addition it was possible to 
show for the first time that parallel changes in 
the intensity of the 3801 layer line also occur, 
probably corresponding to the attachment of 
myosin crossbridges' to actin. Similar changes 
were also observed in oscillating muscle 
producing high-amplitude work. Using the non-
hydrolysable ATP-analogue, ATP(S,y-NH), it was 
shown that the well-documented effect of the 
nucleotide on the low-angle diffraction pattern 
was dependent on the counter-ion used. Although 
ATP(S,y-NH) can bind to rigor cross-bridges in 
the absence of divalent metal ions, only minor 
changes in the diffraction pattern occur, in 
contrast to the situation with MgATP(S,y-NH). 
This can be correlated with a lack of influence 
on the mechanical properties of the fibres and a 
weak coupling between the nucleotide and actin-
binding sites of myosin in the absence of 
divalent metal ions. 

These studies were not continued because the T.V. 
detector was not available after July 1978; they 
should be resumed when this system is replaced by 
a similar one or by an alternative two-
dimensional detector. Attempts to continue x-ray 
monitoring of specimen preparation for electron 
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microscopy using X11 (see 1977 Report) have not 
yet been successful owing to technical problems, 
but the available intensity and potential camera 
performance indicate that the required film 
exposures can be obtained in about 5 minutes, so 
that exposure time will no longer be rate 
limiting in these investigations. 

3. Time-resolved studies of molluscan smooth muscles 

J. Lowy and F. Poulsen (Aarhus) 
EMBL collaborators: J. Bordas, M.H.J. Koch 

Anterior byssus retractor muscles of 
Mytilus edule were stimulated and changes in the 
144 A and 72 A meridional reflexions were 
followed with a time resolution between 0.2 and 1 
second. The intensity of the 144 A reflexion 
decreases by about 40% within 0.5 seconds after 
stimulation. Analysis of the results is in 
progress. 

(d) Microtubules 

Structural transitions in microtubule assembly 

E. Mandelkow and A. Harmsen (MPI fUr Medizinische 
Forschung, Heidelberg) 
EMBL collaborators: J. Bordas, M.H.J. Koch 

The formation of assembly intermediates could be 
followed with a time resolution of the order of 1 
minute. The project will continue throughout 1979 to 
determine the influence of temperature and other 
parameters (e.g. calcium concentration) on the 
polymerization process. 

(e) Small-angle scattering 

1. Small-angle scattering of solutions of ribosomes 
on X15 

K. Nierhaus and J. Littlechild 
Molekulare Genetik, Berlin) 
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EMBL collaborator: H. Stuhrmann 

Small-angle scattering of the 50S ribosome sub-
unit in various solvents was measured as a 
control routine for neutron small-angle 
scattering experiments. In order to test the 
performance of X15 some dilute solutions (1-2 
mg/ml) of ribosomal proteins were measured. The 
data are being analysed. 

The small-angle scattering patterns were recorded 
with a Gabriel area detector. The counting rate 
due to the contributipn of the ribosomes was 
about 1,000 counts/sec. (in ferritin solutions it 
is about 30,000 counts/sec.). 

2. Anomalous dispersion methods in 
scattering 

H. Stuhrmann 

small-angle 

Small-angle scattering of ferritin solutions was 
measured at 80 different wavelengths between 1.48 
A and 1.99 A. X14 proved to be extremely useful 
for this purpose and the whole series of 
measurements was carried out in 12 hours. A 
rough analysis of recently obtained data 
indicates clearly that the half-width of the 
central peak changes non-linearly as a function 
of wavelength. Very interesting features of this 
relation are observed near the K-absorption edge 
of iron at 1.73 l. predictable phenomenon 
will be investigated in more detail as it opens a 
possible way to the investigation of other metal 
proteins in solution. 

3. Test experiments with an energy 
counter 

dispersive 

Sir John Randall (University of Edinburgh) 
EMBL collaborators: J. Bordas, M.H.J. Koch 

Further small-angle scattering experiments were 
carried out using an energy dispersive counter at 
X12. Very fine collimation was necessary to avoid 
electronic pile-up of the detector system (see 
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the 1977 Report, page 99). 

(f) X-ray absorption spectroscopy of metal enzymes 
(EXAFS) 

R. Bray, S. Gutteridge (University of Sussex), C.D. 
Garner, S. Hasnain (University of Manchester), 
EMBL collaborators: J. Bordas, M.H.J. Koch, J. 
Phillips 

The molybdenum site of xanthine oxidase is being 
examined using S11 at DORIS. Spectra of the enzyme 
in both the active and desulpho forms have been 
obtained and six model compounds have also been 
examined. Data reduction is proceeding and further 
studies of metalloproteins are planned. 

(g) Quaternary structure determination of polymeric 
proteins by nuclear resonance scattering 

C. Hermes, R.L. Mossbauer, F. Parak (Technische 
Hochschule, MUnchen), H. Stuhrmann 
EMBL technical collaborator: H. Ludwig 

The essential requirement in quaternary structure 
determination by nuclear resonance scattering is to 
separate the immediate Raleigh scattering from the 
time-delayed 57Fe resonance scattering. In a first 
experiment, a beam with an energy of 14.4 KeV and an 
energy width of about 1 KeV was filtered by two 
graphite monochromators, and was then scattered by a 
very thin foil of natural iron. A lead-loaded 
plastic scintillator mounted on a very fast photo-
multiplier was used as detector. It was protected 
against overloading due to the strong light flash of 
Raleigh scattering by applying at the time of this 
flash a voltage pulse to the second and fourth 
dynode, reducing the of the multiplier 
by a factor of 10- . The recovery the 
photomultiplier turned out to be 40 x 10- sec. 

An experiment was performed with the storage ring 
working in the single-bunch mode at 3 GeV and 1.1 
mAo The accumulated time spectra showed very 
pronounced peaks separated by multiples of 2.10-Y 
seconds. At about 230.10-Y seconds after the 
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single-bunch pulse the peaked structures vanished 
gradually. The experiment showed, first that there 
is a large number of incorrect bunches in the 
storage ring, and secondly that the protection of 
the detector against overloading worked, but must be 
improved 57 in order to separate completely the time-
delayed Fe scattering from the background. 

III On the availability of synchrotron radiation 

The spectral characteristics of the synchrotron DESY and 
the storage ring DORIS are quite similar at high 
energies, but the intensity of x-radiation from the 
former is some 40 times less owing to the lower current 
(3 to 10 times lower) and to the time-structure of its 
beam which is modulated at 50 Hz (giving a factor of 
about 6). Thus the synchrotron beam is intrinsically 
much less attractive; it has been used during the year 
for the most part for EXAFS experiments. 

Unfortunately, for reasons outside the control of the 
Outstation and having to do with the high-energy physics 
program of DESY, the much more attractive high-energy 
high-current beam time at DORIS was a great deal less 
abundant, so it was not possible to invite too many 
visiting groups with any prospect that they would get 
useful results. All those who did come in fact obtained 
some useful beam time, but some of them unfortunately 
suffered frustration and exhaustion while waiting for 
many hours, or even days, for promised beam time which, 
when it finally came, could not be used to the best 
effect under these conditions. After October no high-
energy, high-current beam time at all was available 
except for one main user shift in December (see Table 
1). 

Matters took a turn for the better at the end of the 
year, when the safety authorities first permitted the 
beam shutter to be open during the periods when DORIS 
was being used for injection of positrons into PETRA. 
This resulted in a very great extension of the time 
during which the beam was available, and on many 
occasions the current was increased to 2.2 GeV and 80 mA 
- parameters that provide an x-ray beam useful for many 
experiments especially at long wavelengths (A>1.5 A). 
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In addition to this parasitic use of the 
prospects in 1979 for main user time, 
parameters of the beam are those proposed by 
(energy more than 3 GeV, 100 mA), are 
favourable - see Table 2. 

Publications during the year 

beam the 
when the 

EMBL itself 
much more 

Bordas, J., Bray, R.C., Garner, C-D., Gutteridge, S., 
Hasnain, S.S. & Pettifer, R. (1979). An EXAFS study of 
the molybdenum site in desulpho xanthine oxidase. In 
Proceedings of a Symposium on the Applications of 
Synchrotron Radiation to the Study of Large Molecules of 
Chemical and Biological Interest, Daresbury (in 
press). 

Bordas, J. & Koch, M.H.J.(1979). Synchrotron radiation 
and x-ray scattering and diffraction of macromolecules. 
In Proceedings of a Symposium on the Applications of 
Synchrotron Radiation to the Study of Large Molecules of 
Chemical and Biological Interest, Daresbury (in press) 

Clout, P.N., Bendall, P.J. & Golding, F. (1978). Data 
acquisition with a PDP-11 under RSX-11M using the CAMAC 
serial highway. Proc. Digital Equip. Compo Users Soc., 

247-251. 

Crichton, R.R., Ponce-Ortiz, Y., Koch, M.H.J., Parfait, 
R. & Stuhrmann, H.B. (1978). Isolation and 
characterization of phytoferritin from pea 
(Pisum sativum) and lentil (Lens esculenta). 
Biochem. j., 111, 349-356. 

Hendrix, J., Koch, M.H.J. & Bordas, J. (1978). A double 
focussing x-ray camera for use with synchrotron 
radiation. J. Appl. Cryst. (in press). 

Huxley, H.E., Faruqi, W., Milch, J., Koch, M.H.J. & 
Bordas, J. (1979). Time resolved x-ray diffraction 
stUdies. Proceedings of a Symposium on the Applications 
of Synchrotron Radiation to the Study of Large Molecules 
of Chemical and Biological Interest, Daresbury (in 
press). 

Koch, M.H.J., Parfait, R., Haas, J., Crichton, R.R. & 
Stuhrmann, H.B. (1978). A contrast variation study of 
E.coli ribosomes reassembled from protonated and 
deuterated subunits. Biophys. Struct. Mechanism, 251-
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262. 

Parfait, R., Koch, M.H.J., Stuhrmann, H.B. & Crichton, 
R.R. (1978). Ribosome structure studies by neutron low 
angle scattering. TIBS, 3, 41-43. 

Parfait, R., Koch, M.H.J., Haas, J., Stuhrmann, H.B. & 
Crichton, R.R. (1978). Neutron small-angle scattering 
of E.coli ribosomes. A contrast variation study. 
J. Appl. Cryst., 11, 487-488. 

Stasiecki, P. & Stuhrmann, H.B. (1978). Rontgenkleinst-
winkelstreuung an Erythrocyten. J. Appl. Cryst., 11, 1-
5. 

Stuhrmann, H.B. (1978). Recent results of synchrotron 
radiation experiments at the European Molecular Biology 
Laboratory at Hamburg. Nuclear Inst. Meth., ]2£, 297-
300. 

Stuhrmann, H.B. (1978). The use of x-ray synchrotron 
radiation for structural research in biology. Quart. 
Rev. Biophys., 11, 71-98. 

Stuhrmann, H.B., Koch, M.H.J., Parfait, R., Haas, J., 
Ibel, K. & Crichton, R.R. (1978). Determination of the 
distribution of protein and nucleic acid in the 70S 
ribosomes of E.coli and their 30S subunits by neutron 
scattering. J. Mol. BioI., 203-212. 

Stuhrmann, H.B. & Miller, A. (1978). Small 
scattering from biological structures. J. Appl. 
11, 325-345. 

Other reference 

Barrington-Leigh, J. & Rosenbaum, G. 
Ann. Rev. Biophys. and Bioeng., 2, 239. 

-192-

angle 
Cryst. , 

(1976). 



TQb.1 S:1ndlt .. 1'1 rod i atr 0 aha ot.tf.&iole usr.rs* a+ fl-w; t" i119 anCll 

da.y/month X11 x 12. XlS 1>1" 511 £1 

1 ... tl1 

t> '" {rol'V1 

"'5 1 o 11.1. 3.1Gt.'J 
22 1 10-l0mA t HoIttt«s 
l't -f So2. S Orertlh 
5 2 

'12 2 o oi2·1 +/fA.(1fj 
1CJ 2 LAJ!, 2.: 
11> 2 c:ons-trtAC:t 
s 3 and I8::Id ofconcrft 

1, 6hieldihC3 . 
.fJ 3 0£\4I 26 3 0 X-too. 
2 Li 11 

'l;61iC1 
c q 4 0 

16 '+ 40-ISmA a StA c = C/lA=HOII"\'\bl.o( .... 2.3 '+ '-

30 It 1u"l 
"1 S :t 

1'1 s 
21 Ii 
28 5 , 

ttsf-o a& 
::s Hl.ctlt:1 C4I.4 ttIcr: . 

If 6 \) 

11 6 M*J E 18 6 13.'. 0-2S 6 .8 
1 1-, ":J 0 

16 1-
23 1 QU'1. Q,\-5.1 30 1 6eV, w,.-
6 8 6b$ftLtoiei pM"-

13 8 Ltr)SQUs- olmo,+ 
22.' 'i66tJ .fc.dot)' 

no 
20 8 2'i.C ao-WmA 

fOLcI6at. 
2.1- C 
3 , 

-10 cr 
'11- 9 
2.Lt 'J .t: 

() '-1 10 -\-
\.} , 10 '" 15 10 c 

:u 10 2.]. GteV 
lCf -10 -1-00 

S 11 '" 10mA rn4d4iCaf-fOt! 
12 11 +0 vacuum beo:u1u 1, 11 pa+h of Low 

11 Q.me", f 
6 12 ( .... SOmA) opetaf(orQi: ftSt: ("-0.2.",,,q) 

-10 12 -1<J.lt 3.26(1V 
(n +I.tL 

-11 Ill. t-lblm¢s \larqk.. 
12 12..12. 1o-iootnA eI.Q/. el.Q1. ijwrhc:tws 

31 12 - fM6L if' of proJf:dS 



To-i:>. 2 

d 0. j I n'lon-ll-t-

-1 " 1 

AS 
2.2. .., 
2.9 1 

S 1 
11 2 

I\<J 1 
16 2. 
S 3 

11 3 
1\9 3 
26 3 

1 4 
9 4 

-16 
2.3 4 
30 't 
1- 5 

14 5 
2.1 S 
.2.8 S 
4 6 

11 6 
18 b 
2.S 6 
1- 1-
q 1-

16 t 
1-

30 1-
6 g 
13 g 
.2.0 
n 
3 CJ 

10 
IT 
'-4 q 
.., /0 
9 -to . 
IS -to 
22. 'to 
29 10 
S '11 
11 11 

-19 "1 
16 11 
3 12. 

10 '12 
11- '12. 
1.4 '12. 

X11 Xl5 P11 511 

2.1{ 2.26flV 
-ro"",A torPt'TM tiSSue: c'J'sf. 
B() 1'\'14 tor EMS 

Riedl 
2.2. 3. Lf 6.rz.V Btrr-lhel-

Io\q lildef IcD 

........ -t2.4. 

-11 .4. 

21.S 

7fo,,"oomA EISner-

1.2.. <acz:V 
l\olN'A for et (Vlio 

filMe of PETR.'(I C 30 "'''1iIlt4te!J ) I DaR-IS i:> 
+0 £; 1:0 3.2. GeV Q-f l\.oOINlA.for E"MBL 
l-f +1.,,5 'IN\0l;v. h·l/I.o,([' 

will be 1-4 € MaL Plt {L,e e"lol of beetIN'! p/;n',·ods . 

il'lStod[O'\hov. 0+ PtA C.posih·o ",," IVlJ(l'cf-fOlA. acalev"'ItoV-) 
PIA wIll tC\ke oV<l"r -!-he d."'{'j 0+ DoR lS e+ 

+<ZSf Ot p tA \,rf ('cu-tse ,'vd'flt rtA P+r"dIllS , 
o{"'evwise [,'ke \'V! Atril q\l\o{ Mcx'j. 

j:) IA m fSl,t b<t SVi cC"esSt""{ V\ow, a Viol .DoR.IS 
ot. stCIIlf\o{-bj mOrcl.,ilfle:... tOV e+ ("\f'q;'chov- ['l/1fo l>ETRA. 

opevO\ h'oV\ like (VI Af>r-il O!\I\d fl.A.cty 

DORIS i::, fo 0peV'OIho",," od· SGeV. 
I Vt s+C·dl 01'/.(0'"" Ot otold it 10lllotl co. vi-/-(@6. 

coli i cI r'1tt bea W\ 6< r i 111/1 e\l\fs qf S qrz V l'VI. 

OIA\I\cl" W\oole". WlA. 



The Outstation at the ILL, Grenoble 

Head: A. Miller 

• Members: C .• Berthet, F. Borras-Cuesta, 
J.-C. Jesoir, H. (part-time), K. 
Tocchetti, C. Wolff (part-time) 

• Fellows: S. Cusack, D. Hulmes, S. Perkins 

• • Trainees: G. Martin , C. Mason 

• A. Gab.iel, 
Simpson, D. 

Visiting workers: R. Cranston, B. Fraser, V. James, I. 
Serdyuk 

• • Users of. the Outstatiin: J. Baldwii, S. Bram., M. 
Carpen.er, M. Cvillel, P. Geneias ,B. Jac.ot, G. 
Kneale. M. Koch, R. Liberman, G. Miret, J.E. 
Mellema., H.D. Mi.tendorf, R. Olienbourg, Si. John 
Randal., C. Read., C.D. Roiger, N .• Roveri, 
Sadler, i. Sengel , Spells , P. ,A. Tiorpe, 
P. Timmins, J. Torbet , D. Worcester, J. Zaccai 

• Techni.al assistants: J.-M. Bois, F. Dauvergne, V. 
Fowler, H. Krischke, H. Ngotri, J. Sedita 

1. Molecular packing in collagen by combined electron 
microscopy / x-ray diffraction study 

C. Berthet, D.J.S. Hulmes, J.-C. Jesoir, A. Miller, 
C. Wolff 

Although the one-dimensional staggered arrangement of 
collagen molecules in fibrils is well understood, 
uncertainty still remains concerning the three-
dimensional structure of these fibrils. 

From x-ray diffraction experiments several models 
have been proposed which more or less fit the 
experimental results. The difficulty of drawing a 
model from x-ray data results not only from the phase 
information but also from the weakness of the 
equatorial reflexions. 
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The project, started in 1977 with D.J.S. Hulmes, 
consists of the direct visualization with the 
electron microscope of the molecular packing of 
collagen fibrils in rat tail tendon, using medium-
angle x-ray diffraction as a monitor for the specimen 
preparation. 

As stated in the 1977 Research Report, a specimen 
preparation procedure has been established which for 
the most part preserves the crystal lattice as 
demonstrated by x-ray diffraction. This procedure 
involves a double staining with phosphotungstic acid 
(PTA) and uranyl acetate (UA) and an embedding with 
Epon. 

Although the contrast of the thin sections is very 
good and the optical analysis of the electron 
micrographs gives numerous reflexions, no clear 
structure can be directly observed within the 
fibrils. These results, which seemed to be in 
contradiction with the high order shown by the x-
rays, led us to examine in detail all stages of the 
specimen preparation and especially the staining and 
the embedding. Furthermore, the optical reflexions 
correspond to inconsistent spacings always smaller 
than the 38 A spacing demonstrated by the x-rays. An 
immediate explanation for this is the existence of a 
"crimp" in collagen fibrils creating a situation 
where sectioned fibrils are examined at an angle 
rather than perpendicularly. To avoid this difficulty 
we are now using fibres which have been stretched 
during polymerization, so that the crimp is 
straightened. Another difficulty encountered is 
related to the fact that the thickness of the ultra-
thin sections is of the order of magnitude of the 670 
A stagger, and within this 670 A stagger collagen is 
stained at several levels by PTA and UA. This being 
the case a superposition of information may occur 
giving a confused picture. However, trials using 
only one stain (PTA or UA) gave poorly contrasted 
specimens with bad mechanical properties. 

Recently we have observed in some fibrils clear sets 
of concentric lines with a spacing of approximately 
38 A. But because the structure preservation is still 
too poor to show the second spacing of 26 A predicted 
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PLATE 44 

Medium angle x-ray diffraction pattern of a collagen 
fibre negatively stained with PTA. 
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(a) 

(b) 

(e) 

PLATE 45 

Comparison between meridional patterns recorded with a 
Gabriel RC-type detector 
(a) native wet fibre = 1h, y-scale = 16K) 
(b) fixed fibre, stained with trapped PTA 

molecules = 5 min, y-scale maximum 16,000 cts) 
(c) fixed stained with PTA = 1 h, 

y-scale = 256,000 cts) P 
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(b) 

PLATE 46 

Small-angle x-ray diffraction pattern of annulus 
fibrosus, (a) external region, (b) internal region. 
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Plate 44 

Plate 45 

by the x-rays, which would bring information about 
the angle between the two lattice vectors, we are 
trying to refine the specimen preparation procedure, 
especially in the direction of a stronger and more 
specific staining. The ideal solution would be to 
stain negatively the gap region consecutive to each 
collagen molecule. But this has so far. failed because 
the stain does not remain in the gaps during 
subsequent dehydration and embedding. Recently we 
succeeded in negatively staining these gaps with 
trapped PTA molecules which resisted prolonged 
washing. The staining remains until the resin 

stage. Although it is generally 
admitted that such a staining is an easy 
task at neutral pH, we are now able to demonstrate 
that under these conditions in fact only the outside 
gaps of the fibrils are stained to give the classical 
pattern of dark and light bands. We are now working 
out the conditions under which the staining will be 
retained right through the polymerization of the 
resin, thus giving strongly marked molecules on a 
lattice with a minimal background. 

2. Cartilage and intervertebral disc 

C. Berthet, G. Martin, A. Miller,D. Tocchetti 

Comparative structural studies have been made of 
several cartilaginous tissues in order to investigate 
the collagen structure and possible interactions 
between collagen and proteoglycans. Small-angle x-ray 
diffraction patterns have been obtained from both 
bovine intervertebral disc and bovine articular knee 
cartilage. 

Intervertebral disc contains a fibrocartilaginous 
region, the annulus fibrosus; collagen constitutes 
about 16% of the weight of the tissue and includes 
both Type I and Type II collagens. Biochemical 
studies reveal that the distribution of the two types 
of collagen and the concentration of proteoglycans 
are a function of the radial location. Type I 
collagen is practically pure in the external region 
whereas in the internal region Type II predominates. 
Small-angle x-ray and neutron diffraction patterns 
already obtained from the external region of the 
annulus fibrosus show that the Type I collagen in 
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Plate 46 

this tissue is not identical with that in tendon; 
either the collagen molecules in annulus fibrosus are 
longer than in rat tail tendon or there is additional 
material bound to each end of the molecule. The 
logical extension of this work is to look at the 
differences between the low-angle diffraction 
patterns of the external and internal regions of the 
annulus fibrosus. 

Bovine articular knee cartilage contains pure Type II 
collagen together with proteoglycans and water. 
Comparison with diffraction patterns obtained from 
the internal regions of the annulus fibrosus would 
improve our understanding' of the nature and 
composition of each material. 

External fibres of 2 cm length can be isolated from 
the matrix of the bovine intervertebral disc. 
However, internal fibres suitable for x-ray studies 
cannot be obtained in isolation, so in this case it 
is necessary to use samples consisting of small 
fibres embedded in the matrix and stretched in such a 
way that the axes of the fibres are parallel to the 
direction of stretching. Measurements were made with 
the Elliot rotating anode generator. The camera has 
a focussing system based on Huxley-Holmes optics, and 
both a position-sensitive counter and film were used 
for detection. 25 orders of the collagen meridional 
reflex ions indexed on a repeat distance of 670 A were 
obtained from each type of specimen. The scattering 
from the inner regions is weaker than that from the 
outer, owing to the presence of the matrix around the 
collagen fibres. Furthermore, the ratios of the 
intensities of the various orders is not the same in 
the two patterns. These latter differences might be 
explained either by the presence of higher amounts of 
proteoglycans in the internal region, their 
interactions with the collagen chain modifying the 
relative intensities of the reflexions, or 
alternatively by differences between the amino-acid 
sequences of Type I and Type II collagens. 

To distinguish between these two hypotheses a 
comparison has been made with tissues containing pure 
Type II collagen, namely bovine articular knee 
cartilage. Since the surface of articular cartilage 
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contains fine fibres arranged in a random fashion, it 
was necessary to employ the high intensity x-ray 
source at the Hamburg Outstation for this experiment, 
using a double-focussing camera with two mirrors and 
a Ge monochromator. The diffuse scattering around the 
main beam prevents observation of the first-order 
reflexion but the intensities obtained were similar 
to those from the internal region of intervertebral 
disc. Further experiments have been made in order to 
increase the accuracy of the measurements of the 
higher orders and to evaluate the intensity of the 
first order. 

Unfortunately in all these'experiments the presence 
of proteoglycans and their possible interactions with 
the collagen chain make it impossible to determine 
whether there is any difference between the collagen 
chains themselves. Nuclear scattering by neutrons 
using the contrast variation method could be a 
convenient method of eliminating the proteoglycan 
contribution, on the assumption that the average 
scattering length density of collagen proves to be 
far enough from that of the proteoglycan molecules. 

3. Brillouin scattering studies of the elastic proper-
ties of biological fibres 

s. Cusack and A. Miller 

The technique of Brillouin light scattering has been 
applied to the measurement of the velocity and 
polarization of high frequency elastic waves (10GHz) 
propagated in various fibrous proteins. From the 
general relationship that 

elastic modulus = (velocity)2 x density, 
information is thus 9btained on the high-frequency 
elastic properties of the fibre. The aim of the study 
is to relate these mechanical properties to the 
molecular structure and packing via inter- and intra-
molecular forces and to compare them with low 
frequency and static measurements. More complete data 
have now been obtained for collagen fibres (Cusack, 
1978; Cusack & Miller, 1978) following the original 
work of Harley et al. (1977), as well as some new 
results on fibrous proteins such as silk and keratin 
which have different polypeptide conformations. 
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Plate 47 Plate 47 shows the variation in the frequency of 
longitudinally and transversely polarized elastic 
waves (of wavelength 364nm) as a function of 
direction of propagation relative to the fibre axis 
in dry and native tendon collagen. Of interest is the 
marked anisotropy in the velocity of longitudinal 
waves, this anisotropy decreasing on drying. The 
transverse modes have only been observed in dry 
collagen and show little dispersion with angle. These 
curves have been interpreted on the assumption that 
the elastic properties of collagen are transversely 
isotropic, i.e. cylindrically symmetrical. This 
assumption implies that there are five independent 
elastic constants (the parallel and perpendicular 
Young's moduli Ell and E..L. , the shear modulus and two 
Poisson's ratios) which completely determine the 
dispersion curves for elastic waves. In the case 
dry collagen these constants have all been 
determined, but the incomplete observations prevent 
complete results being obtained for native collagen. 
The value of Ell _2in dry collagen is 
11.9GNm ,reducing to 5.IGNm in wet collagen. The 
latter value is five times higher than that normally 
quoted for the Young's modulus of tendon as 
determined by macroscopic stress/strain measurements. 
This discrepancy is not yet fully explained; it may 
be a genuine frequency effect, or it may reflect the 
presence of macroscopic weak spots in the tendon to 
which the microscopic Brillouin measurements are 
insensitive. In dry collagen the anisotropy in the 
Young's modulus given by EJI/E.L, is found to be 1 .43 
increasing to 1.82 on hydration. The ratio of the 
shear modulus to EJI in dry collagen is 0.28. The 
strong dependence of the velocity of elastic waves on 
the water content suggests that Brillouin scattering 
is probing intermolecular forces rather than the 
intramolecular forces of the collagen triple helix. 
This conclusion follows from the observation that the 
structure of the triple helix is rather insensitive 
to water content, while intermolecular forces and 
intermolecular packing are much less so. It has been 
argued that the stronger intra-helical forces (i.e. 
covalent bonds) should give rise to still higher 
frequency modes of vibration, but these have not yet 
been observed. 
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PLATE 47 

Elastic wave frequencies in collagen as a function of 
direction of propagation relative to the fibre axis. Dry 
collagen: longitudinal branch (A), transverse branch 
(C). Native collagen: longitudinal branch (B). 
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From a study of pure collagen it is interesting to 
proceed to an investigation of the elastic properties 
of composite collagenous materials by the same 
technique. Preliminary results have been obtained 
from fishbone, a mineralized collagenous system with 
the necessary optical transparency. A quantitative 
understanding of the elasticity of bone in terms of 
its structure and the properties of its components 
is, however, still lacking. In particular it is hoped 
that Brillouin scattering may resolve the problem 
whether the elastic properties of the collagen 
fibrils in bone are those of pure collagen, or 
whether they are modified by the presence of the 
crystallites of apatite (for instance if the latter 
occupy the gap region in the collagen structure). 

Table 3 gives results of Brillouin measurements of 
the axial high frequency sound velocity and the 
corresponding elastic modulus of a number of fibrous 
proteins. It is interesting that silk, containing the 
fully extended S-sheet structure, is stiffer than 
collagen (triple-helix) which in turn is stiffer than 
proteins with the less extended a-helical 
conformation. However in noting this correlation it 
must be remembered that the fibres are not single-
phase systems, and that other components (such as 
sericin in the case of silk) must play a role in 
determining the elasticity of the fibre. 

In conclusion, Brillouin scattering is beginning to 
show its value in what might be called molecular 
biomechanics, providing a new technique for studying 
the notoriously difficult problem of the mechanical 
properties of composite materials. 
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TABLE 3 

Brillouin scattering results for various fibrous proteins 

SPECIMEN 

mori silk 
(dry, in oil) 

Collagen (dry, 
in oil) 

Horsehair 
(dry) 

Feather rachis 
(dry, in oil) 

Porcupine quill 
(dry, in oil) 

Molluscan "catch" 
muscle 
( 12% reI. 
humidity) 

MOLECULAR 
CONFORMATION 

AXIAL VELOCITY 
OF SOUND (km/s) 

30% pleated - sheet 4.70 

100% triple-helix 3.87 

a-keratin 3.84 
35% a-helix 

s-keratin 3.71 
28% s-structure 

a-keratin 3.66 
25% a-helix 

paramyosin 3.53 
supercoiled 
a-helix 

-206-

ELASTIC MODULUS 
c 33 (GNm- 2 ) 

30.9 
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4. Amino-acid sequence studies of Myosin 

F. Borras, H. Lindley, R. Cranston 

During the year efforts have been directed towards 
developing techniques for the isolation of peptides 
from the rod region of the myosin molecule. The goal 
is to determine the sequence of about 600 residues in 
this region. 

Partial chymotryptic hydrolysis of myosin at low salt 
concentration (0.12 M NaCI; 10 mM phosphate pH 7.0; 1 
mM dithio-threitol) yields total rod and subfragment-
1 as the main species in the' hydrolysate, together 
with some minor components of lower molecular weight. 
Dialysis of this hydrolysate against 40 mM NaCl/5 mM 
phosphate pH 6.5 gives a precipitate containing total 
rod and myosin, and a supernataant containing 
subfragment-1. If the precipitate is dissolved in 
0.6 M NaCl/10 mM phosphate pH 7.0 and three volumes 
of ice cold ethanol are added, precipitation of both 
myosin and total rod takes place. However, only total 
rod and traces of LMM are extracted when the ethanol 
precipitate is treated with 0.6 M NaCl/10 mM 
phosphate pH 7.0. We have found that the unextracted 
myosin can be made to go into solution by making the 
M NaCl/phosphate buffer 5 M with respect to urea; it 
now remains in solution even after removing the urea 
by dialysis against the original NaCl/phosphate 
buffer. The myosin thus recovered gives LMM, instead 
of total rod, when digested with chymotrypsin at low 
salt concentration. 

In agreement with the results reported in the current 
literature· the total rod is homogeneous under SDS 
electrophoresis. However, it has been found that 
between three and five main components can be 
separated by isoelectric focussing in polyacrylamide 
beds containing urea. This heterogeneity could be 
attributed to frayed ends; but the possibility of 
two or more myosins being responsible for at least 
part of the heterogeneity is worth considering. 
Indeed isoelectric focussing of myosin in granulate 
gels shows that there are three well-resolved bands, 
which in SDS electrophoresis behave as the three 
light chains. In addition there are two or perhaps 
three extra bands that correspond to protein of high 
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molecular weight, and that do not contain light 
chains. These bands might correspond to different 
myosins, to different heavy chains, or to artefacts. 
They are at present being characterized. 

Kinetic studies of the tryptic hydrolysis of myosin 
and of total rod have been made in order to work out 
conditions for the preparation of peptides containing 
about 600 residues of the rod region of the molecule. 
This information will become very useful as soon as 
the reason for the heterogeneity of myosin has been 
clarified. 

A great deal of effort has been put into developing 
techniques for the purification of fragments from 
myosin (chymotryptic and tryptic fragments obtained 
by cyanilation of total rod). Gel filtration and 
ionic exchange chromatography with and without urea 
have not so far given useful results. However, 
preparative isoelectric focussing on gels 
containing high concentrations of urea looks very 
promising. 

A technique has been developed for binding peptides 
and proteins to porous glass supports by diazo 
coupling through the tyrosyl and histidyl residues. 
This gives good yields, and is potentially useful 
because of the relative infrequency of tyrosyl and 
histidyl residues in protein molecules, and also 
because of the stability of the linkage formed. 
Furthermore the procedure can be applied to native 
protein in aqueous solution. 

Subsequent chemical modification of the bound protein 
can then be carried out. Thus for example 
chymotrypsinogen can be bound to glass and then 
reduced and S-carboxymethylated, whereas if the 
reduction and carboxymethylation are carried out on 
the native protein the product is very insoluble, and 
therefore cannot be satisfactorily coupled to a solid 
support. 
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5. The deuteration laboratory 

K. Simpson, V. Fowler 

The ability to vary the neutron scattering density of 
biological macromolecular complexes is of interest to 
many biologists using the technique of neutron 
scattering. The deuteration laboratory was conceived 
to provide the necessary materials for such studies. 
It possesses a variety of facilities enabling living 
organisms to grow to a greater or lesser extent in 
D20, or in aqueous media supplemented with deuterated 
substrate. 

In the case of bacteria it has proved possible to 
grow variants of E.coli in 99.8% D20. However, 
contamination with hydrogen derived from protonated 
substrate has in the past limited the deuteration 
levels achieved. To increase these levels deuterated 
carbon sources are needed, and these are generally 
very expensive. The deuteration of succinate has 
therefore been carried out in the laboratory by 
refluxing succinate for several hours with dilute 
alkaline D20. Succinate is not as efficient a carbon 
source as glucose, cell cycle times being about twice 
as long; however, it does make possible the 
realization of very high levels of deuteration. 

Eukaryotic cells in general are very intolerant of 
D20, algae and fungi being exceptions. In 
particular, mammalian cells have proved in our 
experience very difficult to adapt to high levels of 
D20, indeed 66% D20 is rapidly fatal to p815 cells 
grown in suspension, and at 50% D20 only one or two 
cell divisions were obtained. Only at D20 levels 
less than about 33% was real vitality shown by p815 
cells. The toxic effects of D20 were manifested in 
the production of giant cells, micro-cells, 
fragmented cells, polynucleate cells, anucleate cells 
and eventually in dead cells. However, useful levels 
of deuteration have been obtained by using deuterated 
amino acids in the growth medium, thus 30% 
deuteration has been achieved by culturing P815 cells 
in a growth medium containing 66% deuterated amino 
acids. 
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The main projects now under way include the 
adaptation of E.coli to 100% deuteration levels of 
all the cell components; studies of the structures of 
fd and pf phages, with D. Marvin (EMBL, Heidelberg); 
and studies of the structure of the E.coli 50S 
ribosomal subunit with M. Koch (EMBL, Hamburg) and K. 
Nierhaus (MPI fUr Molekulare Genetik, Berlin). 
Deuterated materials have been contributed to other 
laboratories. 

6. Neutron scattering studies of alfalfa mosaic virus 

S. Cusack, J. Mellema (Leiden), 
(Leiden), and A. Miller 

P. Krijgsman 

Alfalfa mosaic virus is a multigenome plant virus 
whose genetic material comprises four distinct RNA 
molecules. Preparations of the virus contain a 
characteristic distribution of particle sizes denoted 
by bottom, middle, top B and top A (of lengths 
respectively 560, 430, 350, and 300 A), the lengths 
being roughly proportional to the molecular weights 
of the RNA enclosed. The shape of the particles is 
cylindrical with rounded caps, the diameter being 
about 185 A. The coat protein of the virus consists 
of a single polypeptide chain of 220 amino acids 
(M.W. 24,280), the functional unit in the virus being 
the dimer. Image analysis of electron micrographs of 
the virus suggest that the cylindrical part of the 
capsid has a structure based on a hexagonal lattice 
with an axial repeat of 80 A. The protein dimers are 
at the 2-fold positions, there being distinct holes 
at the 3- and 6-fold positions. The result is a very 
open capsid structure which is consistent with the 
sensitivity of the virus to ribonucleases. The coat 
protein polymerises at pH 5.5 and low ionic strength 
to a particle which is spherical at low resolution. 
This so-called 30S particle has a molecular weight 
and radius consistent with being a T=1 icosahedral 
structure comprising 30 dimers situated at the 2-fold 
sites. The rounded caps of the virus particles 
probably have a structure similar to that of the 30S 
particle, the icosahedral surface lattice of the 
latter being derived from the cylindrical hexagonal 
lattice of the former by conversion of 6-fold into 5-
fold axes in accordance with the principle of quasi-
equivalence of inter-subunit interactions. 
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Plate 48 

Despite a quite detailed picture of the capsid 
structure being available, little is known about the 
location and packing of the RNA. Specifically one 
would like to know, in the first instance, the radial 
location of the RNA; also whether it penetrates into 
the holes of the capsid and whether it extends into 
the rounded caps. We have used neutron small-angle 
scattering and the method of contrast variation 
(Jacrot, 1976) to try to derive such information. 
This method involves measuring the neutron scattering 
from solutions of the virus in buffers of various 
H20/D20 ratios. Because of the different scattering 
density of protein and RNA one can choose an H20/D2 0 
ratio at which the average scattering from tne 
solution matches that of the protein component (at 
44% D20) or that of the RNA component (at 68% D20), 
the net scattering being in each case predominantly 
from the unmatched component. The resultant 
scattering curves can be used to derive a two-
component model of the virus structure, which must 
then be consistent with the scattering curves in 
other contrasts (e.g. 0%, 100% and 55% D20) where 
neither component is matched. In addition 
measurements were made on solutions of the 30S 
particle, in the hope of deriving structural 
parameters which could be used in studying models for 
the virus capsid. (Measurements were made on 
instruments D11 and D17.) 

Plate 48 shows the scattering curve of the 30S 
particle in 100% D 0. The plot is IOg10 (intensity) 
versus (A: neutron . wavelength, 
a: scattering anglel, The enhanced'intensity tn the 
region of (resolution 35 A) a clear 
indication of deviations from spherical symmetry, and 
calculations show that a single homogeneous spherical 
shell is unable to account even for the second 
subsidiary maximum. Models with icosahedral symmetry 
have therefore been considered, in particular one 
with 30 spherical dimers at the 2-fold positions and 
one with 60 spherical monomers placed in pairs 
the dimer positions. The best of these models appears 
to be the latter kind, with monomers of radius 19 
A with their centre at a -radius of 80 A. The dimers 
in this case are two monomers just touching, the 
dimer axis being parallel to the edge of the 
icosahedron. However even this model 1does not account 
for the intensity beyond A-. Clearly more 
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PLATE 48 

Neutron scattering curve of the 30S particle of alfalfa 
mosaic virus in 100% D20 buffer measured on D17 with a 
neutron wavelength of 9.24 A and specimen-detector 
distance of 1.4 m. For explanation of coordinates see 
text. 
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PLATE 49 

Neutron scattering curves of alfalfa mosaic virus bottom 
component in 0, 44, 55, 68 and 100% D20 buffer, measured 
on D11 with a neutron wavelength of 5.98 K and a 
specimen-detector distance of 1.76 m. For explanation of 
coordinates see text. 
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Plate 49 

information about the shape of the dimer is needed 
before an analysis can be made at higher resolution. 

Plate 49 shows the scattering curves for the bottom 
component of alfalfa mosaic virus at five different 
H20/D 20 ratios. Analysis of these curves is still in 
progress, being complicated by the non-simple shape 
of the particle. However the following preliminary 
conclusions can be drawn. (a) The first two 
subsidiary maxima of the 68% data (RNA match point) 
can be fitted very well by a homogeneous cylindrical 
shell of outer radius 94 A, thickness 24 A and length 
550 A. Beyond this resolution the lattice structure 
of the capsid is presumably important. (b) 
Particularly in 0% significant peak 
exists at 40 A A ) which probably 
corresponds to the (0,2) spacing in the hexagonal 
lattice. A prominent ring at this spacing has also 
been observed in x-ray photographs of bottom 
component solutions. (c) The first minimum of the 44% 
data (protein match point) is considerably shifted to 
higher suggesting that the bulk of the RNA is well 
inside the protein capsid. The quantitative 
behaviour of the other curves (i.e. the 0% first 
mlnlmum slightly out, and the 55% first mimum 
slightly in, relative to the position at 68%) is also 
consistent with there being little penetration of the 
RNA into the protein shell. 
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