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Cell Biology Programme 

Introduction 

The Cell Biology Programme is continuing its efforts 
to unravel the mechanisms by which membrane com-
ponents reach their correct destinations in the animal 
cell. Little is known of how cells manage to generate 
and maintain the complex organisation that has been 
revealed by microscopic and biochemical studies. The 
Cell Biology Programme has concentrated its research 
on the route starting in the endoplasmic reticulum (ER) 
and passing through the Golgi complex to the surface 
of the cell. The traffic between the cellular compart-
ments is mediated by membrane vesicles which bud 
from one compartment and fuse with the next. Despite 
the continuous exchange of membrane components be-
tween organelles, they maintain their compositional and 
functional identity so that the traffic has to be selective 
to avoid intermixing of components . The membrane 
traffic between the ER and the cell surface thus in-
volves a sorting problem of considerable proportions. 
How these cellular sorting devices are constructed in 
molecular terms is not known. The study of such 
intricate mechanisms demands not only an intelligent 
choice of experimental systems but also refined and 
advanced methodology specifically developed for this 

purpose. The close proximity of independent scientists 
from a wide variety of fields working together in the Cell 
Biology Programme has ensured fruitful collaboration in 
a way that is unique, at least in a European laboratory. 

One major effort in the Cell Biology Programme is the 
search for experimental models which could allow a 
molecular characterization of the mechanisms involved 
in intracellular membrane traffic, preferably by recon-
structing these functions in vitro. This has so far been 
possible only for the assembly of secretory and mem-
brane proteins in the ER, but it is becoming possible in 
the investigation of protein transport through the Golgi 
complex. Both systems are being intensively studied 
at EMBL. Another major line of study has been the 
application of recombinant DNA technology to study 
intracellular membrane transport. The Cell Biology 
Programme has been one of the pioneers in this field, 
and there is a continuous effort to improve existing 
methods for cell biological applications. 

The work performed by the individual groups is sum-
marized on the following pages. 
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Generation and maintenance of cell surface polarity in epithelial cells 

Members : K. Simons, K. Matlin, G. van Meer* 

Fellows: S. Fuller, B. Gumbiner*, M. Pesonen* 

Visiting workers: J. Balcarova*, C.-H. von Bonsdorff, S. Pfeiffer', H. Ploegh' 

Technical assistants: D. Hubsch, A. Ohlsen, H. Virta 

We are continuing our studies using enveloped viruses 
as tools to investigate cell surface polarity. We use the 
Madin-Oarby canine kidney (MOCK) cell line, derived 
from the dog kidney tubular epithelium, whose cells 
display both structural and functional polarity when 
grown in culture. Most previous work has been carried 
out with MOCK cells grown on a solid support, either 
glass or plastic. The apical , microvillar surface domain 
is freely accessible to the medium under these condi-
tions. The basolateral domain attaches the cell to the 
culture dish and mediates contact with the neighbouring 
cells. We have now grown MOCK cells on nitrocellulose 
filters in Mini-Marbrook chambers to gain free access to 
both surface domains. During 1983 considerable effort 
has been spent to optimize these culture conditions for 
experimental work. The following projects are underway 
in our laboratory. 

Generation of cell surface polarity : where does 
sorting of apical and basolateral vira l 
glycoproteins take place? 

Studies in this laboratory have shown that a small 
amount ("" 1 0%) of the predominantly apical influenza 
virus haemagglutinin (HA) is localized in the basolateral 
membrane. This basolateral HA protein could either 
represent an intermediate on the transport route to 
the apical membrane or be mistakenly routed to 
the basolateral membrane during sorting. The trypsin 
assay (Matlin & Simons, 1983) to quantitate the surface 
appearance of HA was used to measure the amount 
of HA routed to the basolateral membrane. These 
experiments were done on filter-grown MOCK cells and 
they showed that most of the HA protein passes directly 
from an intracellular site to the apical membrane. These 
results suggest that sorting of apical and basolateral 
proteins is an intracellular event. Further studies are 
in progress to map the intracel lular transport routes 
using both apical HA and basolateral vesicular sto-
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matitis virus (VSV) G protein as probes. At 20°C 
the terminally glycosylated HA protein accumulates in-
side the cell (Matlin & Simons, 1982) and immunoelec-
tron microscopy using thin frozen sections (in collabora-
tion with G. Griffiths) has shown that most of the HA 
protein is localized outside the Golgi stack in vacuoles 
which could be part of the endosomal complex. This 
hypothesis is presently being investigated, and we hope 
to localize the sorting site by double infection expe-
riments. 

Development of cel l surface polarity 
in MOCK cells 

Using a monoclonal antibody against one basolateral 
antigen (MW = 82K) we have shown that the 82K 
antigen is expressed on the apical surface both on 
plastic- and filter-grown cells until either dome forma-
tion is observed on plastic or until electrical resistance 
is established through junction formations between cells 
grown on filters. At this stage the basolateral antigen 
disappears from the apical surface. On the other hand 
a monoclonal antibody against an 112K antigen which 
is predominantly apical detected a small basolateral 
fraction in every cell. This basal component was also 
present in cells whose apical surfaces were clear of 
the basolateral 82K protein in monolayers which had 
developed electrical resistance. 

We have recently cloned a cell line from a low passage 
strain of MOCK cells obtained from Dr. N. Simmons, 
University of St. Andrews. This line exhibits, when 
grown on filters, a very high electrical resistance, colum-
nar cell morphology, and a more pronounced intracellu-
lar polarity than when grown on plastic. When these 
cells are exposed to VSV, infection is only observed 
when virus is applied from the basolateral side. In-
fluenza virus infects from both sides . The lack of 
infection with VSV from the apical side is due to the 



lack of apical receptors for the virus. Quantitative 
measurements suggest that there are less than 10/0 of 
the VSV receptors on the apical side when the epithelial 
monolayer has developed full electrical resistance. 

Altogether our results, based on studies of both viral 
and cellular proteins, suggest that there is a more 
stringent sorting of basolateral molecules than of those 
destined for the apical surface. However, more work is 
needed to substantiate these conclusions. 

Membrane recycling and transcytosis 
in MOCK cells 

We have shown that the basolateral VSV G protein 
implanted into the apical domain is transcytosed to the 
basolateral surface (Matlin et al., 1983; Pesonen & Si-
mons, 1983). Further studies by cell fractionation have 

- shown that implanted G protein is endocytosed into en-
dosomes. Neither the Iysosomes nor the Golgi complex 
are important kinetic intermediates in the transcytotic 
route. The transport rates of fluid phase endocytic 
markers have been measured on filter-grown cells, and 
these results showed that there is considerable trans-
cytotic traffic in both directions (apical - basolateral). 
It is thus clear that sorting of apical and basolateral 
lipid and protein components has to take place during 
endocytosis. Work is in progress to characterize this 
sorting process, and to find out whether exocytic and 
endocytic sortings are distinct processes. 

Lipid traffic in MDCK cells 

Little is known of lipid traffic in animal cells. Most phos-
pholipids are synthesized in the endoplasmic reticulum 
and then transported to the other cell organelles, most 
likely by vesicular traffic. The role of lipid exchange 
proteins remains unclear. The mechanisms by which 
different cellular membranes maintain their distinct lipid 
compositions are also unknown. The accessibility of 
the two plasma membrane domains of MOCK make 
this cell an ideal tool with which to approach these 
questions. We have developed methods for implanting 
lipid molecules into the plasma membrane (van Meer & 
Simons, 1983). Work is now in progress to study the 
fate of the implanted lipids in the cell. We are using both 
fluorescently- and radioactively-labelled lipids. Methods 
are being developed to study whether the tight junctions 
act as diffusion barriers for lipids introduced into either 
bilayer leaflet (in collaboration with J. Oavoust and 
R. Wijnaendts van Resandt, Physical Instrumentation 
Programme). Cell fractionation methods for MOCK 
cells are also being worked out to follow the redistribu-
tion of the implanted lipids in the cell (in collaboration 
with J. Gruenberg and K. Howell, and with W. Ansorge, 
Biochemical Instrumentation Programme). 

Proteins involved in junctional complex 
organisation in MDCK cells 

One characteristic feature of epithelial cell organisation 
is the junctional complex encircling the apex of the 
cell and separating the apical and basolateral surface 
domains from each other. These junctions also connect 
neighbouring cells with each other and regulate paracel-
lular ionic transport. Nothing is known of their mole-
cular composition. We have therefore started a search 
for proteins involved in junctional formation . An assay 
based on measurements of transepithelial junctional 
resistance has been worked out, and antibodies directed 
against cell surface components are being tested. 

Publications during the year 

Griffiths, G. , Simons, K., Warren, G. & Tokuyasu , K.T. 
(1983). Immunoelectron microscopy using thin, frozen 
sections: Application to studies of the intracellular 
transport of Semliki Forest virus spike glycoproteins. 
In Methods in Enzymology. Vol. 96. Biomembranes, 
Part J, ed. Fleischer, S. & Fleischer, B. , Academic 
Press, New York, p. 466-485 

Marsh , M., Helenius, A., Matlin , K. & Simons, K. 
(1983). Binding, endocytosis, and degradation of en-
veloped animal viruses. In Methods in Enzymology. 
Vol. 98. Biomembranes, Part L, ed. Fleischer, S. & 
Fleischer, B., Academic Press, New York, p. 260-266 

Matlin, K.S. & Simons, K. (1983). Reduced tempera-
ture prevents transfer of a membrane glycoprotein to the 
cell surface but does not prevent terminal glycosylation. 
Cell, 34, 233-243 

Matlin, K.S., Bainton, O.F. , Pesonen , M., Louvard, D. , 
Genty, N. & Simons, K. (1983). Transepithelial trans-
port of a vir21 membrane glycoprotein implanted into 
the apical plasma membrane of Madin-Oarby Canine 
Kidney cells. I. Morphological evidence. J. Cell Bioi., 
97, 627-637 

Morein, B., Sharp, M., Sundquist , B. & Simons, K. 
(1983). Protein subunit vaccines of parainfluenza type 
3 virus: Immunogenic effect in lambs and mice. J. 
Gen. Viral., 64, 1557-1569 

Pesonen , M. & Simons, K. (1983). Transepithelial 
transport of a viral membrane glycoprotein implan-
ted into the apical plasma membrane of Madin-Oarby 
Canine Kidney cells. II. Immunological quantitation . 
J. Cell Bioi. , 97, 638-643 

Simons, K. & Warren, G. (1983). Semliki Forest virus: 
A probe for membrane traffic in the animal cell. Adv. 
in Protein Chem., 36, 79-139 
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Van Meer, G. & Simons, K. (1983). An efficient method 
for introducing defined lipids into the plasma membrane 
of mammalian cells . J Cell BioI., 97, 1365-1374 

Other reference 

Van Meer, G. & Simons, K. (1982). EMBO J , 1, 
847-852 
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Biosynthesis and cell surface transport of plasma membrane and secretory proteins: 
expression from cloned cDNA molecules 

Member: H. Garoff 

Fellows: D. Cutler, C. Kondor-Koch, P. Melancon' 

Student: H. Riedel' 

Technical assistant: B. Timm 

Introduction 

The major interest of this group is the biogenesis of 
plasma membrane and secretory proteins. These pro-
teins are synthesized on ribosomes bound to the rough 
endoplasmic reticulum (RER), so that the nascent 
chains are partially or completely translocated across 
this membrane. The proteins are then transported 
in their free (secretory proteins) or transmembrane 
(plasma membrane proteins) configuration to the cell 
surface where incorporation into the plasma membrane 
(PM) or release into the extracellular space occurs. 

We are using the combination of in vitro site-directed 
mutagenesis and expression of cDNAs encoding viral 
membrane proteins and secretory proteins to investigate 
several stages of this process. The viral membrane 
protein probes allow us, in addition, to study virological 
questions, such as virus budding and the fusion activity 
of enveloped viruses . 

So far, we have been able to identify some of the 
structural features of viral membrane proteins required 
for their lipid binding and cell-surface expression in a 
functional form . Also by using a cDNA encoding a 
secretory protein we have been able to map exocytotic 
pathways in a polarized epithelial cell line. 

Experimental system 

We are using cDNA probes encoding the Semliki Forest 
virus (SFV) structural proteins, the vesicular stomatitis 
virus (VSV) G protein, the fowl plague virus (FPV) 
heamagglutinin (HA) and the chicken oviduct lysozyme 
molecule in our experiments. Conventional recombinant 
DNA techniques have been used to introduce deletions 
and insertions into the cDNA molecules and to make 
hybrid genes. Point mutations are being made using 

synthetic oligonucleotides. So far we have · expressed 
our cDNA molecules with the aid of a Simian virus (SV) 
40 early region based vector (pSV2, R. Mulligan & P 
Berg , Stanford University). 

With this system, we have obtained high transient 
expression of the lysozyme, the SFV and the VSV 
G proteins. The viral membrane proteins have been 
expressed on the cell surface and shown to be active in 
cell-cell fusion (see below). Several stable cell lines have 
been established which express the lysozyme molecule 
and deleted forms of the viral membrane proteins. 
These were obtained through co-transformation with 
a neomycin resistance gene and selection in medium 
containing G-418. 

Membrane-anchoring requirements 
of membrane proteins 

The co-translational translocation of plasma membrane 
proteins across the RER is interrupted at a late stage to 
leave the protein spanning the membrane. The trans-
membJane domain comprises at least 20 uncharged 
residues always flanked on the cytoplasmic side by one 
or more basic residues. To test the importance of these 
features to membrane binding, we are introducing point 
mutations in the cDNA clone coding for the membrane 
proteins of SFV which will change: (a) a hydrophobic 
residue located in the middle of the transmembrane 
segment into a charged amino-acid, and (b) the ba-
sic amino-acids on the cytoplasmic side into acidic 
residues. The mutant membrane proteins will be ana-
lyzed with regard to topology, amphipathic/amphiphilic 
properties , cell surface transport and secretion into the 
cell culture medium. 
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Signals for sorting and transport of 
membrane proteins 

Following segregation , secretory and plasma membrane 
proteins are then transported to the cell surface. To 
characterize which structural features of the viral mem-
brane proteins are important for plasma membrane 
transport, we are introducing mutations through genetic 
manipulations in various predetermined regions of the 
viral polypeptides. We have first turned our attention to 
the cytoplasmic domain of the viral membrane proteins. 
Several different deletions in the cytoplasmic domain of 
the SFV p62 membrane protein have already been pro-
duced. The mutant proteins are all transported to the 
cell surface in baby hamster kidney cells suggesting that 
this domain of the protein does not contain information 
essential for cell surface transport. In addition, mutants 
of the SFV membrane proteins which are devoid of 
the membrane anchor have also been produced and 
preliminary analyses suggest that these proteins do not 
move out from the cell as "secretory" products (as 
expected) but remain in the RER. 

Exocytotic pathway in a polarized 
epithel ial cell line 

We have also studied cell surface and secretory path-
ways in a more specialized cell type, i.e. the polarized 
epithelial Madin Darby Canine kidney cell line (MDCK). 
Polarized epithelial cells display two PM domains (an 
apical and a basolateral one) which are distinct in both 
structure and function. One hypothesis has been that 
proteins specific for both domains are first inserted in 
the basolateral domain and then sorted. This possi-
bility has been supported by the constant finding of 
some apical marker proteins on the basolateral side 
of epithelial cell lines. We have analyzed the mode 
of protein secretion in the MDCK cell line as a way 
to map its exocytotic pathways. Because there is 
no well-characterized secretory product in these cells 
we stably transformed MDCK cells with the chicken 
lysozyme cDNA and analyzed the apical and basolateral 
release of this protein. Analyses performed on cells 
grown on nitrocellulose filters, thereby allowing conve-
nient analysis of secretion from both domains, showed 
that the lysozyme was secreted in equal amounts into 
the apical and the basolateral medium. Thus the MDCK 
cells do have direct apical and basolateral routes of 
exocytosis and it would be extremely interesting if the 
apical membrane proteins did not follow this direct 
route. 

We have also tried to study the sorting of viral mem-
brane proteins in MDCK cells using our cDNA probes 
but all attempts to get a "workable" level of protein 
expression with the pSV2 vector have so far failed . 
"Stable" cell lines were initially obtained but turned 
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negative after a few passages. Possibly the viral mem-
brane proteins are toxic for the MDCK cells. We are 
now trying to use an inducible promotor, the human 
metallothionein promotor, for these transformations in 
order to overcome this problem. 

Assembly of a viral membrane 

In contrast to normal cell surface glycoproteins , after 
reaching the cell surface viral proteins become assem-
bled into a viral envelope and incorporated into virus 
particles which leave the host cell. This process ("bud-
ding") is very selective for viral membrane proteins 
over host proteins and is thought to be driven by a 
direct interaction between the viral nucleocapsid and the 
cytoplasmic domain of the viral glycoprotein. We will 
test the requirements for this process by studying how 
viral glycoproteins with mutated cytoplasmic domains 
are incorporated into virus particles . 

So far we have tried to complement temperature-
sensitive (ts) glycoprotein mutants of SFV (which do 
not bud at the restrictive temperature but produce 
normal nucleocapsids) with proteins expressed from our 
SFV cDNA molecules . In these preliminary experi-
ments, where we introduce the cDNA molecule and the 
purified RNA genome of the mutant SFV into cells by 
microinjection, we could not observe any complementa-
tion, i.e. virus production. We assume that higher levels 
of expression are needed for virus budding to occur and 
therefore we plan to use coinfection with SV40 virus 
containing a cDNA recombinant genome and mutant 
SFV. 

Fusion activity of viral membrane 
glycoproteins 

Simple enveloped viruses enter the cell by the pathway 
of receptor-mediated endocytosis . After uptake, the 
virus particle reaches acidic vesicles where membrane 
fusion takes place between the virus and the host. As a 
result the viral nucleocapsid with its genome is released 
into the cell cytoplasm where the infectious process can 
start. In the case of the influenza HA molecule, it is 
evident that a hydrophobic peptide in the N-terminus of 
the HA2 subunit plays a key role in the fusion process. 
In the cases of the SFV spike glycoproteins and that 
of VSV-G it is still unclear where the "fusion peptide" 
resides. 

We have designed an easy assay for fusion activity of 
SFV and VSV membrane proteins which is based on 
the expression of these proteins on the cell surface from 
cloned cDNA. The DNA is introduced into neighbouring 
cells by microinjection and the cells are incubated for 
about 6 hours at 37°C to allow expression of the virus 



membrane protein. The viral glycoproteins present 
at the cell surface can then be triggered to induce 
cell-cell fusion by a short acid treatment giving rise to 
an easily visible syncytium. Our fusion assay should , 
in combination with cDNA mutagenesis , enable the 
localization of the protein structures responsible for 
fusion in these viruses. This project is being done 
in collaboration with J. White and A. Helenius at Yale 
University. 

Publications during the year 

Garott, H., Kondor-Koch , C. , Pettersson , R. & Burke, 
B. (1983). Expression of Semliki Forest virus proteins 
from cloned complementary DNA. II. The membrane-
spanning glycoprotein E2 is transported to the cell 
surface without its normal cytoplasmic domain. J. Cell 
Bioi., 97, 652-658 

Kondor-Koch, C. , Burke, B. & Garott, H. (1983). Ex-
pression of Semliki Forest virus protein from cloned 
complementary DNA. I. The fusion activity of the spike 
glycoprotein. J. Cell Bioi., 97, 644-651 

Riedel, H. (1983). cDNA-Expression viraler Mem-
branproteine in Eukaryontenzellen. Ph. D. Thesis at 
Ruprecht-Karls-University, Heidelberg . 

Timm, B. , Kondor-Koch , C., Lehrach , H. , Riedel , H., 
Edstrom, J.-E. & Garott, H. (1983). Expression of viral 
membrane proteins from cloned cDNA by microinjection 
into eukaryotic cell nuclei. In Methods in Enzymology. 
Vol . 96. Biomembranes, Pt.J, ed. Fleischer, S. & 
Fleischer, B., Academic Press, New York, p. 496-511 
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Transport and sorting of membrane proteins between the endoplasmic reticulum 
and the cell surface 

Members: G. Warren , P. Quinn, C. Walter* 

Fellows: J. Armstrong , B. Burke*, C. Featherstone 

Students : S. Hurtley* , S. Tooze 

Visiting workers : J.M. Edwardson*, T.R. Hesketh* 

Technical assistants : A. Cockcroft , R. Giovanelli* , S. Zimmerman* 

We have continued to exploit the properties of cer-
tain enveloped animal viruses to study the transport 
of newly-synthesized membrane proteins to their final 
destination in the cell and , more recently, to study 
membrane traffic in mitotic cells and the division of the 
Golgi complex. 

Coronavirus A-59 

The best characterized enveloped animal viruses mature 
by budding from the cell surface. Coronavirus A-59, 
in contrast , buds into intracellular membranes notably 
the endoplasmic reticulum (ER) and the Golgi complex 
(MCintosh , 1974). By studying viral maturation at early 
times after infection we have found, in collaboration 
with J. Tooze (EMBO), that the very first sites of 
budding are tubular and vesicular elements of the ER in 
the Golgi region. They have many of the characteristics 
of the "transitional elements", an important but ill-
characterised region of the ER, involved in selectively 
transporting material from the ER to the Golgi complex 
(Palade, 1975). After budding into the lumen of these 
"transitional elements", the virions then follow the 
secretory pathway through the Golgi complex to the cell 
surface. If, however, the temperature is reduced from 
37DC to 31 DC, budding continues but the virions are no 
longer transported (Holmes et aI., 1981), and we find 
that they accumulate in these "transitional elements". 
From our previous experience (Quinn et aI., 1983) we 
would predict that the selective accumulation of virions 
in these elements will markedly increase their density 
and this will hopefully make it possible to isolate and 
study them. 

The budding site is determined by the behaviour of 
one of the envelope glycoproteins, E1. After synthe-
sis on membrane bound polysomes it moves to the 
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"transitional elements" but no further. The protein 
has O-linked but no N-linked sugars and no fatty acids 
(Niemann & Klenk, 1981) and we have shown (in col-
laboration with BAM. van der Zeijst and his colleagues 
in Utrecht) by synthesis in vitro that more than 700/0 is 
embedded in the membrane bilayer. This combination 
of unusual characteristics may help to explain its intra-
cellular location and we are studying it as a model for 
a spanning ER protein. 

The E1 protein sequence has recently been determined 
by sequencing the cDNA to the mRNA coding for 
this protein (Armstrong et al., 1983). The protein 
contains appropriate sites for O-glycosylation but not 
N-glycosylation and it is possible to construct a suitable 
scheme for its topography relative to the lipid bilayer 
which agrees with biochemical studies. 

The E1 cDNA has now been inserted into a suit-
able plasmid which should give expression of E1 af-
ter microinjection into cultured cells . The location of 
the expressed E1 will then be probed using indirect 
immunofluorescence, and eventually, high resolution 
immunocytochemical techniques. The gene will then 
be mutagenized by deleting specific portions , changing 
particular bases or fusing it to parts of genes coding for 
other membrane proteins. The effect of these mutations 
on the protein's location will be investigated; it should 
be possible to dissect the functional domains of the 
protein and gain more insight into the structural re-
quirements for its intracellular localisation. This system 
has a clear advantage over all others presently available 
in that it could be used to define the features which 
cause proteins to leave the ER for other destinations 
in the cell. For example, attachment of an appropriate 
"signal " to the E1 protein might cause it to migrate 
to another membrane, a movement that could easily be 
assayed by immunofluorescence techniques. 



Inhibition of intracellular transport 

Using monensin to inhibit the transport of Semliki For-
est virus (SFV) spike proteins in baby hamster kidney 
(BHK) cells we were able to dissect the Golgi stack 
into at least three functionally distinct compartments 
(Griffiths et al., 1983; Quinn et aI., 1983) We have 
continued our search for inhibitors of intracellular trans-
port to gain more insight into the functioning of this 
pathway. 

(a) Microinjection of mRNA coding for an anti-
Golgi antibody 

A monoclonal antibody raised to a Golgi membrane 
protein (M r = 135,000) (Burke et al., 1982) recognizes 
an epitope on the lumenal domain of the protein. The 
function of this protein is still unclear but it does 
seem to be involved in intracellular transport. To test 
this we have microinjected the mRNA coding for this 
antibody into BHK cells. These cells synthesize and 
transport the antibody to the Golgi complex where it 
stops, presumably because it is binding to the 135kD 
protein. The cells were then infected with vesicular 
stomatitis virus (VSV) and we found that transport of 
the viral G protein to the cell surface was blocked in the 
microinjected cells. We intend to microinject mRNAs 
coding for proteins with other cellular destinations to 
see if the 135kD protein is involved in their transport. 
As more and more anti-Golgi monoclonal antibodies 
become available it should be possible to dissect the 
transport pathway in a very specific manner. 

(b) Membrane traffic during mitosis 

During a search for physiological conditions that inhibit 
intracellular transport we found that mitotic cells, in-
fected with VSV, did not transport the G protein to the 
cell surface (Warren et al., 1983). All of the evidence 
now suggests that the G protein, after synthesis, cannot 
leave the ER in mitotic cells. Endocytosis (Fawcett, 
1965; Quintart et aI., 1976; Berlin et aI., 1978), phago-
cytosis (Berlin et aI., 1978) and secretion (see below) 
are also inhibited pointing to a general cessation of 
membrane traffic in the mitotic cell. 

Division of the Golgi complex 

Relatively little attention has been paid to the sorting 
of organelles during cell division. The Golgi complex, 
for example, comprises a single, compact reticulum in 
the perinuclear region of animal cells (see, for example, 
Burke et aI., 1982) and it must, therefore, divide if 
the daughter cells are to receive equal complements of 
Golgi membrane. At the onset of mitosis it fragments 

giving rise to tens of thousands of small vesicles which 
reassemble in the perinuclear region of each daughter 
cell during telophase (see, for example, Zeligs & Woll-
man, 1979). It would seem obvious that these vesicles 
mediate the division of the Golgi complex. By dif-
fusing randomly throughout the mitotic cell cytoplasm 
they ensure that each daughter cell receives an equal 
complement of Golgi membrane. Less obvious but 
more important is the mechanism that generates these 
vesicles. During normal intracellular transport vesicles 
are thought to bud from the transitional elements of 
the ER and fuse with the cis Golgi cisterna. Vesicles , 
budding from this cisterna fuse with the next towards 
the trans side and so on until they leave the Golgi 
stack and deliver their contents to the correct cellular 
destination (Rothman, 1981). At the onset of mitosis 
we suggest that vesicles continue to bud but can no 
longer fuse with their acceptor membranes. The stacks 
of Golgi cisternae would then be rapidly converted into 
small vesicles, as has been observed, and intracellular 
transport would stop (Warren et al., 1983). At the 
cell surface, endocytosis would continue until the cell 
became round, the shape assumed by nearly all cells un-
dergoing mitosis. Since a sphere represents the smallest 
surface area needed to enclose a given volume, no more 
membrane could be taken in and endocytosis would 
then cease as has also been observed (Berlin et al. , 
1978). The resumption of membrane fusion in telophase 
would redress the imbalance in vesicular traffic and the 
Golgi complex would re-assemble though it would be 
necessary to specify the location for re-assembly in each 
daughter cell. 
To test the hypothesis that membrane fusion events 
are inhibited in mitotic cells we have studied (in collab-
oration with T.R. Hesketh) the secretion of histamine 
by 2H3 cells . Once sensitized with IgE and stimulated 
with the appropriate antigen, these cells rapidly release 
histamine. Our experiments show that this release is 
inhibited at least 1Q-fold in mitotic cells despite the fact 
that the Ca2+ influx which mediates the release still 
occurs. We intend to pursue this project with the aim 
of showing that fusion of the secretory granule with the 
plasma membrane is inhibited. We also intend to find 
out, using a cell-free system, how the fusion is inhibited, 
since from what has already been said, it might prove 
to be a common mechanism applying to all membrane 
fusion reactions in the cell. 
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Armstrong, J., Smeekens, S. & Rottier, P. (1983). 
Sequence of the nucleocapsid gene from murine coro-
navirus MHV-A59. Nucl. Acids Res., 11,883-891 
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Early events in protein secretion and membrane biogenesis. 
Structure and function of histocompatibility antigens and their genes. 

Members: B. Dobberstein, S. Kvist 

Fellows: A. Archibald*, H. Plagens* 

Students: H.G. Burgert, W. Lauer, J. Lipp 

Visiting workers: B. Arnold* , I. Ibrahimi* 

Technical assistants: U. Hellert, E. Krause, C. Raynoschek, K. Tinter. 

Structural properties of Signal-Recognition 
Particle (SRP) 

(E. Krause, K. Tinter, B. Dobberstein) 

Two components are known to be essential for the 
translocation of proteins across the membrane of the 
endoplasmic reticulum (ER), "Signal-Recognition Parti-
cle" (SRP) and "Docking Protein" (DP) (see report D. 
Meyer). SRP has been shown to interact with nascent 
preprolactin and prelight chain of immunoglobulin and it 
arrests translation after about 70 amino-acid residues 
have been polymerized. Only after contact has been 
made with DP does translation resume and transloca-
tion begin. 

SRP is a ribonucleoprotein complex consisting of 6 
polypeptide chains with molecular weights of 9, 14, 19, 
54, 68 and 72Kd and a 7S RNA. In collaboration with M. 
Melli and E. Gundelfinger we have started a structural 
analysis of SRP by disassembling it with nuclease, salts 
or protease. 

Nuclease: Micrococcal nuclease at high concentrations 
removes from the 7S RNA in SRP both the 3' and 5' 
terminal segments, 40-70 nucleotide residues in length. 
To these segments the 9 and 14Kd proteins are bound. 
Such disassembled particles are unable to promote 
translocation of secretory proteins (Gundelfinger et aI., 
1983). 

Salt: With 2M KCI the 9, 14, 68 and 72Kd proteins 
could be dissociated from and reassembled to the re-
maining 7S RNP complex. After disassembly the 9 and 
14Kd, and the 68 and 72Kd proteins form heterodimers. 
The 19 and 54Kd proteins remained firmly associated 
with the 7S RNA. 

Protease: To characterize further the protein subunits 
of SRP we successfully raised antibodies against the 
19, 54, 68 and 72Kd proteins. Low concentrations of 
elastase removed a 30Kd domain from the 54Kd protein 
and a 67Kd domain from the 72Kd protein and these 
domains were also released from intact RNA-Protein 
complexes. No segment of the 68Kd protein was 
recovered and the integrity of the 9, 14 and 19Kd 
proteins was not affected by the elastase concentrations 
used. 

Structure and biosynthesis of the invariant (Ii) 
chain of murine la antigens 

(W. Lauer, J . Lipp, H. Plagens & B. Dobberstein) 

Murine la antigens are involved in the regulation of 
the immune response to foreign antigens and are found 
intracellularly complexed with an invariant polypeptide 
called Ii . It is inserted into the membrane of the 
endoplasmic reticulum and transported in association 
with laa- and to a yet undefined post-Golgi 
compartment. Here it disassembles from laa- and 

and is probably transported to Iysosomes. We 
want to elucidate the transport features of this protein 
and its possible role in the function of la antigens by 
performing structural analysis and modification of the 
protein and the gene. 

In collaboration with P. Singer and J. Klein (MPI, 
TLibingen) and G. Hammer (DKFZ) cDNA coding for 
Ii antigen was selected and characterized by sequence 
analysis (Singer et aI., 1984). The sequence, together 
with biochemical analysis of the Ii chain, revealed an 
unusual topology across the membrane. The Ii chain 
spans the membrane close to its NH2 terminus and 
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exposes this end on the cytoplasmic side . Such an 
orientation is the reverse of that found for the laa- and 

or for the H-2K,D histocompatibility antigens. 
Ii contains no cleavable Signal sequence, nevertheless 
SRP is required for insertion into the ER membrane. 
However, no SRP-dependent arrest of Ii translation is 
observed. 

The gene coding for Ii antigen is currently being ana-
lyzed structurally and functionally. It can both tran-
siently and stably be expressed after transfection into 
mouse L cells and a human melanoma cell line. Im-
munocytochemical analysis suggests that Ii antigen is 
localized in vesicles distributed randomly in the cell with 
a slight enrichment in the perinuclear region. 

Structural and functional studies of mouse 
H-2K antigens 

(S. Kvist, B. Arnold, A Archibald , H.G. Burgert , U. 
Hellert & C. Raynoschek) 

The mouse histocompatibility class I antigens (H-2K, 
D and L) are cell surface glycoproteins. One of their 
functions seems to be to present viral proteins to a 
subset of T lymphocytes. These lymphocytes will then 
proliferate to become aggressive T cells , competent of 
distinguishing between the infected and the non-infected 
cells. In this way the virally infected cells can be selec-
ively recognized and lysed by the immunocompetent T 
cells. 
Our aim is to elucidate the mechanism(s) whereby the 
T cell killing is accomplished. One way to do this is to 
define exactly the structural features of the H-2 antigens 
involved in efficient lysis of the infected cells. The 
approach is to characterize two or more H-2 K genes 
and genetically engineer these genes in a defined way. 
Cells expressing these hybrid genes can then be tested 
for functional properties in a T-killer assay. 

We have described earlier a cDNA probe which is spe-
cific for the K end genes of the mouse major histocom-
patibility locus (MHC). By using this probe we have 
identified and characterized the gene encoding the Kd 
antigen (Kvist et aI. , 1983). More recently, we have 
also been able to isolate and characterize the k allele 
of the K locus , the Kk gene. By co-transfecting these 
genes into 1T22-6 cells, and L-cells with the thymidine 
kinase gene as a selectable marker, we have several new 
cell lines established expressing Kd and Kk antigens , 
respectively. The antigens have been assayed by (1) im-
munoprecipitation with specific monoclonal antibodies , 
(2) FACS (Fluorescence Activated Cell Sorter) analyses 
on cell surface molecules with the same type of anti-
bodies and (3) H-2Kd- and KLspecific T-cell killing (in 
collaboration with G. Hemmerling & U. Kees, DKFZ, 
Heidelberg). 
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The Kk gene was also characterized by sequencing and 
found to be 95010 homologous to the Kd gene at the 
DNA level and 85010 homologous at the protein level. 
Because the exon-intron structure is similar or identical 
in the two genes it was possible to combine homologous 
parts of the genes by using a deletion technique . We are 
thereby creating hybrid genes where , for example, exon 
1 and 2 are of Kd whereas the rest of the molecule is 
from Kk These genes were then transferred into cells 
as described above. After selection of cells expressing 
the modified antigens on the cell surface several such 
cells were cloned and tested for their ability to constitute 
targets in a T-cell killer assay. Preliminary results 
suggest that in the allogeneic system the two N-terminal 
domains are of crucial importance for efficient T-cell 
lysis. 

In addition to the allogeneic T-cell killing we are working 
with two different viral systems. Firstly, the E19 
protein of adenovirus-2 has earlier been shown to con-
stitute a target for T-killer cells in both human and 
rat histocompatibility antigen-restricted assays. We 
are presently determining whether this associaton also 
exists in mice. Several plasmid constructs, containing 
the gene for E19, have been introduced into 1T22-6 cells 
as well as L-cells and cell lines expressing E19 have been 
established. We are currently examining whether these 
cells are capable of triggering T-Iymphocytes. Secondly, 
influenza-infected mice generate cytolytic T-cells which 
are competent of lysing our infected target cells express-
ing the Kd and Kk genes, respectively . Also here , our 
preliminary results show that it is the two N-terminal 
domains of the H-2 antigen which play the important 
role in the T-cell killing reaction. Thus there seems 
to be no difference between the allogeneic system and 
the H-2 restricted T-cell killing of infected cells. Our 
future work is aimed at establishing T-cell clones with 
killing activity directed against either influenza proteins 
or the E19 protein of adenovirus-2, which is restricted to 
H-2Kd and Kk antigens . Moreover, we plan to identify 
the exact amino acids in the H-2 antigen responsible for 
the restriction by using site directed mutagenesis of the 
H-2 genes. 

Publications during the year 

Dobberstein, B. & Kvist, S. (1983). Assembly of histo-
compatibility antigens. In Methods in Enzymology. Vol. 
96. Biomembranes, Pt.J: ed. Fleischer, S. & Fleischer, 
B., Academic Press, New York, p. 325-331 

Gundelfinger, E.D. , Krause, E., Melli, M. & Dobber-
stein , B. (1983). The organisation of the 7SL RNA in 
the Signal recognition particle. Nucl. Acids Res., 11, 
7363-7374 



Kvist, S., Roberts, L. & Dobberstein, B. (1983). Mouse 
histocompatibility genes: structure and organisation of 
a Kd gene. EMBO J., 2, 245-254 

Weiss, E., Golden, L., Zakut, R., Mellor, A., Fahrner, K. , 
Kvist, S. & Flavell , RA (1983). The DNA sequence 
of the H-2Kb gene: Evidence for gene conversion as 
a mechanism for the generation of polymorphism in 
histocompatibility antigens. EMBO J. , 2, 453-462 
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Singer, P.H., Lauer, W., Dembic, Z., Mayer, W.E., Lipp, 
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B. (1984). EMBO J., (in press) 
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Translocation of nascent proteins across the membrane of the endoplasmic reticulum 

Member: 0, Meyer 

Fellow: 0, Avossa* 

Student: M, Hortsch* 

Visiting workers: K, Geering* , C, Sardet* 

Technical assistants: S, Stampfli, K, Meese (part-time) 

Nascent secretory, lysosomal and membrane proteins 
are selectively integrated into or translocated across the 
membrane of the rough endoplasmic reticulum (ER), 
This represents the first step in their transport from 
their site of synthesis to their site of phYSiological func-
tion, In recent years we have elucidated the mechanism 
whereby such proteins are cotranslationally recruited 
from the cytoplasm, 

We are currently focusing on the manner in which the 
proteins cross the bilayer of the ER membrane, After 
the receptors mediating the recognition of these pro-
teins have performed their function, ribosomes bearing 
nascent chains are associated with the ER membrane, 
Still unclear is the nature of components involved in the 
series of events which culminates in the appearance of 
the protein on the luminal side of the ER. Such events 
include: 

a, Release of the translation arrest brought about by 
the signal recognition particle (SRP), 

b, Binding of the ribosome to the membrane, 

c, Alteration of the bilayer structure to permit passage 
of either the nascent chain or of protein domains en 
bloc, 

d, Processing events such as Signal sequence cleavage 
and glycosylation, 

We are employing several approaches in an effort to 
detect, isolate and characterize the components which 
mediate these phenomena , Each approach is summa-
rized below, 
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Methodology/Progress Report 

"Reductive reconstitution" 

The term reductive reconstitution can be defined as the 
process of building as many microsomal molecules as 
possible into a lipid vesicle resulting in the partial or 
total reconstitution of translocation, The number of 
components being incorporated is then biochemically 
fractionated and reduced until a functional minimum is 
reached, The converse approach involves the incorpo-
ration of the purified, previously-defined proteins into 
liposomes to examine the sufficiency of these compo-
nents alone in reconstitution, Progress has been made 
using both approaches and the preliminary results point 
to the need of other, as yet unidentified molecules in this 
process , 

In collaboration with R, Zimmermann at the University 
of Munich we have incorporated the leader peptidase of 
Ecoli and fractions highly enriched in docking protein 
into lipid vesicles, Using the appropriate m-RNAs in 
in vitro systems we have shown that both the leader 
peptidase and the docking protein of these liposomes 
are active when tested in the appropriate assay, The 
fact that translocation of nascent peptides could not 
be observed (determined by resistance to proteolytic 
attack) strongly suggests that other components may 
be involved, 

Our efforts to reconstitute activity by incorporating all 
microsomal membrane proteins into a liposome have led 
to a finding which further substantiates the need for 
other components, The functioning of docking protein, 
as assayed by its ability to relieve an SRP-induced 



translation arrest in vitro, was destroyed by exposure to 
CMC-Ievel concentrations of certain detergents (octyl 
glucoside, octyl POE and octyl TOE) but not others 
(Triton, Nikkol, CHAPS). Reconstitution experiments, 
in which the active domain of the docking protein 
(Docking Protein fragment (OPf) isolated by mild elas-
tase proteolysis) was treated with octyl glucoside and 
then allowed to recombine with the OP-depleted rough 
microsome, indicated that it is not the docking pro-
tein per se which is inactivated, rather the residual 
microsome. This was confirmed in attempting to re-
constitute octyl-glucoside-treated residual microsomes 
with non-treated OPf. This combination turned out 
to be inactive. Efforts are underway to identify the 
microsomal component which seems to dissociate from 
OP when exposed to octyl glucoside. 

The use of bifunctional reagents to determine 
the association of docking protein with other 
ER components (D. Avossa) 

The nature of the docking protein was first character-
ized by the ability of mild proteolysis to cleave the active 
domain of this molecule from rough microsomes. It 
was the ability of the OPf to functionally recombine 
with the proteolyzed membrane which served as an as-
say for its subsequent purification and characterization. 
During these initial experiments it was observed that if 
the OPf-depleted microsomes were further proteolyzed 
([trypsin] = 20 Jlg/ml or higher) they lost the ability 
to functionally recombine with OPf. This suggests that 
there is a protease-sensitive component in rough micro-
somes with which the docking protein is associated. It 
is the goal of this approach to crosslink OP or OPf to 
this protein covalently and "fish it out" using previously 
prepared antibody to OPf. 

O. Avossa is using the three types of bifunctional 
reagents and strategies as described below. 

a. Bifunctional, cleavable imidoesters of varying length 
will be added to intact microsomes. Following solubi-
lization in the appropriate detergents, the docking pro-
tein will be immunoprecipitated and analyzed on gels. 
However crude, the availability of these bifunctional 
reagents in varying lengths may prove beneficial. 

b. A heterobifunctional reagent (MABI or Methyl 
4-azidobenzimidate) can be added directly to OPf by 
virtue of its imidate moiety. Following reconstitution 
of the OPf with the microsome, it can be covalently 
attached (through its azido group by photolysis), hope-
fully, to the "OPf-receptor". 

c. A reagent which recently became commercially 
available, known as SNAP, cleavable by virtue of an 
S-S group, contains an atom of 35S on the OPf distal 

side. In this way it may be possible to "fish out" the 
OPf-receptor with anti-OPf antibody, in a radioactively-
labelled form. 

Preparation of monoclonal antibodies against 
putative participants in translocation 
(M. Hortsch) 

Dog pancreas microsomes lend themselves well to pu-
rification and fractionation. Significantly homogeneous 
following gradient centrifugation, their compositional 
complexity can be substantially reduced by releasing 
their contents with high pH treatment. Isolation of 
fractions of integral membrane proteins can be achieved 
in this way. Proteolysis can then be used to determine 
which proteins have domains exposed on either the 
cytoplasmic face of the membrane, the luminal face, 
or both. Using preparative gel electrophoresis, individ-
ual species can be purified possessing the topological 
features deemed to be of interest in our studies. Such 
fractions will be used to immunize mice for the prepa-
ration of monoclonal antibodies. 

The antibody-producing hybridomas will be screened 
initially by immunofluorescence and radioimmune assay, 
but ultimately antibodies will be sought which can 
inhibit one or more of the following functions: 

a. Translocation of nascent secretory proteins across 
intact microsomal vesicles. 

b. Ability of the OPf to recombine functionally with 
OPf-depleted membranes. 

c. Ability of docking protein , solubilized from micro-
somes in a "friend ly" detergent, to relieve an SRP-
induced block in solution or when built into a lipid 
vesicle. 

d. DOC-solubilized microsomes' ability to process 
certain pre-secretory proteins post-translationally (e.g . 
signal peptidase activity). 

e. The ability of "stripped" rough microsomes to bind 
radiolabelled ribosomes. 

It is obvious that the subsequent steps will involve 
identifying and characterizing the antigens of those 
monoclonals shown to be inhibitory in these assays. 
In this way it should not only be possible to identify 
new translocation-relevant components in the rough 
microsome, but also to generate a library of antibodies 
which might well be invaluable in detailed structural and 
functional studies of individual components. 
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ating vectorial translocation: Purification of the active 
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New York, p. 692-700 
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Free flow immuno-isolation of organelles 

Member: K Howell 

Fellows: E. Devaney* , J. Gruenberg 

Visiting workers: J. Beardmore* , N. Borgese* 

Technical assistants: U. Reuter-Carlson , A. Scharm 

Our group is developing a new system for the immuno-
isolation of organelles, based on the presence of a spe-
cific antigen exposed on the surface of the subcellular 
compartments rather than their size, density or charge. 
The immuno-isolation is carried out in free flow using 
a magnetic solid support (beads of a defined size with 
specific antibodies attached) maintained in suspension 
within a magnetic field. The advantages of this system 
are the high specificity produced by the antibody, the 
low contamination by non-specific components and the 
limited amount of stress applied to the cellular material 
due to the gentle washing conditions of the free flow 
chamber. 

The most satisfactory magnetic solid supports were 
those provided by J. Ugelstad and his collaborators from 
the University of Trondheim, Norway (Ugelstad et aI. , 
1983). 

Immunoadsorbant 

The solid support is a monodisperse , 3 Il polystyrene 
particle containing 18 or 35% magnetite, and has a 
hydrophobic surface. A linker molecule is hydrophobi-
cally adsorbed to the surface and then remaining sites 
are quenched with 5 mg/ ml BSA. The most efficient 
linker proved to be antibodies against the Fe portion 
of the specific antibody. The specific antibodies, either 
affinity purified rabbit or mouse monoclonal antibodies , 
are then immuno-bound to the linker. 

Instrumentation 

The magnetic free flow isolation apparatus is being 
developed with the Ansorge group. The ImAd is sus-
pended within a 15 ml chamber maintained at 4°C, 
and contained within a magnetic field. The chamber is 
agitated by gentle rocking throughout the binding step. 

The magnetic field contains the dilute, disperse solution 
during both the binding and subsequent washing of 
unbound material. 

Advances 

Advances are being made to make both the free flow 
isolation chamber and the magnetic solid support more 
versatile and efficient. The instrumentation will be 
automated and programmed so that the size of the 
chamber, agitation, and washing conditions can be 
varied. Ugelstad and his collaborators are providing 
magnetic particles with a variety of surfaces , some 
with groups available for covalent coupling for our as-
sessment. Some of the new particles are designed 
in response to our experimental findings . (see report 
Ansorge's group). 

Model systems 

The success of the immuno-isolation is being tested 
using two model systems. 

Viral 

The simple enveloped virus, vesicular stomatitis virus 
(VSV), and antibodies against the viral surface pro-
tein , the G protein , have been used to optimize the 
ImAd (Howell & Gruenberg, 1983). [35S] VSV and 
a [3H]-microsomal fraction from cultured cells were 
used to quantitate specific and non-specific binding , 
respectively, in the free flow chamber. 
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PLATE 1 

Electron micrographs of sectioned pellets of an immuno-
isolation experiment. The ImAd is the 3 I-L, polystyrene 
magnetic bead; the linker molecule is affinity purified 
sheep anti Fe portion of rabbit IgG; the specific antibody 
for A and B is affinity purified rabbit anti cytochrome 
P450 reductase , and for C is non-specific rabbit IgG. 

A. Vesicles isolated from a Golgi-enriched fra ct ion of 
density < 1.11. Magnification X29,450. 

B. Vesicles isolated from a smooth membrane fraction 
of density = 1.15. MagnificationX29,450. 

C. Control ImAd input fraction and all other conditions 
were the same as A. Magnification X23,250. 
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Plasma membrane 

The same antibody/ antigen couple was then used in 
a model membrane system, the human red blood cells 
(HRBC) with fused VSV-G protein. First the VSV was 
artificially induced to bind to the HRBC membrane by 
coating the virus with wheat germ agglutinin. This 
results in a 60-900/0 binding, depending on the con-
centrations of virus used. The low pH fusion step is 
carried out as described (White et aI. , 1980). 50% 
of the bound viral G protein is fused to the plasma 
membrane. Unfused viruses are removed with excess 
n-acetylg lucosa mine. 

The recognition of the fused antigen by the ImAd has 
been demonstrated with whole cells and membrane 
vesicles derived from the HRBC membrane. Under 
saturating binding conditions , "" 500 VSV binding 
to 3x109 cells, the density of the VSV-G in the mem-
brane is calculated to be "" 172 copies This 
corresponds to 0 .5% of the total red cell membrane 
protein. A down titration of the fused G molecules 
per plasma membrane area versus the efficiency 
of the immuno-isolation will provide an estimate of 
the amount of antigen necessary in a membrane for 
successful immuno-isolation . 

The specificity of the isolation is tested using inside-out 
and right-side-out vesicles prepared from HRBC with 
fused VSV-G. 

It is our aim to use this immuno-isolation system to 
isolate compartments of the secretory and endocytic 
pathway from cells grown in culture . We are making 
use of two categories of antigens, either an endogenous 
marker of the compartment or a foreign, viral antigen 
introduced into the desired compartment. The targeting 
of the viral surface protein will be accomplished as 
described in recent studies in which virus has been used 
as an experimental tool to study membrane traffic. 

An example of an immuno-isolation using an endoge-
nous antigen of the endoplasmic reticulum and Golgi 
complex (Ito & Palade, 1978), NADPH cytochrome 
P 450 reductase , is shown in Plates 1 A , 1 Band 1 C. 3 
magnetic beads were used as the ImAd with linker 
antibody and either affinity purified rabbit anti-NADPH 
cytochrome P450 reductase or a non-specific rabbit IgG. 
When the input was a Golgi-enriched fraction, large 
vesicles, some with lipoprotein particles in their cister-
nal space, were isolated (Plate 1 A). When the input 
was a smooth endoplasmic reticulum-enriched fraction , 
small smooth membrane vesicles were isolated (Plate 
1 B). When the control ImAd is used the non-specific 
binding is 1 to 2% of the specific binding (Plate 1 C) . 

A critical first step for the immuno-isolation protocol is 
to produce an appropriate input fraction . The objective 
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is to break the cells and release the organelles intact 
or as a defined vesicle population in a monodisperse 
suspension. Tissue culture cells present particular 
problems because of the abundance of cytoplasmic 
filaments which trap the organelles and prevent their 
release into the post-nuclear supernatant. We have 
assessed many homogenization protocols and media of 
different compositions to optimize our input fraction. 
These conditions vary significantly depending on the 
cell type. 

Antibodies have also been used as tools for cell fraction-
ation in density modification experiments. Antibody to 
the transferrin receptor is coupled to colloidal gold and 
the complex is used in the isolation of a pre -lysosomal 
compartment of the endocytic pathway of A431 cells. 
This project is in collaboration with J. Beardmore & 
C. Hopkins of the Liverpool University, Medical School , 
Liverpool , England . 
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Role of cytoskeletal structures in intracellular transport 

Member: T.E. Kreis' 

Technical assistant: JA Welisteed' 

A putative involvement of cytoskeletal structures in 
intracellular transport could basically be either direct, 
by providing mechanical energy for translocation , or 
indirect, by establishing polarity or tracks within the 
cytoplasm to route transport. Movement of particles 
had been visualized in various cells such as keratocytes 
(Hayden et al., 1983), foraminifera (Travis et aI., 1983), 
or squid giant axons (Allen et al., 1982). It appar-
ently follows cytoskeletal filaments. The mechanical 
energy for such continuous movement of particles along 
linear structures could have various origins , for exam-
ple actomyosin (Sheetz & Spudich , 1983), dynein-like 
microtubule associated proteins , or treadmilling of the 
filaments. 

Our general goal is to visualize and characterize bio-
chemically the intracellular transport of vesicles and 
to try to correlate such processes with the organisa-
tion and dynamic properties of cytoskeletal components 
(Kreis & Birchmeier, 1980; Kreis et aI., 1982a ; Kreis 
et aI., 1982b; Kreis et aI. , 1983). At the moment, 
we plan to use two model systems: (1) the trans-
membrane protein of vesicular stomatitis virus (VSV-G) 
as a marker for movement of carrier vesicles in living 
tissue culture cells and (2) permeabilized cell models or 
demembranated axons for in vitro analysis of particle 
movement. In collaboration with H.F. Lodish (Dept. 
of Biology, MIT) we have raised and affinity purified 
antibodies against the cytoplasmic carboxy terminus of 
VSV-G. We are currently trying to utilize microinjected 
rhodamine-labelled Fab-fragments of these antibodies 
to visualize in vivo movement of VSV-G from its site of 
synthesis, the rough endoplasmic reticulum (RER), to 
the plasma membrane. Application of sensitive video-
intensified fluorescence microscopy should allow record-
ing and direct comparison of the routes of vesicles carry-
ing VSV-G with cytoskeletal structures. Furthermore, 
we are raising antibodies against several cytoskeleton 

associated proteins to study their effect on the kinet-
ics and organisation of intracellular transport. The 
availability of an in vitro system should facilitate the 
analysis of the molecular basis of particle movement. 
In glycerinated or detergent permeabilized cell models 
certain motile processes remain apparently unaffected 
(Kreis & Birchmeier, 1980) and fast axonal transport 
still proceeds in extruded axoplasm from squid giant 
axon (Brady et al. , 1982). 
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Cryo-electron microscopy and cell biology 

Member: G. Griffiths 

Technical assistant: R. Back 

In the past few years cryo-electron microscopic tech-
niques have played a key role in EMBL both in cell 
biology and in high resolution structural studies. The 
former, with which we have been involved, uses thawed 
frozen thin sections for localizing cellular antigens at 
fairly high resolution: in our case this means membrane 
resolution (Tokuyasu 1980; Griffiths et aI., 1983b). In 
this technique freezing is simply a convenient way of 
obtaining a hard block that facilitates sectioning. The 
only potential denaturing reaction the antigen is ex-
posed to, prior to labelling with antibodies , is aldeiTy'de 
fixation , hence its theoretical advantage over all other 
immunocytochemical techniques. 

The Tokuyasu procedure has been used routinely at 
EMBL over the past 4-5 years. Most of the applications 
of this technique have, until recently, been concentrated 
in three laboratories: Tokuyasu's in San Diego, Slot and 
Geuze's in Utrecht, and EMBL. The three groups are in 
close collaboration and this has facilitated a number of 
improvements in the technique. 

Our efforts have been concentrated in two directions: 
(1) routine application and (2) understanding and im-
proving the technique. The former has been con-
centrated on problems concerned with structure and 
function of membrane compartments in cells, in collab-
oration with various members of the membrane group 
and , in particular, the groups of G. Warren and K. 
Simons. Summaries of this work are given in their 
research reports. 

The remainder of this report will be devoted to the 
second goal mentioned , namely understanding and im-
proving the Tokuyasu technique; significant progress 
has been made on both these points during the last 
year. The key to this progress comes from observation 
of frozen hydrated sections in collaboration with J. 
Dubochet's group which has pioneered this technique 
(Chang et aI. , 1983). The essence of the technique is 
that tissues are vitrified (i.e. no ice crystals), sectioned 
and the sections observed , unstained , in the cold stage 
of the electron microscope. Two important advantages 
of this method are that first, the state of solid water 
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(vitreous , cubic or hexagonal) can be assessed using 
electron diffraction and second , the mass density of 
the section can be estimated from which the section 
thickness can be calculated. This technique allows us to 
compare sections prepared for the Tokuyasu antibody-
labelling procedure, before and after thawing as well as 
after drying . The major conclusions from this work can 
be summarized as follows: 

- Following 2.1 M sucrose infusion , the cells can be 
vitrified in liquid nitrogen, which is the most conve-
nient, though least efficient, coolant. At lower sucrose 
concentrations hexagonal ice crystals form. 

- There is a mean linear compression of cells of about 
400/0 in the direction of sectioning. The effect of this 
compression disappears upon thawing the sections re-
sulting in zero net compression. A similar compression 
occurs with epon sections that are cut on a dry knife: 
this disappears when the sections are "stretched" on 
water. 

- The average frozen section thickness we cut is 130nm. 
Upon thawing , washing and air-drying the section 
collapses to a thickness of about 40 nm with resulting 
destruction of fine structure. When the drying step is 
made in the presence of a protective layer of methyl 
cellulose the average section thickness is 80 nm and 
the structural preservation is significantly improved . It 
is clear, however, that air-drying artefacts will probably 
limit this technique for high resolution studies. 

To avoid these air-drying artefacts we have recently 
tried to revitrify the thawed and labelled sections in a 
thin film of water. Early results have been promising , 
we have shown that it is possible to vitrify some 
areas of our sections and to see immuno-gold particles 
through this film of water. A technical problem we 
need to overcome is how to make the film of water 
thin enough to allow vitrification in liquid propane. We 
shall soon test the resolution of this method on muscle, 
a well-characterized structural system for which many 
antibodies are available. 



Another possibility we shall explore is to deep-etch 
and rotary-shadow the vitrified section after antibody 
labelling. In this way we would have a variation of 
the well-known Heuser technique (Heuser & Saltpeter, 
1980) which would offer two distinct advantages over 
the latter: first, one could combine antibody labelling 
with structural studies and second, one could assess the 
state of water in the sections by electron diffraction. 

Another important development for the Tokuyasu pro-
cedure is to work out a reliable quantitative technique, in 
the first instance to allow relative measurements of the 
labelling between different structures and ultimately to 
make a correlation between the number of immuno-gold 
particles with the amount of antigen orginally present. 
The Semliki Forest virus (SFV) system, with which we 
have worked extensively (Green et aI., 1981; Griffiths et 
aI., 1982; Griffiths et aI., 1983a; Quinn et al., 1983) is 
an ideal system in which to determine, for the first time, 
the essential prerequisites that allow this correlation to 
be made. Recently we have made a combined stereo-
logical and biochemical study of baby hamster kidney 
(BHK) cells infected with SFV in order to work out the 
density of the transmembrane-spike protein complex of 
the virus in membranes of the endoplasmic reticulum 
(ER) and the Golgi complex of infected BHK cells 
(Griffiths et aI., 1984; Quinn et aI., 1984) By combining 
these known densities with stereological studies on both 
epon and frozen sections after antibody labelling we 
shall soon be in a position to correlate the number of 
immuno-gold particles labelling SFV spike proteins in 
the ER, the Golgi complex, as well as in virus particles, 
to the known number of antigens present in those 
structures. 
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Differentiation Programme 

Introduction 

The Differentiation Programme was considerably ex-
panded in 1983 by the recruitment of several groups, 
reinforcing those already working on genes involved in 
development and differentiation. The main questions 
which were investigated by the existing groups ranged 
from neurobiology (structural studies of synapses and 
immunocytochemistry of identified neurons; mecha-
nisms of -axon guidance during development of the 
nervous system of grasshoppers) to the study of the 
structure and function of small cellular RNAs. Several 
groups continued their studies on genes that are in-
volved in development and differentiation. This included 
projects dealing with the Tit complex of the mouse, 
characterization of liver-specific genes, regulation of 
salivary gland gene expression in the midge Chirono-
mus, studies on the interaction of two developmentally 
interesting genes and the dosage compensation process 
in the fruitfly Drosophila. 
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The groups that recently joined the Laboratory focus 
on the mechanisms of oncogene activation and action 
in growth control and terminal differentiation. In ad-
dition, they are interested in mechanisms that govern 
the tissue-specific expression of genes in a developing 
animal. The experimental systems used involve: In 
vitro transformation of haematopoietic cells by acute 
avian leukemia viruses; construction and analysis of 
mutations in various virally-transduced oncogenes; and 
gene transfer experiments by transfection , infection and 
microinjection using various cell types including 3T3, 
teratocarcinoma stem and early embryo cells. 

The work performed by the individual groups is sum-
marized on the following pages. 



Interaction of oncogene-transducing retroviruses with haematopoietic cells 

Members: 1. Graf', H. Beug', P. Kahn' 

Fellow: R. Adkins' 

Students: K. Damm*, A. Leutz' 

Visiting worker: L. Guilbert' 

Technical assistants: C. Brady', G. Doederlein*, S. Grieser', C. Walter' 

Acute leukemia and sarcoma viruses are a class of retro-
viruses that have acquired cellular sequences (onco-
genes) during evolution. Viruses of this class frequently 
induce rapid leukemias, sarcomas and carcinomas and 
transform haematopoietic and nonhaematopoietic cells 
in vitro. The major categories of acute avian retro-
viruses, and the oncogenes they carry, are listed in the 
Table below. 

We are studying the biological effects of different retro-
viral oncogenes introduced into haematopoietic cells via 
natural or artificial virus vectors. These oncogenes have 
been used as tools to improve our understanding of how 
normal haematopoietic cells differentiate and how these 
processes are altered in leukemia. 

Table 
Oncogene-transducing avian retroviruses 

Virus type Virus strain Oncogene 
sarcoma viruses RSV src 

FSV, PRCII fps 
Y73 yes 

erythroblastosis/ AEV-ES4 erbA, erbB 
sarcoma viruses AEV-H erbB 
erythroblastosis/ E26 myb, ets 
myeloblastosis viruses 

myeloblastosis viruses AMV myb 
myelocytomatosis/ MC29, CMII, OK1 0 myc 
carcinoma viruses MH2 myc, mil 
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In particular, we are working on the following topics: 

Target cell specificity and mechanism of 
transformation by E26 leukemia virus 

E26 leukemia virus carries two cell-derived sequences 
myb and ets. This virus transforms erythroid and 
myeloid bone marrow cells in vitro and in vivo, the 
predominant disease induced being an erythroleukemia 
(Radke et aI., 1982; Moscovici et al., 1983). We 
have recently isolated several temperature-sensitive (ts) 
mutants of E26. Myeloid cells transformed by these 
mutants at permissive temperature differentiate into 
macrophage-like cells when shifted to nonpermissive 
temperature for 4 to 6 days (Beug, Leutz, Kahn & Graf, 
in preparation). We are currently studying whether 
the ts-Iesion manifests itself only in mutant-infected 
myeloid cells, or also in erythroid cells. This could 
provide us with clues concerning the lineage specificity 
and function of the two viral oncogenes. In addition, we 
would like to know whether or not terminal differentia-
tion induced in ts E26 myeloid cells is irreversible. 

We have recently found that myb virus-transformed 
myeloblasts are dependent for growth on a factor ob-
tained from mitogen-treated spleen cells (Beug et aI., 
1982). We are now in the process of purifying the 
factor and of determining its lineage specificity and its 
effects on the expression of the oncogene product in 
transformed myeloblasts. 

Role of erbB in oncogenic transformation 

Previous studies together with B. Vennstrbm's group 
have shown that erbB is the main oncogene of AEV-
ES4. ErbA seems to enhance the leukemic charac-
teristic of erbB-transformed erythroblasts but cannot 
transform cells on its own (Frykberg et aI., 1983). In 
collaboration with M. Hayman at the ICRF, London, 
the most mature form of the erbB gene product was 
identified as a 74000 dalton plasma membrane glycopro-
tein (gp74erbB) which is accessible to antibodies at the 
surface of living cells (Hayman et aI., 1983; Hayman & 
Beug, manuscript submitted). We have now shown that 
the processing of erbB protein precursors to gp74erbB is 
blocked in ts AEV erythroblasts induced to differentiate 
by shift to the nonpermissive temperature (Beug & 
Hayman, in press). This suggests that a fully processed 
plasma membrane erbB gene product is required for the 
maintenance of transformation. 

AEV and its ts mutants will also be used in a num-
ber of other projects. First, we want to determine 
the role of erythropoietin in the regulation of growth 
and differentiation of AEV-transformed and normal ery-
throblasts. We have developed a simple assay for chick 
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erythropoietin and are now trying to partially purify 
the hormone from anaemic chicken serum. Secondly, 
we are comparing the growth requirements, hormone 
sensitivity and differentiation properties of erbAlerbB-
and erbB only-transformed erythroblasts. With these 
experiments we hope to learn how erbA complements 
erbB in erythroid cells. 

In collaboration with B. Vennstrbm's group we are 
planning to test virus mutants with lesions introduced 
into various regions of the erbB gene in order to detect 
functional domains of the erbB gene product. Finally, 
we are cloning a deletion mutant of AEV which is unable 
to transform erythroblasts but still transforms fibro-
blasts as well as two revertants (Beug et aI., 1980). The 
aim of these studies is to define precisely the location 
of the deletion(s) in the mutant and its "repair", by 
cellular sequences. 

Transformation of erythroblasts with 
avian sarcoma viruses 

Since our move to the EMBL we have found that not 
only acute leukemia viruses but also avian sarcoma 
viruses such as RSV, FSV, PRCII and Y73 are capable 
of transforming bone-marrow cells in vitro. These cells 
have the phenotype of erythroblasts. Erythroblasts 
transformed by viral ts-mutants can be induced to ter-
minally differentiate when shifted to the nonpermissive 
temperature (Kahn, Adkins, Beug & Graf, in prepara-
tion). This provides us with another system of well-
defined oncogenes to probe erythroid differentiation. 

Complementation analyses of oncogenes 
by double infection experiments 

In certain cases a single oncogene is not sufficient 
to bring about malignant transformation. The myc 
gene, for example, transforms avian fibroblasts and 
macro phages in vitro, but does not render the cells 
tumorigenic (Royer-Pokora et aI., 1978; Palmieri et aI., 
1983). In combination with other oncogenes, however, 
it can induce a malignant transformation (Land et 
aI., 1983). We have begun to determine the effects 
of combinations of oncogenes on the phenotype of 
haematopoietic cells. In particular, we are interested 
in the following questions: 

1) Does erbA complement erythroid cells transformed 
by erbB as well as by other members of the srcfamily? 

2) Does superinfection of myb- or myc-transformed 
myeloid cells with oncogenes of the src family alter 
their phenotype (e.g. differentiation-specific antigens, 
growth factor sensitivity)? 



3) Are macrophages transformed by the myclmil-con-
taining virus MH2 more oncogenic than macro phages 
transformed by mycviruses? 

These studies should provide us with further insights 
into lineage specificity of oncogenes, complementation 
between oncogenes and selective pressu res that may 
have caused various acute retroviruses to acquire more 
than one oncogene during evolution. 

Publication during the year 

Graf, 1. & Beug , H. (1983). Role of the v-erbA 
and v-erbB oncogenes of avian erythroblastosis virus 
in erythroid cell transformation. Cell, 34, 7-9 

Other references 

Beug, H., Hayman, M.J. & Graf., 1. (1982). EMBO J., 
1, 1069-1073 

Beug, H. & Hayman, M.J. (1984). Cell, (in press) . 

Beug, H., Kitchener, G., Doederlein , G. , Graf, 1. & 
Hayman, M.J. (1980). Proc. Natl. Acad. Sci., 77, 
6683-6686 

Frykberg, L., Palmieri , S., Beug, H., Graf, 1., Hayman, 
M. & Vennstrbm, B. (1983). Cell, 32, 227-238 

Hayman, M., Ramsay, G. , Savin , K. , Kitchener, G. , 
Graf, T. & Beug, H. (1983). Cell, 32, 579-588 

Land, H., Parada, L.F. & Weinberg, R.A (1983). 
Science, 222, 771-778 

Moscovici, M.G., Purdie, P., Samarut, J., Gazzolo, L. , 
Mura, C.V. & Moscovici, C. (1983). Virology, 129, 
65-78 

Palmieri, S., Kahn, P. & Graf, 1. (1983). EMBO J. , 2, 
2385-2389 

Radke, K., Beug, H., Kornfeld, S. & Graf, 1. (1983). 
Cell, 31, 643-653 

Royer-Pokora, B., Beug , H., Claviez, M., Winkhardt, 
H-J, Friis, R.R. & Graf, 1. (1978). Cell, 13, 751-760 

31 



Function of cellular oncogenes 

Member: R. Muller* 

Students: T. Jenuwein*, H. Molders* 

Technical assistants: J. De/esche*, D. Muller* 

Function of the fos oncogene and 
its cellular homologue 

We have selected the fos oncogene to analyze the 
function of a retroviral oncogene (v-one) and its cel-
lular homologue (c-onc) in neoplastic transformation 
and in normal developmental processes. The fos gene 
appears to be particularly suitable for such investiga-
tions because of three major reasons: (i) a marked 
specificity in the type of tumour induced by the fos 
protein, i.e. chondro-osseous neoplasms (Finkel et al., 
1966); (ii) the relatively small size of the c-fos gene 
- in contrast to most other c-one genes (Van Beveren 
et aI., 1983); and (iii) the tissue-specific expression of 
the c-fos gene in mice (Muller et aI., 1982; Muller et 
aI. , 1983a) and humans (Muller et aI., 1983b) In a 
comprehensive analysis the highest level of c-fos tran-
scripts was detected in newborn bone and late-gestation 
extraembryonal tissues (i.e. placenta, amnion and yolk 
sac). In amnion, the levels of c-fos mRNA (Muller et 
al., 1983a) and protein (Curran et aI. , in press) were 
found to approach the level of expression that induces 
neoplastic transformation of fibroblasts in vitro and 
osteogenic sarcomas in vivo. These findings indicate 
that the oncogenic potential of v-fos-containing viruses 
is not merely the consequence of "over-expression" of 
a normal cellular gene. Nucleotide sequence analyses 
of both c-fos and v-fos genes have shown that the 
viral and cellular gene products have entirely different 
carboxy termini (Van Beveren ' et aI., 1983; Van Straaten 
et al. , 1983). However, these structural differences 
are apparently not required to activate the oncogenic 
potential of the normal c-fos protein (Miller et aI., in 
press). It thus appears that induction of neoplastic 
transformation by the fos protein requires its uncon-
trolled expression in specific type(s) of cells. We are 
currently studying the following questions: (i) Which 
cell types represent potential target cells for the induc-
tion of malignant transformation by fos? (ii) In which 
cell lineages and at which stage of differentiation does 
the highest expression of c-fos occur? (iii) How do 
different cell types (in particular stem cells) respond to 
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the expression of an exogenous fos gene (introduced by 
infection, transfection or microinjection)? This project 
is being carried out in collaboration with E. Wagner 
and U. Ruther. (iv) What is the function of (i.e ., which 
steps are directly mediated by) the fos gene product in 
the process of neoplastic transformation? 

Identification of novel c-one genes by 
L TR-mediated insertional oncogenesis 

With the exception of oncogenic viruses, all other es-
tablished model systems for the induction of malignant 
transformation (e.g. chemical or radiation carcinogene-
sis) involve modifications of the entire cellular genome 
thus making it difficult to unravel the molecular events 
associated with the initiation of the transformation 
process. We have, therefore , sought to establish an 
alternative transformation system that causes specific 
alterations of the cellular genome and would thus allow 
us to monitor the initiation of transformation at the 
molecular level. In this context we were able to show 
that the random insertion of transcription promoting or 
enhancing sequences into the cellular genome can lead 
to the activation of the oncogenic potential of normal 
cellular genes. Malignant cell lines were isolated after 
introduction (via transfection) of the molecularly cloned 
Moloney murine leukemia virus 3'-LTR (Mo-LTR) into 
the genome of NIH/3T3 cells. In four transformed 
cell lines generated by this technique the malignant 
phenotype was found to be associated with single char-
acteristic Mo-L TR integration sites that remained stable 
during serial passage on NIH/3T3 and 208F cells. In 
one of these cell lines LTR sequences integrated into the 
viCinity of c-raf leading to its transcriptional activation 
presumably via "down-stream promotion". In contrast, 
the transforming genes in other cell lines appear to 
be different from 18 previously identified c-onc genes. 
Our current studies are concerned with the isolation 
and structural analysis of the activated oncogenes and 
the identification and characterization of the encoded 
proteins. 



References 

Finkel, M.P., Bistis , B.O. & Jinkins, P.B. (1966). 
Science, 151,698-701 

Miller, A.D., Curran, T. & Verma, I.M. (1984). Cell, (in 
press) 

Muller, R., Siamin , D.J. , Tremblay, J.M. , Cline, M.J. & 
Verma, I.M. (1982). Nature, 299, 640-644 

Muller, R., Verma , I.M. & Adamson, E.D. (1983a). 
EMBO J., 2, 679-684 

Muller, R., Tremblay, J.M. , Adamson , E.D. & Verma, 
I.M. (1983b). Nature, 304, 454-456 

Van Beveren, C., Van Straaten, F., Curran, T. , Muller, 
R. & Verma, I.M. (1983). Cell, 32, 1241-1255 

Van Straaten , F., Muller, R., Curran , T., Van Beveren, 
C. & Verma, I.M. (1983). Proc. Nat/. Acad. Sci., 80, 
3183-3187 

33 



Analysis of the functions of the avian oncogenes erb and myc 

Member: B. Vennstrom* 

Students: L. Frykberg*, M. Jansson*, F. von Weizsacker* 

Technical assistants: C. Gray*, K. Nordstrom* 

The properties of the oncogenes of two avian retro-
viruses, avian erythroblastosis virus (AEV) and avian 
myelocytomatasis virus (MC29), are being studied. 

AEV induces erythroblastosis and sarcomas in virus-
infected birds and transforms erythroblasts and fibro-
blasts in vitro. The AEV genome encodes two host 
cell derived oncogenes , erbA and erbB. Our previous 
results have demonstrated that erbB is sufficient for 
erythroblast and fibroblast transformation both in vivo 
and in vitro. In contrast, erbA has no oncogenic prop-
erties alone, but enhances erbB-induced transformation 
of erythroblasts and makes the cells grow independently 
of complex media (Frykberg et aI., 1983). The erbB 
protein is a glycoprotein that spans the plasma mem-
brane (Hayman et aI., 1983), and its middle one-third 
is highly homologous to the tyrosin-kinase domains of 
other retroviral oncogene proteins (Yamamoto et aI., 
1983) as shown in Plate 2. 

PLATE 2 

Topography of the viral erbB protein. 
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To investigate whether erbA interacts specifically with 
erbB in erythroblast transformation, or if it can co-
operate with other related oncogenes in this process 
as well, we have constructed retroviral genomes with 
erbA and the oncogenes myb, myc and src, respec-
tively. The biological properties of these genomes 
will be tested in transfection experiments with chicken 
fibroblasts, and the capacity of the viruses to transform 
haemopoietic cells will then be monitored after infection 
of bone-marrow cells. The roles of the domains of 
erbB non-homologous to the tyrosin kinases will also be 
investigated by in vitro mutagenesis methods. First, we 
are inserting restriction endonuclease linkers encoding 
three amino-acids into several positions before and after 
the kinase region to see if we can in this way identify 
other domains of the erbB protein whose structures are 
important for oncogenicity. Second, we are deleting 
internal segments of erbB believed to encode the glyco-
sylation sites and the membrane spanning region. This 
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will aliow us to determine if these regions are essential 
for cell transformation . Third, 3'-regions of erbB are 
being deleted with the Bal31 endonuclease to be able 
to generate a set of carboxy-terminally truncated forms 
of the erbB protein. The carboxy-terminal domain of 
erbB has been demonstrated to be essential for the 
transformation of erythroblasts but not fibroblasts , as 
based on molecular analysis of a mutant of AEV isolated 
from a virus-infected chicken (Yamamoto et aI., 1983). 
The aim of our experiments is to define more precisely 
which parts of this region are necessary for erythroblast 
transformation and ultimately also for the tranformation 
of fibroblasts. 

The myc oncogene has been implicated in the induction 
of several kinds of neoplasias both in chickens and in 
mammals . However, only in the avian experimental 
system has it so far been possible routinely to induce 
transformation with the myc oncogene in vitro by the 
use of myc encoding retroviruses (such as MC29, see 
Graf & Beug , 1978, for review). To facilitate the study 
of myc-induced transformation of mammalian cells , we 
have inserted an avian viral myc oncogene into the 
genome of a murine retrovirus, which was denoted 
MMCV. Transformation experiments have so far shown 
that MMCV efficiently transforms murine NIH/3T3 and 
rat 208F celis in vitro. The virus also transforms 
primary mouse macrophages in vitro, whereas attempts 
to demonstrate transformation of primary mouse fibro-
blasts have failed . MMCV thus has oncogenic properties 
in vitro similar but not identical to those of the myc 
encoding avian retroviruses. We are currently deter-
mining the tumorigenicity of the MMCV-transformed 
murine cells , and also deciding whether cells other than 
macrophages and established fibroblast cell lines can be 
transformed with the virus . 
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Gene regulation in mammalian development and differentiation 

Member: E. Wagner' 

Fellow: U. Ruther' 

Technical assistant: M. Vanek' 

The objectives of the group are to study the mecha-
nisms controlling the developmental regulation of gene 
expression in mice. The experimental approach involves 
the introduction of DNA into fertilized eggs and into 
various embryonal stem cell lines with subsequent anal-
ysis for the expression of the foreign DNA. Various gene 
transfer techniques including microinjection and the use 
of retroviral vectors are being applied. In addition, 
growth control studies on early embryos are also being 
investigated. 

Transfer of specific cloned genes into mice 
by microinjection into the zygote 

Cloned genes can be stably introduced into mice by 
microinjection into one of the two pronuclei of the 
fertilized egg . The genes are transmitted through the 
germ line and new strains of mice homozygous for 
the acquired genotype can be obtained by selective 
breeding. This approach is being utilized for three types 
of studies on gene expression during development. 

First , the regulated expression of newly inserted genes 
using tissue-specific "enhancer elements" is being exam-
ined. Recombinant vectors containing such en-
hancers linked to marker genes are under construction 
and their potential to establish tissue-specific gene ex-
pression will be tested after stable transfer into tissue 
culture cells as well as into mice by egg-injection. The 
possibility of correcting genetic defects by this method 
will also be explored. 

In a second set of experiments , performed in collabo-
ration with R. Muller, c-onc genes in combination with 
different inducible promoters are being introduced into 
mice, by egg-injection, and into embryonal stem cells 
to study the possible role of these genes during normal 
development and differentiation. 
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Thirdly, we have observed a high incidence (2 out of 6) 
of insertional mutagenesis leading to prenatal lethality 
in embryos homozygous for injected DNA sequences 
(Wagner et a/., 1983). Such mutants may provide 
new possibilities for the molecular identification of gene 
functions necessary for normal development. 

Retroviruses, retroviral vectors and early 
mouse development 

Retroviruses integrate extremely efficiently into host 
cell chromosomes . Thus, retroviruses can be used 
as vectors to introduce genes efficiently and stably 
into the genomes of embryonic stem cells and mice. 
This approach is being used to study two questions. 
First , embryonic stem cells and early mouse embryos 
are refractory to retrovirus expression whereas their 
differentiated cells and postimplantation embryos are 
permissive for virus expression (Stewart et a/. , 1982). 
Retroviral vectors containing selectable genes are being 
used to study this switch in the control of retrovirus 
expression with the intention of revealing mechanisms 
of gene expression during mouse embryogenesis. Sec-
ondly, with some retroviral vectors we have been able 
to obtain a high frequency of clones under selectable 
conditions from established embryonal carcinoma cell 
lines. We are currently using these viruses to introduce 
new genes directly into the germ line of mice by infection 
of early embryos . Alternatively pluripotent embryonal 
stem cells and haematopoietic stem cells are being 
infected and the expression of the retroviral vectors 
will be studied in vivo in chimaeric animals . Part of 
this work is done in collaboration with E. Gilboa from 
Princeton University. 



Studies on growth control in stem cell lines 
derived from early embryos and established 
embryonal carcinoma cell lines 

Stem cell lines obtained from tumors of grafted embryos 
(teratocarcinomas) or directly from early embryos have 
the capacity to lose their malignant phenotype and 
participate in normal development when introduced into 
young embryos. Experiments are being performed to 
study the mechanisms involved in establishing immor-
talized, malignant stem cell lines from normal embryonal 
cells of wild-type and mutant genotypes. The role 
of growth factors , feeder dependence, cell-cell commu-
nications as well as the effect of introduced growth 
promoting genes are planned to dissect the processes 
leading to malignant transformation . In addition, we are 
analyzing the time and place within the embryo when 
malignant stem cells begin to behave normally. 
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Balbiani ring genes in Chironomus and nucleic acid hybridization studies 

Members: J.-E. Edstrom , M. Renz 

Fellows: D. Rohme* , H. Saiga* 

Students : R. Galler, D. Tautz* 

Visiting workers: T. Friedman* , T. Higashinakagawa*, M. Izquierdo*, D. Johnson*, T. Moritz* 

Technical assistants: M. Andersson , H. Kluding , C. Kurz, N. Riedel* 

Balbiani ring genes 

The large Balbiani rings (BR) in Chironomus salivary 
glands, BR1 , BR2 and BR6 are members of a co-
ordinately regulated gene family. Normally BR1 and 
BR2 are active and their products, the giant secretory 
proteins sp-Ia and sp-Ib, may account for about 75% 
of the total incorporation of methionine into all cellular 
proteins. If certain compounds, like galactose, glycerol 
and ethanol , are added to the medium in which the Chi-
ronomus larvae live, it is possible to change the balance 
of expression among these genes. BR6 becomes the 
most active locus in the cell and its product sp-Ic alone 
may account for about 75% of the total methionine 
incorporation into all proteins. The sp-Ib disappears 
and BR2 regresses, but some sp-Ia synthesis remains. 
The objective of the work is to (1) elucidate the phy-
siological rationale for the switch in gene activities and 
(2) investigate the pathway by which inducers control 
the relative expression of these three genes. 

(1) Physiological rationale All BR6 inducers lower 
the inorganic phosphate (Pi) supplies in the larvae; Pi 
added together with inducers inhibits induction ; Pi can 
also revert the induction in the continued presence of the 
inducer (Edstrom et aI., 1982). Clones were produced 
of repeat units in BR1, BR2 and BR6 representing 
50-75% of the genes (Jackie et al. , 1982 ; Galler et aI., 
1984). The repeat units in the three genes consist of 
a constant part and a subrepeated part. As can be 
seen from Plate 3 the constant parts can be homolo-
gized whereas the subrepeated parts do not show any 
sequential homology over longer stretches. Interestingly 
BR1 and BR2 clones have a high content of codons for 
serine and threonine which are lacking in the clones for 
BR6. All clones have about 30% arginine + lysine codons 
but whereas there is a considerable excess of positive 
charges for BR1 and BR2, high contents of glutamic 
and aspartic acid in the product for BR6 lead to a net 
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excess of negative charges . These results suggested 
that the Pi effect could be explained by differences in 
phosphorylation between the BR1 and BR2 products on 
the one side and the BR6 product on the other. This 
assumption could be confirmed by direct measurements 
of phosphorylation (Plate 4) which showed that the BR1 
and BR2 products, sp-Ia and sp-Ib, are phosphorylated 
in contrast to the BR6 product sp-Ic. Quantitative 
measurements of the P contents in sp-Ia and Ib showed 
8-9 P atoms per 100 amino-acids. The normal export of 
P with secretion is so large during P starvation that the 
pools would be exhausted in a few days. The induction 
of BR6 and sp-Ic permits secretory protein production 
during P starvation. 

(2) Coordinate control : How do the altered P levels 
lead to a change in the relative expression of the three 
genes, BR1 , 2 and 6? The cellular localization of phos-
phorylation might provide one guide. It occurs, probably 
exclusively, during translation in a process sensitive 
to cycloheximide (Galler & Edstrom, in preparation), 
in contrast to other known protein phosphorylation. 
These results could indicate that the P effect on expres-
sion of sp-I components may be relayed primarily over 
the translatory rather than the transcriptory process. 
The activity of individual BR mRNAs during P-induced 
activity shifts is therefore being investigated. The 
activity of polysome-localized mRNAs is dependent on 
P-Ievels , probably due to changes in the rate of elon-
gation, further supporting the possibility that primary 
control is at the level of translation . It is now planned 
to correlate shifts in mRNA production for the three 
BRs with corresponding shifts in translation to learn 
where the P influence is first expressed. Other planned 
experiments concern the nature of the polysome-bound 
phosphorylation and the possible presence of BR-coded 
information with the function of providing a retrograde 
signal from the level of translation to transcription . 



PLATE 3 

Sequences of the repeat units cloned in pCp 90 (BR1), 
pCp 41 (BR2) and pCp 16 (BR6) shown in the 5'---+ 3' 
direction. The parts which are homologous 
have been aligned and nucleotides or amino-acids in pCp 
41 and pCp 16 which are identical to those of pCp 90 

have been dashed. The subrepeated parts, which follow 
in the 3' direction cannot be homologized and are shown 
separately, divided into subrepeats. Insertion sites into 
the vector are shown with arrow heads. From Galler et 
al. (1984). 

pCp90 
pCp41 
pCp16 
pCp90 
pCp41 
pCp16 

AAA CCA GAG AAA TGC GGT AGC GCA ATG AGA CGT GTT GAA GGA GAG AGA TGT GCA 
-G- --- --- --- --C --T AA- --- --- A-A --- TT- -CC --A -AG --C --T 

GAG CCT -A- GAT -A- --- --- GAA AGG -TC AAG AGA C-T --- -AC 
lys pro glu lys cys gly ser ala met arg arg val glu gly glu arg cys ala 
a rg - - 1 ys - - 1 eu ala - 1 ys -

glu pro - - asp asp glu - - glu lys val lys arg - - asp 

pCp90 
pCp41 
pCp16 
pCp90 
pCp41 
pCp16 

GCA AGA AAA GGT AGA TTC AAT GAC AAG AAT TGC AGA TGT'ACT TCA GTT GGT • 
--T --- --G --A --- --- -G- -CA -GT --A --- --- --- HC ---AGA CCA 
AAT GAG'--T'C-C C-- --T G-C -CA -GA -GA --T GA- --C GG- GAG AAG AAA • 
a 1 a arg lys gly arg phe asn asp lys asn cys arg cys thr ser val gly --t .. 

- ser ala ser lys - - phe - arg 
asn glu asn arg - - asp ala arg arg - glu - gly glu lys 

pCp90 
AAA CCA AGC AAA CCC TCG 
lys pro ser lys pro ser 

AGA CCA AGC AAA CCA ACA 
arg pro ser lys pro thr 

AGA CCA AGC AGG CCA TCG 
arg pro ser arg pro ser 

AGA CCA AGC AAG CCA ACA 
arg pro ser lys pro thr 

AGA 'CCA AGC AAG CCA ACA 
arg pro ser lys pro thr 

AGA CCA AGC AGA CCT TCT 
arg pro ser arg pro ser 

AAA CCA AGC AAA CCC TCG 
lys pro ser lys pro ser 

pCp41 
AGC AGA TCAGGA CTT AGA CCA GAA AGA CCA 
ser arg ser gly leu arg pro glu arg pro 

ACC AGA TCA GGA TTA AGACCA GAA AGA CCA 
thr arg ser gly leu arg pro glu arg pro 

------- AGA CCA GAA AGA CCA 
-------- arg pro gl u arg pro 

ACC AAA TCA GG'A TCT -------
thr lys ser gly ser --------

BR 1 p(p90 
-l I I I I I I I 1 II I I I I I 

BR 2 p(p41 

BR 6 p(p16 
x 

----111111111111 111111111111---

pCp16 
CGT CCA GAA 
arg pro glu 

GAT AAC GAT 
asp asn asp 

GAC GAA GAT 
asp glu asp 

CGC CCA GAA 
arg pro glu 

CGT CCA GAA 
arg pro glu 

AGA CCC GAA 
arg pro gl u 

AGA CCT GAA 
arg pro glu 

AGA CCT GAA 
arg pro glu 

GAA CCA GAA 
glu pro glu 

CGC GAG GAG 
arg glu glu 

CCC GAA AGA 
pro gl u arg 
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PLATE 4 

Separations in 2.1 % polyacrylamide, 1 % agarose com-
posite SDS gels (10) of salivary gland proteins from 
glycerol induced animals (9), parallel controls (e) and 
normal culture controls (ee). Parallel controls received a 
treatment identical to that of induced animals but with-
out inducer, whereas culture controls were kept under 
normal culture conditions with food. Six glands from 

10,-
Ib-Ie ....-

c g ce C' g' eC' e g 

C.bl. 3SS 

Since the sp-I components interact with disulphide 
bonds with a cystein-rich, about 200 kD, secretory 
protein, which is a probable product of a BR3, this 
gene is being cloned to provide more information for 
understanding the structure of sp-I and, in the long run, 
the regulatory process as well. 

Microcloning 

Part of the activity of the group concerns microcloning 
work, partially for the Balbiani ring program (e.g. 
BR3) but mainly in collaborative work concerning other 
projects (several Drosophila loci, telomeres, DNA puffs, 
mammalian chromosomes etc.). 
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six animals of each kind were used for [35S]methionine 
incorporation and the sister glands for [32P]ATP incuba-
tion. The gel stained with Coomassie blue is shown to 
the left (C. bl.). The left half of this gel was processed 
for fluorography to detect [35S]methionine and the right 
half for autoradiography to detect 32p incorporation, 
indicated as 35S and 32P, respectively. From Galler et 
al.(1984). 

ee (' g' eC' 

32 P 

Simple DNA sequence elements in 
eukaryotic genomes 

Clones containing simple DNA sequences were isolated 
from different types of genomic Drosophila vinlis li-
braries by screening with poly(A)+ RNA. At least three 
types: 
- poly[d(G-T)].poly[d(C-A)], 
- poly[d(G-A)].poly[d(C-T)] and 
- poly(dA).poly(dT) 
were found to be transcribed in several species. They 
could arise by a common mechanism, i.e. slippage re-
plication and unequal crossover, having no direct func-
tion in gene expression. This view is supported by the 
fact that simple sequences were detected only in the 



metabolically inactive micronucleus of the protozoan Sty-
lonychia, but not in the metabolically active macro-
nucleus which is derived from the micronucleus by 
chromosome elimination. A general , indirect function 
of simple sequences is probably to serve as hot spots 
of recombination, as has been shown in certain cases by 
others. Simple sequences may be regarded as a source 
of rearrangements and variation. 

A method for constructing nonisotopic 
hybridization probes 

A general method was developed to produce hybridiza-
tion probes which allows cross-links of any protein to 
DNA to be produced with high efficiency. The strategy 
is as follows: (1) a small macromolecule ("" 1 kDa) , 
namely a protein fragment or a synthetic polymer, 
carrying many primary amino groups is fused with a 
protein; (2) the small, positively-charged tail of the 
resulting hybrid protein binds at low ionic strength by 
electrostatic interactions to DNA; (3) the ionic binding 
between the two macromolecular components is essen-
tial for a successful cross-linking reaction leading to 
covalent bonds. 

Such single-stranded DNA-protein probes hybridize with 
their complementary sequences and can be detected 
by searching for the protein . If the protein moiety of 
the probe consists of an enzyme molecule which can 
convert a colourless substrate into a coloured pigment 
the hybridization sites can be visualized directly without 
tedious cytochemical sandwich methods. The latter 
approach was used for two enzymes, namely peroxidase 
and alkaline phosphatase , and optimized for filter hy-
bridization (Southern blots). The sensitivity and speed 
of the method is high : 1 pg of a 1 kb long DNA fragment 
immobilized on nitrocellulose paper can be visualized in 
1 h. Genomic blots can therefore be performed. 

Another useful application of this methodology, e.g . 
for DNA fragment characterization , exploits the fact 
that two different DNA fragments can be labelled with 
two different enzymes which are then hybridized si-
multaneously with a blot and developed with the two 
substrates (peroxidase leads to brown pigmentation 
and phosphatase gives blue). The differently coloured 
bands signalize the extent to which the two probe DNA 
sequences are present in a given band. Adaptation 
of this principle to in situ hybridization should be of 
particular interest for chromosomal fine mapping , e.g. 
defining the orientation of large genes like the Balbiani 
ring genes. 
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Gene expression and regulation 

Members: R. Cortese, G. Ciliberto 

Fellows: G. Bensi, V. Colantuoni , F. Costanzo, L. Dente, C. D'Onofrio, G. Raugei, C. Santoro 

Visiting workers: F. Altruda*, C. Dode* , R. Lorenzetti *, A. Parmeggiani*, E. Perlino* , E. Sbisa*, K. Straby* 

Technical assistants : V. Romano, P. Stevenson 

The long-term goal of our group is to study the molecu-
lar basis of cell-specific transcription of genes expressed 
in human hepatocytes. In this cell the characteristic 
repertoire of gene expression leads to the abundant syn-
thesis of a large number of well-characterized proteins, 
of which several are secreted in the plasma. Genes cod-
ing for these proteins constitute a set sharing the piOp-
erty of being selectively or preferentially expressed in the 
hepatocyte, at various transcriptional rates . Structural 
and functional comparison within the members of this 
gene set will be at the core of our research project. An-
other important reason for the choice of the hepatocyte 
is the fact that in humans there is an enormous amount 
of information concerning the structure and function of 
many proteins synthesized in this cell . Furthermore, due 
to medical interest, screening on a large scale has been 
performed , leading to the discovery and classification of 
many human mutants. In this system therefore there is 
a wealth of information concerning the physiology and 
the pathology of the hepatocyte, and the biochemistry 
and genetics of its specific gene products . Several of 
these genes have been the object of classical genetic 
studies and their alteration has been correlated with 
important inherited diseases. The characterization of 
their structure in normal and mutant individuals , their 
chromosomal location and their regulation will further 
our knowledge of important diseases, their diagnosis, 
cure and prevention. 

At the present time we have been able to clone several of 
these genes and have gained some information on their 
structure, organization and expression. Our initial ap-
proach to clone liver-specific cDNAs has been described 
(Costanzo et aI. , 1983). More recently we have enriched 
our liver-specific cDNA collection by using a technique 
developed in this Laboratory (K. Stanley, in prepa-
ration), which allows efficient and rapid identification 
of cDNA clones by direct antibody-mediated screening 
of bacterial colonies. We have cloned and character-
ized cDNAs coding for: albumin, a-1-antitrypsin, a-
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1-microglobulin, prothrombin, antithrombin III, retinolbind -
ing protein, haptoglobin, Land H apoferritin, a-1-acid 
glycoprotein, haemopexin, y-fibrinogen, C1-esterase 
inhibitor, aldolase Band glyceraldehyde-3-P-dehydro-
genase. These genes will eventually be used for studies 
of gene expression both in vitro and in vivo following 
their reintroduction into various types of cells. During 
the year the work has been concentrated on the isola-
tion and characterization of the full length cDNAs and 
the corresponding genomic segments . For all of them 
we have determined the complete cDNA sequence and 
started that of the genomic segment. The structural 
analysis, in any case necessary for future functional 
studies, has sometimes led to interesting results. 

Haptoglobin 

This is a case in which the study of the cDNA has 
been very informative. Haptoglobin exists in the hu-
man plasma as a tetra mer composed of two different 
subunits (a and complexed with haemoglobin . Bio-
chemical analysis had revealed extensive polymorphism 
in the human population at the level of the a-chain 
(Kurowski, 1982). A very interesting polymorphism, 
in fact: about 50% of all individuals has a partly 
duplicated a-chain (much rarer triplications also exist). 
No frequent polymorphism is known for the 
Classical genetic studies led to the prediction that there 
must be a gene coding for the a-chain, located on 
chromosome 16, and a gene coding for the 
which appeared to map on a different chromosome. In 
contrast, biochemical analysis of in vitro translational 
products suggested that a and might be cotranslated 
(all these data are reviewed by Bowman & Kurowsky, 
1982). Our cDNA sequence showed that the a- and 

are part of the same gene. Their coding 
sequence is adjacent on the same mRNA, showing that 
the a- and are generated post-translationally 



by proteolytic cleavage of a precursor protein. Southern 
blot analysis has also shown that there must be at least 
two copies of the haptoglobin gene per haploid genome. 
As classical genetic studies are only compatible with 
one gene per haploid genome, our finding raises these 
problems : Why is only one gene expressed in the adult? 
Is the other a pseudogene? or, Is there a complex 
control of the haptoglobin gene expression? We have 
cloned both copies from a genomic library and will try 
to provide some answer to these questions. 

Retinol-binding protein 

This protein is synthesized in the hepatocyte and ex-
creted in the plasma, where it acts as the vitamin 
A carrier. We have shown that there is only one 
gene per haploid genome which we have cloned in a 
lambda vector and are in the process of sequencing. 
We have shown that the gene is expressed in a human 
hepatoma cell line (Hep 3B) and its transcription is 
induced by glucocorticoids and by retinol. There is 
some indication in the literature that retinol and retinoic 
acid might have an effect at the level of gene expression. 
Retinol is found in the nucleus, bound to an intracel-
lular retinol-binding protein (different from the plasma 
retinol-binding protein), where it might interact with 
DNA in a manner similar to the glucocorticoid-receptor 
complex (Mehta et aI., 1982). It will be interesting to 
study the mechanism of the retinol-binding protein gene 
induction by retinol. 

Hand L apoferritin 

Apoferritin is present in every cell as a 24 subunits shell 
containing large amounts of iron. There are at least 
two types of apoferritin subunits , differing slightly in 
molecular weight (heavy and light chain). Peptide se-
quence analysis has revealed that apoferritin molecules 
are slightly different in different cell types of the same 
organism. For instance , the human liver differs from the 
human spleen apoferritin at nine amino-acid pOSitions. 
We have cloned and sequenced cDNA coding for the H 
and the L subunit from human liver, showing that they 
are coded by different genes and therefore are not, as 
often suggested, generated by post-translational modifi-
cations. Our sequence provides important information 
on the structure of the two apoferritin molecules and 
constitutes an essential step towards the understanding 
of their function. The most interesting result, however, 
is the discovery that there are at least 15 different 
genes for each subunit. This observation explains 
the amino-acid sequence differences in the apoferritins 
of various tissue: most probably different genes are 
preferentially expressed in different cell types. This 
makes the apoferritin gene family an ideal system for 
studies of tissue-specific gene expression. We have put 

a considerable effort into this project and have so far 
cloned 12 lambda clones carrying different apoferritin H 
genes. The immediate goal is to establish which gene 
is expressed in which cell type. 

The human hepatoma cell line Hep38 

We have recently characterized , with respect to patterns 
of gene expression , this cell line originally established by 
B. Knowles (1980). All the hepatocyte-specific genes 
for which we have a cDNA probe are expressed , in 
normal conditions of growth, yielding mRNAs identical 
in size to those synthesized in human liver. Furthermore 
DNA Southern blot analysis shows that the over-all 
organization of all the genes which we have analyzed 
is identical in DNA extracted from Hep3B and from 
wild-type peripheral lymphocytes. We have also defined 
conditions for efficient CaPhosphate-mediated trans-
fection of this cell line. We are therefore ready to 
introduce cloned genes, slightly modified to distinguish 
the endogenous and exogenous transcripts , into Hep3B 
and into other cell lines. The quantitative comparison 
of the expression of the introduced genes in the specific 
cell type (Hep3b) and in other cell lines will be the basis 
for our further study. 

Site-directed mutagenesis of the coding 
region of tRNApro 

During the year we have brought to a conclusion our 
project on polymerase III transcriptional units. By 
extensive use of the mutagenesis methods developed 
in our Laboratory (in collaboration with G. Cesareni), 
we have constructed a series of mutants in the coding 
region of an eukaryotic tRNAPro, and have analyzed the 
transcriptional rates , the efficiency of processing and 
the intracellular stability of the mutant gene products. 
The results on the efficiency of transcription , both in 
vivo and in vitro, essentially confirm and complete our 
previous study on the structure of the split promoter. 
The results on the effect of base pair substitutions 
on the processing reactions are interesting: mutations 
which affect processing appear to be clustered in the 
TUCG stem and loop. We also observed that there 
is a general correlation between the lack of processing 
and the instability of the transcripts from base pair 
substitution mutants. The mutants can be grouped in 
two classes: those characterized by efficient processing 
and stability of the transcripts and those characterized 
by impaired processing and instability of the transcripts. 
The two phenomena might be related: it appears that 
if a precursor cannot be channeled into the process-
ing pathway, it will undergo rapid degradation. This 
degradative pathway however shows a high degree of 
discrimination: transcripts with substantial changes in 
the tRNA structure, even half molecules, are perfectly 
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stable. The degradative enzymes are specific for tRNA-
like molecules and do not digest molecules altered in 
such a way as to show no resemblance with tRNA. 
We believe that the nucleases involved in this process 
are responsible for a quality control of the structure of 
tRNA gene products and for the selective removal of 
those tRNA-like molecules capable of interfering with 
the normal translation in the cell . 
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Mammalian developmental genetics 

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

Fellows: J.-H. Chai*, P. Lehtinen*, H. -R. Rackwitz* 

Students: M. Burmeister*, B. Herrmann, R. Weinzierl*, G. Zehetner 

Trainees: E. Ehrich* , Ulrich Nentwig*, J. Prafke* 

Visiting workers: M. Bucan* , P. Campell* , M. Kemmel* , D. Leader*, K.-H. Scheit*, M. Zimmer* 

Technical assistants: R. Buckland*, G. Pilz, A. Poustka 

During the last year our group has made some progress 
towards the long range goal , the molecular analysis 
of developmental mutations in mammalian systems. 
We hope to approach essential mechanisms in early 
development by identifying genes and gene products 
defined by developmental mutations. 

Though conceptually similar to analogous experiments 
carried out in other systems (e.g. the molecular analysis 
of the bithorax complex in Drosophila melanogaster) 
the work in mammalian systems is considerably more 
difficult because of the much larger amount of DNA to 
be handled and because genetic analysis in the mouse is 
more limited. Therefore identification and localization 
of specific genes on chromosomes are very laborious . 
Nevertheless it should be feasible to approach the 
problems by combining high resolution genetic analysis 
with appropriate DNA techniques. The system which 
we have started to work on is a set of developmental 
mutations in the mouse located within the Tit complex, 
a large region on chromosome 17 associated with a 
number of effects on development, spermatogenesis, 
and meiotic recombination. 

In collaboration with D. Rohme and J.-E. Edstrom 
clones were derived by microdissecting the proximal part 
of chromosome 17 from metaphase spreads and cloning 
the DNA on microscale. In collaboration with L. Silver's 
group at Cold Spring Harbor some of the clones derived 
by this technique have been genetically mapped to the 
t complex (and its immediate environment). This has 
been done using restriction fragment length polymor-
ph isms between DNA from strain 129 and from mice 
containing a t haplotype on a congenic 129 background. 
Clones that did not show such a polymorphism , have 
been mapped to mouse chromosome 17 by hybridization 
to DNA containing mouse chromosome 17 on a hamster 

background (Rohme et aI., in press). Further clones 
have been obtained and are being analyzed, Clones 
mapped to subregions of the t complex by partial t hap-
lotypes (Mains et al., in preparation) are now being used 
for the isolation of cosmids with the aim of linking up re-
gions around some of the developmental mutations. At 
the same time high resolution genetic analysis has been 
started to define with an accuracy of approximately 
O.1cM (corresponding roughly to 160Kb in the mouse) 
the region potentially containing the coding sequence 
of a gene responsible for a developmental mutation . 
This should eventually allow the identification of the 
affected gene product. Since it is difficult to apply 
molecular techniques that are best suited to handle 
units of DNA of the size of a cosmid to the amounts 
of DNA involved in genetic distances (millions of base 
pairs), a major effort of the group has been directed 
towards expanding the capabilities of cloning and DNA 
analysis techniques. Progress in this direction has been 
made by the development of a vector-host system that 
permits the genetic selection of specific cosmids from 
libraries by homologous recombination in E.coli with 
plasmids carrying a probe sequence (Poustka et aI., 
submitted for publication), A similar strategy is being 
applied to the construction of vectors in an attempt 
to speed up chromosome walking experiments. Work 
is also in progress on the cloning of non-contiguous 
DNA fragments separated by a specified distance on 
the chromosome. 

To extract information from large regions of DNA a 
technique for the rapid restriction mapping of lambda 
clones has been worked out, new lambda vectors for the 
selective cloning of open reading frames have been con-
structed, and potentially more efficient cDNA cloning 
protocols have been designed. 
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Techniques of this type wi ll be required in the analysis 
of mammalian loci defined only in genetic terms as is 
the case for the developmental lethals in the t complex 
of the mouse. They can therefore also be expected to 
contribute to the analysis of medically relevant prob-
lems in human genetics where analogous difficulties are 
encountered. 
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Small cytoplasmic RNAs: structure and function 

Member: M. Melli 

Fellows: M. Bozzetti*, M. di Carlo* , C. Crimaudo*, E. Gundelfinger, M. Tripodi* 

Trainee: D. Zopf (part-time) 

Visiting worker: G. Scapigliati* 

Technical assistant: S. Murphy 

The main interest of this group is the structure and 
function of small cellular RNAs. We have cloned and 
characterized some of these RNA species. The 7SL 
RNA is of particular interest since it is an integral part of 
the signal recognition particle (SRP) which is involved in 
protein translocation (Walter & Blobel, 1983). We have 
looked at the organization of the 7SL within the SRP, in 
relation to the six protein components of this particle. 
For the other nucleoprotein particles the function is not 
yet known. We are however analyzing the RNAs and 
their genes and studying their expression. 

Relationship between structure and function 
of the canine signal recognition particle 
In collaboration with B. Dobberstein & E. Krause 

Partial digestion with micrococcal nuclease of the RNA 
of the signal recognition particle (SRP) produces dis-
crete SRP fragments which can be studied for their 
nucleic acid and protein components (Gundelfinger et 
aI., 1983). Micrococcal nuclease cuts the 7S RNA step-
wise , producing first two fragments approximately 220 
and 72 nucleotides long yielding a functional SRP which 
sediments in a sucrose density gradient as an intact 
particle. Further digestion produces three additional 
RNA fragments 150, 62 and 45 nucleotides long and 
the particle is disrupted and loses its function. 

Sequence analysis of the RNA fragments shows that 
the five products of digestion span almost the entire 
length of the 7SL RNA with minimal loss of nucleotides. 
The sites accessible to the enzyme are at the borders 
between the central S fragment of the 7SL RNA and the 
two Alv DNA flanking sequences (Ullu et aI. , 1982b). 
The most accessible site being at the 5' end of the RNA. 
The four largest polypeptides of the SRP are complexed 
to the S DNA fragment while the smallest proteins are 
bound to the 5' and 3' Alvfragments. 

Comparative structure of the 7SL RNA 
from different species 

The availability of the sequence of the human and canine 
7SL RNA allows the construction of models for the 
structure of the RNA free in solution. Limited digestion 
of the RNA with nucleases provides a means of veri-
fying the models of secondary structure derived from 
computer analysis. In collaboration with the computer 
group of EMBL we have started this approach. 

To consolidate structural models for maximum base 
pairing , it is useful to examine the primary and sec-
ondary structure of the same RNA from distantly re-
lated species (Branlent et al., 1981). For this reason 
we have cloned the cDNA copies of Drosophila and 
sea urchin 7SL RNAs. The Drosophila clones are now 
characterized . The sequence of this RNA shows approx-
imately 60% homology with that of human 7SL RNA. 
Although sequence homology can be found along the 
eniire molecule of the 7SL RNA the central part contains 
more homology than the flanking Alv sequences , in 
analogy with our previous observation that the central 
RNA region is more conserved than the Alv flanking 
sequences (Ullu et aI., 1982a). 

7SK RNA : genes and pseudogenes 

We have reported the cloning and characterization of 
7SK RNA of HeLa cells (Ullu & Melli 1982). Subse-
quent analysis of the RNA and its cDNA copy revealed 
that the cDNA was not full length at the 5' end and 
we have now completed the sequence of the RNA. The 
sequence reveals a consensus sequence with poly-
merase III promoters with homology limited to the region 
of the promoter designated as Box A. This is located 
approximately 70 bp from the 5' end of the RNA in-
dicating a similarity between K and 5S RNAs (Ciliberto 
et al. , 1983). 
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We have shown that the 7SK RNA is homologous to a 
new family of repeated sequences, many of which are 
pseudogenes with interesting features: (1) no similarity 
between the sequences flanking the pseudogenes indi-
cating complete interspersion; (2) little divergence from 
the RNA sequence and large amputation, either of both 
or only the 3' end of the molecule: direct repeats may 
delimit the RNA homology; (3) linkage to Alu DNA, 
either at the 5' or 3' end of the 7SK-like sequence: 
direct repeats may be present, enclosing the 7SK Alu 
DNA unit; (4) the pseudogenes are flanked by Alu DNA 
or other repeated sequences. 

These results suggest that the 7SK like DNA may 
be transposable either alone or in conjunction with 
other repeated sequences. Insertion seems to occur 
more readily into regions already containing repeated 
elements. 

We have isolated two putative genes, one of which is 
fully analyzed. In contrast with the situation observed 
in the pseudogenes, the 5' end of the gene is flanked by 
a unique sequence. Following the 3' end of the gene is 
a partial gene duplication spanning the last 180 bp of 
the 7SK RNA, which is linked to Alu DNA. 

This recombinant can be transcribed by RNA poly-
merase III in an in vitro system, which requires both 
cytoplasmic and nuclear extract. The product seems to 
be correctly initiated and terminated. 
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Gene organization and expression in Drosophila 

Members: V. Pirrotta, J. Burckhardt 
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We are interested in the organisation and expression of 
Drosophila genes, particularly during development. In 
this work we have developed the following techniques 
for isolating , cloning and studying genomic sequences 
of interest. 

a. Chromosome microdissection and microcloning. 
This technique allows us in principle to gain access to 
any desired region of the arms of euchromatic chromo-
somes for molecular cloning. 

b. Expression of genes microinjected into Drosophila 
embryos. We have injected cloned DNA sequences 
into early embryos. About 150/0 of the injected DNA 
becomes associated with the nuclei and survives at 
least to larval stages. Some of the injected DNA recov-
ered from these embryos has become covalently linked 
to genomic sequences. Several genes were active in 
transcription in the embryo, while others, characteristic 
for late larval stages, were not. Genes put under the 
control of the hsp-70 major heat shock promoter were 
expressed after heat shock in virtually all cells of the 
embryo. The results indicate that the microinjection 
system can be used as a rapid assay to study expres-
sion of cloned genes and to rescue embryos carrying 
corresponding early developmental mutations. 

c. Drosophila cloning/transformation cosmid vector. 
This is a plasmid containing a double cos site for cosmid 
cloning. A polylinker cloning site is flanked by the 
terminal repeats of the Drosophila transposable element 
P. This vector can therefore be used to reintegrate 
cloned DNA fragments of 35-43 kb into the Drosophila 
genome by the method of Spradling and Rubin. 

d. A heat inducible transposon-vector. We have utilised 
the P transposon of Rubin and Spradling in a construc-
tion which replaces the P element promoter with that 

of the hsp-70 heat shock protein gene. The modified 
P element was cloned in a pUC8 derived plasmid with 
the P terminal repeats so arranged that, upon trans-
formation of Drosophila, nearly the entire plasmid is 
inserted in the Drosophila genome. Upon suitable heat 
treatment , this construction transposes to other sites 
generating insertional mutations. To clone the gene 
corresponding to a desired mutant phenotype, the DNA 
of the insertional mutant is cut with a suitable enzyme 
(e.g. Eco R1), the fragments are circularized and 
used to transform Ecoli. The bacterial transformants 
will contain the plasmid vector attached to genomic 
sequences flanking the insertion site. We have called 
this combination of heat inducible transposon plus gene 
cloning machine Ikarus after the son of Daedalus who 
flew too near the sun and melted his artificial wings. 

e. The Ikarus plasmid can also be used as an efficient 
transformation vector. We have provided it with a dom-
inant selective marker by including in it the neomycin 
resistance gene. Larvae carrying the Ikarus-neomycin 
element in their genome grow to adults in medium 
containing the drug G 418 while normal larvae die in 
the first or second instar stage. 

We are now studying the following loci: 

The white gene 

Using the microcloning technique we have cloned about 
200 kb from the 36-3C region of the X chromosome 
including the white locus. The white gene produces a 
2.6 kb poly N RNA of very low abundance (less than 
0.001 % of the poly A + RNA) plus some minor, lower 
MW species. Using S1 mapping we have shown that 
the gene contains at least four introns. One of these, 
a very small intron of 25-50 bp, contains the site of 
insertion of a copia element in the wa mutant. The RNA 
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PLATE 5 

Map of the white locus and its major transcript. The 
scale indicates the coordinates in kb starting from the 
site of insertion of copia in the wa mutant. The 
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produced by other mutants suggests that at least one of 
the minor species originates from a separate promoter in 
the distal half of the gene. Surprisingly, the white RNA 
is not visibly affected by the Wsp mutation, an insertion 
located 1 kb upstream of the RNA start which decreases 
the quantity and alters the distribution of pigment in the 
eye. No effect on the RNA was found in zeste mutants, 
male or female, yet zeste females have greatly reduced 
eye pigmentation. The results suggest that the spatial 
and temporal distribution of white activity are involved. 
We have transformed flies carrying a deletion of the 
proximal part of the locus, using the cloned white gene 
and the method of Spradling and Rubin. The region 
essential for white gene activity lies between positions 
+ 4.6 and -3.0 in Plate 5. The level of activity varies 
with the site of integration but is apparently still dosage 
compensated. 

The zeste gene 

This gene interacts with the white locus and with 
the developmental loci bithorax and decapentap/egic 
by a mechanism dependent on synaptic pairing to the 
target loci. To study the molecular basis for this 
interaction, we have cloned the zeste gene. Starting 
from microdissected chromosome fragments from the 
3A 3-4 region, we have isolated genomic clones covering 
about 200 kb around the zeste locus. We have isolated 
several zeste mutants produced by hybrid dysgenesis. 
All have a za phenotype indicating null or reduced zeste 
function. By microdissection of the 3A 3-4 region 
from one of these mutants we have isolated clones 
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insertion sites of the we and Wsp mutants are also 
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containing P element sequences and flanking sequences 
corresponding to a site in ' our 200 kb chromosomal walk. 
This region is unusually rich in polymorphisms which 
render the analysis of mutants and the identification of 
coding sequences difficult. 

The Drosophila src-ab/gene homologue 

Using a viral src gene probe we have isolated a Droso-
phila gene strongly homologous to both v-src and the 
v-abl oncogenes . This gene, located at 73B, produces 
at least three RNA species of very low abundance, one 
at least specific for adult flies. We have isolated short 
fragments from the coding region and have cloned them 
in an expression vector to produce a hybrid protein with 

We are now using the hybrid protein 
to raise antibodies to the Drosophila gene product. 

The transformer-3 gene 

This gene is involved in the pathway of sex determi-
nation in Drosophila. From fragments microdissected 
from the 73A region, we have isolated clones for a 
chromosomal walk of 150 kb to find the tra gene. In col-
laboration with R. Nbthiger and E. Jacquenot (Zurich), 
insertional mutants resulting from hybrid dysgenesis 
have been isolated which will permit us to identify the 
gene. Cosmid clones from the 73A region, isolated using 
a P transposon-cosmid vector, will be used to transform 
tra - embryos to provide an independent identification of 
the gene. 
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Dosage compensation in Drosophila melanogaster 

Member: L. Sanchez 

Visitor: D. Bachiller* 

Technical assistant: B. Claude 

In D. melanogaster dosage compensation is the process 
by which the total amount of genetic product from the 
X-linked genes is equilized in female (2X;2A) and male 
(X;2A) flies. Dosage compensation in D. melanogaster 
does not operate by the mammalian mechanism of 
inactivating one of the two X chromosomes in females; 
on the contrary, both X chromosomes remain active in 
female flies and dosage compensation takes place at 
the transcriptional level. The rate of transcription per 
gene on the X chromosome of X;2A flies is twice the 
transcription rate per gene in 2X ;2A flies. This makes 
dosage compensation a good model for studying the 
regulation of gene activity in eukaryotic organisms. 

The group is interested in the genetic basis of the 
mechanism that brings about this dosage compensation 
and we are isolating and characterizing sex-specific 
lethals , where lethality is dependent on the X;A ratio 
and not on the sexual phenotype. 

X chromosome: We have isolated two mutagenized 
X chromosomes that specifically kill female flies. In 
both cases the lethal phenotype is recessive and its 
penetrance is incomplete and temperature sensitive: the 
ratio of female to male flies is 0.16 for one mutant 
chromosome and 0.24 for the other, at 29°C; while it is 
0.07 and 0.05, respectively, at 18°C. The males are fully 
viable. Preliminary genetic analysis has been carried 
out to characterize the mutagenized chromosomes, the 
results being as follows: 

a. both chromosomes complement Sxlf; 

b. they do not represent bobbed mutations; 

c. they are not translocations between the X chromo-
some and the Y, the second, or the third chromosomes. 
The possibility of a translocation between the X and 
the fourth chromosomes is being tested at present. 
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Second chromosome: We are analyzing several mu-
tagenized second chromosomes that show a female-
specific lethal phenotype. These chromosomes have 
been isolated and kindly provided for us by Dr. T. 
Schupbach (in Dr. E. Wieschaus' laboratory, Princeton 
University). These experiments are being carried out 
in collaboration with A. San Juan (in Dr. E. Torroja's 
laboratory, Institute of Genetics , CIB, Madrid). 

We summarize the results as follows: 

a. fI(2)h - Its lethal phenotype is recessive and 
temperature-sensitive: the ratio of female to male flies 
is zero at 29°C, while it is 0.87 at 19°C. Temperature 
shift experiments show that the temperature-sensitive 
period is between the beginning/middle of the second 
larval instar to the end of the development. We have 
analized the interaction between fl(2)h chromosome 
and dsx D (double-sex dominant), a mutation that af-
fects sex determination by transforming female (2X;2A) 
flies into intersexes, while having no effect on male 
(X;2A) flies. The 2X;2A flies , that have been rendered 
intersexes by the presence of the dsx D mutation, are 
still lethal when they carry in homozygous the fl(2)h 
chromosome. This result would indicate that the lethal 
effect of fl(2)h depends on the X;A ratio rather than on 
the sexual phenotype, which makes fl(2)h a good candi-
date for a mutation affecting the dosage compensation 
process. 

b. fl(2)b - Its lethal phenotype is recessive and 
temperature-sensitive: the ratio of female to male flies 
is 1.1 at 29°C, while it is 0.03 at 19°C. fl(2)b and fl(2)h 
complement each other. 



Analysis in the germline of mutations 
from D. melanogasterthat affect the dosage 
compensation in the soma 

Mutations that affect the sexual differentiation of the 
somatic tissues do not have any effect in the germline. 
For example, while somatic cells with two X-chromo-
somes but homozygous for transformer give rise to 
male structures, pole cells of the same genotype, when 
transplanted into normal female embryos , are able to 
develop into functional eggs. So , although the germline 
exhibits sexual dimorphism, as does the somatic tissue, 
these two processes of sexual differentiation seem to be 
under the control of different genes. 

Host cross: 
Host embryos: 

<;> +/+ x 0 +/+ 
o + / + 

Donor cross: <;> msl-2 msl-1 cn bw x 0 msl-2 msl-1 cn bw 
msl-2 msl-1 en bw In (2) Cy, Cy 

msl-2 msl-1 en bw 
Donor embryos: (1) 0 I 2 I 1 b ms - ms - en w 

(2) 0 msl-2 msl-1 cn bw 
In (2) Cy, Cy 

Tester females: <;> en bw 
en bw 

Host derived progeny: females and males wild type (+) . 

Certain mutations on the second chromosome (msl-2, 
msl- 1 and mle) , which specifically kill male (X;2A) 
flies , have been described that fulfill the requirements 
for being mutations affecting the dosage compensation 
process. Until now these specific mutations have been 
analyzed only in the somatic tissue of the animal. We 
wanted to know whether these mutations also affect the 
germline component. For that purpose, we transplanted 
pole cells homozygous for the male-specific mutation 
into normal male embryos and checked whether the 
mutant pole cells are capable of forming functional 
sperm. We have tested the mutations msl-2 and msl-1. 
The experimental plan is outlined: 

Donor derived progeny: females and males with white eyes phenotype (en bw/cn bw), in the case of donor embryos of geno-
type (1). In the case of donor embryos of genotype (2): females and males with white eyes (en bw/cn bw)or Curly phenotype . 
If germ cells homozygous for msl-2 msl-1 are capable of forming functional sperm, we will find progeny derived from donor 
embryos of genotype (1). 

We have made 516 transplantations from which we 
obtained 48 adult flies: 23 females and 25 males. 
Among these adults 11 flies were chimaeras in the 
germ line. These 11 chimaeras are distributed into 
the following four classes: 2 females were chimaeras 
for donor heterozygous germ cells, 3 females were 
chimaeras for donor homozygous germ cells, 3 males 
were chimaeras for donor heterozygous germ cells , and 
3 males were chimaeras for donor homozygous cells. 
We can conclude that the msl-2 and msl-1 mutations 
do not have any effect on spermatogenesis. This means 
that if the germ line exhibits dosage compensation, this 
process is under the control of genes different from 

those that control dosage compensation in the somatic 
tissues , at least for the gene msl-2and msl-1. 

The effect of mle in the spermatogenesis process is now 
being tested . 

Publication during the year 

Epper, F. & Sanchez, L. (1983). Effects of engrailed in 
the genital disc of Drosophila melanogaster. Develop. 
Bio/., 100,387-398 
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Structural and functional studies of the insect nervous system 

Members: N.J. Strausfeld, U.K. Bassemir, J. Milde 

Visiting workers: K.S. Babu* , J.P. Bacon*, F. Barth* , D. Byers* , H. Duve* , K. Fischbach* , A.G. Guo*, 
U. Homberg*, E. Horn*, P. Jaksch*, K. Kirschfeld* , U. Koch* , A. Reissland* , K. Schildberger*, A. Thorpe* , 
H.-J. Wunderer* 

Technical assistants: H.S. Seyan, R. Weisskirchen 

During 1983, the group concentrated on elucidating 
the functional significance of fine structures in neu-
ronal pathways known to mediate certain behavioural 
subroutines . One of these - visually stabilized flight 
- is thought to be controlled by relays that originate 
at orthogonally arranged "Giant" visual interneurons, 
the vertical motion sensitive (VS) and horizontal motion 
sensitive (HS) nerve cells (Hengstenberg et aI., 1983). 
Using double marking methods (Seyan et aI., 1983), 
which allow the identification of several cells by light 
microscopy, and then scrutinizing their fine structure 
by electron microscopy, we have elucidated the synaptic 
connections between VS cells and certain of their inputs , 
and between VS cell endings and certain descending 
neurons that leave the brain to terminate at motor 
neuron-interneuron circuits of the thorax. Inputs to VS 
dendrites in the optic lobes include many types of small 
field neurons arising in the medulla , the most notable 
of which are the T4-T5 cells. These neurons, which 
are repeated four times in each retinotopic column, 
project single visual sampling points to four layers of 
the lobula plate neuropil , two of which are invaded 
by VS dendrites (Strausfeld , 1984). Serial synapses 
between T4 cells and VS dendrites are thought to 
underlie motion sensitivity. VS terminals in the upper 
mid-brain terminate mainly on dendrites of Y -shaped 
descending neurons (DNOVS cells) that occur as a 
cluster of 3-4 units (Strausfeld et at., 1984). Se-
rial sections of cobalt-coupled (Bassemir & Strausfeld, 
1983a,b) VS-DNOVS dendrites have demonstrated that 
the main inputs to DNOVS are ocellar interneurons 
(L-neurons). In comparison , the VS input contribution 
is small. However, VS cells always contact certain 
DNOVS dendrites via gap-junctions and we assume that 
DNOVS cells are electrically coupled to VS terminals. 
Other inputs to DNOVS neurons are centrifugal fibres 
arising in the thorax. Synaptic interactions also occur 
between vertical cells and ocellar interneurons. 
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Compartmentation of synaptic connections onto the 
DNOVS neurons is reminiscent of another neuron, the 
GDN (giant descending neuron). This cell is known to 
initiate activity in the tergotrochanteral motor neuron, 
triggering sudden contraction of the tergotrochanteral 
muscle and extension of the mid-leg resulting in the 
jump response. The GDN receives at least nine kinds 
of presynaptic fibres onto its dendrites from visual , 
olfactory and mechanosensory centres (Strausfeld & 
Bacon, 1983; Strausfeld et at. , 1984). Certain of these 
are cobalt-coupled to the GDN (Strausfeld & Bassemir, 
1983) and work is in progress to elucidate the functional 
significance of these inputs by intracellular recording. 

Another project, completed in 1983, concerns certain 
areas of the eye that are specialized for the detection 
of polarized light. In many insects this ability affords 
accurate navigation over long distances. Information 
about polarized light is used by bees to return to the 
hive and to inform naive animals about the whereabouts 
of the food source (Frisch, 1965). In flies, we find that 
the retinal area specialized for polarized light detection 
is represented by special nerve cell relays localized in 
discrete neuropil areas through successive optic lobe 
regions. These areas are also connected between the 
two eyes. Relays from the polarized light-analyzing 
areas project onto descending neurons which also re-
ceive inputs from a special retinal area of binocular 
overlap and from certain monocular neurons. Again, 
the convergence of several identified neuronal pathways 
onto the same descending neuron supports the idea 
that high level integration occurs at the level of brain 
outputs. 

The group has expanded its activities by installing an 
electrophysiological apparatus to achieve multi modal 
sensory stimulation of localized sensory fields during 
intracellular recording and dye injection of neurons 



(Strausfeld et aI., 1983). It is now possible to correlate 
many aspects of the detailed synaptic interconnections 
and synaptic structures with the activity of uniquely 
identified interneurons in the brain. The construction of 
a sophisticated semi-automatic stimulation device has 
been developed in conjunction with the electronic and 
mechanical workshops. 

The group is strongly committed to post-doctoral train-
ing in structural studies of invertebrate nervous sys-
tems. 

Publications during the year 

Bassemir, U.K. & Strausfeld, N.J. (1983a). Cytology 
of cobalt-filled neurons in flies: cobalt deposits at 
presynaptic sites, mitochondria and the cytoskeleton. 
J. Neurocytol., 12,949-970 

Bassemir, UK & Strausfeld, N.J. (1983b). Block 
intensification and x-ray microanalysis of cobalt-filled 
neurons for electron microscopy. In Functional Neu-
roanatomy. ed. Strausfeld, N.J. , Springer Verlag, 
Berlin, p. 19-43 

Duve, H, Thorpe, A. & Strausfeld, N.J. (1983a). 
Cobalt-immunocytochemical identification of peptider-
gic neurons in Calliphora innervating central and pe-
ripheral targets. J. Neurocytol. , 12, 847-861 

Duve, H., Thorpe , A. & Strausfeld, N.J. (1983b). Iden-
tification of neurons containing vertebrate-type brain-
gut peptides by antibody and cobalt labelling. In Func-
tional Neuroanatomy. ed . Strausfeld , N.J., Springer 
Verlag, Berlin , p. 331-338 

Geiger, G., Nassel , D.R. & Seyan , H.S. (1983). Laser 
microsurgery for the study of behaviour and devel-
opment of flies . In Functional Neuroanatomy. ed. 
Strausfeld, N.J, Springer Verlag, Berlin, p. 206-224 

Nassel , D.R. (1983). Horseradish peroxidase and other 
haeme proteins as neuronal markers. In Functional 
Neuroanatomy. ed. Strausfeld , N.J. , Springer Verlag, 
Berlin, p. 44-91 

Nassel, D.R. & Geiger, G. (1983). Neuronal organiza-
tion in fly optic lobes altered by laser ablations early 
in development or by mutations of the eye. J. Compo 
Neurol. , 217, 86-102 

Nassel, D.R., Geiger, G. & Seyan, H.S. (1983). Differ-
entiation of fly visual interneurons after laser ablation 
of their central targets early in development. J. Compo 
Neurol., 216, 421-428 

Nassel , D.R. , Hagberg , M. & Seyan, H.S. (1983). A 
new, possibly serotonergic, neuron in the lamina of 
the blowfly optic lobe . An immunocytochemical and 
Golgi-EM study. Brain Res. , 280, 361-367 

Seyan, H.S., Bassemir, U.K. & Strausfeld, N.J. (1983). 
Double marking for light and electron microscopy. In 
Functional Neuroanatomy. ed. Strausfeld, N.J., Sprin-
ger Verlag , Berlin , p. 112-131 

Speck, PT & Strausfeld, N.J. (1983). Portraying 
the third dimension in neuroanatomy. In Functional 
Neuroanatomy. ed . Strausfeld, N.J., Springer Verlag , 
Berlin, p. 156-182 

Strausfeld, N.J. , ed. (1983). Functional Neuroanatomy. 
Springer Verlag, Berlin. 

Strausfeld, N.J. & Bacon , J.P. (1983). Multimodal 
convergence in the central nervous system of dipterous 
insects . In Multimodal Converges in Sensory Systems. 
Fortschritte der Zoologie 28. ed. Horn , E., Gustav 
Fischer, Stuttgart, p. 47 -76 

Strausfeld, N.J. & Bassemir, U.K. (1983). Cobalt-
coupled neurons of a giant fibre system in Diptera . J. 
Neurocytol. , 12, 971-991 

Strausfeld, N.J. , Seyan, H.S., Wohlers , OW. & Bacon, 
J.P. (1983). Lucifer Yellow histology. In Functional 
Neuroanatomy. ed. Strausfeld , N.J. , Springer Verlag , 
Berlin , p. 132-155 

Other references 

Frisch , K. V. (1965). Tanzsprache der Biene. Springer 
Verlag , Berlin . 

Hengstenberg , R. , Hausen, K. & Hengstenberg , B. 
(1982). The number and structure of giant vertical 
cells (VS) in the lobula plate of the blowfly Calliphora 
erythrocephala. J. Compo Physiol., 149, 163-177 

Strausfeld , N.J. (1984). Functional neuroanatomy of 
the blowfly's visual system. In Photoreception and 
vision in invertebrates. ed. Ali , MA, Plenum Press , 
New York, (in press) 

Strausfeld , N.J., Bassemir, U. , Singh, R.N. & Bacon , 
J.B. (1984) J. InsectPhysiol., 30, 73-93 
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Cellular interactions and pattern formation during nervous system development 

Member: H. Anderson 

Visiting wo rke r: V. French* 

Technical assistant: R. Burt 

Little is known about the mechanisms of directed axon 
outgrowth during nervous system development. A large 
body of evidence, from observations ofaxons growing 
on artificial substrates in vitro, has shown the impor-
tance of adhesive interactions between the growth cone 
at the tip of the axon and its substrate; when growth 
cone-substratum adhesion is strong, forces applied by 
actomyosin complexes within the growth cone on the ir 
membrane insertion points at the sites of adhesive 
contact will result in forward movement of the nerve 
tip and its contents at these sites, resulting in directed 
growth of the axon (Letourneau, 1982). To date, little 
is known about the nature of growth cone surfaces and 
their preferred substrata in the living animal. 

A major reason for this omission is that few in vivo 
preparations are sufficiently simple and accessible to 
permit detailed study and experimental manipulation at 
the cellular and molecular level. The nervous system of 
the embryonic grasshopper provides a favourable prepa-
ration . The basic arrangement of tracts is established 
by a small number of identified neurons whose growth 
cones extend in a precise and characteristic pattern 
across the basement membrane overlying the developing 
nervous system. We have been examining the basement 
membrane and growth cone surfaces in early embryos. 

Basement membranes are chemically complex struc-
tures containing a variety of glycoproteins and proteo-
glycans, most of which remain unidentified . Previous 
studies on the molecular nature of the basement mem-
brane of the insect embryo are confined to a single 
report in which conventional histochemical procedures 
indicated that collagen ' was present at late stages of 
development (Ashhurst, 1968). One approach we have 
taken to fill this gap is to screen antibodies to vertebrate 
components (kindly supplied by R. Timpl and K. von der 
Mark, of the Max-Planck-Institut fur Biochemie, Mu-
nich) for specific binding to basement membranes from 
insect embryos, using immunocytochemical techniques 
on frozen sections and on wholemount preparations. 
Antibodies to chick type IV collagen, human laminin 
and mouse nidogen bound specifically to insect base-
ment membrane. The basement membrane components 
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recognized by these antibodies are undergoing further 
biochemical characterization in collaboration with R. 
Timpl , M. Dziadek and J. Bee of the Max-Planck-
Institut fUr Biochemie at Munich. Our next major step 
is to apply antibodies in ova to test their ability to block 
directed axon outgrowth. 

A second approach we have taken is to test a variety 
of lectins for specific binding to the basement mem-
brane and growth cone surfaces. Lectins are proteins 
which bind to carbohydrates, each lectin being remark-
ably selective with respect to the particular sugars to 
which it will bind. Lectins may thus be used to label 
specifically the carbohydrate moieties of unidentified 
cell surface or basement membrane components. We 
have screened a series of lectins in a form covalently 
bound to a fluorochrome or to horseradish peroxidase: 
PNA, Con A, DBA, SBA, WGA, RCA, UEA, BSA 
and MPA. The labelling pattern obtained with PNA 
was of most interest, showing specific binding to the 
processes of developing neurons but not to their cell 
bodies. We are now using immuno-electron microscopy 
to define at higher resolution the cellular localization 
of PNA binding sites, and extending our observations 
to determine whether only a subpopulation of neuronal 
processes show PNA binding. 

Publication during the year 

Anderson , H. (1983). Muscle patterning in insects. 
TINS, 6, 251-253 

Other references 

Anderson , H. (1984). Wilhelm Raux's Archives, (in 
press) 

Ashhurst, D. (1965).0. J. Mic. Sci., 106,61-73 

Letourneau, P.C. (1982). In Neuronal Development. ed. 
Spitzer, N.C., Plenum, New York, p. 213-254 



Biological Structures Programme 

Introduction 

The interests in this programme are directed towards an 
understanding, on a molecular and eventually atomic 
level, of the structural bases of functional properties 
in biological macromolecules. The methods used to 
approach these questions encompass x-ray crystallog-
raphy and small-angle scattering, electron microscopy 
of stained and frozen-hydrated specimens, as well as 
single channel conductance measurements in planar 
lipid bilayers. These approaches obviously rely on an 
understanding of the biological and biochemical aspects 
of the systems used. Two topics were focused on 
particularly : membrane-protein structure and function, 
and protein-nucleic acid interactions. Complementing 
these approaches were studies on chloroplast DNA and 
RNA and an in-depth investigation of vitrification of 
biological specimens. Research on the allosteric prop-
erties of regulatory enzymes continued . The structure 
of one of the main muscle proteins was investigated 
with crystals containing this protein in complex with 
DNase!. Alignment of fibres in a magnetic field allowed 
approaching the structure of actin in its filamentous 
form. 

The work performed by the individual groups is sum-
marized on the following pages. 
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Membrane protein structure and function 

Member: J.P. Rosenbusch 

Fellows: J. Balcarova-Stiinder*, W. Hofmann, M. Page* 

Student: B. Dargent* 

Trainees: J. Colerangle*, R. Rausch* 

Visiting workers: U. Hinz*, D. Manstein*, F. Pattus*, P. Riccio*, S. Schenkman* 

Technical assistants: B. Juchs-D'Arcy*, W. Hilscher, A. Schneider* 

This group is interested in the structural basis of 
functional properties of integral membrane proteins at 
the molecular level. The questions addressed may be 
summarized as follows: 

(1) How do solutes of small, intermediate and large size 
get across the membrane? How is specificity and active 
transport against a concentration gradient attained? 

(2) What is the significance of interactions of membrane 
proteins with other proteins and glycolipids within the 
membrane, and with soluble proteins on the membrane 
surface? 

For both aspects Ecoli envelopes are used as a model 
system. Outer membranes contain pore-proteins with 
different degrees of specificity for small solutes. Macro-
molecules are translocated through this barrier also. 
Plasma membranes harbour many active uptake sys-
tems , pumps, etc. 

(1) The specificity of pore-forming proteins has been 
studied with maltoporin and phosphoporin. Both con-
tain porin-like channels with an exclusion size of about 
600 daltons. Maltoporin is also the receptor of phage 
A and is encoded by the IamB gene. It facilitates perme-
ation of maltose specifically, and allows maltodextrins 
([glc]7.a) of a size above the exclusion limit ([glc]3) 
to pass the pore. This is most probably due to the 
tight interaction with maltose binding protein (Neuhaus 
et aI., 1983). Channel characteristics have now been 
investigated further to determine the effect of ligands. 
Solubilized, homogeneous trimers have also been recon-
stituted to 2- and 3-dimensional crystals, and are being 
analyzed analogously to phosphoporin, described in 
more detail below (cf. report of D. Tsernoglou's group). 
Maltoporin appears particularly attractive since, owing 
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to its receptor activity for phage A, it is genetically 
well-characterized (Clement & Hofnung, 1981) and its 
function as selective pore has allowed selection of mu-
tants deficient in this uptake activity (Wandersman & 
Schwartz, 1982). We have now dissected the pro-
tein by limited proteolysis with subtilisin and trypsin. 
Three primary sites were observed, two of which are 
located in regions also containing phage A resistance 
sites . They are thus probably exposed at the cell 
surface. A secondary site, which also contains phage 
resistance sites and external epitopes for monoclonal 
antibodies is similarly exposed at the cell surface. This 
topological map, together with the studies described 
above, provides the basis for studying mutant proteins, 
in collaboration with A. Tsugita (EMBL) and with the 
groups of Schwartz and Hofnung (Pasteur Institute). 

Growth of Ecoli K12 under phosphate limitation re-
sults in the induction of an additional outer mem-
brane pore protein, the PhoE protein. It exhibits 
unspecific pore properties, but also allows permeation 
of inorganic phosphates, phosphorylated compounds, 
and other negatively-charged solutes which are larger 
than the excluded size. Comparison of the amino-acid 
sequences of PhoE and porin (OmpF) show striking 
homology (Overbeeke et al., 1983). Phosphoporin is 
also present as trimers in the outer membrane. We 
now prepare the protein from a strain containing the 
(sequenced) gene on a multicopy plasmid, constructed 
by Lugtenberg et al. (Utrecht). By studying phospho-
porin in planar bilayers, we could show that it exhibits 
channel properties quite similar to those of porin. Plate 
6 shows the consecutive activation steps correspond-
ing to the minimal conductance levels observed with 
phosphoporin (1.8-2.0 nS in 1 M NaCI) Fluctuations 
(0.6 nS in 1 M NaCI, see Plate 6b) occur frequently 
upon channel induction. The maximum number of 1.8 



PLATE 6 

(left) Current trace of a phospholipid planar bilayer 
containing 11 PhoE trimers. Induction of one 1.8 nS 
conductance step was observed before the beginning of 
this recording. Arrows A and B show two new 1.8 nS 
activation steps which are attributed to the opening of 
two trimers (see also Inset A and B). On top of these 
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nS activation steps correlated well with the number of 
trimers inserted into the bilayer, indicating that one 
activation step reflects the opening of one trimer. Nega-
tive resistance was observed above 120 mV, indicating 
closing of channels at high voltage. Plate 7 shows 
closing of a trimer in three equivalent steps after ap-
plication of a voltage of 180 mV. Residual conductance 
(0.1 nS) remains when channels are closed. These 
results indicate symmetrical pores in planar bilayers in 
which incorporation of protein was asymmetric, similar 
to observations with porin (Schindler & Rosenbusch, 
1981). There are distinctive differences between the 
two proteins, however. In 1 M NaCI, phosphoporin 
has no absolute requirement for lipopolysaccharides for 
the full expression of activity, and high voltage is not 
needed to induce the channels. At low ionic strength 
(0.1 M NaCI), pores are difficult to induce and appear 
to require lipoprotein (cf. below) in the trans-side of the 
bilayer. The peri plasmic phosphate-binding protein also 
affects the pore properties. Studies are in progress to 
determine the details of these activities. With respect to 
structure, the availability of monodisperse phosphoporin 

conductances, clear 0.6 nS stepwise fluctuations are 
visible (Inset A and B). 

(right) Closing of a single PhoE trimer at -180 mV. 
Closing occurs through three identical 0.6 nS steps. 
Note some residual conductance in the closed state (0.1 
nS at -180 mV). 

has allowed reconstitution into 2-dimensional lattices. 
These arrays, which were investigated after staining, 
were obtained by the same procedure as used for the 
reconstitution of vesicles used in planar membrane 
studies, except that protein concentrations were much 
higher. Detailed investigation of 2-dimensional lattices 
after staining or in the frozen hydrated state is being 
carried out in collaboration with K. Leonard and T. 
Arad, and with J. Lepault, respectively . Frozen hydrated 
specimens currently yield a resolution significantly bet-
ter than 18 A. For the formation of 3-dimensional 
crystals, cf. report by D. Tsernoglou. 

As an example of a highly specific and active transport 
protein, we have chosen to study lactose permease, 
a proton-symporter. Our aim is to investigate the 
structure of the functional protein by reconstituting 
homogeneous, active and stable permease. Lactose 
permease from an over-producing strain (Overath & 
Wright, 1983) has been purified to near homogeneity 
using affinity chromatography with a matrix-linked sub-
strate analogue (a phenyl-a-galactoside) as a ligand (Kd 
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PLATE 7 

Large paracrystalline arrays of the free form of E.co/! 
lipoprotein, obtained by addition of Ca2+ -acetate (1 % ) 
to the detergent-solubilized protein solution. 

= 25 This step also allows simultaneous trans-
fer from dodecyl maltoside, in which the protein was 
solubilized, to octylglucoside. Permease concentrations 
obtained were up to 0.5 mg/ml, but it is difficult to 
keep the protein from aggregating. This appears to be 
one of the foremost problems to be solved, both in order 
to understand the microenvironment of this protein as 
well as for its reconstitution into crystalline arrays. 

(2) The second topic concerns interactions of mem-
brane proteins with other proteins and glycolipids within 
membranes. The structural protein OmpA from E.co/! 
outer membranes, which is also the receptor for various 
phages and involved in bacterial conjugation, interacts 
physically with lipoprotein. Understanding this inter-
action is a prerequisite for the understanding of the 
architecture of the bacterial envelope . Lipoprotein has 
been characterized extensively by other groups. Its 
interaction with porins appears to affect their channel 
activities (ef. above). The lipoprotein has now been 
obtained by gentle extraction procedures and purified 
to homogeneity. It can be obtained in paracrystalline 
arrays by the addition of uranyl acetate or phospho-
tungstate. The periodicity observed (20 nm) was sim-
ilar to that described by De Martini et a/. (1976); but 
the arrangement of the fatty acyl side chains appears 
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different. Paracrystals obtained by addition of calcium 
acetate (1 %) are very large (Plate 7) and are currently 
being studied further. Growth of 3-dimensional crystals 
is being attempted because of the covalently bound 
lipid moiety and the possibility of studying precursors 
containing the signal peptide. The electron microscopic 
studies described were performed in collaboration with 
K. Leonard , J. Berriman and A. McDowall (EMBL). 

The product of gene ompA was purified from a strain 
containing the gene in a multicopy vector under /ac-
promotor control (kindly provided by P. Green and M. 
Inouye). Attempts to crystallize this protein with bac-
terial lipopolysaccharides, with homogeneous precursor 
(lipid X, collaboration with C. Raetz, Univ. Wisconsin) 
or without glycolipids, have not yet been successful . 
This protein is known to interact with the receptor of 
bacteriophage T6 (Tsx-protein), which also contains 
the binding site of a bacterial toxin, colicin K. This toxin 
is lethal only if its receptor interacts with wild-type 
OmpA protein. Tsx-protein and colicin K have been 
purified to homogeneity. The latter was cloned (in 
collaboration with M. Zabeau). Co1K235, a multicopy-
plasmid containing colicin K and its immunity region, 
is 6.7 kbp long. The colicin gene (less than 2 kbp) is 
contained within 40% of a restriction fragment. 



Monoclonal antibodies specific for epitopes in OmpA 
and Tsx-proteins were raised by immunizations in vitro 
of mouse spleen cells (Luben et al., 1982). Fusions of 
these cells with myeloma cells yielded a large number 
of positive hybridomas which were subsequently cloned. 
Independently, monoclonal antibodies against OmpA 
protein and lipoprotein were obtained from A Moll and 
M. Achtman (MPI f. Genetik, Berlin) The antibodies 
are being used for the investigation of surface topology 
of the respective proteins, as probes for sided ness and 
function, as well as for efficient purification by affinity 
chromatography of wild-type and mutant proteins. 

Collaborations have been initiated with M. Klingen-
berg (Univ. of Munich) on ATP-carrier protein , with 
G. Lienhard (Dartmouth College, Hannover, NH) on 
glucose-carrier of human red blood cells , and with W. 
Keck and U. Schwarz (MPI f. Biologie, Tubingen) on 
penicillin-binding proteins (PBP). So far, microcrystals 
have been obtained with PBP 5. A collaboration with 
P Riccio (Univ. of Bari) has led to the characterization 
of gently extracted and purified proteolipid and basic 
myelin protein from bovine brain . Solubilization and 
purification in octyl-POE has allowed characterization 
of the two proteins both physico-chemically and func-
tionally in a state which appears more closely related to 
the native state than conventional preparations. Planar 
bilayer studies have revealed that conductance is ob-
served which is affected by DCCD and by myelin basic 
protein. 
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X-ray crystallography of proteins 

Members: D. Tsernoglou, D.W. Banner 

Student: K. Hedenstierna* 

Technical assistants: K. Petratos, A.D. Tucker 

During 1983 our group continued working on projects 
initated during the previous year. A newly acquired 
diffractometer and a collection of data processing pro-
grammes are now in working order. We solved one 
protein structure, started high resolution measurements 
on a second protein , and worked towards better crystals 
for several other proteins. 

Blue protein: This is part of the electron transport 
chain of Alcaligenes faecalis under anaerobic conditions. 
Crystals of this copper-containing protein were obtained 
from material supplied by Prof. Beppu of the University 
of Tokyo. We obtained diffractometer data on a native 
crystal (to 2.5 A) and on three heavy atom derivatives, 
uranium, gold and platinum. The uranium derivative 
was the best. An electron density map, calculated at 
2.9 A, enabled us to trace the chain , whose amino-acid 
sequence is only partly known. The structure consists 
mostly of with a small piece of a-helix near 
the carboxy terminal. It closely resembles plastocyanin 
(Guss & Freeman , 1983) with which it has about 200/0 

sequence homology. The arrangement of the ligands 
around the "active site" copper appears identical to that 
of plastocyanin and azurin. 

In collaboration with R. Bryan of the Applied Mathemat-
ics Group, we are testing new methods of improving the 
electron density map. We have also obtained crystals 
of the companion molecule , nitrite reductase (Kakutani 
et aI., 1981). These are monoclinic, space group P2 1 , 

a = 78.0 A, b = 92.9 A, c = 78.5 A, = 111.8°, V 
= 528,000 A3 . On the assumption of one tetramer (4 
x 30,000 dalton) per asymmetric unit, one obtains V = 
2.2 A3/dalton. The crystals diffract to better than 2 A. 
The presence of copper and the fact that the protein is a 
tetra mer present the opportunity to determine the struc-
ture through the use of novel methods. These would 
involve use of the tunable x-ray source at the Hamburg 
outstation and collaboration with our colleagues of the 
Computer and Applied Mathematics Programme. 
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Repressor of primer : We have continued collabora-
tion with G. Cesareni on the Rop protein which is part of 
the mechanism of control of replication in CoIE1 related 
plasmids. A new crystal form was obtained (monoclinic 
a = 60.4 A, b = 40.4 A, c = 27.7 A, = 105.8°, V 
= 650,000 A3) We have measured native data at 1.7 
A and currently we are trying to obtain heavy atom 
derivatives . 

Adenovirus DNA-binding protein: We have ob-
tained crystals of the "active fragment" of this protein 
(see last year's report) in better yield and of larger 
size by controlled cleavage of the molecule with chy-
motrypsin (cf. Linne & Philipson , 1980). Photographic 
stills of the largest crystals indicate diffraction to about 
2.2 A resolution . We are attempting to synchronize 
the appearance of the active fragment with the right 
concentration of crystallizing precipitant, with a view 
to improving the yield of large crystals. Sequence work 
on the crystalline material by A. Tsugita is aimed at 
defining the active fragment, while G. Cesareni and 
P. van der Vliet are trying to get better yields of the 
starting material. 

We have also obtained crystals of T4 DNA ligase. 
These are thin plates unsuitable for detailed structural 
analysis. A number of other DNA-binding proteins are 
also under study but none has yet yielded crystals. 

Membrane proteins: We are studying a number of 
E.eali membrane proteins supplied by J. Rosenbusch. 
Seven different crystal forms of maltoporin have been 
obtained under differing detergent conditions , but only 
one of them shows diffraction and appears worth pur-
suing further. Crystals of the same protein have been 
obtained by M. Garavito (in press). We have recently 
crystallized phosphoporin. The crystals are well formed 
hexagonal plates but they still are too thin for x-ray 
work. We are also trying to crystallize penicillin-binding 
protein supplied by U. Schwarz of MPI Tubingen (only 



micro crystals have been obtained so far), and we have 
not yet obtained crystals from the ATP/ AOP carrier 
supplied by M. Klingenberg of Munich. 
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Structural studies on actin and DNase I 

Members: D, Suck, A. Fowler 

Fellow: C, Oefner 

Student: H, Lahm 

Technical assistants: G, Frost, H, Pfrang (part-time, from the MPI fur Medizinische Forschung) 

Three-dimensional structure of DNase I 

During the last year a model was fitted to the 2,5 A elec-
tron density distribution of DNase I using the Evans & 
Sutherland colour graphics display system and it is cur-
rently being refined using the restrained least-squares 
procedure developed by Konnert and Hendrickson, The 
binding site of Ca2+ -deoxythymidine-3',5'-bisphosphate 
(Ca-pdTp) has been determined by difference Fourier 
techniques confirming biochemical results that the ac-
tive centre is close to His 131 , Native data to 2 A 
resolution have been collected and will be included in 
the refinement. 

Model building and refinement 

Approximate Cu-positions read off directly from a 2,5 
A mini-map were used to construct a complete model 
assuming ideal geometry of the peptide bonds and 
standard geometry for the side chains, This model 
was fitted to the 2,5 A electron density map with the 
Evans & Sutherland colour graphics display system 
using the program FRODO written by T. Alwyn Jones 
(Uppsala), Only the main chain and side chain torsion 
angles were varied keeping the geometry as close as 
possible to standard values, In some less well-defined 
regions deviations from planarity of the peptide bonds 
were allowed, As mentioned in last years report , there 
are two loop regions in the map where the density is 
somewhat lower showing little or no side chain density, 
During model building the course of the chain became 
clear in the region between Asn 240 and Asp 248, 
Presently, only the flexible loop region between Cys 98 
and Asn 103 is not we ll defined (Plate 8), 

The R-factor of the starting model consisting of 2073 
non-hydrogen atoms was 45% for 7016 reflections in 
the 6,0 - 2,5 A resolution range, After 32 cycles 
of Hendrickson-Konnert least-squares refinement using 
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strong weights for the geometric restraints the R-factor 
has dropped to 32%, 2 I F 0 I - I Fe I and partial 
I F 0 I - I Fe I difference Fourier maps were calculated at 
cycles 10 and 32 and inspected for errors and necessary 
corrections of the model using the graphics system, 
The over-all shift of atomic positions with respect to 
the starting model is 0,8 A, At this stage, only four 
out of eight sugar residues of the carbohydrate side 
chain and no water molecules have been included in the 
refinement. 

Nucleotide binding site 

Ca-pdTp, an inhibitor of staphylococcal nuclease, is the 
only other DNA-degrading enzyme whose structure has 
been determined at high resolution , On the basis of the 
X-ray structure analysis of the complex between Ca-
pdTp and staphylococcal nuclease a mechanism of ac-
tion has been proposed for this Ca 2 + -dependent enzyme 
(Cotton et al., 1979) The 3',5'-di-p-nitrophenylester 
of pdTp is a substrate for DNase I. Like the enzy-
matic degradation of DNA, the hydrolysis of this small 
substrate requires divalent metal ions and is inhibited 
by carboxymethylation of His 131 by iodoacetate . We 
have determined the binding site of Ca-pdTp in DNase 
I by difference Fourier techniques. Ca-pdTp binds near 
the essential His 131 which is thought to be part of 
the active centre of the enzyme As shown in Plate 9, 
there are several amino-acid side chains nearby, which 
could either serve as ligands for the Ca 2+ -ion, like 
Asp 39 and Asp 248, or which could interact with the 
phosphates , like Arg 9. Although both DNase I and 
staphylococcal nuclease contain a Ca 2 +-ion liganded to 
carboxylic acid side chains at the active centre, their 
active site geometry is quite different. 

The nucleotide binding site of DNase I is located at 
the surface of the enzyme and is formed by residues 
of both sheets. Knowing the active site 



PLATE 8 

Cu-positions of DNase I. Residues 98 to 103 in the flex-
ible loop reg ion are left out as well as the carbohydrate 
side chain attached to Asn 18. 

R 

PLATE 9 

Nucleotide binding site of DNase I located at the surface 
of the enzyme between the central sheets. 
P1 and P4 are the points of highest density in the 
Ca-pdTp-difference map most probably representing the 
Ca2+ -ion and one of the phosphate groups . Amino-acid 

side chains in the neighbourhood of the nucleotide are 
drawn in heavy lines. The bold capital letters F, C, A, 
P and H, J, K, M denote in sheet 1 and 2, 
respectively. 
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PLATE 10 

Balsa wood model of the G-actin subunit based on an 
improved 6 A-density map of the actin DNase I complex 
and the knowledge of the high resolution structure of 
DNase I. Indicated are the ATP- and Hg-binding site 
along with the N-terminus. 

of the enzyme it should be possible to determine the 
binding of DNA by model building studies. Another 
approach is the co-crystallization of DNase I with short 
self-complementary oligonucleotides. 

X-ray structure analysis of the skeletal 
muscle actin: DNase I complex 
(in collaboration with W. Kabsch from the MPI fur· Me-
dizinische Forschung) 

The crystallographic studies .of the 1:1 complex be-
tween rabbit skeletal muscle actin and bovine pancreatic 
DNase I have been continued. High resolution oscilla-
tion films collected at the Hamburg Outstation using 
synchroton radiation have been processed for the native 
complex and two derivatives. The average resolution is 
2.8 A, 3.0 A and 3.5 A and the scaling R-factors (in 
intensities) are 8.9%, 7.2% and 9.8% for the native, 
the lead and the mercury derivative, respectively. De-
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spite the reasonable scaling parameters there are some 
inconsistencies in the Dickerson refinement, which have 
to be analysed before we can calculate a high resolution 
map. Using diffractometer data to 4.5 A resolution for 
the native and the mercury derivative and combining the 
SIR phases with the phase information from the known 
DNase I structure (see part I of this report) , a 4.5 A 
electron density map has been calculated. The polypep-
tide chain can be followed in parts of the molecule and 
several rod-like density features already visible in the 6 
A map can clearly be identified as a-helices . 

We have examined crystals of a complex containing pig-
liver actin, a cytoplasmic actin, which does not contain 
a Cys at position 10. These crystals are isomorphous 
with the skeletal muscle actin : DNase I crystals , but 
they don 't bind mercury. We therefore conclude that 
the single mercury binding site in the skeletal muscle 
actin : DNase I complex is Cys 10. This site is located 
at a helix in the small domain about 15 A away from 



the probable ATP-binding site in the cleft between the 
small and the large domain of the actin subunit (Suck et 
al., 1981 ; Plate 10). The end of this helix at the surface 
of the molecule represents the N-terminus of actin. The 
high affinity Ca2+ or Mg2+ binding site of actin is 
probably also located near the N-terminus, since there 
is a cluster of negatively charged amino-acids (residues 
1-12) and furthermore, there is substantial sequence 
homology with parts of the EF-hand (calcium binding 
site) of the Ca2+ -binding proteins. According to our 
model this cation binding site is 15 to 20 A away from 
the ATP-site. 

Magnetic orientation of F-actin filaments 

Knowledge of the molecular structure of F-actin is a 
necessary pre-requisite to understand its interaction 
with myosin during muscle contraction. Since the 
structure of the G-actin subunit of skeletal muscle has 
been determined at 6.0 A resolution (Suck et al., 1981), 
one can use it as a building block for the construction of 
F-actin filaments according to the known helical param-
eters and compare the calculated diffraction patterns 
with the observed x-ray fibre diagrams. Unfortunately, 
the equatorial resolution of the existing x-ray fibre 
diffraction data of oriented F-actin gels is not high 
enough to discriminate between certain models. We 
are therefore applying strong magnetic fields (up to 7 
Tesla) in an attempt to increase the order of F-actin 
fibres , a method which has been successfully applied in 
the case of filamentous phage Pf 1 (Nave et a/. , 1981). 

Strong magnetic fields orient F-actin. However, no 
significant improvement in the x-ray diffraction patterns 
of the magnetically oriented specimens have been ob-
served so far. Experiments were done on F-actin gels 
and sols, Mg2+ - and polyamine-induced paracrystals, 
F-actin complexed with phalloidin and scallop muscle 
thin filaments . The samples were checked by electron 
microscopy (in collaboration with J. Berriman from K. 
Leonard's group) revealing short range orientational 
disorder. Attempts to control the inherent flexibility 
of the actin filaments by addition of phalloidin have 
not yet been successful. To facilitate the ongoing 
search for optimal conditions for magnetic orientation 
we are installing equipment to measure the magnetic 
birefringence in our cryo-magnet. The loan of optical 
components from Professor U. Grueler of the University 
of Ulm is gracefully acknowledged . 
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Role of quaternary structure in the allosteric properties of aspartate transcarbamylase 
(ATCase) and NMR studies of the proteolipid (DCCD-binding protein) of E.coli 

Member: M.F. Moody 

Technical assistant: P.T. Jones 

Role of quaternary structure in the allosteric 
properties of aspartate transcarbamylase 
(ATCase) 

In earlier Research Reports it was explained how x-ray 
solution scattering experiments are being used to mon-
itor the quaternary structure of this enzyme in different 
functional states. We have continued and extended 
these experiments, performed in collaboration with G. 
Herve, P. Tauc (CNRS, Gif-sur-Yvette), and with P. 
Vachette (LURE, Orsay). Three principal features of 
ATCase have been studied. 

(a) Mode of action of the allosteric effectors 

Until recently it had been supposed, on the basis of 
Howlett & Schachman's (1977) experiments, that the 
allosteric effectors ATP or CTP act by modifying an 
equilibrium between forms ('R' and T) of ATCase 
that differ in both activity and quaternary structure. 
However, Tauc et a/. (1982) presented data indicating 
that ATP binding has no direct effect on the equilib-
rium between the different quaternary structural states. 
They suggested that, instead, the binding affects the 
affinity of the active site(s) for substrates; this could 
change the number of sites binding substrate, and it 
is the active site occupancy which would determine the 
quaternary structure. 

X-ray scattering experiments bear on this question , 
since they allow us to monitor the proportion of the 
different quaternary structure states present in solu-
tion. At the start of each experiment, this proportion 
was made roughly unity by adding either carbamyl 
phosphate and succinate, or else N-(phosphonacetyl)-
L-aspartate (PALA). ATP or CTP was then added, and 
its effect on the proportion of the different quaternary 
structure states was followed. We found that, when 
carbamyl phosphate and succinate were used, ATP or 
CTP had a clear effect, as expected by either theory. 
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However, when PALA was used , ATP or CTP had 
no noticeable effect. This result is inconsistent with 
the action of ATP (or CTP) on a single allosteric 
equilibrium. However, it supports the theory of Tauc 
et a/., (1982), since the binding of PALA is so strong 
that an increase in its affinity could have only a very 
small effect on the free concentration of PALA or (in 
consequence) on the fraction of active sites saturated 
with it. 

The effector and substrate signal transmission mech-
anisms are therefore independent, in the sense that a 
given binding energy can have very different effects on 
the quaternary structure change, depending on the site 
at which binding occurs. Binding at the active site 
is effective, but binding at the effector site by itself 
appears to be ineffective. Furthermore, the path of sig-
nal transmission is different in substrate-substrate (ho-
motropic) interactions and in effector-substrate (het-
erotropic) ones. 

(b) Quaternary structures of modified forms of 
ATCase 

Steady-state kinetic measurements show that the ac-
tivity state of ATCase can be modified in various 
ways, e.g. by amino-acid substitution (through growing 
the enzyme in the presence of 2-thiouracil: Kerbiriou 
& Herve, 1972, 1973); by chemical modification (N-
carbamylation: Herve & Tauc, unpublished); or by the 
presence of moderate amounts of certain organic sol-
vents (Herve, Tauc, & Dreyfus, unpublished). Since it is 
usually assumed that the activity state is strongly cor-
related with the quaternary structure, we recorded the 
x-ray scattering curves of all these modified forms, first 
when unligated, and then in the presence of saturating 
amounts of PALA. These curves were indistinguishable 
from the corresponding curves for unmodified ATCase, 
indicating that the effects of the various modifications 
are not exerted through the quaternary structure change 



at the extremes of the saturation scale. At these 
extremes , the modifications could be supposed to act 
in the same way as do the allosteric effectors ATP and 
CTP. But is this also true at intermediate saturation 
levels? So far only a few preliminary experiments at in-
termediate PALA saturations have been performed; but, 
in one case, it appears that the solvent concentration 
can change the quaternary structure. This suggests 
that the solvent (unlike the allosteric effectors ATP 
and CTP) can act directly on groups controlling the 
quaternary structure. These experiments are being 
continued and extended. 

(c) Titration curve 

X-ray scattering curves obtained with different degrees 
of saturation of the active sites by PALA were analyzed 
(in collaboration with Provencher & Vogel , EMBL) to 
give an accurate measure of the relative extent of the 
average quaternary structure change. When this is 
plotted against the degree of saturation , the points 
lie very close to a straight line (unlike the titration 
curve previously measured using sedimentation rate: 
Howlett & Schachman, 1977 ; Johnson & Schachman, 
1983), up to a level of saturation where each active 
site contains one PALA molecule ; thereafter the curve 
levels off. The straight line is inconsistent with the 
simple T = = R equilibrium model with reasonable values 
of the equilibrium constants. So is the extent of the 
quaternary structure change simply proportional to the 
fraction of saturated active sites? Further titration 
experiments are planned using carbamyl phosphate and 
succinate, instead of PALA, and following the active site 
occupancy by ultraviolet absorbance measurements. 

NMR studies of the proteolipid 
(DCCD-binding protein) of E.coli 

Last year's Research Report gives the background and 
preliminary results of these studies, which have been 
carried out in collaboration with Drs. J. Boyd, J.A. 
Carver & 1.0. Campbell of the Biochemistry Depart-
ment, Oxford. The aim is to determine the conforma-
tion , aggregation properties and ionization states of the 
protein in organic solvents and detergent micelles. 

New methods have been developed for transferring the 
protein to deuterated solvents and for concentrating it, 
and satisfactory 1 H spectra have now been obtained 
in chloroform/methanol (at ratios between 0.9:1 and 
2.5:1) and in trifluoroethanol (TFE). The effect of 
varying pH, salt concentratio,n (LiCI), water content and 
temperature have been investigated. Circular dichroism 
studies (Mao et aI., 1980) show that the protein in TFE 
adopts a predominantly conformation. Since 
the NMR spectra in TFE are very similar to those in 

chloroform/methanol, the protein probably has a similar 
structure in these two solvents. 

The protein appears to aggregate, especially at higher 
ratios of chloroform-methanol. Moreover, the concen-
trations used for the NMR studies ("" 1 0 mg/ml) are 
relatively high and would tend to promote aggregation. 
Relaxation studies , as a function of temperature, sup-
port the evidence for protein aggregation which may 
be functional , since it has been postulated that about 
six copies of the proteolipid form a "channel" in the 
membrane. 

Before any details of the molecular arrangement can 
be extracted from NMR spectra it is necessary to 
assign individual resonances to particular groups in the 
protein. For most proteins of reasonable size it is not 
possible to do this in a systematic way, and various 
methods are required. The problem has been tackled 
here by the addition of lanthanide shift probes , and by 
spin decoupling , 20 correlated spectroscopy (COSY) 
(Nagayama et aI. , 1980) and pH titration. It has 
thus been possible to make first stage assignments for 
most of the alanine and valine resonances, complete 
assignments for Thr 51 and the N-terminal formyl 
group, and tentative assignments for Tyr 10, Tyr 73 and 
Ala 79. The use of specific protein mutants is expected 
to yield assignments for Pro 64, Asp 61 , lie 28 and Leu 
31. 

The best NMR method for obtaining quantitative struc-
tural information is the nuclear Overhauser effect. For 
protein work this effect is best observed as a two-
dimensional contour map (NOESY) (Nagayama et aI., 
1979), in which the spectrum appears along the diag-
onal , and through-space connectivities appear as off-
diagonal peaks (see Plate 11). It has proved difficult, 
so far, to obtain good NOESY maps with this protein 
in CDCI/CD 30H solvent mixtures because of aggre-
gation and strong solvent peaks , but we are optimistic 
that this can be done soon, and that the expected high 

content of the protein will be revealed by NH-NH 
connectivities. (Such connectivities are characteristic 
of proteins; see for example Zuiderweg et aI., 
1983.) 

A method which yields qualitative, rather than quantita-
tive, structural information is to study the temperature 
dependence of NH resonances. It has been shown that 
there is a direct correlation between the magnitude of 
the temperature dependent shift and the exposure of 
the NH hydrogen to solvent (see for example Iqbal & 
Balaram, 1981). The observed temperature dependence 
of NH resonances in the proteolipid (Plate 12) is much 
less than that expected for totally exposed amide pro-
tons , which suggests that many of the NHs of the 
proteolipid are not exposed to solvent and are thus 
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PLATE 11 

The aliphatic region of a NOESY spectrum at 470 MHz 
of the proteolipid 2 mM) in chloroform/methanol 
(1.36:1). Cross-peaks connect the resonances of adja-
cent protons . 
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PLATE 12 

Plot of the chemica l shift (ordinate) against temper-
ature (abscissa) for NH and other resonances in the 
aromatic region of the spectrum of the proteolipid 2 
mM) in CDCI/CD30 H. Peak numbers (arbitrary) are 
indicated at the left end or centre of each line. The 
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involved in internal H-bonds in some defined protein 
structure. 

The proteolipid has turned out to be a relatively difficult 
protein to study by NMR because of aggregation and 
lack of dispersion of the resonances. However, consid-
erable progress has now been made in preparing the 
protein and in understanding its properties in organic 
solvents, and we are beginning to look at spectra of the 
protein incorporated in detergent micelles. 
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Structural studies on proteins interacting with nucleic acids 

Member: F.K. Winkler 

Students: R. Brown*, A. Lahm*, K. Tietze* 

Technical assistants: A. O'Arcy, R. Brown* 

Our major goal is to determine the three-dimensional 
structure of proteins interacting with nucleic acids and 
of prote in-nucleic acid complexes by x-ray crystallog-
raphy. This will give us the structural basis for a 
detailed and quantitative analysis of how specific (base 
sequence) and non-specific (sugar phosphate backbone) 
interactions contribute to the specificity and stability of 
such systems . 

Eco RV endonuclease 

An overproducing strain of this type II restriction en-
donuclease was constructed by the group of M. Zabeau . 
We have purified the enzyme produced by these cells by 
two chromatographic steps (phosphocellulose fOllowed 
by gel filtration) to better than 900/0 electrophoretic ho-
mogeneity. Typical yields are 2-3 mg of purified enzyme 

per gram of cell paste . The amino-acid sequence has 
been determined by DNA sequencing and was verified by 
partial N- and C-terminal amino-acid sequencing of the 
purified enzyme (see report by A. Tsugita) . The enzyme 
has 245 amino-acid residues (M r = 28618) and exists 
as a dimer in solution. It recognizes the hexanucleotide 
sequence GATATC and cleaves the phosphodiester bond 
between the central T and A bases and not that between 
T and C as originally reported (Kholmina et aI. , 1980) , 
thus creating flush ends of the DNA. 

Eco RV endonuclease crystallizes in several forms upon 
precipitation with polyethyleneglycol 4000 and 6000 in 
the pH range 6-8 and in the presence of 100 to 200 mM 
salt. Large crystals , suitable for x-ray analysis, of two 
forms have been grown in the pH range 7 to 8 (Plates 13 
and 14). Both space groups are orthorhombic P2 12121 

with rather similar cell dimensions: 

Form AI a = 57.8, b = 71.2, c = 129.9 A 
Form All a = 59.5, b = 74.0, c = 121.4 A 

This suggests that the packing of the molecules in 
these two crystal forms is closely related . We assume 
that the asymmetric unit of both crystals contains 
one dimer resulting in V m = 2.3 A3/dalton for both 
cells. Diffraction extends to about 2.0 A in both cases. 
The search for isomorphous heavy atom derivatives has 
shown that form All crystals are rather sensitive to the 
presence of heavy atoms and they respond by changes 
of up to a few percent in their cell dimensions. Much 
smaller effects are observed in the case of form AI 
crystals which therefore appear better suited for the 
initial structure determination. 

Co-crystallization attempts have been carried out with 
oligonucleotide substrates and have been partly suc-
cessful. Very thin plates form readily when the enzyme 
is mixed with an approximately equimolar amount of 
the self complementary decanucleotide dCCGATATCGG 
(kindly provided by M. Gait, MRC Cambridge) which 
is not cleaved in the absence of Mg2+. Biochemical 
analysis of the protein and nucleic acid content of these 
plates after careful washing is consistent with the pres-
ence of a 1:1 complex. Examination of such samples 
by electron diffraction and electron microscopy by J. 
Berriman and K. Leonard shows thin three-dimensional 
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PLATE 13 

Eco RV endonuclease form A I (left) and A II (right) 
crystals. The bar indicates 0.2 mm. 

PLATE 14 

10° hkO precession photographs of form AI (left) and 
All (right) crystals. 

• • • • · · • • • . · · • • • • · . • • · • • • , • • • . • • · • to 
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crystals diffracting to about 2.5 A resolution in the 
frozen hydrated state. Plate-like crystals have also 
been grown in the presence of the octanucleotide 
dCGAATICG which is not a substrate for the enzyme 
and in this case crystallization occurs in the absence 
and in the presence of Mg2+. An approximately 5-10 
fold molar excess of oligonucleotide was needed for 
crystallization indicating that this 1:1 complex (again 

shown by biochemical analysis) is less stable. Crystals 
up to 100 microns thick and up to 1 mm in the other 
two dimensions have so far been obtained. They diffract 
to about 3 A resolution but appear rather radiation 
sensitive. Two crystal forms grown under slightly 
different conditions but with identical habits have been 
characterized by precession photography: 

BI 1222 a = 84.0, b = 146.1, c = 74.0 A 
BII C2221 a = 84.0, b = 127.3, c = 74 .0 A 

The b-axis is perpendicular to the plates. A number 
of observations suggest that the two forms are built 
from the same planes of molecules which are stacked in 
two different ways. Electron microscopy of negatively-
stained type BI specimens showed monolayers as well 
as thin three-dimensional crystals. Two-dimensional 
image reconstruction of the monolayers shows them 
to possess pgg plane symmetry with one dimer at the 
origin and a second dimer related by a twofold screw 
along a or c in the centre of the cell. The reconstructed 
projected density of the 3D crystals is similar to that 
obtained by superimposing two monolayers with a rel-
ative translation of a = 0.5 and c = 0.5. This stacking 
yields 3D crystals with space group 1222 and rules out 
space group 1212121 which has the same systematic 
absences. Apparently these layers can also be stacked 
by applying the translation a = 0.5, c = 0.0 resulting 
in a C2221 cell with unchanged a- and c-spacings but 
with a different b-spacing due to different contacts 
along the stacking directions. The identical intensities 
observed for the hOO and 001 axial reflections of the 
two forms confirm this relationship. The asymmetric 
unit of these co-crystals contains only one monomer 
and the twofold axis of the dimeric complex coincides 
with the crystallographic twofold b-axis . Interestingly 
the co-crystals with the decamer containing the specific 
recognition sequence appear to be packed differently. 
Firstly the lattice spacings determined from electron 
diffraction patterns of frozen hydrated specimens are 
significantly different (63 and 55 A respectively, see 
Plate 20). 8econdly, the projected density from a 
reconstruction of negatively-stained specimens shows 
quite a different arrangement of objects. 

We think this system offers many possibilities for the 
study of protein-nucleic acid interactions at high resolu-

tion and we hope that a number of co-crystals suitable 
for this purpose can be obtained by further varying 
crystallization conditions as well as size and sequence 
of the oligonucleotides. 

78 ribonucleoprotein particle from Xenopus 
Laevis oocytes 

A one-to-one complex between ribosomal 58 RNA (120 
nucleotides) and a protein of Mr 40000 can be iso-
lated from immature Xenopus oocytes in large amounts 
(Picard & Wegnez, 1979). The protein has also been 
identified as a factor (named TFIIIA) required for the 
specific transcription of 58 RNA genes and protects 
an intragenic sequence of about 50 nucleotides from 
DNase I digestion (Pelham & Brown, 1980). The dual 
nucleic acid binding capability of this protein raises 
many fascinating structural questions. 

We have developed a new procedure for the large scale 
purification of the 78 complex. It avoids the ion 
exchange chromatography step described in published 
procedures which we have found to cause partial dis-
sociation of the 78 complex. Crystallization trials with 
this material are now under way. 

We have also started to prepare larger amounts of a 
fragment of the 58 RNA gene containing the interaction 
site with TFIIIA. A plasmid (pBR 322) carrying this 70 
base pair fragment flanked by two Eco RV sites has 
been constructed by R. Cortese. We plan to investigate 
by circular dichroism whether this double-stranded DNA 
undergoes a large conformational change (as might be 
expected) when it becomes bound to TFIIIA. 
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Electron microscopy of nucleic acids 

Members: H. Delius, B. Koller 

Fellow B. Borkhard t* 

Visiting wo rker : H. v. Heerikhuizen* 

Technical assistants: J. Clarke, C.-S. Jone*, D. Kirk' 

Chloroplast nucleic acids 

The main emphasis of our work has been on the struc-
tural analysis of the chloroplast genome and of the 
transcription and processing of its RNA. 

The genomes of chloroplasts have many characteris-
tics of prokaryotic organisms . One of the obvious 
similarities has been the absence of introns in genes 
for proteins . Introns were only demonstrated in one 
23S rRNA gene and in some tRNA genes (Whitfeld & 
Bottomley, 1983). In 1982 Stiegler et a/. found the 
first indication for introns in the chloroplast protein 
gene for the large subunit of ribulose-1 ,5-bisphosphate 
carboxylase, the rbel gene of the unicel lular green algae 
Euglena gracilis strain Z, by Southern hybridization. 

In a collaboration with J.C. Gingrich , G.l. Stiegler, 
M.A. Farley, and R.B. Hallick from the University of 
Colorado, Boulder, USA, the exons and introns of 
Euglena rbel gene were mapped and the presence of 
a processed mRNA was demonstrated. A plasmid 
(pEZC738.1) containing most of the rbel locus was 
used for the preparation of mRNA-DNA hybrids. The 
hybrids revealed nine exons and eight introns in the 
electron microscope. It was found that the 5'-end of 
the gene was not contained in the cloned fragment. 
Therefore a larger chloroplast DNA fragment (Pvull 
B) which overlaps the whole region was isolated and 
hybridized with mRNA. This hybrid showed that the 
whole rbel gene consists of ten exons and nine introns. 
The sizes of the exons and introns were measured. This 
is the first demonstration of a spliced and processed 
mRNA which is transcribed from a chloroplast gene. 

In an attempt to analyze the whole chloroplast genome 
for the presence and distribution of introns, intact 
circular single-stranded chloroplast DNA (cpDNA) was 
annealed with cpRNA and spread with cytochrome. The 
hybrids were analysed by electron microscopy. Since 

the ribosomal RNA (rRNA) is present in great excess , 
the ribosomal DNA sequences hybridized to saturation. 
The hybrid regions corresponding to the three tandemly 
repeated rRNA operons and to the extra 16S rRNA 
gene were easily recognized on single-stranded circles. 
We define the DNA strand which is complementary to 
rRNA as the plus-strand . The hybrid of the rbel gene 
was identified on this strand in the expected position by 
the pattern of its introns . Plate 15 shows an example 
of hybrids with the complementary strand , which we 
designate the minus-strand . In this case all transcribed 
regions show intron loops. Altogether 50 intron loops 
could be counted, amounting to approximately 9 kbp on 
the plus-strand and about 23 kbp on the minus-strand. 

The pOSitions of the hybrids on intact circular molecules 
were measured . The maps of individual molecules were 
divided into two groups, one containing the plus-strand 
circles, and the other containing the minus-strands. 
The individual maps of each group and the histograms 
obtained from them are shown in Plate 16a-d. Only 
one arrangement of the histograms was obtained in 
which the hybrid regions on both strands complement 
each other without significant overlap, so that the 
transcribed regions are located either on the plus- or on 
the minus-strand. The direction of transcription from 
left to right in the plus-strand can be deduced from the 
relative positions of the rRNA and the rbel genes . 

To obtain unambiguous evidence that the complemen-
tary arrangement of the two histograms (Plate 16c 
and d) is correct the two fragments EeoRI A and B 
were hybridized with cpRNA in the same way. Two 
sets of histograms (one for the plus- , and one for the 
minus-strand of each fragment) were obtained (Plate 
16e-h), and aligned with the transcription pattern of 
the circular cpDNA. The distance between the frag-
ments obtained in this way corresponds well to the 
distance calculated from published restriction enzyme 
maps. This confirms that the arrangement of the 
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PLATE 15 

Electron micrograph of a single-stranded circular Eug-
lena cpDNA hybridized with cpRNA from Euglena 
gracilis. 

" 
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This molecule shows six hybrids , as indicated by the 
long arrows. All hybrids have several intron loops. The 
short arrow-heads point to the largest intron found in 
the cpDNA, with a length of 3.8 kbp . 



two transcription histograms, which show no overlap 
of transcribed regions on both complementary strands , 
is correct. 

It is not possible to determine the number of genes 
from the electron micrographs. Also the number of 
transcription units cannot be determined accurately 
because spacers may be too short to be distinguished 
in the electron microscope. The estimate for a minimal 
number of transcription units is between 15 and 20, in 
addition to the rRNA genes . 

Up to now no systematic search for introns in the 
chloroplast genomes of higher plants has been reported. 
For an analysis of introns in higher plant chloroplasts 
the cpDNA of broad beans Vicia faba was annealed with 
homologous RNA. Almost all hybrids are unspliced , 
only four transcripts with a total of six intron loops 
were identified. The introns had a size of 0.6-0.8 kbp. 
They occurred in transcripts which were larger than 
1 kbp. Introns in tRNA genes which were described 
earlier were not detectable using this method. The 
experiments show that chloroplasts from higher plants 
like the Euglena chloroplasts contain large RNAs which 
have been spliced . However, the pattern and frequency 
of introns is distinctly different. 

Other projects 

The appearance of nucleic acids prepared for the elec-
tron microscope by cytochrome spreading is normally 
quite variable. Spreadings on a water hypophase usually 
result in a very good distinction between double- and 
single-stranded nucleic acids , but the molecules may be 
very diluted and stretched due to the relatively wide 
expansion of the cytochrome film. Measurements on 
such preparations are difficult and show a large standard 
deviation . As a new means to control the formation 
of the cytochrome film on a water hypophase the 
short chain detergent octyl glucopyranoside has been 
employed . It can be used to limit the expansion of the 
cytochrome film to the desired degree by adding it in 
an appropriate concentration to the hypophase . This 
method has been employed in the measurements of the 
chloroplast hybrids. 

Together with H. v. Heerikhuizen preliminary attempts 
were made to employ the incorporation of biotinylated 
nucleotides to label DNA in the electron microscopic 
preparations. 

In collaboration with G. Bornkamm (Freiburg) and H. 
Adldinger (Columbia) a region of the Epstein-Barr virus 
genome which is probably involved in the transformation 
of human B-Iymphocytes was compared in a transform-
ing (Jijoye) and a non-transforming strain (P3HR-1) 
by heteroduplex analysis. A 1.8 kb substitution and 
partially homologous sequences were mapped . 

In collaboration with G. Darai (Heidelberg) the structure 
of insect iridovirus DNA was analyzed . The linear DNA 
isolated from the virus particles had a size of about 240 
kbp. On denaturation and renaturation circles of a size 
of 210 kbp could be obtained , arguing for an extensive 
terminal redundancy of the viral DNA. 

Publications during the year 
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PLATE 16 

Measurements and histograms obtained from RNA-
DNA hybrids of Euglena. 

a) and b) are maps of individual circular hybrid mole-
cules. The thin lines represent single-stranded DNA, 
the black bars the RNA-DNA hybrid regions. DNA 
molecules which hybridized to rRNA were grouped into 
a), those which did not hybridize to rRNA into group 
b). The circular maps within each group were permuted 
to give the best correlation and then summed up into a 
histogram. The molecules of group a) give rise to the 
histogram c) and those of group b) to histogram d). 
The two histograms were positioned relative to each 
other to obtain minimal overlap between transcribed 
regions on the two complementary strands. The strand 
coding for the rRNA genes is called the plus-strand. 
The black areas are the RNA-DNA hybrid regions. The 
large open arrows indicate the direction of trancription 
on the plus- (+) and on the minus-strand (-), the 
dashed arrows indicate points at which the polarity of 
transcription is reversed. 

e) and f) Transcription maps of the plus- and the 
minus-strand, respectively, of the EcoRI fragment A. 

g) and h) Transcription maps of the plus- and minus-
strand respectively of the EcoRI fragment B. 

The histograms of the fragments were placed relative 
to the histograms of the circular strands to give the 
best fit with the circular maps. 11 is the position of the 
short inverted repeat which was measured in the EcoRI 
B fragment. The positions of the origin of replication 
(ori), and of the largest intron loop of 3.8 kbp are 
indicated. 
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Electron microscopy applications group 

Members: J. Dubochet, J. Lepault* 

Technical assistants: M. Adrian, A.W. McDowall 

Electron microscopy in aqueous environment has reach-
ed a state where it compares favourably with other ElM 
methods. It is becoming an especially powerful tool for 
the investigation of liquid-containing samples. During 
this year, we have further developed the method and 
exploited it on several biological systems. 

Methodology: A new and simpler method for prepar-
ing unsupported vitrified thin layers of solution , well-
suited for ElM observation , has been developed. It 
was also found that good contrast and excellent signal-
to-noise ratio can be obtained when the under focus 
phase contrast effect is used optimally (see J. Lepault's 
report). The nature of the vitrified state is now better 
understood and is best described as the limit case 
of supercooled water. Furthermore, it appears that 
amorphous solid water obtained either by rapid cooling 
of the liquid or by condensation from the gas phase are 
identical (Dubochet et aI., 1983a). 

In all the biological samples we have examined vitrifica-
tion does not cause structural changes . In particular, 
in the case of insect flight muscle, the identity between 
results obtained from cryo-sections or x-ray diffraction 
of native samples has been carefully compared (in col-
laboration with W. Hofmann, EMBL and MPI f. med. 
Forschung). 

An EMBO course on "Cryo-electron Microscopy of 
Frozen Hydrated Specimens" was held in August and 
several visitors became familiar with the method during 
the year. As a result, the method is now being used in 
at least 7 other laboratories. 

Application: The main topics of investigation are: 

a. The structure of chromatin in pro- and eukaryotes 
using cryo-ultramicrotomy. The shape and extent of the 
nucleoid has been studied in gram positive and negative 
bacteria (in collaboration with K. Lickfeld , Essen; J . 
Dubochet et aI. , 1983b). A study of the chromosomes 
of a dinoflagelate is in progress (in collaboration with 
A. Gautier, Lausanne). 
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b. The structure of viruses prepared from suspension . 
Many new data have been obtained on T4 bacteriophage 
(in collaboration with E. Kellenberger, Basel) and on 
Semliki Forest virus (in collaboration with C.-H. v. 
Bonsdorff, R. Vogel & S. Provencher, EMBL). 

Other observations are: The direct visualization of 
unstained double-stranded DNA in water; the N-(phos-
phonacetyl)-L-aspartate-induced conformational change 
in ATCase (with M. Moody, EMBL); the internal struc-
ture of low density lipoprotein (with L. Aggerbeck, Gif-
sur-Yvette); the well-defined position of myosin bridges 
in the relaxed state of insect flight muscle (with W. 
Hofmann, EMBL). 
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109-123 

Dubochet, J , Adrian , M. & Vogel , R.H, (1983a), Amor-
phous solid water obtained by vapour condensation or 
by liquid cooling: a comparison in the electron micro-
scope. Cryo Lett" 4, 233-240 

Dubochet, J" McDowall , A.W" Menge, B" Schmid , 
E,N, & Lickfeld, K.G, (1983b). Electron microscopy of 
frozen-hydrated bacteria , J. Bacteriol., 155, 381-390 

Lepault, J" Freeman, R. & Dubochet, J, (1983), Elec-
tron beam induced "vitrified ice", J. Microsc" 132, 
RP3-RP4 

McDowall, A.W" Chang, J,-J ., Freeman, R., Lepault, 
J" Walter, CA & Dubochet, J, (1983), Electron 
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and vitrified biological samples. J. Microsc" 131 , 1-9 



PLATE 17 

Top 

Thin vitrified layer of unstained, unsupported Semliki 
Forest virus. The geometry inside the virus (arrows) is 
characteristic for a triangulation number T = 4. Record-
ing temperature: -160°C. Magnification: 100,000 X. 

Bottom 

Thin longitudinal section of a vitrified unstained gly-
cerinated insect flight musle in the relaxed state. The 
myosin bridges, 145 A apart, are nearly perpendicular 
to the fibre axis . Sectioning and recording temperature: 
-160°C. Magnification: 165,000 X. 
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Frozen hydrated periodic specimens 

Member: J. Lepault* 

Visiting workers: R. Henderson* , M. Stewart* 

Fast freezing gives better structural preservation than 
any other microscope preparation technique. The low 
contrast and the electron beam sensitivity of unstained, 
frozen, hydrated specimens can be partially overcome 
using the redundant information contained in a periodic 
structure. Frozen hydrated periodic specimens allow 
structural determination to a resolution limited by the 
instability of the cold stage (about 20 A). At this 
resolution we can quantify the best conditions to image 
frozen hydrated test specimens and then apply the 
technique to other biological materials. 

T layer of Bacillus brevis (with 1. Pitt) 

Computer analysis of images of the frozen hydrated T 
layer of Bacillus brevis (a protein layer outside the outer 
membrane of the bacterium) enables us to demonstrate 
that the contrast of the T layer in ice can be approxi-
mated to pure phase contrast. The contribution of the 
amplitude contrast, as opposed to the phase contrast, 
in the image is less than 100/0. Thus the focus of 
the microscope has to be adjusted so that the phase 
contrast transfer function is maximum at the spatial 
frequencies we are interested in. In other words with 
frozen hydrated specimens the microscope is operated 
below the perfect (Schenzer) focus; the extent of under 
focusing depends on the periodicity of the object of 
interest (compare for example Plates 18b and 18c with 
18d). The real space correlation average of about 300 
unit cells of T layer in ice, after correction for the 
phase contrast transfer function, is shown in Plate 18a. 
This study has shown that structural determination of 
frozen hydrated periodic specimens is not so much more 
difficult than that of conventionally stained specimens, 
and removes the uncertainties of negative staining. 
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Structure of bacteriophages (with K. Leonard) 

CbK and T4 bacteriophages have been studied in the 
frozen hydrated state. The heads of both bacterio-
phages show the arrangement of the DNA molecules 
(Plate 18b and 17c) The structure of the tail of the 
bacteriophage T4 is well revealed in Plate 18d. The 
corresponding optical pattern is shown in Plate 18e and 
can be approximated by the selection rule 1 = -2n + 
7m. The three-dimensional density maps have been 
calculated as described by De Rosier and Moore (1970). 
Five sections through the basic disk, normal to the 
helix and separated by about 8 A are shown in Plates 
19a to 1ge. A representation of the three-dimensional 
reconstructed images of T4 is shown in Plate 19f. 
Comparison with results obtained by negative staining 
(Plate 199) shows that the frozen hydrated T4 tail has 
a larger diameter and a more open structure. 

Tropomyosin paracrystals (with M. Stewart) 

Tropomyosin and mercury-labelled tropomyosin para-
crystals have been visualized in ice , enabling the packing 
of the molecule in the paracrystal to be determined 
directly. 

2-D membrane crystals (with W. Hofmann and 
J. Rosenbusch) 

A three-dimensional study on E coli phosphoporin (PhoE) 
crystals is in progress. 



PLATE 18 

a) Result of correlation averaging of ",,300 unit cells of 
T layer embedded in amorphous ice. Protein is dark, 
ice is white. The bar is equal to 50 A. 

b),c) Images of T4 and CbK respectively, underfocused 
by "" 0.2 A periodic structure of "" 25 A spacing is 
visib le in both bacteriophage heads. It can be shown 
that this structure comes from the DNA packing. 

d) Image of T 4 bacteriophage underfocussed by "" 1.3 
revealing the tail structure. The bars in b) ,c) and 

d) represent 500 A. 

e) Optical diffraction pattern of the central tail shown 
in d). The arrow points to the 7th layer line located at 
1/(41 A). 

. _ . 

c 
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PLATE 19 

a),b),c),d),e) Sections of a basic disk constituting the 
T4 tails. Sections are normal to the helix and are 
separated by 8.2 A so that they repeat after 5 sections. 
They are arranged in increasing order from base plate 
to capsid, and seen from the capsid. The bar represents 
100k 
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f) and g) 3-D representation of 7 disks of T4 tails, f) in 
ice and g) negatively stained , at the same magnification. 
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Electron microscopy and computer image analysis 

Member: K. Leonard 

Visiting workers: S. Hamodrakas*, W. Kuhlbrandt*, R.H. Lange*, A Yonath* 

Technical assistants: T. Arad, J. Berriman 

We are using computer analysis to obtain two- and 
three-dimensional information from electron micrographs 
of periodic biological structures. Most image analysis 
is still carried out on the Nord 10 minicomputer, but 
part of the work is now being transferred to the Vax 
computer which has advantages in speed and ease 
of programme exchange with other laboratories. Al-
though we are mainly concerned with two-dimensional 
crystals, higher resolution can be obtained by working 
with thin multilayer crystals such as those obtained for 
cytochrome reductase (Hovmbller et al. , 1983) and this 
is currently being explored in collaboration with the data 
analysis group (RX Bryan). 

A number of in-house projects have been completed 
during the year, or are still in progress. 

Restriction enzyme Eco RV (with F. Winkler) 

The enzyme, when co-crystallised with short fragments 
of DNA, gives crystalline platelets which are sufficiently 
thin to image directly in the electron microscope and to 
give high resolution electron diffraction patterns (Plate 
20). These are being studied both in negative stain and 
unstained (in glucose and frozen hydrated) in order to 
establish the molecular packing in the crystals and to 
try to determine the position of the DNA. 

Outer membrane proteins of E. coli 
(with J. Rosenbusch) 

Large two-dimensional crystals of the outer membrane 
pore protein PhoE have been obtained by W. Hofmann. 
We have been studying the two-dimensional packing of 
these proteins (see Plate 3 in Annual Report 1983) 
in negative stain and are at present carrying out a 
three-dimensional analysis. 
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Other projects have been carried out with visiting work-
ers or in collaboration with outside groups. 

Ribosome crystals 

With H.G. Wittman (Berlin) and A. Yonath (Rehovot), 
we have continued image analysis of crystals of 50S 
ribosomal subunits from B. stearothermophilus. Prev-
iously (see EMBL Annual report 1982) we had been 
working with thin sections of three-dimensional crys-
tals. Using slightly modified crystallization conditions, 
we have been able to grow two-dimensional crystals of 
50S subunits which can be directly imaged in negative 
stain (Plate 21). These are more suitable for image 
reconstruction than sectioned material and we are at 
present carrying out three-dimensional analysis of tilted 
images from these crystals. 

Insect chorion layer 

With S. Hamodrakis and L. Margaritis (University of 
Athens) we have carried out a three-dimensional recon-
struction of the crystalline chorion layer from Drosophila 
eggshell. This gives a model in which the unit cell 
consists of two layers of four subunits, arranged as het-
erodimers (space group c222) This model is consistent 
with the available biochemical data for the chorion layer. 

Other projects 

W. Kuhlbrandt (ETH Zurich) has been using the image 
processing system at EMBL to analyze tilted images 
of crystalline light harvesting protein from pea chloro-
plasts. A model for the arrangement of protein in 
the crystals has been obtained. With R.H. Lange 
(University of Giessen) work has continued on image 
analysis of negatively-stained yolk platelet crystals. 



Publications during the year 
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PLATE 20 

(a) Computer averaged , fil te red image of a single layer 
crysta l of DNA-Eco RV com plex , negatively stained 
with uranyl acetate. The enzyme molecules seen here, 
in projection, as dimers (protein is white and stain dark) 
are packed in the single layer in two-sided plane group 
p22 121· 

90 

(b) Averaged , filtered image of a multilayer crystal. The 
unit cell parameters are unchanged, but the distribution 
of density in projection is not readily interpretable. 

(c) If we simply superimpose two images of single layers 
(as in (a)), shifted by 1J2x and 1J2y relative to each 
other, they give rise to the pattern seen in (b). The 
packing of the molecules in the 3-dimensional crystal is 
consistent with space group 1222. 



PLATE 21 

(a) Two-dimensional sheet of 50S ribosomal subunits 
negatively-stained with uranyl acetate (scale bar is 
50nm) 

(b) Filtered image showing p121 packing of the sub-
units. 

(c) Diffraction pattern extending to 3.0nm. 



Physical Instrumentation Programme 

Introduction 

As in previous years the main emphasis in Physical 
Instrumentation has been on the development and con-
struction of instruments rather than their application. 
The major exception is the laser optics group where the 
fluorescence lifetime and depolarization spectrometer 
has found a major application in studies of the intrinsic 
fluorescence properties of proteins and protein-nucleic 
acid complexes. 

The fringe pattern photo-bleaching technique and the 
laser microprobe are also being used to study the 
dynamics of cellular components. 

The cryoSTEM is now approaching completion and 
the existing STEM has been fitted with an improved 
spectrometer to permit the so-called "Z-contrast" mode 
of operation. We are now in the process of recruiting 
staff to permit the further development of STEM appli-
cations . 
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The development of x-ray detectors and the associated 
data acquisition systems continues with design and 
construction of a 2-dimensional detector system for 
crystallography on a conventional x-ray source. 

Data acquisition and instrument control will in future be 
handled by micro-computers. To this end we have devel-
oped a modular 8-bit microcomputer which is currently 
being used on a number of instruments e.g . HPLC, 
protein sequencer etc. A 16-bit system with extended 
data processing capabilities is in the early stages of 
development. 

The work performed by the individual groups is sum-
marized on the following pages. 



Electron microscope development 

Members: A.V. Jones, R. Freeman, 8.M. Unitt' 

Student: M. Haider' 

Visiting worker: J.-C. Homo' 

Technical assistants: H.J. Elema, P. Labouesse, N. Webster 

The electron microscopy development activities are at 
present in a transitional phase. One major project , the 
design and building of the cryoTEM, is now complete 
and the operation of the microscope has been handed 
over to the electron microscope applications group. 

The second major constructional effort, the deSign and 
building of the cryoSTEM, is now approaching the com-
pletion of stage 1 - an operational microscope including 
the cryolens and a simple detector system. The mi-
croscope, excluding these latter items, has in fact been 
operated for several months using the objective lens and 
detector system from the prototype AEI STEM. This 
has enabled us to assess the performance of the lower 
section of the optical column (gun, condenser lenses, 
alignment and deflection system) and the various elec-
tronic units before the installation of the cryolens itself. 
As a result of these tests a number of modifications 
have been made to the control electronics to improve 
the over-all stability and to lower the intrinsic noise 
levels. It has also made it possible to develop an 
alignment technique which should be applicable when 
the cryolens is installed . The system has now been 
shown to operate satisfactorily within the limits im-
posed by the provisional objective lens and its detector 
configuration. This should greatly simplify the testing 
of the cryolens with its many unique features and their 
attendant complications. 

The cryolens itself is at an advanced stage of construc-
tion. A number of important modifications have been 
made to the design. It had initially been planned that 
the Mark I version of the specimen stage should, for the 
sake of simplicity, not include tilt facilities. These have 
now been included and if successful will appreciably 
shorten the time before reconstruction methods can be 
implemented on the cryoSTEM. 

The initial vacuum and cryogenic tests have been com-
pleted successfully. The results indicate that the novel 
lens mounting system behaves as predicted in our cal-
culations. 

It is hoped to install the cryolens in the microscope in 
April 1984. A provisional detector system will be fitted 
at this stage to enable the lens to be tested. 

The further development of detector systems is central 
to the applications programme for both the STEM and 
cryoSTEM. This development is being carried out in 
collaboration with the Biozentrum, Basel, and more re-
cently with the group of Prof. H. Rose at the Technische 
Hochschule, Darmstadt. M. Haider, a doctoral student 
of Prof. Rose, has recently joined the group and is 
working on the deSign of a spectrometer specifically 
deSigned for use with biological specimens. 

The original HB5 spectrometer has been replaced by 
an improved design based on a pole-piece constructed 
at the Biozentrum, Basel. Initial problems in obtaining 
the expected performance from this device were finally 
traced to a temperature-induced change in the magnetic 
properties of the stainless steel used in the construction 
of the spectrometer. This spectrometer is now operat-
ing to specification and the first Z-contrast images of 
frozen-hydrated specimens have just been produced. 

Progress in the application of STEM continues to be 
hampered by staffing problems. It is hoped that a 
suitable replacement for R. Freeman, who leaves at 
the beginning of 1984, will soon be found, in order to 
continue the studies on frozen-hydrated specimens. 
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Mini and microcomputer based data acquisition and x-ray detector electronics 

Members: C. Boulin, M. Albrecht, R. Kempf 

Student: J. Feltz 

The increasing use of microprocessors and micro-
computers in instrumentation together with the ever-
increasing number of available types of microprocessors 
has tended in many institutes to lead to the haphazard 
development of incompatible software and hardware. 
In an effort to avoid these problems, with the strong 
support of the Electronic Workshop, we have introduced 
and are continually developing a modular microcom-
puter system based loosely on the experience gained 
in the deSign of the cryoSTEM . 

Basically there are two systems. The first, based on 
an 8-bit Z-80 microprocessor, is deSigned for process 
control and simple data acquisition. We have now 
developed two "standard" versions of this system. The 
simpler version is intended for use with a pre-selected 
set of programmes controlled through a simple interac-
tive keyboard and display. This has already been used 
for controlling HPLC systems (4 units) for the laser 
gel scanner (described in this report) and for the con-
trol of stimuli applied to an animal during intracellular 
recording from neurons. The more complex version 
uses programmes stored on a floppy-disc and lends itself 
to programme modification by the user. This version is 
also used for software development within instrumen-
tation. The first "production" model is presently being 
evaluated by the Biochemical Instrumentation Group as 
a flexible control system for protein sequencing and 
peptide synthesis. 

The second system is intended to replace, at a fraction 
of the cost, the standard laboratory minicomputer and 
eventually the CAMAC-based data acquisition system. 
It is based on a 16-bit (68000) microprocessor and is 
aimed particularly at applications involving interactive 
processing of large data sets . Components for the 
first application of such a system (by the Laser Optics 
Group) have been ordered and will be tested in 1984. 
A second system (for the cryoSTEM) will also be 
developed towards the end of 1984. The eventual "stan-
dard" configuration will be based on our experience 

with these two systems. In the meantime our basic 
data acquisition systems continue to be based on a 
CAMAC/minicomputer configuration . 

Work on the Evans & Sutherland multipicture system 
interactive console has been continued and control elec-
tronics for a film camera have been added to enable 
movie films to be made under computer control. In 
collaboration with the Laser Group and the Electronic 
Workshop we have deSigned and built a CAMAC-based 
computer interface for the 2-D gel laser scanner. This 
interface provides a two line buffer memory to enable 
easy synchronization between the scanner speed and 
the computer direct memory access and disc transfer 
capabilities. Software for fast data collection and the 
final tests will be started early in 1984. Owing to 
the breakdown of the minicomputer (ND-178) used for 
the laser microprobe control we were forced to move 
this experiment to our hardware development computer. 
This caused some delays in the upgrading of this data 
acquisition system. 

The realtime data acquisition programme, the display 
facilities and synchronization logiC of the laser micro-
probe data acquisition system have been further im-
proved . The purchase by the laser group of a pow-
erful microprocessor (VME/68000) as already noted 
will enable us to finalize the data acquisition system 
in order to acquire either bigger images (1024 x1024) 
or a larger number of smaller images in a time-resolved 
mode. The design of the new system is complete and 
the construction will start soon . 

A new experiment on membrane transport was set up 
on our NORD-10 minicomputer in collaboration with F. 
Pattus. At present, we are recording the data in ana-
logue form on an FM tape recorder (RACAL). The digi-
tization is achieved using a fast (2 microsec/conversion) 
multiplexed analog-to-digital converter housed in a CA-
MAC module. A programmable realtime clock module 
enables sampling at programmed rates. Data trans-
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fers occur in direct memory access mode and a FIFO 
memory gives enough time to re-enable regularly the 
OMA controller. Continuous acquisition of two or three 
data channels is therefore achieved over long periods 
of time. Some data retrieval and preprocessing pro-
grammes have already been written. Next year we shall 
continue to develop both hardware and software for a 
dedicated microcomputer based system which should 
allow direct monitoring of the experiment. It is hoped 
this microcomputer-based data acquisition system will 
enable the user to carry out better statistical analysis 
of the experimental data . 

Some time has also been spent in the design study of 
the proposed control and data acquisition system for 
the new ILL/EMBL OB21 diffractometer in Grenoble. 
A small PDP 11 will be installed to collect data from 
the diffractometer and this will be linked to the VAX 
11/750 which will replace the NORD 10 minicomputer. 
The construction of a powerful control and acquisition 
device for HPLC (in collaboration with Tsugita's group) 
has been continued and the first real measurements 
should be possible by the beginning of 1984. Finally, 
a proportion of our effort has to be put into the mainte-
nance of previously developed equipment which is still 
in regular use. 

X-ray detector electronics 

Work on the digitizing electronics for linear and bidi-
mensional x-ray detectors, particularly the latter, has 
been continued in order to obtain data of improved 
quality and higher over-all counting rates. We are also 
investigating possible alternative readout systems in 
order to overcome some limitations due to the dead 
time of the present encoding system. Probably, the 
development of a well-adapted time-to-digital converter 
electronics, matched to the delay time parameters, 
should be considered at some point. 

To identify clearly the improvements which are needed, 
the 20 system should now be put into regular use 
so that some experience can be obtained with a func-
tioning system in both crystallographic and low-angle 
scattering experiments. A series of measurements was 
carried out during December by the crystallographers 
in Hamburg. This data is currently being processed 
and should provide a first evaluation of the performance 
of the actual system. It is already planned to test 
a 200x200 mm detector, having a 1 mm anode wire 
spacing, for kinetic experiments on muscle and fibres 
early next year. 

The four quadrant detector developed last year, the 
combined effort of all the people involved in the detector 
activities, proved to be an appropriate device for circular 
pattern measurements. As mentioned in last year's 

96 

report, we have started to evaluate and design a data 
collection system tailored to match the high over-all 
counting capability. 

Late in the year, it was decided to install an area 
detector on one of our rotating anode x-ray generators. 
Preliminary work has begun and we hope that this 
project will provide us with another good opportunity to 
improve our techniques of 2-D detector and data acqui-
sition. The use of two-dimensional detectors requires 
the possibility of fast visualisation to enable the user to 
monitor his experiment in realtime. Previous experience 
with two-dimensional systems showed that ideally a 
combination of several display methods is required: (1) 
a pseudo three-dimensional representation; (2) a binary 
picture of a section in the intensity plane at a variable 
threshold or window level and (3) X or Y profiles of 
the pattern to inspect some defined reflexions more 
closely. In last year's report we described a video binary 
image generator enabling fast processing (threshold or 
window) of the collected pattern. This system has 
proven quite useful during detector tests and will still 
be used for this purpose in the future . Improvements 
to this simple system are in progress e.g . the addition 
of colour graphics . A very simple prototype has been 
designed and built in order to carry out tests under 
working conditions. 

To achieve most of the graphics utilities we men-
tioned before we have designed and constructed a new 
microcomputer-based system. This new system allows 
binary graphics with 512x512 pixels . The video section 
is built around the Thomson-EFCIS graphic display 
processor (GDP-EF9365) including a vector processor 
and a character generator. The main components of 
this system are: 

- a Z80 based control board to achieve the dialog with 
the user via a function keyboard. This microcomputer 
also controls the video processor and the other logic. 

- a graphics card containing the GOP and 32K bytes of 
memory. 

- a 16 K x 16 bit memory to which the pattern is sent. 

- an address processor to control the access to the data 
memory. This card also has its own Z80 microprocessor 
to compute the memory scanning scheme necessary 
to display the three-dimensional pattern from different 
view angles. 

- data normalization logic to scale the data automati-
cally from 16 bits to the value needed for processing by 
the GOP vector processor. 

This system is housed in a 19 inch crate (single 
height) and is accessed via a CAMAC interface for data 



transfers. Production of a three-dimensional pattern 
takes about two to three seconds and represents the 
maximum speed one can expect using this technology. 
All operations are MENU driven. The microcomputer 
software has been written in assembler on our micro-
computer development system and will be transferred 
to EPROM in the near future. 
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Applications of lasers 

Members: R.w. Wijnaendts van Resandt, J. Davoust' 

Students: A. Kaden', W. Meyer', E. Stelzer' , O. Wennberg' 

Visiting worker: J. Kan' 

Technical assistants: H.J. Marsman, R. Stricker 

Fluorescence depolarisation and 
lifetime measurements 

During the past years we have developed an instrument 
for measuring the intrinsic fluorescence decay and rota-
tional correlation times of protein structures in solution. 
The system uses "state of the art" components such as 
a pico-second dye laser, a channel plate photomultiplier 
and an on-line microprocessor. The temporal resolution 
is better than 150 psec (FWHM) (technical details 
in R.w. Wijnaendts van Resandt et aI. , 1982). The 
following projects have been started or completed during 
the year: 

Table 

Equilibrium binding parameters for protein-DNA 
interaction (R. W. Wijnaendts van Resandt, G. G. Kneale) 

The intrinsic fluorescence of the Pf1-gene 5 DNA un-
winding protein has been used to analyze the binding 
of this protein to its native DNA and to oligo- and 
polynucleotides. Four fluorescence parameters could 
be used as binding monitors: the fluorescence spectral 
shift, fluorescence lifetimes, the time-zero anisotropy 
and the dynamic fluorescence depolarisation. Upon 
binding to DNA all of these parameters changed in some 
degree (see Table below). 

Fluorescence parameters for the Pfl-Gene 5 protein and its various complexes 

a 
Protein dimer 1.00 ± 0.02 

- with d (GCGTTGCG) 0.86 ± 0.02 

-with d (Tl16 0.78 ± 0.02 

- with poly d (T) 0.71 ± 0.02 

- with Pfl DNA 0.71 ± 0.02 

- native complex 0.70 ± 0.02 

a is the spectral shift factor given by the ratio of 
fluorescence intensity 250 nm to that at 330 nm. p 
is the fluorescence decay time. Ao is the anisotropy at 
time-zero. <p is the rotational correlation time. 
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t (nsec) Ao cp (nsec) 

7.75 ± 0.06 0.195 ± 0.005 19.2 ± 0.5 

7.42 ± 0.05 0.21 ± 0.005 50.3 ± 1.1 

7.10 ± 0.05 0.23 ± 0.005 85.0 ± 2.5 

6.48 ± 0.05 0.27 ± 0.005 350 ± 50 

6.52 ± 0.05 0.29 ± 0.005 493 ± 60 

By performing titration experiments as a function of 
nucleotide concentration and analyzing the results in 
terms of the bound and unbound states binding curves 
were constructed. Octa- and hexadeca-nucleotides lead 



to the same binding curves. Only for polynucleotides 
was the curve different. Our results indicated that all 
parameters monitored protein-protein interaction rather 
than direct DNA-binding. The binding curves were 
analyzed in terms of a two step model taking into 
account the two sets of binding sites of the protein 
dimer (G.G. Kneale et aI., 1982). We concluded that 
first site binding was favoured over second site binding. 
The aggregation properties of the protein as a function 
of ionic strength will be further investigated, using also 
the functionally similar fd-gene 5 protein (in cooperation 
with the group of Hilbers, University of Nijmegen, the 
Netherlands). 

Alfalfa mosaic virus (J. H. Kan, Leiden) 

More experiments have been completed on the coat 
protein of this RNA virus . Two forms have been studied 
in detail. The intact form contains a flexible portion 
of approximately 25 amino-acids, while in the other 
this portion has been removed. The results from the 
depolarisation experiments show that the intact form 
is stable in solution (<Prot = 3g nsec) but the other 
form gave no reproducible results. Although the protein 
contains two tryptophanes the fluorescence decay was 
found to be purely exponential (<p = 5.2 nsec). This 
could indicate that the two tryptophanes are stacked 
and consequently behave as a single chromophore. Cir-
cular dichroism measurements (performed in Leiden) 
also indicate this possibility. 

Human serum albumin (0. Wennberg) 

Munro et al. have reported that the single tryptophane 
in HSA acquires some freedom of motion with respect to 
the tumbling of the whole protein at temperatures above 
45°C. We intended to study this effect as a function 
of temperature in more detail . However we have not 
been able to reproduce the results so far. We could not 
find an immobilized tryptophane for temperatures up to 
the denaturation point, therefore we are investigating 
the effect of chemical purity, fatty acid content and the 
effect of UV radiation damage. 

IF3 (A. Kaden; P. Wooley, Berlin) 

This factor from the ribosome isolated in Berlin contains 
three tyrosines and no tryptophanes . We have measured 
fluorescence properties of this protein and found a 
correlation time of 11.5 nsec, which is quite reasonable 
for a MW of 20,700. However the fluorescence emission 
of the three tyrosines (it was verified that all three ty-
rosines fluoresce) is purely single exponential. We tried 
to explain this using a model which takes into account 
the mutual energy transfer between the 3 tyrosines, but 
more experiments will be needed to verify the model. 

Other preliminary experiments were performed on the 
CRP (repressor protein) (M. Takahashi , Toulouse), the 
fluorescence of RNP (tRNA-binding protein from Xeno-
pus) (F. Winkler and R. Brown) and porin (J. Rosen-
busch). 

Laser microprobe (H.J. Marsman, R. Stricker, E. 
Stelzer) 

Severe problems with the computer of the scanning 
microprobe (H.J. Marsman et al., 1983) have consid-
erably delayed the operation of the instrument. It was 
decided to replace the NORD-computer by a VME-bus 
based system with a 68000 microprocessor. Some of 
the electronics must be adapted for this system. We 
expect to get the microscope fully operational again 
during 1984. A start was made with the analysis of 
time-lapse pictures of small polystyrene beads in water 
glycerol mixtures. This system will be used to develop 
and test programmes which later will be used to analyze 
fluorescently-stained biological samples dynamically. 

Furthermore we have started to construct a system 
which uses the increased depth of focus for scanning 
images in the X-Z or Y -Z plane (vertical sectioning). 
This will have important applications in the (fluores-
cence) microscopy of e.g. Madin-Darby canine kidney 
cells grown on filter paper which retain their original 
shape. Once the system is operational, experiments 
will be performed in cooperation with K. Simons and 
G. van Meer. 

Lateral diffusion of fluorescent molecules 
under optical microscope observation using 
fringe pattern photobleaching 
(J. Davoust, R. Stricker) 

The aim of this project, started in August, is to follow 
quantitatively the dynamic properties of fluorescent 
molecules inserted in living cells. The determination 
of the rates of lateral diffusion and vectorial transport 
of specifically-labelled molecules is important for our 
understanding of cell motility and axoplasmic trans-
port as well as for study of the maintenance of the 
structural polarity observed in epithelial cells. Newly 
emerging fluorescence techniques can now address such 
questions on a microscopic scale with the resolution of 
an optical microscope. For 10 years the fluorescence 
photobleaching method has been a valuable tool to 
study the lateral mobility of lipids and proteins located 
on the cell surface. 

The realisation of an alternative fluorescence photo-
bleaching instrument based on a fringe pattern illu-
mination rather than on a spot illumination has been 
conducted mainly because of its higher sensitivity. 
(A much larger area of the sample is illuminated.) 
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The possibilities of the instrument as detailed below 
have been verified by test experiments performed with 
rhodamine-labelled antibodies immobilized on a polyly-
sine glass surface or diluted in a water glycerol mixture 
of defined viscosity, Preliminary experiments on the 
diffusive properties of fluorescent lipids incorporated 
into the apical membrane domain of an epithelial cell line 
(Madin-Darby canine kidney cells) have been performed 
in collaboration with K, Simons and G, van Meer, 

The fringe pattern fluorescence photobleaching method 
takes advantage of a periodic bleaching pattern pro-
duced by a flash of laser light with a planar fringe 
pattern, Subsequently, the contrast of the striped 
pattern of fluorescent molecules present in the sample 
is monitored as a function of time, The lateral diffusion 
or the flow of fluorescent molecules is determined along 
a particular direction (Davoust et aI., 1982), 

The use of the high numerical aperture of the micro-
scope objective allows us to define a bleached pattern 
with a periodicity as small as 0,25 11m and continuously 
adjustable up to 50 11m, Therefore the mobility - or the 
absence of motion - of the fluorescent molecules can be 
measured over a wide range of distances. This yields 
information about the restriction of lateral diffusion due 
to impermeant boundaries of cellular compartments as 
"probed " by fluorescently labelled molecules . 

The large depth of focus of the illumination laser light 
profile (always larger than 20 11m) will be useful for 
the study of the cytoplasmic mobility of microinjected 
fluorescent molecules , in collaboration with Thomas 
Kreis (EMBL). The Signal from a given surface area 
of the bleached cell can be monitored independently 
provided it is bigger than the periodicity of the pattern. 

In combination with a microprocessor and with the 
temperature controlled stage, the instrument will have 
the full capability for rapid kinetic (from 1 ms to 1 sec) 
and temperature jump between 0° and 40°C. 

2-D Gel-scanner (H.J. Marsman, W. Meyer) 

The construction and testing of the 2cD gel scanner 
has been completed during the year. The electronics 
department has constructed a microprocessor system to 
control the scan motor and scan mirror. The scanner 
meets design specifications and can read an array of 
2000 x 2000 pixels in ca. 60 seconds . The scan size can 
be varied and also the scan speed. Further application 
awaits the completion of an interface module to the VAX 
and appropriate driver software, 
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Construction bureau 

Member: E. Gilberg 

Student: J. Rammer* 

Visiting worker : R.D. Deslattes* 

Technical assistants : P. Lhuillier, M. Posdiena, P. Riedinger, H. Wittmann 

During the first half of 1983 several items begun in 
1982 were completed, e.g. the automatic processing 
device for 2-dimensional electrophoresis gels and the 
96-pipette system allowing rapid transfer of fractions 
between microtitration plates. Both devices work well. 

In collaboration with C. Hermes of the Hamburg Out-
station the mirror bench for the EXAFS beam line at 
HASYLAB was aligned and installed. In this context 
a new precision method to align the mirror segments 
within ± 1 arcsec with respect to each other was de-
veloped. This method also proved particularly useful 
in the concurrently performed alignment of the eight 
segments of the toroidal mirror of the X 31 crystallog-
raphy beam line at Hasylab. In this case it enabled 
the realization of a slightly curved supporting frame for-
the mirrors providing the meridional curvature of the 
toroid. In addition an interferometric measuring method 
was developed to determine the unknown positions and 
orientations of the cylindrical mirror segment surfaces 
with respect to reference facets on the cassettes the 
mirrors are embedded in . The X 31 mirror system 
functions satisfactorily. 

The image of the storage ring light source provided 
by the X 31 mirror system, mentioned above, has 
dimensions of about 6 mm x 2 mm. These values 
are comparatively large for crystallographic purposes 
as in most investigations an area of less than 1 mm 
x 0.5 mm, i.e. less than 40/0 of the total light flux, 
can be employed. Hence demagnifying optics are highly 
desirable for this application. An essential constraint 
imposed on such a system lies in the condition that the 
over-all beam deflection must be zero in order to avoid 
spatial interference with adjacent beam lines. 

For this purpose ray tracing studies of different optical 
systems with (i) two bent crystals (performed by J. 
Rammer), (ii) a flat and a bent crystal in conjunction 

with a downstream cylindrical mirror, and (iii) a double 
crystal monochromator with an ellipsoidal mirror were 
carried out. It turned out that in principle all three 
systems allow demagnifications of at least 1 :3; final 
figures of merit of the systems are presently being 
evaluated taking into account all factors concerning 
their realizability. 

There are concentrated efforts throughout the world 
to use x-rays for microscopy of biological specimens. 
These attempts focus in particular on the use of wave-
lengths in the 24 A .:::; A .:::; 45 A region. The use of 
these wavelengths provides high natural contrast by the 
characteristic K absorption edges of oxygen, nitrogen 
and carbon. Moreover, the investigation of rather thick 
specimens (",.1 f.lm) under natural (wet) conditions 
should in principle be possible, the radiation damage 
being even less detrimental than in electron microscopy. 

Hence a study concerning the feasibility of Gabor in-
line holography with oxygen K radiation (23.6 A) has 
been carried out. Holographic microscopy would pro-
vide three-dimensional information on structures de-
rived from one single exposure (hologram). A system 
has been studied which uses the oxygen K radiation 
produced by a 10 kV x 0.1 f.lA electron beam which is 
focused on a 300 A oxide layer covering a 2 f.lm beryllium 
foil. The latter will absorb the electrons quantitativE)ly. 
The specimen is placed at a distance of some microns 
from the focal spot. This geometry provides sufficient 
temporal coherence; the spot size determines the degree 
of spatial coherence and hence the resolution limit. 
With state-of-the-art electron field emission sources it 
should be possible to achieve a resolution of 400 A at 
present and a resolution of 100 A or somewhat better 
could be expected in the near future. 

A similar feasibility study on scanning electron field 
emission microscopy and scanning tunneling microsco-
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py (STM) is in progress. The resolution inherent 
in these techniques is essentially atomic as has been 
proven recently (Binnig et al., 1982), its application to 
biological problems , however, is still an open question. 

As well as designing a lot of minor tools and equip-
ment including a new resistance measuring device to 
determine the tightness of cell cultures grown on filters 
(proposed by K. Simons) and a cell cracker (proposed 
by P. Quinn), the design of the optical comparator for 2-
dimensional gel electrophoresis spot patterns was con-
tinued, though on a lower priority level. H. Wittmann 
was particulary involved in the design of the cryoSTEM 
for most of the year. 

Reference 
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Phys. Rev. Letters, 49, 57. 
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Pipette system. 



Biochemical Instrumentation Programme 

Introduction 

The aim of the groups in the Biochemical Instrumen-
tation Programme has been to provide technological, 
methodological and experimental support to the biolo-
gists at EMBL and other laboratories by developing new 
and improved techniques and methods. The activity 
of the Programme ranges from engineering and applied 
physics aspects, over computer control and program-
ming to biochemical and biological work, mostly in close 
collaboration with the biologists using the equipment 
and methods. 

The microinjection of nucleic acids and proteins into 
eukaryotic cells is becoming an increasingly important 
technique and considerable effort has been spent mak-
ing all the steps in the capillary microinjection proce-
dure simpler to perform and more reproducible. As 
a result of this work there are now two such sim-
plified microinjection systems in service for scientists 
from EMBL and visitors. Another promising method 
for introducing macromolecules into cells and for cell 
fusion is by high electric field pulses. A device for 
exposing cells in suspension to a series of field pulses 
was built and tests started. One major effort in the 
Biochemical Instrumentation Programme has been the 
project aimed at devising new ways of separating sub-
cellular organelles and cells, in collaboration with the 
Cell Biology Programme. Organelle fractionation is 
one of the methodological bottlenecks in cell biology 
today. Two approaches are being investigated, one 
based on the use of specific antibodies linked to the 
surface of magnetic beads, the other based on contin-
uous flow electrophoresis and the electrical properties 

of cell organelles. A system for separation using the 
magnetic beads has been designed and tested. In model 
experiments, with vesicular stomatitis virus suspended 
in a medium, good recovery of the virus was achieved. 
Several key questions concerning the performance limits 
of continuous flow electrophoresis and the test models 
have been identified. Finding answers could lead to 
improvements in separation of organelles and cells by 
this technique. 

The biological research programmes at the EMBL have 
a continuing need for facilities for nucleotide and amino-
acid sequence determination and for polynucleotide and 
polypeptide synthesis. Improvements of these, as well 
as of ancillary techniques, represent another major 
effort in the Biochemical Instrumentation Programme. 
Two complete DNA sequencing systems based on the 
very thin gel technique invented and developed by this 
Programme are in service for biologists from EMBL and 
visitors . In view of the demand for protein sequencing 
methods requiring only very small amounts of protein 
(pico-mole range), refinements of the existing methods 
had been undertaken with the aim of enhancing the 
sensitivity. The contribution of the microsequencer 
based upon the recent gas-phase technique is another 
step in this direction. Work on automation of the DNA 
synthesis process is in progress and the system should 
be operational during 1984. 

The work performed by the individual groups is sum-
marized on the following pages. 
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Development of microanalytical techniques 

Member: W. Ansorge 

Visiting workers: A. Burny* , S, Laland*, Lin Li*, 0, Silhol*, A. Starzinski-Powitz*, j, Ugelstad* 

Technical assistants: j, Defesche*, j, Gregory, j , Stegemann* 

Microinjection into cells 

To limit damage to cells by UV radiation when working 
with fluorescently-Iabelled material, a sensitive system 
was set up, comprising an image intensifier, camera, 
monitor and a videorecorder, which enables us to fol-
low the fluorescent molecules in the cells at low light 
intensities, We will test an image intensifier and camera 
of the latest generation, which are even more sensitive 
than the ones in our present system, 

A special thermostated optical chamber was designed 
and constructed to keep cells viable during long micro-
scopic observation (e,g, 24 hours, or longer time-lapse 
recording of the intracellular motion of a fluorescently-
labelled protein), The cell medium can be changed con-
tinuously, The equipment is being used for work with 
fluorescent proteins and antibodies (group of 1. Kreis) , 
S, Stabel (L, Philipson 's group) used it to observe di-
viding cells after they had been injected with a solution 
containing fluorescent rhodamine-labelled bovine serum 
albumin, 

A new type of capillary with a very short transition 
region was prepared on our pulling system, With this 
shape the capillaries are less frequently clogged even 
with insufficiently purified samples, In addition, the me-
chanical strength of the capillary was enhanced signifi-
cantly, When stored under proper conditions, capillaries 
can be used weeks after they are pulled, making it pos-
sible to develop pre-pulled capillaries ready to use, This 
will have an important effect upon reproducibility of the 
injected sample volume, With the fluorescent system 
installed we can repeat measurements of the injection 
volumes more accurately and check the reproducibility, 

EMBL has now two injecting systems for visiting scien-
tists and EMBL staff, Our system is also available 
commercially from the Eppendorf company, 
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Results obtained so far by electron microscopy indicate 
that at the low pressures being employed for the mi-
croinjection the DNA molecules, up to about 50 kilobase 
length , are not sheared in the narrow capillary tip, 

Separation of organelles and cells 

The work on the two main projects in collaboration with 
the Cell Biology Programme (magnetic beads carrying 
antibodies and continuous-flow electrophoresis) has 
continued, 

Separation using magnetic beads 

In the search for suitable beads for magnetic separa-
tion, we synthesized different dextran, polyacrolein and 
polyacrylamide beads containing ferrimagnetic Fe30 4 

particles, The dextran and polyacrolein beads were 
found to be very porous and bound large amounts of 
antibodies, The polyacrylamide beads could not be 
prepared in a size below 40 11m, Our computations of 
the containment model for particles in a fluid flowing in 
a magnetic field have given indications for the desired 
bead size and its magnetic moment. Specification of 
parameters necessary for the design of the magnetic 
separation system was carried out using polystyrene 
beads synthesized by J, Ugelstad at the University of 
Trondheim, Norway, These are hydrophobic beads, 
monodisperse (diameter 311m, mean variation below 
3%) with a magnetite Fep4 content up to 50% (Plate 
23), The device, a cooled reaction vessel containing 
a mixture of the material to be separated and the 
immuno-beads, is placed in the magnetic field of an 
electromagnet. A small continuously working pump is 
joined to the inlet and a fraction collector to the outlet of 
the vessel, To prevent sedimentation the vessel may be 
slowly tumbled using a specially designed, optoelectron-
ically regulated motor and control electronics for valves 



PLATE 23 

Monodisperse, hydrophobic, polystyrene, porous, mag-
netic beads, diameter 3 J.1m, used for specification of 
design parameters of the magnetic separation system, 
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and fields. The advantage of this technique is the gentle 
washing procedure, avoiding damage to the organelles 
bound to beads which are maintained in dispersion and 
contained in the vessel by a properly shaped magnetic 
field. 

The selective binding of radioactively-labelled vesicular 
stomatitis virus to beads with antibodies linked to 
their surface was chosen as a model reaction . The 
nonspecific binding (of microsomal fraction) was in 
some experiments relatively high (about 100/0) . 

At present there are two problems in the technique 
which we are trying to solve. One is the hydropho-
bic and porous surface of the polystyrene beads , as 
shown by scanning electron microscopy. This surface 
contributes to nonspecific binding. The other is the 
aggregation of the beads when they are in a magnetic 
field for some time. This lowers the effective continuous 
surface of the beads and may also contribute to the 
retention of nonspecific material . This aggregation 
occurs when the magnetic powder in the beads, upon 
magnetisation, causes the beads to attract each other 
forming chains. We are at present analyzing the mutual 
interaction of magnetic beads in a new electromagnet 
system which allows a direct observation of the beads 
in the reaction vessel. The size of Fe30 4 crystal grain 
in the bead is of importance for the character of the 
magnetisation process. We are testing variations of 
magnetising and demagnetising periods with the aim of 
eliminating the aggregation while still maintaining their 
containment during the washing. 

To limit binding of particles other than those specifi-
cally attached , beads with a hydrophilic surface will be 
needed in the future . Our experiments show that bead 
aggregates are not held together by magnetic forces 
when the field is switched off, but by intermolecular 
forces on the hydrophobic surfaces. The magnetic 
forces seem only to help the beads remain in contact 
for a sufficiently long time to allow formation of the 
surface bonds. To limit the magnetostatic interac-
tion among the beads it would be useful to have a 
magnetic material with remanent magnetisation smaller 
than that of the magnetite . Another way, and perhaps 
the most promising one, would be to reduce the mag-
netic interaction among the hydrophobic beads (3 
diameter) by a thick (1-2 hydrophilic coating , of 
say polyacrylamide. In this way both the hydropho-
bicity and aggregation could be cured , as 
the magnetic interaction decreases very strongly with 
distance and the magnetic cores would be separated by 
a non-magnetic layer. We have plans for automation and 
control of the magnetic bead separation system using a 
microprocessor. 
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Continuous flow electrophoresis 

The advantage of the continuous flow electrophoresis 
technique is the high flow rate; it is fast and there 
is excellent recovery of amounts and activities. One 
drawback with the existing machines has been the 
complicated manipulation and operation, necessitating 
a skilled operator. The handling and operation of the 
commercial machine have been simplified by automated 
electronics which the manufacturer will incorporate in 
future devices. 

Physico-chemical parameters were tested for optimisa-
tion ; pH of buffers, ionic strength, sample flow rate , 
chamber buffer flow rate, different ligands. An impor-
tant finding comes from the evaluation of Debye-Huckel 
models and equations, namely that in the range of size 
of organelles and cells the continuous flow electrophore-
sis technique separates mainly by charge density and 
only to a very small extent by size. This has been 
confirmed by experiments with beads. 

For analysis of the separation conditions in the device it 
is important to understand, first , what is the sensitivity 
of the technique, i.e. the minimum charge difference still 
resolved by the machine , and second , why Iysosomes 
and endosomes are separated from other organelles , 
which are not separated , and come in one band spread 
over about four fractions. To answer the first question , 
we tested the separation of artificial vesicles, liposomes, 
with different charges in the membrane (prepared in col-
laboration with G. van Meer). Results obtained indicate 
that about 3% charge difference gives separation by 
one fraction . As to the separation of Iysosomes, we 
have noted that with Madin-Darby canine kidney cells 
the separation is good when triethanolamine buffer is 
used (about 8 fractions) . On the other hand, when 
Tris buffer only is used for cell homogenisation of the 
MDCK cells, the Iysosomes are not separated from 
mitochondria . It is known that the uptake of Tris and 
its inhibition of protein degradation inside Iysosomes 
is very limited. This suggests that the uptake of the 
weak-base amines in the Iysosomes, which leads to an 
increase of the lysosomal pH, results probably through 
the proton pump mechanism, in an over-all negative 
charge of the Iysosomes, and enables their separation 
from other organelles in an electric field . The same 
mechanism may apply for endosomes which have also 
an acidic interior. 

To test the possibility that the separation of Iysosomes 
is caused by the negative charge of sialic acid, we 
compared normal chinese hamster ovary (CHO) cells 
with CHO cells which do not produce any sialic acid, 
using triethanolamine and Tris buffers. In both cases 
there was no separation between Iysosomes and mito-
chondria. This could mean that the lysosomal uptake 
of weak bases in CHO cells is different from that in 



MDCK cells. The sialic acid itself may however not 
be responsible for the separation of Iysosomes. That 
there is no, or very little, sialic acid on the outer 
surface of the lysosomal membrane was confirmed by 
comparing normal Iysosomes from MDCK cells with 
Iysosomes incubated with neuraminidase. In both cases 
the Iysosomes were deflected to an identical fraction. 

The main effort in the future will go towards under-
standing the way Iysosomes and endosomes acquire 
their negative charge and especially if it is caused by 
electrogenic proton pumping. We hope to learn how to 
manipulate the membrane charges on organelles using 
their biochemical properties, e.g. causing selective 
charge build-up by blocking some function or pump-
ing mechanism. Tests with selective modification of 
specific intracellular membranes using viruses and virus 
mutants will be continued . Model studies on charge 
separations by the system will be continued using larger 
liposomes (size about 0.5 I-lm). To evaluate separation 
of cells by continuous flow electrophoresis, we tested 
chicken bone marrow for T. Graf. The cell mixture was 
separated in five enriched fractions. 

For further work on continuous flow electrophoresis we 
will test the latest model of the machine . In this 
device 5 parallel streams of buffers are created. The 
composition of each buffer stream may be varied in 
pH , ionic strength , type, additional ligands etc. , thus 
giving the possibility of creating isoelect-ric focusing and 
isotachophoretic separation conditions. This machine 
should also be of interest for preparative separation of 
proteins. 

Introduction of macromolecules into cel ls and 
cell fusion using high electric field pulses 

We have built a set-up for exposing cells in suspension 
(about 107 Iml) to a series of high electric field pulses 
(up to 40 kV/cm, pulse length several microseconds). 
Under suitable field conditions , the cell membrane may 
become permeable and when the field pulses are applied 
in the presence of DNA molecules (about 50 I-lg/ml) in 
the cell suspension , some of them are transported inside 
the cells (Neumann, 1982). Cell transformations result 
in some cases and the advantage of this technique is 
the high number (about 107 ) of cells treated simultane-
ously. About 102 cells may be transformed under suit-
able conditions. A similar method , applying different 
field pulses (Neumann & Gerisch, 1980), may be used 
to initiate fusion of cells in suspension. Conditions for 
introduction of macromolecules into cells by the high 
field pulse method will be optimized with respect to cell 
size , height of the pulse and its duration . It seems that 
there is a narrow (2-3 kVlcm wide) optimum field range , 
above which the cells lyse excessively and below which 
no transfer occurs. Defining the test conditions for 

finding this optimum for a given cell type quickly, using 
e.g. some dye, would speed up the operation and be 
more economical with DNA and cells . Tests on fusion of 
cells and other membraneous vesicles like liposomes will 
be started. We plan several further improvements on 
the high field device, e.g . simplification of the triggering 
circuitry. 

Gel electrophoresis separation technique 

Two complete DNA sequencing systems developed by 
the group are in service for biologists from EMBL 
and visitors . Several patents have been issued to 
EMBL on two devices involved in the design. The 
technique is routinely used in many laboratories and 
now commercially available from LKB in two versions, 
for DNA sequencing and protein separation. 

The silver staining technique with copper (II) and potas-
sium permanganate , developed by the group, has proved 
in many laboratories to be very efficient in staining 
isoelectric focusing gels (down to 0.05 mm thickness) 
and with immobilized ampholines. With such thin 
(below 0.2 mm) and low concentration gels (below 60/0 

total monomer) it was found useful to increase the silver 
nitrate concentration from 0.1010 to 0.5% (see reference 
below). 
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Protein sequencing 

Member: A. Tsugita 

Fellows : D. Dalzappo*, M. Takahashi* 

Student: P. Hohman* 

Visiting workers: H.W. Mewes*, K. Yamaoka* 

Technical assistants: R. v. d . Broek* , C. Jone*, F. Vii bois 

Micro-scale analysis - composition and sequence - of 
proteins including "insoluble proteins", e.g. membrane 
proteins, hydrophobic proteins, DNA-binding proteins , 
has recently attracted interest in cellular and molecu-
lar biology. We have developed several relevant tech-
niques: a rapid protein hydrolysis method suitable for 
hydrophobic proteins (a), a technique for N-terminal 
specific labelling (b), a new gel electrophoresis sys-
tem for separating small peptides (c), an extraction 
method for proteins and peptides from polyacrylamide 
gels designed for further protein characterization (d), a 
terminal sequencing method by FD mass spectrometry 
and exopeptidases (e), and we are presently estab-
lishing a sensitive protein sequencing method for N-
and C-termini. We have applied these techniques to 
several proteins and have subsequently improved the 
methodology. 

The composition and partial N- and C-terminal se-
quences were established for DNA-ligase of T4 phage 
(Armstrong et aI., 1983), Eeo RV methylase and en-
donuclease (collaboration with Zabeau 's and Winkler's 
groups) to confirm the DNA sequences that were deter-
mined in parallel. 

The DNA sequence of a 32 K dalton thylakoid periph-
eral membrane protein of spinach was established and 
the possible corresponding protein was isolated. The 
composition and terminal sequences revealed however 
that the isolated protein was not the encoded protein, 
but rather ferredoxin-NADP + reductase (collaboration 
with Wolter, Schmitt & Bohnert, Botanical Institute, 
University of Wurzburg, in press). The composition 
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and terminal sequences were carried out on a small 
quantity (total 5 nmoles) of a transforming growth 
factor produced by a rat cell line transformed by an 
avian sarcoma virus (collaboration with Yamaoka, Mit-
sui , Hirai Tokyo Metropolitan Inst. of Med. SCience, in 
press). An oligonucleotide has been synthesized based 
on this sequence and is currently used for cloning the 
gene . 

Thioredoxins m and f of spinach chloroplast were found 
to be cofactors of T7 polymerase (Schurmann et aI. , 
1983). The active centre sequences of both thioredoxins 
were determined and a relation to thioredoxins from 
both Eeoli and C.nephridid was observed (Tsugita et 
aI., 1983). Our protein hydrolysis method was used 
with class I fructose-1 ,6-diphosphate aldolases from 
five staphylococcal strains. The compositions provided 
further insight into their phylogenetic relationship (Fis-
cher et al., 1983). A new hydrolysis micromethod to 
establish tryptophan content (Maeda et aI. , in press) 
and to furnish the data of decomposition rates of 
uncommon amino-acids and the derivates of amino-
acids widely used in protein chemistry (Tsugita et aI., 
1984) has been developed. Our micro-extraction and 
sequencing techniques have been able to demonstrate 
the topographical location of the atractyloside binding 
site in mitochondrial ADP/ ATP carrier protein by pho-
tolabelling (Boulay et al., 1983). Our new differential-
labelling technique (with non-radioactive and radioac-
tive ethylimidate in the presence and absence of DNA) 
provided the means to determine the DNA and an 
octanucleotide binding site in Pf1 phage single-stranded 
DNA-binding protein (Tsugita & Kneale, in press). 



The technique for extracting peptides from the SDS-
electrophoresis gels after staining with Coomassie blue , 
characterization of the compositions together with the 
sequencing methods for N- and C-termini have been ap-
plied to partial proteolytic cleavage fragments of phage 
A receptor protein. The results provided map the 
targets of the proteolytic cleavage in relation to binding 
sites for phage and monoclonal antibodies (collabora-
tion with Rosenbusch and Schwartz' group, Pasteur 
Institute) 

The N-terminal sequence method has been established 
for a few hundred picomoles of protein and its sensitivity 
has been extended to analyze samples in the tens 
of picomole range. An even more sensitive sequenc-
ing method is under development. When sequencing 
the C-terminal region , one of the main difficulties is 
maintaining protein solubility under the conditions of 
carboxypeptidase digestion . The effect of several de-
tergents and alcohols on proteolytic activity, chemical 
reactions and solubility has been examined. 

Using FAB and FD mass spectrometry, characterization 
of the N-terminal blocked group of protein and the 
sequence of formyl-N-terminal sequence were carried 
out (with Przyblski, Dept. of Chemistry, Univ. Mainz). 
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Nucleic aCid/protein group 

Members : B. A. Connolly* , R. Frank* 

Technical assi stants: T. Gabran*, P. Rider* 

This group was set up in September 1983 to provide 
a nucleic acid and peptide synthesis service and also 
to develop microsequencing methods for peptides and 
proteins. As well as providing a service the group also 
performs basic research in these areas. 

At present we are preparing oligonucleotides using a 
manual solid-phase methodology based on phospho-
ramidite chemistry. Although the method works well it 
is extremely time-consuming on the operator and thus 
we are developing a machine to completely automate 
the synthesis. The machine, constructed on a modular 
principle, should be operational in Marchi April 1984. 

In collaboration with Prof. F. Eckstein's group in 
Gbttingen we have identified the 31 P NMR signals in 
the spectrum of the self-complementary oligonucleotide 
GGAATICC using regiospecific labelling with 170 . The 
results have given insights into the structure of this 
octamer. As the octamer is a substrate for the re-
striction endonuclease Eco R1 , future plans involve 
the measurement of the 3 1 P NMR spectrum of the 
nucleotide bound to the enzyme. 

Additionally experiments are in progress to develop 
general methods for the synthesis of short oligonu-
cleotides containing useful functionalities such as biotin, 
fluorophores , spin labels etc. 

Protein microsequencing with a self-constructed gas-
phase sequencer was started at the end of 1983 and 
will be optimised in the next few months. 

In parallel to this instrument a set of HPLC systems has 
been established for oligonucleotide-, protein- and pep-
tide separations using a gradient programmer designed 
at EMBL. 

In collaboration with the electronic workshop a micro-
processor controlled programming module has been de-
veloped which will be of general applicability in the areas 
of peptide and nucleotide synthesis and also protein 
sequencing. 
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In the context of our structural and mechanistic studies 
on ATP-AMP phosphotransferase (collaboration with 
Prof. H. Schirmer, Heidelberg and Prof. G. Schulz, 
Freiburg) we have determined the primary structure of 
the catalytic region of mitochondrial adenylate kinase 
from bovine heart. The comparison with the primary 
structure of the cytosolic isoenzyme and GTP-AMP 
phosphotransferase of bovine heart mitochondria has 
led to a new model for the catalytic region of adenylate 
kinases, modifying earlier views on substrate binding 
positions. 



Biological Instrumentation Programme 

Introduction 

This Programme consists of only two groups with 
very different interests. Originally the Programme was 
intended for the development of new methods based 
mostly on recombinant DNA techniques which could 
be useful to groups in other Programmes. At the 
moment this effort is carried out both by the groups that 
are nominally in the Programme and by other groups. 
We are currently investigating the possibility either of 
re-organizing this Programme or of distributing its task 
among the remaining different Programmes. 

The work performed by the individual groups is sum-
marized on the following pages. 
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Molecular genetics of microorganisms 

Member: G. Cesareni 

Fellows: C. Baldari , L. Castagnoli, R.M. Lacatena 

Students: M. Cornelissen , J. Murray* 

Visiting workers : M. Ponzi*, R. Rappuoli* , M. Sollazzo* , H. Voss* 

Technical assistant: J. Hughes 

Our main interest during the past year has been the 
study of the initiation of DNA replication in bacteria. 
This work revealed that RNA-RNA interaction is at the 
basis of the molecular mechanisms which control initi-
ation of DNA replication of several bacterial plasmids. 
We have recently expanded our interest to the yeast 
Saccharomyces cerevisiae to investigate whether these 
observations could be extended to other organisms. 
Effort has also been devoted to developing techniques 
for site-directed mutagenesis and to constructing con-
venient vectors for expression of eukaryotic proteins in 
E.co/iand for cloning in yeast. 

Control of CoIE1 replication 

Initiation of DNA replication of plasmids of the CoIE1 
family is controlled by two plasmid-encoded elements 
which regulate the plasmid copy number by limiting 
the amount of primer available for initiation of DNA 
synthesis. These two elements are encoded in regions 
symmetrically located with respect to the replication 
origin. The first is a small RNA of 108 nucleotides 
(RNA 1) which is complementary to the 5' portion of 
the RNA primer. This molecule inhibits the maturation 
of the primer by the enzyme RNaseH in vitro (Tomizawa 
& Itoh, 1981). 

The analysis and characterization of a large number of 
mutants (128) in the target of RNA 1 allowed us to 
conclude that RNA 1 inhibits initiation of DNA repli-
cation via ba$e pairing with complementary sequences 
in the precursor of the RNA primer. Only 5 bases in 
the central loop and two bases in one of the lateral 
loops of the RNA 1 cloverleaf structure are involved in 
the initial base pairing responsible for the specificity 
of the mechanism which controls plasmid replication 

112 

(Plate 24). Our collection of mutants indicates that 
the mechanism of inhibition is dependent on the inter-
action between the cloverleaf structures of the two RNA 
molecules, but independent of the actual sequence of 
nucleotides in the seven bases involved in the hydrogen 
bonding (Lacatena & Cesareni , 1983). 

The second negative controlling element is encoded 
in the rap gene. This gene was originally identified 
because it inhibits in trans the expression of the /acZ 
gene when it is fused to the primer promoter (Cesareni 
et a/., 1982). Our recent work (Cesareni et aI., 1984) 
allowed us to draw the following conclusions. 

a) Rop-mediated inhibition of primer transcription re-
quires RNA 1. 

b) The target of Rop-RNA 1 inhibition is located at least 
in part after the 52nd nucleotide of the primer transcript. 

These findings suggest that the mechanism of Rop 
inhibition is somewhat different from that of a classical 
repressor and that this small protein regulates primer 
formation at the level of transcription termination or 
processing. 

In order to investigate the molecular mechanism under-
lying the control of copy number by Rop and RNA 1 
we have purified a protein of 63 amino-acids encoded 
in the rap gene region and shown that this protein is 
the rap gene product (in collaboration with D. Ban-
ner). In agreement with the results obtained in vivo, 
Rop protein purified to homogeneity inhibits plasmid 
replication in a cell extract only in the presence of 
RNA 1. This inhibition is plasmid specific, the specificity 
being conferred by the RNA 1 added to the system. 
Furthermore, we have shown in an in vitro system 



PLATE 24 

Model of RNA 1-RNA primer interaction. The Plate 
illustrates the postulated interaction between RNA 1 and 
RNA primer that results in the inhibition of the process-
ing of the primer precursor. Broken lines between the 
loops of the two molecules represent hydrogen bonds. 
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reconstituted from purified enzymes, which transcribe 
and mature the primer, that Rop and RNA 1 inhibit 
primer formation at concentrations at which the RNA 1 
alone is ineffective. In the presence of the two inhibitors 
200/0 of the transcripts terminate after 220 nucleotides. 
The remaining transcripts, which escape termination, 
cannot be matured by RNaseH. 

At the moment we are working on the hypothesis that 
the interaction between Rop, RNA 1 and the RNA primer 
changes the structure of the primer. We would like 
to test this by constructing a series of mutants by 
site-directed mutagenesis. 

Control of replication in yeast 

We have recently started a project aimed at understand-
ing control of DNA replication in S. cerevisiae. The 
first approach that we took to this problem involves the 
isolation and characterization of mutants which affect 
the stability and/or the copy number of the 211 plasmid. 

RNA 1 and RNA primer are proposed to interact in the 
cloverleaf secondary structure, since mutants that effect 
this structure are defective in the control of plasmid 
copy number. 

-, 

5' 

, 
\ 

The second approach concerns the study of the function 
of small nuclear RNAs. This project aims at answering 
the question of whether any of the small nuclear RNAs 
in eukaryotes is involved in the control of DNA replica-
tion. We have cloned three genes which encode nuclear 
RNAs of approximately 320, 660 and 830 nucleotides, 
respectively. We intend to characterize them at the level 
of their DNA sequence and investigate their function by 
deleting the genes from their chromosomal location and 
by isolating temperature-sensitive mutants. 

Construction of single-stranded vectors 
for cloning in yeast 

In last year's report we described the construction of a 
family of vectors (pEM BL) which contain the origin of 
replication of F1 and have the property of being encapsi-
dated as single-stranded molecules upon infection with 
phage F1 (Dente et aI., 1983). These vectors proved 
to be very useful for DNA sequencing, site-directed 
mutagenesis and synthesis of single-stranded probes 
with highly specific activities . 
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PLATE 25 

Physical maps of plasmids of the pEMBLy series. 
These plasm ids have been obtained by inserting DNA 
fragments carrying yeast selectable markers, or se-

N 
pEMBL Yi 22 Av S\ 

pEMBL Yi 21 .. uro3 (opposite orientation) 

EV . 

pEMBL Ye23 X , 
pEMBL Ye 24 .. 
(opposite orientation) ura 3 

IT p 
pEMBL Yr 25 p , 

trp 1 

No 
pEMBL Yi 27 E EV 

• leu 2 

pEMBL Ye 30 x Av Hp P EVE , , , , 

" 
.. \ leu2 \ 

\ --\ ----\ 
pEMBL 9 \c _: _- Em 

II -

... --:F:-:-1 --:crj- -I'tz' +-;;;:;-' 

We have now expanded this family of vectors by insert-
ing DNA fragments useful as selectable markers in yeast 
into the Cia I site of pEMBL9. Some of these plasm ids 
also contain sequences which allow them to replicate 
extrachromosomally (Plate 25). We have shown that 
these plasmids can transform yeast at high efficiency 
both in the single- and double-stranded form (Baldari 
& Cesareni , in preparation). 

Expression of eukaryotic proteins in Ecoli 

We are also collaborating with the structural group 
(D. Tsernoglou) with the aim of synthesizing in Ecoli 
eukaryotic proteins in quantities suitable for biochemical 
and structural analysis. For this purpose we have de-
veloped a new single-stranded expression vector which 
allows one to characterize the fused gene by rapid 
sequence analysis and , once the proper construction has 
been obtained, to alter by site-directed mutagenesis the 
coding sequence. 
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quences able to support plasmid replication in Sac-
charomyces cerevisiae into the Cia I site of plasmid 
pEMBL9. 

cloning sites Other unique sites 

BamHI ApaI 
EcoRI Nco I 
Hind III EcoRV 
Sa(I 

BamHf ApaI 
Hind III Ncol 
SaIl EcoRV 

Ava I EcoRV 
BamHI BglII 
SaIl Mstl 
Sma I Stu I 

XbaI 
BamHI Bst ElI 
Hind III [101 
Pst I EcoRV 
Sal I Kpnl 

No Sma I Nor! 
H,1t fV BamHI Bst ElI 

Hind III [101 -- Sma I EcoRY 
Kpn I 
Nor I 

This vector consists of the ",PL-MS2 ribosome binding 
site fragment described by Remaut and Fiers (1983) 
inserted into pEMBL8. The sequence encoding the 
a-fragment of was joined in frame to 
the AUG of the MS2 replicase under the transcriptional 
control of ",PL' This plasmid maintains the high 
efficiency transcription and translation properties of 
the original vector and offers two additional technically 
advantageous features. First it offers a convenient 
blue-white colony test for insertion of foreign sequences 
in front of the "'PL promoter and secondly it allows one 
to prepare rapidly single-stranded DNA for sequencing 
or mutagenesis experiments. We are currently in the 
process of fusing to this vector the DNA sequences 
encoding the of avian myeloblastosis virus 
reverse transcriptase and, in collaboration with Dr. 
Sussenbach and H. Voss, the DNA binding protein of 
adenovirus 5. 



Site-directed mutagenesis 

Most of our projects require the isolation of mutations 
in preselected regions of a DNA sequence. We have 
therefore continued to develop mutagenesis techniques 
based on the reverse transcriptase approach (Zakour & 
Loeb, 1982; Traboni et al., 1983). We have concen-
trated on trying to extend and generalize this method 
which , in its original formulation, is only applicable to 
short DNA fragments. Plate 26 shows the approach 
that we have used in order to isolate mutations in the 
origin of replication of CoIE1 . 
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PLATE 26 

Scheme of the procedure used to isolate mutants which 
carry base substitutions in the replication origin of the 
plasmid CoIE1. 
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Cell proliferation and growth factors in mammalian cells 

Member: R. Bravo 

Visiting worker: V. Larraga* 

Technical assistants: P. Blundell, H. Macdonald-Bravo 

There are three major effects induced by epidermal 
growth factor (EGF) in a dose-dependent manner in 
A431 cells, namely changes in morphology, inhibition of 
cell proliferation and enhanced protein synthesis. It has 
been our interest during the year to search for a possible 
correlation between the changes in protein synthesis 
and those in morphology and cell proliferation . 

Table 

Polypeptides sensitive to EGF in A431 cells 

Two-dimensional gel electrophoresis of [35S]-methio-
nine-labelled polypeptides of control A431 cells and 
EGF-treated cells was performed under conditions in 
which more than 1000 polypeptides could be repro-
ducibly resolved. These studies did not reveal new 
major polypeptides in A431 cells after EGF-treatment. 
However, significant changes in the abundance of cer-
tain polypeptides present in both untreated and EGF-
treated A431 cells were observed. The position of 
the EGF-sensitive polypeptides is indicated in Plate 27. 
The percentages of some of them and their molecular 
weights are presented in the Table below. 

Percentages and MW of some major EGF-sensitive polypeptides in A431 cells 
% total labela) 

Polypeptide 
4 
6 
7 (cyclin) 
8 
9 

MW (K) 
41 
35 
36 
35.5 
34.5 

a) Cells were labelled with a mixture of 16 [14C]-amino 
acids. Percentages were calculated with respect to the 
total number of counts applied to the gel. 

b) Cells were treated for 24 h with 100 ng/ ml EGF 
before being labelled. 
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Control 
0.07 
0.03 
0.10 

<0.01 
0.20 

+EGFb) 

0.70 
0.20 

< 0.01 
0.20 
OAO 

The changes in the rate of synthesis of the different 
EGF-sensitive polypeptides seem to be similar and 
reach a maximum after 8-10 h of EGF action. This 
effect is reversible and the synthesis of the affected 
polypeptide returns to its normal level approximately 
24-30 h after the growth factor is eliminated from the 
medium. 



PLATE 27 

Two-dimensional map (IEF) of asynchronous A431 cell 
polypeptides labelled with a mixture of 16 [14C]-amino 
acids . The proteins that are EGF-sensitive have been 
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The intensity of the response clearly depends on the 
concentration of EGF used. The amount of EGF needed 
to alter protein synthesis in A431 ce ll s was very similar 
to that used for inhibiting cell growth , and the magni-
tude of both responses is we ll co rrelated. From studies 
performed on the stability of the EGF-sensitive polypep-
tides it was clear that IEF6 and 8 have a very short half 
life (4 h) when compared to the other polypeptides, 
suggesting that they have a different effect. 

The mechanism by which EGF can stimulate or inhibit 
the synthesis of specific polypeptides in A431 cells is 
far from clear. However, the analysis of the in vitro 
products of mRNAs from EGF-treated or untreated cells 
clearly demonstrated that the growth factor alters the 
relative proportion of some of the mRNAs coding for 
the EGF-sensitive polypeptides. 
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Only polypeptides IEF7 and 10 have been identified . 
IEF10, whose synthesis decreases after EGF treatment 
is a tropomyosin-related polypeptide . IEF7 corresponds 
to "cyclin ", a nuclear protein that varies during the cell 
cycle and that is sensitive to changes in cell prolifera-
tion , being abundant in rapidly dividing cells (Celis et 
al., 1983). The synthesis of this protein significantly 
decreases at the doses of EGF used to inhibit the 
proliferation of A431 cells. This result confirms our 
previous findings on the correlation between the levels 
of this protein and cell proliferation. 

A431 cell clones resistant to the growth 
inhibitory effects of EGF 

To obtain clones resistant to the growth inhibitory 
effects of EGF, parental A431 ce lls were treated with 
N-methyl-N '-nitro-N-nitrosoguanidine and subsequently 
cultured in the presence of EGF until colonies become 
visible . The effect of EGF on the growth of some of the 
variants is illustrated in Plate 28. 
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PLATE 28 

Effect of EGF on the growth of A431 cells . Data 
represent the number of cells present in dishes for 
each concentration of EGF compared to control dishes 
without EGF after six days of culture . The number of 
cells in control dishes was taken as 100%. Each point 
was done in triplicate. 
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Two-dimensional gel electrophoretic analysis of the 
[35Sj-methionine-labelled polypeptides of different clo-
nes treated or untreated with EGF did not reveal signifi-
cant changes in the synthesis of IEF4 and IEF7 (cyclin). 
All the other polypeptides presented similar changes to 
those found in the parental A431 cells. These results 
suggest that IEF4 and IEF7 (cyclin) play an important 
role in the growth inhibitory effects of EGF in A431 
cells . 

Effect of EGF in A431 cytoskeleton 

Using indirect immunofluorescence we have found that 
neither microtubules nor keratin filaments are altered by 
EGF in A431 cells . However, actin filaments are greatly 
disturbed by EGF (Plate 29). This effect persists as 
long as the growth factor is present in the medium . 
Actin filaments return gradually to their normal mor-
phology 24 h afterthe removal of EGF . 

The A431 clones resistant to the EGF growth inhibitory 
effect showed changes in the actin filaments after EGF-
treatment similar to those observed in the parental A431 
cells (Plate 29). This suggests that these changes do 
not playa role in the inhibition of A431 cell proliferation. 
The above observations together with those on protein 
synthesis indicate that polypeptide IEF4 is not directly 
involved in the changes in morphology induced by EGF. 
This evidence and other results suggest that polypep-
tides IEF6 and 8 could be involved in the changes of the 
actin filament bundles induced by EGF. 

Experiments are now under way to prepare antibodies 
against the major EGF-sensitive polypeptides in A431 
cells . This will be of great help for finding their cellular 
location and understanding their possible role in the 
effect of EGF on A431 cells. 
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PLATE 29 

Direct fluorescent staining of A431 cells with Rd-
phalloidin. a) Control A431 cells ; b) EGF-treated A431 
cells ; c) clone 15 treated with EGF. 
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Computing and Applied Mathematics Programme 

Introduction 

Because of the international nature of EMBL, consid-
erable extra effort is invested in making the comput-
ing capabilities developed in this Programme readily 
available to the European community, as well as to 
in-house users . Some of the main activities in the 
Programme are: (1) developing mathematical and sta-
tistical techniques for interpreting biological data and 
distributing these in fully-documented computer pro-
gramme packages that can be run without modification 
on most computers; (2) implementing and maintaining 
state-of-the-art hardware and software for interactive 
graphics and image analysis and making these available 
to visitors and in-house users; (3) collecting , organising , 
and distributing a nucleic acid sequence Data Library; 
(4) providing and maintaining the facilities for all of the 
computing activities at EMBL. Each of the four groups 
is mainly involved in one of the above four activities , but 
there are also strong overlaps. A significant amount 
of effort is also devoted to consulting and short-term 
collaborative and support activities, which would be 
difficult to list in this report. 

Two of the main areas of collaboration are in structural 
studies and molecular genetics. Some of the main 
results this year have been (1) the experimental verifica-
tion of two large-scale regularization methods for three-
dimensional structure determination, one for electron 
microscopy of disordered specimens and one for micro-
scopic andl or diffraction studies of periodic specimens; 
(2) the implementation of high quality full-screen stereo 
and colour capabilities on the Evans & Sutherland Multi 
Picture System for interactive graphics; (3) the dispatch 
of the third release of the DNA Data Library comprising 
a total of 1.B million bases ; (4) the of 
a stable, well-tuned , user-friendly VAX system with a 
400/0 increase in the throughput of batch jobs and an 
Boo/o increase in interactive use (with many beginners 
learning the system through newly implemented help 
files and through direct consultation and instruction). 

The work performed by the individual groups is sum-
marized on the following pages. 
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Computer group 

Members: G, Hamm, D, Iversen, R, Omond, T, Pitt 

Students: S, Eden*, A, Keren* , R, Lauer* 

Technical assistants: E, Schechinger, W, Winkler 

The Computer Group develops and maintains the com-
puting facilities for the Laboratory and provides advice 
and help to researchers on questions relating to comput-
ers and information handling, It also acts as a catalyst 
to help researchers in the Laboratory to use comput-
ers more effectively, and to introduce computing as a 
tool in new applications. One of the most important 
tasks is the provision of a consistent and easy-to-use 
computing environment. This involves not only the 
selection or development of the appropriate software 
and equipment, but also attention to documentation 
and the user environment. Significant effort has been 
devoted this year to these sorts of enhancements of the 
basic facilities at EMBL. 

Most of the computing work load is now centred on the 
VAX 11/780, with the Nord-10s continuing to support 
several well-established applications. The growth in the 
size of the user community this year was approximately 
600/0, which is about the same rate of growth as last 
year. Also as last year, most of this growth has been 
among scientists who previously made little or no use of 
computers. This continuing trend correlates well with 
the same phenomenon reported in other laboratories: 
computing is being very rapidly introduced into nearly 
every facet of the biological sciences. 

A new and quite different application was introduced 
during 1983: the EMBL administrative computing re-
quirements are now supported by the Laboratory's VAX 
system. The software for this application is under 
development by a contractor, but is being written in 
a standard VAX language (PL/I) so that possible fu-
ture requirements can be met smoothly without major 
rewrites. 

122 

Hardware status 

Although the pattern of VAX use reflected by per-
formance monitoring statistics (e.g. average terminal 
session duration, average CPU time used, etc.) has 
remained much the same as in 1982, the total interac-
tive usage has increased by 800/0. Only careful tuning 
of the operating system, which has been a continuing 
effort during the year, has made this increase possible 
without intolerable friction between jobs. These adjust-
ments have also had the result that comparable batch 
jobs on average are completed in less (real) time than 
previously. Despite this improved efficiency, the total 
performance of the system has saturated and the VAX 
CPU is fully utilized. More computing power will thus 
be required in the near future. 

New equipment acquired in 1983 includes a Hewlett-
Packard 7211T plotter, which can use up to eight 
colours under programme control and can produce 
very high precision (± 0.025mm) results. The plotter 
has already been used extensively for plotting both 
sequence analysis results (together with the UWGCG 
software) and for producing contour plots of electron 
density maps from crystallographic data. It is also used 
in conjunction with a newly installed statistical analysis 
system, SAS (see below). 

Also acquired in 1983 were a third large disk drive and a 
synchronous network interface for X.25 telecommunica-
tions (see below). In addition , the UNIBUS interface for 
the magnetic tape drive was replaced by a higher-speed 
MASS BUS interface to eliminate bus conflicts with 
disk access, The TCS 2000 Port Contention Unit and 
the cable network within the building were expanded 
to provide computer access for the newly remodelled 
laboratories and the administration . 



Software status 

A considerable amount of new software has been in-
stalled and integrated on the VAX during 1983, including 

Software Application area 

both systems software and various applications pack-
ages. The major new items include: 

C language 
PL/ I language 
Datatrieve 

Systems-level programming , molecular graphics 
EMBL administrative software, systems programmes, general scientific software 
General-purpose interactive query system 

Code Mgmt System 
Common Data Dictionary 
PAD/ PostlFTP 
UWGCG 
I ntelligenetics 
TeX 
SAS 
Plot-21 library 

Source code configuration management 
General data management for the VAX 
X.25 network control 
Genetic sequence analysis 
Genetic sequence analysis 
Text processing 
Statistical analysis and graphics 
Plotter support 

Most of this software was acquired for specific appli-
cations, but all of it has been useful in other areas as 
well. The sequence analysis software was selected and 
installed in collaboration with the Data Library Group. 

Software development work this year has included the 
following : 

System utilities: Considerable work has been devoted 
to system utilities to enhance the operations and user 
environment on the VAX. 

Alarm system: a complete rewrite of the Laboratory 
alarm system was completed during 1983. This system 
alerts the building maintenance group of critical condi-
tions (e .g., abnormal temperatures, pressures or flow 
rates) occurring in equipment throughout the building 
which require attention or correction , and maintains a 
log of these conditions. 

Image processing: a new version of SEMPER was 
completed for use on the VAX, enabling interactive 
image processing to be done much more quickly. The 
planned addition of a frame store and display will 
complete the addition of this capability to the VAX 
system. 

Cable database: configuration information regarding 
the extensive cabling which now exists throughout the 
building (nearly a hundred connections) is now main-
tained on the computer using a small software system. 
This greatly facilitates changes and repair work, which 
had become difficult due to the rapidly growing com-
plexity of the cable net. 

As in previous years, many small programming tasks 
involving data conversion and management, as well as 
minor statistical analyses , were carried out for scientific 
staff members. 

X.25 Network link 

Considerable effort in 1983 was devoted to the es-
tablishment of a computer network link for the VAX 
11/780. The system is now connected to the Ger-
man public packet-switching (X.25) network Datex-P. 
A hardware addition (a synchronous interface and mo-
dem) and driver software from DEC provide the ba-
sic connection , and the Packet Assembly/Disassembly 
(PAD) software package from UWIST (UK) was in-
stalled on the VAX to provide network address data-
bases and network control functions . 

Computer networks are rapidly developing into an im-
portant exchange medium for the scientific community 
in computing and other fields. A network link enables 
direct connections to be made to other computers 
which are linked to networks in Europe and elsewhere, 
including Transpac (France), PSS (United Kingdom), 
Euronet (Western Europe), Tymnet (USA) and Telenet 
(USA). Communications with computers as far away 
as Japan have been successfully tested . It is possible 
to use such a link to transmit and receive any kind of 
computer-readable information (programmes, electronic 
mail, scientific data , manuscripts, etc.) at a far lower 
cost than via telephone lines, and much more quickly 
than by ordinary postal services. It is also possible to 
make use, without travel, of remote computer resources 
which are unique due to special hardware or software. 

The use of the link at EMBL is in its infancy, but it 
has already been of significant benefit. The major use 
of the network to date is by the Data Library Group 
for communications related to its collaboration with 
the American GenBank effort (see the Data Library 
section of this report for further information), and by 
the Library to access various bibliographic and scientific 
databases for literature searching . Some use has been 
made by staff members for exchange of collaborative 
manuscripts in urgent cases. 
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Computer graphics 

Members: H.E. Bosshard, C.N. Carlson 

Visiting workers: D. Altschuh* , M. Beato*, A. Cato*, P.Dumas*, T. Ferrin *, S. Hamodrakas*, M. Levitt* , 
D. Marvin *, S. McGavin* , J.R. Mellema*, D. Moras*, K. Namba* , H. Ohlenbusch* , M. van Regenmortel* , 
C. Sander*, G. Stubbs*, E. Westhof* 

During 1983 the Computer Graphics Group has further 
extended the power and spectrum of applications of 
the graphics facility both by increasing the existing 
hardware/software and importing new programmes. In 
addition, considerable staff-time has been spent helping 
the in-house and visiting graphics users reach their 
research goals. 

Hardware 

The interactive computer graphics facility at EMBL 
consists of an Evans & Sutherland Multi Picture System 
with colour and black & white monitors . It has 256 
Kwords of extended memory. The system is hosted 
by a 4 Mbyte VAX-11/780 computer running the VMS 
operating system, timeshared with the majority of com-
puter users at the Laboratory. 

The graphics facility has been augmented considerably 
by the addition of a stereo viewing device consisting 
ofa set of quietly rotating shutters. The display of 
alternating left and right images is synchronized to 
the shutters, achieving a high quality three-dimensional 
effect. The major advantages over side-by-side image 
stereo are that the three-dimensional objects can fill 
the entire screen area rather than at most a fourth , 
and that flicker is reduced because only one view is 
displayed at a time. The stereo facility does not increase 
requirements on host CPU time and is in routine use. 
This system became commercially available during 1983 
with a special interface for the Multi Picture System 
(MPS). 

Because of repeated requests by users to record dy-
namic aspects of molecules on film , and because we do 
not know of a good film recording system for molecular 
graphics that is generally available in Europe, we have 
acquired a 16 mm motion picture camera specially 
modified to be controlled by computer. The camera 
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and control software should be available to the users by 
spring 1984. Because the vector drawing hardware does 
not produce signals needed for television type raster 
recorders, high quality video recording is not feasible 
from the MPS. 

Software 

FRODO 

The colour manipulating ability of EMBL's version 
of the FRODO crystallographic modelling programme, 
outlined in last year's report , has been completed and 
finds favourable acceptance by the users . The ap-
proach is perhaps unique among molecular modelling 
programmes, offering three levels of colour coding abil-
ities : 

Level (1) User-defined default colouring of any object 
on the display, including text, menu etc. 

Level (2) Colouring of virtually anything on the display 
with the keyboard, for instance, molecules by residue , 
residue type, atom, atom type, element, etc. Provi-
sions are built in to allow colouring of the molecular 
backbone, side chains, and according to properties such 
as electronegativity and hydrophobicity. The necessary 
update of dictionaries will require appreciable clerical 
effort , however. 

Level (3) A colour menu has been added to FRODO 
which allows interactive colouring. A colour is chosen 
with the tablet pen from a displayed palette of colours 
and shades , or is picked from a displayed atom. By sub-
sequently selecting menu items and picking a displayed 
atom, a piece of the molecule is coloured. The colour 
'invisible' provides a very convenient means of quickly 
cleaning up congested areas where details of interest 
are obstructed in a particular view. 



Other extensions to FRODO are in progress. They 
centre mainly on an effort to render the programme 
friendlier to the user. Major projects in progress are 
an online help facility and a mechanism to recover or 
terminate the programme gracefully from error condi-
tions without losing data. 

MIDAS (UCSF) 

T.E. Ferrin from R. Langridge's Computer Graphics 
Laboratory at UCSF worked as a consultant at EMBL 
for one month. Progress was made towards implemen-
tation of their much acclaimed MIDAS molecular graph-
ics software on a VAX/MPS installation. MIDAS is a 
graphics system oriented strongly towards manipulation 
of multiple molecules and the study of molecular inter-
actions and surfaces. It also offers versatile animation 
capabilities which will be essential for producing films. 
MIDAS should be fully operative at EMBL in spring 
1984 and will be a very powerful addition to our facility. 

GRAMPS 

A new, updated version of GRAMPS, a generalized 
graphics utility by Olson & O'Donnel, has been in-
stalled. GRAMPS is used at EMBL mainly to examine 
and compare reconstructions from electron micrographs 
and for animation. 

Peripheral device handler 

One of several major difficulties when attempting to 
transport 3-dimensional interactive molecular graphics 
programmes from one graphics installation to another 
is that the supported graphics peripheral devices often 
differ vastly (data tablets, joysticks, potentiometers, 
interactive keyboards, etc.). For instance a programme 
may rely on an interactive keyboard but the installation 
cannot provide the identical physical device, or the 
joysticks, if any, are different, and so on. This is an 
area where often much man-time is spent in modifying 
the programmes , writing mechanisms for simulation of 
devices etc. 

We have therefore considered whether it would be pos-
sible to remove the need to know about the physical 
nature and data formats of these devices from the ap-
plication programmes. If one could use a device handler 
as an interface to the physical devices of the installation 
and define the devices expected by the programme to 
be virtual rather than physical, adaptation to a new 
installation would be much easier. 

An experimental device handler has been written. In 
theory, the devices are viewed as a process running 
asynchronously to the applications programme. Device 
event interrogation and, if no device data are available, 

programme hibernation are provided by a single utility 
function. Devices, when viewed from the applications 
side, are logical channels. Data are delivered normalized 
through a single function, whereby the device handler 
manipulates data and data flow according to character-
istics requested by the applications programme as well 
as the nature of the virtual device. 

The device process is not restricted to using a specific 
physical source of data, hence, any programme using 
it can ultimately be animated without having to know 
more about this than to request initialization of the 
device channels in animation mode. 

Projects investigated at the EMBL 
graphics facility 

EMBL scientists: 

Crystallographic projects: 

Bovine pancreatic DNase I (D. Suck & C. Oefner -
Structures Programme) 

Blue protein from Alcaligenes faecalis (D. Tsernoglou, 
D.W. Banner & K. Petratos - Structures Programme) 

Other projects: 

Investigation of maximum entropy density reconstruc-
tions of x-ray and electron microscopic data (R.K. 
Bryan, Data Analysis Group) 

Investigation of 3-dimensional reconstructions from elec-
tron micrographs of disordered specimens of riboso-
mal subunits and viruses by the method of optimized 
series expansion (R.H. Vogel, Data Analysis Group) 

Routine usage by electron microscopists to view, com-
pare and assess 3-dimensional Fourier reconstructions 
from electron micrographs (e.g. K. Leonard, Structures 
Programme) 

Investigation of the lead-induced cleavage of tRNA (R. 
Brown, Structures Programme) 

Visiting scientists: 

Crystallographic projects: 

Yeast tRNA(Asp) (E. Westhof, P. Dumas & D. Moras 
-IBMC du CNRS, Strasbourg, France) 

Building of tobacco mosaic virus coat protein into a 
fibre diffraction electron density map (K. Namba & G. 
Stubbs - Brandeis University, Boston, Mass., USA) 
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Pf1 coat protein from x-ray fibre diffraction data en-
hanced with the maximum entropy method (D . Marvin 
- University of Cambridge , Cambridge , Great Britain , 
and R.K. Bryan, Data Analysis Group, EMBL) 

Other projects: 

Recording of a film on low frequency collective vibra-
tions of a globular protein by normal mode analysis . 
(M. Levitt - The Weizmann Institute, Rehovot, Israel, 
and C. Sander, MPI for Medical Research, Heidelberg, 
Germany) 

Modelling of B-type double helix geometry of DNA from 
high resolution proton NMR data (J .-R. Mellema, State 
University of Leiden, Leiden, The Netherlands) 

Examination of antigenic sites of tobacco mosaic virus 
coat protein (D . Altschuh & M. van Regenmortel -
IBMC du CNRS, Strasbourg, France) 

Study and modelling of theoretical models of 4-stranded 
DNA helices , with emphasis on a model for the DNA 
recombination mechanism (S . McGavin - University of 
Dundee, Dundee, Scotland) 

Modelling of silkmoth chorion proteins and chorionous 
secretory proteins (S. Hamodrakas, University of Athens , 
Greece) 

Theoretical modelling of the structure of the nucleo-
some (H. Ohlenbusch, IBMC du CNRS, Strasbourg , 
France) 

Study of a model for interactions of glucocorticoid 
receptor and regulatory elements of glucocorticoid-in-
ducible genes - mouse mammary tumour virus - long 
terminal repeat, human methalothionein IIA, and rab-
bit uteroglobin. (M . Beato & A. Cato, University of 
Marburg , Marburg , Germany) 

Publication during the year 

Mellema, J.-R., van Kampen , P.N., Carlson , C.N., 
Bosshard, H.E. & Altona , C. (1983). A double helix 
B-type geometry based on high-resolution proton NMR 
of single-helical DNA fragment: d(TA)5.d(TA)5. Nu-
cleic Acids Res. , 11 (9) , 2893 
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Data analysis group 

Members: S.w. Provencher, R.K. Bryan, R.H. Vogel 

Students (part-time): J. Glockner, R. Kaplan 

Visiting workers: W. Deimann* , DA Marvin* 

The transportable computer programme packages de-
scribed in previous reports continue to be distributed, 
extended, and applied to a wide range of problems. 
Several in-house and external collaborations and sup-
port activities , some involving applications of these 
packages, have been continued or initiated. However, 
the main focus and new results this year have been in 
practical applications and tests of two recent large-scale 
regularization methods (described in last year's report): 
(1) the optimized series expansion method for three-
dimensional reconstruction from micrographs of disor-
dered specimens and (2) maximum entropy methods 
for three-dimensional reconstruction from micrographs 
and/or diffraction patterns of periodic specimens . 

Three-dimensional reconstruction from 
electron micrographs of disordered 
specimens (R.H. Vogel) 

It is often not possible to obtain ordered arrays of 
identical particles on an electron microscope grid, and 
the usual methods of three-dimensional reconstruction 
cannot be applied except to one particle at a time. 
Last year 's report described a general optimized se-
ries expansion method that combines the information 
from many particles to yield a single approximately 
maximum-likelihood reconstruction, but that does not 
require special ordering, orientation, or symmetry of the 
particles. A reconstruction from simulated noisy data 
was also shown. This year simulations and theoretical 
studies have continued, but the main emphasis has been 
on testing and further developing the method using real 
micrographs. 

In collaboration with W. Hofmann, the suitability of var-
ious staining and specimen preparation techniques was 
investigated in detail. Plate 30 shows the large ribo-
somal subunits of the B. stearothermophilus ribosome 
(kindly provided by H.G. Wittmann , Berlin) weakly 

stained with uranyl acetate using the double-layer car-
bon technique (with an apparatus kindly provided by A. 
Engel, Biozentrum, Basel). Eleven tilts (by T. Arad) in 
equal intervals from -400 to 40 0 were done. Despite the 
limited tilt range, combining the information from only 
seven particles with different orientations still provides 
enough views to effectively eliminate the missing cone 
problem and lead to stable reconstructions. 

With negative staining, however, the overwhelming con-
tribution of the stain to the data places strong demands 
on specimen preparation and can make interpretation 
of the reconstruction difficult. We have therefore begun 
collaboration with M. Adrian, J. Dubochet, and J. Le-
pault on the recently developed technique of cryo-elec-
tron microscopy of (unstained) vitreous specimens . A re-
construction of Semliki Forest virus is shown in Plate 
4 of the Annual Report 1983. The preliminary results 
are very encouraging , but the following improvements 
are planned: (1) The icosahedral symmetry selection 
rules for the spherical harmonics were imposed to keep 
the number of parameters and computation time rea-
sonable. However, this is not sufficient to impose full 
icosahedral symmetry. The fact that the reconstruction 
approximately has this symmetry anyway is a good 
verification of the method. However, modifying the 
programme to impose full icosahedral symmetry with 
icosahedral harmonics (with perhaps a few extra low-
order terms to account for asymmetric contributions 
from the core) should significantly improve the reso-
lution and stability of the reconstruction. (2) Even 
with the symmetry, the structure (e.g., handedness) 
cannot be uniquely determined without tilts. It is 
planned to analyze a series of at least two images with 
different tilt angles. (3) For truly quantitative results , 
the nonuniform transfer function should be corrected 
for, although this should not change conclusions about 
the surface lattice. (4) It is also planned to reconstruct 
isolated nucleocapsid particles and compare them with 
inner parts of the reconstructions of the full virus. 
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PLATE 30 

(a) Untilted micrograph of large ribosomal subunits. 
The scale bar represents 100 nm. 

(b) Stereo pair of a surface contour representation 
(using the FRODO package in the Computer Graphics 
Group) of the series expansion reconstruction obtained 
by simultaneously analyzing the seven images indicated 
by arrows in (a). Eleven tilts with a range of only ±40° 

EMBL 

b 

Large and nonlinear inverse problems 
(R.K. Bryan) 

EMBL 

The determination of macromolecular structures by x-
ray or electron diffraction is bedevilled by the impossibil-
ity, with current teChnology, of recording the phases of 
the diffracted radiation . This traditionally necessitates 
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were used. The contour level shown represents an outer 
surface of the particle. The shape and the inner part 
of high density, which may be due to positively stained 
nucleic acid, are reproducible. The shape and dimen-
sions are in good agreement with current models of 
this subunit. The resolution (automatically determined 
by approximate statistical tests) is about 3.5 nm. The 
scale bar represents 10 nm. 

the preparation of at least two heavy atom derivatives of 
the substance under investigation, so that the unknown 
phases may be estimated. One goal of this research is 
to find optimal ways of analyzing diffraction data , for 
instance, by applying constraints on the solution, so 
that reliable structural calculations may be made from 
the limited amount of data available. 



The work , previously reported , on the calculation of the 
Pf1 vi rus coat protein structure from fibre diffraction 
data by the maximum entropy (ME) method has shown 
that native data together with lower resolution data 
from only a single derivative is sufficient. We have since 
made many calculations on simulated data in order to 
confirm the reliability of this calculation, and to attempt 
to find the minimum amount of data necessary. Using 
native data only, the calculated electron density shows 
all the main features that are shown when using iodine 
derivative data as well, albeit with less detail. This is 
to be expected, as ME gives the least detailed solution 
consistent with the data , and reducing the amount of 
data will necessarily allow a smoother solution. 

Since a helical particle is periodic in only one dimension , 
it yields a diffraction pattern that is continuous in two 
dimensions, which gives a strong constraint on the pos-
sible phases . Two- and three-dimensionally periodic ob-
jects have diffraction patterns that are continuous in one 
dimension only , and completely sampled , respectively. 
Thus the internal redundancy in the data becomes less, 
and the phase problem is more challenging. 

Two-dimensional crystalline macromolecules are usually 
investigated with an electron microscope, which can 
produce images , and hence the phases of the Fourier 
transform , as well as diffraction patterns , but usually 
only to lower resolution . A separate problem is that 
the data are built up from a series of slices, each slice 
corresponding to a tilt of the object in the microscope. 
Since there is a limited maximum tilt angle, there 
is a "missing cone" of data. We have applied the 
ME method to this problem for data from images of 
negatively-stained specimens, setting the stain density 
to zero. The effect on a reconstruction of the membrane 
protein porin from data derived from a series of 49 
micrographs tilted between ±56° (supplied by A Engel, 
Biozentrum , Basel) is shown in Plate 5 of the Annual 
Report 1983. 

The next step is to combine image data with higher 
resolution diffraction data . There is a similar need for 
such phase extension in x- ray crystallography, if the 
native molecule diffracts to higher resolution than the 
derivatives. Conventionally, this unphased data cannot 
be used until the stage of refining an atomic model is 
reached. Naturally, the task of building the initial model 
is eased if data to the highest possible resolution can 
be used to calculate the initial electron density map. 
Consequently, we are starting to apply the ME method 
to these phase extension problems . Hopefully, this will 
be a stepping stone to a direct method for solving the . 
phase problem for macromolecules . 

Publications during the year 

Bryan , R.K., Bansal, M. , Folkhard , W., Nave, C. & 
Marvin, DA (1983). Maximum-entropy calculation of 
the electron density at 4 A resolution of Pf1 
bacteriophage . Proc. Nat!. Acad. Sci. 
4728-4731 

filamentous 
USA, 80 , 

Dubochet, J., Adrian, M. & Vogel , R.H. (1983) Amor-
phous solid water obtained by vapour condensation 
or by liquid cooling: A comparison in the electron 
microscope. Cryo-Lett., 4, 233-240 

Fowler, AG., Foote, AM. , Moody, M.F., Vachette, 
P., Provencher, S.w. , Gabriel, A, Bordas, J. & Koch , 
M. H.J . (1983). Stopped-flow solution scattering usi ng 
synchrotron radiation : Apparatus , data collection and 
data analysis. J. Biochem. Biophys. Meth. , 7, 317-329 

Provencher, S.w. (1983). A general-purpose con-
strained regularization method for inverting photon cor-
relation data. In Photon Correlation Techniques in Fluid 
Mechanics. ed. Schulz-DuBois, E.O. , Springer-Verlag , 
Berlin , p. 322-328 

Provencher, S.w. & Glockner, J. (1983). Analysis of 
the components present in kinetics (or titration) curves. 
J. Biochem. Biophys. Meth., 7, 331-334 

Provencher, S.w. & Vogel, R.H. (1983). Regularization 
techniques for inverse problems in molecular biology. 
In Pogress in Scientific Computing. Vol. 2, Numeri-
cal Treatment of Inverse Problems in Differential and 
Integral Equations. ed. Deuflhard, P. & Hairer, E., 
Birkhauser, Boston, p. 304-319 

Speck, PT & Strausfeld, N.J . (1983) Portraying 
the third dimension in neuroanatomy. In Functional 
Neuroanatomy. ed. Strausfeld , N.J ., Springer-Verlag, 
Berlin , p. 156-182 
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Data library group 

Members: G. Hamm, G. Cameron, K. StLiber 

Visiting workers: J. Devereux*, D. Guessow*, U. Krawinkel* 

Administrative assistant: A. Rudloff 

Reviewers: J . Nial' , G. StoBer* 

The primary efforts of the Data Library Group this year 
were devoted to data collection and management, and 
the improvement of the data management programmes 
and procedures for doing this work. 

Release 1 
References cited 387 
Sequences Entries Bases 

Artificial 3 4688 
Chloroplast 7 5873 
Genetic elements 17 17015 
Mitochondrial 25 74422 
Prokaryotic 61 58288 
Viral/Phage 123 164692 
Eukaryotic 332 260455 

Total 568 585433 

Several data management tools were developed during 
1983, including a query system for keeping track of 
literature review status, two data entry programmes, 
and a system for configuration control and update of 
the Data Library. As a primary user of the newly in-
stalled computer network connection, the Data Library 
Group is also collaborating with the Computer Group in 
testing and, adapting the software which supports this 
capability. 

Sequence analysis software 

Some effort during 1983 has also been devoted to 
analysis software. Two sequence analysis packages de-
veloped elsewhere were imported and installed at EMBL 
during 1983: one from the University of Wisconsin 
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The Data Library produced its second and third releases 
in 1983. Below is a brief summary of the growth and 
contents of the EMBL Data Library. As shown, the 
two releases this year contain new data comprising 
more than one million nucleotides from nearly 600 new 
references. This brings the number of cited papers to 
nearly 1000 and takes the Data Library over 1.5 million 
base pairs. 

Release 2 Release 3 
610 943 

Entries Bases Entries Bases 

5 8238 7 9594 
12 12616 24 20718 
18 18341 22 24471 
39 109008 55 124480 

103 134270 171 223892 
171 391292 258 494356 
463 440682 944 757352 

811 1114447 1481 1654863 

Genetics Computer Group, and one from Intelligenet-
ics, Inc. These packages are currently being further 
integrated to provide easy access to the Data Library 
within EMBL. 

In addition, several experimental programmes have been 
developed (by K. StUber) and are being used to examine 
different kinds of statistics from the sequence data base 
(base totals, codon frequencies, oligomer counts, signal 
counts, etc.). Some pecularities have been detected by 
these programmes , where biological sequences deviate 
from "random" polymers of similar monomer and dimer 
composition. For example the sequences GGGxxGGG, 
GGGxxxxxGGG and GGGxxxxxxxxGGG (where x rep-
resents any nucleotide) are statistically much more 
frequent than those oligomers with GGG at both ends 
but separated by other numbers of nucleotides. There 



is also at present no explanation for the unusually 
high frequency of hexamers like: GAGGAG, CAGCAG, 
GCTGCT, TGCTGC, TGGTGG, CTGCTG and others. 
Evaluating the significance of such results is difficult 
because biological sequences are clearly non-random. 
Whether such deviations actually represent signal struc-
tures or not can of course only be determined by in vivo 
experiments, but such statistical results can be useful 
in suggesting problems for further study. 

A signal detection programme, SIGNAL, has also been 
developed to find oligomeric patterns in a sequence. 
These patterns include not only simple oligomers de-
fined by specific base sequence but also ambiguous 
signals like promoters and regulators which can be 
defined in more general terms such as the preferred 
presence of specific bases in certain positions relative 
to a starting point. To define signals of this general 
kind a simple descriptive language was developed. For 
example, one can define the signal of the restriction 
enzyme Hae1 with : 

HAE1=AGGCCT+AGGCCA+TGGCCT+TGGCCA 

or EcoR2 with: 

ECOR2 = CC (A + T) GG 

Signals with varying distances between the different 
defining parts can also be described in a similar manner. 
This notation has proven easier to use and more flexible 
than one using ambiguous base codes. 
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The Outstations 
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The Outstation at the DESY, Hamburg 

Joint heads: J. Bordas', M.H .J. Koch 

Members: K.-S. Bartels, H.-D. Bartunik, J. Hendrix, C. Hermes, P. Laggner', G.C. Nicolae, R. Pettifer' 

Fellows: D. Foulis' , Y. Maeda', L. Perez-Grau', P. Wallace 

Student : M.C. Vega 

Trainees : W. Hass' , S. McLaughlin' 

Visiting workers (all part of the year): G. Air, S. Albracht, I. Andersson, L. Anderson, F. Andreasi, E. Arnold , 
C. Balny, W. Bennett, C. Berthet-Colominas, C. Betzel , P. Bjoerkmann, W. Bode, F. Borras-Cuesta, C.-I. 
Braenden , B. Brenner, G. Buhner, G. Buldt, C. Chambillou , M. Collyer, P. Colman, A. Colosimo, M. Cuillel , 
J. Drenth, H. Eklund, J. Erickson, S. Erikson, W. Faruqi, W. Folkhard, E. Frankenberger, R. Garavito, W. 
Geercken, G. George, G. Gilliland, R. Goody, B. Graves, K. GOth, M. Guss, U. Hahn, H.E. Huxley, L. In-
coccia, J. Jenkins, H. Kihara , S.H. Kim, W. Kleibohmer, E. Knorzer, K. Krause, M. Kress, O. Kirstensen, 
R. Ladenstein, P. Laggner, G. Laver, Z.-Q. Li, O. Lindqvist, J. Lowy, Y. Maeda, E. Mandelkow, E.-M. 
Mandelkow, W. Maret, P. Matsudaira, B. Meyer, H. Michel, S. Mobilio, H. Nolting, A. Pahler, F. Parak, L. 
Perez-Grau, S. Perkins, M. Ploen, J. Porta, F. Poulsen, M. Przybylski, R. Rapley, R. Rigler, N. Roveri , Z. 
Sayers, K. Schau pert, A. Schierbeck, M. Schneider, G. Schneider, M. Shoham, U. Simonis, A.M. Simmons, 
L. Sjoelin , R. Spohr, G. Suarez, K.H. Svendsen, A. Svenson, I. Tanaka, R. Torensma, G. Urbahn, P. Vachette, 
K. Volz, J. Walker, M. Wojciechowski , S. Xu, A. Yonath 

Technical assistants and engineers: P. Bendall, H. Borgwardt, M. de Rijke, E. Dorrington, T. Gehrmann, 
E. Jerzembek, R. Klaring , H. Ludwig, P. Moir-Riches', V. Renkwitz, B. Robrahn , H. Sammet 

DORIS has produced useful synchrotron radiation dur-
ing 160 days in 1983: 100 days in the parasitic mode 
when radiation was available both in the old laboratory 
and in HASYLAB and 60 days in the dedicated mode 
when only the more intense radiation was available in 
HASYLAB. The main difference between the two modes 
of operation is that during parasitic shifts the intensity 
is lower, the life time of the beam is only about two 
hours, and the machine runs with a lower efficiency, 
of the order of 50%. Further, in the parasitic mode 
the storage ring is operated in the single bunch mode 
whereby the intensity is concentrated in a flash of 150 
ps with a repetition rate of 1 MHz. This makes exper-
iments using detectors in the photon counting mode, 
such as EXAFS and time-resolved scattering, difficult 
owing to the occurrence of multiple events which have 
to be rejected, thereby reducing the efficiency of the 
instruments. Data collection for protein crystallography 
with films , which are integrating detectors, is unaffected 
by these phenomena but this situation will of course 
change as soon as non-integrating area detectors are 
used. 

The first shifts at 5.3 GeV have shown that the instru-
ments are adequately shielded, so that no major pro-
blems are expected in 1984 when DORIS will normally 
be run in these conditions. 
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In the dedicated mode the storage ring is operated in 
the multi-bunch mode with electrons only. Recently, 
currents around 100 mA with lifetimes of approximately 
8 hours were routinely obtained at 3.7 GeV, confirming 
that DORIS is still the best available synchrotron radi-
ation x-ray source. Improvements can, however, still 
be expected especially now that the staff of HASY-
LAB has been supplemented by a machine physicist 
who will specifically investigate problems related to the 
optimization of the storage ring for the production of 
synchrotron radiation. 

The long periods of beam time have put very high 
demands especially on the experimentalists. More than 
100 visitors from approximately 40 different laboratories 
had to be taken care of by, on average, three experi-
mental scientists. As a result, the daily running and 
maintenance of the facilities for routine use was done 
at the expense of improvements to the instruments and 
preparation of more sophisticated experiments. In the 
long run , such a situation could be detrimental not only 
to the quality of the facilities which the Outstation can 
provide, but also to that of its scientific output. 

There is, however, some hope that, despite the 23 weeks 
of parasitic beam time and 11 weeks of dedicated beam 
time already planned in 1984, the situation will ease off 



slightly when the staff which left in 1983 have been re-
placed and the new positicm for protein crystallography, 
which has very recently become available, is filled. 

It was very gratifying for the entire staff to see that the 
Users Workshop, organized at the Outstation at the 
end of November, attracted 120 participants . Besides 
presenting interesting scientific results, mainly obtained 
since the restart of DORIS in 1982, and aspects of 
the use of synchrotron radiation which are not covered 
by the activities of the Outstation, the meeting illus-
trated once more that, over the years, the Outstation 
has become a meeting place for the entire community 
using synchrotron radiation for biological applications. 
This feature of the Outstation is also illustrated by 
the excellent collaborations , both scientific and in the 
This feature of the Outstation is also illustrated by 
the excellent collaborations, both scientific and in the 
development of instruments, which exist with groups 
in HASYLAB (Hamburg), LURE (Orsay), the SRS 
(Daresbury)and PULS (Frascati) as well as in the par-

. ticipation of several staff members in the activities of 
the European Synchrotron Radiation Project (ESRP), a 
project to which EMBL has allocated three man-months 
of its scientists as a contribution for the planning. 

The facilities at the Outstation are not only attractive to 
European groups but increasingly also to groups from 
the USA who also provide some of the most exciting 
projects, especially in protein crystallography. 

Instruments 

New holders were made for the mirror segments of the 
X31 beam-line for protein crystallography in HASYLAB, 
to facilitate the alignment of the mirror. 

The double-focusing mirror was installed on the EX-
AFS line in HASYLAB making this instrument one of 
the best available as illustrated below by the results 
obtained on very dilute systems during the last mea-
surement period. The major limitation, in terms of the 
quality and quantity of data and the acquisition time 
(limited by radiation damage), is still the instability of 
the storage ring. 

The mechanical parts of these instruments were built in 
collaboration with the construction office and mechani-
cal workshop in Heidelberg. 

A new collimator system, optimized for data collection 
with very small samples, was installed on both protein 
crystallography instruments . Other improvements on 
these instruments include cylindrical film cassettes for 
very high resolution data collection and a computer con-
trolled movable beam stop for exposure of the primary 
beam on the film. 

Development of new systems 

Detectors for synchrotron radiation 
C. Boulin, A. Gabriel, J. Hendrix 

Two detector systems have been utilized routinely for 
time resolved measurements: the linear wire-per-wire 
system and the four-quadrant detector. The high count-
ing rate capability and the very good stability of the 
wire-per-wire detector make it possible to determine 
changes of the order of only a few percent in diffrac-
tion patterns. The four-quadrant detector has greatly 
improved the conditions for time-resolved solution scat-
tering. In some experiments, radii of gyration could be 
determined with an accuracy of 5% in measurements as 
short as 100 milliseconds. 

In x-ray crystallography, tests have been carried out 
successfully with a two-dimensional multi-wire propor-
tional chamber system. The 100 mm x 100 mm device 
has an anode wire distance of 1 mm and a spatial 
resolution of about 1.5 mm FWHM. This is comparable 
with similar devices in other laboratories. However, the 
counting rate capability of several hundred kHz makes 
the present device far superior for synchrotron radiation 
applications. 

Based on last year's tests, an improved version of a 
linear fine grid detector (see 1982 Report) has been 
made. This device based on a parallel electrode struc-
ture with a uniform electric field, as opposed to the 
radial field around thin wires in the classical proportional 
chambers, has shown that a counting rate capability 
of 2.105 counts sec- 1 mm- 2 (i.e. an order of magni-
tude higher than in a proportional chamber detector) 
can easily be achieved. A large (240mm x 240mm) 
two-dimensional detector for x-ray crystallography with 
synchrotron radiation based on this prinCiple is under 
construction. The positional read-out is done with 
delay-lines, allowing a resolution of at least 256 x 256 
elements. With commercial time-to-digital converters 
(TDC), counting rates of several hundred kHz can be 
achieved . This could be improved substantially using an 
in-house developed time-to-digital convertor based on 
fast flash analogue-to-digital convertors. A new version 
of this device which corrects for the strong differential 
non-linearity, inherent to these systems, has been de-
Signed using the "sliding scale" prinCiple proposed by 
E. Gatti. The differential non-linearity has been reduced 
from 20% to less than 10/0. The combination of the two 
new developments, the parallel-electrode type detector 
and the fast flash ADC-based read-out systems should 
enable significant progress to be made in the direction of 
a high resolution, high counting-rate detector for x-ray 
crystallography. 
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Data acquisition and processing 
G.C. Nicolae & M. de Rijke 

The major activities have been concentrated on hard-
ware development for a new type of data acquisi-
tion system for on-line experiments. Used with high-
resolution area detectors this system will allow the 
real-time acquisition , parallel processing and interactive 
display of multitemporal data patterns. The system 
supports a large range of applications, such as time-
resolved diffraction and scattering, EXAFS and x-ray 
crystallography. The specifications meet the hard re-
quirements for spatial and temporal resolution arising in 
protein crystallography. The system has a bus-oriented 
architecture intended to achieve the most efficient and 
flexible processing environment by distributing the dif-
ferent tasks over a multiprocessor system. 

The general system configuration is shown in Plate 31. 
It contains an acquiSition and a display processor for 
data input and output and a parallel computing system 
for image analYSis. The acquisition processor supports 
data rates up to 107 events/sec and can be used with 
both area detectors and/or TV camera systems. The 
display processor provides the pictorial presentation of 
the patterns as well as graphical output on colour video 
monitors . The parallel computing system contains up 
to 8 autonomous processors, which can simultaneously 
process the data stored in the global memory. The ac-
quisition and display processors are dedicated micropro-
grammed machines capable of handling high-resolution 
patterns (up to 512 x 512 pixels) in real-time, whereas 
the image processors are general purpose 16-bit micro-
processors . All processors have direct access to the 
global memory (up to 16 MBytes) over the high-speed 
pixel-bus (32-bit data and 24-bit address), which serves 
only for data transfer and allows a maximum throughput 
of 40MBytes/sec. The host-computer, a VAX 11/750, 
supervises all processing activities in the system using 
a second common bus, the processor-bus (16-bit data 
and 16-bit address), which serves mainly for program-
ming and control of various processors and supports a 
maximum transfer rate of 2 MBytes/sec. 

One of the more innovative aspects of the system is the 
dual bus architecture: a pipelined pixel-bus for fast data 
transfer and a slower mask programmable processor 
bus. Separating the data from the instruction stream 
in the system permits highly parallel processing and 
simple interprocessor communication. 

All buses in the system are asynchronous , free from 
time-constraints, and allow the simple connection of 
processors with quite different speeds. The data mem-
ory is a set of 4 interleaved modules with optional 
real-time arithmetic-logical capabilities to reduce the 
access-time and to support real-time data reduction. 
Wherever needed to allow parallel processing local mem-
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ories and buses are provided within the time-critical 
processors. 

Real-time acquisition and display are supported by mi-
croprogrammed bipolar processors allowing data rates 
up to 107 events/sec. Each processor retains its local 
data memory buffer to avoid traffic congestion on the 
pixel-bus. Local firmware control for the dedicated 
processors is provided by an 8 bit microprocessor unit. 

Because of their high performance , standard 16-bit 
processors (MC68000) are used for the parallel compu-
tation system. Each of these independent processors 
consist of a CPU with local memory and bus interfaces. 
The programmes are stored in the local memory to 
avoid excessive loading of the pixel-bus. The real-time 
processing capabilities will be supported by a bit-slice 
coprocessor, which acts like a programmable hardware 
subroutine. 

During 1983 the following system components have 
been designed and partially implemented: 

- The pixel bus and a basic memory module have 
been implemented and tested. The memory module 
contains a large memory matrix (128 dynamical RAMs) 
organized into 256 K words of 32 bits each and the 
associated logic for timing control and memory matrix 
decoding. The design is also compatible for use of 
newer 256K dynamical RAMs which would increase the 
storage capacity fourfold . Optionally, an arithmetical-
logical-unit can be interconnected onto the data paths 
to perform "on-the-fly" simple memory operations. 
Used in interleaved mode the memory module has a 
cycle time of 100nsec. 

- A processor module for firmware control inside the 
acquisition and_ display processors has been designed 
and tested . It is based on a Z80H microprocessor 
with 8MHz clock frequency, 256 K bytes extended 
memory space, serial and parallel I/O interfaces and 
optional local mass storage facilities. Reconfigurable 
memory mapping is used to interface the control unit to 
different bipolar processors. System software has been 
developed to make the control processor programmable 
directly in PASCAL. 

- The colour display processor has been designed , and 
is now in the final stages of implementation. It is 
built around the Z80H control processor and allows 
display on a 512 x 512 raster. The heart of the display 
processor is a bit-slice microprogrammed state machine 
which performs both the video refresh and the update 
of the video buffer. The local video buffer allows the 
storage of up to 1024 x 1024 pixels, so that a maximum 
of 4 frames are ready to be displayed at the same time. 
The video buffer uses the same interleaved memory 
modules as the global data memory. Two cascaded 
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Block diagram of the new data acquisition system. For 
details, see text. 
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look-up tables are provided to support real-time pixel 
transformations and dynamic colour presentation. 

Selected research projects 

A full account of the research projects is to be found in 
the references of the collaborative projects and in the 
publications submitted by the users with their reports 
to the Priorities Committee. 

X-ray scattering on chromatin solutions 
and gels 
J. Bordas, M. Koch , L. Perez-Grau & M.C. Vega 

X-ray small angle scattering patterns of solutions and 
gels of native chicken erythrocyte chromatin and chro-
matin depleted of H5 histones have been measured 
under several ionic conditions . The features of the 
patterns were interpreted as resulting from a super-
structure with an outer diameter of about 300 A which 
is already present in uncondensed nucleofilaments. This 
superstructure, which was shown to be maintained 
by the H5 histones, explains the rapid condensation 
of the nucleofilaments in higher ionic strengths. The 
results, illustrated in Plate 32, have been submitted for 
publication. 

• • • 

PIXEL-BUS 11eMWordo/Sacl 

Polymerisation of G-actin and interaction of 
myosin subfragment 1 (S1) with F-actin 
F. Borras-Cuesta (EMBL, Grenoble), J. Bordas & 
M.H.J. Koch. 

The study of the association of myosin subfragment 
1 (81) with actin filaments has been continued. The 
results illustrated in the 1982 Report showing that the 
changes in the gel patterns from actin filaments and 
F-actin/81 gels are reminiscent of the observations in 
rigor muscle have been confirmed. 

The radii of gyration of the complex and its components 
have been measured as well as the rates of attachment. 
Further, some measurements were made on the poly-
merisation properties of actin in which special care was 
taken to ensure that within the limits of detectability the 
starting material for these experiments was monomeric 
G-actin. 

The radius of gyration of G-actin was found to be 26 
± 2 A. The radius of the equivalent sphere calculated 
from the molecular weight and the specific volume is 
23 A corresponding to a radius of gyration of 18 A. This 
yields an anisotropy factor of 1.44 in good agreement 
with the crystallographic data. 
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PLATE 32 

Scattering patterns from chromatin fragments show in-
terference effects at DNA concentration above 14mg/ml 
(A). The interference maximum moves towards larger 
scattering angles with increasing concentration (B: 250 
mg DNA/ml) and reaches a position at S=2.7 10-3 

A - 1 which is not altered by further concentration (C: 
300mg DNA/ml). The pattern of a gel of chromatin 
fragments depleted of lysine-rich histones shows that 
the interference maximum is shifted to larger angles 
indicating that the superstructure of the nucleofilament 
is lost upon depletion of the lysine-rich histones. The 
maximum centered at 6.6 10-2 A-1 nm is due to 
interference between extended nucleosomal chains. 
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Self-assembly of brome mosaic virus 
(BMV) capsids 
C. Berthet-Colominas, M. Cuillel & B. Jacrot (EMBL, 
Grenoble), P. Vachette (LURE, Orsay) & M.H.J. Koch. 

This project is part of a study on the kinetics of 
assembly of capsids in the absence of RNA, using x-ray, 
neutron and light scattering undertaken at the Grenoble 
Outstation. 

In the present experiments assembly of the capsids was 
triggered by a pH jump using a stopped-flow device for 
fast mixing. The assembly process as measured by 
the change in radius of gyration and forward scattering 
is very rapid (Plate 33). Assembly proceeds through 
intermediates which can be detected in selected parts 
of the scattering patterns. An attempt is now being 
made to characterize these intermediates by electron 
microscopy. 

Studies on muscle 
H.E. Huxley, R. M. Simmons, W. R. Faruqi & M. Kress 
(MRC, Cambridge and London) 

Studies on the behaviour of the actin and myosin x-ray 
patterns from striated muscle during contraction were 
continued. Earlier work had shown a characteristic 
increase in intensity on the second actin layer line, 
which indicated a movement of tropomyosin, possibly 
associated with activation (the steric blocking mecha-
nism). The present work confirms the existence of this 
intensity increase and shows that it occurs earlier after 
stimulation than any of the other changes in the x-ray 
diagram already studied . Using "overstretched" mus-
cles, it was also possible to show that it occurs in the 
absence of myosin attachment. The results therefore 
indicate that an active movement of tropomyosin occurs 
upon activation to . allow myosin binding to actin. Using 
the high counting rate parallel readout detector, very 
accurate intensity measurements of the releases have 
now been made and it was found that any changes in 
intensity are extremely small indicating that the struc-
tural changes in the cross bridges during the working 
stroke are predominantly in a longitudinal direction. 

Protein crystallography 

Bacteriorhodopsin 
H.D.Bartunik & H. Michel & D. Oesterhelt 
(Martinsried) 

Three-dimensionally ordered crystals of bacteriorhodop-
sin (BR) have been obtained. 

Datasets were collected at -15°C from a number of BR 
crystals grown under different conditions to increase 
crystal quality. For the best crystals , diffraction data 
extend to 3.2 A resolution in the c-axis direction (hexag-
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Variation of the forward scattering and radius of gy-
ration against time in the pH-jump experiments on the 
assembly of brome mosaic virus capsids (Concentration 
4mg/ml). 
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onal P622; a=b= 54 A, c= 225 A), and to ca. 7 A in the 
perpendicular direction. Plate 7 of the Annual Report 
1983 shows a 6° rotation photograph. The film data 
have been processed . Further analysis on the basis of 
the Henderson model of BR is attemped. 

Structure determination of HLA 
P. Bjoerkman, B. Bennett & D. Wiley (Harvard 
University) 

HLA is a polymorphic integral membrane protein in-
volved in the cellular immune response against virally 
infected cells. The reason to use synchrotron radiation 

for this project is that the crystals of subtypes HLA-A2 
and A28 which can be grown from the limited amounts 
of pure HLA protein prepared from human cells grown 
in tissue culture are too small for data collection with 
conventional x-ray sources . The average size of the 
crystals , which grow in space group P2, is 0.4 mm X 
0.4 mm X 0.02mm. They are remarkably stable in the 
x-ray beam. 

One data set consists of 180° of oscillation data with 
the unique axis along the spindle plus 10-40° in a differ-
ent orientation to obtain data from the blind region . A 
complete native data set from 2 crystals and one-third of 
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a data set from a crystal soaked in 1 mM K2PtCI 4 were 
collected . Most of the data collection was done during 
parasitic shifts. All films have been evaluated and 
merged together. Symmetry R factors from individual 
films vary from 4% to 10% and the over-all scaling 
R factor (on I's) for the native data set is 11 % to 
2.6 A resolution. The partial platinum data set was 
used to calculate average intensity differences between 
it and the native data and the isomorphous difference 
Patterson and anomalous difference Patterson maps 
looked promising. 

The complete data sets from the platinum derivative at 
A. = 1.46 A and A. = 1.06 A (the latter wavelength is 
just below the absorption edge of platinum) were also 
collected . These films have been evaluated and the 
over-all scaling R factors for the data sets are 10.5% 
and 10% for the A. = 1.46 A data and A. = 1.06 A 
data respectively. Phases were calculated to 3.2 A after 
heavy atom occupancy and position refinement with a 
phasing power of 1.55. SIR maps have been calculated 
at 4.5 A and 3.2 A resolution. Some features reminis-
cent of amino-acids arranged in a B-strand appear 
in the 3.2 A SIR map, although both maps are noisy and 
further interpretation was not possible. 

Partial data sets (10°-15°) from 7 different heavy atoms 
were also collected. These films were evaluated and 
compared with the native data for intensity changes. 
Four heavy atom solutions produced significant inten-
sity changes and difference Fourier maps were then 
calculated using SIR phases from the platinum deriva-
tive. From crystals soaked in these heavy atoms, com-
plete data sets were collected from six potential heavy 
atom derivatives, four of which had been identified as 
candidates from the previously collected partial data . 
One data set was collected from a covalent derivative 
prepared by treating the crystals with carbon disulfide 
which modifies Iysines, followed by soaking in a mercury 
compound. In the meantime, film scanning has been 
completed and further data analysis is in progress . 

Trypsin-substrate binding 
H.D. Bartunik, E. Jerzembek & K.S. Bartels 

The aim of study is to investigate the structure of an 
acyl-enzyme intermediate in the binding of a tripeptide 
substrate, Phe-Val-Ala-pNA, to orthorhombic trypsin. 
Prior to the x-ray experiment, the reaction kinetics were 
followed at 4°C by optical monitoring of the acylation of 
the substrate by trypsin single crystals . Based on the 
optical results , the x-ray work was carried out using 
a low-temperature flow cell with a motor driven ther-
mostated syringe for solvent exchange. Starting with a 
trypsin crystal in an ammonium acetate solution with 
phosphate buffer, the solvent was exchanged against a 
cryosolvent with increasing methanol concentration in 
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steps up to 50% MeOH lowering the temperature at 
the same time. Then , a partial (50% ) data set was 
collected on film to 1.9 A resolution at a temperature 
of -50°C. After warming up to O°C, the substrate was 
diffused into the crystal for one hour. The crystal was 
again cooled down to -50°C and another data set was 
collected to the same resolution. The temperature was 
increased to -10°C and the substrate flow continued 
for 6 hours . A third data set was collected at -50°C, 
and finally, a fourth data set was recorded after having 
exchanged the solvent against 50% methanol without 
substrate. The whole experiment with only one trypsin 
crystal took 2 days. Part of the film data has already 
been processed. Systematic changes in the cell param-
eters and in reflection intensities are observed ; the data 
analysis will be completed early in 1984. 

Heavy riboflavinsynthase 
R. Ladenstein , B. Meyer & R. Huber (Martinsried) & 
A. Bacher (Munich) 

Heavy riboflavinsynthase from Bacillus subtiiis has a 
molecular weight of 106 Daltons and consists of ap-
proximately 3 a-subunits and 60 B-subunits. Electron 
microscopic studies show spherical particles with a 
diameter of about 150 A. 

Immunochemical evidence indicates that the a-subunits 
are not exposed on the surface of the enzyme molecule. 
It has been suggested that a-subunits form the central 
part of the molecule , whereas the B-subunits form a 
capsid-like structure which envelopes the a-subunits. 
Small-angle x-ray scattering experiments led to a radius 
of gyration of 67.4 A corresponding to a molecular 
radius of 87 A, and a model was proposed which is 
best described by a hollow sphere with an inner radius 
equal to one-third of the outer radius . 

Well-ordered crystals of heavy riboflavinsynthase have 
been obtained from 1.3 M sodium potassium phosphate, 
pH = 8.7. X-ray photographs indicate a hexagonal unit 
cell (a = b = 156.4 A, c = 298.5 A). The space group 
was established as P6322 with 12 general positions. 
Electron microscopic studies of freeze-etched crystals 
show that the molecules in the hexagonal unit cell are 
arranged in layers with the centres on the 6-fold screw 
axis. A complete native data set and a complete heavy 
atom (Hg) derivative data set were collected to 3.5 A 
resolution. By applying Patterson search techniques, 
the icosahedral arrangement of the 60 B-subunits was 
established. 

Matrix porin 
M. Garavito & J. Jenkins (Biocentre Basel) 

In June 1981, preliminary tests demonstrated the feasi-
bility of high-resolution data collection (approximately 
2.9 A resolution) on matrix porin (Omp-F) from the 



outer membrane of E.coli. Owing to problems with 
protein purification and detergent contamination, crys-
tals of suitable quality could not be grown from May 
1982 to about July 1983. These problems have been 
overcome and at present crystals of equal or better 
quality to those grown in 1981 (Garavito et aI., 1983) 
are available. A complete native data set from 14 
crystals of the P41 crystal form (a = b = 154 A, c = 172 A) 
at room temperature was collected in November 1983. 
Using standard data collection parameters, reflections 
were observed to 3 A, but these decayed rapidly. The 
maximal resolution of usable data at room temperature 
is between 3.7 and 4 A. These data are currently being 

. processed to the maximum obtainable resolution limit. 

At lower temperatures (less than -10°C), the crystal 
order increases and the decay of high-resolution re-
flections is significantly reduced. The maximal reso-
lution observed is 2.78 A and data are collectable to 
about 2.9 A. Partial data sets have been collected at 
-11 °, -15° and -20°C to check crystal uniformity and 
temperature-dependent effects. With the new crystals, 
the space group change , which occurred at low tem-
perature with the type of crystals used in 1981, is not 
observed (Garavito et aI., 1983). Potential heavy-atom 
derivatives were also examined. K2Pt(CN)6 produces 
small changes at moderate concentrations (about 5 
mM). Tests are continuing to maximize these changes . 
Progress is hampered by the fact that co-crystallization 
is the only reliable method at present to obtain good 
crystals from heavy-atom containing solutions. The 
soaking technique has not been applicable probably due 
to its induction of changes in the detergent-protein 
equilibrium. 

Studies of three-dimensional crystals 
of ribosomal subunits 
A. Yonath (Rehovot), H.G. Wittmann (Berlin), 
H.D. Bartunik & K.S. Bartels 

A new crystal form of the large subunit of ribosome from 
B.stearothermophilus (number V in our chronological 
list) was tested. The aim was to establish whether 
this new crystal form could be useful for subsequent 
data collection. This new form was chosen since: 
(a) at present crystals of this form can be obtained 
reproducibly, with a somewhat modified preparation of 
the subunits; (b) reasonably sized crystals (0.1 x 0.1 x 
0.1 mm) can be obtained; (c) their mechanical stability 
(e.g. handling, transportation etc.) is higher than that 
of any other form (although still not optimal). 

The average time needed to obtain a diffraction pattern 
was 45 - 60 minutes, using a collimator aperture of 120 
Ilm x 120 Ilm with A = 1.48 A and crystal-to-film dis-
tance of about 120 mm. The largest crystals survived 
about 3 hours of irradiation under these experimental 
conditions with DORIS running at 5 GeV and 30 mA. 

Powder patterns , as well as classical still photographs 
of single crystals, extend to a resolution of about 20 A. 
Periodic spacings measured from the still pictures range 
between 170 A and 370 A. 

These intermediate results are encouraging and show 
that it would be profitable to produce larger crystals 
of this form. In parallel much effort will be devoted 
to increase the order and the stability of this form , 
although it is planned in the first stages of this project 
to collect the 20 - 25 A resolution data. 

Data collection on modified human fibrinogen 
W. Bode & R. Gollwitzer (Martinsried) 

Fibrinogen is the 340,000 Dalton plasma protein pre-
cursor which forms the fibrin clot after activation by 
thrombin. According to electron micrographs after 
shadow casting or negative staining , it seems to be 
an elongated molecule of approximate length 450 A 
consisting of three interconnected nodules. 

Large crystals of a proteolytically modified human fib-
rinogen were grown. These crystals belong to the 
orthorhombic space group P2 12621 ; the cell constants 
are a = 95 A, b = 111 A, c = 440 A. The crystals 
initially show reflections to beyond 10 A resolution. 
Only close to O°C are they sufficiently stable to x-ray 
exposure to allow data collection. 

A partial data set was collected at 3°C. Each crystal 
could be exposed to the beam (slit height and length 
about 0.25 mm, A = 1.48 A) for about 1 hour, in 
which time 5 to 6 photographs each corresponding to 
5° of rotation could be taken. The films of 3 native 
fibrogen crystals have been evaluated successfully. The 
Rsym-values of individual films are between 30/0 and 
150/0, the Rmerge of 706 individual measurements, corre-
sponding to 401 independent reflections which represent 
about 200/0 of all expected data to 10 A resolution 
is 13.40/0. If partial reflections of adjacent films are 
included, the Rmerge of 1413 individual measurements, 
corresponding to 833 independent reflections which rep-
resent about 400/0 of the expected reflections to 10 A, 
increases to 15.00/0. 

Special properties of the intensity pattern restrict the 
possible positions of the molecules in the unit cell. 
Thus it seems promising to derive phases from a rough 
starting model and to calculate an electron density map 
which could be interpreted even at very low resolution. 

Rhinovirus 
J. Erickson & M.G. Rossmann (Purdue University) 

The initial crystals, grown from ammonium sulfate, 
were orthorthombic with 2 particles (each of 8.3 x 106 
daltons) per unit cell. The crystals were extremely 
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radiation sensitive. To overcome these difficulties the 
"American Method" (in press) was developed. This 
depended on taking roughly optically oriented crystals 
and immediately taking an intensity photograph before 
serious radiation damage set in. Subsequently, two 
setting stills were taken to determine accurately the 
crystal orientation. About half of one native data 
set was collected in this manner at the Outstation in 
October 1982. 
Better crystals were subsequently grown from this 
buffer. These were cubic with four particles per unit 
cell (P23 with a = 445 A). The first low resolution data 
set was collected at home on a rotating anode tube 
using about 1 ° oscillation photographs . The resultant 
5.5 A data gave an excellent rotation function which 
determined the particle orientation about the crystallo-
graphic threefold axis (submitted for publication). 

A high resolution native data set of the cubic crystals 
was collected at the Outstation in July 1983. Special 
7" x 7" cassettes were used in conjunction with 0.4° 
oscillations. The data extend to 3.5 A resolution 
on all films and to 3.0 A resolution on some films. 
The cassettes had to be loaded with two pieces of 
overlapping 7" x 5" films. Special programmes for rapid 
processing and packing of the unusually large indices 
occuring in such overlapped films were developed . 

High resolution (0.3° oscillation) data were collected 
for a U02F 5 derivative at the Outstation in November 
1983. These data are also being processed . Some 
of these data were flawed by a split beam effect of 
unknown origin. The effect was noticeable owing to 
the requirement of good resolution of individual Bragg 
reflections in the presence of a 445 A crystal axis 
and a primitive lattice. All high resolution native and 
derivative data were collected on the instrument X11 
using the new collimator system with an aperture of 
120-150 !J.m. 

EXAFS 

X-ray absorption measurements on liver alcohol 
dehydrogenases 
M. Zeppezauer & W. Maret (Univ. of Saarbrucken), 
R. Pettifer & C. Hermes 

Feasibility experiments met with unexpected success at 
an early stage of this project. Measurements were taken 
at room temperature on the native enzyme, containing 
both active and non-active zinc sites, as well as on 
enzyme with the catalytic sites replaced with cobalt. 
This enabled data to be taken separately for the ac-
tive and non-active sites . The latter experiment was 
only partially successful, but very encouraging for the 
future , particularly if problems with source instability, 
mentioned above, can be overcome. Sample data is 
shown in Plate 34. 
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X-ray absorption measurements 
on haemocyanins 
F. Andreasi & A. Colosimo (Univ. of Rome), L. Incoccia 
& S. Mobilio (Frascati) & C. Hermes 

Measurements were taken on samples of oxy- and de-
oxyhaemocyanin with and without calcium, respectively, 
to find out whether addition of this ion influences the 
active site environment of the protein. The copper 
concentration in all specimens was about 4 mM. A 
typical spectrum is illustrated in Plate 35. 

Because of the extremely high intensities at DORIS, it 
is essential to check the samples for radiation damage 
as well as for radiation induced deoxygenation. A 
preliminary evaluation of data, which began recently, 
indicates that the 4 species of haemocyanin have differ-
ent EXAFS-spectra. 

Publ ications during the year 
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resolved protein crystallography using synchrotron ra-
diation. Nucl. Instrum. Methods, 208, 523-533 

Bode, W. , Chen , Z., Bartels, K.S., Kutzbach, C. , 
Schmidt-Kastner, G. & Bartunik, H.D. (1983). Re-
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Y., Vol. 1, ed. Koch , E.E., Elsevier/North Holland , 
Amsterdam, p. 1015-1090 



PLATE 34 

A comparison of the fine structures of the zinc edges in: 
(a) native enzyme, both active and non-active zinc sites 
(5 scan average, 4mM conc.). (b) the non-catalytic 
sites only (1 scan, 2mM conc.). 
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PLATE 35 

X-ray adsorption spectrum of the Cu-edge of oxyhaemo-
cyanin with Ca (Cu-concentration 4mM), obtained in a 
single scan with one fluorescence detector. The arrow 
indicates the Zn-absorption edge, which was found in 
all forms of haemocyamin measured so far. 
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The scientific report of the Grenoble Outstation is 
necessarily different from that of the main Laboratory 
in Heidelberg since a large part of the activities involves 
a service, helping scientists to use the neutron facilities 
of the Institut Laue-Langevin and the complementary 
techniques available in the laboratory. Although the 
Outstation is not really divided into groups, the reports 
have been grouped under headings corresponding to the 
main activities. There are strong interactions between 
the "groups" and some scientists are involved in several 
activities. 

The study of protein dynamics using 
inelastic neutron scattering 
S. Cusack & J. Smith (ILL, Grenoble) 

We have initiated a research programme aimed at study-
ing the low frequency vibrational motions of proteins 
using inelastic neutron scattering (INS). In this context 
low frequency means in the range 3x10 10 to 6x1012 

Hz (1-200cm- 1) which corresponds to the lowest 
frequency vibrational modes of proteins involving corre-
lated motions of large numbers of atoms. These are the 
modes of motion thermally excited at room temperature 

(kB T-200cm- 1 ) and which therefore contribute most to 
the mean square displacements of atoms as measured 
by x-ray temperature factors. They provide most of the 
vibrational contribution to thermodynamic quantities 
such as entropy and specific heat and may be signif-
icant in the over-all thermodynamic balance in protein 
reactions such as ligand binding . Certain proteins may 
have specific motions in this frequency range related to 
their function, for example the postulated hinge bending 
motions of enzymes such as hexokinase and lysozyme. 
There now exist detailed theoretical predictions of many 
aspects of protein dynamics in the low frequency do-
main. Experimental data are required to test these 
predictions and thus provide feedback for improvement 
of our fundamental understanding of protein dynamics. 

We are pursuing two complementary approaches to the 
problem: 

(a) The analytical approach Using bovine pancre-
atic trypsin inhibitor (BPTI) as a model system and 
working in close collaboration with the theoretical group 
of Professor M. Karplus at Harvard University we aim 
to interpret the INS spectrum of a protein with a view to 
testing current theoretical models of protein dynamics. 
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(b) The phenomenological approach Here we 
will measure the vibrational spectrum of a protein in 
different functional states thereby establishing which 
motions are specific to function. For the example of 
hexokinase with and without its bound glucose see 
Jacrot et a/. (1982). 

The Karplus group (and others) have performed molec-
ular dynamics (MD) simulations of BPTI for up to 
100ps in vacuo and in solvent. More recently three 
independent normal mode analyses of BPTI have been 
done in which it is assumed that the interatomic po-
tential is harmonic and consequently individual atomic 
trajectories are a superposition of independent modes 
of motion (normal modes). This is clearly an ap-
proximation, as anharmonic terms in the potential as 
well as solvent effects are neglected , but on the other 
hand does allow treatment of slower vibrational motion 
than that accessible to MD simulations . An important 
question is obviously how good a description of protein 
dynamics do these various models give? Given the 
individual atomic trajectories from an MD simulation 
or the vibrational frequencies and eigenvectors from 
a normal mode analysis it is possible to predict the 
corresponding INS spectrum explicitly. The project 
therefore involves measuring to the highest accuracy 
possible the INS spectrum of BPTI and comparing 
the results with calculations made from the various 
models of protein dynamics. We are at present at the 
preliminary stages of this work (Cusack et al., 1984). 
On the theoretical side we have used the normal mode 
analysis of Brooks & Karplus (1983) to calculate the 
one-phonon incoherent INS spectrum of BPTI in which 
there is a peak at each normal mode frequency (Plate 
36a). However no existing neutron spectrometer is 
capable of resolving these peaks (there are 300 modes 
between 6 and 150cm-1 ) and the averaging arising fro m 
the resolution function of the instrument together with 
the spherical averaging because of random orientations 
in solution means that the measured spectrum will 
reflect principally the density of normal modes (Plate 
36b). This is a useful result as it suggests that INS 
can be used to extract the density of vibrational states 
of a protein . In practice this may be complicated by 
the fact that according to our calculations multiphonon 
scattering can be significant in proteins because of the 
large amplitude of the low frequency motions. In the 
future we will make calculations of the INS spectrum 
from the MD run of BPTI in solvent, comparison of 
which with the normal mode calculation will indicate 
the sensitivity of INS to anharmonic and solvent effects. 
On the experimental side we have made preliminary 
measurements of the INS from concentrated solutions 
of BPTI in 0 20. A time-of-flight spectrum obtained 
on the spectrometer IN6 at the Institut Laue-Langevin 
is shown in Plate 37. Detailed comparison of Plates 
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36b and 37 is at this stage premature. Suffice to say 
that in the measured spectrum there are peaks at 45 
and 90 cm - 1 but they are much less distinct than 
those calculated and there are no obvious peaks at 
lower frequencies as predicted from the normal mode 
calculation. 

Virus structure and assembly 
C. Berthet, S. Cusack, B. Jacrot, B. Schoot, 
J. Chroboczek, E. Hewat, M. Katouzian, J. Sgro, 
M. Cuillel (INSERM) & C. Devaux (Lab. de Virologie, 
Lille) 

Semliki Forest virus 
B. Jacrot & M. Cuillel in collaboration with 
H. Soderlund (Helsinki) 

The analysis of the data collected with neutron scat-
tering has been completed. A low resolution model 
has been derived. The nucleocapsid is found to have 
a composition and a molecular weight which indicate 
that there must be 180 copies (T = 3) of the core 
protein . This protein penetrates deeply into the RNA. 
The molecular weight of the virus (46x106 ) is incom-
patible with a virus with 240 copies of the membrane 
proteins. This value is confirmed by hydrodynamical 
measurements. To make it compatible with the electron 
microscopic data which prove that the virus surface 
is organized with a triangulation number T =4, one 
hypothesis is that the virion is built from capsomers 
which are all pentamers , and so has 210 copies of each 
membrane protein, and a nucleocapsid with T = 3. 

Adenovirus type 2 
C. Berthet & B. Jacrot in collaboration with 
C. Devaux & P. Boulanger (Lille) and P. Timmins 
(ILL, Grenoble) 

The main effort this year has been on the fibre which, 
as mentioned last year, has been crystallized. Now 
crystals of large size (e.g. 1xO.5xO.1 mm) diffracting up 
to 3 A resolution can be obtained , but so far they are 
twined. From the analysis of the x-ray powder pattern 
and of the electron microscope picture, the packing of 
the molecules in the crystal has been deduced. From the 
density of the crystals, one can conclude that the fibre 
is a dimer. This agrees with a theoretical prediction 
based on the sequence (Green et al., 1983). 

More data have been collected with the temperature-
sensitive mutant ts 112 in which several proteins are 
missing , in particular the protein VII which is normally 
associated with the DNA; a large part of the DNA 
is also missing. The molecular weight of 127x106 

found with neutron scattering is coherent with the virion 
composition. 



PLATE 36 

(a) Incoherent scattering function of BPTI at constant 
scattering angle of 66.6° calculated from the normal 
mode analysis of Brooks & Karplus (1983). Each line 
gives the intensity of one-phonon scattering from an 
individual normal mode. 

PTIIN 020-CONSTANT THETA = 66.6 deg 

(b) The same information as Plate 36a but plotted on a 
time-of-flight energy scale (this is the experimental en-
ergy variable) and with instrumental resolution included. 
The peaks marked with their corresponding frequency 
shift arise principally from the density of vibrational 
states. 
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PLATE 37 

Experimentally measured time-of-flight spectrum of BPTI 
in 0 2 0 solution. Experimental parameters (incident 
neutron wavelength , scattering angle) are the same as 
in the calculation of Plate 36b. 
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The comparison of the model allows a localization of 
the missing proteins. With x-rays the intense and broad 
line observed with the native virus at 29 A is missing, 
confirming the hypothesis that this line is due to the 
organization of the DNA in the virion. 

Brome mosaic virus 
C. Berthet, B. Schoot, M. Cuillel, J. Chroboczek 
& J.Y. Sgro 

Self-assembly of brome mosaic virus capsid 

The kinetics of self-assembly of brome mosaic virus 
(BMV) capsid have been studied using x-ray syn-
chrotron radiation at the Hamburg Outstation. A 
stopped-flow device has been developed in Grenoble for 
this study. Given the speed of the polymerisation and 
the scattered intensity of the sample, a dead time of 
50 msec was convenient. The apparatus was built to 
have a dead volume as small as possible. The data 
collection has to be repeated several hundred times to 
increase the statistics because the time slices have to be 
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very small given the speed of the self-assembly process. 
We have obtained the scattering curves between 100 ms 
and 1 hour for concentrations of 12.4 and 0.8 mg/ml. In 
addition data have been collected on a light-scattering 
instrument, providing data (without structural informa-
tion) from 50 ms with excellent statistics. 

Cryo-electron micrographs performed in EMBL Heidel-
berg after 3 minutes of polymerisation revealed a poly-
disperse solution with capsids in all the intermediate 
states. 

Assuming that the observed scattered curve is a linear 
combination of the scattering curves of icosahedral 
shells with holes of different degrees of completeness, 
a model-fitting will provide a detailed understanding of 
the mechanism of self-assembly. 

In cooperation with D. Worcester & G. Zaccai (ILL, 
Grenoble) we have again (see Annual Report 1981) ex-
amined the effect of pressure on empty caps ids formed 
by BMV protein . With respect to the previous series 
of experiments we changed the buffer to hepes, with a 



lower volume change on dissociation (i.e. less sensitive 
to pressure) with the following results: 

Capsids at low pH are stable. Aggregates were observed 
after pressurizing a system containing only capsid pro-
tein monomers (high pH). In the intermediate case 
(capsids in the presence of monomers) we observed 
a dissociation of the capsids at the same time as 
aggregate formation by the monomers. This is likely 
to be due to the displacement of the equilibrium from 
the suppression of the monomers by irreversible aggre-
gation. 

RNA in solution 

To complement the neutron scattering data, extensive 
measurements have been made with sedimentation with 
Vinograd cells and photon correlation. The effect of 
ions (K+ and Mg++) and of spermidine could be an-
alyzed. In all conditions (e.g. up to 10 mM MgCI 2 ) 

the RNA was far less compact than inside the virion. 
Apparently the viral RNA, which does not have an 
important structural role , requires the viral protein for 
compaction. The results also show that in addition to 
repulsive electrostatic interactions between molecules 
in solution , there are important short range attractive 
interactions, most likely due to transitory base pairing 
between molecules. 

RNA-protein interactions within BMVvirions 

Virions of brome mosaic virus are largely stabilized 
by protein-RNA interactions and it is possible that 
the N-terminal of the coat protein is involved in this 
interaction, in analogy to the case of tomato bushy 
stunt virus. To identify the region(s) of viral coat 
protein that interact(s) with RNA within the virion, we 
designed a covalent cross-linking experiment with para-
azido-phenyl glyoxal, known to bind to protein as well 
as to RNA (Politz et al. , 1981). Some radioactive pro-
tein comigrated with RNA. The RNA with covalently-
linked protein molecules has been recovered by ethanol 
precipitation. The cross-linked regions of the protein 
are now being analyzed with HPLC. 

Low resolution structure of influenza C 
glycoprotein 
E. Hewat & S. Cusack in collaboration with 
R.w.H. Ruigrok (Leiden University) 

Influenza C possesses a single surface glycoprotein 
which in its biochemical properties resembles the haem-
agglutinin (HA) of influenzas A and B. Although the 
structure of bromelain-cleaved HA from influenza A is 
known to 3 A resolution (Wilson et aI., 1981), the 
interaction of the molecule with the viral membrane, 
with its neighbours on the viral surface and its structure 
at low pH, remains unknown. The natural occurrence of 

small hexagonal arrays of glycoproteins on the surface 
of influenza C (not seen with strains A or B) affords the 
possibility of studying these questions at low resolution 
by electron microscopy coupled with image processing 
techniques (Hewat et aI., 1984). We have made a 3-D 
reconstruction of the glycoprotein structure to about 30 A 
resolution. For comparison we calculated the negative 
stain excluding density of the influenza A HA using the 
atomic coordinates of Wilson et al.. The results show 
clearly that the influenza C glycoprotein is a trimer 
and exhibits similar structural features to influenza A 
HA despite considerable axial shrinkage of the samples. 
This structural similarity enables us to understand the 
occurrence of different handed views in the microscope 
and allows us to identify those equivalent zones on 
the influenza A HA structure involved in the principle 
intertrimer contacts . Unfortunately the density in the 
region of the membrane is too uncertain for any strong 
conclusions to be drawn. In view of the possibility of an 
observable change in conformation at pH 5 we studied 
the effect of specimen pH and stain pH and type on 
the observed images. Influenza C incubated at pH 5 
before staining does not exhibit ordered arrays. Virus 
incubated at pH 7 prior to staining in uranyl acetate (pH 
4 .2), uranyl oxalate (pH 5 and pH 7) or KPTA (pH 5 
and pH 7) always exhibits at least a few ordered arrays. 
The results indicate that incubation pH, and stain type 
rather than stain pH determine the nature of the images. 

Protein Synthesis and Gene Expression 
R. Leberman , J. Chroboczek, B. Antonsson , 
M. Foote, I. Mavridou & O. Madern 

Bacterial polypeptide elongation factor 
Tu (EF-Tu) 
B. Antonsson & R. Leberman 

Continuing work started in Heidelberg, emphasis has 
been shifted to the ternary complex containing EF-Tu , 
GTP, and aminoacyl-tRNA. This has been studied on 
two fronts; firstly, following earlier observations (Anton-
sson & Leberman, 1982), attempts at crystallization of 
the complex under a wide variety of conditions have 
been made and secondly we have begun modification 
studies of the lysine residues of the protein to map out 
areas of the protein surface in contact with the tRNA. 
As yet no condition has been found for producing crys-
tals of the ternary complex EF-Tu.GTP.valyl-tRNAval. 
The epsilon-amino groups of the lysine residues in EF-
TU .GTP free and complexed with valyl-tRNAval have 
been modified with [14C]-ethylacetimidate. Analysis of 
the pattern of labelling by the reagent was carried out 
by tryptic digestion, HPLC separation of peptides, and 
amino-acid analysis. Eight of the 23 lysine residues 
showed differences in reactivity in free and complexed 
EF-Tu.GTP. Two were more reactive in the complex, 
probably due to conformational changes on binding the 
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aminoacyl-tRNA, and six were less reactive. Two of 
the latter are situated in the protein domain containing 
the nucleotide binding site near the binding site, and 
probably interact with the CCA end of the tRNA. Three 
others are located in another domain at the other 
extremity of the protein molecule. This produces a 
model of the protein and nucleic acid moieties in the 
complex lying parallel and in contact with each other, 
which in principle is similar to the proposal of Kabsch 
et al. (1977) . 

Immunological studies on EF-Tu 
B. Antonsson 

A two-step solid phase radioimmuno-assay (RIA) tech-
nique has been developed using [14C]-ethylacetimidate-
labelled goat anti-rabbit antibodies as tracer. Antibod-
ies were raised against EF-Tu from EGOII and the two 
thermophilic bacteria B.stearothermophllus and PS3. 
They were used for immunological cross-reaction stud-
ies with EF-Tu from the same bacteria, from LactobacIl-
lus casel and from the halophilic bacterium H.haloblum. 

The three homologous systems all showed about the 
same reactivity by RIA. The heterologous reaction 
for the two thermophilic bacteria was very similar to 
their homologous reactions , as was that between ther-
mophilic EF-Tu and antibodies against EGOII EF-Tu. 
However, the cross-reaction between Ecoll EF-Tu and 
antibodies to either thermophilic EF-Tu showed a 7-fold 
diminution in reactivity compared to the homologous re-
action. All three antibodies reacted with L.casel EF-Tu 
similarly to their reactions with homologous antigens. 
Surprisingly halophilic EF-Tu shows no reaction with 
antibodies to thermophilic EF-Tu , but a clear reaction 
with antibodies against EF-Tu from EGOII at high con-
centrations. 

Guanine nucleotide binding sites 
R. Leberman & U. Egner(MPI, Heidelberg) 

A search for homology among the available primary 
structures of guanine nucleotide binding proteins, EF-
Tu, eEF-Tu, EF-G, tubulin, and the proto- and onco-
gene product p21, identified in each a section of the 
polypeptide chain that probably constitutes part of 
the nucleotide binding site (Leberman & Egner, in 
press). One striking result of this study is the degree 
of homology between EF-Tu and p21 in the putative 
nucleotide binding sequence, for which, over a distance 
of about thirty amino-acids , there is approximately 50% 
homology. Although the biological function of p21 is 
not yet established the structural relationship to EF-Tu 
is intriguing , consequently a combined project with the 
MPI Heidelberg has been initiated to clone and express 
p21 in bacteria for a programme of structural analysis. 
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Valyl-tRNA synthetase 
I. Mavridou , D. Madern & R. Leberman 

The specific protein complexes of single species of 
transfer RNA offer the best prospect of studying pro-
tein-nucleic acid interactions in detail. Crystallization 
of such complexes is an obvious goal that has only 
been achieved in one instance (Giege et aI., 1980). To 
complement the studies on the ternary complex (see 
above) and utilize the available experience in purifying 
tRNAval, a programme to isolate valyl-tRNA synthetase 
has been started. However, to obtain sufficient mate-
rial for extensive structural studies (neutron scattering , 
crystallography) it may prove necessary to clone and 
express the synthetase gene. 

Mechanism of formation of incomplete 
polypeptides during In vitro translation 
of viral mRNA 
J. Chroboczek 

Translation Of brome mosaic virus RNA 4 has been 
studied in the wheat germ cell-free system. The synthe-
sis of coat protein, the complete product of translation 
of RNA 4, was accompanied by the production of 
polypeptides of lower molecular weight. These incom-
plete products are formed by translation of different 
lengths of RNA 4 originating always from the first 5' 
AUG codon, and are not due to proteolysis of coat 
protein nor to the translation of nucleolytic fragments 
of mRNA. 

The molecular weights of the incomplete fragments 
were measured, and the nucleotide sequence of RNA 
4 was examined in the region where wheat germ ri-
bosomes stop translating. For the vast majority of 
observed incomplete products, ribosomes have a ten-
dency to stop in the vicinity of CUG triplets. This 
suggests that perhaps more effective interaction could 
occur between ribosomal RNA and some regions of the 
mRNA during protein synthesis. 

The function of aminoacylation of 
vira l RNA in translation 
J. Chroboczek & R. Leberman 

Ribonucleic acids of some plant viruses have at their 
3'-ends tRNA-like secondary structures which can be 
charged with particular amino-acids by appropriate 
aminoacyl-tRNA synthetases. This phenomenon may be 
important for the replication of viral RNA and/or protein 
synthesis. 

It is known that the four RNA species of brome mosaic 
virus (BMV) can be charged with tyrosine by eukary-
otic tyrosyl-tRNA synthetase. This enzyme has been 
partially purified from wheat germ, and used in the 
wheat germ cell-free system to study the effect of high 



enzyme concentration on the translation of BMV RNA 
The addition of tyrosyl-tRNA synthetase during in vitro 
protein synthesis directed by total BMV RNA results 
in inhibition of translation. Aminoacylated viral RNA 
can serve as a replicase template which is, at least, 
as good as uncharged RNA (Hall & Wepprich, 1976). 
It seems, therefore , that aminoacylation can serve as 
a switch during development of the virus, allowing 
for a change in the function of the viral RNA, which 
can be a messenger for protein synthesis and, after 
aminoacylation, a template for the replication of RNA 
progeny. 

Histone H1 of Physarum polycephalum 
AM. Foote & R. Leberman 

This work forms part of a collaborative project with 
the Portsmouth Polytechnic Biophysics group to use 
deuterated histone H1 from Physarum polycephalum 
for neutron scattering studies to elucidate its role in 
chromatin structure. For Ppolycephalum H1 to be 
considered as representative of eukaryotic H1 s it must 
be shown to be equivalent to the better characterized 
mammalian and avian proteins. 

In the course of development of an improved purifica-
tion procedure using gel-filtration on Sephacryl S-200, 
which has an exclusion value of 250,000 for globular 
proteins and 80,000 for dextrans, it was found that 
Ppolycephalum H1 was only just retained by the gel 
matrix, indicating a much higher molecular weight than 
expected. Since the molecular weight of H1 is of 
structural significance, a series of experiments has been 
performed using a variety of gel-filtration matrices and 
conditions to give more information on this value and 
to provide an explanation of the anomalous behaviour 
of this protein. By gel-filtration under conditions of 
high and low ionic strength, a variety of pH values, 
and in 8M urea, it was found that the histone has 
an apparently high molecular weight. When measured 
against standard globular proteins it has a value of 
80,000 and when compared to calf thymus H1 (MW 
21,000) a value of 30,000. By SDS PAGE it shows 
an apparent molecular weight of 60,000 with respect 
to protein standards and 40,000 with respect to calf 
thymus H1. It has been assumed that the degree 
of anomalous behaviour for calf and Ppolycephalum 
H1 s are equal. Further studies should show whether 
this assumption is valid but it seems clear that this 
behaviour is not solely due to the highly basic nature of 
these proteins. 

Deuteration of Physarum polycephalum 
AM. Foote 

Physarum polycephalum, like higher eukaryotes, will 
not grow in 2H20 at concentrations higher than 30%. 
Attempts to induce it to do so by varying the growth 

conditions and by adaption techniques have proved 
unsuccessful. Ppolycephalum will grow on heat-killed 
Ecoli, but growth was poor on 97% deuterated bacteria . 
However, satisfactory growth of the microplasmodia has 
been achieved in media containing a soluble enzymatic 
digest of deuterated Ecoli in 30% 2H20. 

Neutron crystallography 
GA Bentley & A Lewit-Bentley 

The use of H20/D20 contrast variation in neutron 
diffraction, developed in collaboration with the ILL over 
the past seven years, has been applied to 'the following 
systems: the nucleosome core particle, the satellite 
tobacco necrosis virus (STNV), the tomato bushy stunt 
virus, the complex of tRNAASP-Aspartyl-tRNA syn-
thetase and the membrane protein matrix porin from 
Ecoli. The first project was brought to completion in 
1983. 

Data from the nucleosome and STNV projects have 
been extensively used to test methods of data reduction 
and structure analysis. We have recently developed a 
method of least-squares scaling of data from different 
contrasts , which is general and applicable to small-
angle scattering as well as crystal data, from x-rays 
and electron microscopy as well as neutrons. The 
procedure also serves to determine the relative phase 
differences between structure factors from different con-
trasts, which is important in the structure analysis. 

The structure analyses of the STNV and nucleosome 
have given us experience in appropriate methods of 
phasing at low resolution, as well as showing the prob-
lems inherent in such a study. A major problem is 
the lack of homogeneity in the protein scattering length 
density, which is significant even at low resolution and 
must be accounted for in the structure analysis. 

The structure of the nucleosome core 
particle at 16 A resolution 
In collaboration with J.T. Finch (MRC , Cambridge), 
M. Roth (ILL, Grenoble) & A Podjarny 
(CINDECA, Argentina) 

During the summer of 1983, data from a fourth con-
trast, 98% 0 20, were collected to 16 A resolution. This 
improved the reliability of relative scaling and phasing 
of data from all contrasts, and improved the accuracy 
of data from the weaker contrasts. 

The crystal structure analysis of the nucleosome, using 
neutron contrast variation, was completed during the 
past year (Bentley et al., in press). In the structure 
analysis , two major approaches to phasing were used: 
least-squares refinements of models, and density modi-
fication (i.e. solvent flattening). The latter method was 
most successful in the refinement of the protein struc-
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ture at the match-point of the DNA. At 16 A resolution, 
however, the approximation of protein density as being 
uniform in neutron scattering is inadequate. Thus for 
the refinement of the DNA structure, the contribution 
of the protein scattering at the average match-point of 
protein (65% D20) had to be taken into account. 

The DNA, as seen at this resolution , forms a superhelix 
of pitch 25.8 A, radius 42.1 A and 1.81 turns in length . 
The histone core itself is approximately helical and 
follows the DNA along the inside of the superhelix , 
giving the nucleosome core particle an over-all twofold 
axis of symmetry. Four dimers , distinguished in the 
protein density, have been aSSigned on the basis of other 
evidence as being of two kinds: (H2A-H2B) and (H3-
H4). The H20/D20 contrast variation analysis has 
enabled us to distinguish hydrophobic and hydrophilic 
regions within the protein moiety, since their neutron 
scattering densities are significantly different from each 
other. The interface between the monomers of each 
dimer is hydrophobic in character while the interaction 
between dimers is weaker and/or more hydrophilic. The 
protein is in contact with most of the DNA and there 
are some regions where it penetrates between the turns 
of the superhelix. In particular, the tetramer (H4-H3)-
(H3-H4) is in close contact with the central part of the 
DNA, but significant contacts are seen also between the 
histones H3 and the extremities of the superhelix, thus 
explaining the stability of a nucleosome-like particle 
depleted of H2A and H2B. Significant departures from 
the molecular twofold axis of symmetry occur in the 
relative arrangements of the two (H2A-H2B) dimers. 

The low-resolution structure of satellite 
tobacco necrosis virus (STNV) 
In collaboration with L. Liljas, U. Skoglund & 
T. Unge (Wallenberg Lab. , Uppsala) 

Using calculated phases, based on the atomic coor-
dinates of the high-resolution structure of the protein 
coat, a centroid map (25 A resolution) of the viral RNA 
was calculated at the matCh-point of the protein ("" 40% 
D20), using the isomorphous information from data 
measured at different contrasts (Zulauf & Rosenbusch , 
1983). Since the x-ray structure determination showed 
that the protein coat, and in particular its outer surface, 
obeyed the icosahedral symmetry very well, it is most 
likely that the RNA within the virus , as seen by crystal 
diffraction , is itself averaged over the 60 equivalent 
positions of the icosahedral point group. This assump-
tion was used to refine the 400/0 D2 0 centroid map by 
molecular averaging. Because of considerable density 
fluctuations within the protein , the averaging had to be 
performed over the protein as well as RNA regions. The 
density fluctuations within the protein complicate the 
interpretation of the protein-RNA interface and more 
work is required to resolve this . We can, nevertheless , 
already say that there is little or no RNA density in the 
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centre of the virus particle, but at a radius of about 27 A 
there is a strong shell of density. There is also a region 
of strong density at about 55 A from the virus centre on 
each of the icosahedral 5-fold axes. These results show 
that the RNA is not distributed uniformly throughout 
the interior of the virus. Work is now continuing on the 
analysis at 16 A resolution. 

Yeast tRNAASP-Aspartyl-tRNA 
synthetase complex 
In collaboration with D. Moras & R. Giege (IBMC, 
Strasbourg) and M. Roth (ILL, Grenoble) 

Crystals of the complex between yeast tRNA synthetase 
and its cognate tRNA have been obtained fairly recently 
and are being studied in parallel by x-ray and neutron 
crystallography. The crystals (space group 1432, a = 354 
A) have a very high solvent content (80% of the unit 
cell volume) and as a consequence diffract neutrons very 
poorly beyond 25 Ad-spacing. 

Data from 6 contrasts have been collected to nominal 
resolution of 16 Ad-spacing: 00/0 , 200/0, 50%, 70%, 
75% and 99% D2 0 . Using data to 18 A resolution only 
(of which "" 300/0 have intensities I 36), they were all put 
on a common scale and data for the theoretical match-
point of the tRNA (61 % D20) and protein (32% D20) 
were interpolated (all matCh-points take into account 
the contribution to the scattering of high concentrations 
of ammonium sulphate in the crystals). 

During the scaling procedure it became evident that the 
matCh-point of the whole particle was displaced to lower 
values of D20 concentration than expected : 36.5% 
instead of 41.50/0. It is interesting to speculate that 
this is due to parts of the complex being less accessible 
to solvent and thus to exchange, most likely the surface 
of the protein in contact with the tRNA. 

The structure analysis is proceeding , initially with data 
extending to 30 A resolution , on similar lines as for the 
nucleosome: since the tRNA accounts for only 4.50/0 

of the unit cell volume, we have started using data 
at 61 % D20, i.e . the protein contrast. The position 
and orientation of the enzyme, represented as a double 
ellipsoid, in the unit cell have been found by search 
methods and the shape is being refined using density 
modification approaches . 

Diffractometer for low-resolution structure 
analysis (0821) 
In collaboration with M. Roth & M. Thomas (ILL, 
Grenoble) 

The final contract for building the instrument was 
Signed by both parties in July 1983. Since then , the 
drawings of the instrument have been finished and all 
parts are being ordered and/or manufactured. The test 



site, T16, has been prepared and will be available as 
soon as the instrument is assembled. The monochro-
mator has been designed and a prototype tested. The 
scintillation detector on order from Argonne National 
Laboratory has been assembled and should be ready 
for tests at the ILL in July 1984 as foreseen. The 
EMBL (A. Gabriel & F. Dauvergne) is taking part in a 
parallel development of a gas-filled (multistep avalanche 
chamber) detector with gadolinium as a neutron-to-
electron converter which should be operational by April 
1984. The instrument's electronics are being developed 
and assembled by the ILL, though it is likely that 
EMBL will provide a display system better suited to our 
needs than the standard ILL system. The computers 
necessary for the control of the instrument and for data 
reduction have been ordered. The instrument should be 
assembled in May 1984 for first tests. 

High resolution neutron diffraction studies 
of triclinic lysozyme 
GA Bentley in collaboration SA Mason & 
G.J. Mcintyre (ILL, Grenoble) 

The refinement of the triclinic lysozyme structure using 
neutron diffraction data to 1.4 A resolution is almost 
complete; the R-factor is currently 0.129. The first 
important result of this analysis is that the Glu 35 
is protonated while Asp 52 is not, as required for the 
enzyme mechanism proposed by Phillips and colleagues. 

The neutron structure analysis provides accurate infor-
mation on hydrogen positions and the details of sec-
ondary structure and side-chain conformation are now 
being analyzed. An interesting correlation in exchange 
behaviour of lysozyme as seen by neutron diffraction 
and high-resolution NMR was reported (Bentley et aI., 
1983). 

Membrane proteins 
M. Zulauf & K. Weckstrbm 

The results of crystallization studies of matrix porin 
using three different detergents (octyl glucoside and 
two octyl polyoxyethylenes) and a variety of combina-
tions of precipitating agents (PEG, salts) show that 
crystallization conditions are specific for the detergent 
used, rather than for the protein, and that these con-
ditions render the detergent solution critical. In this 
sense it appears that detergent phenomena are essential 
for the success for membrane protein crystallization. 
Thus a thorough investigation of detergent properties 
seems justified in a general project of membrane protein 
crystallization . We have investigated in detail such 
properties along the following lines: 

Nature and mechanism of the phase separation 
of polyoxyethylene surfactants 
In collaboration with J.P. Rosenbusch (EMBL, 
Heidelberg), J.B. Hayter (ILL, Grenoble), 
M. Corti (Milano) & V. Degiorgio (Pavia) 

Octyl pentaoxyethylene (CsEs) in water above the criti-
cal micellar concentration undergoes a phase separation 
when the temperature is raised. Using quasielastic light 
and neutron scattering we were able to provide the first 
experimental proof that this consolution phenomenon 
is a second order phase transition caused by attrac-
tive interactions between small spherical micelles rather 
than by micellar growth. In a theoretical investigation 
the nature of the attractive forces has been identified: 
micelles interact with dispersion forces whose strength 
depends on the hydration of the oxyethylene moiety, 
which in turn depends on temperature. A simple 
model with a single free parameter, the strength of 
the attractive potential as a function of temperature, 
accounts for all our measurements and predicts the 
critical point and qualitatively the form of the phase 
boundary. Recent experiments indicate that the same 
mechanism is also true for C12Es, and it is plausible 
that we now understand the phase separation for a large 
class of polyoxyethylene surfactants. Very recently 
some refinements of our analysis have been published 
by other groups. 

The effect of salts and precipitating 
agents on the phase separation of 
oxyethylene surfactants 
(This work is part of the Ph.D.-thesis of 
K. Weckstrbm) 

In a thorough study of the effects of monovalent salts 
on CsEs we have observed that electrolytes change -
in general lower - the critical consolution temperature 
with only minor distortions of the phase boundary's 
shape. Thus, water structure is again found to control 
the critical phenomenon of the detergent. This result 
helps to explain the course of events in crystallization 
assays: during vapour diffusion, detergent, salt and 
protein concentrations increase in the course of time, 
until the solution becomes critical at the temperature at 
which the experiments are conducted. Phase separation 
becomes manifest when droplets of the detergent-rich 
phase appear in which matrix porin crystals may grow. 
We have started to investigate (in collaboration with 
M. Garavito, Basel) these processes in the presence of 
PEG and polyvalent salts with the aim of correlating 
the physical chemistry of the detergent solution with 
the conditions favourable for crystal growth and of un-
derstanding the relation between different morphologies 
and space groups and the critical state of the detergent. 

153 



Detergent properties at high concentrations 

CaE4 and CaE5 have a distinguishing feature among the 
polyoxyethylenes in that they do not show a hexagonal 
phase and no phase change is observed when water is 
gradually removed. The pure detergent is a simple, 
unstructured liquid at all temperatures, and therefore 
an inversion from the state of micelles in water to 
aqueous structures in pure detergent must occur. This 
transition is gradual, and we have investigated it with 
static neutron scattering, viscosity measurements and 
electric birefringence. From the results it appears that 
micelles may merge into continuous structures without 
definite shape at concentrations as low as 300/0. For 
longer detergents of this class, micelles usually grow 
into large structures which form mesophases. The 
properties of the octyls may therefore be relevant in 
membrane protein crystallization. 

The spatial arrangement of detergent in 
crystals of matrix porin at low resolution 
In collaboration with R.M. Garavito (Basel) 
and P. Timmins (ILL, Grenoble) 

Use of D20/H 2 0 contrast variation in neutron diffrac-
tion provides a unique means to distinguish detergent 
from protein in the crystals. We have collected a full 
data set to 16 A resolution in 0 20 and have allocated 
beam time to measure crystals grown in three other 
contrasts. Phasing of the data will be facilitated by use 
of the 18 A electron microscopy structure studied at 
the Biozentrum Basel, and by low resolution molecular 
replacement. We hope to localize the bound detergent 
on the protein , to determine the protein orientation 
in the unit cell and to identify the state of the three 
channels in the trimer. Work will be done in conjunction 
with the x-ray analysis in Basel and at the EMBL 
Outstation in Hamburg. 

Muscle proteins 
F. Borras-Cuesta & E. Truche 

Myosin and actin from Physarum polycephalum 
F. Borras-Cuesta & A.M. Foote 

Myosin and actin have been prepared from Physarum 
polycephalum microplasmodia. Preliminary experiments 
show that chymotryptic cleavage of Ppolycephalum 
myosin gives a cleavage pattern by SDS PAGE similar 
to that of rabbit myosin. This suggests that the 
preparation of Ppolycephalum myosin subfragment 1 
is feasible but the yields for myosin and actin are 
low when Ppolycephalum microplasmodia are used as 
starting material. Further work would be necessary to 
establish whether better yields could be obtained by 
using Ppolycephalum macroplasmodia. 
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Structural changes of myosin fragments 
F. Borras-Cuesta, M. Zulauf & E. Truche 

We have been studying the temperature-induced partial 
melting of myosin fragments (total rod, light meromyo-
sin, long subfragment 2) by quasielastic light-scattering 
(hydrodynamic radius versus temperature), its depen-
dence on pH, ionic strength, Mg++ and ATP, thereby 
approximating physiological conditions in the muscle. 
Experiments are carried out with an automatic set-up. 
First experiments with total rod indicate a pronounced 
effect of Mg++ and ATP on the melting curves, which 
clearly show the partial melting of a-helices and the 
concommittant tendency to aggregation . 

The polymerization of G-actin and the 
interaction between myosin subfragment 1 
and F-actin 
F. Borras-Cuesta, J. Bordas & M.H.J. Koch 

This project is described in the report of the Outstation 
at DESY, Hamburg. 

Electron microscopy 
J.-C. Jesior 

Last year I established a new method (the grid section-
ing method) to observe microcrystals in the electron 
microscope (J.-C . Jesior, 1982). This year the method 
was improved and applied to various specimens. 

Improvement of the method: one of the interest-
ing points obtained from previous work on negatively-
stained catalase platelets was to show that these were 
collapsed along their c-axis by a factor of 2. This 
collapse was not a microtomy artefact but was due 
to the platelet dehydration occuring during the grid 
preparation . This structural change is probably the 
major factor limiting resolution and consequently con-
centrated effort has been made to work out preparation 
procedures which minimize this change. This is an 
essential step if one wants to be able to use the various 
projections obtained by the grid sectioning method for 
a 3D-reconstruction. 

Applications: the grid sectioning method and all its 
instrumental development led to several collaborations. 
In several cases however the quality of the micrographs 
of microcrystals was disappointing. My efforts were 
then focused on two projects. The first is a study of 
the polarity distribution of cellulose fibres in the outer 
membrane of Valonia macrophysa using electron diffrac-
ion on thin sections of selected fibres (collaboration 
with H. Chanzy, Grenoble). The second project is the 
visualization of tRNA synthetase complex in crystals 
and is part of the collaboration established between the 
Outstation and the IBMC, Strasbourg (collaboration 
with D. Moras). First results have been obtained which 



have suggested ways of improving the quality of the 
microcrystals. 

Deuteration laboratory 
R. Leberman & M.-T. Dauvergne 

One of the major functions of the Outstation is to 
provide the biochemical back-up for users of the neutron 
scattering facilities of the Institut Laue-Langevin. This 
includes the provision of physical and chemical assis-
tance to users for the final preparation and characteriza-
tion of their biological samples before and after neutron 
scattering measurements. In addition the Outstation 
also provides a facility for the production of deuterated 
bacteria which can be used as a source of deuter-
ated biological products. This has produced material 
for neutron scattering structural studies on bacterial 
membrane ATPase (M. Satre & G. Zaccai, Grenoble), 
the 50S ribosome (Nierhaus et aI., 1983), tryptophane 
synthase (K. Kirschner & A. Lane, Biozentrum, Basel), 
and in-house projects on protein elongation factors. 

These activities have demanded the growth of bacteria 
in media containing, generally, not more than 80% 
2H20. Another, and increasing , activity is the growth of 
bacteria under maximal levels of deuteration , using me-
dia containing 99.8% 2H20 and deuterated succinate as 
a carbon source (LeMaster & Richards, 1982). Firstly 
the perdeuterated bacteria can be used as , or a source 
of, deuterated feedstock for the deuteration of simple 
eukaryotes (see report on histone H1). Secondly there 
is a growing interest in the production of perdeuterated 
biomolecules for NMR studies . At present the collab-
oration in this area is the production of perdeuterated 
EF-Tu for an NMR study on the site of interaction with 
the antibiotic kirromycin (J. Barber, Univ. of Oxford), 
the growth of amino-acid auxotrophs under perdeuter-
ation conditions in the presence of required protonated 
amino-acid (P. Roesch & A. Wittinghofer, MPI Heidel-
berg), and the production of perdeuterated bacterial 
histone-like protein, DNA fragments and polyamines 
from bacteria (J. Parello, USTL, Montpellier). 

In addition to the above the deuteration laboratory 
produces all the non-deuterated bacteria used for in-
house projects. 

Instrumentation 

Detectors group 
A. Gabriel , F. Dauvergne & P. Wattecamps 

The detector group in Grenoble serves not only for the 
Outstation but also EMBL in general and is strongly 
associated with work in Hamburg and Heidelberg which 
is coordinated by Christian Boulin. 
Three classes of detectors are being developed and built: 
for x-rays, for neutrons and for gel scanning. 

X-rays 

The detection system used at EMBL for the localization 
of x-rays has been described in previous reports. 

The main effort now is on two-dimensional detectors, 
with a resolution of 0.5 by 1 mm, coupled with the data 
acquisition system developed in Heidelberg . Such a de-
tector (of 100 x 100 mm), which has been shown to be 
able to count 350,000 counts per second without losses 
on the detector, is now installed at Hamburg and two 
others of larger size (200 x 200 mm) are also available 
which could be used for protein crystallography. 

Plate 38 shows a general set-up of the two-dimensional 
detector with drift space and the electronics arrange-
ment. It has been in operation at the EMBL Outstation 
at Hamburg since 1979 and is fully described in several 
publications (Gabriel & Dauvergne, 1982 ; Stuhrmann & 
Gabriel,1983). 

The success of the system has led to a large demand 
from outside laboratories: detectors (so far only one-
dimensional detectors) have been built for Daresbury 
(UK), LURE (France) and Stanford (USA) and have 
been installed by us in those places. 

Neutrons 

In collaboration with J. Jacobe (ILL, Grenoble) 

A two-dimensional detector (250 x 250 mm) with a 
resolution of 2 to 3 mm is in construction for the joint 
ILL-EMBL diffractometer. This detector makes use of 
our delay-line system. 

Gel scanning 

We are modifying our x-ray one-dimensional detec-
tor into a y-rays detector allowing 'scanning of one-
dimensional gels. This system is now being tested at 
the Institut Pasteur (Paris). 

Varia 
J.-M . Bois, M. Lentini, J . Sedita & 
J.-M. Le Canut (part-time) 

There is no technical staff attached to each physical 
instrument, but rather a group which deals with in-
strumental development and maintenance for the whole 
Outstation. During this year the following instruments 
have been made: 

- A stopped-flow for x-ray and neutron scattering. This 
instrument has been used for kinetic experiments on 
BMVassembly. 
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PLATE 38 

A two-dimensional x-ray detector with its electronics. 

SCA: Single channel analyser. 

MCA: Multichannel analyser. 
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- A double-focussing camera with Franks mirrors for 
single-crystal work with the precession camera. 

- A system which permits automatic repositioning of a 
grid in the electron microscope. 

In addition many improvements have been made to 
existing instruments (e.g. automation on the light-
scattering set up, modifications on the centriscan, etc.) 
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