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Front Cover: 

The c-erbA protein is a thyroid hormone (T 3) receptor 

The cover illustrates the effects of the viral (v) and 
cellular (c) ErbA proteins on the differentiation of chicken 
erythroid progenitor cells. The oncogene product v-erbA 
blocks independently of ligand the differentiation of ery-

throblasts into erythrocytes , presumably by negatively 
or positively affecting the transcription of certain genes 
important for normal development . The cellular coun-
terpart of v-erbA, c-erbA, is a thyroid hormone (T3) 
receptor. Treatment of c-erbA containing erythroblasts 
with T3 has no detectable effect on differentiation (Beug , 
unpublished) . See reports by Graf & Beug and Vennstrom 
in these and previous Research Reports for further infor-
mation. 
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Cell Biology Programme 

Introduction 

The Programme is continuing its research on the orga-
nization of the eukaryotic cell. The cell is divided into 
different compartments, each with its specific functions. 
These compartments have as constituents lipids and 
proteins, usually synthesized in one location in the cell 
and subsequently transported to another where they 
function. The compartments in the cell are connected 
by membrane traffic routes. Research in the Programme 
has focused on the distribution system which begins in 
the endoplasmic reticulum (ER). Proteins and lipids are 
delivered from this organelle to the nuclear envelope, the 
Golgi complex, the endosomes and the Iysosomes, the 
cell surface and for export from the cell. The proteins 
carry "postal codes" which direct them to their different 
destinations. The codes are deciphered at intracellular 
"post offices" by mechanisms that are presently being 
explored in different stages of the pathway. 

The spatial organization of the organelles and of the 
membrane vesicles connecting them is regulated by the 
cytoskeletal elements among which the microtubules 
play an important role. The microtubules are continu-
ously assembling and disassembling to ensure a dynamic 
control of cell shape and internal organization . The Pro-
gramme has intensified its efforts in this area of research. 
Two research groups (group leaders: Eric Karsenti and 
Thomas Kreis) are studying the role of microtubules in 
intracellular membrane traffic and cell polarity. A new 

group (headed by Ed Hurt) joined this year to study 
the organization of the nuclear envelope and its role 
in regulating the traffic of proteins and nucleic acids 
between the nucleus and the cytoplasm. This expansion 
into new areas is made possible by the steady turnover 
of the group leaders of the Programme and constitutes 
an essential feature of our organization. 

The Cell Biology Programme has continued its series 
of advanced laboratory courses during 1986. More than 
200 scientists from different parts of Europe have al-
ready participated in courses that we have organized. 
This teaching activity is probably the most important 
service of our Programme to the European cell biology 
community. The courses this year were concerned with 
the cryosection method for immunoelectron microscopy 
(organizer: Gareth Griffiths), epitope mapping using bac-
terial expression vectors (organizer: Keith Stanley) and 
post-translational modifications of proteins (organizer: 
Wieland Huttner). These three courses reflect the wide 
variety of methodologies needed today to study cellular 
organization. They also show the advantages of having 
fairly small research groups with scientists from different 
fields working together in the Cell Biology Programme. 
Without our mixture of methodological know-how we 
could not organize advanced laboratory courses in so 
many diverse fields . 

5 



The generation and maintenance of surface polarity in epithelial cells 

Scientists: K. Simons, G. van Meer 

EMBO fellows: I. de Curtis, K. Metsikk6* 

External fellow : A. Wandinger-Ness 

EMBL predoctoral fellow: A . Brandli* 

Visiting workers: G. KnolJ* 

Technical assistant: H . Virta 

Supernumerary: T . Gabran 

Epithelial cells comprise one half of the cell types in 
a mammalian organism. Epithelia are often arranged 
in sheets and accomplish their vectorial function as 
a consequence of the asymmetric distribution of their 
plasma membrane components. Intercellular junctions 
seal the cells to each other to form a continuous diffusion 
barrier which separates the luminal from the serosal 
space. One such junction called the tight junction de-
fines the two domains of the plasma membrane, the 
apical domain which faces the lumen of the tissue and 
the basolateral which is towards the blood supply. We are 
continuing our studies on epithelial surface polarity using 
the Madin-Darby canine kidney (MDCK) cell system as 
our experimental model system. Using cells grown on 
nitrocellulose filters we obtain an epithelial sheet closely 
mimicking the organization seen in vivo . Presently the 
research is being focused on four aspects of epithelial 
cell functions. 

Sorting of apical and basolateral 
viral glycoproteins 

We use enveloped viruses as tools for studying mem-
brane traffic in epithelial cells. Because the viral glyco-
proteins are specifically sorted to either the apical or 
basolateral plasma membrane, these viruses bud from 
only one or the other side of an infected monolayer. 
Together with Elaine Hughson and Gareth Griffiths, we 
are characterizing the subcellular compartment where 
the sorting to apical and basolateral surfaces takes place. 
We have used temperature-sensitive mutants of the 
apical influenza virus and of the basolateral vesicular 
stomatitis virus to block the intracellular transport of 
newly-synthesized viral glycoproteins. At 20° C the gly-
coproteins accumulate in a membrane reticulum on the 
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trans-side of the Golgi complex. We call this structure 
the trans-Golgi network and it corresponds to the cel-
lular compartment previously called GERL by Novikoff 
(1964) . Our immunoelectron microscopic studies have 
revealed the structure of the trans-Golgi network in 
MDCK cells. The components of the trans-Golgi net-
work are in close proximity to endosomes, although the 
two compartments are clearly distinct. 

Assays to study sorting of proteins 
from the trans-Golgi network 

The trans-Golgi network remains intact after homoge-
nization of both baby hamster kidney (BHK) (a non-
polarized cell line) and MDCK cells and methods have 
been devised to purify this compartment. We have 
separated the trans-Golgi network (isolated from BH K 
cells) from the endosomes, the plasma membrane and 
the endoplasmic reticulum by using density gradient and 
immunoisolation techniques. Marker enzymes for the 
Golgi cisterna (N-acetylglucosamine transferase I and 
galactosyltransferase) are enriched to the same extent as 
the G protein of vesicular stomatitis virus, our functional 
marker for the trans-Golgi network. In order to study the 
formation of the membrane vesicles that carry apical 
and basolateral protein from the trans-Golgi network 
to the cell surface of M DCK cells, we are attempting 
to establish cell free assays. A cell free system with 
components derived from BHK cells will be established 
in parallel. We postulate that two types of vesicles are 
necessary for the polarized delivery of plasma membrane 
components in MDCK cells while only one type of 
carrier vesicle would be required to transport membrane 
proteins to the unpolarized cell surface. 



We have also devised an experimental system which is 
an intermediate between the intact cell and cell-free 
systems for studies of membrane sorting. The apical 
membrane of MDCK cells is permeabilized to allow 
access to the inside of the cell from the outside. In 
this system the cells are left intact but their apical 
membranes are full of holes through which the cytosolic 
contents leak out. Using several assays we have shown 
that intracellular membrane transport still continues 
from the endoplasmic reticulum to the Golgi complex 
and to the basolateral membrane . The transport can be 
arrested by introducing hexokinase and glucose through 
the apical holes to deplete the intracellular ATP lev-
els. The permeabilization is achieved by applying a 
nitrocellulose-cellulose acetate filter to the apical side 
of a cell monolayer to which apical microvilli remain 
attached when the filter is removed. This experimental 
system promises to be a useful tool to study protein and 
lipid transport in M DCK cells. 

The accuracy of transferrin receptor 
sorting during endocytosis 

We have used transferrin-mediated 55Fe uptake to mea-
sure the polarity of transferrin receptors in filter-grown 
M DCK cells . The ratio of basolateral to apical receptors 
is about 800 :1 for the high resistance strain I MDCK 
cells and about 300:1 for the lower resistance strain 
" cells. The accuracy of the sorting of a basolateral 
protein during endocytosis was studied by measuring the 
recycling of the transferrin receptor. The amount of api-
cally released 1251-labelled transferrin after application 
of 55Fe and 1251-labelled transferrin to the basolateral 
surface was a sensitive measure for the accuracy of 
sorting during recycling of the receptor from endosome 
to the plasma membrane. Our results demonstrated that 
the accuracy of transferrin receptor sorting (> 99 .88%) 
during a single cycle of transit between the endosome 
and the plasma membrane is sufficient to maintain the 
high level of surface polarity of the cell. 

Lipid sorting in MDCK cells 

Cellular compartments not only have different proteins 
but also have distinct lipid compositions. Very little is 
known of how these lipid differences are generated and 
maintained by the cell. We are studying this problem 
by mon itoring the distribution of exogenous lipids fused 
into the cells. In particular, we have focused on the traffic 
of lipids between the apical and basolateral domains of 
MDCK cells. 

From our earlier work we know that the apical and 
basolateral membrane domains have widely different 
lipid composition. To test whether the tight junctions 
in MDCK cells inhibit diffusion of lipids between the 
two domains, fluorescent phospholipids were introduced 
into the apical plasma membrane by means of liposome 
fusion. These studies have shown that the tight junction 
acts as a diffusion barrier for the fluorescent phos-

pholipids only in the exoplasmic leaflet of the plasma 
membrane but not in the cytoplasmic leaflet. 

This work has been expanded to address how newly 
synthesized lipids are sorted in the trans-Golgi network 
for transport to either the apical or the basolateral 
surface, thereby generating domains with different lipid 
compositions. We have used the C6-N BD-ceramide, 
a fluorescent ceramide analogue (N.G. Lipsky & R.E. 
Pagano, 1983) which was readily taken up from Ii po-
somes by filter-grown MDCK cells and converted into 
C6-NBD-sphingomyel in and C6-NBD-glucosylceramide 
in the Golgi complex. These fluorescent lipids were 
subsequently transported from the trans-Golgi network 
to the apica l and the basolateral cell surfaces. The rate 
of transport to both surfaces was measured by adding 
serum albumin to either the apical or the basal side 
of the cell monolayer. The albumin extracts the fluo-
rescent lipids allowing quantitation of the lipids which 
reach the cell surface . C6-NBD-ceramide was shown 
to be enriched 3-fold in the apical membrane , while 
C6-NBD-sphingomyelin was distributed equally over the 
apical and the basolateral plasma membranes. On the 
basis of these results, we have formulated a hypothesis 
to account both for how the lipid differences between 
the apical and the basolateral membrane domains are 
generated and how they are maintained . This hypothesis 
is now being tested further. 

Our studies on protein and lipid sorting in MDCK cells 
are now converging. The intracellular sorting mechanism 
that directs protein and lipids apically is the first exper-
imental system to study both processes simultaneously. 
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Biosynthesis of cell surface proteins in an animal cell 

Scientist: H. Garoff 

EMBL & EMBO fellows: D. Huylebroeck, P. Melancon*, L. Roman*, M. Zerial 

Trainee: M. Suomalainen* 

Supernumerary: H. Kern 

All proteins which are destined for the cell surface of an 
animal cell are synthesized on ribosomes which become 
attached to the endoplasmic reticulum (ER). During 
synthesis the polypeptide chains obtain their character-
istic transmembrane configuration in the ER membrane . 
After chain completion and possible oligomerization in 
the ER lumen, the plasma membrane proteins are routed 
to the cell surface via the Golgi complex. As this pathway 
of biosynthesis is not only used by surface proteins 
but also by all ER, Golgi, secretory and lysosomal 
proteins one must, from a mechanistic point of view, 
postulate the existence of (1) a common signal-receptor 
system to target the chain translocation event to the 
ER membrane in the first place and then (2) additional 
recognition events to ensure proper sorting ofthe various 
proteins into their correct cellular compartment. 

During the past year we have continued our efforts to 
define these mechanisms for cell surface proteins. The 
most significant results are summarized below. 

Characterization of a second 
type of signal sequence 

Most chains which are translocated across or inserted 
into the ER have been shown to possess a cleavable 
aminoterminal signal sequence ( "",20 residues). This 
peptide directs the polysome to the ER membrane via 
the signal recognition particle (SRP)-docking protein 
relay and initiates chain translocation. A comparison of 
a large number of signal sequences has demonstrated 
some common overall features rather than any particular 
conserved amino-acid sequences . The typical features 
are a positively N-terminal region, hydrophobic 
central region ("",10 residues long) and a more polar 
sequence close to the cleavage site (commonly a (-
terminal residue with a small side chain) (von Heijne, 
1985). 

Recently a class of cell surface proteins has been shown 
to lack the classical signal sequence described above. 

Typically these molecules (group II membrane proteins) 
have a membrane anchor located very close to their N-
termini, the latter being exposed to the cytoplasmic side 
ofthe cell membrane (80S et a/., 1984; Spiess & Lodish, 
1986; Lipp & Dobberstein, 1986; Zerial et a/., 1987). 8e-
cause of these features, it was postulated that the mem-
brane anchor of this group of proteins also functions as 
a signal sequence. To test this hypothesis, we have ana-
lyzed the functions of the transmembrane peptide of the 
human transferrin receptor (TR), a typical example of a 
group II membrane protein. Using the cloned TR cDNA 
and an in vitro transcription/translation/translocation 
system, we showed (1) that an anchor deletion mutant 
of TR was unable to translocate and (2) that two 
cytoplasmic reporter molecu les could be translocated 
when extended at their N-termini with the TR anchor 
peptide (Zerial et a/., 1986). These results show that 
this peptide is both necessary and sufficient for chain 
translocation as expected for a signal sequence. 

We next studied whether there was a particular region of 
the TR anchor peptide responsible for the signal activity. 
We argued that this peptide might show more stringent 
sequence specificity than those anchor regions which are 
present in membrane proteins with a separate, cleavable 
signal sequence (group I membrane proteins). In the 
latter case it has been shown that only the hydrophobic 
character is important for membrane anchoring. There-
fore we were most surprised to find out that our "control 
construction" in which the TR anchor was replaced 
by the transmembrane anchor of a group I membrane 
protein was translocated almost as efficiently as the wild-
type molecule. Additional replacements demonstrated 
clearly that it was the mere hydrophobic nature of the 
anchor peptide rather than any particular amino-acid 
sequence which was important for function (Zerial et a/., 
1987). In all cases the translocation event was shown 
to be SRP dependent as for the wild-type TR. Thus, 
the location of a long hydrophobic peptide close to the 
N-terminus of the TR chain is the "key" to SRP binding 
and chain translocation. 
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It remains now to be seen whether the mechanism of ini-
tiating chain translocation is the same or different in the 
case of the two types of signal sequences characterized 
so far. 

Assembly of Semliki Forest virus (SFV) 

SFV is a simple enveloped RNA virus which can repli-
cate both in vertebrate and invertebrate cells. Our long 
interest in this virus is based on both medical-virological 
considerations and on the fact that this simple mem-
brane virus represents an excellent tool for studying 
many aspects of membrane assembly. This includes 
chain synthesis at ER, oligomerization in ER lumen, 
transport to the cell surface and sorting of cell su rface 
proteins into viral envelopes. 

The llkb single-stranded (ss) and positive (+) RNA 
genome of SFV specifies the synthesis of a subgenomic 
4kb+RNA which serves as mRNA for all the structural 
proteins of the virus (Garoff et al., 1982). These are the 
capsid (C) protein and the two membrane glycoproteins 
p62 and El. All proteins are translated as a polyprotein . 
The C protein is translated first from the 4kb RNA 
and then the two membrane proteins. In between the 
coding region of the latter two proteins there is a region 
encoding a small non-structural protein designated 6K . 
The generation of all the structural protein units and 
the correct topological localization of the membrane 
proteins across the ER membrane require a complicated 
set of chain cleavages and chain translocation events. 
Using the cloned cDNA of the 4kb mRNA molecule 
and the in vitro transcription/translation/translocation 
assay already mentioned above, we have demonstrated 
that: (1) the capsid protein is cleaved through an auto-
proteolytic cleavage event; (2) the membrane proteins 
and the 6K peptide are released by signal peptidase 
cleavages; (3) the translocation signal of p62 resides 
within its 38 N-terminal amino-acids; and (4) the signal 
sequence of E1 is located at the C-terminal part of the 
small 6K peptide (Melan<;on &. Garoff, 1987). 

The signal sequence of p62 is aberrant in that it does 
not become "modified" through cleavage but by gly-
cosylation in the middle of its hydrophobic core re-
gion. Concomitantly, the sequence is "rescued" from the 
membrane becoming part of the lumenal domain of the 
protein. We believe that it is the unusual covalent mod-
ification of the signal region which facilitates its release 
from the membrane after the unmodified sequence first 
functions as an ER signal sequence. We are currently 
testing this using inhibitors for glycosylation. 

After chain synthesis and translocation at the ER, the 
p62 and E1 glycoproteins form heterodimers (p62-E1) 
(see Garoff et aI., 1982) . These are then routed to the 
cell su rface . Once here, or more likely when approaching 
the cell surface, the p62 subunit is cleaved close to 
its N-terminus to form E2 and the small E3 peptide. 
Subsequently, the heterodimers (spike glycoproteins) are 
incorporated into virus particles through a budding event 
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which most likely is driven by direct interactions be-
tween the cytoplasmic protein domains of the spikes 
and the nucleocapsid in the cell cytoplasm. At some 
stage the heterodimers undergo a trimerization event, 
because in the virus particle the glycoproteins are present 
as 3x E2-E1 units arranged into an icosahedral (T=4) 
symmetry (Vogel et al., 1986). Our hypothesis is that 
the 6K and the E3 peptides are both crucial for correct 
glycoprotein oligomerization; 6K for the heterodimer 
formation and E3 for the trimerization event . This 
we are currently testing in a transient COS cell-based 
expression system using various cDNA constructions. 
Important preliminary results are (1) that we have ob-
tained monoclonal antibodies which allow us to follow 
the oligomerization process and (2) that we are able to 
express both glycoprotein subunits from different coding 
un its in the same cells with concomitant oligomerization 
and cell surface transport. 

The studies above make use of the 4kb mRNA cDNA 
molecule and cannot, despite the lack of the viral 
genome (and nucleocapsid assembly), be used for anal-
yses of the budding event. Therefore, we have initiated 
the cloning of the complete viral genome into a form 
that can be used for in vitro transcription of infectious 
RNA. 

Signals for endocytosis of 
cell surface receptors 

Some surface molecules serve as receptors for external 
ligands. The ligand-receptor complex is usually inter-
nalized by endocytosis and the receptor in many cases 
recycled back to the plasma membrane. The signals 
which are required for these trafficking events are still 
undefined, but the involvement of the cytoplasmic pro-
tein domains of the receptors has been implicated. 
Several natural and genetically engineered variants of 
the LDL receptor which are deficient in endocytosis 
have mutations in this protein domain (Goldstein et 
al., 1985). We are currently analyzing the endocytosis 
signals of the human transferrin receptor . We approach 
this problem (in collaboration with Claudio Schneider, 
EMBL) by analyzing the endocytosis phenotypes of var-
ious membrane anchor and cytoplasmic protein domain 
mutants of TR. The TR variants have been made by 
in vitro cDNA mutagenesis and include: (1) TR with a 
deletion of the cytoplasmic tail; (2) a TR-globin hybrid 
molecule (the cytoplasmic and membrane domain of TR 
+ globin); and (3) TR with point mutations in the 
cytoplasmic domain . One of the latter mutations results 
in a change of Ser (24), which in vivo is known to be 
phosphorylated (Davis et al., into Ala. 1986). Analyses 
of the phenotype of this mutant should tell us whether 
this covalent modification is involved in endocytosis. So 
far, we have established transformed 3T3 cell-lines which 
express the wild-type human transferrin receptor and 
the phosphorylation mutant . We plan to use an anti-TR 
monoclonal Fab antibody assay to follow the endocytosis 
event of our mutant molecules. 
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Protein insertion into the mammalian endoplasmic reticulum 

Scientists: B. Dobberstein, C. Zwieb 
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External fellow: I. Ibrahimi 
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Technical assistants: N. Flint, C. Marshallsay 

Signal sequences and receptors that recognize them are 
involved in the insertion of secretory and membrane 
proteins into the membrane of the endoplasmic retic-
ulum (ER) . We want to define the signals that lead to 
secretion or to membrane insertion of different types 
of membrane proteins and to characterize the receptors 
involved in these processes. 

Structure and function of 
signal-recognition particle (5 R P) 

SRP is a ribonucleoprotein particle that interacts with 
the signal sequence in nascent secretory and membrane 
proteins. It contains six different polypeptides and one 
7SL RNA. 

The secondary structure of the 7SL RNA in the sig-
nal recognition particle was determined by applying 
the compensatory base change approach using the se-
quences of human, Drosophila and Xenopus 7SL RNA. 
Two interesting features in the secondary structure were 
revealed: Firstly, a significant sequence homology of the 
paired bases at positions 236 to 255 and 104 to 109 in 
7SL RNA with bases in 5S ribosomal RNA at the posi-
tions 84 to 110 was noticed. Secondly, bases at positions 
122 to 127 of the human 7SL RNA are able to pair not 
only with bases at positions 167 to 170 but also with 
a single-stranded region of the bases at positions 223 
to 228, suggesting an alternative base pairing scheme 
for the 7SL RNA in all three organisms. In agreement 
with these findings, four different conformations were 
identified after transcription of the 7SL RNA from a 
genomic human clone (Zwieb & Ullu, 1986). 

We have proposed that the alternative configurations 
of the 7SL RNA playa role in the translational arrest 
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of protein synthesis by the signal recognition particle 
(Zwieb, 1986b). Using the random linker insertion ap-
proach, we have investigated in more detail the se-
quences that give 7SL RNA the property to exist in 
different conformations. Twelve mutant genes carrying 
alterations in the central domain of 7SL RNA were 
characterized. Only the phylogenetically conserved bases 
in the central core have dynamic properties. With the 
help of an interactive computer program (developed in 
collaboration with R. Brimacombe, MPI, Berlin) the 
three-dimensional folding of the different conformers 
present in the unmutated 7SL RNA was investigated. 

The domain structure of SRP proteins was probed by 
using mild elastase treatment and protein-specific anti-
bodies. Using 2M KCI and chromatography on DEAE-
Sepharose, proteins of the SRP could be released from 
the particle sequentially (Scoulica et al., 1987). 

Previously, SRP arrest of nascent IgG light chain and 
preprolactin had been found to occur essentially at one 
specific site. Using other secretory proteins, lysozyme 
an d gra n ulocyte-macrophage colony-stimu lati ng factor, 
and the membrane protein, invariant chain, it was 
found that SRP arrest occurred at multiple sites in all 
three proteins. This suggests that SRP arrest is tran-
sient rather than stable (Lipp, Dobberstein & Haeuptle, 
1987). 

Generation of shortened polypeptides and 
their translocation across ER membranes 

In order to investigate the length and structural re-
quirements for protein translocation across mammalian 
ER, two methods were used to generate protein frag-
ments of pre-determined size. First, DNA fragments 



were generated by restricting cDNA cloned into an 
expression vector. DNA fragments were then used in 
a coupled transcription-translation system (Ibrahimi et 
al., 1986). Second, oligonucleotides complementary to 
coding regions of mRNA were used in conjunction with 
RNase H to stop translation at selected sites (Haeuptle 
et al., 1986). It was found that proteins having a length 
shorter than 60 amino-acid residues are not, or only very 
inefficiently, translocated across ER membranes. 

One of the shortest secretory polypeptides is pre-
promelittin . It is ofthe same size as the smallest peptides 
arrested by SRP. Prepromelittin was nevertheless found 
to be inserted into mammalian ER membranes by a SRP-
and DP-dependent mechanism (Ibrahimi, 1987). 

Involvement of ribosomes in protein 
translocation across ER membranes 

Components of the protein synthesizing apparatus have 
been postulated to be required for protein transloca-
tion across mammalian ER membranes. To test this 
hypothesis, cell-free protein synthesizing systems from 
Escherichia coli and wheat germ were compared for 
their capacity to support the translocation of secre-
tory proteins across mammalian ER membranes. Three 
different secretory proteins, two of bacterial and one 
of eukaryotic origin, were tested. While the eukaryotic 
system, as expected, supported the translocation of all 
three nascent secretory proteins across eukaryotic micro-
somal membranes, the prokaryotic system did not pro-
mote translocation across eukaryotic membranes. The 
results demonstrate a specificity in the requirement of 
components of the protein-synthesizing machinery for 
protein translocation. Specific interactions might involve 
the postulated binding of the ribosome to SRP and/or 
other components of the membrane (Ibrahimi &. Fuchs, 
1987). 

A homologous in vitro protein trans-

Segments that determine the orientation 
of proteins in the membrane of the ER 

Proteins that span the membrane once can expose 
either the carboxy terminus (type I membrane proteins) 
or the aminoterminus (type II membrane proteins) on 
the cytoplasmic side of the membrane (Plate 1) . Type I 
membrane proteins, such as the G-protein of vesicular 
stomatitis virus and class I histocompatibility antigens 
are synthesized with cleavable signal sequences and 
their translocation across the ER membrane is arrested 
by a hydrophobic stop transfer sequence close to the 
carboxy terminus . Type II membrane proteins such as 
the invariant chain of class II histocompatibility antigens 
and the asialoglycoprotein receptor do not contain a 
cleavable signal sequence but nevertheless are inserted 
into the ER membrane by a SRP- and DP-dependent 
mechanism (Lipp &. Dobberstein, 1986b). We want to 
identify signals that determine membrane insertion and 
topology of different types of membrane proteins . 

membrane proteins 
typell type! 

N 

ER lumen 

cytoplasm 
N 

invariant H-2 
chain antigen 

location system from wheat germ PLATE 1 

Together with Siegfried Prehn (Humboldt-University, 
Berlin), Tom Rapoport &. Martin Wiedman (Zentralin-
stitut fur Molekularbiologie der Akademie der Wis-
senschaften der DDR, Berlin-Buch), protein transloca-
tion across wheat germ microsomal membranes was 
reconstituted. It was found that wheat germ contains an 
SRP-like component with a sedimentation coefficient of 
11S which contains a 7S RNA. This particle is required 
for translocation of secretory proteins across wheat germ 
membranes (Prehn et al., in press). The wheat germ 
translocation system is therefore more closely related to 
the mammalian system than to the fungal one. For the 
latter, a post-translational mode of translocation, inde-
pendent of SRP- and DP-like components, has recently 
been demonstrated (see report by David Meyer) . 

Proteins that span the membrane once 

We used the invariant chain (I,) of class II histocompat-
ibility antigens to identify the signals that are essential 
for membrane insertion and orientation of a type II 
membrane protein . It was found that the membrane 
spanning segment of I, contains a potentially cleavable 
signal sequence. This signal sequence could be revealed 
after deletion of the NH 2-terminal hydrophilic domain . 
The work also showed that the site for signal peptidase 
cleavage is not only determined by the amino-acids close 
to the cleavage site but also by the hydrophilic amino-
acid residues located NH 2-terminally to the hydrophobic 
core of a signal sequence (Lipp &. Dobberstein, 1986a). 
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Proteins that span the membrane 
several times (Type 11/) 

In order to elucidate structural elements required for 
membrane insertion and orientation of type III mem-
brane proteins, we linked different membrane spanning 
regions oftype I and type II membrane proteins in series. 

Proteins containing two membrane 
spanning segments 

A protein containing tandemly arranged segments of 
a type II membrane protein was found to span the 
membrane twice, exposing both the N H2- and the 
COOH-terminus on the cytoplasmic side (Plate 2A). We 
conclude, that a signal-anchor segment can function in 
membrane anchoring in the N to C and the C to N 
orientation. 

typeIII hybrid membrane proteins 

A B [ 

cytoplasm 
C 

PLATE 2 

Proteins containing three membrane 
spanning segments 

Proteins which potentially could span the membrane 
three times were constructed either from identical seg-
ments of a type II membrane protein or by alternating 
between segments from a type II and a type I membrane 
protein . It was found that in the first case the resulting 
protein spans the membrane only twice (Plate 2B). 
Surprisingly, it exposed a glycosylated COOH-terminal 
segment on the cytoplasmic side. As glycosylation is 
known to occur only on the lumenal side, part of 
this protein must have been transported back into the 
cytoplasm. The protein constructed from alternating 
membrane segments was found to span the membrane 
three times (Plate 2C). We are currently investigating 
(1) structural features which allow a protein to reappear 
on the cytoplasmic side after transport to the lumen 
and (2) the structural elements wh ich are required for 
proteins to span the membrane three and more times . 

Protein transport and modification 
within the endoplasmic reticulum 

The endoplasmic reticulum is the entry site for secretory 
and membrane proteins into the secretory pathway. After 
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proteins have been inserted into the ER membrane they 
have to accu mulate at a site competent for transfer to 
the Golgi complex. Transport from the ER to the Golgi 
is thought to occur via vesicular traffic . Vesicles might 
bud from ER membranes and fuse with specific sites on 
the cis-side of the Golgi complex. 

In order to study processes leading to transport of 
proteins from the ER to the Golgi we study transfer 
and post-translational modification of proteins within 
the ER. Processes occurring in the ER and possibly also 
in isolated rough microsomal vesicles can be described 
for a glycoprotein as follows: (1) Entry of the nascent 
polypeptide chain into the ER membrane, removal of 
the signal sequence and addition of high mannose car-
bohydrate side chains ; (2) trimming of the glucose and 
up to three mannose residues ; (3) accumulation at 
putative Golgi-transport sites; (4) putative budding and 
formation of transport vesicles capable of fusion with 
Golgi membranes. 

Secretory and membrane glycoproteins were inserted in 
vitro into mammalian ER microsomal vesicles and their 
transfer within these vesicles was studied by following 
the trimming of the oligosaccharide side chains . It was 
found that carbohydrate side chains in invariant chain 
(I,) were very rapidly trimmed even when microsomal 
membranes were incubated without addition of further 
components. Other proteins behaved differently. We are 
currently investigating whether proteins that remain in 
the ER and those destined for transport out of the ER 
are routed differently even at the level of the ER . 

Primary structure of the la-associated 
murine invariant chain (I,) gene 

I, is a 31 kDa integral membrane glycoprotein. Intracel-
lularly, it is found associated with class II histocompat-
ibility antigens. The gene for I, is located outside the 
major histocompatibility complex (M HC). Nevertheless , 
it is usually regulated in a coordinate fash ion with the 
M HC class II genes. The I, gene is expressed in mature 
B cells and in antigen presenting cells. Expression is 
inducible by agents interfering with proliferation like 
mitomycin C and by interferon ,. In collaboration with 
Norbert Koch from the German Cancer Research Cen-
ter, the primary structure of the murine I, gene was 
determined . The gene consists of 8 exons, one coding 
for the cytoplasmically exposed portion, one for the 
membrane spanning segment and 6 for the extracyto-
plasmic portion. An additional exon was identified which 
by alternative splicing is used in mRNA coding for the 
41 kDa I, related polypeptide. Surprisingly, this exon 
shows extensive homology to the cysteine-rich repeti-
titve un it ofthyroglobulin . By comparisonto other genes 
regulated by interferon" homologous sequences in the 
5' non translated region were detected which might be 
involved in the regulated expression of this gene (Koch 
et al. , 1987, in press) . 
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The rough endoplasmic reticulum (ER) is the site of 
entry into the protein transport pathways that lead to 
several intracellular organelles and to the cell surface. 
Our group is continuing its research into the struc-
tural and functional aspects of this organelle in order 
to answer two main questions : (1) How are proteins 
translocated across the membrane of the rough ER , 
and what components mediate this transfer? (2) How 
are the resident proteins of the rough ER assembled 
into this membrane system, and what is the nature of 
the interactions between them that retains them in this 
location? 

To take advantage of genetics , in addition to our existing 
biochemical expertise , we have recently developed an in 
vitro system from the yeast Saccharomyces cerevisiae. 
Yeasts have the advantage that they possess the in-
tracellular protein transport pathways found in higher 
eukaryotes, and at the same time can be genetically 
manipulated. Although we have still to use the in vitro 
system to investigate secretory mutants, a lot has been 
learned about protein translocation in the past year 
through the use of it . 

In contrast to higher eukaryotes , certain proteins are 
translocated across ER-derived membranes in yeast 
post-translationally, i.e. , after they are fully synthesized. 
This mode of translocation contrasts sharply with ex-
isting models that stipulate a tight coupling between 
a protein 's synthesis and its translocation. Aside from 
forcing us to take a renewed look at postulates of how 
proteins cross membranes, these findings have set up a 
very useful assay system for studying translocation per 
se, that is, in the absence of ongoing translation . To 
date we have discovered that translocation is an ATP-
requiring process, dependent upon an as-yet-undefined 
component(s) present in yeast cytoplasm, and that post-
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translational translocation is strongly influenced by the 
structure of the protein to be translocated . 

Post-translational translocation in yeast 

In contrast to other secretory proteins , the translocation 
of yeast prepro-O:'-factor can occur after it is fully synthe-
sized , i.e ., post-translationa lly. This represents the first 
such documented case, and challenges the dogma of 
a tight coupling between translation and translocation. 
More importantly, it has given us a system whereby 
the requirements of translocation can be dissociated 
from those of translation, as the two reactions can be 
carried out independently in an in vitro system . By 
using a variety of inhibitors , uncouplers and ionophores, 
we have determined that a membrane potential does 
not seem to be required for translocation as is the 
case with the export of proteins in bacteria or their 
import into mitochondria . The hydrolysis of ATP is, 
however , an essential component of the translocation 
reaction. We have also determined that components of 
the yeast cytosolic fraction participate in translocation 
since a completely reconstituted system composed of 
purified prepro-O:'-factor , microsomal membranes , and an 
energy source need the addition of cytosol to carry out 
tra nslocation . 

Post-translational translocation seems to be limited, as 
only prepro-O:'-factor is translocated efficiently in this 
manner . Other yeast secretory proteins such as invertase 
or carboxypeptidase Y can only be translocated cotrans-
lationally in the in vitro system. We have therefore 
begun a molecular analysis of prepro-O:'-factor in an 
attempt to define the structural features that enable 
translocation to take place in the absence of protein 
synthesis. By creating gene fusions , whereby specific 



domains of prepro-a-factor are spliced onto a reporter 
protein, a-globin , we have found that the property 
of post-translational translocation ca nnot be conferred 
onto another molecule. Deleting portions of the prepro-
a-factor molecule has shown that the pro region of 
prepro-a-factor is not essential for translocation either 
co- or post-translationally. In fact, it appears that an 
intact carboxy-terminus of prepro-a-factor may be re-
quired, containing all four of the tandem repeats of the 
mature pheromone . 

Characterization of ribosome binding 
to ER membranes 

We have previously reported that as yet unknown pro-
teins are involved in translocation. One is sensitive 
to protease and another to the alkylating agent N-
ethylmaleimide . The protease-sensitivity of th is com-
ponent correlates nicely with the ability of ER-derived 
membranes to bind ribosomes. Previously-characterized, 
putative ribosome binding proteins such as ribophorins 
did not exhibit this sensitivity; rather, they were insen-
sitive to such treatments . Further studies using this in 
vitro assay should lead to the identification and isolation 
of the receptors for ribosomes that have already been 
shown to exist by binding studies. 

Characterization of rough ER specificity 
step one: Cloning of ribophorins I and II 

We, and others , have shown that proteins residing in the 
rough ER have solubility characteristics different from 
those present in smooth ER. The nature of the interac-
tion between such proteins is likely to determine whether 
or not they reside permanently in rough ER or are trans-
ported further in the secretory pathway. As a first step to 
understanding retention in the rough ER, we have cloned 
and sequenced two canonical rough ER-specific proteins, 

ribophorins I and II. This was accomplished by screening 
expression li braries of human liver cDNA cloned into 
pEX vectors with monoclonal anti-ribophori n antibod ies . 
Full-length clones were isolated from a HeLa ce ll cDNA 
library cloned into lambda vectors . The sequencing and 
topological analysis indicated that both proteins were 
largely luminal in their disposit ion and were therefore 
u nlikely candidates for ribosome receptors. The use of 
these clones should enable an analysis to be made of the 
featu res that are essential for retention in rough ER. 
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Proteins destined for secretory storage granules are 
sorted from constitutively secreted proteins and from 
proteins with other destinations before leaving the trans-
Golgi network. Prior to exit from this compartment, 
most secretory proteins become covalently modified. 
Within this framework, our group is studying two as-
pects: (1) the biological significance of tyrosine sul-
fation, a ub iq u itous post-tra nslation a I modification in 
animals that is found predominantly in secretory proteins 
and specifically occurs in the trans-Goigi network (Hutt-
ner, 1982; Huttner et al., 1986; Huttner & Baeuerle, 
1987); and (2) the intracellular transport and function 
ofthe secretogranins/chromogranins, a class of proteins 
recently recognized to have a widespread distribution in 
endocrine cells and neurons (Rosa et aI., 1985). 

Protein tyrosine sulfation 

Tyrosylprotein sulfotransferase 
(P.A. Baeuerle, RW.H. Lee & C. Niehrs) 

We have previously found that tyrosylprotein sulfotrans-
ferase (TPST), the enzyme catalyzing tyrosine sulfa-
tion of proteins, is acting specifically in the trans-Golgi 
network (Lee & Huttner, 1985; Huttner & Baeuerle, 
1987). Using synthetic peptide substrates (provided . by 
Rainer Frank & Heinrich Gausepohl), the enzyme has 
been further characterized and partially purified. In ad-
dition, we have deduced several consensus features of 
tyrosine sulfation sites in substrate proteins (Huttner & 
Baeuerle, 1987). Tyrosylprotein sulfotransferase appears 
to recognize tyrosine residues in sequences with high 
turn conformational potential and at least three acidic 
amino-acids in the vicinity of the tyrosine (-5 to +5) . 
Disulfide bonds and oligosaccharide attachment near ty-
rosine residues hinder sulfation. Since tyrosine sulfation 
appears to be the last covalent modification of secretory 
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proteins before they exit from the trans-Golgi network, 
tyrosylprotein sulfotransferase is not only useful as a 
marker enzyme for th is late Golgi compartment but its 
characterization may also allow us to identify structural 
features specific for membranes proteins retained in the 
trans-Golgi network. 

An 85 kDa PAPS-binding integral 
membrane protein of the trans-Golgi 
(U. Seydel) 

Tyrosylprotein sulfotransferase requires 3'-
phosphoadenosine 5'-phosphosulfate (PAPS) as sulfate 
donor (Lee & Huttner, 1983). PAPS is synthesized in 
the cytosol and translocated across the Goigi membrane 
for sulfation (Schwarz et aI., 1984). We have identi-
fied, characterized and purified an 85 kDa glycoprotein 
which may be involved in the mechanism of PAPS 
translocation and/or sulfation in the Goigi complex. A 
key property of this glycoprotein is its specific affinity 
for PAPS which results in a transient covalent binding 
of the nucleotide . Subcellular fractionation experiments 
including immunoisolation (collaboration with Kathryn 
Howell), the state of processing of its oligosaccharides, 
and its behaviour upon various conditions of extraction 
suggest that the 85 kDa glycoprotein is an integral 
membrane protein of the trans-Golgi. Since the 85 kDa 
glycoprotein occurs in most, if not all, tissues, it appears 
to be -like tyrosylprotein sulfotransferase - a convenient 
marker protein of the trans-Golgi membrane. 

P45 (A. Hi lle) 

P45 is a 45 kDa sulfoglycoprotein found so far in hu-
man fibroblasts and hepatoma cells. After sulfation on 
tyrosine and on carbohydrate residues, p45 is not trans-
ported to the cell surface and is not released into the 



medium under a variety of conditions. Rather, sulfated 
p45 resides in soluble form in a membrane-enclosed 
compartment which, however, is not the lysosome. Sur-
prisingly, by immunofluorescence and immunogold la-
belling (collaboration with Gareth Griffiths), the bulk 
of p45 in fibroblasts is found in the lumen of the rough 
endoplasmic reticulum (rER). In view of the fact that 
protein sulfation does not occur in the r.ER, two possible 
explanations for this puzzle are currently investigated 
experimentally. Either p45 returns to the rER after its 
sulfation in the Golgi, or - more likely - the rER conta ins 
a large pool of unsulfated p45 from which a small portion 
continuously moves to the Golgi, becomes sulfated, and 
either remains in the Golgi or ends up in an as yet 
un identified post-Golgi compartment. 

Mutagenesis of a tyrosine sulfation 
site in a secretory protein (E. Friederich) 

We have continued studying a possible role of tyrosine 
sulfation in the intracellular transport of secretory pro-
teins by site-directed mutagenesis. Yolk protein 2 (YP2) 
of Drosophila melanogaster, a constitutively secreted 
protein which is sulfated on tyrosine 172, was mutated 
to phenylalanine in this posit ion (collaboration with 
H.-J. Fritz, Martinsried). The wild-type and mutant 
protein were stably expressed in mouse fibroblasts. Both 
wild-type and mutant protein were secreted into the 
medium, the former sulfated on tyrosine 172, the latter 
in unsulfated form. Interestingly, the kinetic of secretion 
of the u nsulfatable YP2 was characterized by a lag 
period of ",10 min compared to the sulfated protein. We 
are currently investigating whether this lag resu lts from 
a slower transport of the mutant protein through the 
trans-Golgi network, the compartment where tyrosine 
sulfation occurs. 

An inhibitor of protein sulfation 
(PA Baeuerle) 

We have found a potent inhibitor of sulfation in intact 
cells (Baeuerle &. Huttne r, 1986). The sulfate ana-
logue chlorate, when used at 1 mM concentration in 
the absence of extracellular sulfate and with reduced 
concentrations of sulfur-containing amino-acids in the 
cell culture medium, abolished protein sulfation but did 
not affect protein synthesis and protein phosphorylation. 
This high ly effective and non-cytopathic sulfation in-
hibitor will greatly facilitate functional studies on protein 
tyrosine sulfation . 

Secretogranins/ chromogranins 

The secretogranins/ chromogranins are a class of at 
least three proteins (secretogranin I, secretogranin II , 
and chromogranin A) which occur in secretory granules 
of a wide variety of peptidergic endocrine cells and 
neurons (Rosa et al., 1985). These proteins are of major 
interest to our group for several reasons. (1) Since they 
are sorted to endocrine secretory granules in so many 
different cells, we consider them superior objects for 
identifying structural features involved in the sorting 

process. (2) The widespread cellular distribution of these 
proteins and their abundance within certain endocrine 
secretory granules suggests important biological roles for 
these proteins. 

Tools (P. Rosa, P.A. Baeuerle, 
A. Hille, U. Holzer, C. Niehrs) 

We have generated several tools for future studies on 
the function of these proteins and on their sorting 
to secretory granules. Secretogran in I, secretogranin II, 
and chromogranin A were purified to homogeneity from 
various tissues and cell cultures. Purified secretogranins 
were used for affinity pur ification of specific antibodies , 
for the production of monoclonal antibodies and for 
protein sequencing (collaboration with Rainer Frank). 

cDNA cloning (U. Benedum &. D.S. Konecki) 

We have isolated various cDNA clones for the secre-
togranins/chromogranins (collaboration with J. Mallet 
&. A. Lamouroux, Gif-sur-Yvette). So far, the complete 
amino-acid sequences of bovine chromogranin A (Bene-
dum et al., 1986) and human secretogranin I (Bene-
dum et aI., 1987) as deduced from full-length clones 
have been established. Bovine chromogranin A contains 
a stretch of 45 residues which is highly homologous 
to porcine pancreastatin, a recently described biologi-
ca lly active peptide (Huttner &. Benedum, 1987). Both 
secretogranin I and chromogranin A contain only two 
cysteine residues. Interestingly, these two cysteines are 
located in almost identical sequence positions in both 
proteins, are separated by the same number of amino-
acids (20 residues), and flank the domain of highest 
sequence homology between the two proteins. In both 
proteins the cysteines form intramolecular rather than 
intermolecular disulfide bonds and may thus stabilize 
the secondary structure of a domain conserved between 
these two otherwise distinct proteins. 

An immunological approach to study 
sorting to secretory granules 
(P.Rosa, U. Holzer, D.S. Konecki) 

We have used the approach of injecting mRNA coding 
for a specific antibody (Burke &. Warren, 1984) to 
study sorting of secretogranins to endocrine secretory 
granules. Poly(A)+ -RNA was isolated from bound mi-
crosomes of hybridoma cells producing a monoclonal 
antibody against secretogranin I. In collaboration with 
Wilhelm Ansorge and Rainer Pepperkok, th is mRNA 
was microinjected into PC12 cells , a neuroendocrine 
tumour cell-line wh ich produces secretogranin I and sorts 
it to storage granules. In a first series of experiments , 
the injected cells were fou nd to synthesize a functional 
antibody which recogn ized secretogranin I in the en-
doplasmic reticulum and/or the Golgi apparatus and 
was diverted from its normal constitutive pathway of 
secretion into secretory storage granules. We are now in 
a position to generate monoclonal antibodies to specific 
domains of the secretogranin I molecu le and to search 
for an antibody that interferes in the sorting process. 
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Immuno-isolation: An approach for the study of membrane traffic 
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Visiting Workers: E. Devaney*, J. Moberly*, P. Quinn*, K. Schlattsmann* 
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We have centered our effort on the immuno-isolation 
and characterization of two subcellular compartments 
where proteins are sorted : the Golgi complex including 
the trans-Golgi network (TGN) in exocytosis and en-
dosomes in endocytosis. The isolated compartments are 
also used for the reconstitution of cellular fu nctions in 
cell-free systems. To isolate these compartments we have 
developed new protocols for subcellular fractionation 
using immuno-isolation on magnetic solid support. 

The collaborative effort in the development of the 
magnetic immuno-isolation system has continued. The 
instrumentation developed in Wilhelm Ansorge's group 
is now optimized. John Ugelstad and his colleagues 
(University of Trondheim, Norway) are producing many 
variations of the magnetic solid supports (beads) appro-
priate for different applications. An important addition 
to the collaboration has been Mathias Uhlen of the 
Royal Institute of Technology, Stockholm, Sweden. He 
is designing new molecules to be used as linkers between 
the surface of the solid support, the magnetic bead, 
and the specific antibody. Starting from the cloned 
IgG binding proteins from Staphylococcus aureus and 
Streptococcus, Protein-A and Protein-G, various hybrids 
are produced. Each has a specific cysteine introduced 
into the amino terminal which is used to bind the 
molecule covalently to the bead surface with a specific 
orientation leaving the IgG binding domains accesslve 
for subsequent binding to the specific IgG. 

Endocytosis 

Our studies have provided important new information 
on endocytosis; the process by which internalized lig-
ands (hormones, nutrients, viruses), their receptors and 
some extracellular fluid enter cells. Within the endocytic 
pathway the internalized components are sorted: (1) 
to be returned to the plasma membrane or extracel-
lular fluid; (2) to be transported to the Iysosomes for 

degradation; or (3) to be transported to other cellular 
locations. We have been able to immune-isolate the 
time defined compartments through which the inter-
nalized components move from the plasma membrane 
to the lysosome. We implant a viral transmembrane 
glycoprotein into the plasma membrane of the cell by low 
pH-mediated fusion in order to provide an antigen for 
the immuno-isolation which can be precisely controlled. 
All of the antigen is present on the plasma membrane 
at time zero and moves through the endocytic pathway 
with the proper kinetics. We use vesicu lar stomatis virus 
which has a single membrane protein, the G-protein 
because we have a specific monoclonal antibody against 
the G-protein cytoplasmic domain (Kreis, 1986). After 
internalization of the G-protein for different times, time 
defined endosomal fractions are immuno-isolated using 
the cytoplasmic domain of the G-protein as antigen 
(Gruenberg &. Howell, 1985; Masur et aI., 1987). 

Internalization of the G-protein is rapid; maximal in-
ternalization occurs within 5 min at 37° C. A branched 
pathway is followed from this early endosome: 50% of 
the G-molecules recycle to the cell surface while 50% are 
transported along the endocytic route to the Iysosomes. 
The proportion of the G-protein following each pathway 
can be modulated: (1) when the amount of implanted 
G-protein is increased the fraction of the G-molecules 
recycling to the cell surface is reduced; (2) when the 
G-molecules are cross-linked with an antibody prior to 
the internalization step recycling to the cell surface is 
abolished . 

The time defined endosomal fractions were tested in . 
a cell-free system for their ability to fuse with other 
compartments of the endosomal pathway. Fractions 
immuno-isolated after 5, 10, 15, and 30 min of G-protein 
internalization at 3r C were analyzed. Maximal fusion 
occurs with the 5 min fract ion after internalization at 
37°C. 
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PLATE 3 

Time course of fusion in endocytosis 

Log of the fusion competence expressed in percent of 
the fusion capacity" of the 5 min time defined endosomal 
fraction. The fractions were immuno-isolated at the in-
dicated times. The exponential decrease of the fusion 
competence permits the calculation of a T1I2 for this 
process of 3.1±O.6 min. 

I 
o 
9 

2 

10 20 
min 

30 40 

This fusion-competent endosomal sub-compartment is 
the early endosome where sorting of the transmembrane 
G-protein to recycling or degradation occurs. Fractions 
immuno-isolated at later time-points show that the 
fusion competence decreases with a T 1/2 of less than 
5 minutes (Plate 3). 

Another function of the endosomal compartment IS 

the modification of internalized ligands, important In 

the processing of hormones and antigens (Diment & 
Stahl, 1985). We are using high density lipoproteins 
(HDL) to study this endosomal function in collaboration 
with Lucia Monaco and Riccardo Cortese (EMBL). The 
major protein ofthe HDL, ApoA-I, has been synthesized 
from the DNA as a hybrid protein with a segment of 
Protein-A. It is still controversial whether ApoA-1 is the 
recognition protein which directs the uptake of H DL into 
cells via a specific receptor (Tabas & Tall, 1984; Schmitz 
et aI., 1985). The advantage of using the ApoA-I-hybrid 
protein is that it is stable and water soluble and enables 
us to dissect the function of ApoA-1 from the other 
apo proteins and lipids of the H DL. Using the hybrid 
protein, we have shown that there is a specific receptor 
for ApoA-1 in a rat hepatoma cell line (Fao) and in a 
mouse macrophage cell line (J774) . The Kd is 12 flg/ml 
and the cell surface binding (at 4°C) is competitively 
inhibited by HDL and vice versa. A mutant form of the 
protein , ApoA-IMilano was also expressed in the hybrid 
vector. A single amino-acid difference in the protein 
(Weisgraber et al., 1983) increases its affinity for the 
cell surface receptor to a Kd of 3.5 flg/ml. These studies 
show for the first time that an apolipoprotein deprived of 
its lipid can interact with cells in a fashion which mimics 
the behaviour of natural lipoproteins. 
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The ApoA-I-hybrid protein is endocytosed by the cells at 
37 0 C. Within the endocytic pathway, a specific cleavage 
of the hybrid protein occurs and several large fragments 
are recycled back to the medium. Both biochemical and 
morphological data support the finding that the protein 
enters only the endosomal rather than the lysosomal 
compartment. The hybrid protein system provides an 
important tool to assay ligand processing within the 
endosomal compartment. 

Exocytosis 

The polymeric IgA receptor has a complex intracellular 
itinerary. Like all transmembrane proteins, it is synthe-
sized by the rough endoplasmic reticulum, transported 
and modified in the Golgi complex. The receptor is then 
inserted into the basolateral plasma membrane where 
it will bind its ligand, the polymeric IgA. Then it is 
endocytosed and transported via vesicles to the apical 
plasma membrane. Proteolytic cleavage occurs and the 
ectodomain, known as secretory component, becomes a 
soluble apically secreted protein. We have studied the 
biogenesis of this receptor and identified the kinetics 
and localization of its intracellular forms (Sztul et al., 
1985a & b). Using an antibody against the cytoplasmic 
domain of the polymeric IgA receptor (cyplgAR/tail) 
(provided by Jean-Pierre Kraehenbuhl, University of 
Lausanne, Switzerland; Solari (et al. , 1985), we carried 
out immuno-isolation experiments. These show that we 
are selectively isolating the secretory pathway rather 
than the endocytic-transcellular pathway. To determine 
what part of the secretory pathway was isolated most 
efficiently, metabolic pulse labelling protocols were car-
ried out on rat liver hepatocytes. To summarize, a 5 min 
fucose pulse is isolated most efficiently, indicating a late 
Golgi fraction. Consistent with this is the finding that 
the immuno-isolated fraction also contains the major 
secretory proteins of rat liver, albumin, transferrin and 
the apolipoproteins, identified by pulse labelling and 
immuno-precipitation . 

To test more specifically, we prepared a stacked Golgi 
fraction from rat liver (Plates 4A & 5A) which contains, 
in addition to the entire complex including the TGN , 
some isolated Golgi cisternae, vesicles produced from 
the Golgi complex by the homogenization protocol and 
other smooth membrane vesicles of unknown origin. This 
fraction was used as the in put for the immu no-isolation 
experiment. Plates 4B and 5B show examples of the 
components isolated with the CYplgAR/tail. Bound to 
the surface of the magnetic bead are a few cisternae 
which retain their charactertistic morphology with asso-
ciated vesicles or tubules typical of the TGN. Other cis-
ternae are bound flat against the bead surface. A variety 
of bound small vesicles could be the cisternae in cross 
section, Golgi associated vesicles or membrane from 
other subcellular origins. Figure 5B demonstrates that 
the entire Golgi complex can be immuno-isolated. The 
immuno-isolation of an entire Golgi complex convinc-
ingly demonstrates that our immuno-isolation system on 
magnetic solid supports is gentle and non-disruptive. 



PLATE 4 

Immuno-isolation experiment with antibodies against the cy-
toplasmic domain of the polymeric IgA receptor 

Electron micrographs of thin sections: 

A . An isolated stacked Golgi fraction used as the input 
to the immuno-isolation. The fraction contains intact 
Golgi complexes including the TGN and many smooth 
membrane vesicles. 

• , (,I 
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B. The resulting immune-isolated fraction bound to the 
surface of the magnetic bead: some whole cisternae 
with attached vesicles, single cisternae, and a few 
small vesicles . This fraction was also characterized 
biochemically. 
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PLATE 5 

Detailed view of the isolated Goigi cisternae 

Electron micrographs of thin sections: 

A. An isolated Golgi complex of the input fraction 
showing the associated vesicles, probably the tubular 
network (TGN) Wllich appears as vesicles in cross-
section. 

A 
/ . 

B 
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B. The resulting immuno-isolated fraction bound to the 
surface of the magnetic bead demonstrating that the 
entire complex and associated TGN are isolated . 

.' 



PLATE 6 

Immuno·isolated fraction 

Higher magnification electron micrographs of the iso-
lated fractions: (A) Most of the Golgi complex of the 
input fraction are composed of 2 to 3 cisternae with 
associated vesicles (tubules). Both the cisternae with 
associated vesicles (B) and individual vesicles (C) are 
immuno-isolated and immuno-Iabelled with an antibody 
against the mannose-6-phosphate receptor and Protein 
A colloidal gold (D). 

A 
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A higher magnification of a Golgi complex and the 
components immuno-isolated are shown in Plate 6. Most 
Golgi stacks are composed of 2 or 3 cisternae with as-
sociated vesicles; many are sections through the tubular 
TGN (Plates 5A & 6A) . Both the cisternae and the 
vesicles are isolated (Plate 6B) as well as many detached 
vesicles (Plate 6C) . In addition to the biochemical stud-
ies mentioned above, we have used immune-labelling 
on frozen-thin-sections to identify the isolated compo-
nents (Plate 6D). The labelling was carried out with 
an antibody against the 215 kDa mannose-6-phosphate 
receptor (provided by Stuart Kornfeld, Washington Uni-
versity, St. Louis, Mo, USA) . Further biochemical and 
morphological studies will be carried out to characterize 
this fraction, including the preparation of antibodies. 

The stacked Golgi and Golgi cisternae fraction provides 
an advantageous cell-free system to investigate how pro-
teins leaving the Golgi-TGN are sorted to their cellular 
destinations. 
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Sorting and insertion of membrane proteins 
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We have continued the study of the terminal comple-
ment proteins which display an unusual mechanism of 
insertion into biological membranes. The initial inter-
action of these proteins with a cell membrane occurs 
after formation of a complex between components C5b, 
C6 and C7. Addition of C8 is then required before 
C9 can bind to this "receptor" in the target mem-
brane and polymerize into a cylindrical pore . Attempts 
to clone C6 have been initiated in col laboration with 
M. Hobart, Mechanisms in Tumour Immunology Unit, 
Cambridge, and C8(3 has been cloned and sequenced in 
collaboration with J .-A. Haefliger & J . Tschopp at the 
University of Lausanne. We have continued to refine the 
molecular topography of complement component C9 by 
fine mapping of the binding sites of specific antibodies 
and the determination of variable sequence positions 
Cintron interrupted amino-acids and species sequence 
variations) which are likely to be surface located. 

The need for good cDNA libraries in these projects has 
motivated the development of an adaptor strategy for 
inserting DNA into plasmid vectors with high efficiency. 
Special emphasis has been placed on the requirements 
of bacterial expression in the design of these oligonu-
cleotide adaptors. During the year several modifications 
to the pEX plasmids have also been made, allowing more 
easy sequencing of double-stranded plasmid DNA for use 
in the epitope mapping and allowing the pEX system to 
be used with other E. coli strains . 

Finally a new project has been initiated which aims at 
generating cDNA libraries containing molecules encod-
ing resident membrane proteins shared by rat liver and 
kidney. Antibodies ra ised against the expressed fusion 
proteins will be used to investigate the sorting, address-
ing and biogenesis of host cell membrane proteins. 

Molecular structure and function 
of complement component C9 

A mouse cDNA clone coding for complement component 
C9 has been isolated and sequenced. Comparison of this 
sequence with that of human C9 has allowed regions of 
high conservation to be identified which probably cor-
respond to important structural or functional regions of 
the molecule. Insertions and deletions on the other hand 
are most likely to be surface-located. One stretch of 43 
amino-acids near to the centre of the molecule shows 
unusually low homology between the two species. This 
region contains two proteolytic cleavage sites accessible 
only in globular C9 and an antibody epitope accessible 
only in unfolded C9 suggesting that this region, which is 
u nd er a different sort of selective pressu re from the rest 
of the molecu le, is involved in the conformational tran-
sition which occurs during C9 insertion into membranes. 

Mapping of the continuous epitopes of three different 
polyclonal antisera against C9 has revealed the same 
7 epitopes. Stretches of 6 to 18 amino-acids having in 
all cases at least 2 charged amino-acids are sufficient 
to account for antibody binding. In collaboration with 
G. Eggertsen & G. Fey at the Research Institute of 
Scripps Clinic, La Jolla, the intron-exon structure of the 
C9 gene has been determined . This shows that at least 
11 exons encode the protein, spread over more than 80kb 
on chromosome 5. 

Altogether some 29 features of the protein likely to 
be surface-located have been mapped to 20 sites on 
the polypeptide chain. These features fall in turn or 
coil regions of a predicted secondary structure of the 
protein based on the mouse and human C9 amino-acid 
sequences. 
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Organisation of the 5-protein gene 

The gene coding for complement S-protein has been 
cloned and sequenced. Comparison with the cDNA se-
quence shows that the open reading frame of the protein 
is encoded by 8 exons. The intron-exon boundaries fall in 
similar relative positions to a 38 residue repeat identified 
in the amino-acid sequence which is homologous to a 
repeating sequence found in haemopexin, collagenase 
and transin. In haemopexin the intron-exon boundaries 
have also been determined (Altruda et aI., 1987) and 
are similar to those found in S-protein suggesting that 
these proteins are genetically related, having different 
functions but making use of the same scaffold of re-
peating motifs. The 5'-region of the S-protein gene is 
also interesting, having a perfect 78 base-pair repeat 
situated about 750 nucleotides upstream of a possible 
CAAT box used in the initiation of transcription . 

Construction of expression cDNA libraries 

An efficient strategy for constructing large cDNA li-
braries in plasmid expression vectors has been developed. 
This involves the use of random primers to initiate cDNA 
synthesis at any point along the mRNA so that all open 
reading frames are represented in the library. Vector 
and cDNA fragments are then mixed and ligated to a 
large excess of unphosphorylated oligonucleotide adap-
tors. Non-covalently bound oligonucleotides are then 
removed leaving single-stranded complementary ends on 
the vector and cDNA. Using this procedure large libraries 
have been constructed from a variety of tissues and 
successfully used to clone a number of cDNA molecules. 
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Role of cytoskeletal components in intracellular transport 
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The network of cytoskeletal filaments is intimately in-
volved in establishing polarity within the cytoplasm, and 
the microtubules (MT s) in particular can provide tracks 
for various forms of intracellular transport. Transport of 
vesicular organelles along MTs has been demonstrated 
in a number of different cell types (for a review see 
Schroer & Kelly, 1985). Recently, some of the proteins 
involved in translocation of organelles along MTs have 
been identified using an in vitro reconstituted system 
(Vale et al. , 1985). 

Our major goal is to visualize vesicular transport along 
MTs in vivo within mammalian tissue culture cells as 
well as in vitro, and to characterize the cytoskeletal 
components involved in the translocation of well-defined 
carrier vesicles, and those which provide the framework 
for the positioning of membrane compartments. We 
have continued to use the transmembrane glycoprotein 
of vesicular stomatitis virus (G) as a model for following 
exocytic transport of newly synthesized membrane com-
ponents. Furthermore, we have started to investigate 
movement of endocytic vesicles and Golgi elements 
along microtubules using specific markers. 

Transport of VSV-G to 
the plasma membrane 

We have shown that oligomerization of newly synthe-
sized G is essential for transport of the viral glycoprotein 
to the cell surface (Kreis & Lodish, 1986). Furthermore, 
microinjected Fab' fragments of polyclonal antibodies 
(o:P4-Fabs), which recognize several epitopes located 
within the sequence of the 15 carboxy terminal amino-
acids of G (497-511), blocked transport of G to the 
cell surface, whereas microinjected Fab fragments of a 

monoclonal antibody (P5D4), which recognize a single 
epitope located within the 5 carboxy terminal amino-
acids of G (507-511), had no effect upon transport 
(Kreis, 1986). Thus, o:P4-Fabs may bind to a domain 
of the cytoplasmic tail of G (497-506) which is essential 
for oligomerization. 

Newly-synthesized G is probably transported by carrier 
vesicles from the rough endoplasmic reticulum to the 
Golgi apparatus and from there on to the plasma mem-
brane . To determine whether transport of vesicles carry-
ing G from the Golgi apparatus to the plasma membrane 
occurs along cytoskeletal filaments, we looked at the 
effect of disorganizing specific cytoskeletal structures 
on transport. Using a temperature-sensitive mutant of 
the virus (ts045-VSV), G was first accumulated in the 
trans-Golgi network (TGN) of Vero cells incubated at 
200 ( and then transferred to the permissive temper-
ature, 31°(, to allow transport of G to the plasma 
membrane. A quantitative radioimmunoassay using anti-
G polyclonal antibodies and 1251-protein A revealed 
that de polymerization of MTs by nocodazole reduced 
the rate of appearance of G at the cell surface by 
40-50%, while the accumulation of surface G in cy-
tochalasin D-treated cells was similar to untreated cells. 
Microinjection of cells with a monoclonal antibody to 
vimentin , which induces collapse of the intermediate 
filament network, also did not to inhibit delivery of G 
to the plasma membrane. These results suggests that 
MT s may act as tracks for direct transport of exocytotic 
vesicles to the cell surface, while microfilaments and 
intermediate filaments are apparently not involved in 
this transport. Experiments designed to visualize the 
movement of carrier vesicles transporting G from the 
Golgi to the plasma membrane are underway. 
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PLATE 7 

Lysosomes can be found aligned along centrosome-
nucleated MTs (arrowheads) during reclustering fol-
lowing nocodazole wash-out and MT repolymerization. 
Double-immunofluorescence labeling was performed us-
ing anti-lysosome antibodies (a) obtained from I. Mell-
man (Yale University, New Haven, USA) and a mono-
clonal anti-tubulin antibody (b) obtained from J. Kil-
martin (MRC, Cambridge, U.K.) . Bar=10 /l-m . 
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The interaction of the Golgi apparatus 
with microtubules 

In interphase cells, the Golgi apparatus is a compact per-
inuclear structure localized close to the microtubule or-
ganizing center (MTOC), the site from which MTs em-
anate. In cells treated with MT-depolymerizing agents, 
the Golgi apparatus scatters throughout the cytoplasm, 
mimicking the fate of the Golgi apparatus during mitosis. 
Upon removal of the agent, MTs repolymerize, followed 
by a reclustering of the Golgi towards the site of the 
MTOC. To investigate the role of MTs in maintain-
ing the Golgi apparatus in its perinuclear location, the 
movements of Golgi elements along MTs were visual-
ized. MTs were depolymerized with nocodazole, and 
the resultant scattered Golgi elements were labeled with 
NBD-ceramide (collaboration with G. van Meer) at 20°C 
to block the label in the TGN. Movement of the labeled 
Golgi elements was visualized by video-enhanced fluores-
cence microscopy (VEFM) after removal of nocodazole. 
Repolymerized MTs were either co-visualized during the 
Golgi reclustering experiment in cells which were mi-
croinjected with rhodamine-conjugated anti-tubulin an-
tibodies or in fixed cells at the end of the experiment by 
immunofluorescence. Within an hour after nocodazole 
wash-out, the scattered Goigi elements had reclustered 
to a perinuclear location adjacent to the MTOC. Tracks 
of the reclustering Golgi elements correlated with the 
network of repolymerized MT s, suggesting that the 
Golgi apparatus reclustering occurred along MTs. This 
reclustering was unaffected in cells with a collapsed 
vimentin network or with depolymerized microfilaments. 

We have identified a protein which may be involved in 
the interaction between the Golgi apparatus and the mi-
crotubular network (Allan & Kreis, 1986). This protein 
has a molecular weight of 110,000 and is immunologi-
cally related to microtubule-associated protein 2 (MAP-
2). The 110k protein is found associated with the 
Golgi apparatus in a wide variety of non-neuronal tis-
sue culture cells. Using partially purified rat liver Goigi 
fractions, we have shown that the 110k protein is a 
peripheral membrane protein which is associated with 
the cytoplasmic face of the Golgi vesicles. The 110k 
protein can interact specifically with taxol-stabilized 
microtubules, and this evidence, along with the im-
munological relationship between MAP-2 and the 1l0k 
protein, suggests that this protein may have a function 
in linking the Golgi apparatus to microtubules. Isolation 
of the 110k protein will allow its microtubule binding 
properties to be studied more fully. Microinjection of 
polyclonal antibodies raised against the isolated protein 
will be used to study the role of the protein in living 
cells. 

Translocation of endosomes and 
Iysosomes along microtubules 

We have studied the functional interactions between mi-
crotubules and endocytic organelles using two different 
approaches: (1) in situ by double immunofluorescence 
labelling of normal rat kidney (NRK) fibroblasts with 

specific anti-lysosome antibodies (Lewis et aI., 1985) 
and anti-tubulin antibodies, and (2) in vivo by mon-
itoring the translocation of endosomes and Iysosomes 
stained with fluorescently labelled ligands or the vital 
fluorescent dye acridine orange (AO) . 

Immunofluorescence labelling revealed that endosomes 
and Iysosomes were accumulated in the area of the 
MTOC in normal rat kidney (NRK) cells. This clus-
tering of Iysosomes was dependent on microtubules. 
When interphase microtubules were depolymerized dur-
ing mitosis or by treatment of cells with nocodazole, 
the Iysosomes and endosomes spread throughout the 
cytoplasm. Lysosomes reclustered rapidly (within 30-60 
min) back to the centrosomal area either upon removal 
of the drug, or in telophase, when repolymerization 
of interphase microtu bu les had occurred. Du ring this 
process of reclustering Iysosomes could be found aligned 
along centrosomal microtubules (Plate 7). 

Analysis of the movement of endosomes and Iyso-
somes in vivo by VEFM using AO or fluorescein-labelled 
transferrin-gold revealed that translocation of these la-
belled organelles occurred along linear tracks (up to 
10 flm long) by discontinuous saltations (with veloci-
ties of up to 2.5 flm/sec) . Vesicles moved bidirection-
ally with respect to the MTOC in NRK cells. This 
movement ceased when microtubules were depolymer-
ized by treatment of the cells with nocodazole. Fol-
lowing nocodazole wash-out and microtubule repoly-
merization, translocation and reclustering of fluorescent 
organelles proceeded unidirectionally towards the area of 
the MTOC. Organelle movement remained unaffected 
when cells were treated with cytochalasin D, or when 
the collapse of intermediate filaments was induced by 
microinjected monoclonal anti-vimentin antibodies. It 
can be concluded, therefore, that the translocation of 
endosomes and Iysosomes occurred along microtubules 
and was independent of the intermediate-filament and 
microfilament networks. 

Further work is being carried out to identify the proteins 
which are involved in these processes. Our goal will be 
the reconstitution in vitro of lysosome movement along 
centrosome-nucleated MT s analogous to the approach 
described by Vale et al. (1985). 

Publications during the year 
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Control of the spatial organization of microtubules In metazoan cells 

Scientist: E. Karsenti 

EMBL fellows: M.-C. Dabauvalle, L. Gall* 

Visiting workers: M.-H. Bre*, M. 

Technical assistant: S. Faruki 

Eukaryotic cells have distinct shapes and a high degree 
of internal organization. Moreover, they change shape, 
relocate their internal organelles and migrate from one 
place to another in response to external signals. Elu-
cidation of the molecular basis of these events is one 
of the most challenging problems in contemporary cell 
biology. It is now known that cell shape, cytoplasmic or-
ganization and movements depend on the structure and 
dynamics of protein filaments present in the cytoplasm: 
the cytoskeleton. The basic molecular components ofthe 
cytoskeleton, actin, tubulin and intermediate filament 
proteins, have been extensively studied and character-
ized over the past 10 years . Their spatial organization 
during the cell cycle and cell differentiation has been 
described as well. 

Among the cytoskeletal systems ofthe cell, microtubules 
are of special interest. During interphase, they form a 
more or less dynamic network of fibers, usually originat-
ing at the centrosome, but not always. They playa role 
in intracellular movement and positioning of organelles 
(mitochondria, Golgi apparatus, cytoplasmic vesicles). 
When the cell enters mitosis, the interphase network 
disappears and microtubules start to assemble the mi-
totic spindle. The function of this mitotic apparatus is 
to segregate the chromosomes among the two daughter 
cells. One important function for microtubules seems 
therefore to be in interphase, as well as in mitosis, 
to guide and orient intracell ular movements. In turn, 
the spatial organization of microtubules in the cell is 
determined by various internal and external signals. Our 
goal is to identify such signals and study the structures 
and molecules that in response to these signals can 
affect globally, or locally, microtubule dynamics and 
organization in the cell. 

The research being carried out in this group is focused on 
three aspects of the control of microtubule organization. 

(1) The molecular characterization and duplication 
mechanism of the main microtubule organizing cen-
ter of metazoan cells: the centrosome. 

(2) The identification and characterization of molecules 
that control microtubule dynamics in differentiated 
epithelial cells. 

(3) The development and characterization of "inter-
phase" and "metaphase" cell free extracts from 
Xenopus eggs to study the mitotic factors involved 
in the control of microtubule dynamics and organi-
zation during mitosis. 

The centrosome 

The centrosome of metazoan cells is a small, spherical 
organelle of about 0.5 J.Lm diameter, composed of two 
centrioles. Each centriole is a cylinder composed of 
9 microtubule triplets, 0.2 J.Lm in diameter; and sur-
rounded by a fibrogranular material which nucleates 
microtubules. A procedure has developed to isolate 
these organelles which are now available as an almost 
homogeneous preparation. 

We are currently developing in vivo and in vitro assays 
using Xenopus eggs and egg extracts to fractionate com-
ponents which are required for centriole morphogenesis 
and for the microtubule-nucleating activity of this or-
ganelle . The microtubule-nucleating activity of isolated 
centrosomes could be followed in vitro by incubation 
in a solution of purified tubulin : microtubule asters 
are formed off the isolated centrioles under appropriate 
conditions. 

The mechanism of centrosome morphogenesis can be 
approached using Xenopus eggs as a biological model. 
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The unfertilized Xenopus egg which is arrested at the 
second meiotic metaphase lacks a functional centro-
some. The sperm provides it upon fertilization and the 
egg enters the cell cycle and cleaves 90 min later. The 
first 12 cleavages occur in the absence of RNA synthesis, 
there is no cell growth and the cell cycle has no G1 or 
G2 phase because all the building blo.cks necessary for 
spindle formation and cleavage have been synthesized 
during oogenesis. Unfertilized eggs pricked with a fine 
glass needle will resume meoisis and proceed through 
5 to 8 cycles of DNA replication without cleaving be-
cause of the lack of a centrosome. However, if purified 
centrosomes are injected into unfertilized eggs, the cell 
cycle starts (because of the pricking), the eggs cleave 
and a true parthenogenesis occurs: swimming tapoles 
are produced that contain only the maternal genome 
(Karsenti et aI., 1984a). This means that almost all 
the components necessary for centrosome formation, 
activity and duplication are stored in the egg, except 
a "seed" that is provided by the sperm centriole or 
in parthogenesis experiments by the injected purified 
centrosomes. 

During this year, we have attempted to fractionate 
the purified centrosomes further to find the essential 
components required for parthenogenesis. It turns out 
that proteases but not RNAases or DNAases completely 
abolish the cleavage-inducing activity of purified centro-
somes. Extractions with high salt concentrations (up to 
3 M KCI or NaCI) do not abolish the cleavage-inducing 
activity. U REA above 1 M progressively destroys the ac-
tivity. Biochemical and ultrastructural characterization 
of the active and inactive fractions is underway. It seems 
that all treatments that abolish the activity extract the 
tubulin component of centrioles. One very interesting 
feature of these results is that the centrosomes extracted 
with 1 M KCI loose their microtubule-nucleating activity 
in vitro when incubated in pure tubulin. Since they 
are still able to induce cleavage in Xenopus eggs, their 
microtubule- nucleating activity should be reconstituted 
by some material stored in the egg. We plan to use this 
system to purify microtubule-nucleating material from 
Xenopus egg extracts. This work involves a collaboration 
with the group of M. Bornens (Gif-sur-Yvette, France). 

Microtubule dynamics in epithelial cells 

In fibroblasts, most microtubules are nucleated by 
the centrosome which is located close to the nucleus 
(Karsenti et aI., 1984b). In such cells, the bulk of 
microtu bu les polymerize and depolymerize every 10 to 
15 minutes (Kirschner & Mitchison, 1986) . We have 
recently obtained evidence suggesting that in epithelial 
cells in culture numerous microtubules are very stable 
having a half life of about 1 hour. Moreover, most of 
these microtubules appear not to be nucleated by the 
centrioles. In collaboration with Thomas Kreis, we have 
shown that the stable non-centrosomal microtubules of 
Madin Derby canine kidney MDCK cells are enriched 
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in a specific form of post-translationally detyrosinated 
o:-tubulin. Microtubule stabilization in vivo seems to 
be a slow and complex process with which o:-tubulin 
detyrosination is tightly associated. We plan to analyze 
further the mechanism of microtubule stabilization in 
unpolarized and polarized MDCK cells. The purification 
of stabilizing factors is anticipated. The study of their 
mechanism of action will be approached in vitro using 
purified centrosomes and tubulin. 

Mitosis in vitro in Xenopus egg 
cell free extracts 

The assembly of the mitotic spindle is a complex mor-
phogenetic process. Mitotic factors (probably a set of 
specific kinases) seem to act in a pleiotropic way on 
several cellular targets to induce mitosis . The chro-
matin and nuclear envelope proteins, and probably also 
microtubule- associated and centrosomal proteins, are 
modified by post-translational mechanisms during mi-
tosis. Despite the tremendous importance of this phe-
nomenon, very little is known about the chemistry of 
mitosis. Xenopus eggs are layed arrested at metaphase 
II of meiosis and thei r cytoplasm is at present th e 
best source of mitotic factors. Moreover, it is possible 
to prepare "mitotic" and "interphase" extracts from 
such eggs which support mitotic spindle formation and 
nucleus assembly respectively on exogenous nuclei. We 
are in the process of characterizing the mitotic kinases 
and phosphatases, as well as their substrates, both in 
vivo (Karsenti et al., 1987) and in vitro during the early 
cell cycle of Xenopus embryos. This work is being done 
in collaboration with the groups of R. Bravo, EM BL and 
M. in Montpellier, France. The long-term goal of 
this project is to purify the mitotic kinases and set up 
an assay to study the mitotic factors involved in the 
control of microtubule dynamics and spindle formation 
during mitosis. 

Publication during the year 
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Pathways of intracellular membrane proteins 

Scientist: G. Griffiths 

External postdoctoral fellow : E. Hughson 

Visiting workers: A. Patzak*, S. Weston* , C. Bordier*, M. Beard*, M. Marsh*, D. Robertson* 

Technical assistants: R. Back, M. Hollinshead* 

The majority of membrane proteins, and all the soluble 
proteins that are synthesized by the rough endoplasmic 
reticulum of eukaryotes, follow an identical pathway 
from this organelle through the compartments of the 
Golgi stack. Since the final destinations of these proteins 
after leaving the Golgi complex can differ, depending 
on the protein's function, it follows that the pathways 
must diverge at some point. The secretion machinery 
must somehow distinguish between at least three classes 
of proteins that are either (1) targeted constitutively 
towards the plasma membrane (or specialized domains 
thereof), (2) packaged into specialized secretory gran-
ules in exocrine and endocrine cells (the "regulated" 
pathway), or (3) targeted to Iysosomes . There is now 
compelling evidence that the sorting of these different 
classes of proteins into separate vesicles occurs in the 
last Golgi compartment, which we have recently termed 
the "trans-Golgi Network" (TGN) (Griffiths & Simons, 
1986). 

One important set of experiments that enabled us to 
focus directly on the importance of the TGN in sort-
ing came from the use of viral membrane proteins as 
model plasma membrane proteins. These can be as-
sayed biochemically in the different states of transport 
due to the series of covalent modifications which their 
oligosaccharide side chains undergo in the endoplasmic 
reticulum (ER) and Golgi compartments . They can also 
be followed morphologically by an immunocytochemical 
technique using antibodies and colloidal gold markers. 
For this, we have specialized in the use of the frozen 
thin section technique as a high resolution method for 
localizing antigens in aldehyde-fixed tissues. Last year, in 
a collaborative effort with Kai Simons' group, we showed 
that the intracellular transport of newly synthesized "G" 
membrane glycoprotein of vesicular stomatitits virus is 
blocked in the TGN of baby hamster kidney (BHK) cells 
at 20°C. The protein continues to be made and accumu-
lates enormously in the TGN, thereby changing the mor-
phological appearance of this organelle. Upon warming 
the temperature, the accumulated protein moves rapidly 
to the cell surface, ind icating that the block is reversible. 

Ivan de Curtis in Kai Simons' group has been using 
the low temperature accumulation of "G" protein in the 
TGN as a tool in an attempt to isolate and characterize 
this organelle. These experiments are still in progress. 
Immunocytochemical studies are here important to char-
acter ize the various isolated fractions morphologically. 
A significant finding supported by both biochemical and 
morphological evidence is that the Golgi-TGN fraction 
can be separated from endosomes. Further the morpho-
logical appearance of the TGN in vitro appears identical 
to that in vivo. This makes it more likely that the TGN's 
function may eventually be reconstituted in vitro. 

Elaine Hughson, in collaboration with Kai Simons' 
group, has extended our earlier studies on BHK cells by 
characterizing the morphology of TGN in the polarized 
epithelial cell line Madin-Darby canine kidney (MDCK). 
In this case the TGN must sort proteins into two different 
domains of the plasma membrane . Critical to these 
studies was the well-known observation that different 
viral proteins may be targeted to the different plasma 
membrane domains. Both the "G" protein of VSV, which 
is targeted to the basolateral plasma membrane, and 
the haemagglutinin of influenza virus, which is sent 
to the apical membrane, accumulate in the TGN at 
20°C. Furthermore , double labelling experiments where 
the endosomes were filled with the fluid phase marker 
horseradish peroxidase clearly show that, as in BHK 
cells, these viral proteins do not pass through the en-
dosomes on their way to the plasma membranes. 

Little is known about the mechanisms of sorting for ei-
ther the constitutive or the regulated pathways. The only 
pathway for which a sorting mechanism can be described 
at the molecular level is the one to the Iysosomes. Here, 
a selective phosphorylation of some mannose residues 
on lysosomal glycoproteins early in the Golgi complex 
serves as an add ress signal that enables them to bind to 
a sorting receptor (the mannose-6-phosphate receptor 
or M PR) at a later Golgi step . The receptor then tar-
gets lysosomal enzymes towards Iysosomes. Ironically, 
this is the intracellular transport pathway which we 
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PLATES 8-10 

Thawed cryo sections of normal rat kidney cells that have 
been labelled with antibodies and protein A coupled to 
gold. 

PLATE 8 

A low magnification image showing the mannose-6-
phosphate (MPR) labelling on a ret icular structure (ar-
row) adjacent to the Golgi stack (G). N-nucleus; P-
plasma membrane. 
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PLATE 9 

A higher magnification image of the same structure. In 
this case the ce lls were allowed to take up transferrin 
coupled to 12 nm gold from the medium for 2 hours at 
37° C. The sections were then labelled with anti MPR 
(9 nm gold), which represents the majority of the gold 
particles seen and anti f3 glucuronidase, a lysosomal 

PLATE 10 

A similar experiment to that shown in Plate 9 except that 
0:' 2 macroglobulin coupled to 14nm gold (large arrow) 
was endocytosed for 2 hours at 37° followed by a "chase" 
in medium without gold. The section was then labelled 
with anti MPR and 9 nm gold (small arrows) and anti 
Ig p120 (a lysosomal membrane glycoprotein) followed 

enzyme (5 nm gOld-arrows). The labelling for the latter 
is sparse but not unexpected since this enzyme is only 
one of about fifty lysosomal enzymes. The 12 nm trans-
ferrin gold (arrowheads) co-localize with the MPR and 
f3 glucuronidase in this last pre-lysosomal compartment . 
N-nucleus . 

. . . ' .' . . .. "' .... 

by 5 nm gold (arrowheads). This structure is probably a 
forming lysosome since the MPR labelling is significantly 
less than in Plate 9 and a characteristic membrane bound 
dense structure (D) is found within the oganelle. The 
MPR is not present in mature Iysosomes. 
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understand the least about at the cellular level. For the 
past 1-2 years we have made an increasing effort to fol-
low this pathway morphologically in a collaborative effort 
with Stuart Kornfeld's laboratory in St. Louis, Bernard 
Hoflack in Lille and Ira Mellman's group at Yale . Our 
approach differs from earlier such studies, which have 
not been conclusive, in that we use a number of different 
markers simultaneously to identify cell compartments 
that are indistinguishable on a purely morphological 
basis. Thus, the G protein can be used to label the TGN, 
and a 2 macroglobulin or transferrin coupled to colloidal 
gold can be used to label peripheral endosomes at 20°C, 
or later endosome or lysosome structures at 37°C. On 
thawed cryo sections two different antibodies can then 
be applied which can be visualised by two sizes of gold 
that obviously must be distinguishable from each other 
and from that which is coupled to the endocytic marker. 
The antibodies include those against MPR, against a 
characterized lysosomal membrane glycoprotein (120kd) 
and against lysosomal enzymes (Plates 8-10). 

The most significant result to date is that in normal 
rat kidney cells the bulk of the MPR is in a specialized 
reticular structure adjacent to the TGN but distinct from 
the latter. This compartment has a lower pH than the 
TGN and appears to represent the last endocytic com-
partment prior to Iysosomes. Fu rthermore, in a collabo-
rative effort with Raffaele Matteoni in Thomas Kreis' 
laboratory, we have found that the unique structural 
features of this compartment are maintained after gentle 
homogenization and fractionation. Our next step is to 
quantitate the amounts of the MPR in the various 
cellular compartments, first at steady state and later 
after blocking various steps in transport and recycling. 
In combination with biochemical studies this should 
enable us to describe in detail the pathways involved 
in lysosome biogenesis. 
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Other collaborations 

- With Hartmut Beug and Iris Killisch: an immuno-
cytochemical study of the erbB protein in chicken 
eryth roblasts. 

- With Eric Karsenti's group a study of the position of 
centrioles in M DCK cells. 

With Wieland Huttners' group: various projects on 
the regulated secretory pathway. 

- With Malcolm McCrae and Alan Coleman (Univer-
sity of Warwick) . Immunocytochemical studies on 
the VP7 and VP10 glycoproteins of Rotavirus. 

- With Mark Marsh. Various experiments aimed at 
characterizing endosomes in vivo and in vitro . 

- With Larry Gerace and Alasdair McDowell. Immuno-
cytochemical localization of nuclear pore proteins. 
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Biogenesis and function of the nuclear pore complex In yeast 

Scientist: E .C. Hurt* 

EMBL fellow : S. Hansen* 

Our group is interested in how nuclear pore complexes 
are formed in yeast and how they regulate the bidi-
rectional transport of macromolecules between nucleus 
and cytoplasm. We are working with yeast because this 
organism is amenable to genetic approaches. 

Our first goal is to identify individual components of the 
yeast nuclear pore complex by the following methods: 

(1) Isolation of intact and pure yeast nuclei; our puri-
fied nuclei have a defined protein composition, are 
highly enriched in histones and devoid of mitochon-
drial, vacuolar and cytosolic contaminants. Pure 
nuclei will be used to raise poly- and monoclonal 
antibodies. From these immune sera, antibodies will 
be selected which specifically bind to nuclear pores 
as visualized by immune gold electron microscopy 
(work performed in collaboration with G. Griffiths) . 

(2) Subfractionation of yeast nuclei; purified nuclei are 
currently fractionated into substructures in order 
to en rich nuclear pore complexes or individua I pore 
complex components (e.g. preparation of nuclear 
envelopes, Triton X-IOO insoluble "pore complex 
lamina" fraction, integral membrane proteins of 
the nuclear envelope, glycoproteins of the nuclear 
envelope). Antibodies raised against these various 
fractions will be finally characterized by immune 
cytochemical techniques as described above. 

After identifying components of the nuclear pore com-
plex in yeast, we will characterize the genes and gene 
products which should give us information about how 
these large pore organelles perform their function in the 
cell. 
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Differentiation Programme 

There have been no major changes in staff within the 
Programme last year except that Manfred Renz from 
EMBL joined us to work on the function of the {os 
oncogene product. The major emphasis within the Pro-
gramme remains the elucidation of growth control and 
differentiation mechanisms, in particu lar the roles of 
proto-oncogenes and oncogenes in normal and neoplas-
tic cells. 

Besides continuing the research on oncogenes that act at 
the cell membrane or in the cytoplasm such as erbB, src 
and ras increased efforts have been made in the study 
of the nuclear oncogenes {os, erbA and myb. One of 
the underlying hopes here is that it might be easier to 

40 

understand fu ll y the function of proteins that directly 
interact with DNA ("trans-acting proteins") than that 
of cytoplasmic ones. In add ition, it is becoming more 
and more apparent that trans-acting proteins play key 
roles during cell differentiation, and this topic, the tissue 
specificity of retroviral enhancers, is also the main theme 
of one of the groups of the Programme. 

Other areas of research that are actively being pursued 
include the effect of growth factors on gene expression 
in mammalian fibroblasts, studies on the growth control 
and differentiation of haematopoietic cells, introduction 
of genes into mice using retroviral vectors and regulation 
of protein kinase activity by phosphorylation . 



Viral oncogenes and haematopoietic cell differentiation 

Scientists: H. Beug, T. Graf, P. Kahn* , I. Riede-Kainrath* 

EMBL fellow: M. Zenke 

External fellows: J. Golay*, M. Introna*, S . Ness*, I. Stanley* 

Predoctoral fellows: K. Damm, U. Fuhrmann, A . Leutz , T. Metz* 

Visiting worker: N. Iscove* 

Technical assistants: G. Doderlein, S. Grieser, C. Walter-Moller 

Supernumerary: C. Brady* 

Mutational analysis of the v-erbB oncogene 

The v-erbB gene of avian erythroblastosis virus (AEV) 
encodes a truncated version of the receptor for epider-
mal growth factor (EGF), lacking both the N-terminal, 
ligand binding domain and part of the (-terminal, in-
tracellular domain . To understand in more detail how 
this mutated receptor transforms fibroblasts and in-
duces self-renewal and erythropoietin independence in 
erythroblasts, we have conducted a collaborative study 
with the groups of Bjorn Vennstrom at EMBL and 
Mike Hayman at SUNY, Stonybrook, N.Y .. We have 
been able to isolate two types of host range mutants 
that are defective or impaired in either erythroblast or 
fibroblast transformation. The first type of viruses is 
represented by constructs with (-terminal deletions in 
v-erbB. Progressive deletion of the v-erbB (-terminus 
first weakens and then abolishes erythroblast transfor-
mation without affecting fibroblast transformation. The 
second type is represented by a series of isolates obtained 
from helper-virus-induced erythroleukemias (Tracy et 
aI., 1985; Nilsen et aI., 1985). These viruses either 
exhibit v-erbB proteins with a complete (-terminus or 
with small deletions and are capable of transforming 
erythroblasts but not fibroblasts (Beug et al., 1986). 
Despite a rather extensive characterization of these v-
erbB-containing viruses with respect to genome struc-
ture, biosynthesis of v-erbB proteins and biological prop-
erties, no simple model of v-erbB function emerged. 
Instead, the fact that both possible types of host-range 
mutants (fib- ebl+ and fib+ ebl-) have been found 
suggests a pleiotropic mechanism of v-erbB action in 
which different domains and/or biochemical properties 
of the v-erbB protein are responsible for transformation 
of different target cells. 

Temperature-sensitive mutants of 
the v-sea oncogene: an improved 
system to study terminal differentiation 
in erythroid cells 

The recently isolated S13 strain of avian erythroblastosis 
virus (Beug et al., 1985; Benedict et aI., 1985) contains 
a new tyrosine kinase oncogene (v-sea) that rep resents 
a fusion protein between the viral env-gene and an as 
yet uncharacterized tyrosine kinase. We have isolated 
a temperature-sensitive (ts) mutant of S13 virus that 
transforms erythroblasts and fibroblasts at the permis-
sive temperature, but is totally inactive in both target 
cells at the non-permissive temperature. In collaboration 
with J. Knight and M. Hayman (SUNY Stonybrook , 
NY.) we have characterized the ts-sea protein and 
found that the kinase activity of the mutant gp155env-sea 
and gp70env-sea proteins is completely destroyed at the 
non-permissive temperature, wh il e the tslesion does not 
affect the biosynthesis, proteolytic cleavage or plasma 
membrane localization ofthe same proteins. This system 
thus differs from the one previously described for ts AEV 
where inactivation of the biological activity seems to be 
largely a consequence of the inability of the transforming 
protein to be inserted into the plasma membrane (Beug 
&. Hayman, 1984) . 

Temperature-induced maturation of ts-sea-erythroblasts 
into erythrocytes does not require culturing of the cells 
in a narrow pH range, as is the case for the v-erbA-
containing ts AEV mutants, and can be obtained at a 
high degree of synchrony and with excellent yields. For 
this reason we have switched to the ts-sea-system in 
most of our more recent studies on terminal differentia-
tion in erythroid cells. 
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The v-Ha-ras oncogene is thermolabile 
in chicken erythroblasts and fibroblasts 

An avian retrovirus constructed to contain the murine 
v-Ha-ras oncogene was found to induce sarcomas and 
kidney tumours in chicks, to transform chicken fibrob-
lasts in vitro and induce self-renewal as well as ery-
thropoietin (EPO) independence in erythroblasts (see 
Research Report 1985). We have now found that v-Ha-
ras-transformed erythroblasts shifted from 37°C to 42°C 
differentiate into erythrocytes in an EPO-dependent 
fashion and that transformed fibroblasts shifted likewise 
no longer exhibit a number of transformation-specific 
parameters. Thus, the finding that the mammalian Ha-
ras gene product is apparently inactivated at temper-
atures that are perfectly tolerated by avian host cells 
might provide new ways to study its function. 

Purification and characterization of 
avian erythroid growth factors 

Normal avian erythroid progenitors as well as ts-erbB 
and ts-sea-transformed erythroid cells induced to differ-
entiate at non-permissive temperature require an activ-
ity present in anemic chicken serum for survival, growth 
and differentiation. Utilizing ts-sea erythroblasts shifted 
to 42°C as an assay system we have now partially 
purified this activity which we assume corresponds to 
avian EPO. We were able to show that the avian EPO 
represents an acidic glycoprotein of 30-35 kDa molec-
ular weight corresponding to the size range described 
for mammalian erythropoietins. However, the factor is 
completely inactive on mammalian erythroid progenitors 
as is mammalian EPO on avian cells. Interestingly, the 
amounts of avian EPO required for proliferation and 
terminal differentiation are drastically lowered in the 
presence of mammalian insulin. The fact that this effect 
is observed on Iy at high insulin concentrations suggests 
that this hormone activates the receptor for the insulin-
like growth factor I. 

We have also recently detected and partially purified 
a possible new erythroid growth factor secreted by lym-
phoid cell lines transformed by the v-re/-containing REV 
virus. This factor synergizes with erythropoietin in a 
manner similar to insulin but, in contrast to the latter, 
can promote growth and differentiation of erythroid 
progenitors on its own. It has a MW slightly smaller 
than that of EPO (25-30 kDa). In collaboration with 
Achim Leutz (now in M. Hayman's laboratory) we are 
attempting to purify this factor to homogeneity with the 
goal of producing antibodies and eventually of cloning 
the gene. 

Different modifications of chicken 
myelomonocytic growth factor (cMGF) 
differ in their biological activity 

Efforts to clone the cMGF gene are still in progress, 
so far without success. In the meantime we studied 
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the biosynthesis of cMGF, a 23-36 kDa glycoprotein 
required for survival and proliferation of normal and 
transformed myelomonocytic cells (Leutz et aI., 1984). 
This growth factor, which is biologically active in the 
picomolar range, binds to a receptor of ",130 kd, which is 
expressed on myeloid, but not on erythroid or lymphoid 
cells in very low numbers (50-100 receptors/cell). As 
revealed in studies with metabolically-labelled cMGF 
immunoprecipitated with specific antibodies, cMGF is 
cotranslationally modified by both 0- and N-linked 
carbohydrate chains that contain varying numbers of 
N-acetyl neuraminic acid residues. These modifications 
lead to a considerable charge heterogeneity of the se-
creted factor. In addition, a small portion of the secreted 
factor is further modified by high molecular weight sul-
fated glycans which are attached to cM GF via N-linked 
carbohydrates. 

Interestingly, the different modifications of cMGF, al-
though all biologically active, vary in their growth-
promoting activity on myelomonocytic cells at differ-
ent stages of maturation . While cMGF carrying only 
O-linked carbohydrate is highly active on both E26 virus-
transformed myeloblasts (corresponding to macrophage 
precursors) and OKlO virus-transformed macrophages, 
highly glycosylated cMGF containing the full comple-
ment of N- and O-linked carbohydrate is active on 
E26-myeloblasts but not or little on OK10-macrophages. 
Surprisingly, glycosylated and sulfated cMGF exhibits 
a particularly high activity on OK10-macrophages, but 
is also active on E26-myeloblasts. Thus, the possibility 
emerges that regulation of haematopoietic cell growth 
and differentiation is not only affected by the levels of 
a given growth factor but also by its co- and post-
translational modifications. 

Studies on the biology of 
E26 leukemia virus 

The E26 leukemia virus is the only known acutely trans-
forming viral agent that induces a transformation in 
two separate lineages of haematopoietic differentiation 
affecting both erythroid and myelomonocytic cells. Since 
it contains two oncogenes, v-myb and v-ets, we were 
interested to determine whether each oncogene affects 
a different lineage and if so which. Studies performed in 
collaboration with Michael Nunn (University of Berke-
ley, CaL), and with Lars Frykberg (Univ. of Uppsala, 
Sweden) together with Bjorn Vennstrom have shown 
that mutants lacking the v-ets gene are still capable 
of transforming myelomonocytic cells in culture. These 
data indicate that v-myb selectively affects the growth 
control of myelomonocytic cells and that v-ets (together 
with v-myb?) is responsible for erythroid cell transforma-
tion. This interpretation is consistent with earlier data 
obtained using temperature-sensitive mutants of E26 
and with the fact that myelomonocytic cells can be 
transformed by the v-myb only-containing virus AMV. 
So far, it has not been possible to obtain mutants 
that lack the v-myb domain and that exhibit biological 
activity. 



Chick myelomonocytic cells can also be induced to 
proliferate by infection with retroviruses containing the 
v-myc oncogene. However, while v-myb-transformed 
cells exhibit a very immature phenotype resembling 
"myeloblasts" , v-myc-transformed cells express a num-
ber of functional and antigenic markers characteristic of 
mature macrophages. Earlier experiments had demon-
strated that myeloblasts transformed by a ts mutant 
of E26 presumably exhibiting a lesion in v-myb can be 
induced to differentiate in macrophages and that this 
process is reversible in temperature shift experiments 
(see Research Report of 1985). This suggested that 
v-myb is not only capable of inducing the proliferation 
of myelomonocytic cells but that it can also suppress the 
expression of macrophage specific markers. We have now 
obtained additional evidence in support of this concept : 
the phenotype of v-myc transformed macrophages can 
be altered to become myeloblast-like provided that these 
cells are super-infected with a v-myb containing retro-
virus . None of a number of other viral oncogenes tested 
exhibited a similar effect . Based on these experiments we 
are currently attempting to isolate cellular genes that are 
specifically activated or suppressed in myelomonocytic 
cells infected by a ts mutant of E26 and shifted from 
non-permissive to permissive temperature . 

A temperature-sensitive mutant of 
Abelson murine leukemia virus as a 
tool to study terminal differentiation 
in B cells 

Inspired by the usefulness of temperature-sensitive avian 
retroviruses as tools to study the terminal differentiation 
of erythroid and myelomonocytic cells we decided to 
attempt to isolate simi lar mutants from Abelson murine 
leu kemia virus, a mammalian retrovirus capable of trans-
forming B-Iymphocytes. In studies initiated by Toshitada 
Takemori , finalized after his return to Chiba University, 
Japan, we were indeed able to isolate such a mutant 
(ts49) . This mutant is capable of transforming lymphoid 
cells that are surface immunoglobulin (Ig) negative at 
the permissive temperature and that become surface 
Ig positive after shift to non-permissive temperature. 
In addition , we found that the tyrosine autophospho-
rylating activity of the v-abl protein synthesized by 
ts49 is temperature-sensitive, supporting the notion 
that the virus has a lesion in its v-abl oncogene. The 
mutant might become very useful as a tool to probe 
the sequence of events that accompany immunoglobulin 
gene rearrangements during terminal differentiation of 
B-cells. 
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Function of the cellular oncogene 'os 
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Our major interest in the past four years has been the 
analysis of the function of the fos oncogene of the 
FBJ and FBR mouse osteosarcoma viruses, and of its 
normal cellular homologue, c-fos. The possible biological 
function of c-fos has been extensively investigated using 
different approaches. These analyses mainly addressed 
two questions. First, in wh ich tissues and cell types 
and in which conditions (e.g., state of differentiation or 
proliferation) is the c-fos gene expressed, and second, 
what are the phenotypic consequences when exogenous 
c-fos genes are expressed in various recipient cells (e.g., 
on the differentiation state of the cell)? The results of 
these studies (see Research Reports of 1984 and 1985) 
strongly suggest multi-functional properties for the c-fos 
gene product. This is based on several observations. A 
role for c-fos in cellular differentiation has been proposed 
because of its high, specific expression in certain types 
of terminally differentiated cells (i.e ., blood granulocytes 
and late gestation amnion cells) and because of its 
differentiation-promoting effect in certain teratocarci-
noma cell lines. On the other hand, c-fos seems to 
playa role in the control of cellular proliferation. This 
is suggested by the observations that its deregulated 
expression in fibroblasts induces cellular transformation 
(i .e., uncontrolled proliferation) and that it is rapidly 
and transiently induced by various polypeptide growth 
factors and other growth inducing agents . The fact that 
regulation of c-fos expression by external signals seems 
to be a general phenomenon has led us to propose 
that its nuclear gene product is involved in intracellular 
signal transduction, i.e ., participates in the regulation of 
other genes. In this way, the apparently multi-functiona l 
properties could be explained by postulating that the 
c-fos protein affects different genes in different cell types 
with the consequence of different phenotypic results. 

Our projects in 1986 and our current work have been 
concerned mainly with three aspects of the fos gene 
and its products: (1) What is the molecular function 
of the fos protein? To this end, we have analyzed the 
subnuclear location of the fos protein and its interaction 
with DNA and other nuclear proteins (collaboration with 
Manfred Renz). (2) Which regions in the fos protein are 
functionally important and how can its biological activity 
be modulated by structural alterations? (3) Which signal 
transduction pathways playa role in the induction of the 
c-fos gene by growth factors (collaboration with Rodrigo 
Bravo)? 

Structure-function analysis of the fos protein 

The c-fos gene encodes a nuclear phosphoprotein with 
an apparent molecular weight of 55 kDa (p55C-fos) that 
forms a tight but non-covalent complex with a 39 kDa 
cellular protein, p39. We have recently found that the c-
fos/p39 complex is associated with chromatin and binds 
to DNA in vitro (see Research Report by Manfred Renz). 
We are at present engaged in identifyin g and isolating 
DNA sequences that are regulated by or show an affinity 
for the fos protein. Such sequences will subsequently 
be used to analyze the interaction of the fos protein 
with DNA and chromatin in more detail, for instance, 
using DNase footprint and in vitro transcription assays . 
Th is project also involves the identification and isolation 
of putative nuclear co-factors interacting with the fos 
protein and modulating its activity. One such candidate 
may be the above mentioned p39 . Finally, we are in-
terested in the role of the extensive post-translational 
modifications found in both the c-fos protein and p39. 
Preliminary evidence suggests that these modifications, 
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mainly phosphorylation on serine and threonine , may 
have a regulatory function by down-modulating the 
DNA-binding activity of the protein . 

We have previously shown that the fos oncogene prod-
uct of FBR-MuSV (p75gag-fos) is considerably more 
efficient at inducing transformation in mouse connec-
tive tissue cells in vitro compared with the FBJ-MuSV 
gene product (p55V-fos) . In addition, only p75gag-fos 
can trigger the immortalization of non-established cells. 
Since p55v-fos and p 75gag-fos are expressed at similar 
levels and show comparable turnover rates, the biological 
properties of the FBR-MuSV gene product appear to 
be directly related to its structural alterations . We have 
therefore undertaken a systematic study to identify those 
alterations in p 75gag-fos which have led to its increased 
transforming capacity and have activated its immor-
talizing potential.To identify functionally indispensable 
domains in the fos gene product we also constructed 
and analyzed a variety of mutant fos genes encoding 
terminally truncated proteins. 

Structural alterations enhancing the 
biological potential of v-fos protein 

The analysis of a va riety of FBJ/FBR hybrid fos proteins 
yielded two major results : A single amino-acid exchange 
(Glu to Val at position 138) activates the immortalizing 
potential of v-fos whereas two small internal in-frame 
deletions in the COOH-terminal half are responsible for 
the increased transforming capacity of p 75gag-fos . Both 
these structural alterations apparently do not signifi-
cantly alter the expression of the respective protein. The 
observed biological effects are , therefore, a direct con-
sequence of the structural alterations. Interestingly, the 
single amino-acid change which activates the immortal-
izing potential of v-fos is located in a conspicuous region 
of the protein , where an acidic cluster of amino-acids 
(Glu-Glu-Glu-Glu) is directly followed by a strongly ba-
sic region (Lys-Arg-Arg-lie-Arg-Arg-Glu-Arg-Asp-Lys). 
The point mutation changes the last Glu (position 138) 
in the acidic cluster to Val. It is tempting to speculate 
that the Arg/Lys-rich region may interact with a sub-
strate or cofactor and that the point mutation changes 
these binding properties. Because of its basic character, 
this domain of the fos protein represents a potential 
DNA binding site, a hypothesis that is currently under 
investigation . 

In contrast to the position ofthe point mutation, the two 
internal deletions are located in a region of the protein 
that is dispensable for its biological activity (see below). 
This indicates that this domain of the fos gene product 
is not involved in biochemical activities critical for the 
transforming and immortal ization promoting properties 
of the protein . Since deletions in this domain enhance 
its transforming capacity it is possible that this region 
of the fos protein may be a target site for interacting, 
negative-regulatory molecules or modifying enzyme( s) 
down-modulating the activity of the fos protein. 
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Functionally dispensable regions in 
the v-fos protein 

The analysis of a variety of terminal deletion mutants 
showed that rather long stretches at both the NH2-
and the COOH-terminus are fu nctionally-dispensable in 
the FBR protein . Thus, truncation of 39 NH2-terminal 
amino-acids did not detectably alter the biological prop-
erties of the protein and t runcation of 110 amino-
acids from the N H2-termin us yielded a protein with 
strongly decreased, but still detectable transforming ac-
tivity. Likewise, truncation of 161 amino-acids from the 
COOH-terminus of a FBJ-FBR hybrid caused an only 
relatively small reduction in biological activity. The trun-
cation of further COOH-terminal sequences rendered 
the protein inactive, presumably due to the removal 
of a nuclear location signal sequence. The functionally-
indispensable sequences in the protein can therefore be 
reduced to a region encompassing amino-acids 111 to 
219, representing 28% of the entire fos protein. The 
functional importance of this domain is emphasized by 
the evolutionary conservation of just this region , which 
is completely homologous between mouse and human. 
Our data, however , demonstrate that such a truncated 
protein is not functional, apparently - at least in part-
due to lack of stability. The fusion with additional either 
NH 2- or COOH-terminal fos sequences is required for 
stable expression and biological activity. 

The long-term goal of this study will be to generate 
a map of the fos protein assigning specific biochemical 
and biological functions to specific regions in the protein 
and to understand how structural alterations affect these 
functions . 

Transduction of growth factor signals to 
the c- fos gene 

The stimulation of fibroblasts by PDGF or other growth 
factors leads to a dramatic transient induction of the 
c-fos gene. Transcription of the c-fos gene is maxi-
mal 10-15 minutes post-stimulation, mRNA is most 
abundant approximately 30 minutes later and decreases 
to basal levels 2 hours after growth factor treatment. 
To unravel the mechanisms of c-fos induction it is 
of obvious importance to understand the mechanisms 
and pathways transducing signals from occupied growth 
factor receptors to the c-fos gene . A central role in the 
transduction of growth factor signals has been suggested 
for phosphoinositol and the breakdown products of its 
phosphorylated forms . Upon binding of a growth fac-
tor, degradation of phospholipids is increased resulting 
in the production of diacylglycerol and inositol 1,4,5-
triphosphate (Ins-P3). While diacylglycerol leads to the 
activation of protein kinase C (PKC), Ins-P3 triggers 
the release of Ca 2+ from the endoplasmic reticulum. To 
elucidate the pathways involved in the transduction of 
growth factor signals to the c-fos gene we used several 
compounds known to affect phospholipid degradation, 
activation of PKC and release of intracellular Ca2+. 



The results of our studies showed that both PKC and 
Ca2+ seem to be involved in c-fos induction in NIH3T3 
fibroblasts, while changes in cyclic nucleotide levels and 
intracellular pH apparently do not playa direct role. 
We then extended our investigations to bone marrow-
derived macrophages (BMMs) of the mouse, where 
c-fos was found to be rapidly and transiently induced 
by colony stimulating factor-l (CSF-l). As in PDGF-
stimulated fibroblasts, phospholipid degradation, PKC 
activation and Ca 2+ release seem to playa crucial role 
in the transient induction of c-fos by CSF-I. In contrast, 
a stable induction of c-fos transcription is observed after 
treatment of macrophages with dibutyryl cyclic adeno-
sine 3,5-monophosphate (dBcAMP) or cholera toxin, a 
stimulator of adenylate cyclase (Gill, 1977), indicating 
the existence of different mechanisms regulating c-fos 
transcription in the same cell. Our results also suggest 
that the induction of c-fos via phospholipids may be a 
mechanism common to many cell types, while the cAM P 
pathway may be cell type-specific. We have also started 
to analyze the molecular mechanism(s) involved in the 
down-regulation of the early peak of c-fos expression 
after growth factor stimulation. In these studies, we 
observed that the transient induction of c-fos mRNA 
and protein by PDGF is both increased and prolongued 
by inhibitors of calmodulin, apparently by inhibiting the 

of c-fos mRNA. It is thus possible that 
Ca + exerts different functions in the regulation of 
c-fos mRNA expression upon growth factor stimulation, 
an initial inductive effect on gene expression through 
an unknown mechanism followed by a negative reg-
ulatory effect, i.e., the stimulation via calmodulin of 
c-fos mRNA degradation. In this way, the fibroblast may 
ensure that the potentially oncogenic c-fos mRNA is 
rapidly removed after fulfilling its physiological function . 
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The C-fos proto-oncogene product is associated with chromatin and binds to DNA 
(collaboration with Rolf Muller) 
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The mouse c-fos gene is the cellular homologue of the 
oncogene carried by the FBJ and FBR murine osteosar-
coma viruses. It encodes a nuclear phosphoprotein with 
an apparent molecular weight of 55 kDa (p55C-fos). The 
protein forms a tight but non-covalently linked complex 
with a 39 kDa cellular protein, p39. As a first step in 
the analysis of the molecular function of the nuclear 
c-fos proto-oncogene product we have studied its subnu-
clear localization in serum-stimulated mouse fibroblasts 
where it forms a non-covalent , apparently monodisperse 
complex with p39. The c-fos/p39 complex is almost 
quantitatively released from intact nuclei by DNase I 
treatment under conditions where only a minor fract ion 
of DNA and nuclear protein is released. In gel filtration 
experiments, c-fos/p39 comigrates with chromatin and 
seems to be associated with regions of increased DNase I 
accessibility. c-fos/p39 is bound to chromatin by elec-
trostatic fo rces of moderate strength since 90% of the 
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complex can be eluted from nuclei at 0.4 M NaCI. In 
vitro, t he c-fos/p39 complex in nu clear extracts binds 
to double- and single-stranded ca lf t hymus DNA, sug-
gestin g that the association of c-fos/p39 with chromatin 
is at least in part due to its interaction wit h DNA. In 
agreement with this conclusion, c-fos/p39 is released 
from nuclei by incubation with tRNA, presumably due 
to competit ion for binding sites. Our observations are 
compatible with the hypothesis t hat c-fos may playa 
role in the regulation of gene expression. 
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Transforming functions of viral leukemia inducing oncogenes and their cellular homologues 

Scientist: B. Vennstrom 
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Trainee: L. Holmquist* 

Visiting workers: M. Jansson*, A. Muiioz* 

Technical assistants: K. Nordstrom, C. Raynochek 

We have studied the transforming properties of retroviral 
oncogenes and their cellular counterparts with the goal 
of understanding the mechanisms of activation of proto-
oncogenes. Our main efforts have been concentrated on 
the activities of the erbA and erbB oncogenes of the 
avian erythroblastosis virus (AEV), a virus that trans-
forms both fibroblasts and erythroblasts. In addition, 
we have been studying the myb and ets oncogenes of 
the E26 virus, which cooperate in transformation of 
myeloblasts and eythroblasts. 

The erbB gene 

The v-erbB oncoge ne encodes part of the receptor for 
epidermal growth factor (EGF): most of the ligand 
binding domain and 73 amino-acids from the carboxy 
terminus have been deleted. The c-terminal region which 
is deleted encodes autophosphorylation sites on tyrosine 
thought to be important for regulating the phosphoty-
rosine kinase activity of the receptor. Hence, the viral 

Extracellular 

protein is likely to mediate constitutively mitogenic sig-
nalling. 

V-erbB appears to induce self-renewal of the virus-
infected erythroblasts without completely blocking their 
capacity to differentiate to erythrocytes. These cells are 
also rendered independent by the oncogene of erythro-
poietin (EPO), a haemopoietic growth factor normally 
required both for replication and maturation of erythroid 
precursor cells. This has led to the suggestion that 
v-erbB in erythroblasts, a cell which normally does not 
express EGF receptors, replaces the activity of the EPO 
receptor. However, the v-erbB transformed cells do not 
grow in standard tissue culture media, since they have 
very narrow pH and ion concentration optima for prop-
agation . To understand better the contribution of the 
erbB /EGF receptor gene to transformation, we replaced 
v-erbB with a complete human EGF receptor cDNA or 
with truncated versions thereof (Plate 11) . These viruses 
also encode v-erbA. Our results have demonstrated 
that all the various EGF receptor genes except those 

Ligand binding domain 

_ Tyrosine kinase region 

• Autophosphorylation site 
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that lack all the autophosphorylation sites transform 
erythroblasts in vitro. In addition, erythroleukemia is 
induced in the inbred L151 strain of chickens by the 
complete EGF receptor . The question of whether or 
not the transformation by the complete receptor is 
dependent on exogenous hormone is under investigation . 
In contrast, all the receptor genes transform fibroblasts 
only poorly if at all . However, the high expression of 
the EGF receptor makes these cells hyper-responsive to 
EGF. 

The erbA gene 

The v-erbA oncogene cooperates with v-erbB and other 
primarily sarcoma-inducing oncogenes in transformation 
of erythroblasts. V-erbA is non-transforming by itself 
and cannot induce self-renewal of erythroblasts. Instead, 
it blocks the residual capacity of the v-erbB cells to 
differentiate terminally. V-erbA also allows the v-erbB 
transformed cells to grow in standard tissue culture me-
dia by considerably broadening their pH/salt optima for 
growth. It was recently shown that receptors for steroid 
hormones bear homology to the erbA protein which 
suggested that v-erbA presumably acts as a transcription 
factor negatively or positively affecting the expression of 
genes, the expression of which either is required for or 
inhibits differentiation and growth of erythroid precursor 
cells. To understand these processes better we have char-
acterized the cellular erbA gene. Nucleotide sequencing 
of cDNAs demonstrated that the c-erbA protein has a 
molecular weight of 46 kDa . Since this molecular weight 
was similar to that of the nuclear thyroid hormone 
receptor, we tested whether in vitro made c-erbA protein 
would bind triiodothyronine and thyroxine. Subsequent 
work demonstrated that the c-erbA protein binds thyroid 
hormones in vitro and in vivo with characteristics that 
mimic the thyroid hormone receptor, whereas the v-erbA 
protein bound no hormone which suggests that it acts 
independently of its ligand. 

Cooperativity between the v-erbA 
and v- erbB oncogenes 

A mutant of AEV, td359, still transformed fibroblasts 
but had lost the capacity to transform erythroblasts . 
Upon injection into chicken embryos Thomas Graf was 
able to isolate a rare revertant (r12) that had re-
gained wild-type transforming properties. Analysis of 
their erb oncogenes and encoded proteins showed that 
both viruses had identical 306 amino-acid long deletions 
at the 3'-termini of their v-erbB genes, and that this 
deletion abolished their capacity to transform erythrob-
lasts in the absence of erbA. This suggests that this 
region is required for proper induction of self-renewal 
in erythroblasts. Furthermore, the v-erbA protein of 
td359 had been inactivated by a single point muta-
tion in the "hinge" located between the DNA binding 
region and the domain homologous to the hormone 
binding region . The r12 protein, on the other hand, 
had backmutated to the wild-type amino-acid at this 
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position and had in addition acquired a 31 amino-acid 
insertion of unknown origin in its gag region. Therefore 
the stronger differentiation-inhibiting effect of the r12 
v-erbA protein appears to be encoded by the insertion. 
We have therefore concluded that the r12AEV is able 
to transform erythroblasts because its mutated v-erbB 
oncogene is still capable of inducing a weak self-renewal 
of erythroblasts while its v-erbA oncogene completely 
inhibits their terminal differentiation . 

The myb and ets oncogenes 

The E26 virus, which contains a tripartite oncogene con-
sisting of gag, myb, and ets domains, transforms both 
erythroblasts and myeloblasts in vitro. In contrast, the 
AMV virus, which expresses only myb as its oncogene, 
transforms only myeloblasts. Both viruses have been 
used by Thomas Graf &. Hartmut Beug for studying 
myeloid cell differentiation, but the E26 has been more 
widely used as temperature sensitive (ts) mutants are 
available. To understand the roles of the oncogenes of 
E26 and the nature of the lesion in the ts mutant, we 
have cloned and sequenced the genome of the ts21E26 
virus. The virus has a single point mutation in the puta-
tive DNA binding region of its myb oncogene. To under-
stand the roles of myb and ets in transformation parts of 
these sequences were deleted and the biological activity 
tested. The results so far show that ets is dispensible 
for myeloid but req uired for erythroblast transformation. 
The virus construct containing only the ets gene has 
however no detectable pathogenic properties. 

Collaborative projects 

Many of the projects outlined above have been done 
in collaboration with the groups of Hartmut Beug and 
Thomas Graf. In addition, we collaborate with Ulf Pet-
tersson , University of Uppsala, on the transforming prop-
erties of murine retroviruses carrying bovine papilloma 
virus genes; and with Kenneth Nilsson, University of 
Uppsala, on the differentiation inhibiting effects of the 
myc oncogene in human haemopoietic cells . 
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Gene regulation In mammalian development and differentiation 
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Student: F. Schubert* 
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Technical assistants: C. Garber, M. Vanek, S. Hunter*o 

The aim of the research programme is to analyze gene 
control mechanisms operating in stem cell differentiation 
and development. For these studies the method of gene 
transfer is used as a powerful tool in three developmental 
systems. In one system, transgenic mice are produced 
by introducing recombinant genes such as cellular and 
viral oncogenes into the germ line of mice by microin-
jection of DNA into fertilized eggs or by infection of 
early embryos with retroviral vectors. A second approach 
uses embryon ic stem (ES) cells (derived directly from 
embryos) as target cells for gene transfer by retroviral 
infection or DNA transfection . Genetically altered ES 
cells can be introduced into mouse embryos for analyzing 
gene expression in vivo in the resulting chimaeras and 
their transgenic offspring. The third system uses the 
haemopoietic stem cells for gene transfer and differen-
tiation studies again exploiting retroviral vectors for the 
infection of murine bone marrow cells. The specific goals 
of these approaches are to analyze cell-type-specific gene 
expression in vivo, to assay the function of growth con-
trol and homeotic genes in mammalian differentiation 
and development and to study the genetic control of 
normal and malignant growth in vivo. 

Studies with transgenic mice obtained 
by DNA-injection into the zygote 

DNA constructs can be stably introduced into the germ 
line of mice by microinjection into the pronucleus of the 
fertilized egg. We have continued our efforts to study the 
function of the proto-oncogene c-fos in vivo by analyzing 
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a number of transgenic mice, which carry different c-fos 
constructs in their germ line. Several mouse lines were 
obtained which stably express the exogenous c-fos genes 
from the human metallothionein promoter in various 
tissues (Plate 12). Whereas constitutive c-fos expression 
in organs such as pancreas, kidney and brain does not 
interfere with the normal differentiation of the cells, a 
specific effect was observed on bone development (Plate 
12). Visible swellings on the long bones were already 
detectable at 2-3 weeks of age without further pro-
gression at later stages. We are presently characterizing 
in collaboration with R. M Liller &. D. Komitowski the 
consequences of c-fos expression at the molecular and 
cellular level on the bone-forming cells. In a different set 
of transgenic mice, which express the c-fos gene from 
the murine H2-promoter, stable expression was seen 
predominantly in the haemopoietic organs such as spleen 
and thymus, leading to a disturbance of the lymphoid 
system. 

We have also continued to analyze the cell-type-specific 
expression in transgenic mice carrying foreign liver-
specific genes. Several transgenic mouse lines with the 
rat tyrosine amino transferase gene did not express 
the foreign DNA, whereas a number of mice carrying 
the human aI-acid glycoprotein and the human aI-
antitrypsin gene showed cell-type-specific and inducible 
expression. The goal of these studies, which are carried 
out in collaboration with G. Schlitz &. R. Cortese, is 
to characterize the DNA elements responsible for the 
regulated expression of these genes. 
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PLATE 12 

X-ray pictures and RNA expression in various tissues of 
transgenic mice expressing exogenous c-fos genes. The 
bone lesions caused by c-fos expression are shown in 8; 
A. control mouse. 
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PLATE 13 

RNA and protein expression of the neo gene in various 
tissues and the serum (81) of transgenic mice obtained 
by em bryo infection. 

PLATE 14 

RNA expression of the N-TKsrc vectors in selected mast 
cell lines (Me) in vitro and in spleens of reconstituted 
mice in vivo. 
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Derivation of transgenic mice by 
infection of preimplantation embryos 
with retroviral vectors 

We have continued to investigate the potential of retro-
viral vectors to introduce and express genes in trans-
gen ic mice. Previously we and other laboratories have 
shown that the retroviral LTR is inefficient at express-
ing genes under its control in transgenic mice derived 
either by embryo infection or by the introduction of 
ES cells carrying retroviral vectors. Consequently we 
have investigated whether vectors expressing genes from 
an internal promoter can express genes in mice after 
embryo infection. We have completed our analysis of 
3 transgenic substrains, each carrying a single copy of 
the vector MMCV-neo, which expresses the neomycin-
resistance gene (neo) from an internal thymidine kinase 
(TK) promoter and a v-myc gene from the 5' LTR. 
All 3 substrains (M-TKneo 1,2,3) expressed the neo 
gene, with 2 of the substrains expressing the gene in 
all tissues examined (Plate 13). In the third substrain 
(M-TKneo 1) where the vector had integrated in the 
distal part of the X chromosome, expression of the neo 
gene was detected in some tissues and not in others. 
In no substrain was v-myc expression detected. We also 
tested whether another vector, containing an internal 
SV40 promoter, would also express genes under its 
control. However this construct, although it functioned 
in fibroblasts, did not result in any expression in 3 sub-
strains analyzed. The results with the TK promoter have 
shown that retroviral vectors can be used to introduce 
and express genes in transgenic mice . As a consequence 
we have constructed a number of retroviral vectors, all 
of which contain an internal TK promoter which is being 
used to express a variety of viral oncogenes as well as 
the murine homeotic gene (Hox 1.1) and the lacZ gene. 
Currently these vectors are being used to infect embryos 
in order to determine the consequences expression of 
these genes may have on embryonic development. We 
are also studying whether they may be used to immor-
talize particular cell types of the embryo or whether 
cell lineages can be traced using the lacZ vector. In 
addition to these vectors we are also testing whether 
a tissue-specific promoter such as the insulin promoter 
may correctly function in the context of a retroviral 
vector in transgenic mice. 

Studies using mouse embryonic stem 
(ES) cells 

We have continued our investigations into the use of 
embryonal carcinoma (EC) and ES cells as an alternative 
route for introducing new genetic information into mice. 
We are also exploiting this system to study growth con-
trol and differentiation in early embryos in vivo and the 
effect of the various vectors on stem cell differentiation 
in vitro. Furthermore the unique ability of the cells and 
their derivatives to be shuttled from an in vitro to an 
in vivo environment and vice versa provides us with a 
useful approach to study such questions. 

Currently we are deriving a variety of ES cell clones each 
containing one of the vectors described previously. These 
clones are characterized with respect to copy number 
and expression of the vector prior to their introduction 
into embryos to derive transgenic chimaeras. The ad-
vantage that this system offers over direct manipulation 
of embryos is that by determining that expression of 
the gene is occurring in the ES cells, one can study the 
consequences of expression on the early stages of mouse 
embryogenesis where some of the major developmental 
decisions are being made. 

Gene transfer into bone marrow cells 
with retroviral vectors 

The genetic manipulation of the haemopoietic system 
with retroviral vectors provides a unique opportunity 
to analyze the expression and function of genes in a 
well-characterized differentiation system that can be 
manipulated both in vitro and in vivo. In the past 2 years 
we have established in collaboration with G. Keller from 
the Basel Institute for Immunology an efficient protocol 
for the introduction and expression of genes into murine 
bone marrow cells using a retroviral vector which carries 
the selectable neo gene. The proviral integration site was 
used as a clonal marker to demonstrate that multi potent 
stem cells were infected and to follow the fate of their 
progeny in a newly reconstituting haemopoietic system . 
We were also able to demonstrate that stable expression 
of the neo gene from the viral LTR promoter can be 
detected in mice that were reconstituted for more than 
14 months . 

The experiments with the selectable neo gene are the 
basis for current studies using recombinant viruses which 
carry growth control genes (such as viral oncogenes) in 
addition to the neo gene. In one set of experiments 
using a vector with the v-src oncogene (N-TKsrc), 
expression of both genes was fou nd in the haemopoietic 
organs of bone marrow reconstituted mice (Plate 14). 
The preliminary biological data from this experiment 
suggest that the expression of a single transforming gene 
can alter the pattern of differentiation of the infected 
precursors. This approach provides a tool for defining 
the role of individual genes in the differentiation of 
multipotent stem cells and will serve as a basis for future 
gene therapy protocols. 
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Cell proliferation and growth factors In mammalian cells 

Scientist: R. Bravo 
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Technical assistants: P.A. Blundell, H. Macdonald-Bravo, D. Sommer 

The aim of the group is to identify gene products that 
are preferentially synthesized in proliferating cells or 
specifically induced by growth factors. 

During the year we have continued our studies on (a) 
cyclin, the acidic nuclear protein whose synthesis cor-
relates directly with DNA replication, (b) expression of 
proto-oncogenes under different physiological conditions 
and (c) effect of growth factors on gene expression. 

Cyclin 

Cloning and sequence of cyclin 

To learn more about the structure and function of 
cyclin we thought it important to isolate cDNA clones 
of the mRNA for cyclin . For this, we prepared a spe-
cific rabbit antiserum against human cyclin purified by 
two-dimensional gel electrophoresis . The antiserum was 
monospecific, detecting only cyclin protein in Western 
blots of two-dimensional gels. A cDNA library was con-
structed in the expression vector pEX1 using poly(A)+ 
RNA from human lymphoma Molt-4 cells as we have 
found that this cell line contains the highest levels of 
cyclin mRNA by analysis of in vitro translation products. 
The cDNA library was screened using the colony blot 
procedure (Stanley, 1983). To probe that the selected 
clones contained the cyclin sequence, hybrid-arrested 
in vitro translation experiments were done. For this, 
poly(A)+ mRNA from Molt-4 cells was pre-hybridized 
with some of the clones under conditions in which 
only highly homologous sequences (>90%) would hy-
bridize. The radioactive products were resolved by two-
dimensional gel electrophoresis. Pre-hybridization with 
some of the clones completely inhibited the translation 
of cyclin mRNA. The deduced amino-acid sequence 
predicts a protein of 261 amino-acids (MW 29261) with 
a high content of acidic (41, Asp and Glu) versus basic 
amino-acids (24, Lys and Arg). 

The expression of cyclin mRNA is undetectable or very 
low in quiescent cells increasing after 8-10 h of serum 
stimulation. This agrees with our previous observation 
of cyclin protein synthesis levels. 

A search of the N BRF protein database for protein 
sequences homologous to cyclin using the UWGCG pro-
grammes revealed that cyclin has a domain which is 
homologous to the putative DNA-binding domain of 
several proteins (Langhon, & Scott, 1984). 

We have recently demonstrated that cyclin and an 
auxiliary protein for DNA polymerase-8 required for 
its activity with templates having low primer/template 
ratios are identical. This finding definitely proves that 
cyclin plays a role in some aspect of DNA replication. 

C-fos 
(collaboration with R. Muller) 

Expression during the cell cycle 

Amongst the earliest known events following stimulation 
of quiescent fibroblasts by peptide growth factors is the 
transient induction of the c-fos proto-oncogene. The 
possible function of c-fos in cell proliferation could be 
associated with signal transduction occurring during the 
normal cell cycle (for instance in the early Gl phase), or, 
alternatively, being found only in special conditions, such 
as the transition from the quiescent (Go) state to the 
Gl phase. Therefore, we decided to study the expression 
of c-fos during the cell cycle in 3T3 cells. 

Our results have shown that c-fos mRNA levels are 
extremely low or even undetectable throughout the cell 
cycle in 3T3 cells. This suggests that a high expression 
of c-fos is not part of the normal cell cycle, and thus 
not required for the continuous cycling of the cells. It 
appears that the dramatic induction of c-fos by peptide 
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growth factors may be associated with a function that is 
necessary for the movement of quiescent cells from Go 
to Gl. 

During these studies we have found that c-fos can be 
induced by growth factors in any phase of the cel l cycle 
other than mitosis, most clearly demonstrated by the 
induction of the proto-oncogene in S-phase populations. 
This would suggest that the capacity to respond to 
growth factors by inducing c-fos expression is not con-
fined to cells in Go. 

Role of phospholipid degradation, 
protein kinase C and Ca2+ 
in c-fos induction 

Binding of a growth factor to its receptor in general 
leads to the immediate phosphorylation of the receptor 
and the activation of its intrinsic tyrosine kinase activity. 
This is followed by stimulation of inositol phospholipid 
turnover, activation of the Na+ /H+ antiporter system, 
changes in nucleotide metabolism and phosphorylation 
of specific cellular proteins. A central role for the signal 
pathway that uses phosphoinositol for generating second 
messengers such as inositol 1,4,5-triphosphate (Ins-P3) 
and diacylg lycerol (DG) to transmit information in to 
the cell from the growth factor/receptor interaction has 
been suggested. These two second messengers regulate 
different pathways, possibly essential for the induction 
of specific genes required for the onset of DNA syn-
thesis . DG stimulates protein kinase C (PKC) which 
then activates the Na+ /H+ antiporter system, raising 
the intracellu lar pH, while Ins-P3 triggers the release 
of Ca 2+ from the endoplasmic reticulum. To elucidate 
the importance of these pathways in the transduction 
of growth factor signals to the c-fos gene, we used 
several compounds known to affect phospholipid degra-
dation, activation of PKC and release of intracellu-
lar Ca 2+. We also made use of the observation that 
the constant exposure (for several days) of 3T3 cells 
to the tumour promoter 12-0-tetradecanoyl-13-acetate 
(TPA), a phorbol ester able to stimulate PKC, leads to 
a dramatic decrease of PKC activity in the cell. The 
results of these studies showed that the degradation of 
polyphosphoinositides and the subsequent activation of 
PKC and release of Ca 2+ seem to play an important 
role in c-fos induction. The observations that led us 
to this conclusion are the following: (i) phospholipase 
C, an enzyme that specifically cleaves inositol phospho-
lipids to generate DG and Ins-P3, therefore activating 
protein kinase C and Ca 2+ release, is a potent inducer 
of c-fos expression; (ii) activators of protein kinase C, 
such as TPA and 1-0Ieoyl-2-acetyl-glycerol (OAG), a 
DG analogue, in duce c-fos expression, albeit at lower 
levels than those observed with phospholipase C. This 
would suggest that protein kinase C is an important, but 
not the only element involved in the signal transduction 
to the c-fos gene; (iii) platelet-derived growth factor 
(PDGF), which stimulates protein kinase C the 
production of DG, and increases intracellular Ca + by 
Ins-P3 production, is a strong inducer of c-fos, similar to 
phospholipase C. In cells pretreated with TPA for 3 days 
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(protein kinase C-depleted), PDGF induced the proto-
oncogenes, but at lower levels, that both 
pathways - protein kinase C- and Ca + -dependent - are 
important in c-fos induction . Th is is further supported 
by: (iv) treatment ofthe cells with the calcium ionophore 
A23187 induces the expression of c-fos to significant 
levels; and (v) a synergistic effect was observed in the 
induction of c-fos when cells were treated simultaneously 
with TPA and A23187. 

Effect of growth factors in 
gene expression 

Growth factor inducible genes 

In an effort to identify and characterize genes that may 
play a role in growth control we set out to identify 
genes that are immediately induced by growth factors 
in quiescent cells during the Go to Gl transition. 

To identify such genes a .A1149 cDNA library was pre-
pared using poly(A)+ RNA from quiescent 3T3 cells 
stimulated for 4 h with 20% serum in the presence of 
cycloheximide. The purpose of using a protein synthesis 
inhibitor was mainly to restrict the cellular response 
to those mRNAs that do not req ui re de novo pro-
tein synthesis for their accumulation following growth 
factor addition. From the differential screening of ap-
proximately 2x 105 colonies we found 2,500 cDNAs that 
preferentially hybridized to mRNA from growth factor 
stimulated cells . 

As this work is still in progress we do not know how 
many different mRNAs are represented in our collection 
of differentially hybridizing cDNAs. At present, by the 
cross-hybrid ization of 2000 clones we have found 50 
different mRNAs in our set of cDNAs, including the 
proto-oncogenes, c-fos, c-myc and c-myb. We estimate 
that the number of different sequences represented in 
our collection of cDNAs will be between 70 and 80 . 

Growth factor inducible proteins 

As a complement to the previous work we have started 
to study the early changes in protein synthesis following 
stimulation of quiescent 3T3 cells by two-dimensional 
gel electrophoresis. 

Serum stimulation of quiescent 3T3 cells immediately 
induces the transient synthesis of a set of proteins . The 
induction of these polypeptides can be superinduced by 
cycloheximide and completely blocked by actinomycin 
D showing that the induction of their synthesis is a 
primary effect of the growth factors at the level of 
gene expression. We have further proved this by in vitro 
translation experiments wh ich clearly demonstrate that 
the levels of mRNA coding for the induced proteins are 
several-fold higher in stimulated cells. 

We have concentrated our efforts on the characteri-
zation of a basic cytoplasmic polypeptide, 27000 MW 



(p27) . This protein is constitutively expressed in non-
established fibroblasts of human, mouse , rat and avian 
origin . It is highly conserved as determined by its mi-
gration in two-dimensional gel electrophoresis and one-
dimensional peptide mapping. 

The protein has been purified by two-dimensional gels 
from mouse fibroblasts and monospecific rabbit antibod-
ies have been obtained. As determined by immunoblot-
ting, p27 is undetectable in all tissues analyzed so far, 
suggesting that it could be confined to very specific cell 
types. 

A cDNA library was constructed in the expression vector 
pEXl using poly(A)+ RNA from growth factor stim-
ulated cells and screened with the polyclonal anti-p27 
rabbit antibody. The clones obtained have been tested 
by hybrid arrested in vitro translation and probed to 
inhibit specifically the translation of p27 mRNA. 

At present studies on the sequence of this protein and 
its expression during development are in progress. 
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The nature of the molecular mechanisms involved in 
tissue specificity of gene expression constitutes one of 
the challenging questions of cell differentiation and de-
velopment. The mechanisms responsible for the speci-
ficity of gene transcription are particularly interesting , 
since this process has emerged as a major level of 
gene regulation. One model consistent with available 
data is that transcriptional activation of specific genes 
during cell differentiation involves the appearance or 
disappearance of regulatory molecules which interact 
with specific DNA sequences close to or within the gene. 
These putative regulatory molecules, able to modulate 
initation of transcription, are termed trans-acting factors 
while the target DNA sequences are called cis-acting 
elements. 

We have chosen to search for such cis- and trans-
acting factors involved in cell differentiation in three 
systems: they concern respectively the tissue specificity 
of retroviral enhancers, and aspects of gene regulation 
during erythroid and monocytic cell differentiation. 

Tissue specificity of retroviral enhancers 

The Friend helper murine leukemia virus (Fr-MuLV) 
and the Moloney murine leukemia virus (Mo-MuLV) 
are non defective, oncogenic type C viruses that have 
been extensively studied and possess closely related 
genomes. They give rise to different diseases after in-
jection into newborn NFS mice: the Fr-MuLV induces 
primarily erythroleukemia, whereas the Mo-MuLV gives 
rise to T-cell lymphomas. The analysis of recombinant 
viruses revea led that a strong determinant of the distinct 
pathogenic phenotypes of the two viruses is located 
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within the U3 region of their long terminal repeats 
(LTR), suggesting that the disease specificity might be 
related to tissue-specific regulation of viral transcription 
(Chatis et aI., 1984). Indeed , we have shown , using tran-
sient expression assays, that the U3 region of each virus 
contains a transcriptional enhancer and that the two 
enhancers have different cell-type specificities. In partic-
ular the Fr-MuLV enhancer shows a striking preferential 
activity in erythroid cells. This suggests the presence of 
specific trans-acting factors, either in erythroid cells or in 
non-erythroid cells, able to modulate its activity. Such 
factors would also be expected to regulate the activ-
ity of putative cellular erythroid cell-specific enhancers 
functionally homologous to the Fr-MuLV enhancer . 

We have conducted a more limited study of the speci-
ficity of the Mo-MuLV enhancer. We demonst rated 
str iking differences between Mo-MuLV and Fr-MuLV en-
hancers, which correlate with the pathogenic properties 
of the viruses, although not explaining them completely. 
In particular, while both enhancers are equally active 
in erythroid cells, they behave very different ly in T-
lymphoid cells where the Mo-MuLV enhancer is 20 to 
50-fold more active than the Fr-MuLV enhancer. 

The nucleotid e sequences of the enhancer regions of 
the two viruses are highly homologous. A reasonable 
hypothesis was that some of the differences between the 
two nucleotide sequences are responsible for the different 
activities of the two enhancers in T-Iymphoid cells, 
because they are located with in a cis-acting element 
which regulates the activity of the enhancer specifically 
in this cell type. We have addressed this question by the 
construction of a series of hybrid and mutant enhancers. 
We have in deed localized a sequence element, present 



in several copies within the enhancer, which regulates 
its activity in T-cells without affecting it in erythroid 
cells. This element is therefore one of the determinants 
of the tissue specificity of the enhancer and is likely 
to control, at least in part, the disease specificity of 
the virus . It is also likely to constitute a binding site 
for a trans-acting regulatory factor. We are currently 
investigating this possibility. 

Gene regulation during erythroid 
cell differentiation 

We have investigated different aspects of gene regula-
tion during erythroid cell differentiation by the intro-
duction of cloned genes into mouse erythroleukemia 
(MEL) cells. MEL cells are derived from an erythroid 
precursor cell and are blocked in their differentiation . 
Treatment of these cells with one of a variety of chemical 
agents leads to induction of terminal differentiation and 
results in transcriptional activation of the endogenous 
adult globin genes. Cloned j3-globin genes introduced 
into MEL cells are appropriately regulated during cell 
differentiation (Chao et al., 1983; Wright et al., 1983) . 
The analysis of the expression of mutant ,a-globin genes 
as well as hybrid genes in MEL cells suggested the 
existence of at least two distinct cis-acting regu latory 
elements located respectively 5' and 3' to the mRNA 
cap site (Charnay et al., 1984; Wright et al., 1984; 
Charnay et al., 1985). More recently, we have found that 
a human fcetal Ai-globin gene, introduced into MEL 
cells by DNA transfer, is also activated during erythroid 
cell differentiation. This result is surprising since the 
endogenous embryonic and fcetal j3-like globin genes are 
not expressed in MEL cells and since human i-globin 
genes behave as embryonic genes in transgenic mice. 
It suggests that the i-globin DNA fragment used in 
these experiments carries cis-acting sequences sufficient 
for regulated expression in adult erythroid cells. In con-
junction with data obtained by chromosome mediated 
i-globin gene transfer into MEL cells (Papayannopoulou 
et aI., 1985), our result also suggests that i-globin gene 
activation involves multiple separated steps and that 
one of these steps is common to i- and ,a-globin gene 
activation. 

Porphobilinogen deaminase (PBG-D) is the third en-
zyme of the biosynthetic pathway leading to the pro-
duction of heme . Like globin genes, the PBG-D gene 
is transcriptionally activated du ring erythroid cell differ-
entiation . However, PBG-D mRNA accumulates earlier 
than Q'- and ,a-globin mRNAs, suggesting that there are 
differences in the molecular mechanisms responsible for 
the activation of the two types of genes. In collabo-
ration with N. Raich &. M. Goossens (Unite INSERM 
U.91, Hopital Henri Mondor, Creteil, France), we have 
introduced the human PBG-D gene into MEL cells. 
The cloned gene appeared properly regulated upon cell 
differentiation . It should therefore be possible to define 
the cis-acting DNA sequences required for the regula-
tion and to compare them with globin gene regulatory 
seq uences. 

Early regulatory events during 
monocytic cell differentiation 

In this system, unlike the erythroid system, we are trying 
to focus on molecular events involved in the early steps 
of the process of differentiation . We make use of the H L-
60 cell line, derived from a patient with acute promyelo-
cytic leukemia . These cells are blocked in their differen-
tiation at a stage analogous to the promyeloblast. Treat-
ment with 1,25-dihydroxyvitamin D3 (1,25(OHhD3), 
the active derivative of vitamin D3, induces a series of 
modifications which mimic aspects of monocytic differ-
entiation . 1,25(OHhD3 is thought to act by interac-
tion with an intracellular receptor in a manner similar 
to steroid hormones. This implies that 1,25(OHhD3 
might initiate the differentiation process by direct mod-
ulation of the transcription of some key genes. We 
have undertaken the cloning of the genes regulated by 
1,25(OHhD3 in HL-60 cells. For this purpose, we have 
constructed a cDNA library of 1,25(OHhD3 treated 
HL-60 cells. Partial screening of this library by differen-
tial hybridization using cDNA probes from treated and 
untreated cells indicates the existence of genes which 
are up or down regulated after a one hour treatment 
of the cells with 1,25(OHhD3. We plan to pursue 
this work in order (1) to collect the different genes 
directly regulated by 1.25(OHhD3; (2) to study the 
molecular mechanisms of the regulation of specific genes 
by 1,25(OH)2D3; (3) to detect the genes which playa 
critical role in the initiation ofthe differentiation process. 
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RAS genes encode regulatory elements of the pathway 
wh ich controls cell proliferation in the yeast Saccha-
romyces cerevisiae. Together with CDC25 and CYRl 
gene products, RAS proteins playa positive role in the 
regulation of intracellular cAMP leve ls . This nucleotide 
in tu rn is a positive effector for progression through 
the G1 phase of the cell cycle. Subsequent work has 
shown that CYRl is the structural gene for the catalytic 
component of adenylate cyclase, while the CD C25 , 
RAS1, and RAS2 genes encode proteins which positively 
regulate the function of the adenylate cyclase (Fasano, 
1986). 

Even though these findings indicate that the modulation 
of intracellular cAMP level plays a key role in the 
progression of yeast cells through the cell cycle, we do 
not know how many cellular components regulate cell 
growth by acting via the cAMP pathway. To clarify this 
point, we have developed an experimental approach, 
based on the observation that mutations which activate 
the function of the cAM P-dependent protein kinase can 
suppress the lethality resulting from the inactivation of 
the RAS1, RAS2, and adenylate cyclase genes (Fasano, 
1986). By isolating and characterizing a large number 
of mutations able to bypass the lethality of rasl ras2 
yeast strains, we thought that we could identify new 
elements of the growth control pathway (Fasano, 1986; 
De Vendittis et at., 1986a). 

To isolate such mutants, we first constructed the yeast 
strain TS1 (rasl ras2-tsl) , with the RASl gene dis-
rupted by marker insertion, and the RAS2 gene replaced 
by a mutant allele encoding a defective gene product, 
not allowing growth at 37°( (De Vendittis et at., 1986a). 
Subsequently, we have isolated and characterized ex-
tragenic revertants able to grow at the nonpermissive 
temperature. As expected, some of them identify new 
elements of the growth control pathway. Moreover, a 
mutation in the gene encoding yeast adenylate cyclase 
that has been characterized in detail leads to the hy-

pothesis that cellular kinase(s) regulate the response of 
adenylate cyclase to RAS proteins (De Vendittis et aI., 
1986a). 

Construction of a yeast strain 
temperature-sensitive for growth 
after mutagenesis of the RAS2 gene 

The technique of gene replacement was used in order 
to construct the strain TSI (rasl ras2-tsl), unable 
to grow at high temperature because of a mutated 
RAS2 gene product (De Vendittis et aI., 1986a). After 
raising antibodies against the purified RAS2 protein 
overexpressed in E.coti (De Vendittis et at., 1986b), 
we found by immunoblot analysis of yeast cells that 
the protein encoded by the ras2-tsl gene, unlike the 
wild-type protein, was degraded during stationary phase 
(De Vendittis et at., 1986a). Moreover, the steady-
state level of the mutant protein during logarithmic 
growth was about one-third of the wild-type protein. 
TSI cells accumulated mostly as unbudded cells upon 
temperature-shift from 30 to 37°(, thus confirming that 
both RASl and RAS2 gene functions are important for 
progression through the GI phase of the cell cycle. 

Molecular cloning of the CYR1 gene 
encoding yeast adenylate cyclase and 
of the CRI5 and CRI6 genes 

After transformation of TS1 cells with a yeast genomic 
library, we identified several clones which were able to 
suppress the GI arrest of TSI cells at 37°C. Among 
them the plasmid RIB was found to encode the carboxy-
terminal portion of the adenylate cyclase gene, as de-
termined by sequence comparison with the published 
adenylate cyclase sequence. Using RIB as a probe, 
we identified clones with overlapping DNA segments 
from libraries made from wild-type yeast DNA. The 
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complete yeast adenyl ate cyclase gene was reconstructed 
as a Sau3A insert in the expression vector YEp13 (De 
Vendittis et al., 1986a). 

Two plasmids with nonoverlapping DNA regions, able to 
suppress the temperature-dependent G1 arrest of TS1, 
identified two new genes (CRI5 and CRI6). They are 
presently being analyzed. 

Possible involvement of threonine 1651 
of yeast adenylate cyclase in the 
regulation of RAS-adenylate cyclase 
system by cellular protein kinase(s) 

The spontaneous chromosomal mutant CRI4, able to 
tolerate the inactivation of both RASl and RAS2 genes, 
was found to exhibit a threonine 1651 to isoleucine 
replacement in its adenylate cyclase, as determined by 
DNA sequence analysis (De Vendittis et al., 1986). 
Suppression of a defective RAS function was linked to a 
low RAS-independent activity of the mutated adenylate 
cyclase (De Vendittis et aI., 1986a). The amino-acid 
region surrounding threonine 1651 showed homology 
with protein kinase substrates. An identical sequence of 
five amino-acids is found at a threonine phosphorylation 
site of the EGF-receptor, which is a substrate for protein 
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kinase C. Since the mutated adenylate cyclase was 
much more sensitive than the wild-type enzyme to the 
stimulatory effect of RAS proteins in vitro and in vivo 
(De Vendittis et aI., 1986a), it is possible that threonine 
1651 is involved in the functional inactivation of the 
wild-type enzyme by cellular protein kinases, and that 
this reaction cannot occur after the replacement of 
threonine 1651 by isoleucine. 
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The research of this group is aimed at understanding 
the function of the cellular tyrosine kinase pp60c-src 
The principal system we use is to study and compare 
normal and polyoma virus-transformed cells, since the 
transforming protein of polyoma virus, middle T antigen, 
forms a complex with pp60c-src, and activates its kinase 
activity. Using this system, it has been possib le to show 
that pp60c-src becomes activated when its major tyrosine 
phosphorylation site is not phosphorylated . pp60c-src is 
thus the first example of a tyrosine kinase whose activity 
is negatively regulated by tyrosine phosphorylation; t he 
greater the degree oftyrosine phosphorylation, the lower 
the kinase activity. 

The function of pp60c-src is unknown. It is expressed to 
high levels, and with a high degree of kinase activity, 
in certain fully differentiated cell types, for example, 
neurons, platelets and macrophages. Th is had led to the 
hypothesis that pp60c-src has a role in terminal differ-
entiation of cells, rather than growth cont rol. However 
pp60c-src is also expressed, albe it at a lower level, in all 
cell types examined. In tissue culture fibroblasts, it has a 
very low level of kinase activity, and is fully phosphory-
lated on tyrosine. The observation that middle T antigen 
binding can activate pp60c-src activity in fibroblasts 
suggests that middle T is mimicking a normal ce llular 
signal. However such a signal has yet to be identified. 
The tyrosine kinase which phosphorylates pp60c-src, as 
well as the putative phosphotyrosine phosphatase wh ich 
would dephosphorylate it, are also unknown. 

In the past year, we have concentrated on two areas: the 
nature of the complex between middle T and pp60c-src, 
and the regulation of pp60c-src kinase activity. 

The complex of middle T antigen and pp60c-src 

The apparent molecular weight of the complex of midd le 
T antigen and pp60c-src, as measured by sucrose density 
grad ient centrifugation, is 200-220 kDa. This is larger 
than can be accounted for by one midd le T molecule 
binding to one pp60c-src molecule, and allows the possi-
bility that the complex may contain other proteins. Care-
ful analysis of immunoprecipitates of middle T by kinase 
assay shows not only midd le T antigen and pp60c-src as 
expected, but also a third protein of molecular weight 
81 kDa. If the complex is precipitated with antibod ies 
to pp60c-src, an 81 kDa protein is a lso seen. The p8l 
proteins from these immunoprecipitates have identical 
V8 protease maps, and in both cases are phosphorylated 
exclusively on tyrosine residues. The p8l protein also 
co-sediments with middle T antigen and pp60c-src on 
sucrose gradients. Imm une precipitates of middle T and 
pp60c-src from polyoma virus-transformed cells labelled 
in vivo with 32 P-orthophosphate also contain a copre-
cipitating band of 81 kDa. We therefore conc lu de that 
the complex consists of one molecule each of middle T 
antigen, pp60c-src, and the p8l protein, giving a total 
molecular weight of approximately 200 kDa, in good 
agreement with previous estimates. 

Is the presence of p8l in the complex important in 
transformation by polyoma? In order to address this 
question, we have made cell li nes containing various 
middle T mutants . Al l transforming middle T mutants 
tested bind to p81. In contrast only some , but not 
all, non-transforming middle T mutants show a co-
precipitating p8l product in vitro or in vivo. Perhaps 
then the ab ili ty of middle T mutants to bin d to p8l 
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IS necessary, but not sufficient for transformation. It 
is interesting to note however, that some mutants of 
middle T antigen are able to bind both pp60c-src and 
p81, and yet are unable to transform. This suggests 
that middle T has at least three functions important 
in transformation, of which only 2 are known at present. 

What might be the function of p81? In a recent pub-
lication, Whitman et al. (1985) reported that immune 
complexes of middle T contain a phosphatidylinositol 
(PI) kinase activity, although others have argued that 
this is a contaminating activity (Koch et al., 1986). In 
agreement with Whitman et at. (1985) we too find such 
an activity in immune complexes . Mutant analyses lead 
us to believe that this activity is critical to transforma-
tion by polyoma. A further correlation can also be made: 
all mutants of middle T which have associated PI kinase 
activi ty also have an 81 kDa protein in the complex, 
whereas those middle T mutants without associated PI 
kinase activity do not. Our working hypothesis then is 
that the 81 kDa protein is a phosphatidylinositol kinase, 
wh ich is phosphorylated by and perhaps activated by 
pp60c-src within the complex. Middle T transformation 
would then involve the activation of both tyrosine and 
serine kinases (through the production of the C kinase 
activator diacylglycerol). The observation that middle T 
antigen brings two ce llul ar proteins into a stable com-
plex suggests that these two proteins might transiently 
interact in a normal cell. If the p81 protein is indeed a 
phosphatidylinositol kinase, it suggests that one function 
of pp60c-src may be to regulate the phosphatidylinositol 
pathway, which would in turn impinge on the regulation 
of serine and threonine kinases . In the future, we intend 
to examine in more deta il p81, any associated enzyme 
activity it may have, and possible control by pp60c-src. 

Regulation of pp60c-src kinase activity 

The kinase activity of pp60c-src is regulated by its degree 
of phosphorylation. Presumably then the kinase activity 
of pp60c-src in vivo is normally regulated by the opposing 
action of currently unidentified tyrosine kinase(s) and 
phosphatase( s) . 

As a first step in understanding the control of pp60c-src 
activity, we have undertaken a characterisation and pu-
rification of phosphotyrosine specific phosphatases. Our 
assay systems involve the use of phosphorylated sub-
strates such as casein and immunoglobulin heavy chains 
in order to detect all phosphotyrosine phosphatases. We 
also study whether these phosphatases are capable of 
using pp60c-src as a substrate by measuring the abi lity 
of these enzymes to activate the kinase activity of 
pp60c-src. 
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Initially we have screened a variety of cell types and 
tissues for phosphotyrosine specific phosphatase activ-
ity. Most tissue culture cells, particularly fibroblasts, 
have a very low level of enzyme activity, and are not 
suitable for characterisation of enzymes. In contrast, 
some tissues, particularly-spleen, kidney and liver, have 
appreciably higher levels of activity. Cell fractionation 
studies have revealed phosphatase activity in both mem-
brane and cytoplasmic fractions. For this reason, we 
are using whole cell Iysates for purifications. In our 
first analyses, we have fractionated Iysates of rat spleen 
by ion exchange and affinity chromatography, based 
on a procedure described by Brunati & Pinna (1985). 
Using phosphotyrosine-containing immunoglobulin as a 
substrate, we can detect three forms of phosphotyrosine-
specific phosphatase. Two of these forms of phosphatase 
are able to activate pp60c-src. We plan to purify these 
two enzyme activities in order to study them in more 
detail, e.g. generate antibodies against them, study their 
properties, distribution, regulation etc . 
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Biological Structures Programme 

The activities of the Biological Structures Programme 
range from x-ray crystallography through cryo-electron 
microscopy to yeast genetics making it the most diverse 
in the Laboratory. The efforts of the Programme's nine 
groups are unified by a common goal, the understanding 
of the structural basis of biological control. The pursuit 
of such an ambitious goal requires specialized support 
in equipment and computing, a critical mass of experts 
in particular fields to provide the proper intellectual 
environment and continuing effort to maintain ties with 
the other Progra mmes at the Laboratory who can profit 
from the insights offered by the structura l biologist. 
This task of attracting and mainta ining a group of high 
quality is made more difficult by the fact that there are 
relatively few workers trained in the field and by the 
recent recognition by many institutions that structural 
biology forms an essential part of molecular biology. 

The Programme at EMBL has a number of successes 
to its credit . One of the more recent is the collabo-
rative project with the Gene Structure and Regulation 
Programme on the structure of the Rop protein. The 
structures of the wild type protein and of a number 
of variants generated by site-d irected mutagenesis have 
been solved. This work provides important information 
on the factors which stabilize helical structures. The 
structure of a complex of DNase I and an oligonucleotide 
has also been completed recently and shows the struc-
ture of the DNA within the complex directly. Previously, 

the interactions between DNA and binding proteins 
had to be inferred from model building. (rye-electron 
microscopy continues to provide unexpected insights 
into biological structure at intermediate resolution. The 
structure of the enveloped animal virus, Sin dbis, has 
recently been solved from cryo-electron micrographs 
and indicates that assembly is mediated by a hierarchy 
of complementary interactions which are responsible 
fo r the exclusion of host membrane proteins and the 
inclusion of viral ones. This mechanism shares many 
features with the process of sorting during intracellular 
transport . The contin ued progress on the crystallization 
of the RNA/protein complex TFllla and of a fragment 
of the membrane channel col icin open the way for the 
appl ication of structural techniques to these important 
systems. 

The Programme has grown this year by the addition of 
two new groups. The group led by Ramon Serrano is 
using the power of genetics to probe the structure of 
a yeast plasma membrane enzyme, the proton pumping 
ATPase. Stephen Fuller's group is concentrating on the 
use of animal viruses as a structural mode l for the sort-
ing of membrane protein s. This growth and continued 
collaboration with other programmes, particularly the 
newly expanded one in Biocomputing, promise to make 
the coming year an exciting one for structural biology at 
EMBL. 
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Structure of DNA binding and membrane proteins 

Scientists: D . Tsernoglou, D.W. Banner*, M.A. Hollecker , M. Parker* 

External fellow : M . Kokkinidis 

Predoctoral fellow: R. Brown 

Students: A . Lahmo, H. Lange* 

Trainee: R. Rausch* 

Visiting workers: M. Helmer Citterich*, R. Karlsson* 

Scientific assistant: A. Tucker 

Technical assistants: S. Heathman, A. Kingswell 

Repressor of primer: mutants 

Work on the structure and function of the Rop (repres-
sor of primer) protein was continued in collaboration 
with the group of Gianni Cesareni . Having solved the 
structure of the native molecule (see last year's report), 
we produced and studied a number of mutants (see 
Table 1). 

Table 1 

Rop Mutants 

Name Change Rop Activity 

RM1 R13-CYS Wild type 

RM2 R16-CYS Wild type 
RM3 Insertion of Ala on either Active 

side of D30 
RM4 Deletion of D30-Q34 Inactive 

RM5 F56-Amber Inactive 

RM6 D58-Amber Wild type 

The fact that RMI and RM2 are active suggests that 
it is unlikely that Arg13 and Arg16 are involved in 
the interaction with RNA. Removal of the carboxy end 
(RM6) produces a fully active mutant. Amino-acids 57-
63 are invisible in the native crystal structure suggesting 
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that they are very mobile and that they possibly interact 
with RNA. The activity of RM6 in which amino-acids 
58-63 are missing disproves this notion. Removal of 
Phe56 (RM5) renders the molecule inactive; however, 
this is probably due to the importance of Phe56 for 
the structural integrity of the protein rather than to 
any specific interaction with RNA. RM4, in which the 
amino-acids 30-34 are removed, is inactive . These form 
part of a tight bend that connects the two helices 
of Rop. We obtained crystals of RM4, measured their 
diffraction, solved the structure at 2.5 A resolution and 
we are currently refining it at 1.5 A. The RM4 structure 
is similar to that of the native Rop, the main differences 
being that the turn is less tight and that the carboxy 
tail (amino-acids 57-63) becomes visible. The molecule 
is now shorter and one possible conclusion could be that 
the whole length of the Rop dimer is needed for its 
interaction with RNAI and RNAII. 

Search for heavy atom derivatives 

We have measured a complete set of native data and 
a putative gold cyanide derivative. Several platinum 
compounds also appear promising as derivatives but the 
diffraction is considerably reduced and we are searching 
for solvent conditions that will eliminate the problem. 
Change of the solvent had led to two possible deriva-
tives (samarium and dysprosium) for the adenovirus 
DNA-binding protein. A new and better native intensity 
set was measured at the EM BL synchrotron facility in 
Hamburg and we are currently measuring the derivative 
data in Heidelberg. 



Other work 

In collaboration with Dr. Kuhn of Julich, we are working 
on the structure of arrestin. This protein (also known as 
"48 KDa protein" or "S-antigen") is involved in control-
ling light-dependent cGM P phosphodiesterase activity in 
retinal rods . It can induce auto-immune uveitis of the 
eye . 

Despite difficulties in obtaining juvenile frogs from South 
Africa, work on the 75 RN P from the oocytes of Xenopus 
laevis continued . More crystals were obtained and no 
effect was observed upon addition of divalent cations 
or ,a-octyl glucoside. Material from rainbow trout, Rana 
esculenta and Xenopus borealis was also studied. 

In collaboration with P. Timmins of the ILL Grenoble, 
the contrast variation tech nique was used for a neutron 
study of the 75 particle in solution. The study suggests 
that the particle is cylindrical with a diameter of about 
50 A and length of 140 A and that it consists of one 
molecule of protein and one of 55 RNA. 

Recently the amino-acid sequences of several regula-
tory proteins from Drosophila melanogaster, yeast and 
mouse have been discovered to contain multiple copies 
of the TFIIiA sequence repeat . Th is repeat of about 28 
amino-acids is currently believed to constitute an inde-
pendently folded nucleic acid binding domain. Alignment 
of these sequences reveals a number of highly conserved 
residues . An averaged secondary structure prediction 
suggests the presence of a short a-helical region. 

Circular dich roism experiments on dendrotoxins I and K 
and their folding intermediates have been completed and 
the relevance of these spectra to the physical basis of 
the folding pathways investigated . The toxic properties 
of these proteins, which block K+ channels and facilitate 
neurotransmitter release at presynapses, have also been 
investigated in collaboration with A. Harvey (Glasgow) 
and the toxic site localized through the changes of 
toxicity of modified forms of the two dendrotoxins . 

Circular dichroism measurements have been performed 
on transcription factor IliA (TFIIIA) and the secondary 
structures of the protein obtained . Further experiments 
on the complex DNA-TFIIiA are planned . 
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Structural studies on actin and DNase I 

Scientist: D. Suck 

Predoctoral fellow: C. Oefner* 

Students: R. Doffinger*, H. Lahm<>, B. Trauth<> 

Technical assistant: G. Frost 

Based on the three-dimensional structure of bovine 
pancreatic DNase I as determined and refined at 2 A 
resolution, we have proposed a mechanism for cutting-
off and a model for binding to double-stranded DNA 
(Suck & Oefner, 1986; Oefner & Suck, 1986). The 
essential features of this model are the binding of an 
exposed loop in the minor groove of B-type DNA and 
electrostatic interactions of several positively charged 
side-chains with phosphates of both DNA-strands across 
the minor groove. The sequence-dependent cleavage 
pattern of DNase I can be explained in terms of this 
model mainly by the variation of the minor groove 
width which directly affects binding. In agreement with 
quantitativeDNase I digestion data, optimal binding and 
therefore maximal cutting frequencies are expected for a 
minor groove width of 12 to 13 A which is characteristic 
of random-sequence B-DNA. 

As already mentioned in last year's research re-
port, we have been able to co-crystallize several self-
complementary octanucleotide duplexes with DNase I. 
HPLC analysis of the dissolved crystals showed that in 
some cases the bound oligonucleotides were cut and that 
the position of the cut varied with the sequence. Out 
of the four different co-crystals characterized crystallo-
graphically so far, those containing the (GCGATCGCh-
duplex are particularly well-suited for high resolution 
x-ray structure analysis. A 1.9 A data set has been col-
lected for the orthorhombic crystals (space group C2221, 
a = 73.0 A, b = 100 .1 A, c = 92.7 A by the oscillation film 
method using a GX21 rotating anode x-ray generator. 
61 film packs were scaled together with an R merge of 
8.9% yielding a total of 22450 unique reflections . 

The structure of the DNase I:oligonucleotide complex 
was solved by the molecular replacement method using 
the refined DNase I co-ordinates and observed 3 A ampli-
tudes from the co-crystal. The fast rotation function as 
well as the subsequent R-factor search gave a clear-cut 
solution providing the orientation and translation of the 
DNase I molecule in the C2221 unit cel l of the complex. 
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After refinement of the orientational and translational 
parameters with the program CORlS, a 3 A difference 
Fourier was calculated, not including any DNA. The re-
sulting difference density map showed surprisingly clear 
density featu res characteristic for the backbone as well 
as the hydrogen-bonded bases of double-stranded DNA. 
Only at one end of the duplex, which is not in contact 
with the protein, was the density less well defined. 
Significant difference density in the protein region is 
confined to surface loop residues. A piece of DNA was 
then built into the difference map with the help of a 
graphics display system and the resulting model is now 
being refined by the reciprocal, restrained least-squares 
technique. 

At the present state of the analysis the following fea-
tures are clear: No major conformational change occurs 
in DNase I on binding of the oligonucleotide duplex. 
The octanucleotide bound to DNase I adopts a B-type 
double-helical DNA-conformation, which is, however, 
somewhat irregular. The DNA appears to be bent by 
approximately 20° towards the major groove (see Plate 
15). As predicted from model building (Suck & Oefner, 
1986), the exposed loop Arg70 to Lys74 interacts in 
the minor groove of B-DNA. Although at the present 
stage of the analysis the orientation of side-chains is 
not definite, the model indicates that there are at least 
two positively charged side-chains in contact with phos-
phates from the DNA-strands. 

In collaboration with W. Kabsch from the Max-Planck-
Institut fur Medizinische Forschung, Heidelberg, we are 
continuing the x-ray structure analysis of the skeletal 
muscle actin:DNase I complex. So far, however, suitable 
heavy atom derivatives providing high resolution phase 
information could not be obtained and attempts to 
extend the resolution beyond 4.5 A, utilizing the phase 
information stemming from the known structure and 
orientation of DNase I, have not yet produced any con-
vincing results. 
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PLATE 15 

Stereoscopic view of the structure of the complex 
between DNase I and the self-complementary octanu-
cleotide duplex (GCGATCGCh 
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Structure and function of ionic channels: Two-dimensional crystallization in lipid monolayers 

Scientist: F. Pattus 

EMBO fellows: J.-L. Dasseux, M. Frenette* 

Student: B. Dargent 

Visiting worker: M. lie de Fons* 

Technical assistant: M.-P. Clement 

Supernumerary: N. Didat* 

Colicin A 

Colicins are bactericidal proteins encoded by a plasmid 
and exported by strains of bacteria harbouring the plas-
mid. These col icins kill sensitive Eeoli cells by binding to 
a specific receptor on the outer membrane of the cell, af-
ter which they are translocated across the membrane(s) 
and reach their target inside the cell. Colicin A belongs 
to the "membrane active" group which depolarizes the 
inner membrane. 

We have shown that colicin A forms voltage-dependent 
channels reminiscent of channels from excitable mem-
branes. These colicins provide a very attractive system 
to study protein export, protein translocation through 
membranes and also to understand the structural basis 
of membrane excitability. The group has continued in-
vestigations with the aim of elucidating the structure of 
the ionic channel formed by colicin A and determining 
which structure is responsible for its gating by membrane 
potential. We are also trying to relate the ability of 
colicins to fuse membranes at acidic pH in vitro to the 
entry mechanism of colicins in the bacteria. 

In collaboration with D. Baty, B. Vereij & C. Lazdun-
ski (from CNRS, Marseille), colicin A mutants were 
designed by site-directed mutagenesis on the basis of 
a speculative model of the pore structure proposed 
recently (Pattus et aI., 1985). Preliminary screening 
of these mutants in vivo and in vitro (Plate 16) sup-
ports the proposa l that three a-hel ices per colicin A 
monomer contribute to the transmembrane domain of 
the channel (helices 4 to 5) . Mutations or deletions 
upstream of th is putative transmembrane region do not 
reduce the ionophoric activity of the protein but affect 
either the conductance or the voltage dependence of 
the channel. When the structure has been determined 
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from the crystal of the C-terminal thermolysin peptide 
of colicin A (see report by D. Tsernoglou, p. 68) a more 
straightforward interpretation will be possible. 

The interaction of the C-terminal peptide with nega-
tively charged phosphol ipid vesicles has been studied 
by fluorescence spectroscopy, gel filtration, electron mi-
croscopy and photochemical labelling. The thermolysin 
peptide abolishes the phase transition of dimyris-
toylphosphatidylglycerol vesicles and forms a soluble 
complex consisting most probably of an oligomer con-
taining 15 to 20 lipids per monomer. Labelling with the 
photoactivable hydrophobic probe (1125 ) TID (Trifluoro-
lodo-Diazirine) confirmed that the peptide inserts into 
the hydrophobic core of the bilayer membrane . Fluores-
cence spectroscopy revealed that tryptophans are buried 
in a very pecul iar hydrophobic environment. They are 
unperturbed up9-ij. bind,ing,oft,he peptidetomemlilranes 
and inaccessible to fluoresce'nce energy transfer with 
fluorescent lipids . Current efforts are directed towards 
a precise description of the pore properties, secondary 
structure, lipid affinity and fusogenic activity of these 
mutants . In collaboration with the crystallographers, 
crystals of the most interesting mutants will be obtained. 
The amino-acid residues labelled by TID will be deter-
mined . 

E.coli porins 

The characterization of maltoporin channels (LamB pro-
tein) has been continued. Maltoporin channels are volt-
age independent and display selectivity towards maltose 
and maltodextrins. In collaboration with R. Newmann 
& K. Leonard, the orientation of maltoporin inserted 
in the planar bilayer was deduced from labelling ex-
periments with monoclonal antibodies directed against 



PLATE 16 

Effects of mutations on the secretion and on the activities 
in vivo and in vitro of colicin A . The predicted a -helices 
in the COOH-terminal region of colicin A are marked 
HI to H6 . The num bered transitions of amino-acids are 
indicated by arrows. Mutations denoted by a single digit 
represent those created with a single oligonucleotide. 
Multiple mutations are denoted by a letter followed by 
2 or 3 digits which represent the oligonucleotides used 
in combination to produce them. A ll of the deletions 
which are denoted by the letters A, B or C followed by 
2 digits and Ll were obtained from double mutants using 
the restriction sites introduced by each oligonucleotide. 
N41Ll was obtained using a single oligonucleotide. The 
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the periplasmic and extracellular domain of maltoporin 
(kindly supplied by M. Schwartz, Pasteur Institute, 
Paris). Maltoporin mutants were purified and recon-
stituted in planar lipid bilayers (collaboration with the 
group of M. Hoffnung, Pasteur Institute, Paris) . These 
mutants could be classified into three groups accord-
ing to their properties. A good correlation was found 
between their properties measured in vivo and those 
determined in vitro. 

Since no crystal structure of porins is yet known, it 
was necessary to develop models of the topology of the 
porins within the E.coli membrane . The transmembrane 
domains of the porins, unusually polar with iJ-pleated 
sheet structure, could not be deduced from the amino-
acid sequence by the classical prediction methods. The 
main reasons for this failure are as follows: (1) 11 to 13 
residue stretches are long enough to span the membrane 
in a iJ sheet structure; (2) the porins form large water 
filled channels; (3) the porins are trimeric structures. In 
an attempt to build a hypothetical structure of the porin 
channels, we used a similar approach to that previously 
carried out on the colicin sequences (Pattus et a/., 1985) 
combining secondary structure prediction methods to 
hydrophobicity and hydrophobic moment calculations. 
This method was applied on the homologous OmpF, 
OmpC, and PhoE protein, and on LamB and OmpA 
protein . The predictions were compared with the avail-
able topological data. Although this approach was not 
as satisfactory as one might expect, conclusions could 
be drawn to design new mutagenesis experiments. 

Two-dimensional crystals in lipid monolayers 

As discussed in the previous report, lipid monolayers 
may be used to create a favourable template for two-

74 

dimensional crystallisation of proteins. We have used 
three different systems and obtained encouraging results 
(see report by K. Leonard). Closely packed arrays of 
proteins in monolayers have been obtained. However 
conditions oftrue crystallisation are not always obtained. 
The influence of the physicochemical properties of the 
interface and of the bulk phase on the crystallisation 
process remain to be investigated . 
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Enveloped viruses as models for membrane protei n sorting 

Scientist: S.D. Fuller* 

Tra inee: A. Zami rly* 

Technical assistant: P . Buck* 

The organization of the intrace ll ular membranes of the 
eukaryotic cell is established and maintained by vesicular 
transport of specific membrane components. Intracel-
lula r transport combines the features of high accuracy 
and great flexiblity. Studies in epithelial cells have shown 
that the error rate for inclusion of components in vesicles 
is near to 1:1000 even when large amounts of compo-
nents are being transported (Ful ler & Simons, 1986) . 
Ach ieving such fidelity requires that highly accurate 
sorting must be coup led to the formation of the vesicle . 
Structural studies of normal intracellular transport vesi-
cles are difficult due to their lack of homogeneity and 
regularity. Studies of enveloped an imal viruses provide 
one alternative approach. Viral budding a lso couples 
the selection of particular membrane proteins and the 
exclusion of others with the introduction of curvature. 
The regularity, homogeneity and ease of preparation of 
the viral systems make them a more tractab le subject for 
structu ral studies than the cellular ones. An understand-
ing of the st ructural basis of membrane protein sorting 
during virus budding will be interesting both for what 
it tells us about these membrane assemblies and for the 
insight ga ined on the general process of sorting during 
vesicle formation . 

Alphaviruses, wh ich include Sind bis virus and Sem-
liki Forest virus, are the best-characterized membrane 
viruses in terms of overall structure . Sindbis virus con-
tains only three structural proteins: a capsid protein 
("'-'30 kDa) wh ich combines with the single negative 
strand of RNA to form the nucleocapsid and two trans-
membrane glycoproteins (E1 and E2, each ",,50 kDa) 
which form the spikes of vi ral envelope . The spikes of 
Semliki Forest virus contain a fourth, non-membrane 
spanning glycoprotein (E3, ",,10 kDa) . 

Our understanding of alphavirus st ructu re owes a great 
deal to the developement of cryo-electron microscopy. 
This method allows the observation of these and other 
enveloped viruses in the ir native, unstained state (Adrian 
et at., 1985). Vogel et at. (1986) combined cryo-electron 
micrographs of Semliki Forest virus using a novel Re-
construction by Optimized Series Expansion (ROSE) 

techniq ue to produce a th ree-dimensional map of the 
virion . T he ROSE map showed that the envelope of the 
virion comprises 80 tr imeric spikes arranged on a T =4 
icosahedral lattice . Unfortunately, neither the membrane 
nor the nucleocapsid was visible in the ROSE map and 
the shape of the spike, particularly near the memb rane, 
was poorly defined . 

Our studies of Sindbis virus have been directed toward 
obtaining a reliable structure for the whole virion to 
address the mechanism of virus assembly. A reconstruc-
tion of Sindbis virus has been performed from cryo-
electron micrographs using the method of common lines 
(Crowther, 1971) wh ich has been modified to include 
prope r statistical weighting necessary for work with low 
contrast images. The entire vi rion structure is seen in 
the reconstruction (Plates 17 and 19; Fuller, 1987). 
Controls for the accuracy of the structure include the 
corre lation of x- ray intensities from pellets of Sindbis 
virus with t he cryo-electron microscopic data , obser-
vation of the effects of freezing and thawing on the 
structure of the viral membrane and the correspondence 
between the structure seen with in the reconstruction of 
the whole virion and a reconst ruction of the isolated 
nucleocapsid . The 80 spikes of the Sindbis virion are 
colu mnar trimers arranged on a T =4 icosahedral net 
(Plate 17A, B, C). The lipid bilayer is clearly seen in 
t he reconstruction and is polyhedral, bendi ng at the 
positions of the spikes (Plate 17D). Th is polyhedra l 
shape becomes more spherical after several cycles of 
freezing and thawing (P lates 18A, B). The nucleocapsid 
of the virus is a smooth , fenestrated shell with T=3 
icosahedral symmetry (Plate 19A, B) . Together with 
the volume of the structure this shows that the virus 
contains 180 copies of the capsid proteins in addition 
to the 240 copies of each envelope glycoprotein. This 
yields a total virion molecula r weight of 46.4 x 106 . 

The observed interactions between the nucleocapsid 
and the spikes lead to a model for the formation 
of the virion . The T=3 nucleocapsid is complemen-
tary to the T =4 arrangement of the spike proteins ; a 
hole in the capsid is found beneath each of the spike 
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PLATE 17 

Sindbis virus surface and membrane 

Surface representation of the outside of the Sindbis virion 
as revealed by the three dimensional reconstruction. The 
views down the two-fold (A), three-fold (B) and five-fold 
axes (C) of the virus are shown. The positions of some 
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of the five-fold axes are indicated for orientation. Note 
that the local sixfolds formed by the virus spikes coincide 
with the two-fold axes ind icating a T=4 arrangement . 
The membrane between the spikes is indicated ( ...... ) in 
the view down the five-fold axis of a virion cut 215 A 
from its center (D). 



PLATE 19 

Nucleocapsid structure 

. 1 .... , , 

t ' .. , 1', 
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Surface representations of the portion of the Sindbis 
virus structure within the membrane are shown . The 
direction of view directly along the three-fold axis of the 
virion looking from the direction of the spikes (top) or 
the RNA (bottom). The six-fold arrangement of capsid 
elements around the icosahedral three-fold axes indicates 
T=3 sym metry. 

PLATE 18 

Cryo-electron micrographs of Sindbis virus were taken 
close to focus ("-'1.5 microns) to show the bilayer. The 
top image is of undamaged particles and shows the 
bilayer only in particular orientations, such as those near 
symmetry axes ( indicated by the ;-), and then only over 
a portion of the virus circumference. This indicates the 
polyhedral shape of the bilayer. In contrast , particles 
disrupted by freezing and thawing (bottom) display mem-
branes clearly around their entire circumference. Two 
such particles are indicated by ....... 's . 
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PLATE 20 

A model for the steps leading 
to assembly of the virus 

Initially, spikes are mixed with other proteins in the plasma 
membrane as shown in (A) . As the concentration of 
spikes within the plasma membrane passes a critical 
thresh hold , lateral interactions result in the formation of 

A 

PLATE 21 

Predicted folding for Sindbis 
virus capsid protein 

The folding predicted by homology with the shell domains 
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close packed patches of spike proteins and the exclusion 
of cellular plasma membrane proteins (8) . These patches 
of spike proteins serve as attatchment sites for the 
preformed capsid. The capsid-spike interaction results 
in deformation of the close packed array of spikes to 
introduce five-fold vertices and so inititates the curving 
of the virus envelope (C). 

of picornavirus capsid proteins is shown. Three residues 
which contribute to the proteolytic active site of the 
Sindbis capsid protein are marked and can seen to be 
juxtaposed by the predicted folding . 
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trimers. Closer examination of the map reveals two 
classes of spike-capsid interactions: tight interactions 
around the five-fold axes of the virion and looser ones 
on the three-fold axes. This pattern of interactions leads 
to a hierarchical model of assembly (Plate 20). Lateral 
interactions of envelope proteins result in the formation 
of small close packed patches which exclude host cell 
proteins. Only properly formed patches will have the 
appropriate complementary geometry to interact with 
the nucleocapsid. The strong interactions near the five-
fold axes induce curvature and so lead to the budding 
of the virion. The three-fold axis spikes are included as 
a consequence of the lateral interactions. This model 
provides a mechanism for linking the sorting and vesicle 
formation steps. It also makes a number of testable 
predictions for the viral assembly process and for the 
cellular analogs. 

Comparison of the alphavirus structure with non-
enveloped T=3 virion structures is revealing (Fuller &. 
Argos, 1987) . The stronger spike interaction sites lie at 
positions occupied by divalent ions in the intact form 
of a virus such as tomato bushy stunt. These sites are 
opened upon expansion. Hence, alphavirus nucleocapsid 
ressembles an an expanded form of a non-enveloped T=3 
virus which is stabilized by the interactions with the 
cytoplasmic tails of the spike proteins. The carboxy-
terminal two-thirds of the alphavirus capsid protein is 
homologous with the capsid proteins of the T =3-like pi-
cornaviruses within the eight stranded ,6-barrel region of 
their shell domains. The sequence comparison indicates 
a relatively smooth structure for the alphavirus protein 
since it lacks the picornavirus puffs and loops. This is 
consistent with the observed structure (Plate 19) . It 
also predicts a folding for the alphavirus capsid protein 
which juxtaposes several sets of residues known to be 
involved in its serine proteolytic activity (Plate 21) and 
is consistent with recent tyrosine labelling data . These 
results provide support for an evolutionary relationship 
between enveloped and non-enveloped RNA viruses at 

the level of the capsid structure. 

Present work focuses on obtaining higher resolution 
information for the alphaviruses and on testing some 
of the functional implications of the assembly model of 
Plate 20. 
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Genetic engineering of the eukaryotic proton pump 

Scientist: R . Serrano* 

External fellows: F . Porti 110* , P. Eraso* 

Predoctoral fellow : A. Cid* 

Supernumerary: C. Montes inos*¢ 

Our new group in the Biological Structures Programme 
started working on August 15th on the genetic en-
gineering of the eukaryotic proton pump to optimize 
the expression of the yeast enzyme in Ecoli and to 
identify the signa ls addressing this protein to the plasma 
membrane . Site-directed mutagenesis is being used to 
test the function of amino-acids highly conserved in 
ATPases and also of those which could participate in the 
proton conducting pathway of the enzyme. The necessity 
of the portion of the (-termina l part of the enzyme 
which is not conserved between diffe rent ATPases wi ll 
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be investigated by deletion ana lysis. Two conditional 
mutants previously obtained, a temperature-sensitive 
mutant and a ga lactose-dependent one, are being stud-
ied to characterize the physiological consequences of re-
ducing the activity of this essentia l enzyme. Sequencing 
of the temperatu re-sensitive mutation is also planned . 
Purification of the proton pumping ATPases of yeast 
and oat roots' plasma membra nes is provid ing material 
to attempt the crystallization of the enzymes in two 
dimensions and, later on , in t hree dimensions. 



Electron microscopy of nucleic acids 

Scientists: H. Delius, B. Koller* 

Technical assistants: R. Badawi, H. Kluding* 

Visiting worker: P. Schnitzler* 

Our group uses the electron microscope for the struc-
tural analysis of nucleic acids. The nucleic acids are pre-
pared for electron microscopy by cytochrome spreading 
and by mica adsorption. These techniques have been 
applied to a number of collaborative projects, and they 
have been the basis of the major subject studied in this 
group during previous years: the analysis of chloroplast 
nucleic acids. This project has been terminated . 

Last year we started to work on the DNAs of human pa-
pilloma viruses, a group so far comprising more than 40 
different types isolated from various epithelial lesions. All 
the genomes of the different types probably originated 
from a common ancestor: In certain regions sequences 
are well conserved and all these regions of homology are 
arranged in a colinear fashion. The electron microscopic 
analysis of heteroduplexes should provide a quick means 
of obtaining a description of the relationship of new viral 
isolates with known types of viral genomes, yielding more 
detailed information than could be obtained by filter 
hybridization assays . 

In collaboration with H. Pfister (Erlangen) maps of 
homology were derived from heteroduplexes between 
cloned genomes of the papilloma types HPV8, HPV19 
and HPV25 . These maps were compared to the dif-
ferences between partial nucleotide sequences obtained 
from these DNAs. Although , in general , there was a 
good correlation, at several positions clear differences 
were observed between the average degree of base sub-
stitution and the observed duplex stability. 

One of the causes for such deviations is the heteroge-
neous base composition. AT-rich regions may be more 
subject to destabilization by base substitutions than 
are GC-rich regions. We have therefore developed a 
method for partial denaturation by formaldehyde under 
salt conditions which eliminate the differences due to 
the base composition . This method will be applied to 
the analysis of the effect of base substitutions in regions 
of heteroduplexes which under non-stringent conditions 
form stable double-strands. 

The papilloma virus DNAs are good models for such 
studies, since several of them have been completely 
sequenced . To explore the relationship between sequence 
homology and the stability of the strand association 
fu rther we have recloned the sequenced genomes of 
HPV1, HPV6, HPVll , HPV16 , and bovine papilloma 
virus (BPV1) into pEMBL vectors . Non-complementary 
single-stranded DNAs prepared from these plasmids can 
be used for an efficient heteroduplex formation , even 
when there is only a poor homology between the two 
DNAs to be compared . 

A computer program for the direct comparison of het-
eroduplex maps with stability computations based on 
the sequences is under development. 

In collaboration with the laboratory of H. zur Hausen 
(DKFZ, Heidelbe rg) a number of newly isolated recom-
binant DNAs conta ining sequences related to the papil-
loma virus genomes have been analysed by heteroduplex 
methods. These included recombinant DNAs related to 
HPV4 , HPV7 , and HPV18. 

Continuing the work on the avidin/biotin system, strep-
tavidin cellulose was prepared which has the capacity 
of binding selectively more than 200 J-lg of biotiny-
lated plasmid DNA/ml. This material was employed 
to prepare labelled probes for hybridizations, and an 
attempt is being made to use it for the enrichment of 
low abundancy mRNA from cells carrying Epstein-Barr 
vi rus genomes ( in collaboration with G.W. Bornkamm, 
Freiburg). 

Trans splicing in vivo of pre-mR NAs 
in tobacco chloroplasts 

In collaboration with Marvin Edelman and Hillel Fromm 
at the Plant Genetics Department of the Weizmann 
Institute, Israel, the structure of the gene coding for the 
ribosomal protein 512 (the rps12 gene) from tobacco 
chloroplasts , and the transcription and processing of the 
rps12 pre-mRNAs were studied . 
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Two coding sequences of the gene, termed exon II and 
III, were identified in the large inverted repeat of the 
chloroplast genome. These two exons are separated from 
each other by a 540 bp group II intron. They display a 
high degree of homology (80% on the amino-acid level) 
with the corresponding Euglena chloroplast and the 
Fcoli genes, but the sequence upstream of amino-acid 
38, as compared to the Euglena gene, was missing. 
RNA-DNA hybrids between a DNA fragment containing 
these two exons and tobacco chloroplast RNA were 
analyzed by electron microscopy. The RNA hybridized 
with the two exons, but the 5'-end of it did not anneal 
with the DNA fragment, which continued for about 
4 kbp upstream of exon II (Fromm et aI., 1986) . 

Su bseq uently a putative exon I of the rps12 gene com-
prising the missing 37 amino-acids was found in the large 
single copy region of the tobacco chloroplast genome, 
124 kbp away on the same strand, or 90 kbp away on 
the opposite strand, from the two copies of exons II and 
III. (Torazawa et al., 1986) . 

This structure of the gene suggested the possibility 
that the mRNA may be synthesized from two distinct 
precursor molecules in a trans splicing process. To find 
out whether the sequence of the non hybridizing 5' tail 
of the rps12 mRNA was a transcript of the putative 
exon I, two chloroplast DNA fragments which contain 
the three exons were combined into one plasmid . For 
this synthetic "recombination" of the gene, exon I was 
ligated upstream of exon II, at a distance of 460 bp, 
thereby creating an artificial intron. DNA of this clone 
was hybridized with tobacco chloroplast RNA. Electron 
microscopic analysis of the hybrids showed that the 
RNA sequence which previously formed the 5' tail now 
annealed with the exon I DNA sequence. The sequences 
between exon I and exon II of the cloned fragment 
formed an artificial intron loop. This demonstrates that 
an RNA sequence containing exon I is covalently linked 
to an RNA sequence, containing exon II. 
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Less abundant precursors of the trans spliced RNA were 
identified. The two regions of the gene, the exon I region 
on the one hand and the exon 11,111 region on the other, 
are separately transcribed as distinct polycistronic pre-
cursors, including other sequences and ORFs upstream 
and downstream of the rps12 coding sequences (Koller 
et al., 1987). It can be concluded from these results 
that the maturation of the rps12 pre-mRNAs in tobacco 
chloroplasts involves a mechanism of trans splicing. 
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Electron microscopy applications group 

Scientists : J . Dubochet, S . Fuller* 

EMBO fellow: J.M. Smith 

Student : P. Schultz 

Visiting worker: P. Rosch* 

Scientific assistant : A.W . McDowall 

Technical assistants: M. Adrian*, M. Cyrklaff* 

The cryo-electron microscopy project continued along 
three lines: improvement of cryo-methods, study of the 
structure of chromatin and of viruses (for this last 
subject : see reports by S. Fuller, J. Lepault &. R. Vogel). 

The simplest method for observing aqueous samples 
consists in vitrifying a thin unsupported laye r of solution. 
Dur ing the last few years, it has been observed that this 
thin layer differs s ignificantly from the bulk suspension 
because it partially evaporates during preparation and 
because the solution is modified by the proximity of 
the surface. The effect is generally negligible for rigid 
particles like viruses or even ribosomes. It is, however, 

PLATE 22 

Tilin vitrified film of a solut ion of small lip id vesicles. The 
salt concentrat ion of the solution was 100 mM (NaCI); it 
has increased during preparation of the specimen because 
of water evaporation from the thin film before it was 
vitr ified . This has resulted in a rapid increase of the salt 

determining for weak ly bound structures as, for example, 
chromatin. We fo und that this surface effect can be 
controlled by mod ifying t he surface properties of the th in 
layer . In particular, the addition of lipids with defined 
charge allows a neutral, positive or negative su rface to 
be produced. Their various properties can be exploited. 
For example, the repu lsion of negatively charged lipids 
acting on nucleosomes has been used to estimate their 
binding energy in isolated chromatin fragments . Small 
li pid vesicles are also useful osmometers for controlling 
evaporation during preparation (Plate 22) . They have 
been used to devise a simple method for avoiding evap-
oration . 

concentration of the solution and an osmotic shock on 
t he vesicles. They have reacted by losing their water, 
which has caused the invaginat ion observed in many 
vesicles and in many cases too the formation of a second 
vesicle inside. 
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The study of chromatin has focused on the direct 
observation of mitotic chromosomes and on isolated 
erythrocyte chromatin fragments. The main finding is 
that the structure of chromatin is not rigid: the forces 
binding nucleosomes are not sufficient to define unam-
biguously their position in respect to one another. Con-
densed chromatin appears therefore more like "a sea of 
nucleosomes" than like the association of nucleosomes 
into well-defined structures. Supranucleosomal arrange-
ments or filaments of nucleosomes become, however, 

·a 

PLATE 23 

Erythrocyte chromatin fragments. (a) Aggregate formed 
in 100 mM NaCI with 10 mM Mg++; (b) 30 nm filaments, 
fixed in 100 mM NaCI; (c) Decondensed filament in low 
salt environment (5 mM NaCI). 
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visible when the chromatin is decondensed into small 
fragments , as is the case when the concentration is low 
or at the surface of dense aggregates . Plate 23 shows 
examples of the structure of chromatin fragments in var-
ious conditions. This research has benefitted from col-
laborations with H.-W. Zentgraf (DKFZ, Heidelberg), J. 
Wray (Max Planck Institut fur Medizinische Forschung, 
Heidelberg) &. P. Oudet (Strasbourg). Thermodynamic 
measurements on the binding of nucleosomes in chro-
matin are in progress with H. Klump (Freiburg i. Br.). 
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Cryo-electron microscopy of periodic specimens 

Scientist: J. Lepault 

Student: J.-F. Menetret * 

Visiting workers: J. Escaig*, J .-c. Homo*, E. Kellenberger* 

Our work focused on two major projects this year: the 
study of DNA bacteriophages and the study of muscle 
components. (ryo-electron microscopy allows the study 
of biological objects in their native aqueous conditions. 
We put this advantage to good use by studying the 
structure of double-stranded DNA in bacteriophages. 
Fast freezing of biological suspensions is a simple but 
efficient way to stop reactions. (ryo-electron microscopy 
has therefore the potential for study of intermediates 
of biological events. To evaluate this possibility, we 
studied two major muscle components: actin and myosin 
filaments. 

Organization of DNA in bacteriophages 

To characterize better the DNA packing in bacterio-
phages, we continued our study of different T 4 mutants. 
We also studied the structure and packing of DNA 
molecules in vitrified concentrated solutions. From this 
study, the following conclusions were drawn: 

1. DNA molecules in concentrated solutions (»10 mg 
per ml) have a tendency to orient in a parallel 
manner forming nematic liquid crystals (Plate 24). 
Assuming the molecules are packed on a hexagonal 
lattice, the mean centre-to-centre distance of the 
DNA segments varies from 5 to 2 nm according to 
the DNA concentration . It can be shown by electron 
diffraction that DNA in these nematic liquid crystals 
has a B conformation. 

2. DNA in bacteriophages has a B conformation and 
forms liquid crystalline domains (Plate 25). In these 
domains, assuming the DNA segments are packed 
on a hexagonal lattice, the mean centre to centre 
distance of the DNA segments is about 2.8 nm. 
Within a bacteriophage head, several liquid crys-
talline domains are seen. Indeed, the number of 
differently oriented domains is dependent upon the 
capsid geometry. In elongated bacteriophages, such 
as giant T 4 , the DNA segments forming the domains 
are mainly parallel to the long axis of the capsid (not 
shown). In icosahedral particles such as isometric T 4 
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bacteriophages, the segments and then the domains 
have varied orientations within a head (Plate 25). 
The structure and packing of DNA in bacteriophages 
is then similar to that of DNA molecules in solution. 
However, the long range order of the DNA packing 
reflects the shape of its protein container. The final 
conclusion of this work is that DNA structure in 
bacteriophages does not directly reflect the way DNA 
has been packaged. 

Time-resolved cryo-electron microscopy 

Fast freezing allows the isolation of transient struc-
tural intermediates. To apply cryo-electron microscopy 
to the study of dynamic events, we studied myosin 
and actin filaments (in collaboration with W. Hofmann 
& K. Holmes, Max-Planck-Institut fur Medizinische 
Forschung, Heidelberg). 

Myosin filaments playa crucial role in muscular contrac-
tion. Due to their biological function, they are ideal spec-
imens to assess the temporal resolution of cryo-electron 
microscopy. In the presence of ATP (relaxed condition), 
the myosin heads are axially ordered along the filament 
(Plate 26). In the absence of ATP (rigor condition), the 
myosin heads are disorderd (Plate 27). When ATP is 
diluted and the filament rapidly frozen, filaments having 
an intermediate structure can be isolated (Plate 28). 
These results show that the structural rearrangement 
that the myosin filaments undergo between the relaxed 
and rigor condition is polar. It starts from the apex of 
the filament and extends towards the bare zone. 

Understanding the assembly of biological systems also 
calls for the study of intermediates. Preliminary results 
obtained on the assembly of actin filaments show that 
cryo-electron microscopy provides information on the 
manner in which biological objects assemble. 

The main emphasis of our future work will be the 
continuation of the study of kinetic phenomena. 



PLATE 24 

Vitrified DNA suspension - DNA molecules were aligned 
by partial drying of the suspension before freezing. The 
striations arising from the DNA packing are separated by 
4.5 nm. The bar in all plates represents 50 nm. 

PLATE 25 

Vitrified suspension of isometric T 4 bacteriophages. The 
striations arising from the DNA packing within the head 
have varied orientations. 
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PLATE 26 

Vitrified suspension of myosin filament of insect flight 
muscle (IFM) in presence of ATP (relaxed condition). 

PLATE 27 

Vitrified suspension of IFM myosin filaments in absence 
of ATP (rigor condition). The myosin heads are disorga-
nized. 

PLATE 28 

Vitrified suspension of IFM myosin rapidly frozen after 
the concentration of ATP has been lowered by dilution. 
The terminal part of the filament is disorganized (d) while 
the parts near the bare zone (b) are still organized (0). 
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Myosin heads are periodically arranged in the axial direc-
tion of the filament. 

Such images show that a polar structural rearrangement 
occurs in the myosin filaments between the relaxed and 
rigor condition. 
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Electron microscopy and computer image analysis 

Scientist: K . Leonard 

Predoctoral fellow: G . Hutchinson 

Visiting scientists: B. Bullard*, R. Newman*, H. Weiss* 

Technical assistant : C. Ferguson 

We are using computer analysis to obtain three-
dimensional information from electron micrographs of 
periodic biological structures. The work has concen-
trated mainly on two-dimensional crystals of membrane 
proteins, on protein microcrystals and on proteins ad-
sorbed to lipid monolayers. Work has also been carried 
out on specific labelling of periodic specimens using both 
antibody markers and chemical labels. 

Mitochondrial membrane proteins 
(with H. Weiss, Universitat Dusseldorf) 

Cytochrome reductase 

Work continues on this large multi-subunit complex. We 
are trying to define the position of the membrane in 
the reconstructed model by varying the conditions of 
staining and electron dose . It is also hoped to obtain 
higher resolution structural information by using thin 
multilayer crystals and by imaging unstained specimens. 

NADH:ubiquinone reductase (Comp/ex /) 

Membrane crystals containing small, well-ordered do-
mains have been used for image analysis and computer 
reconstruction . The three-dimensional model shows that 
the transmembrane complex (610 kDa) is present in the 
crystal as a monomer and is mainly located on one side 
of the membrane (Plate 29). 

Microcrystals 

We have been trying to develop a method for growing 
thin crystals directly on to electron microscope grids. 
Microcrystals of the RNA-TFIlIA protein complex, pro-
duced by rapid polyethylene glycol precipitation, have 
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been studied both by negative staining and by the Jesior 
grid sectioning technique to try to obtain a mode l for 
the packing of the complex in the crystals (with Ray 
Brown, EMBL). 

Surface monolayers 

With Frank Pattus (EMBL), we have been investigating 
methods for adsorbing proteins to surface monolayers of 
lipid in order to form two-dimensional crystals. Using a 
Langmuir trough, it is possible to monitor and control 
the surface pressure during formation of the surface film 
which is then picked up on an electron microscope grid. 
Encouraging results (Plate 30) have been obtained with 
amphiphilic proteins. 

Specific labelling 

In an attempt to improve the resolution of the gold-
antibody method for specific labelling, we have been 
using direct coupling of Fab fragments to small (3 nm) 
gold particles. This gives labels which can be visualised 
in the conventional transmission EM with a resolution 
of about 5nm. To test the method, we have investigated 
the distribution of troponin molecules along isolated 
muscle thin filaments (with B. Bullard , Plate 31). 

We have also been collaborating with Brian Sproat 
(EMBL) and W. Jahn (MPI fur Medizinische Forschung, 
Heidelberg) in the use of heavy metal cluster compounds 
as high resolution (> > 1 nm) electron microscopic mark-
ers. Preliminary results with a tri-osmium cluster linked 
to the EcoRV decanucleotide showed that large changes 
could be induced in the electron diffraction patterns of 
the co-crystals. Imaging of such metal clusters should 
be possible using the CryoSTEM. 



PLATE 29 

Three-d imensional surface representation of a membrane 
crystal of NADH-ubiquinone oxidoreductase (Complex I) . 
The membrane is represented by a 4 nm thick sheet 
out of which protrude monomers of Complex I, arranged 

PLATE 30 

Regular arrays of antibody molecules wh ich have been 
formed by binding to a protein-AI ApoA1 fusion protein 
adsorbed to a lipid monolayer. The inset shows a com-

alternately up and down across the membrane. As can be 
seen from the molecular c ross-section in the left corner, 
most of the protein in each monomer is located on one 
side of the membrane. 

puter averaged image of o ne of the regular crystalline 
domains. The separation between sta in-exclud ing rows 
of antibody molecules is approximately 10 nm. 
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PLATE 31 

(a) Negatively stained thin filament from insect flight 
muscle showing projecting density at 4 nm intervals. 

(b) Tilin filament labelled with Fab-gold markers to the 
high molecular weight troponin component. 

(a) (b) 

Publications during the year 

Berriman , J . &. Leonard , K. (1986). Methods for speci-
men thickness determination in electron microscopy. II. 
Changes in thickness with dose. Ultramicroscopy, 19, 
349-366 

Lepault, J ., Martin, N. &. Leonard, K. (1986) . Three-
dimensional structure of the T-Iayer of Bacillus sphaer-
icus P-l. J. Bacteriol., 168, 303-308 

92 

(c) Histogram showing the distribution of 119 gold mark-
ers along a number of filaments. The histogram is also 
consistent with markers distributed at 4 nm intervals 
along the filaments. 

Manstein, D .J., Berriman, J., Leonard, K. &. Rosen-
busch , J .P. (1986) . Ultrastructure of native lipoprotein 
from Escherichia coli envelopes. J. Mol. BioI. , 189 , 
701-707 

Weiss, H ., Hovmoller , S. &. Leonard, K. (1986). Prepa-
ration of membrane crystals of ubiquinol cytochrome-c 
reductase from Neurospora mitochondria and structure 
analysis by electron microscopy. Methods Enzymol., 
126, 191-201 



Gene Structure and Regulation Programme 

The regulation of spatial and temporal gene expression 
in multicellular organisms is exerted at many levels. Only 
a subset of all genes is transcribed in any particular 
cell type and different proteins can be generated from 
the same gene by differential processing of a common 
precurser RNA. There is scarce knowledge on the molec-
ular mechanisms responsible for these phenomena and 
even less on the steps of the developmental pathway 
leading from common undifferentiated precurser cells 
to the different cell types. The various groups in the 
programme are addressing various aspects ofthese prob-
lems with a rather similar strategy. Several systems have 
been established which allow the investigation of the 
mechanism of control of gene expression and are yielding 
information on the nature and the properties of the 
regulatory molecules. This information is essential for 
the purification of the corresponding regulatory genes. 
The study of the spacial and temporal regulation of the 
genes coding for regulatory molecules is the ultimate 
goal of the research carried on in the Programme. 
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Liver-specific gene expression 

Scientists: R. Cortese , M. Bianchl* , P. Di Nocera 

EMBL & EMBO fellows : E . De Simone*, G. Grimaldi, M. Tripodl*, M. Uhlen* 

External fellows: M. Colombo*, M. Frain*, F. Gounarl*, P. Monacl*, G. Morrone, A. Nicosia* , S. Oliviero 

Predoctoral fellows: G. Paonessa, E. Hardon 

Visiting workers: G. Casarl* , L. Lundberg*, L. Monaco*, E. Schaeffer*, G. Swart* 

Technical assistants: C. Blance, S. Hunter*o, S. Stampfli 

Supernumerary: P. Stevensono 

The differential expression of genes is at the root of the 
phenomenon of cell differentiation . The various steps 
leading from a common progenitor to different cell types 
are, with few exceptions, poorly understood. In partic-
ular we ignore the chain of molecular events which are 
responsible for the determination and the maintenance 
of the differentiated state. In the pathway leading to 
selective gene expression in a particular cell type , the 
last step of the pathway, namely the interaction between 
the specialized transcriptional apparatus and the genes 
specifically expressed, can be directly investigated in 
many systems because several well-differentiated cell-
lines are available . These studies have allowed, in many 
experimental systems, the identification of DNA se-
quences conferring the property of cell-specific expres-
sion and the characterization and purification of cell-
specific components of the transcriptional apparatus -
the so-called trans-acting factors. It is likely that genes 
coding for some of the cell-specific trans-acting factors 
will soon be cloned, thus making possible the study of 
the spatial and temporal regulation of their expression. It 
is clear that when this information is available, remark-
able progress towards the understanding of the molecular 
basis of cell differentiation will be achieved. 

In the last few years we have investigated the mechanism 
of gene expression in the hepatocyte. The pattern of 
gene expression during liver development is character-
ized by a number of switches. Several genes are active 
in fcetal liver and continue to be active in the adult 
life (for instance, just to mention those that we have 
studied in some detail, those coding for albumin, al an-
titrypsin, retinol-binding protein, ApoAl) . Other genes 
are, in physiological cond itions, only active in fcetalliver; 
the best characterized of these is the gene coding for 
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a-fcetoprotein, whose transcription is switched off at 
birth . Another class of genes is only expressed after birth 
and includes those coding for al acid-glycoprotein and 
haptoglob in, which have been studied in our laboratory. 
Another change in liver gene expression occurs when 
the organism is in a state of acute infection, inflam-
mation or other pathological states. These phenomena 
involve a large number of genes and there must be 
complex regulatory interactions which are responsible 
for the mantainance of the differentiated state of the 
hepatocyte, at the same time allowing for major changes 
in the specific pattern of gene expression. If, as seems 
likely in the light of our work, several of the regulatory 
events occu r at the level of transcription, then each 
liver-specific gene must encode for signals capable of 
interactions with a combination of trans-acting factors ; 
these interactions are responsible for tissue-specific ex-
pression and the quantitative changes in the rate of 
transcription of several genes during development or 
pathological states. 

We have cloned and sequenced several liver-specific 
genes . Their expression was studied by transfection into 
several cell-lines including some of hepatic origin, like 
HepG2 and Hep3B, and others of different origin, like 
HeLa cells . The main result of this part of the work is 
that the cloned liver-specific genes contain, in their 5' 
flanking region, sufficient information for transcription in 
hepatoma cell-lines and are not expressed in HeLa cells . 
This study was continued with a more detailed analysis 
of the transcriptional signals responsible for cell-specific 
transcription and we have started the purification of 
several liver-specific trans-acting factors. The emerging 
picture is that liver-specific expression is dependent 
on a complex series of signals, which are organized 



in different ways on different genes. It is also clear 
that several proteins are involved, exerting positive or 
negative effects on transcription. 

An example of a complex system 
of transcriptional signals: 
the al antitrypsin gene 
(with E. De Simone, L. Lundberg, 
G. Paonessa & E. Hardon) 

a1 antitrypsin (AT), the major antiprotease in human 
plasma, is synthesized mainly in the liver but detectable 
amounts of AT mRNA are found in macrophages and 
kidney. We have established that the transcription start 
point is the same in liver and kidney, but in macrophages 
there is a different start point located about 2 kb up-
stream to that selected in the liver; thus there are two 
promoters defining two different transcriptional units, 
but leading to the synthesis of the same protein in dif-
ferent cell types. We have characterized the liver-specific 
promoter by constructing a series of mutants fused to 
the coding sequence of bacterial chloramphenicol-acetyl 
transferase (CAT), and have measured their activity in 
transfected HepG2 and HeLa cells. The most intriguing 
aspect is the discovery that cell-specific transcription is 
dependent on multiple signals, distributed in a region 
of about 250 bp, and that each of them contributes 
to the specificity of transcription in a manner which 
is strongly influenced by the different surrounding se-
quences generated in the construction of the mutants. 
In the artificial conditions used in our experiments, it was 
possible to show that the 100bp segment from position 
-137 to -37 contains sufficient information for cell-
specific transcription. Site-directed mutagenesis within 
this region reveals the existence of two distinct essential 
regions which we call A and B. We purified two proteins 
from rat liver nuclear extracts binding specifically to 
A and B. It was very interesting to observe that the 
A binding protein is also capable of interacting with 
homologous sequences located in equivalent positions 
in the 5' flanking region of the haptoglobin and ApoA1 
gene: the A region appears to constitute a common 
liver-specific motif. Upstream to the minimal segment 
capable of cell-specific transcription, there are at least 
two non-cell-specific enhancers important for the overall 
rate of transcription, and another transcriptional signal 
probably binding a negative regulator in non-liver cells. 

An example of negative regulation: 
the retinol-binding protein gene 

Cells in which a cell-specific gene is not expressed might' 
lack an essential positive trans-acting factor and/or 
might synthesize a negative trans-acting factor. Evi-
dence for the latter mechanism was obtained in our 
study of the expression of the retinol-binding protein 
(RBP) gene. We could show that the removal of a 
specific DNA segment activates transcription from the 
RBP promoter in HeLa cells, suggesting that the deleted 
seq uence is normally the target for a repressor. More 

directly, it was possible to titrate the putative repressor 
in HeLa cells by cotransfecting plasmids containing the 
wild-type RBP promoter together with an excess of 
a plasmid containing the repressor binding site. The 
phenomenon of negative regulation raises a number 
of questions. Are the repressors gene-specific? Is the 
repression of a cell-specific gene mediated by the same 
repressor molecule in the various non-expressing cell 
types? Given the complexity of the genome and the size 
of the nucleus, how abundant must a repressor be in 
order to shut off a gene or perhaps even an entire class 
of genes? What is the mechanism of action of these 
repressors? Are repressors absent in the cell type where 
the gene in question is active? For this last point we 
have preliminary evidence that a molecule acting as a 
repressor of a liver-specific gene in HeLa might also be 
present, though inactive, in liver. 

An example of inducible cell-specific 
transcription: the haptoglobin gene 
(with G. Morrone & S. Oliviero) 

The human haptoglobin (HP) gene is specifically tran-
scribed in the liver and only after birth. In adult life 
the rate of its transcription can be transiently increased 
during the acute phase reaction to infections or in-
flammation. Thus regulation of the expression of the 
HP gene occurs at least at three levels: developmental 
control, responsible for lack of expression in freta I liver; 
tissue-specific control, responsible for the selectivity of 
expression in the hepatocyte, and finally, modulation 
of its expression during the acute phase reaction. We 
have observed that the H P gene is silent in Hep3B cells 
and HeLa cells but active in HepG2. Transcription of 
plasmids carrying parts of the HP gene fused to CAT 
mirrors the behaviour of the resident chromosomal H P 
gene in all tested cell-lines. This phenomenon, together 
with other circumstantial evidence, suggests that, with 
respect to HP gene expression, the hepatoma cell-line 
Hep3B resembles the freta I hepatocyte, whereas the 
hepatoma cell-line HepG2 has properties similar to post-
natal hepatocytes. In Hep3B transcription of the H P 
gene can be induced by incubation in the presence of pro-
tein factors secreted by macrophages and believed to be 
responsible for the acute phase response. Transcription 
from plasmid constructs introduced into Hep3B cells 
is also inducible. We could show that the same DNA 
segment is responsible for tissue-specific expression in 
HepG2 and inducibility in Hep3B. Preliminary evidence 
indicates that induction of the HP gene transcription 
in stimulated Hep3B cells is a consequence of the 
inactivation of a repressor. Our present working hy-
pothesis is that induction, developmental regulation and 
cell-specificity are different manifestations of the same 
mechanism. A negative trans-acting factor is present in 
saturating amounts in the freta I hepatocyte, its con-
centration decreases after birth, with the consequent 
activation of H P gene transcription . There is a further 
transient decrease of its activity during the acute phase 
reaction. It is possible that the signal responsible for 
activation at birth and the signal responsible for further 

95 



transient activation during the acute phase reaction are 
the same. In this case the above described experimental 
system would offer the unique opportunity to study 
in vitro a well-defined differentiation pathway through 
which the foetal hepatocyte matures into an adult hep-
atocyte. 

The hepatocyte-specific cis-acting 
elements of the a1 acid glycoprotein 
genes are not located in the 5' 
flanking region (with M. Tripodi and 
in collaboration with E. Wagner's group) 

There is an exception to the rule that the liver-specific 
signals are located in the 5' flanking region. In the 
human genome there are three adjacent genes coding for 
slightly different al acid glycoproteins (AGPs) . Using 
the same experimental strategy used for all the. other 
liver-specific genes, we have constructed AGP-CAT fu-
sions. In this case, however, they are expressed in every 
cell-line tested: apparently the information responsible 
for the restriction of expression only in hepatocytes is 
located elsewhere and its absence "derepresses" AGP 
transcription in non-liver cell-lines. In contrast, an intact 
human AGP gene introduced by microinjection into the 
mouse fertilized egg, and consequently stably integrated 
in the mouse genome, is strictly tissue-specific. We are 
in the process of mapping the tissue-specific element. 
Additional interest in this system stems from the obser-
vation that only the first AGP gene, in the cluster of 
three, is inducible by acute phase stimuli , both in vitro 
in Hep3B cells and in vivo in the transgenic mouse. 

In vitro liver-specific transcription 
(with P. Monaci, A. Nicosia & G. Paonessa) 

During 1986 we developed an in vitro liver-specific 
transcriptional system, starting with nuclear extracts 
from rat liver. We could show that some liver-specific 
genes are preferentially transcribed in the liver extract. 
This system coupled with the conventional DNA-protein 
binding assays has allowed the identification of some 
transcriptional factors. In one case, we have purified 
to homogeneity a protein binding to specific and ho-
mologous regions of the RBP and the albumin genes. 
It was possible to obtain sufficient information on its 
amino-acid sequence to synthesize oligonucleotides and 
screen a liver cDNA library. Positive candidate clones are 
being studied . 

Other projects 

During the year we also characterized the cis-acting el-
ements responsible for liver-specific transcription of the 
ApoAl gene (in collaboration with Maurizio Colombo) 
and of the albumin gene (in collaboration with Monique 
Frain) . Several projects were started in various areas of 
gene expression and its control. A project aimed at devel-
oping an efficient anti-mRNA producing vector is being 
carried out in collaboration with Paolo Di Nocera ; an-
other aimed at the purification of DNA-binding proteins 
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recognizing DNA secondary structures independently 
from their specific sequence is being carried out by 
Marco Bianchi . In collaboration with Giovanna Grimaldi 
and Fotini Gounari we have tried to set up methods 
to identify directly clones coding for liver-specific trans-
acting factors . In all these cases the results are rather 
preliminary. A visiting worker, Lucia Monaco, has been 
interested in the interaction between ApoAl and the 
HDL receptor. For this purpose, she has constructed a 
plasmid expressing in Ecoli a fusion protein between 
ApoAI and parts of the Staphylococcus aureus protein 
A. This fusion protein binds specifically to the HDL re-
ceptor present on the plasma membrane of hepatocytes 
and macrophages . It is transiently internalized in the 
endosomal compartment from where it is in part recycled 
back into the culture medium. These experiments were 
done in collaboration with Kathryn Howell's group. 
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Molecular genetics of microorganisms 

Scientist: G. Cesareni 

External fellows: A. Luzzago*, L. Spinelli* 

Predoctoral fellow: J. Murray 

Visiting workers: M. Anceschi* , L. Castagnoli, I. Coraggio* , F . Felici* , C. Immacolata*, N. Rossi*, M. Scarpa* 

Technical assistants: J. Hughes, D. Kirk 

Our original interest in the mechanisms that regulate 
initiation of DNA replication in the plasmid ColEl lead 
us to ask whether RNA-RNA interaction plays any role 
in controlling initiation of DNA replication in lower 
eu karyotes (Saccharomyces cere visia e ). The three lines 
of research in the group are described below. 

Control of ColEl replication 

We are studying the details of the interaction between 
RNAl, RNA2 and the protein Rop . The interaction 
between these three molecules results in a change in 
the structure of RNA2 (the precursor of the primer for 
initiation of DNA replication) and prevents its processing 
at the origin to yield the primer. This year we have 
demonstrated that Rop specifically binds RNAl and 
RNA2. This was shown by assembling an affinity column 
in which Rop is bound to a Sepharose resin and proving 
that this column can specifically purify RNAl out of 
an RNA mixture. The dissociation constant under these 
conditions is of the order of 10-4 . Starting from the 
high resolution structure of Rop (Plate 32) we have also 
engineered several site-directed mutants to be able to 
understand which residues are involved in the interaction 
with RNAl. Surprisingly most of these mutations have 
no detectable effect on Rop function . More specifically 
all the solvent exposed residues, located in the two 
a-helices, that we have tested do not seem to playa 
major role in the regu lation mechan ism. Deletion of five 
amino-acids in the disordered carboxy terminus yields an 
active molecule. The only mutants that have an effect 
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on Rop funct ion are the ones that affect the sharp 
bend of the protein between the a-helices. The clearest 
example is provided by a completely defective mutant 
containing a deletion of five amino-acids in the bend. 
The high resolution structure of this mutant shows that 
the mutation results in a shorter Rop molecule without 
major alterations in the general structure of the rest 
of the protein, reinforcing the hypothesis of the central 
function of the bend region . 

Control of 2J.l replication 

Derivatives of the yeast 2J.l plasmid that contain the cis-
acting locus STB are stably maintained if two plasmid 
encoded proteins are present in trans . We have shown 
that STB consists of two functionally distinct domains 
which we call STB-proximal and STB-distal (Plate 33). 
Although STB-proximal is sufficient for proper parti-
tioning , this function is severely disrupted by active 
transcription from neighbouring sequences. STB-distal 
is important to protect STB-proximal and ORI from such 
transcription, and can be efficiently replaced by a 94-bp 
terminator fragment in an orientation-dependent man-
ner . We find that STB-distal contains an additional ele-
ment which depresses transcription from upstream pro-
moters . We have also constructed strains that transcribe 
the four 2J.l genes under the control of the inducible GAL 
promoter and we are in the process of investigating the 
effect of overexpressing the corresponding gene products 
on 2J.l stability and copy number. 
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PLATE 32 

Three-dimensional structure of a Rop protein (Banner et 
al .• 1987) 

PLATE 33 

2J.l plasmid B form and enlargement of the STB-ORI 
region 
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Small RNAs in yeast 

We have also continued to characterize three abun-
dant non-polyadenylated stable RNAs of the yeast 
S.cerevisiae . Two of these RNAs, R3 and R8, are located 
in the nucleus while the third one R6 is preferentially 
found in the cytop lasmic fraction. The genes encoding 
R8 and R6 are single copy genes while R3 is comple-
mentary to two loci R3A and R3B . The R6 RNA is 
not essential for yeast growth, a lthough clones lacking 
the corresponding gene grow poorly and, if cultivated 
in glucose, lose the ab il ity to use glycerol as a carbon 
source . Electron micrographs of sections of mutant cells 
show that the structure of the mitochondria is altered. 
The sequence and the predicted secondary structure of 
both R3A and R3B is homologous to the mammalian 
U3 gene. The identification of R3 with the yeast equiv-
alent of the mammalian U3 gene is reinforced by the 
observation that R3 is specifically precipitated (together 
with a subclass of small RNAs) by antibodies that react 
with the mammalian U3 particle . The third gene that 
we have characterized, R8, is also precipitated by anti 
U3 antibodies indicating that either R3 and R8 are 
assembled in the same particle or the two different 
particles share some common antigen. R3A and R3B 
complement each other, the delet ion of both genes 
however results in a non-viable spore suggesting that 
this RNA plays an essential function. We are currently 
constructing conditional mutants that should help us 
to ask questions about the essential function of these 
RNAs. 
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U snRNA gene transcription and RNA-protein interactions In U snRNPs 

Scientist: I. Mattaj 

EMBL fellow: M. Kazmaier 

EMBL predoctoral fellows: J. Hamm*, H. Parry*, G. Tebb 

Visiting worker: G. Ciliberto* 

Tecllnical assistant: N. Dathan 

U snRNA transcription 

Following the identification of promoter sequences im-
portant for the transcription of the U2 snRNA gene by 
analysis of deletion mutants our work has progressed 
in two directions. Firstly, in collaboration with Rainer 
Frank and Lennart Philipson we have analyzed the 
sequence requirements for the correct formation of 3' 
end on U snRNAs. Three elements were shown to be 
necessary. A short sequence (approx. 15 bp) which starts 
approximately 10 bp) downstream from the mature RNA 
coding sequence; part of the coding sequence located 
near the 3' end and capable of forming a stem-loop 
structure; and finally sequences upstream of this, most 
likely the conserved proximal sequence element (PSE) 
of the U snRNA gene promoter. 

The other major direction has been an analysis of protein 
factors present in nuclear extracts which interact with 
the U2 and U5 gene promoters. Extensive analysis by 
DNase I footprinting has led to the identification of 
factors interacting with the distal sequence element 
(DSE) and the PSE, the two elements previously shown 
to be important for U sn RNA gene transcription. In 
addition two other sites of nuclear factor binding have 
been identified, and their importance is currently under 
study. In collaboration with D. Bohmann & W. Keller 
(DKFZ, Heidelberg) we have been able to show that the 
factor interacting with the DSE also binds in vitro to the 
enhancers of SV40 and the immunoglobulin heavy chain 
gene. We have begun to purify this factor. 

U2 snRNA-protein interactions 

Using a series of mutant U2 snRNA genes we have 
analyzed the importance of protein-RNA interactions 
for the acquisition of the characteristics of U snRNAs. 
We have previously determined that interaction between 
U2 snRNA and certain common U snRNP proteins (the 
Sm antigens) was necessary for nuclear-accumulation of 

U2 snRNA. We have since determined that this interac-
tion is not sufficient to engender a nuclear targeting sig-
nal. In collaboration with D. Hogeweg we have analyzed 
the predicted structures of mutant U2 snRNAs capable 
of binding to Sm antigens, but incapable of entering the 
nucleus. We found that these mutants have common 
structural features, and proposed that these features 
inhibit nuclear accumulation. In another series of exper-
iments we analyzed the formation of the trimethyl cap 
structure, which is unique to the U snRNAs. Trimethy-
lation of the cotranscriptionally added monomethyl-cap 
was shown to require binding of the Sm antigens, and, 
surprisingly, to occur in the cytoplasm. 

Utilising monospecific antibodies to U2 snRNP proteins 
in combination with the U2 mutants, we were able, in 
collaboration with W.J. Habets & W.J. van Venrooij 
(Nijmegen, Holland), to derive a detailed picture of 
RNA-protein interaction sites in the U2 snRN P, and to 
demonstrate an interaction between Uland U2 sn RN Ps. 
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U snRNAs requires at least three sequence elements. 
EMBO J., 5, 2931-2937 

Mattaj, I.W. (1986). Cap trimethylation of U snRNA is 
cytoplasmic and dependent on U snRNP protein binding. 
Cell, 46, 905-911 

Mattaj, I.W. (1986) . The role of RNA-protein inter-
actions in intracellular targeting. In Nucleocytoplasmic 
Transport: ed. Peters, R. & Trendelenburg, M.; Springer 
Verlag, Berlin, pp. 275-285 

Mattaj, IW., Habets, W.J. & v. Venrooij, W.J. (1986). 
Monospecific antibodies reveal details of U2 snRNP 
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structure and interaction between U1 and U2 snRNPs. 
EMBO I, 5, 997-1002 

Taylor, M.v., Gusse , M., Evan, G.I., Dathan, N. & 
Mechali, M. (1986) . Xenopus myc proto-oncogene dur-
ing development: expression as a stable maternal mRNA 
uncoupled from cell division. EMBO I , 5, 3563-3570 

Other reference 

Pieler, T ., Oei, S.-L., Hamm, J., Engelke, U. & Erd-
mann, V.A. (1985). Functional domains of the Xenopus 
laevis 5S gene promoter. EMBO I, 5 , 3563-3570 
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Regulation of vaccinia virus transcription 

Scientist: H. Stunnenberg 

EMBO fellow: J . Meyer* 

Predoctoral fellow: B. Schwer 

Student: J.e. Vos* 

Visiting worker: P. Visca* 

Technical assistants: J. Schmitt, L. De Magistris 

Vaccinia virus has become of general interest because of 
the possibility of using the virus as an expression vector 
and as a live vaccine. Through homologous recombina-
tion foreign genes can be inserted into the genome and 
the genes can be expressed if they are under the control 
of a vaccinia virus promoter. 

The overall transcription of the cytoplasmic virus can 
be divided into two phases: an immediately early/early 
phase starting shortly after the infection of the cell and a 
late phase starting with the onset of the DNA replication 
(2-5 h post infection). The mechanisms of the temporal 
regulation of gene expression and the molecular basis 
of the switching from early to late transcription are un-
known. The early genes are characterized by the presence 
of an untranslated leader sequence and their transcripts 
have discrete 3' ends. In contrast, late genes appear 
to lack an untranslated leader as well as termination 
signals at their 3' ends resulting in readthrough of the 
RNA polymerase. Furthermore, early termination signals 
are not recognized in the late phase of infection. The 
vaccinia early and late promoters are not recognized 
by prokaryotic or eukaryotic RNA polymerases. The 
regulatory signals controlling the transcription and the 
time of gene activation reside in very short stretches 
of approximately 30 base pairs. This has been shown 
by translocation of promoter fragments by means of 
homologous recombination. 

Characterization of a late vaccinia promoter 

We have characterized the vaccinia virus 11 kDa late 
promoter through 5' and 3' deletions and site-directed 
mutagenesis. The promoter function appears to be con-
tained within an approximately 30-bp fragment, which 
after translocation is able to direct RNA synthesis late 

In infection. We have demonstrated that a TAAAT 
sequence in the proximal part of the promoter is essential 
for its function. This cis-acting element is highly con-
served within vaccinia virus late promoters and overlaps 
the site of transcription initiation as determined by Sl 
mapping. Deletions or mutations within this conserved 
element completely inactivate the promoter. The region 
upstream of the TAAAT motif appears to determine the 
level of expression. The AUG start codon for translation 
in late genes appears to be either part of the TAAAT 
motif or is immediately adjacent to this element and 
can be regarded as part of the consensus sequence 
A/T-A/T-TAAATGpupypy. A deletion or substitution of 
the G-residue of the translation start codon does not 
seem to effect the promoter activity. The translation in 
vivo as well as in vitro can be affected however by such 
mutations. An insertion of an A-residue between the T-
and G-residue of the start codon again does not affect 
the transcriptional activity. However, in contrast to the 
mutations involving the G-residue, these messengers are 
translated in vivo as well as in vitro although at a slightly 
reduced level compared with the wt mRNA. We conclude 
that gene internal sequences, which include the AUG 
start codon, are important at the RNA level and either 
directly or indirectly affect the translation. 

Discontinuous late messengers 

That these "promoter" sequences could be involved in a 
maturation process of the RNA transcripts is suggested 
by the following observations: (i) there is a seq uence 
conservation surrounding the TAAAT-motif including 
the AUG start codon; (ii) point mutations in thedown-
stream region can affect the expression; (iii) an untrans-
lated RNA leader sequence is not found upstream of the 
late viral genes. This final observation is based on nucle-
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ase 51 experiments which map the start of transcription 
initiation within the TAAAT-motif overlapping the AUG 
start codon The resulting RNA transcript would have at 
most two nucleotides in front of the AUG start codon. 

We have investigated by primer extension experiments 
and subsequent cap analysis through binding of the 
DNA-RNA hybrids to anti-7methylguanosine antibodies 
whether the 5' end of the mature messenger coincides 
with the site of transcription initiation as determined by 
51 mapping experiments. The transcripts derived from 
the wild-type promoter appear to obtain an RNA leader 
sequence which is not present in sequences upstream 
of the coding body of the gene. RNA sequencing and 
cDNA cloning revea l that a poly(A) sequence is cova-
lently lin ked to the 5' end of the RNA transcripts. The 
sequence required for the addition ofthis poly(A) stretch 
are the conserved motif and the gene internal region 
from +1 to +8 (the A of the AUG is defined as +1), 
which is conserved in vaccinia late genes and contains 
the translation start codon. Mutations in this region can 
abolish the addition of the untranslated leader RNA to 
the primary initiated transcripts and as a consequence 
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the mutated transcripts cannot be translated in vivo nor 
in vitro . 

Our results do not allow us yet to predict a mechanism 
for the addition of the A-stretch to late vaccinia tran-
scripts. None of the mechanism reported for the tran-
scriptional control of discontinuously synthesized tran-
scripts can fully explain our observations. Preliminary 
experiments involving in vitro transcription experiments 
using a total cell extract of virus-infected cells indicate 
t hat the poly(A) leader sequence is added either through 
a process of trans-splicing or through the sequential ad-
dition of A-residues and subsequent capping of primary 
initiated RNA transcripts. 

Publication during the year 

Hanggi, M., Bannwarth, W. & 5tunnenberg, H.G . 
(1986). Conserved TAAAT motif in vaccinia virus late 
promoters : overlapping TATA box and site of transcrip-
t ion in it iation. EMBO J., 5, 1071-1076 



Biochemistry of thyroid differentiation 

Scientist: R. Di Lauro* 

EMBO fellow: G. Migliaccio* 

Visiting workers : D. Civitareale*, L. Ghibelli* 

Technical assistent: U. Martin* 

The thyroid gland is a very specialized tissue that pro-
vides an anatomical structure and all the biochemical 
functions necessary for the biosynthesis of thyroid hor-
mones. A convenient marker for the differentiated status 
ofthe thyroid cells is the biosynthesis of thyroglobulin, a 
large (660 kDa) thyroid-specific glycoprotein that serves 
as a substrate for the iodination and cou piing of a 
few specific tyrosine residues, to eventually form the 
hormone molecules. We will use as experimental system 
a set of rat cell lines whose most important features are 
illustrated below: 

Table 2 

Cell-line Origin Thyroglobulin Synthesis 

FRTL-5 Rat thyroid + 
FRT Rat thyroid -
FRA Thyroid tumour 10100 th of FRTL-5 
BRL Rat liver -

We have previously cloned both the cDNA and the gene 
for rat thyroglobulin. In addition the promoter of the 
gene has been identified. It consists of a short DNA frag-
ment of 170 base pairs that contains the transcription 
start site. This short DNA segment contains signal(s) 
for the thyroid-specific expression of the thyroglobulin 
gene. It promotes transcription only if introduced in the 
differentiated thyroid cell-line FRTL-5. 

Isolation of the factors necessary 
for thyroid-specific expression of 
the thyroglobulin gene 

We have shown that nuclear extract from FRTL-5 cells 
contains at least three binding activities that recognize 
three different regions of the thyroglobulin promoter. 

One of these activities binds to the -70 region of the 
promoter and is not found in nuclear extracts prepared 
from cells that do not express the endogenous thyroglob-
ulin gene. We are purifying this protein to test its role 
in the specific transcription of the thyroglobulin gene . 
In order to approach more systematically the question 
of how many and which genes are responsible for the 
maintenance of the differentiated status of the FRTL-5 
cells we are setting up a system which may allow us 
to select for cellular mutants unable to express the thy-
roglobulin promoter. In collaboration with Silvana Obici 
at the Columbia University in New York we have fused 
the thyroglobulin promoter to the T-Iymphocyte-specific 
surface antigen T8. The construct expresses T8 only 
in FRTL-5 cells. We have now a new thyroid-specific 
phenotype whose expression can be selected for and/or 
against . We intend to use this cell line to generate 
mutants by insertional mutagenesis in order to be able 
to rescue the mutated genes . 

Analysis of the DNA sequences 
necessary for tissue-specific 
expression of the thyroglobulin gene 

On the basis of the binding studies described above, 
our working hypothesis is that for the expression of the 
thyroglobulin gene it is essential that a factor, exclusively 
present in the thyroid cells , interacts with the -70 region 
of the thyroglobulin promoter. We have constructed mu-
tants in this region substituting thyroglobulin sequences 
with sequences derived from a promoter expressed in 
all cell types, i.e. the chicken ,6-actin promoter. Pre-
liminary results suggest that a mutant promoter with 
only a 7 base pair substitution is able to function in 
cell types were the wild-type promoter is inactive . We 
are pursuing this observation, constructing mutants that 
will allow us to pinpoint the nucleotide sequence of the 
thyroid-specific signal. 
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Structural requirements in the 
thyroglobulin molecule for 
thyroid hormone biosynthesis 

We are introducing segments of thyroglobulin eDNA, 
known to contain the sites for thyroid hormone biosyn-
thesis, in prokaryotic expression vectors .The thyroglob-
ulin fragments produced will be tested for the ability 
to synthesize hormones in vitro. We intend to define a 
minimal functional segment of the protein which may 
be amenable to both structural and mutational studies. 
The goal is to define the requirements for the coupling of 
iodinated tyrosine residues that occurs within the native 
thyroglobulin molecule to generate thyroid hormones . 
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Physical Instrumentation Programme 

Introduction 

The most often quoted advantage of STEM is its ability 
to produce multiple simultaneous images, an advantage 
which has seldom been realized in practice because of 
the difficulty of constructing suitable detector systems. 
The triple detector which has been designed and con-
structed for the CryoSTEM makes it possible for the 
first time to obtain simultaneous bright-field, inelastic 
and filtered elastic dark-field images, the lastbeing an 
imaging mode not previously possible. 

A new type of silicon-diode detector and the associated 
data acquisition system are being developed as a collab-
oration between two groups at EMBL and P. Jarron at 
CERN. 

A new project, the low-voltage scanning electron ml-

croscope, also contains many novel features which, if 
successfu l, will make possible high-resolution imaging of 
uncoated biological specimens. 

The Harvard software for position-sensitive detectors 
has been adapted for the crystallography project . New 
software is being developed as a result of the EEC 
Collaborative Workshop on Position-sensitive Detector 
Software . 

The original Optical Scanning Microscope is now In 

regular use on a range of biological problems. 

A new user-friendly version using beam-scanning instead 
of stage-scanning has been developed and is now under 
constru ction. 
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Electron microscope development 

Scientists: A. Jones, W . Tichelaar 

Trainee: D. Conus* 

Technical assistants: J. Khazaie*, P. Labouesse*, R . Morrison, N . Webster* 

Supernumerary: M. Haider 

Modular detector system for CryoSTEM 

The most often quoted advantage of STEM over con-
ventional TEM is ability to produce multiple simulta-
neous images by the use of multiple detector systems. 
In practice, this postulated advantage has seldom been 
fully utilized, mainly because of the practical difficulties 
in designing such detector systems. Most STEMs to 
date have been constructed as two-channel instruments 
'combining annular dark-field imaging with either filtered 
bright-field or inelastic dark-field imaging. 

I 40 nm I 

PLATE 34 

(a) Ferritin molecules with (b) an electron energy loss 
spectrum, showing the carbon K-shell, the oxygen K-shell 
and the iron L23 shell peaks. 
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The optical design of the CryoSTEM, in particular the 
high-excitation objective lens and the newly-developed 
high-resolution electron spectrometer (described in the 
research report for 1985) (Plate 34) have made it pos-
sible to construct a multi-detector system with new and 
unique facilities for multiple simultaneous imaging. 

The spectrometer has a high dispersion which is 
matched to the characteristics of commercially-available 
linear-diode arrays to permit parallel readout of energy-
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PLATE 35 

Schematic drawing of the new electron energy loss spec-
trometer mounted on to the Cryo-STEM. 

(1) microscope column 
(2) magnetic multipole elements 
(3) conventional dark-field detector 
(4) magnetic prismn 
(5) adjusters for the second prism 

7 1-----------.... 
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(6) valve 
(7) electron detectors Uust for alignment of the spec-

trometer) 
(8) electron beam tube 
(9) detector of inelastically scattered electrons 
(10) detector for filtered dark-field image mode 
(11) bright-field image detector 
(12) screws for mechanically adjustment of the detectors 
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PLATE 36 

Schematic ray-diagram of the spectrometer including 
the various detectors for filtered dark-field, inelastic and 
bright-field image modes. 

110 

SPECTROMETER 

bright 
field 

incident beam 

SPECIMEN 

inelastically 
scattered 

• • • 
u nscattered 

... elastically 
scattered • • 

"'l. 

inelastic image 

elastic 
dark field 

loss spectra for micro-chemical analysis. By tuning the 
spectrometer to an energy loss specific to a particular 
element, it is possible to produce so-called "elemental 
maps" showing the spatial distribution of the specific 
element in the specimen . 

To obtain the sensitivity needed for these measurements, 
the spectrometer was equipped with three multipole cor-
rector elements to reduce the high order aberrations and 
thereby permit a high acceptance angle. The corrector 
elements also allow the spectrometer to be matched 
to a post-specimen cross-over produced by the high-
excitation superconducting objective lens . The angular 
demagnification resulting from the objective lens post-
field further increases the effective acceptance angle by 
a factor of 10-15. This lens-spectrometer combination 
therefore allows the annular dark-field detector to be 
installed after the spectrometer. (The aberration-limited 
acceptance angle of conventional spectrometers neces-
sitated position ing the dark-field detector between the 
specimen and the spectrometer.) 

This new geometry has a number of advantages over 
existing systems. Firstly, the dark-field image is now 
produced by elastically-scattered electrons only, since 
the contribution from inelastically-scattered electrons in 
previous dark-field images is eliminated by the filtering 
action of the spectrometer. Since the image content of 
inelastically-scattered electrons is intrinsically of lower 
resolution than that of elastically-scattered electrons, 
dark-field images produced by the new system are ex-
pected to be of higher resolution than conventional 
dark-field images. 

Because the dispersion plane of the spectrometer is 
situated before the dark-field detector, it is in princi-
ple possible to detect simultaneously the inelastically-
scattered electrons at high sensitivity by inserting an 
appropriately-designed detector in the dispersion plane. 
The high sensitivity in this imaging mode (inelastic 
dark-field) is once again due to the large effective accep-
tance angle of the lens-spectrometer combination. The 
practical realisation of such a detector system is made 
possible by the high dispersion of the new spectrometer 
(Plate 35). 

One half of the conventional slit system is replaced by a 
wedge-shaped scintillator-light pipe combination. In nor-
mal operation, the spectrometer is adjusted so that the 
unscattered and elastically-scattered electrons (produc-
ing the bright-field and dark-field images, respectively) 
pass through the slit system while the inelastically-
scattered electrons are collected by the wedge-shaped 
scintillator (Plate 36). With this system it is possible 
to obtain simultaneously bright-field, elastic dark-field 
and inelastic dark-field images, either alone or in combi-
nation using the CryoSTEM's analog image-processing 
system. 

The system shown in Plate 37 has only recently been 
completed and is currently being tested to determine its 
range of applicability. 



Data acquisition system for CryoSTEM 

To utilize fully the new detector system it became 
necessary to design additiona l features into the data 
acquisition facilities of the CryoSTEM. 

The design of the integrated image processing micro-
computer was modified to permit the simultaneous ac-
quisition of four separate images, two of which can 
be selected for simu ltaneous display using the built-in 
frame stores. Provision has also been made to link the 
CryoSTEM microcomputer (and an identical unit which 
is to be installed in the STEM) via ETHERNET to the 
central VAX computer facility. The microcomputer itself 
has been upgraded in performance by the incorporation 
of a 32-bit CPU and an associated arithmetic-processing 
chip plus additional memory. (Further details can be 
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PLATE 37 

New detector system for the various imaging modes 

found in the report of the "Microcomputers and Inter-
facing" group.) 

Because of the inherently low signal levels in the 
"elemental-mapping" mode, a four-channel discrimi-
nator and pulse-counting electronics were added to 
permit single-electron counting with its intrinsically 
better signal/noise performance. Pulse-counting facili-
ties have also been incorporated into the energy-loss 
spectra acquisition and display unit for the new elec-
tron spectrometer. An improved version of th is un it, 
microprocessor-controlled and including provision for 
simple data-processing operations such as background 
subtraction is presently under construction . The data 
acquisition system in its present form is shown in Plate 
38. 

PLATE 38 

PllOtograp h of the acquisition system with 6 analog and 
4 pulse counted inputs 

111 



STEM applications 

We continue to restrict STEM application to those 
biological projects for which the unique features of the 
STEM provide essential information. Unique features 
of the instrument are, for example: the high collection 
efficiency in dark field, the possibility to record more 
than one type of information simultaneously, and the on-
line computer connection. The applications have been 
carried out mainly on the HB5 STEM, equipped with a 
cold stage operated at ca. 130 K. 

Mass measurement 
(in collaboration with Kevin Leonard) 

This technique is perhaps the best-established applica-
tion of STEM. The high collection efficiency in STEM 
dark field, as well as the linear image formation in this 
mode, together with the on-line computer connection 
enable specimen mass to be determined accurately, using 
a particle of known mass as an internal reference (phage 
fd or TMV). 

In collaboration with S. Cusack (EMBL, Grenoble), we 
were able to confirm that the fiber of adenovirus type 
2 consists of three (as opposed to two) copies of the 
polypeptide IV (Mr 62000). 

In a project with RA Crowther (Cambridge), STEM 
mass measurement was applied to the paired helical 
filaments (PHFs), occurring in the brain in senile de-
mentias of the Alzheimer type, in order to assist in 
their further biochemical characterization. On the basis 
of a previous electron microscopical study of negatively 
stained, pronase-treated PH Fs, a structural subu nit had 
been postulated having a molecular mass of 2x 105 Da. 
This subunit mass would correspond to a mass per 
unit length for the PHFs of 13x104 Da nm-l. With the 
STEM, we found that the mass per unit length is about 
half this value, and that the PHFs lose about 15% of 
their mass during pronase treatment. 

In collaboration with H. Heumann (Martinsried), we 
determined the mass of the complex of Escherichia 
coli RNA polymerase holoenzyme with a 130 bp DNA 
fragment containing the T7 Al promoter. The average 
value of the mass found (460 kDa) was about equal 
to the one expected for this complex. We hope to be 
able to use STEM mass measurement as an additional 
technique to monitor the transition from initiation to 
elongation complex which is accompanied by the release 
of the sigma subunit. 

Vitrified biological specimens 

Before commencing the main project - the search for an 
improved imaging mode for ice-embedded specimens - it 
was necessary to investigate the dose-rate dependence 
of beam damage in such specimens since STEM and 
TEM dose rates differ by several orders of magnitude 
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(",108 e nm-2 sec-1 for STEM vs. ",103 e nm-2 sec-1 for 
TEM). 

Using vitrified suspensions of catalase crystals, bacterio-
phage T4, T4 tails, and TMV, we found that bubbling 
starts at about the same dose, 0.4-3 x 104 e nm-2 , in 
STEM and TEM. (Both T4 samples were a gift from 
E. Ke ll enberger, Basel.) With the catalase specimens, 
we found that the decay of specimen spatial detail also 
proceeds at the same rate in the two instruments. Thus, 
beam damage of vitrified specimens appears to be dose 
rate independent . 

These studies will be complemented with those per-
formed with the Cryo-STEM in which the specimen is 
maintained at 4 K. 

The structure of Escherichia coli RNA 
polymerase (in collaboration with 
M.G . van Heel, Berlin) 

The single-particle image analysis of the STEM and 
TEM images of negatively stained core enzyme, recorded 
last year, was continued. In order to be able to perform 
this analysis in-house, the IMAGIC software package was 
implemented on the VAX at EMBL in July. Preliminary 
results were obtained with the STEM images indicating 
that statistically well-defined, characteristic views can be 
obtained corresponding to different orientations of the 
molecule with respect to the support foil. 

Other projects 

An exploratory study was conducted regarding speci-
men preparation and imaging techniques suitable for a 
structural investigation of the complex of Fcoli RNA 
polymerase with the 130 bp DNA fragment containing 
the Al promoter (in collaboration with H. Heumann, 
M artinsried). 

The structural studies of the maturation ofthe bacterio-
phage T4 head (in collaboration with E. Carlemalm &. 
E. Kellenberger, Basel) were not continued this year. A 
correlation between the morphologies of the scaffolding 
cores of different T4 strains and the biochemical data 
regarding these strains could not yet be found. 

Cryotransfer system for Zeiss EM-IO 

The Zeiss EM-10 electron microscope is fitted with a 
top-entry cryo-stage of high intrinsic stability. Attempts 
by the EMBL biologists to make use of this ability 
were frustrated by the poor performance of the standard 
cryo-transfer system (essentially a modification of the 
conventional air-lock system). 

Similar problems having been experienced in the lab-
oratory of P. Chambon in Strasbourg; a collaborative 
project (with J.-c. Homo, an ex-member of the EMBL 



Electron Microscope Development Group) was under-
taken to develop an improved cryo-transfer system. T he 
result of this collaboration is shown in Plate 39. 

To maintain the maximum degree of compatibil ity 
with the existing Zeiss specimen stages (both room-
temperature and cryogenic),and for ease of installation, 
the new system is designed to be fitted to an unmodified 
optical column in place of the existing airlock. 

Basically, the system consists of a high-vacuum air-lock 
mechanism to which is fitted a miniature dewar in 
which the specimen is transported under liquid nitro-
gen from the preparation area to the microscope . The 
combination of the air-lock design and correct operating 
procedure ensure that the specimen is never exposed to 
atmospheric contaminants during transfer. 

Two identical airlocks, constructed in the EM BL work-
shops, are current ly undergoing tests at EMBL and in 
Strasbourg. 

Low-voltage SEM project 

A fundamental problem in conventional scanning elec-
tron microscopy results from the fact that bulk biological 
specimens are, in general , electrically non-conducting. 

This means that, since the secondary emission coef-
ficient of such specimens at norma l beam energies is 
low, image detail is lost due to charge build-up on the 
specimen. 

The traditional method of overcoming this problem has 
been to coat the specimen with a conducting layer. T his 

PLATE 39 

Cryotransfer-system for Zeiss EM 10 

layer is usua lly gold or some other heavy meta l which 
has the add it ional effect of limiting the penetration 
of the electron beam into the specimen, which would 
otherwise further degrade the image resolution due to 
multiple-scattering effects. 

Unfortunately, the coating itself tends to obscure fine 
detail in the specimen and, particularly at high magni-
fication, exhibits its own intrinsic structure rather than 
the structure of the underlying specimen . 

The need for a conducting coating can be avoided by 
operating at low beam energies where the secondary 
emission coefficient is greater than unity and the beam 
penetration is also significantly lower. Unfortunately, for 
technical reasons, it has until now not been possible to 
produce a low energy electron probe small enough to 
image high resolution detail. 

Discussions with H. Rose (Darmstadt) on possible ways 
to overcome this problem led to a proposal to design and 
construct a new type of low-vo"ltage scanning electron 
microscope as a collaborative project between EM BL, H. 
Rose and his group & W. Franke (DKFZ, Heidelberg) to 
provide the necessary expertise on biological applications 
and specimen preparation. 

Since the semiconductor industry is also interested in 
such an instrument, it has been possible to find a 
commercial company to share the costs of development. 
This collaboration should also appreciably reduce the 
t ime required for the development. 

The initial design studies are now complete and detailed 
design and testing of the critical components will begin 
in the new year . 
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Microcomputers and interfacing 

Scientists, Engineers: C. Boulin, E. Cistac, A . Epstein*, R. Kempf, P. Leyendecker, P. Tucker 

Trainee: T. Bastian* 

Visiting worker: P. Jarron* 

The support and technological development activities of 
the group continue in the fields we have been working on 
during the past several years . The introduction of VME 
as a standard for new developments will now definitively 
phaseout CAMAC developments with some rare excep-
tions such as data acqu isition systems for synchrotron 
radiation. As regards microcomputers, we will continue 
to use 8-bit based systems in simple app li cations as we 
have both experience and also much standard hardware 
and very useful software libraries. We hope to be ab le, 
relatively soon, to have at least the same tools ava il ab le 
for 16-bit microcomputers . The purchase of an IBM-PC 
compatible and a PAL programming device has been 
made this year and will enable us to use the most 
up-te-date components and ease hardware development. 

Protein crystallography project 

Alterations to the CAMAC interfacing of the Arndt-
Wonacott rotation camera resulted in considerably fewer 
problems arising from radiofrequency noise in the exper-
imental area. Some modifications to the goniostat (re-
placement for the Arndt-Wonacott camera) have been 
made but further work is still necessary. A driver module 
has been built and installed to allow the "real-time" dis-
play module to be positioned close to the detector rather 
than with the rest of the encoding electronics. Software 
obtained from Harva rd has been adapted for our current 
area detector system. The modified Harvard programs 
have been connected with loca l programs via a menu 
driven higher level process . Locally written programs 
include those for mini-rotation frame data collection 
using the Arndt-Wonacott camera, data frame display, 
data frame compression and storage, autoindexing of 
single crysta l diffraction data, elimination of overlapped 
reflexions and various programs to estimate and correct 
for absorption and crystal degradation effects. The hard-
ware/software combination forms a usable package for 
the measurement of protein crystallographic data. The 
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integration algorithm and the treatment of parallax in 
particular leave some scope for improvement. To this 
end we expect to install programs developed by the EEC 
Cooperative Workshop on Position-Sensitive Detector 
Software (in which we are participating) during the 
coming year. 

Despite problems with the x-ray source, partial data sets 
have been collected and analyzed for Iysosyme (as a 
test case), a fragment of the adenovirus DNA bind-
ing protein (Demetrius T sernoglou), the pore-forming 
fragment of colicin (Demetrius T sernoglou) and seryl-t-
RNA-synthetase (Stephen Cusack). These experiments 
demonstrate a need for improved spatial resolution with-
out reducing count rate capabil ity or quantum efficiency 
and we plan to address this problem in the coming year. 

Contribution to synchrotron radiation 
data acquisition systems 

On account of the radiation sensitivity of most biological 
material, full advantage of synchrotron radiation sources 
can only be taken if the x-ray detection systems have 
adequate performances concerning speed, resolution and 
efficiency. We have concentrated on the read-out of the 
available area detector using the delay-line method as 
a position encoding method. One important parameter 
with this kind of detector is the dead-time associated 
with the recording of one event. Therefore we have 
designed a new read-out system giving the opportu-
nity to reduce significantly this dead-time. The new 
system has, at present, a total dead-time (including 
the delay-line propagation t ime) of about 600 ns which 
is already an important step compared to 2.1 J.lS of 
the LRS 4201 based XY read-out previously used. The 
encoding system is able to digitize with 1 ns resolution 
and therefore the length of the delay- li ne associated to 
the detector was reduced to 250 ns all owing images of 
around 250x250 pixels. To achieve the performance we 



have used a multichannel real-time encoding CAMAC 
module produced by LeCroy Research Systems (LRS 
4208). Important modifications have been necessary 
to overcome the limitations of this module as most 
of the time measurement data are multiplexed . This 
multiplexing is incompatible with the desired speed we 
were looking for. Finally, only part of the critical time 
interpolation circuitry available on the board could be 
used in conjunction with the necessary control logic 
to drive it. The principle of the new encoding system 
consists in the simultaneous measurement of the arrival 
times of the four cathode signals collected at both ends 
of the X and Y delay-lines. A common start pulse is 
provided by the anode plane signal used as a trigger for 
the event measurement. At the end of a time window, 
started by the prompt signal from the anode and of 
duration equal to the propagation time of the delay-line, 
one has access to the four time components which can 
then be added two by two in order to check the validity 
of the measured event. Rejection of multiple events is 
therefore done properly and without ambiguity. This is 
of importance when working at high count rates and 
limits the distortion of the measu red patterns as long as 
the detector shows no sign of saturation. After bench-
tests, the system was installed in HASYLAB during the 
summer and severa l experiments showed the quality of 
the measurements. Further reduction of the dead-time 
is possible (down to about 400 ns) and preliminary work 
has been done in order to achieve that. 

New detectors for the STEM and 
other biological applications 

With the help of P. Jarron (CERN-Geneva) and 
P. Burger (Canberra, Semiconductor N.v.-OLEN, Bel-
gium) a new kind of silicon detector was mounted 
into the CryoSTEM . These passivated implanted planar 
silicon detectors have low leakage current and low noise, 
even at room temperature. They are thus adapted for 
pulse counting when fitted with adequate low noise 
preamplifiers and fast discriminators. The first measure-
ments proved that the detector has a very good response 
to 100 KeV electrons and a very high quantum efficiency 
(near 90%). The main advantage of this detector tech-
nology lies in the possibility of building special purpose 
multi-detectors with dedicated geometry. We will inves-
tigate new imaging possibilities using these detectors 
in the coming year. The digital electronics allowing 
combination and summation of strips and quadrants in 
an annular geometry detector has already been designed 
using a modular, pipe-lined approach. Such a system 
should be ab le to handle 128 counting channels at a 
cycle t ime of around one microsecond. 

Another appl ication of these detectors obviously lies in 
the measurement of radioactive markers such as 32p. 
This kind of direct counting will enable kinetic studies for 
some quantitative biological experiments. A feasibility 
study has been made in collaboration with Rodrigo 
Bravo from the Differentiation Programme and we hope 
to build the first machine early next year. 

CryoSTEM microcomputer system 

The CryoSTEM interfacing using a VM E-based sys-
tem has been completed during the year. Up to four 
images can be acquired simultaneously. Acquired or 
processed images can be sent either to a photographic 
recording system for hardcopy output or can be moved 
in either direction between the frame buffers and the 
acquisition microcomputer. The communication with 
the microscope control system (Digita l Scan Genera-
tor) is done via a seria l communication line using a 
character-oriented protocol. On the prototype, the hard-
ware initialisation routines and the communication soft-
ware were running on a commercial intelligent peripheral 
controller having its own 68000 processor. However, 
the debugging of this system has proved very time-
consuming due to a number of hardware faults in the 
purchased components . The resulting system was too 
unreliable so we were forced to modify our interfacing 
concept and adopt a simpler but reliable solution. The 
communication with the VAX cluster, via the Ethernet 
Local Area Network has not been implemented due 
to the lack of an available software driver under the 
Versados operating system. The configuration of the 
CryoSTEM microcomputer system and the bloc diagram 
of the interface are shown in Plates 40 and 41. 

The software has been conceived to be user friendly. A 
set of menus allow the user to define transfer of im-
ages between the different units, to mount or dismount 
acqu isition channels, and to get information (such as 
experimental conditions) of acqu ired images. 

At the user level, acqu isition is controlled by a single 
push-button on the CryoSTEM. At the end of each ac-
quisition, the images are stored automatically on disk to-
gether with the recording conditions. This prevents any 
loss of information and allows the user to concentrate 
on the microscopy. In late 1986, new VME processor 
boards have been purchased from Tadpole Technology 
(Cambridge, UK). These boards have a 68020 proces-
sor, a paged memory management unit (68851), two 
megabytes of (on board) memory, an SCSI interface 
for the mass storage peripherals and can be fitted with 
an arithmetic coprocessor (68881) . These very powerful 
boards will form the basis for the microcomputer systems 
of the CryoSTEM and the HB5-STEM. Unix V will be 
used as the operating system and should ease both the 
connection to Ethernet and the implementation of image 
processing software in order to interactively assess the 
quality of the recorded images while the specimen is still 
in the microscope (an essential for cryomicroscopy). 

Software development for bilayer 
data analysis 

The data acquisition part, hardware and software, of this 
project is now well established and fulfills the needs of 
the users. Improvements, based on the user feedback, 
to the existing software have been completed. A new 
development is the incorporation of an analysis of the 

115 



PLATE 40 

Configuration of the CryoSTEM VME-based microcom-
puter system. The communication to the VAX will be 
done via the Ethernet Local Area Network. 
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Bloc diagram of the CryoSTEM interface 
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opening and closing of ionic channels. Channel opening 
and closing is characterized by the amplitude of the 
jump of current and the times the channels spend in 
their open and closed states. Software was written to 
produce distributions of the current amplitude, number 
of channel events and channel life-time. The current 
amplitude distribution is used to determine the threshold 
of detection for the channel events . This in turn enables 
the computation of the parameters characterizing a 
channel event (amplitude of current changes, closed 
time and opened time). The program is, in its present 
form, fully developed for single pore experiments and 
further work is being done in order to provide the same 
analysis in the case of multiple pores. 

Another development is a simulation program which 
generates the current signal with given amplitude and 
time constant for various signal to noise ratios. These 
developments will allow us to program for model fitting 
using the results obtained from a large number of single 
experiments. 

Collaboration with other institutes 

We have helped four synchrotron radiation groups from 
Hamburg, Ji.ilich, LURE and the ILL in Grenoble. Our 
contribution to their experimental set-up mainly con-
sisted of the duplication of previously designed elec-
tronics, not commercially available (detector interface, 
display modules, time-resolved equipment) and transfer 
of know-how (including software). We also installed a 
stripped-down version of our standard data acquisition 
and visualisation system at the Grenoble outstation to 
allow simple crystallographic experiments (qualitative 
only) with an area detector. 
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laser-spectroscopy and laser-microscopy 

Scientists: R.W. Wijnaendts van ResandtO, C. Storz 

Predoctoral fellow: E. Stelzer 

Visiting worker: E. Soini* 

Technical assistant: R. Stricker 

Supernumerary: R. Pick 

The group is engaged in the development and appli-
cation of laser-microscopy and -spectroscopy. The spec-
troscopy part was terminated as the pico-second lifetime 
spectrometer was moved to the Royal Institution (Lon-
don). Work on this system is being continued by Peter 
Bayley (M RC) and David Phillips (Royal Institution). 
They also use Robert Vogel's (EMBL) multi exponential 
analysis program. 

The application and development of confocal mi-
croscopy is now the main effort of the group. New 
projects have not been initiated during the year . 

Microscope development 
(R. Stricker, R. Pick) 

An optical bench model for the new beam scanning 
inverted confocal microscope was designed and con-
structed. First tests of the optical bench model were 
positive and first primitive images were made. The mi-
croscope was then constructed according to the optical 
task behind the confocal object scanning systems. In ad-
dition it is plan ned to include a classical phase contrast 
system. This should be very helpful in setting up the 
system and finding objects suitable for scanning. Most of 
the electronics were completed during the year and the 
first images on the new system have been made. Early 
in 1987 we should be able to start the first application 
on the system. 

Applications of confocal microscopy 
(E. Stelzer) 

The microscope has been used for a large variety of 
applications. Since quantitative fluorescence contrast 
is the most important feature of the system, we will 
describe some fluorescence studies on Madin Darby 
canine kidney (MDCK) II cells. 
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Three-dimensional distribution of actin 
in MOCK cells (in cooperation with 
Thomas Kreis) 

Rhodamine-phalloidin is a fluorescent stain for filamen-
tous actin and can be used to visualize the actin dis-
tribution in cells. It is of interest to quantify the distri-
bution of F-actin in such cells under various conditions 
and the confoca l microscope is an ideal instrument for 
such studies. A complete three-dimensional image can 
be collected. This image consists of 16 x/y-images , 
every image is 256x256 pixels range. Each x/y-image 
presents an optica l section of the cells at a different level 
along the optical axis. Since the full three-dimensional 
fluorescence data is avai lable it is possible to produce 
stereo images with views from any angle (see Plate 42). 
The three regions, where rhodamine-phalloidin labelled 
F-actin can be found are clearly recognizable in the 
stereo image. The full three-dimensional data set can 
also be used for quantification. 

Transport of C6-NBO in MOCK cells 
( in cooperation with Gerrit van Meer 
&. Kai Simons) 

The apical and basolateral membranes of MDCK cells 
have been shown to consist of different protein and 
lipid components. The two domains are separated by the 
tight junction. In order to study this process C6-N BD-
Ceramid was brought into M DCK 1\ cells utiliz in g normal 
endocytotic pathways and liposomes which included the 
NBD-Ceramid. Since the cellular monolayer must be 
apically and basolaterally active the cells were grown 
on Millipore filters. It should be noted that these filters 
are not transparent and conventional microscopy of such 
structu res is very difficult if not impossible. A nu mber 
of three-dimensional images were made from differently 
treated cells and analyzed quantitatively. 



Analysis of two-dimensional 
electrophoresis gels (c. Storz) 

In cooperation with the EM BL construction department 
(Michael Bleimling) a new model of the gel scanner was 
designed . Only minor changes with respect to the first 
one were made. The EM BL workshop has started to 
build two of these scanners. The electronics workshop 
has finished a complete redesign of the control electron-
ics . This was implemented and tested. Software for the 
gel scanner was completed so that we now can : 

- record images at various resolutions and various 
positions of the gel on the table; 

- select a new area for further recording of a detail of 
the image; 

- automate dynamic range adjustment; 

- show intensity profiles along X and Y axis. 

Additionally experiments were carried out to investigate 
whether the scanner can be used to read a new type 
of x-ray and autoradiograph imaging plate. This work 
was initiated by Y. Maeda (EMBL, Hamburg). Further 
experiments are planned for 1987 . 

PLATE 42 

Stereo pair of rhodamine-pha lloidin labelled MDCK celis 
grown on glass. The field size is 76 j.lm. 
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Molecular motions and formation of differentiated domains In cellular membranes 

Scientist: J. Davoust 

External fellow: P. Cosson* 

Predoctoral fellow: C. Sutor 

Technical assistant: M. Kail* 

The chemical differentiation of cellular membranes is ac-
tively maintained despite a continous flow of membrane 
vesicles connecting the compartments of the endocytic 
and the exocytic pathways. During the formation of 
the vesicular carriers, specific molecules are either ex-
cluded or selected. Without constant sorting, the rapid 
rates of lateral diffusion of proteins and lipids would in 
principle randomize the composition of membranes and 
disorganize each compartment . For each organelle, the 
discrimination between self and nonself molecules is a 
matter of life-and-death . 

Our goal is to understand the formation of differentiated 
membrane domains in physical and chemical terms.The 
plasmalemma of eukaryotic cells offers a unique system 
to study the formation and the fate of membrane do-
mains. A multitude of surface receptors have already 
been characterized and some of them are localized in 
specialized microdomains like the sites of cell-cell con-
tact, the coated pits or like the larger surface domains 
present in polarized cells. Two directions are being fol-
lowed. First we have determined the surface distribution 
and the lateral mobility of some critical plasma mem-
brane constituants involved in the formation of surface 
domains. The second approach is then to use external 
agents and cell mutants to decompose the complex 
process of protein sorting into discrete steps. We have 
tested the role of external and cytoplasmic pH on the 
rate of endocytosis of plasma membrane proteins and 
lipids to identify some potentially important regulatory 
signals. 

Surface mobilities of cell adhesion 
molecules in murine neurones 
(in collaboration with E. Pollerberg &. 
M. Schachner, University of Heidelberg) 

The neural cell adhesion molecule (N-CAM) has been 
impl icated in morphogenetic events during formation of 
the nervous system. Three forms of N-CAM exist, all 
glycoprotein chains of relative molecular masses lS0,000 
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(lS0K), 140K and 120K (N-CAM1S0, N-CAM140 and 
N-CAM 120) which are differentially expressed on neural 
cell types and during development. The three chains are 
thought to carry similar if not identical amino-acid se-
quences on their extracellular amino-terminal domains, 
but differ in the length of their carboxy-terminal cy-
toplasmic region. They occur in highly sialylated em-
bryonic and less sialylated adu lt forms. N-CAM ISO is 
selectively expressed in more differentiated neural cells 
and may playa role in the stabil ization of cell contacts. 
To investigate this, we have studied the lateral mobility 
of the two predominant forms of N-CAM, N-CAM1S0 
and N-CAM140, as a function of differentiation, in the 
surface membrane of a mouse neuroblastoma cell line 
N2A. Using fringe pattern photobleaching, the surface 
mobility of N-CAM 140 was found to be much higher 
than that of N-CAM1S0 , suggesting an association of 
N-CAM 180 with the cytoskeleton or other stabilizing 
factors. As an interesting possibility, brain spectrin, a 
membrane-cytoskeleton lin ker protein can bind specifi-
cally to N-CAM 180. 

It has been reported recently that phosphatidyl-inositol 
is involved in the membrane attachment of N-CAM120. 
Therefore, we expect the surface mobility of N-CAM120 
to be identical to or higher than that of N-CAM140. In 
conclusion, we think that the N-CAM180 can promote 
stable cell-cell contacts, possibly via interactions be-
tween its longer cytoplasmic domain and the cytoskele-
ton, the immobilization of N-CAM on the surface of 
differentiated N2A cells being achieved by a shift in 
expression from N-CAM 140 to N-CAM 180. 

Distribution and dynamics of 
glycosphingolipids on the surface 
of epithelial cells (cecile Butor) 

The polarity of epithelial cells is associated with a differ-
ence in the protein and lipid composition of the apical 
and basolateral domains of the cell plasma membrane. 
Constant sorting is required to maintain the unique 



composition of the apical and basolateral domains dur-
ing exocytosis and transcytosis. The glycosphingolipids 
which are exclusively present on exoplasmic leaflets 
could playa role in the process of lipid sorting. From 
studies on artificial membranes, the neutral glycosphin-
golipids are able to form rigid domains by themselves. As 
an interesting possibility, they could participate in the 
formation of the apical domain in epithelial cells. We 
have tested this hypothesis by studying Madin-Darby 
canine kidney (MDCK) cells which are particularly rich 
in glycosphingolipids, their surface distribution and their 
lateral mobility using fringe pattern photobleaching. 

Using monoclona l antibodies specific to glycosphin-
golipid determinants we have found an apical local-
ization of galactocerebroside by immunofluorescence 
labelling on semi-thin frozen sections and on intact 
cells . Another neutral glycosphingolipid, the Forssman 
antigen, is uniformly distributed on the apical domain 
of MDCK 1\ and can be patched by two layers of an-
tibodies. The monoclonal antibodies directed against 
the Forssman antigen were kindly provided by Arnoud 
Sonnenberg (The Netherlands Cancer Institute, Ams-
terdam). This surface antigen is very abundant (more 
than 4x 10+5 sites per apical domain) . Preliminary 
results indicate that Forssman antigens labelled with 
rhodamine-coupled antibodies can move laterally on the 
apical domain of M DCK II but with a very slow diffusion 
rate cm2/sec). We are presently investigating 
whether this slow diffusion is a specific feature of the 
apical domain. Forssman antigens were also present in 
"cell-derived elements" at contact sites with the perme-
able filter support . Whether this represents membrane 
shedding or interaction sites with extracellular matrix 
components is not known . 

Effect of external and cytoplasmic 
pH on endocytosis (P. Cosson & 
J . Davoust in collaboration with 
J. Gruenberg & K. Howell) 

During the process of receptor-mediated endocytosis , 
receptors and ligands are collected in clathrin coated pits 
which then pinch off from the plasma membrane to form 
coated vesicles. At this stage, the lumen of the vesicles 
can acidify. After the loss of the clathrin cage, it fuses 
with an acceptor compartment named the endosome 
which is also able to maintain a transmembrane proton 
gradient. The low pH induces the dissociation of some 
receptor-ligand complexes and it can trigger the fusion 
of enveloped viruses. In order to decompose this complex 
sequence of events, we have examined the effect of 
extracellular and intracellular proton concentrations on 

the rate of endocytosis of different membrane markers . 

Immediately after the application of an external pH lower 
than 5.7, baby hamster kidney cells stop internalizing 
fluid phase markers as well as a fluorescent phospholipid 
and the spike glycoprotein of vesicular stomatitis virus 
implanted in the plasma membrane. The membrane 
fluid ity is not affected asjudged from the lateral diffusion 
rate of fluorescent phospholipids inserted in the plas-
malemma . The ATP content is preserved and the block 
of endocytosis is fully reversible . Under low external 
pH, the cytoplasm of baby hamster kidney cells acidifies 
rapidly but maintains an active pH regulation. Clathrin 
was not disassembled as judged by immunofluorescence, 
and coated pits were observed by electron microscopy. 
Above pH:::6 .3, endocytosis operates as in the control 
conditions. 

In order to test directly the sideness of the effect on the 
plasma membrane , we varied the pH of the cytoplasm in 
fibroblast cell mutants that do not express a functional 
Na+ /H+ antiport (provided by J. Pouyssegur, Univer-
sity of Nice, France) . When these cells are loaded with 
protons, receptor-mediated endocytosis of transferrin 
and fluid phase endocytosis is arrested reversibly by 
lowering the internal pH below 6.8. These defined cell 
mutants offer an interesting system for the isolation of 
the coated pits present on the cell surface of arrested 
cells and for the elucidation of the interactions between 
the clathrin coat and the membrane receptors. 
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Biochemical Instrumentation 

This Programme has close ties with many scientists 
in all the other Programmes. It provides support for 
in-house and outside scientists with new developments 
and improvements in the fields of DNA sequencing and 
oligonucleotide synthesis, protein sequencing and pep-
tide synthesis, techniques for separation of cells and or-
ganelles, methods for introduction of macromolecules in 
living cells and their observation and evaluation through 
image acquisition and processing. 

Development of a prototype of the non-radioactive au-
tomated DNA sequencing system has been completed. 
Development of a chemically modified support for the 
immobilization of peptides has led to improvements in 
the efficiency and sensitivity of the protein sequenc-
ing methodology. Several of the instruments developed 
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were licensed for commercial distribution. Synthetic 
routes were developed for the preparation of protected 
51-amino and 5/-thio 2/,5/-dideoxyribonucleoside-3/-O-
(,B-cyanoethyl N, N-diisopropylphosphoramidites) . These 
products have been used to prepare 51-terminally modi-
fied oligodeoxyribonucleotides, which are of great utility 
since they can be readily coupled to fluorophores, acti-
vated biotin derivatives , organomercurials, and activated 
metal cluster compounds, etc., generating a wide variety 
of probes. The automated system for microinjection of 
cells, the first device of this type , has been applied to 
a wide range of biological problems for in-house and 
outside groups. Visitors were trained, and two practical 
courses on microinjection and electro-transfection of 
cells were organized . 



Development of microanalytical techniques 

Scientist, Engineers : W . Ansorge, C. Schwager, J . Stegemann 

Student: H. Erfle 

Visiting workers: F. Bier* , C. Cremer*, E. Fanning*, M.P. Gaub*, Ch. Greenfield*, B. Harfaft*, M. De Marchi* , 
R. Pepperkok, H. Voss* , J. Zimmermann* 

DNA sequencing 

A non-radioactive automated method and the instru-
ment for DNA sequencing have been developed in col-
laboration with the nucleic acid chemistry group (Brian 
Sproat). The design of the instrument and the chemistry 
used are different from those employed in the technique 
reported recently by the group of L. Hood at Caltech . 
DNA sequences are determined in the slab gels during 
electrophoresis and read directly into a computer. The 
chemistry for the preparation of the fluorescent primer 
is reliable and straightforward , and moreover the prepa-
ration of the sequencing samples is cheap compared 
to the method using radioactive labels. There are well 
known drawbacks attached to the radioactive labelling 
technique, such as hazards in the handling, storage and 
disposal of radioactive materials, and the considerable 
cost of the radiolabelled nucleoside triphosphates. In 
add ition, the sample quality deteriorates with time. In 
our Programme a sulphydryl-containing M13 sequencing 
primer has been synthesized and subsequently conju-
gated with one of several fluorophores, e.g . tetra methyl-
rhodamine iodoacetamide or fluorescein iodacetamide. 
The fluorescent primer is used in sequencing reactions, 
optimized by Martin Zenke from the Differentiation 
Programme, to generate a nested set of DNA fragments. 
The fluorescent bands are excited by a laser and detected 
in the gel during electrophoresis, and sequence data from 
the four tracks is transferred directly into a computer. 

The developed instrument includes several novel fea-
tures such as detection of laser-induced fluorescence 
in conjunction with slab gel electrophoresis, an exci-
tation laser beam passing inside the gel throughout 
its entire width, efficient and simple light coupling in 
and out of the gel , continuous monitoring of the four 

t racks, no moving parts, and background reduction by 
adjustment of the plane of polarisation. Background is 
further reduced by eliminating the fluorescence of glass, 
inherent in all techniques where the excitation laser 
beam traverses glass within the light collecting field. 
Sequence reading starts from base one, compared to 
base 40-50 on a standard autoradiograph . The auto-
mated data analysis will make possible a quantification 
of interband distances and relative band intensities, and 
will enable the formulation of a set of rules appropriate 
to automated reading. At present 250-300 bases can 
be read in 6 hours , and the technique is capable of 
resolution at a fragment length of at least 400 bases. 
The detection limit is about 2x 10-18 mol per band. The 
system will be expanded for analysis of several clones , 
simpl ified and optimised further with respect to perfor-
mance and cost . Industry has shown interest in licensing 
the two EMBL patent applications for the method . The 
device is based on the technique of thermostated gels 
which we developed for the manual sequencing device 
distributed commercially by LKB, Sweden (about 1000 
devices distributed to nearly 400 laboratories) . The au-
tomated system is applicable not only to DNA but also 
to prote ins in gels, and in general for the detection of 
fluorescently-labelled macromolecules. The equipment 
could also be applied to measure bio-luminescence and 
other processes accompan ied by photon emission. The 
software developed could be applied to the automated 
analysis of autoradiograms. 

Automation of several essential steps in the preparation 
of samples for DNA sequencing would be of great im-
portance , and collaboration in this field has been ini-
tiated with Martin Zenke (Differentiation Programme) 
and Keith Stanley (Cell Biology). An EMBO course 
concerned with different aspects of automation in DNA 
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sequencing will take place at EMBL and IS In prepara-
tion. 

Cell microinjection 

The automated injection system, the first existing device 
of this type, in which movement of the capillary with 
precise cell positioning and time of injection are con-
trolled by a computer, has been further developed and 
applied regularly to biological projects for nine groups 
at EMBL and twelve groups from external laboratories. 
The system has been used extensively and new ideas 
for its application were generated by the scientists. De-
velopment of automated injection into frog oocytes has 
been initiated in collaboration with groups of Riccardo 
Cortese and lain Mattaj from the Gene Structure and 
Regulation Programme. Methodology for the labelling 
of injected cells which permits their identification and 
evaluation even after several days has been devised with 
Claudio Schneider from the group of Lennart Philipson. 
We plan to develop new, more efficient fluorescent 
markers with the chemistry group of this Programme. 

High injection rate (about 1500 cells per hour), repro-
ducibility and reliable evaluation of the results by a 
computer were established as significant characteristics 
of the automated system developed in collaboration 
with Zeiss Company. Initial tests for a fully automated 
system with image processing have shown the feasibility 
of such a system, in which the injection rate could be 
increased to about 5000 cells per hour. New biochemical 
approaches may be possible with this high injection rate. 

Good reproducibility in the form and tip diameter of 
the pre-pulled injection capillaries has been achieved, 
controlled by measuring the gas outflow using a helium 
leak detector. The commercial version of the EMBL 
system for manual microinjection of cells (Eppendorf &. 
Zeiss) has been further improved by adding a vacuum 
connection and the technique is now in use in about 400 
laboratories. 

Electrotransfection of cells 

Good results were obtained with this technique in the 
laboratories (about twelve) to which the EMBL device 
has been supplied. The results have led to further 
applications and contributed to the understanding of 
the underlying principles of the method. Transformation 
frequencies of up to 1% in permanent and up to 15% 
in transient expression assays have been observed, and 
plasmids up to 25 kb have been introduced into cells 
using this technique. The main applications of this 
simple procedure are found in cases where the traditional 
transfection procedures fail. It has also been used for 
electro-fusion of cells and membraneous vesicles. Doc-
umentation and technical specifications for the manu-
facturing of the equipment have been transferred to the 
licencing company (Apelex, France), and during the year 
they have already distributed several commercial devices 
to laboratories in Europe. 
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Separation of biological particles 

Two techniques available for the separation of biological 
particles, automated affinity chromatography on mag-
netic beads in suspension and continuous flow elec-
trophoresis, have been developed further and applied to 
various biological problems in collaboration with the Cell 
Biology Programme (group of Kathryn Howell). 

The performance of several newly developed bead types 
has been tested and encouraging results were obtained 
with the separation of chromosomes, in collaboration 
with groups from the University of Heidelberg (Prof. 
Cremer). We plan to continue the investigation of the 
separation of large amounts of cells by this method, 
which is also of interest to grou ps in the Differentiation 
Programme (Hartmut Beug). Further applications will 
be the purification of proteins and, eventually, of DNA 
templates. Software developed for this system may be 
used for the automation of other devices where the 
control of fluid flow, positioning, valves, temperature 
and other parameters is required. 

Continuous flow electrophoresis has been used to sepa-
rate organelles, like Iysosomes with modified membranes 
(Jean Davoust) . Metaphase chromosomes were highly 
purified and it is possible to use this technique as a 
preparatory step for subsequent separation of the puri-
fied chromosomes. 

We plan to add a fluorescence activated sorter to the 
existing separation methods at EM BL. There is an ur-
gent need for th is method in groups from all biological 
programmes at EMBL. The technique will enable us to 
analyze the cell cycle state, gene prod ucts and chro-
mosomal mapping of DNA sequences. The technique 
is unmatched in its capability for simultaneous analysis 
and sorting of chromosomes and cells by their internal 
content of DNA, RNA and proteins. 

Separation of large DNA fragments 

The pulsed field gradient method, originally developed 
by the team of C. Cantor at Columbia University for 
separation of large DNA fragments, has been tested 
with groups from the Gene Structure and Regulation 
Programme, with the aim of optimizing the separation of 
yeast chromosomes . In collaboration with the University 
of Torino it has been applied to analysis of deletions 
of genes in human chromosomes. Recent developments 
and improvements in the original methodology show 
that the principle of the technique is not yet completely 
understood. We have started a detailed analysis of the 
electric field maps by computations using the Poisson 
program package for electric and magnetic fields . The 
high potential of this separation method, e.g. in gene 
mapping, has been demonstrated in several laboratories . 



Publications during the year 

Ansorge, W., Sproat, B., Stegemann, J. & Schwager, 
Ch. (1986). A non-radioactive automated method for 
DNA sequence determination. J. Biochem. Biophys. 
Meth., 13, 315-323 

Other references 

Howell, K., Ansorge, W. & Gruenberg, J. (in press). In 
Microspheres: Medical and Biological Applications: ed. 
Rembau, A.; CRC Press Inc., Boca Raton, Florida, USA. 

Kjems, J., Garrett, R.A. & Ansorge, W. (1986). In 
Systematic and Applied Microbiology" 

Patents applied for in 1986 

Ansorge, W ., Stegemann, J. & Schwager, Ch (1986). 
Vorrichtung zur Detektion von zur Photonenemis-
sion anregbaren Stoffen . FRG Patent Application Nr . 
P36 .18.605 .8 

Sproat, B. (1986). Verfahren zur DNA-Markierung. FRG 
Patent Application Nr. P36.42.939.2 
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Nucleic acid chemistry 

Scientists : B. Sproat 

Technical assistants: P. Rider, P . Neuner* 

Supernumerary: B. Beijer 

Modified deoxyribonucleosides 
and oligonucleotides 

We have developed synthetic routes for the prepara-
tion of protected 51-amino and 5/-thio-2/,5/-dideoxyribo-
nucleosides. Protecting groups employed for the amino 
and thiol functions were trifluoroacetyl and triphenyl-
methyl (trityl) respectively. All intermediate compounds 
have been fully characterized by standard methods. 

The amino and thio analogues, carrying appropriate base 
protecting groups, were then converted into their re-
spective ,B-cyanoethyl N ,N-diisopropylphosphoramidites. 
These compounds have then been used directly in 
our automated DNA synthesizer for the preparation 
of 51-terminally modified oligodeoxyribonucleotides. The 
resulting products are of enormous utility since they 
can be readily coupled to fluorophores (e.g., for use in 
non-radioactive DNA sequencing), to activated biotin 
derivatives, to organomercuria ls (e.g. for x-ray work), 
and to metal cluster derivatives (for EM work). 

To cite two examples, d[H2N-CCGATATCGG] was pre-
pared on a large scale (10 flmol) by the phosphoramidite 
method and it was then coupled with an "activated" 
water soluble tetrairidium cluster (prepared as a pen-
tachlorophenyl ester by Werner Jahn in the MPI for 
Medical Research in Heidelberg), containing a very short 
spacer. The purified yellow product (ca . 3 flmol) has 
now been cocrystallized with EcoRV. This part is in 
collaboration with Kevin Leonard who will now study the 
crystals in the cryoSTEM . As the crystals are sizeable 
they may also be of interest to the x-ray crystallogra-
phers. 

In the second example, d[TrS-GGGATATCCC], again 
a recognition sequence for EcoRV, was prepared on a 
large scale by the phosphotriester method. The prod-
uct was conveniently purified by preparative layer chro-
matography on silica gel, deprotected and mercurated 
with a water-soluble organomercurial. About 2 flmol 
of HPLC-purified product were obtained . Attempts at 
cocrystallization of the self-complementary decamer will 
be made with EcoRV for x-ray studies . It is hoped that 
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the use of mercurated oligonucleotides will prove useful 
in solving the structures of DNA-binding proteins of 
hitherto unknown structure. 

DNA sequencing without radioactivity 

This project has been undertaken in collaboration with 
Wilhelm Ansorge's group. Originally an M13 sequenc-
ing primer was prepared bearing a short 51-terminal 
spacer carrying a protected sulphydryl group, using a 
procedure developed at the EMBL (Connolly &. Rider, 
1985). We have subsequently, after removal of the S-
protecting group, synthesized a variety of highly flu-
orescent derivatives. In particular we have synthesized 
and purified (by ion-exchange and then reversed phase 
HPLC) primers labelled with tetramethylrhodamine, flu-
orescein, and eosin . The first prototype automated se-
quencer was completed by Wi lhelm Ansorge's group (an 
instrument was completed in the USA at about the 
same time (Smith et al., 1986)) and when used to-
gether with dideoxy sequencing samples derived from the 
fluorescein-labelled primer (samples prepared by Mar-
tin Zenke) excellent results were obtained. Quantities 
of fluorescein-labelled material below 10-17 mol can be 
observed by fluorescence in the running gel when excited 
by an argon laser. Work is in progress to improve further 
this technique. In addition we can use our 51-amino 
and 5/-thio-2/,5/-dideoxyribonucleoside compounds to 
prepare our fluorescent sequencing primers. 

RNA chemistry 

The preparation of appropriately protected building 
blocks for solid phase RNA synthesis is well under way. 
However the choice of suitable protecting groups for 
the 5/- and 2/-hydroxyl groups is still not clear (as 
evidenced by the lack of any commercially available 
building blocks). At the moment we have followed a 
recently published procedure (Reese et al., 1986), which 
gives adequate results for short sequences. At the same 
time we are endeavouring to develop a truly orthogonal 
pair of protecting groups for the 5/- and 2/-hydroxyl 
groups in collaboration with Willi Bannwarth in Hoff-
mann La Roche, Basel. 



Phosphoramidite methodology 

We pursued our work on 2-chlorophenyl phosphomor-
pholidites and phosphopiperidites on account of their 
stability compared to the methyl and ,8-cyanoethyl 
compounds. However in solid-phase DNA synthesis we 
achieved rather poor results and finally abandoned these 
compounds in favour of the ,8-cyanoethyl derivatives. 

In addition we tested a number of non-aqueous oxidizing 
agents in solution using 31p and 13C NMR spectroscopy. 
We concluded that t-butyl hydroperoxide gave rapid 
oxidation of P (III) triester to P (V) triester without 
any base modification. Unfortunately this reagent failed 
to work under solid phase conditions in which we had 
hoped to replace the aqueous iodine step by a suitable 
non-aqueous oxidation. 

With regard to depurination at A sites during DNA syn-
thesis, we have prepared and used long chain alkylamine 
CPG support functionalized with 5'-0-dimethoxytrityl-
N6 -diisobutyla minomethylidene-2'-deoxyadenosi ne-3'-
O-succinate to replace the "An support with ben-
zoyl protection at N6 in order to reduce depurin-
ation in sequences bearing a 3'-dA. Two depurin-
ation resistant building blocks viz. 5'-0-dimethoxytrityl-
N6 -di-isobutylaminomethylidene-2'-deoxyadenosine-3'-
0-(2-cyanoethyldiisopropylphosphoramidite) and the 
corresponding N6_ phthaloyl compound have been syn-
thesized and are just undergoing trials in our auto-
mated DNA synthesizer . In th is way we hope to improve 
the yield and simplify the purification of long A-rich 
oligodeoxyribonucleotides. 

Phosphotriester methodology 

Work on fully base-protected phosphotriester building 
blocks carrying 2-( 1-methylimidazol-2-yl)phenyl protec-
tion at phosphorus was completed. The products are 
useful for large scale oligonucleotide synthesis since the 
excess monomer can be recovered . Moreover the use of 
N3-anisoyl protection of dT proved to be very satisfac-
tory. The 06-diphenylcarbamoyl was favoured over the 
06- p-nitrophenylethyl group for extra protection of dG 
owing to the difficu lty of removing the latter group in 
longer oligon ucleotides. 

Some modifications were made to the filter disc ap-
proach (Frank et at., 1983) for simultaneous synthesis 
of large numbers of oligodeoxyribonucleotides. Excep-
tionally clean oligos were obtained when N6-amidine 
protection of dA and extra protection on N3 of dT and 
0 6 of dG was used. A total of78 oligomers (10-12 mers) 
were made in a single day's work by this method. 

H- Phosphonate chemistry 

Following initial reports on the preparation and potential 
use of nucleoside H-phosphonates (Garegg et aI., 1985; 
Frohler & Matteucci, 1986) for low cost DNA synthesis, 
we prepared four monomers containing extra protecting 

groups using a recently published route for phosphonyla-
tion (Marugg et aI., 1986). The monomers were purified 
to homogeneity by preparative liquid chromatography. 
We have already prepared a 19mer and a 23mer on 
a large scale (15 and 20 pmol respectively) manually 
and both the yield and quality of the product seem 
to be good. Repetitive yields appeared to be slightly 
lower than with the phosphoramidite method but the 
cost ofthe assembly is substantially reduced. This could 
prove to be the best method for producing materials for 
structu ral studies. 

DNA synthesis service 

The in-house oligonucleotide service work was taken 
over by this group in May and is now performed on 
the 3-column Applied Biosystems machine. In the pe-
riod from 1st June to 19th December a total of 305 
oligonucleotides were synthesized (maximum length was 
71mer), and in the majority of cases were HPLC purified 
before delivery to the in-house groups. 

Publications during the year 

Ansorge, W., Sproat, B.S ., Stegemann, J. & Schwager, 
C (1986). A non-radioactive automated method for 
DNA sequence determination. J. Biochem. Biophys. 
Methods, 13, 315-323 

Sproat, B.S., Rider, P. & Beijer, B. (1986). Highly 
efficient oligodeoxyribonucleotide synthesis using fully 
base-protected phosphodiester building blocks carrying 
2-(1-methylimidazol-2-yl) phenyl protection of the phos-
phate. Nucleic Acids Res., 14, 1811-1824 

Other references 

Connolly, B.A. & Rider, P. (1985). Nucleic Acids. Res., 
13, 4485-4502 

Frank, R., Heikens, W., Heisterberg-Moutsis, G. & 
Blocker, H. (1983). Nucleic Acids Res., 11, 4365-4377 

Frohler, B.C & Matteucci, M.D. (1986) . Tetr. Lett., 27, 
469-472 

Garegg, P.J., Regberg, T ., Stawinski, J. & Stromberg, 
R. (1985). Chemica Scripta, 25, 280-282 

Marugg, J.E., Tromp, M., Kuyl-Yeheskiely, E., van der 
Marel, G.A. & van Boom, J.H. (1986) . Tetr. Lett., 27, 
2661-2664 

Reese, CB., Serafinowska, H.T. & Zappia, G. (1986). 
Tetr. Lett., 27, 2291-2294 

Smith, L.M., Sanders, J.Z., Kaiser, R.J., Hughes, P., 
Dodd, C, Connell, CR., Heiner, C, Kent, S.B .H. & 
Hood, L.E. (1986). Nature, 321, 674-679 
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Structural analysis and synthesis of proteins and genes 

Scientists: R. Frank, H. Gausepohl 

EMBL predoctoral fellow: K. Ashman 

Visiting workers: D. Koessling*, M. Tadros* 

Technical assistants: A. Bosserhoff, E. Davey 

Supernumerary: M. Kraft* 

During the last three years the group has developed a 
set of automated instruments for high sensitivity protein 
sequence analysis, peptide synthesis and oligonucleotide 
synthesis using state of the art chemical methods. Due 
to a modular construction principle, these machines are 
not only designed for our particular requirements, but 
also allow a high degree of flexibility with regard to 
systems updating and adaption of new chemistries. This 
set of instruments is now integrated into a biochemical 
facility that contributes to an increasing number of 
scientific projects at EMBL and externally, concerning 
structural and functional analysis and synthesis of pro-
teins and genes. Several of our instruments were licensed 
to a company for manufacture and will be generally 
available during 1987. 

Following a period of technological and constructive 
work on instrumentation, in 1986 the activities of the 
group were mainly concentrated on the improvement 
of chemical methodology for microanalysis of proteins 
and synthesis of peptides and genes. Further, the first 
steps were made towards a combination of protein 
and oligonucleotide chemistry with molecular genetic 
technology, in order to explore new methods for the 
preparative synthesis of peptides, native proteins and 
their analogues. This approach includes: chemical gene 
synthesis, selection of appropriate expression systems 
and large scale isolation of the gene product. 

Microsequence analysis of proteins 

The chemistry and instrumentation used in amino-acid 
analysis and amino-acid sequencing now permit the 
analysis of as little as 10 to 50 picomoles of proteins 
and peptides. To improve the efficiency of the method, 
a new covalently modified support for the immobi-
lization of proteins and peptides in gas-liquid phase 
sequencing has been developed. The new method is 
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clearly superior to the conventional camer molecule 
Polybrene: no precycling is required, initial yields are 
improved and background contamination is lower. This 
leads to an overall increase in sequencing sensitivity. The 
derivatization method includes oxidative cleaning and 
subsequent covalent coating of the glass-fibre support 
with quaternary ammonium groups, thereby giving the 
glass surface a high binding capacity for both proteins 
and peptides. The new support has been successfully 
used for microsequencing of proteins and peptides iso-
lated by high performance liquid chromatography and by 
electro-elution from polyacrylamide gels. Due to the high 
binding capacity, the activated glass opens new ways 
for sample preparation in the picomole range including 
direct electrotransfer of proteins from polyacrylamide 
gels and direct immobilization of peptides isolated by 
microbore high performance liquid chromatrography. 

Peptide synthesis 

In solid phase peptide synthesis the final step is the 
removal of side chain protecting groups and the cleavage 
of the synthetic peptide from the resin support. In 
classical synthesis strategies both reactions are carried 
out simultaneously. This however often leads to irre-
versible modifications of the peptide chain by highly 
reactive carbonium ion intermediates generated during 
the cleavage reaction . 

We have developed a synthesis and deprotection strat-
egy especially designed to avoid side reactions in such 
"difficult" sequences. The strategy involves, the ap-
plication of properly selected scavengers, a multi step 
procedure for successive removal of side-chain protect-
ing groups and purification of intermediates. The mild 
reaction conditions which are characteristic of our Fmoc-
synthesis method are retained and post cleavage side 
reactions are minimized. 



This strategy made the efficient synthesis of peptides 
containing multiple arginines and/or cysteine and histi-
dine residues possible, which are often encountered In 

DNA or steroid hormone binding-sites of proteins. 

Gene synthesis 

Recombinant DNA technology has opened a new biosyn-
thetic approach to the synthesis of proteins and pep-
tides. Recently, techniques such as site-directed muta-
genesis and total gene synthesis have been developed 
to construct genes for native proteins and their ana-
logues. Using tumour necrosis factor (TN F) as a model 
system we are exploring the potential of this approach 
to generate proteins, their analogues and/or fragments 
for structure-activity stud ies. The most time-consuming 
step in chemical gene synthesis is the preparation of 
the oligonucleotide building blocks. Therefore we have 
developed a rapid and efficient reversed-phase HPLC 
method for the purification of large numbers of ol igonu-
cleotides . The synthetic TNF gene was produced by 
ligating together five double-stranded segments which 
were constructed by ligation of up to 8 overlapping 
oligonucleotides. The complete gene and several shorter 
fragments are now being used to study the efficiency 
of severa l expression systems, especially gene fusion 
techniques, using expression-affinity vectors. It is also 
planned to use the gene fusion method for large scale 
biosynthesis of unfolded peptides which are not accessi-
ble by chemical synthesis or direct expression methods. 

Adenylate kinase isoenzymes 

In continuation of our work on ATP-AM P phospho-
transferases the cDNA encoding for the mitochondrial 
intermembrane space enzyme (AK2) was cloned and 
sequenced. The N-terminal sequence obtained from the 
cDNA clone is identical with the N-terminus of the ma-
ture protein. Therefore, the structural motifs responsible 
for the subcellular localization of this protein must be 
contained in the primary structure of mature AK2. A 
detailed investigation of these structura l motifs has been 
started in collaboration with H. Neupert, Munich . 

Summary of the major collaborative projects of the 
group 

Biochemical characterization of cell surface glycopro-
teins involved in neurite fasciculation. F.G. Rathjen, 
TLibingen. 

Sequence analysis and molecular cloning of guanylate 
cyclase from bovine lung. G. Schulz, Berlin . 

Sequence analysis of the voltage dependent Ca 2+ chan-
nel from rabbit skeletal muscle. M. Lazdunski, Nice . 

Localization of light-harvesting polypeptides from 
Rhodopseudomonas capsulata. M. Tadros & G. Drews , 
Freibu rg. 

Structural analysis of pyruvate formate lyase and pyru-
vate formate lyase activating enzyme from Fcoli. 
J. Knappe, Heidelberg. 

Sequence analysis and molecular cloning of trypanoth-
ione reductase from Trypanosoma cruzi. S. Goldenberg, 
Rio de Janeiro; H. Schirmer, Heidelberg. 

Investigation of translation in human papillomavirus 
type 18 (HPVI8) in human cervical carcinoma cell lines. 
H. zur Hausen, Heidelberg. 

Sequence analysis of dopamine ,a-hydroxylase from hu-
man pheochromocytoma. J . Mallet, Paris . 

Publications during the year 

Benedum, U.M ., Baeuerle, P.A., Konecki, D.S., Frank, 
R., Powell, J., Mallet, J. & Huttner, W.B. (1986). 
The primary structure 'of bdvine chromogranin A: a 
representative of a class of acidic secretory proteins 
common to a variety of peptodergic cells . fMBO I, 
5, 1405-1502 

Ciliberto, G., Dathan, N., Frank, R., Philipson , L. & 
Mattaj, I.W. (1986). Formation of the 3' end on U snR-
NAs requires at least three sequence elements. fMBO 
I, 5, 2931-2937 

Costanzo, F., Colombo, M., Stampfli, S. , Santoro, c., 
Marone, M., Frank, R., Delius, H. & Cortese, R. (1986) . 
Structure of gene and pseudogenes of human apoferrit in 
H. Nuc!. Acids Res., 14, 721-736 

Frank, R. & Ashman, K. (1986). A new covalently 
modified support for gas-l iquid phase sequencing. BioI. 
Chern. Hoppe-Seyler, 367, 573-578 

Frank, R., Trosin, M., Tomasselli, A.G., Noda, L., 
Krauth-Siegel, R.L. & Schirmer, R.H. (1986). Mito-
chondrial adenylate kinase (AK2) from bovine heart : 
The complete primary structure. fur. I Biochem., 154 , 
205-211 

Gausepohl, H., Trosin, M. & Frank, R. (1986) . An 
improved gas-phase sequenator including on-line iden-
tification of PTH amino acids. In Advanced Methods in 
Protein Microsequence Analysis. Ed . Wittmann-Liebold, 
B. Sa lnikow, J . & Erdmann, V.A.; Springer Verlag, 
Berlin, pp. 149-160 

Hauptle, M.-T., Frank, R. & Dobberstein , B. (1986). 
Translation arrest by oligodeoxynucleotides complemen-
tary to mRNA coding sequences yields polypeptides of 
predetermined length . Nucleic Acids Res., 14, 1427-
1448 

Haymerle, H., Herz, J. , Bressan, G.M., Frank, R. & 
Stanley, K.K. (1986). Efficient construction of cDNA 
libraries in plasmid expression vector using an adaptor 
strategy. Nucleic Acids Res., 14, 8615-8624 
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Schulz, G.E., Schiltz, E., Tomasselli, A.G., Frank, R., 
Brune, M., Wittinghofer, A. & Schirmer, R.H. (1986). 
Structural relationships in the adenylate kinase family. 
Eur. J. Biochem., 161, 127-132 

Tadros, M.H., Frank, R. and Drews, G. (1986) . Local-
ization of the N-terminal regions of the B870 0:,(3 and 
of reaction center L polypeptides on the cytoplasmic 
surface of the chromatophores of Rhodopseudomonas 
capsu/ata. FEBS Lett., 196, 233-236 

Tadros, M.H., Frank, R. and Drews, G. (1986). Lo-
calization of the exposed N-terminal region of the 
B800-850 0: and (3 light-harvesting polypeptides on the 
cytoplasmic surface of Rhodopseudomonas capsu/ata 
chromatophores. J. Bact., 167, 96-100 

Tomasselli, A.G ., Frank, R. & Schiltz, E. (1986). The 
complete primary structure of GTP:AMP phosphotrans-
ferase from beef heart mitochondria. FEBS Lett., 202, 
303-308 
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Biocomputing Programme 

The Biocomputing Programme presently exists at 
EMBL to perform research in theoretical and compu-
tational biology, to be responsible for the Laboratory's 
general computing facilities, to produce and distribute 
the EMBL Nucleotide Sequence Library, and to provide 
expertise, software, and computing services through-
out Europe. The Programme underwent considerable 
change during 1986, highl ighted by a commitment by 
the EMBL Member States to expand the Programme 
substantially and by the appointment of a new Pro-
gramme Coordinator. 

The Programme's present research activities focus on 
the theory and ana lysis of protein and genomic structure 
and the development of software, computer methods 
and data collection techniques for molecular biology. 
The following reports describe in detail the research 
efforts of the individual groups. 

• 
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Protein design 

Scientist: C. Sander* 

Visiting workers: F. Colonna*, C. Frommel*, M. Schafer*, M. Scharf* 

EMBO Course "Protein Design on Computers" 

Teachers: Jane Richardson (Duke Univ., Durham, N. c., 
USA), Alwyn Jones (BMC, Uppsala, Sweden), Arthur 
Lesk (MRC, Cambridge, U.K.), John Moult (Univ. of 
Alberta, Edmonton, Canada), Bill DeGrado (DuPont, 
Wilmington, USA), Dave Richardson (Duke Univ ., 
Durham, N.C. , USA) & Chris Sander (EMBL, Hd.) 

Participants : Colonna (CNRS, Univ . at Orsay, 
France), Cornelius Frommel (Humboldt Univ, Berlin , 
German Oem. Rep.), Clare Woodward (Univ. of Min-
nesota, Minneapolis, USA), David Osguthorpe (Univ. of 
Bath, U.K .), Zelda Wassermann (DuPont, Wilmington, 
USA), Don Kneller (UCSF, USA), Jacob de Vlieg (Univ. 
of Groningen, Netherlands), Miriam Hirshberg (Weiz-
mann Institute, Rehovot, Israel), Arne Skerra (Univ. of 
Munchen, Fed. Rep . Germany), Kim Kusk Mortensen 
(Univ. of Aarhus, Denmark), Joachim Reichelt (GBF, 
Braunschweig, Fed. Rep. Germany), Eric van Cutsem 
(ULB, Bruxelles, Belgium), Alfonso Valencia (CSIC, 
Madrid, Spain), Margareta Eliasson (RIT, Stockholm, 
Sweden), Timothy Hubbard (Birkbeck College, London, 
U.K .), Osnat Herzberg (Univ. of Alberta, Edmonton, 
Canada) , Michael Scharf (MPI for Med. Res., Hei-
delberg, Fed . Rep . Germany), Michael Schafer (MPI 
for Med. Res ., Heidelberg, Fed. Rep. Germany), Johan 
Postma (EMBL, Hd.), Heinz Bosshard (EMBL, Hd.) 

Protein design has been a scientific dream for many 
years . The recent advances in cloning, gene synthesis, 
mutagenesis and protein expression are now turning that 
dream into reality. 

Experiments in protein design at EMBL began in the 
Biological Structures and Gene Structure and Regula-
tion Programmes and involved modifications of a small 
bacterial protein called Rop. The design of mutations 
was based on the three-dimensional structure of Rop 
protein, solved at EMBL by x-ray crystallography (see 
elsewhere in this report). 

Theoretical protein design within the new Biocomputing 
Programme was initiated during a three-week EMBO 
course held at the EM BL in September 1986. Twenty-
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four researchers and students from various Member 
States and the USA joined in a first attempt at de novo 
protein design. 

The course produced six pre liminary designs: 

- two different TIM barrels, following the topological 
motif of triose phoshate isomerase; 

- two a/ f3 proteins, i.e. proteins with an alternating se-
quence of the structural elements a-helix/ f3-strand, 
one of them a redesign of flavodoxin, with the origi-
nal nucleotide binding-site replaced by a binding-site 
for a fluorescent dye; 

- two a-helical bundles, with four helices each, one of 
them designed to bind calcium, the other designed 
to bind copper ions. 

The design strategy used at the course represents a de-
parture from classical protein folding theory. Classically, 
the main objective is to calcu late a three-dimensional 
structure, with correct topology and with essentially 
correct positions of all atoms, for a given, natural 
amino-acid sequence. In thLs guise, the protein folding 
problem is unsolved, in spite of almost two decades of 
effort. This time, in a reversal of the classical order, we 
restated the problem: given a natural protein structure, 
in the form of a basic topology of secondary structure 
elements, design an amino-acid sequence which will 
produce the desired structure as the protein folds . 

This new way of asking an old question implies the 
following steps: 

(1) design a structural framework, e.g. a simplified TIM 
barrel; 

(2) calculate or invent an amino acid seq uence that fits 
that structure; 

(3) evaluate the stability of the structure; 

(4) modify the seq uence until all criteria of stability are 
optimally satisfied or until you run out of time. 



The final result is in the form of a list of the new amino-
acid sequence and coordinates of the corresponding 
protein structure. 

The course, if nothing else, has identified the deficiencies 
in our present tools, i.e . in our algorithms, software and 
hardware; has generated a number of useful proposals 
for a future protein design system, e.g. more powerful 
access to structure and sequence data banks; and, marks 
the beginning of collaboration with experimental groups, 
in a experimental/theoretical cycle of design and test of 
newly created proteins. 

Thermostability of globular proteins: 
why is thermitase more thermostable 
than subtilisin? Experiments and a 
three-dimensional model structure. 
(Cornelius Frommel & Chris Sander) 

Thermitase, from Thermoactinomyces vulgaris, is a 
thermostable member of the subtilisin family of pro-
teases. Subtilisin has for decades been one of a handful 
of technologically mass produced enzymes, with world 
production of several hundred tons in 1983. One of its 
main uses is in washing powders. The enzyme loses its 
function by irreversible denaturation, with a half life in 
the order of months at 20°C and in the order of minutes 
at 60°C (pH 7-9). If a more stab le form were available, 
smaller amounts could be used for a given purpose. 
There have been several attempts to engineer subtilisin 
in the laboratory in order to increase its stability. 

However, natural evolution has beat human engineers 

in producing a stable variant long ago, the thermostable 
bacterial enzyme thermitase. So why not enlist evolution 
as a tutor? Why not attempt to understand the molec-
ular detail of thermostability by comparing the naturally 
available members of the protein family in biochemical 
and structural detail? 

So far, three ofthermitase's brother enzymes, SCB, SBT 
and PRK, are known in sequence and three-dimensional 
structure. Thermitase itself was first isolated in 1978, 
its amino-acid sequence determined in 1984 and the 
enzyme crystallized for x-ray analysis in 1985. The crys-
tal structure may become available within a year's time 
(Tep liakov, A.W., personal communication). 

In this collaboration we endeavour to add to the knowl-
edge about the subtilisin family by comparing experi-
mentally the stability of thermitase with that of other 
subtilisins and by building a hypothetical structure of 
thermitase on computers, based on the known struc-
tures. Experiments and molecular models are then used 
in an attempt to identify the molecular reasons for 
its unusual thermostability. Candidates are amino-acid 
composition, hydrophobic effects, ring-ring interactions, 
salt bridges and calcium binding . The candidates are 
tested by (a) experimentally checking the influence of Ca 
ions, sodium sulfate and ionic strength on the stability 
of subtilisins and (b) comparing the x-ray structures 
of subtilisin novo and proteinase K with a first three-
dimensional model structure of thermitase, especially 
the distribution of sidechains and their interactions. 
The results of this work may identify the factors that 
contribute the most to the stability of thermitase . 
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Computer group 

Scientists, Engineers: G . Hamm*, N. Mansfield, R . Omond 

Technical assistants: E. Schechinger, W. Winkler 

The Computer Group continued to be responsible for 
the acquisition, development, operation and support of 
the Laboratory's general purpose computing facilities. 
The main facility, based on the VAXcluster comprising 
the VAX-8600 with 12 Mbytes of main memory and 
the VAX-ll/785 with 8 Mbytes, proved to be extremely 
reliable throughout the year and an almost continuous 
service was offered , confirming the utility of the VAX-
cluster concept as described in last year 's report . 

Major developments of the main facility 

In the middle of 1986, the installation of the Ethernet 
took place, realizing the proposal made by the Workshop 
on Biocomputing in November 1985 . Ethernet is a 
10 Mbit/second bus to which the VAXcluster has been 
con nected . This forms a very flexible basis for connecting 
workstations, personal computers and specialized data 
acquisition machines in a local area network . The ease 
with wh ich new systems can be added to this network 
was well demonstrated at the Workshop on Protein 
Design by Chris Sander, when one microVax II, two 
Evans & Sutherland graphics systems and a Silicon 
Graph ics Iris graphics system were all connected to the 
Ethernet and offering a user service within an hour of 
delivery. 

The first Ethernet terminal servers were also installed, 
giving access to the VAXcluster initially from some 40 
terminals. This fac ility will be expanded in 1987 to 
include all terminals in the Laboratory, thus greatly 
simplifying the cable network. 

Disk storage was increased with the addition of 3 more 
RA81 drives each having a capacity of 456 Mbytes. Total 
capacity is now more than 3 Gbytes of online storage. 

Computer network connect ion 

The main Laboratory has been connected to the Eu-
ropean Academic and Research Network (EARN) since 
1985 and this year saw the connection ofthe Outstations 
in Hamburg and Grenoble. EARN (equivalent to Bitnet 

134 

in the United States) now has more than 1600 academic 
and research sites throughout the world . Notably all 
EMBL Member States have access to this network . 
In addition, software was written to allow access to 
other important networks through network "gateways" . 
In particular, the fo llowing networks are now reach-
able: JANET in the United Kingdom, INFNET in Italy, 
CHUNET in Switzerland, SUNET in Sweden , Arpanet 
in the USA, CSN ET and Usenet both of which are inter-
national. The ease of use and util ity of the connection 
has been partly responsible for the large increase in the 
size of the local user community. 

Growth of the user community 

There are now more than 300 registered users of the 
VAXcluster (cf. 200 at the begi nning of 1986 and 140 
at the beginning of 1985). As mentioned above, this is 
partly explained by the ava ilability of the network facili-
ties. The ever increasing pallet of software supported on 
the cluster has led to a much greater comp uter li teracy 
amongst scientists with the resu lt that scientists with no 
prior experience of computers have now become regular 
users. This increase has led to the situation where the 
Computer Group can no longer expect to maintain an 
overview of the applications run by the use rs. 

Personal computers 

At the beginning ofthe year, the Computer Group under-
took an evaluation of several personal computers with 
a view to improving the text processing facilities of the 
Laboratory. The decision was taken to purchase some 
50 Apple Macintosh Plus systems together with 7 Apple 
LaserWriter Plus laser printers. All secretaries in the 
Laboratory and many scientists are now routinely using 
these small systems for typing manuscripts and letters. 
The ease of use of the Macintosh (due fundamentally 
to its revolutionary design) has also been instrumental 
in allowing the scientist to interact with computers in 
ways which were largely inconceivable even 2 years ago. 
Indeed, many scientists are now regularly doing sequence 
analysis on the Macintoshes and inc luding the results of 



these analyses, be they textual or graphical, directly into 
manuscripts. Preliminary work was also completed to 
con nect all Macintoshes into another local area network 
called AppleTa lk, and plans are already underway to link 
up this network to the Ethernet allowing the VAXcluster 
to be used as a compute and file server for the Macin-
toshes. 

Publication during the year 

Argos, P. & Mansfield, N. (1986). Searching for weak 
sequence homologies and testing for thei r significance. In 
Computer Graphics and Molecular Modelling: ed. Flet-
terick, R. & Zoller, M.; Cold Spring Harbor Laboratory, 
pp. 39-44 
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Computer graphics 

Scientists: H.E . Bosshard, J.P.M. Postma* 

Trainees: D. Danai*, S. Layfer* 

Visiting workers: G. Admiraai*, H. Bloecker*, J. Christiansen*, O. Edholm*, S. Emory*, P. Fromherz*, c.J. van Garderen*, 
R.A. GarreU*, A. Hohn*, Y.T. van den Hoogen*, F. Jahnig*, H.H. Ohlenbusch*, L.J. Rinkel*, J. Rosenbusch*, D. Schiiler*, 
J .L. van der Veer*, J. de Vlieg*, F.K. Winkler*, A. Yonath* 

During the year the computer graphics group experi-
enced a change in staff. Chris Carlson, who was with the 
group for 4 years, left at the end of 1985 to continue 
studies in the USA and a new member, Johan Postma, 
joined the group during 1986. In the transition period 
the group could provide continuous graphics support to 
EMBL and visiting scientists. Due to the discontinuity, 
however, some software projects could not be concluded; 
for instance, a new version of EMBLFrodo was not 
released . 

The graphics facility was augmented by the addition of 
an Evans & Sutherland Picture System 350 (PS 350) 
with Ethernet access to the laboratory 's VAXcluster. It 
is a calligraphic (line drawing) machine and features 
colour scope and liquid crystal stereo alternators. The 
PS 350 is available to the users in addition to the 
aging Evans & Sutherland multi picture system (MPS) 
which is in continued heavy demand. A new genera-
tion of raster-based graphics workstations is becoming 
commercially available, whose line-drawing performance 
and quality compete with calligraphic equipment. The 
PS 350, giving EMBL access to a large number of 
molecular graphics programs, will bridge a software gap 
between the MPS and the new workstations. 

In addition to supporting scientists from EMBL and 
visitors from Europe the graphics group was extensively 
involved in two EM BO courses taught at the laboratory: 

- Protein Design on Computers; 

- Protein Expression, Site-directed Mutagenesis and 
Computer Graphics. 
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For "Protein Design on Computers" a number of molec-
ular graphics and related programs were used, some 
specifically installed for the duration of the course. We 
observed an inefficiency in using multiple programs for 
tasks of such formidable complexity, each able to solve 
a subset of the requirements only. The diversity of 
man-machine interfaces and the incompatibility of data 
files and data structures between the programs repre-
sent an obstacle to effective scientific problem solving. 
Such inadequacies would be overcome by combining the 
needed functionality in a single, extensible system with 
a friendly user-interface and precisely defined molecular 
and auxiliary data bases. 

Major software research and 
programming during the year 

EMBLFrodo 

EM BLFrodo, based on T.A. Jones' popular crystallo-
graphic modelling program Frodo, was introduced in 
1985 (cf. Research Report 1985). During the year we re-
placed the functions interpreting keyboard interactions. 
A recursive descent parser was completed which in-
terprets single-line commands. Molecular specifications 
were kept similar to UCSF MIDAS to ease the users' 
changeover between the programs. Commands were 
added to improve selection of molecular parts for display, 
to allow interactive alteration of bonding criteria and 
concurrent handling of multiple types of biopolymers. 
The progam also supports "chaining" of selected atoms, 
e.g. a-carbons. Because, by definition, Frodo does not 
refer to templates of prescribed connectivity, establishing 
acceptable connections from chained parts to those 
displayed in the program's usual manner is non-trivial. 



Table 3 

Example of EMBLFrodo commands 

(the '?' is the program's prompt) 

? do x execute command file x.do which may contain any number of keyboard 
commands 

? define bb N,CA,C define atom types N, CA, C as 'bb' 

? display :1-10,32,'ALA :55©bb ,CB display all atoms of the residues 1 through 10, 32, all residues of type ALA, 
and of residue 55 the atoms defined as 'bb' and of type CB, using default 
and/or user-specified bonding criteria. 

? chain :10-72©bb also display the 'bb' atoms of residues 10 through 72 ( if not displayed 
already), chained in the order specified by 'bb'. 

? center mass ©bb center the display at the center of mass of the 'bb' atoms of the entire 
molecular data file . 

? color :*-* cy, ©bb red, menu or colour all atoms cyan, then 'bb' atoms red , the menu orange . 

Relatively slow access to molecular data files , a problem 
often hindering efficient use of the program, has been al-
leviated using the possibilities of virtua l memory systems 
such as VAX/VMS. The file is mapped onto a section of 
dynamic memory and thus becomes a private pagefile. 
Access is at paged memory speed and conflicts with the 
user 's pagefile quota are prevented. All input/output is 
performed by an access subsystem via "seek" , "get" and 
"put" functions. 

Because of the MPS' shortening lifetime, we have ab-
stained from machine-dependent modifications . The ba-
sic command parsing modules can be adapted to other 
interactive software with single-line commands. The file 
access subsystem can be modified to access other files 
with fixed record size. 

GRAMPS and GRANNY 

GRAMPS (T.J. O'Donnel, A.J . Olson, A.R. Cherenson), 
a general purpose graphics language for the MPS , ide-
ally suited for animations, is provided with molecular 
"knowlege" by its companion program GRANNY (M.L. 
Connolly, A.J . Olson) . We have modified GRAMPS to 
drive a computer-controlled 16mm movie camera. The 
apparatus mimics MPS peripheral devices and is easily 
handled therefore . To render continuous supervision of 
filming unnecessary, non-fatal camera errors are auto-
matically corrected and a special logfile is maintained . 
To guarantee identical exposure for film frames , a com-
mand was added to reduce the rate at which the scope 
is refreshed. 

UCSFMIOAS 

No changes became necessary to the MPS version of 
UCSF MIDAS, a molecular graph ics program originated 

at the Computer Graphics Laboratory of UCSF. The 
time spent installing it on the PS 350 was considerable 
because of a number of unexpected problems , some due 
to differences in the operating systems (Unix vs . VMS) . 
Initial difficulties synchronizing the liquid crystal stereo 
alternators were overcome with a "dirty" solution which , 
nevertheless, works . 

Fast access to the Brookhaven 
Protein Data Bank 

Very high speed access to the Brookhaven Protein 
Data Bank is not only required for interactive molecular 
graphics but also for an increasing number of searches 
for sequence homologies and other calculations scanning 
multiple files. In the wake of developing an adaptable file 
access subsystem for EMBLFrodo (see above), which 
allows input/output at paged memory speed, the initial 
version of a program was completed to invert the data 
bank files . The resulting files contain all pertinent in-
formation on sequence, atoms, secondary structure etc., 
linked by a network of pointers. We plan to provide a 
library of high-speed access functions to allow transpar-
ent retrieval and editing of the data by a number of 
programs. 

Nucleic acid surface nets 

In collaboration with Ray Brown (EMBL Heidelberg) 
a novel representation of DNA/RNA surface nets to 
study nucleic acid/protein interactions was developed . A 
cylind rical projection of the nuc leic acid double hel ices 
is computed. In the projection of RNA the <p angles of 
major groove atoms are modified to distinguish them 
from minor groove atoms. The resulting surface net 
can be input to EM BLFrodo for display. The use of 
colour and the ab ility to interactively manipulate many 

137 



thousand atoms greatly facilitate the interpretation of 
different types of biochemical probe data. The approach 
was successfully used for the analysis of 5S RNA/protein 
interactions of Xenopus transcription factor IliA and 
also Fcoli ribosomal proteins L18 and L25. 

Summary of other programs available 
on the graphics facility 

Frodo, version Tom 

We have been using Frodo, version Tom, obtained from 
the author of the original Frodo program, T.A. Jones. 
The program is available on the PS 350. The options 
allowing extraction from a database and display of a 
carbon chains which best fit a number of specifiable 
positions on the screen were of immediate benefit to 
graphics users. 

SYBYL 

SYBYL is a commercial product (TRIPOS Assoc., St. 
Louis) in worldwide use by the drug design community. 
It is available on the PS 350 and the NEC Advanced 
Personal Computers. SYBYL balances EMBL's molecu-
lar graphics capabilities by handling the needs to build, 
display and manipulate smaller molecules such as drugs, 
small polypeptides, enzyme substrates. It offers powerful 
means of energy minimization, systematic conforma-
tional search, comparison of molecular volumina and 
conformational spaces. 

WOMBAT 

WOMBAT was installed at the laboratory by its author , 
D. Schuler. It is an application-independent interactive 
display program running on the PS 350 and is used to 
study RNA secondary structure. 

GROMOS 

The Groningen Molecular Simulation system is a pro-
gram package for simulation (molecular dynamics) and 
analysis of molecular systems in very general ways. Apart 
from the standard molecular dynamics methods it is 
possible to calculate the free energy difference between 
two states of a molecular system yielding, for instance, 
the opportunity to obtain binding constants for enzyme 
inhibitors . Though not a graphics program, we support 
it because interpretation of results is intimately tied to 
using molecular graphics. 

Collaborative projects 

- Crystallographic refinement of DNase I at 2 A reso-
lution. (D. Suck & c. Oefner, EMBL Heidelberg) 

- Crystallographic structure determination of a 
DNase I/octanucleotide complex. (D . Suck & A. 
Lahm, EMBL Heidelberg) 
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- Comparison of the structure of Pseudoazurin from 
Alcaligenes faecalis with closely related sequences. 
(D.W. Banner, EMBL Heidelberg & K. Petratos, 
EMBL Hamburg) 

- Native Rop protein: modelling and analysis at 1.7 A 
resolution. (D.W. Banner, M. Kokkinidis & G. Ce-
sareni, EMBL Heidelberg) 

- Model building aspects of kinases homolo-
gous to AK I: AK II, AK III, AK from yeast, AK from 
Fcoli. (M. Trosin & R. Frank, EMBL Heidelberg) 

- Analysis sequence-similar pentapeptides in unrelated 
protein structures: Implications for protein folding 
and a guide for site-directed mutagenesis. (P. Argos, 
EMBL Heidelberg) 

- Structure of Rop mutant RM6 at 1.5 A resolution. 
(M . Kokkinidis, EMBL Heidelberg) 

- Models for the packing of a-helices. (M. Kokkinidis, 
EMBL Heidelberg) 

- Investigation of the structure of the central and 
C-terminal domains of trichotoxin. (M. Kokkinidis, 
EMBL Heidelberg) 

- Three-dimensional modelling of small ribonucleo-
protein particles. (c. Zwieb & D. Konings, EMBL 
Heidelberg) 

Analysis of 5S RNA/TFIlIA interactions using sur-
face nets. (R.S. Brown & B.S. Sproat, EMBL Hei-
delberg; J. Christiansen & R.A. Garrett, University 
of Aarhus, Denmark) 

- Analysis of 5S RNA/L18,L25 interactions using sur-
face nets . (R.S. Brown, EMBL Heidelberg; J. Chris-
tiansen, University of Aarh us, Denmark) 

- Modelling of lipoprotein . (M. Kokkinidis, EMBL Hei-
delberg; J. Rosenbusch & A. Hohn, Biozentrum 
Basel, Switzerland) 

Redesigning the Rop protein. (c. Sander, M. 
Kokkinidis & G. Cesareni, EMBL Heidelberg; S. 
Emory & H. Bloecker, Gesellschaft fur Biotechnol-
ogische Forschung, Braunschweig, Federal Republic 
of Germany) 

Crystallographic model building of EcoRV protein. 
(D.w. Banner & R.K. Bryan, EMBL Heidelberg; 
F.K. Winkler, Hoffmann-LaRoche, Basel, Switzer-
land) 

- Three-dimensional reconstructions from electron mi-
crographs of 50S ribosomal su bu nits. (K . Leonard, 
EM BL Heidelberg; A. Yonath, Weizman Institute, 
Rehovot, Israel) 



- Study of DNA-dye assemblies . (P. Fromherz, Univer-
sity of Ulm, Federal Republic of Germany) 

- Conformational studies of small DNA structures in 
solution with data obtained by NMR experiments . 
(L.J . Rinkel, Y.T. van den Hoogen & CJ. van 
Garderen, State University Leiden, The Netherlands) 

- Structural analysis of cis-platinum adducts with 
small oligonucleotides by x-ray diffraction and N M R. 
(G . Admiraal & J.L. van der Veer, State University 
Leiden, The Netherlands) 

- Computer modelling of chromatin nucleosome struc-
ture based on theoretical methods. (H.H. Ohlen-
busch, University Louis Pasteur, Strasbourg, France) 

- Helix-membrane interactions, analysis of results from 
molecular dynamics experiments . (F. Jiihnig, MPI for 
Biology, Tubingen, Federal Republic of Germany; O. 
Edholm, Royal Institute of Technology, Stockholm, 
Sweden) 

- Model-building of the LAC repressor headpiece with 
a 14 base-pair LAC operator fragment. (J . de Vlieg, 
University of Groningen, The Netherlands) 

- Installation of the interactive graphics program 
WOMBAT. (D . Schuler, MPI for Molecular Genetics, 
Berlin) 

- Contribution of molecular graphics illustrations to: 
Spektrum der Wissenschaft, Science and Technology 
in Europe, and Laborpraxis. 

Publications during the year 

Ohlenbusch, H.H ., Daney de Marcillac, G. & Bosshard, 
H. (1986) . Simulation and three-dimensional display of 
DNA/histone complexes. J. Mol. Graph ., 4, 182-183 

Scheidereit, C, Westphal, H.M., Carlson, C, Bosshard, 
H. & Beato, M. (1986). Molecular model of the in-
teraction between the glucocorticoid receptor and the 
regulatory elements of inducible genes. DNA, 5, 383-391 
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Data analysis group 

Scientists: R.K. Bryan, R.H. Vogel 

Predoctoral fellow: D.A.M. Konings 

Supernumerary: J . Glockner¢ 

In addition to the continuing development of methods 
for the optimal analysis of structural data in electron 
microscopy and x-ray diffraction, activities in RNA struc-
ture analysis have begun. 

Maximum entropy methods 
(R.K. Bryan) 

Applications of the maximum entropy method to the 
x-ray phase problem have been further developed. Hav-
ing already discovered that the true structure is not 
necessarily an entropy maximum when subject to only 
native intensity constraints, I have concentrated on two 
more specific problems: (a) the introduction of prior 
knowledge of atomic structures into the entropy expres-
sion; and (b) the use of maximum entropy to resolve 
ambiguities in phasing should insufficient isomorphous 
replacement data be available. Simple one-dimensional 
simulations of the former have revealed a number of 
interesting effects, including phase transitions in the so-
lution between non-atomic and atomic-like forms, when 
Lagrange multipliers, which one could term knowledge 
potentials, are varied. It is also clear that at least 
third-order correlations of density will be needed to 
encode information on structures as complex as bio-
logical molecules. This will result in a nine-dimensional 
problem, which, as yet, is not feasible to solve. By an 
extensive series of simulations on data synthesized from 
a protein fragment, it has been shown that resolving the 
intrinsic phase ambiguity of single isomorphous replace-
ment data is possible, which results in a considerable 
improvement on a conventional "best" map. Further-
more, if the heavy atoms form a centrosymmetric array, 
a "best" synthesis will give the superposition of the true 
structure and its enantiomorph, which is virtually un-
interpretable. Applying maximum entropy to such data 
enables the symmetry of the solution to be broken so 
that the set of phases consistent with one enantiomorph 
is chosen , leading to an interpretable solution (Plate 43). 
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Application of these methods to the EcoRV data, in 
collaboration with members of the Biological Structures 
Programme and F.K. Winkler (Hoffmann-La Roche, 
Basel), seemed to have been overtaken by the pro-
duction of the mercuria l derivative (see the Tsernoglou 
group report), but the continuing difficulty in interpret-
ing the MIR map indicates that further improvement of 
the phasing is necessary. Moreover, during these studies, 
it was suspected that the two molecules in the dimer 
were not related by an exact 2-fold non-crystallographic 
axis. A program was written to calcu late the transfor-
mation, which was found to deviate by about 3° from 
a perfect 2-fold rotation, with an additional translation 
component of 1 A. This is sufficient to explain the lack of 
success of the non-crystallographic averaging previously 
performed, and we hope that averaging using the new 
transformation will enable a sufficient improvement in 
the density to be made to allow model-building to 
progress. 

Automatic analysis of multicomponent 
data (R.H. Vogel) 

SPLMc:o, the method for the automatic analysis of data 
represented by a sum of one-parameter functions, such 
as exponentials or convoluted exponentials, as described 
in previous reports, continues to be applied and dis-
tributed. In SA..Ma:> the model functions are approx-
imated by cubic B-splines, thus making the number 
of arithmetic operations in each least-squares iteration 
independent of the complexity of these functions and 
of the number of data points. For convoluted exponen-
tials this can substantially increase the speed of the 
calculations. Furthermore, the program will automati-
cally determine the number of components which are 
necessary to fit the data without the need of any starting 
estimates . An updated version of the fully documented 
program package was produced this year and has been 
distributed to over 50 laboratories to date. 



PLATE 43 

Contour maps of a section of the electron density of 
a prote in fragment calculated from synthesised single 
isomorphous replacement data, with a centrosymmetric 
heavy atom d istribution. Left, a conventional best map. 
Since the space group of the protein was P212121, the 

..... 
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PLATE 44 

Surface contours of (a) SFV and (b) Sindb is as obtained 
by the ROSE program . Both reconstructions are at 35 A 
resolution with the viruses shown down a three-fold 
symmetry axis. Two different types of enve lope spikes 
can be identified in each reconstruction, and the trimeric 
natu re of the spikes is clear ly visible . The spikes in Sindbis 

additional centre of symmetry at the origin results in Pbca 
symmetry for this map. A g lide plane is c learly visible 
in th is section . Right, the maximum entropy solution, 
showing that the extra symmetry has been broken. 

o \) 

however proj ect rather columnar in contrast to SFV 
where they appear to be wider at their distal end, which 
is most easily seen in a side-on view of the spikes (white 
arrows) . The membrane in the Sindb is reconstruction 
appears to form a closed shell of equa l density. 
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Three-dimensional reconstruction from 
electron micrographs of disordered 
specimens (R.H. Vogel) 

Further application of the ROSE program for three-
dimensional reconstruction to unstained preparations 
of Semliki Forest virus (SFV) in vitreous ice (in col-
laboration with J. Dubochet &. M. Adrian, Biological 
Structures Programme) confirmed the T=4 structure of 
the virus envelope (see Plate 44(a)). It was not however 
possible to derive the structure of the nucleocapsid 
from this reconstruction, nor could the location of the 
membrane be identified clearly. Instead of form ing a 
closed shell of equal density below the envelope spikes 
it appeared to have rather large holes. 

ROSE has also been applied to Sindbis virus, another 
member of the alphavirus family, using data supplied 
by S.D. Fuller (Biological Structures Programme), thus 
enabling a comparison to be made with the reconstruc-
tion obtained by the traditional common lines method . 
Sindbis virus is virtual ly identical to SFV, but is missing 
glycoprotein E3 as part of its spike . Both reconstructions 
revealed an icosahedral T=4 surface lattice for the outer 
envelope but a T =3 lattice for the nucleocapsid which 
indicates a complementary interaction of the capsid 
proteins with the sp ikes of the envelope. Plate 44 shows 
a comparison of the reconstructions of SFV and Sindbis 
virus as obtained by the ROSE program. 

Application of the ROSE program to a ti lt series of 
negatively-stained acetylcholinesterase has been started 
(with D. Morgan, Tucson) . Acetylcholinesterase is an 
enzyme which plays a role in the signal transmission 
of the neural system. It is a tetra me ric enzyme with a 
diameter of approximately 100 A. The particles do not 
appear to possess a 4-fold symmetry axis, and biochem-
ica l evidence suggests that the tetra mer is arranged as 
a dimer of dimers . The aim of th is work is to define t he 
size and the shape of the four catalytic sub units of this 
enzyme. 

RNA st ructure analysis 
(D.A.M . Kon ings) 

The evolution and function of RNA molecules can be 
influenced by their primary, secondary and tertiary struc-
ture. For structural RNA molecules (e .g. small nuclear 
RNAs, tRNAs and ribosomal RNAs) it is clear that 
higher order structures are important for their funct ion 
in the cell, and that together with the primary structure 
they determine the maturation steps of the RNAs. Al-
though the main function of messenger RNA molecules 
is to code for proteins, they are also subject to processes 
like 3' cleavage, splicing, transport to the nucleus, sur-
viva l and the in itiation of translation, and experimental 
data suggest that secondary structure features have a 
role in these pre-translational steps of the mRNAs. 

Secondary structure predictions of single RNA sequences 
are not very re li able . Free energy va lues for RNA struc-
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ture are still far from perfect and many different algo-
rithms have been developed to simulate possible folding 
rules for RNA. One approach to secondary structure 
modell ing is to look for consensus secondary struc-
tures in a set of aligned sequences. This can be a 
su itable method for studying functional RNAs with a 
large degree of homology and functional similarity, but 
not for mRNAs or mutant-RNA because of the absence 
of homology or obvious functional equivalence. Thus, 
only independent secondary structure calculations can 
be used to study potential similarities in the secondary 
structures of mRNAs. Despite the limited reliabil ity of 
such calculations , they can be used to detect common 
secondary stucture features in sets of related sequences 
since these are very likely to show up in an appreciable 
fract ion of the calculated secondary structures. This 
has been confirmed by studies on small RNAs, whose 
secondary structure can be investigated by a number of 
different methods. 

This approach was used to study the presence of com-
mon secondary structure featu res in the 5' non-coding 
region of eukaryotic mRNAs, wh ich may be important 
for the efficiency and fidelity of the translational in itia-
tion (in collaboration with P. Hogeweg &. H.O. Voorma , 
Un iversity of Utrecht). Minimal energy foldings of a 
set of 40 mature mRNAs were compared and showed 
a separate leader hairp in of 40-60 nucleotides in more 
than 50% of the mRNAs studied, with the initiation 
codon typically located downstream ofthis hairpin . Fur-
thermore , in most foldings a base pairing of the 5' and 
3' end of the mRNA is present . These data predict that 
a frequently occurring 5' leader hairpin in eukaryotic 
mRNAs acts as a translational initiation signal and 
also that the seq uence of the 3' non-coding region can 
influence this structure at the 5' end . Experimenta l tests 
of these hypotheses are currently in progress. 

Small nuclear RNAs re-enter the nucle us after asso-
ciation with their cognate proteins in the cytop lasm . 
To understand the signals on the protein-RNA complex 
required for nuclear targeting, mutants of the Xenopus 
U2 RNA have been studied in collaboration with the 
Mattaj group. A subset of these mutant snRNPs which 
do not reenter the nucleus are not different in their 
protein components from snRNPs which do, but are 
distinguished by an altered secondary structure. We 
propose that this alteration accounts for the failure 
to induce a nuclear targeting signal on these mutant 
snRNPs. 

In collaboration with the Cesareni group, a model has 
been derived for the yeast (Saccharomyces cere visia e ) 
analog of the vertebrate small nuclear U3 RNA. The 
yeast RNA appears in two almost identical va ri ants, 
both of which show a relatively long unique sequence 
(about 100 nt) in the middle of the RNA if aligned to 
t he higher eukaryotic U3 RNAs. Minimal energy folding, 
guided by highly conserved stretches between the two 
groups of U3 RNAs, and including the search for dif-
ferent secondary structures with in a certain free energy 
range, has led to the proposal of a model for the yeast 



U3 RNA secondary structure and a corresponding sma ll 
change in the existing U3 RNA model of the rat . T he 
yeast U3 unique region appears to form an extra hairpin 
structure and conserved features of all U3 RNAs (stems 
and sequences) appear in comparable locations. 
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Bryan , R.K. (1986). Maximum entropy data analysis. J. 
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micrographs. Nature (London), 320, 533- 535 
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EMBL Technical Reports: 
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Data library group 

Scientists: G . Cameron, G. Hamm*, D. Hazledine, P. Kahn*, G. StoBer 

Visiting workers: C. Burks*, T. Smith* 

Data assistant: A. Liitzenkirchen*, J. Nial 

Supernumaries: B. Boeckmann*<>, K. Maste<>, B. Meissner*<> , B. Moess*<>, B. Roechert<>, M. Sommerfeldt<>, E. Wagner<> 

Nucleotide sequence data 

The primary work of the Data Library Group continues 
to be the production and distribution of our nucleotide 
sequence collection. This collection now has a firmly 
established worldwide user community which recent sur-

Table 4 

veys estimate at some 10000 researchers. Releases 8, 
9, and 10 were produced in 1986, a year which saw an 
expansion from 5.6 million base pairs to nearly 10 million 
base pairs. The growth is summarized in table 4. 

DATA LIBRARY GROWTH 1986 

Release 8 

References cited 4410 

Sequences Entries Bases 

Artificial 163 52672 

Ch lorop last 131 128219 

Genetic elements 51 42990 

Mitochondrial 296 316905 

Prokaryotic 857 879633 

Viral / Phage 946 1446696 

Eukaryotic 3944 3475686 

Unclassified 7 10239 

Total 6395 6353040 

Despite th is rapid growth, 1985's data processing im-
provements have enabled us to keep the collection more 
up to date than ever before, with much data being 
included in our local system within days of publication. 
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Release 9 Release 10 

5319 6192 

Entries Bases Entries Bases 

182 68540 192 71237 

149 153786 167 465378 

54 43857 54 43857 

307 346721 322 376392 

1065 1130637 1175 1305116 

1195 1689681 1335 1975030 

4668 4364797 5540 5465260 

10 15195 32 64678 

7630 7813214 8817 9766948 

We are continuing to work on our data management 
procedures with the aim of improving release production 
methods and thereby enabling us to pass the most recent 
data on to users more quickly. 



Protein data 

In 1985 we began to redistribute the protein sequence 
data collection provided by the Protein Identification 
Resource group of the National Biomedical Research 
Foundation (Georgetown). The demand for this service 
grew considerably in 1986 with most users requesting 
these data together with our nucleotide sequence col-
lection. 

Support from journals 

In the course of 1986 we approached the journals whose 
data we include, with a proposal to set up a system 
whereby authors of sequence papers directly submit their 
data to us in a form suitable for inclusion in the Data 
Library. The new scheme builds on the efforts of Richard 
Walker and the journal Nucleic Acids Research, who 
have during the last several years routinely sent us "clean 
copies" of sequence data published in that journal. We 
have asked journals, upon acceptance of manuscripts 
containing nucleotide sequence data, to send our Data 
Submission Form to the authors. This form solicits the 
sequence data itself along with the information required 
for us to an notate it completely. The response of journal 
editors to this idea has been overwhelmingly positive, 
and we hope that researchers will be equally cooperative 
in sending us their data . This system will improve both 
the speed of inclusion and the accuracy of the data in 
the library. 

Collaboration with GenBank 

As in previous years, the routine exchange of data 
between the EMBL and GenBank data libraries has 
been of great benefit to both groups. In 1986, further 
progress has been made towards better data represen-
tation methods through a meeting of the two groups 

held in Washington in the spring. At this meeting the 
problem of feature representation was tackled. Both 
groups have increasingly run into difficulty in annotating 
complex sequences using their own feature tables . At 
the Washington meeting a new approach was sought. 
Candidate solutions fell into two broad categories. The 
first might be referred to as algebraic solutions - us-
ing a computer language such as DNA* (Schroeder &. 
Blattner, 1982; Blattner &. Schroeder, 1985) to describe 
sequence operations. The second category of solutions 
considered were tabular-extensions to the present model 
which would give the feature table the extra power 
required. ;The conclusion was that our present needs 
would best be served by a more powerful tabular scheme, 
and following further research during the year we are now 
finalizing the specification of a new feature table which 
will be common to both EMBL and Genbank. 

Publications during the year 

Hamm, G.H. &. Cameron, G.N. (1986). The EMBL Data 
Library. Nucl. Acids Res., 14, 5-9 

Data Library Staff (1986). EMBL Data Library Release 
Notes and User Manual, Releases 8.0, 9.0 , 10.0 

Nucleotide Sequences 1986. IRL Press, Oxford and 
Washington DC. A compilation 

Other references 

Blattner, F.R. &. Schroeder J.L. (1985). Application of 
DNAI language to genetic databases, Personal commu-
nication 

Schroeder, J.L. &. Blattner F.R. (1982). Formal descrip-
tion of a DNA oriented computer language. Nucleic 
Acids Research,' 10, 69-84 
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Sequence and structure analysis of proteins and genes 

Scientist: P. Argos, P. McCaldon* 

External fellow: T. Gibson* 

Predoctoral fellow: P. Davis* 

Visiting worker: N. Nielsen* 

The research group focuses on the theoretical analysis of 
the sequence and structure of proteins and genes . The 
work begins with statistical examination of sequence 
and structure databases to elicit basic principles and 
then attempts to move forward to the ultimate goal 
of predicting tertiary structure from only a knowledge 
of the primary sequence. Within this wider framework 
are the specific projects of 1986 which are subsequently 
listed and briefly described. 

Sensitive searching for protein 
sequence homology 

The search technique, which relies on physico-chemical 
characteristics of the amino-acids, was discussed in de-
tail in the 1985 Research Reports. Two further develop-
ments have taken place. A procedure was found that 
allows comparison of sequence families such that all 
the information available, without reliance on consensus 
patterns, is utilized by comparing all aligned members 
of one family with all those (which could be just one 
seq uence) of another. The results, using several probe 
lengths, are tabulated and stored such that only max-
imum or average values are used in the final search 
matrix. This approach has allowed the discovery of 
relationships that could not have been delineated by 
all pairwise comparisons of interfamilial members. The 
second development involved a procedure to detect re-
peating sequences within a particular primary structure. 
After calculating a self-comparison, the matrix values 
are summed at each search sequence position. The sums 
are then subsequently plotted against sequence position. 
Where high peaks are achieved, the start sequence site 
of a repeat is indicated. The technique has found overall 
repeats, not detected by eye or other methods and 
complicated by the presence of many smaller repeats. 
Applications of the search procedure are numerous for 
1986. They are described in the Collaboration Projects 
section. 
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Analysis of protein sequence 
and structure databases 

An analysis of the protein-ami no-acid sequence data 
bank, with proteins clustered according to discernible 
homology, has categorically shown that proteins are 
prejudiced in their selection of shorter oligopeptide se-
quences. These preferences are useful in testing for 
the significance of amino-acid sequence homologies, in 
determining the coding frames on genomes, and for 
suggesting novel modes of genetic development and 
evolution. 

An analysis of sequence-similar pentapeptides in all 
known, but unrelated, three-dimensional protein struc-
tures has resulted in a further understanding of pro-
tein folding strategies, such as possible fold-initiating 
sequences and local structural modes to transform same-
sequence helices to ,8-strands in different proteins. Table 
5 shows how surprisingly little sequence-similar pen-
tapeptides preserve their mainchain fold in the differ-
ent environments of unrelated protein structures. The 
results have also led to a possible guide site-directed 
mutagenesis; weighted exchange matrices over the 20 
amino-acids recommend residue substitutions that are 
likely to preserve, alter or inhibit protein folding. 

Prediction of integral membrane helices 

Assignments were made for helical regions in several 
integral membrane proteins using an algorithm previ-
ously devised to delineate the transmembrane helices 
in bacteriorhodopsin. A new conformational preference 
parameter for membrane-buried helices was obtained. 
The use of this parameter to predict helices in membrane 
proteins proved successful. When applied to the Land M 
subunits of Rhodopseudomonas sphaeroides, five helices 
were predicted, consistent with the three-dimensional 
x-ray crystal structure. Data on signal sequences and 
amino-acid exchanges in membrane proteins were also 
analyzed. 



Table 5 

"SAME" 

Total H 91 
H-H 0.24 

main 0.69 
side 2.53 

H-E 0.22 

main 3.05 
side 6.27 

H-T 0.10 

main 1.07 
side 2.93 

H-O 0.44 

main 2.24 

side 4.81 

Total E 78 
E-E 0.17 

main 1.36 

side 3.24 

E-H 0.26 

main 3.05 
side 6.27 

E-O 0.58 

main 2.11 

side 4.83 

Total T 18 
T-T 0.06 

main 2.16 

side 5.52 

T-H 0.50 

main 1.07 
side 2.93 

T-O 0.44 

main 1.86 

side 3.99 

Total 0 71 
0-0 0.31 

main 1.86 

side 4.79 

"5M" 

1240 
0.23 

0.69 
2.62 

0.20 

3.03 
6.02 
0.05 

1.47 

3.76 

0.52 

2.29 

5.28 

938 
0.17 

1.31 

3.37 

0.26 

3.04 
6.02 
0.57 

2.12 

4.81 

214 
0.01 

1.34 

4.83 

0.31 

1.47 

3.76 

0.68 

2.23 

4.96 

1124 
0.35 

1.94 

4.72 

"51" 

3564 
0.22 

0.72 
2.60 
0.22 

3.01 
6.01 
0.05 

1.50 
3.73 

0.51 

2.28 

5.19 

2752 
0.17 

1.26 

3.36 

0.28 

3.01 
6.01 
0.55 

2.10 
4.83 

647 
0.02 

1.59 

3.73 

0.28 

1.50 
3.73 

0.70 

2.19 

4.92 

3106 
0.34 

1.92 

4.63 

TABLE 5 

Various sta tistics regarding structural preservation or al-
te rat ion for sequence-identical (SAME database) or one-
residue-substituted ("5M" for middle position exchange 
only and "51" f o r exchange at anyone of the three 
no n-term inal positions) pentapeptide pairs in unrelated 
protein structures. The letters H, E, T and 0 refe r to 
a-helix, ,a-strand, turn and other unc lassifiable structures 
respectively. The first line under each structural category 
gives the number of ol igopeptide pa irs observed in each 
database (SAME, "5M" and "51"). The second line 
gives the percentage of the total number of examples 
in a given secondary structure that were observed in a 
part icular main-chain structural preservation (e .g. H-H) 
or alteration (e.g . H-E) in two unrelated protein struc-
tures . The terms "main" or "side" refer respectively to 
the average rms distance (A) in ali peptide pairs when 
spatially superposing the 20 main chain or the equivalent 
side-cha in atoms of two pentapeptides. 
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Protein structure prediction 

In this area two projects have been initiated . A method 
of secondary structure prediction is be ing evaluated; it 
is based upon preferred local sequence environment for 
each residue as recorded in amino-acid pair tables. The 
approach shows promise. A second project is to build 
a tertiary structural model of the 3D-ami no-acid DNA 
binding motif or "finger" which recurs in transcription 
factor IliA and an ever-increasing number of other pro-
teins. It is hoped that constraints imposed by sequence 
conservation, zinc coordination, several biochemical ob-
servations and energy minima will converge to provide a 
testable three-dimensional model. Success would result 
in further understanding of protein/DNA interactions as 
well as the model-building process itself. 

Analysis of nucleic acid sequence 
and structure 

The majority of current nucleotide sequence analysis 
techniques centers upon either the identification of ho-
mology or the location of biologically defined signals 
(e.g. TATA) . Both a priori considerations and previous 
analyses make it clear that nucleic acid sequences are 
non-random, suggesting a more general approach to 
the characterisation of both the type and extent of 
order present within them. Ideas drawn from information 
theory, combined with other recent approaches in this 
area, are currently being developed for this purpose. It 
is also becoming clear that many of the interactions 
of proteins and nucleic acids are dependent upon the 
recognition of structural information present in the latter 
rather than sequence per se. Hence, efforts are underway 
to recognize order and patterns in nucleic acid sequences 
th rough the use of several nuc leotide structural and 
physico-chemical parameters, such as helical twist an-
gles, thermostabil ity and H-bond patterns. 

Summary of collaboration projects 

EMBL scientists 

Evidence for similar DNA replication strategies by 
prokaryotic and eukaryotic hosts and associated viruses 
through discovery of several sequence homologies for the 
proteins involved (A. Tucker &. L. Philipson) 

Discovery of the basic RNA-binding sequence span In 
several proteins of RNP particles (M. Etzerodt &. L. 
Philipson) 

A pred icted helix structure for the RNA bind ing segment 
of so-called "finger" sequences (R.S. Brown) 

External scientists 

A conformation preference parameter to predict helices 
in integral membrane proteins (J .K. Mohana Rao, Pu r-
due University, USA) 
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Discovery of the three amino-acids requ ired for ac-
tivity of phage site-specific recombinases (integrases) 
(A. Landy &. J .M. Leong, Brown University, USA; K. 
Abremski, R. Hoess &. N. Sternberg, Du Pont, USA; 
J. Egan &. B. Kalionis, University of Adela ide, Australia ; 
E. Haggard-Lju ngquist, Karolinska Institute, Sweden; M. 
Kahn, Washington State University, USA; S. Narayana , 
Purdue University, USA) 

Discovery of the sequence relationship between human 
oestrogen receptor protein and the vira l oncogene v-erbA 
(S. Green &. P. Chambon, CNRS, Fra nce) 

Sequence analysis and characterization of a seed-storage 
zein protein of maize (K. Pede rsen, University of North 
Carolina, USA; B. Larkins, Purd ue Un iversity, USA) 

Relationship of human adenine and E.coli Xanthine-
guanine phosphoribosyltransferases (J . Wilson &. W. 
Kelley, University of Michigan, USA) 

It is also noted that several scientists about the world 
have visited or called for advice on sequence homologies, 
structure prediction, and site-directed mutagenesis pos-
sibilities. The scientists' host countries include Israel, 
Australia, Canada, USA and nearly every country of 
Western Europe. 
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Additional Research Activities 
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Mammalian developmental genetics 

Scientists: H. Lehrach, A.M. Frischauf 

EMBL & EMBO fellows: D.P. Barlow, A. Craig, F. Michiels* 

External fellows: G. Rappold, L. Stubbs, M. Zimmer 

Predoctoral fellows: M. Bucan , M. Burmeister, B.G . Herrmann, G. Zehetner 

Visiting workers: G. Bates*, L. Dandelo*, E. Englander*, T . Franz*, C. Gilliam*, F. Guinet*, S. Labeit, C. Nguyen*, C. 
Petit*, E.-M. Westphal* 

Technical assistants: T. Pohl, A. Poustka, L. Schneider* 

During the last year we have made major progress in the 
molecular approach to a number of problems in mam-
malian genetics, due to the maturation of the techniques 
required to close the gap between genetic and molecular 
dimensions in the mammalian genome. Examples are 
the now routine construction and use of chromosome 
jumping libraries (Poustka &. Lehrach, 1986; Poustka 
et al., 1986; Poustka et al., 1987) from fragments 
generated by cleavage with restriction enzymes cutting 
rarely in the genome, the construction and use of linking 
libraries (Pohl et al., in preparation), the use of pulsed 
field gradient gels (Schwartz &. Cantor, 1984), and the 
selective cloning of ends or internal sequences from DNA 
fragments enriched both by somatic cell genetics and 
pulsed field gradient gel electrophoresis (Michiels et al., 
submitted). 

Using such a combination of genetic and molecular 
approaches, our work on problems in mouse genetics 
has provided insight into the mechanism of recombi-
nation suppression between t and wild-type chromo-
somes (Herrmann et al., 1986; Bucan et aI., submitted), 
and, among other points, has demonstrated the fluidity 
of the mammalian genome (Herrmann et al.,1987). 
Work on the identification of clones corresponding to 
the Brachyury and Steel genes is continuing. Another 
line of experiments has provided insights into linkage 
relationships between homeobox genes (Bucan et al., 
1986) and has, by both physical and genetic techniques, 
demonstrated very close linkage of the genes coding 
for the haematopoietic growth factors multi-CSF and 
GM-CSF and the developmentally regulated gene Spare 
(Barlow et al., 1987). 

In human genetics much of our work has centered on the 
region of the Huntington's disease locus (Gilliam et al., 

1987) in a collaboration involving mainly the laboratories 
of J im Gusella, John Washmuth and Charles Cantor. 
Starting from G8 and C4, two markers isolated in Jim 
Gusella's laboratory, the region in the vicinity of this mu-
tation has been saturated systematically with additional 
markers, generated by the isolation of Notllinking clones 
(clones containing Notl sites cleaved in genomic DNA), 
jumping clones (clones created by ligation of the ends of 
large DNA fragments under deletion of internal DNA), 
clones generated from large DNA fragments purified 
by pulsed field gradient gel analysis, and chromosome 
walking. Physical maps established around these markers 
cover a total of two million basepairs, close to estimates 
of the maximal length of the region defined by cyto-
genetic and somatic cell genetic techniques. Currently 
approximately 200 kB are available as cosmid cylones, 
and a few transcripts and a number of conserved regions 
have been identified. 

Similar though less extensive work has been carried on 
in the region of the mutation causing cystic fibrosis (in 
collaboration with the laboratory of Bob Williamson, 
St Mary's Hospital, London). Linking clones have been 
constructed and partially mapped (Bates), and a new 
marker has been generated by the cloning of the end of 
a Notl fragment containing the met gene (Michiels et 
aI., submitted). 

Similarly, these physical mapping techniques have been 
applied to another problem of human genetics, the phys-
ical mapping of the region of the Duchenne muscular 
dystrophy mutation, providing a high resolution physical 
map covering approximately 3 million basepairs (two 
percent of the human X chromosome) (Burmeister &. 
Lehrach, 1986). 
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Further progress has also been made in some other more 
technical areas, including the construction of additional 
cion ing vectors (e .g. Frischauf et aI. , in press; Burmeister 
and Lehrach, in preparation; Ehrich et al., submitted) , 
as well as the development of improved DNA sequencing 
techniques (Labeit et al. , 1986; Labeit et al., in press; 
Labeit et al., submitted) . 

The most exciting new development in the laboratory at 
the moment is the development of techniques potentially 
capable of allowing the efficient and rapid construction 
of ordered clone libraries, covering entire mammalian 
genomes. Most effort is going into a strategy (Poustka et 
al., 1986; Craig et al., 1986; Michiels et al., submitted) 
that relies on the use of short oligonucleotide probes hy-
bridized to high density lambda or cosmid clone patterns 
distributed on nylon membranes to generate (binary) 
fingerprinting information analogous to that used in the 
construction of ordered cosmid libraries of the nema-
tode genome (Coulson et al., 1986). If successful, this 
approach might provide a high resolution complement 
to the genetic maps established by recombinational ge-
netics, and should offer direct access to the information 
content of the mammalian genome. 
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The Director's group 

Scientists: L. Philipson, C. Schneider 

External fellow: M. Etzerodt* 

Visiting workers: S. Guazzi*, G. Manfioletti*, M. Zanetti-Schneider 

Technical assistant: R. King 

Two projects have been studied during last year: 

Repression may operate in growth control 

We have previously used a functional assay to identify 
genes responsible for release from growth arrest taking 
advantage of the fact that the adenovirus E1A region 
can induce cellular DNA synthesis in arrested cells. This 
assay has also been used to establish that mRNA from 
arrested but not from actively growing lymphoid and 
NIH 3T3 cells can inhibit DNA synthesis in the NIH 3T3 
system, in human fibroblasts and in HeLa cells. mRNA 
from liver but not from hepatoma cells can likewise in-
hibit DNA synthesis when microinjected into HeLa cells 
or in synchronized human fibroblasts. These findings led 
us to isolate by subtractive hybridization cDNA clones 
specific for the arrested state from lymphocytes and NIH 
3T3 cells. 

Two technical developments were necessary to carry 
these projects further. On the one hand we have taken 
advantage of the automatic microinjection technique 
developed by Wilhelm Ansorge and his group to screen 
native RNA and RNA generated from isolated clones 
for their effect upon cellular DNA synthesis. Since this 
physiological assay also depends on the availability of 
full-length cDNA clones, Claudio Schneider has estab-
lished a new method to obtain full-length eDNA taking 
advantage of immunoselection of the first strand on 
anti-cap antibodies. The first strand is then tailed and 
cloned via synthetic adapters in .A insertion vectors car-
rying T7 polymerase promoters. This procedure allows 
us to synthesize large quantities of RNA to be used 
in the microinjection assay in order to establish the 
physiological function of the isolated clones. 

Small nuclear RNA (SnRNA) 
and their proteins 

The SnRNAs consist of uridine-rich RNAs varying from 
60-220 nucleotides in length. They are referred to as 
U1 to U9 RNA and are involved in RNA processing 
and splicing in combination with proteins in ribonucleo-
protein particles (SnRNP). We have previously identified 
some of the control elements in the U1 RNA genes 
from Xenopus laevis and studied the role of these 
elements in transcription in a homologous system by 
injection of wild-type and mutant genes in the Xenopus 
oocytes. In collaboration with Gennaro Ciliberto and 
lain Mattaj we have established that the enhancer-like 
sequences in these genes seem to activate transcription 
in an orientation-independent manner and that they 
are interchangeable between different U SnRNA genes. 
The enhancer sequences from the U-RNA genes do 
not alone activate transcription from an SV40 pol II 
promoter but regain some activity when combined with 
the U-gene-specific proximal sequence element. Judged 
from DNAse I protection experiments the X.laevis U1B 
enhancer seems to interact specifically with a protein 
present in mammalian cells. 

A more detailed analysis of the structural requirements 
for 3'-end formation demonstrated that three sequence 
elements are required for termination. The first is the 
conserved sequence immediately 3' of all vertebrate U 
SnRNA genes and the second is an internal sequence 
capable of forming a stem-loop structure close to the 
3' end of the RNA. A third element lies upstream and 
may be part of the promoter region. No evidence for a 
processing event in termination was obtained. (Ciliberto 
et al., 1986). 
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Taking advantage ofthe cDNA expression systems avail-
able at the EMBL we have, together with R. Llihrmann 
and his group in Berlin, isolated one of the first cDNA 
clones for the proteins of U1 SnRNP. The fusion protein 
reacted with antisera specific for the 70K protein of 
U1 RNP. Since the protein sequence for four peptides 
matched the deduced amino-acid sequence of the insert 
in the fusion protein, a genuine 70K cDNA had probably 
been isolated. A full-length cDNA was recovered and the 
sequence determined. A comparison of the sequence of 
the 70K protein with two recently cloned RNA bind-
ing prote ins revealed homology with one region in the 
U 1 RN P 70K protein. This domain may therefore be 
responsible for RNA binding (Theissen et al., 1986). 

Th is sequence comparison led us also to investigate 
several proteins involved in DNA replication and we 
could demonstrate that the known sequences of DNA 
polymerases and a single-strand DNA binding protein 
from phage T7 and Escherichia coli aligned well. Seg-
mental homology was also found in the phage <jJ29 and 
adenovirus polymerase as well as in their DNA bind ing 
proteins. These results suggest similar mechanisms of 
DNA synthesis for Fcoli and T7 on the one hand and 
for phage <jJ29 and adenovirus on the other (Argos et 
al., 1986). 
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The Outstation at the DESY. Hamburg 

Head : M. Koch*, K. Wilson* 

Scientists: H. Bartunik*, C. Betzel*, M. Bohm, Z. Dauter*, J. Hendrix*, C. Hermes, M. Koch**, Y. Maeda, G. Nicolae, K. 
Petratos, R. Pettifer**, Z. Sayers, K. Wilson** 

Predoctoral fellows: D. Foulis, A. Stewart* 

Trainees: A. Bartels*, M. Belleman*, D. Popp*, K. Trankner* 

Visiting workers: Y. Amemiya*, C. Ashley*, J. Baldwin*, A. Berghuis*, C. Berthet*, A. Bigi*, J. Bordas*, M. Bradbury*, K. 
Brandenburg*, B. Brenner*, A. Bourdillon*, P. Charlier*, M. Chew*, S . Cusack*, O . Dideberg*, B. Dijkstra*, J. Drenth*, 
P. Eggers*, W. Faruqi*, M. Ferenzci*, W. Folkhard*, F. Frolov*, R.M . Garavito*, W. Geerken*, M. Geeves*, C. Glotz*, 
J. Godfrey*, R. Goody*, P. Griffith*, H. Groendijk*, P. Gros*, J. Halfon*, W. Hendrickson*, J. Harford*, J. Hemker*, C. 
Hill*, R. Hilgenfeld*, W . H:nrichs*, Y. Housley*, F. Huitema*, H. Huxley*, M. Kawai*, M. Kjeldgaard*, E. Knorzer*, G. 
Koslowska*, T . La Cour*, R. Ladenstein*, P. Laggner*, A. Liesum*, K. Lohner*, J. Lowy*, I. Makowski*, P. Matsudaira*, 
G. Meerseman*, T. Mitsui*, R. Muller*, A. Muller-Fahrnow*, H.L. Monaco*, J. Mussig*, L. Nilsson*, H. Nolting*, H. 
Notbohm*, G. Pa l*, R. Pauptit*, M. Peckham*, L. Perez-Grau*, M. Potschka*, K. Poole*, F. Poulsen*, J. Priestle*, J . 
Puigdomenech*, G. Rapp*, R. Read*, N. Roveri*, A. Sawaryn*, M. Saper*, A. Schierbeek*, H. Schreuder*, A. Schuster*, 
R.B. Simmons*, J. Squire*, M. Steifa*, F . Vellieux*, T. Wakabayashi*, M. Wallek*, G. Weber*, L. Wijns*, H. Winkler*, 
M. Wood*, J. Wray*, A. Yonath*, L. YU*, G. Zanotti*, M. Zeppezauer* 

Technicians and engineers: P. Bendall, T . Gehrmann, D. Hopp, E. Jerzembek*, R. Klaring, M. Kretzschmer*, A. Lentfer, 
H. Ludwig*, S. McLaughlin, A. Michon, N. Pipon, V. Renkwitz, B. Robrahn, H. Sammet*, H. Terry* 

Supernumeraries: C. Bendall , E. Dorrington, M. Ingelmann* 

DORIS was a source of synchrotron radiation for about 
300 days in 1986, with roughly 28 weeks in parasitic 
mode (running simultaneously with high energy physics 
experiments) and 15 weeks of dedicated beam-time. The 
beam continued to be stable and re liable as in 1984 and 
1985. 

The fac ilities of the outstation were used by about 90 
visitors during the year . 

During the first half of 1986 the construction of the 
new X11, the high intensity beam-line for protein crys-
tallography in EMBL Lab IV, was completed . Excellent 
radiation was then available at X-11 from July until the 
end of parasitic shifts on 28th September. 

DORIS closed down at the start of November. During 
1987 the upgrading of the synchrotron source required 
for the new high energy physics ring (HERA) at DESY 
means that DORIS will only be able to provide radiation 
for two dedicated periods of 5 weeks each, in spring and 
summer. 
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Keith Wilson was appointed head of outstation from 
1st July. The crystallography group under his direction 
has now increased to four staff scientists, with the 
appointment of Zbigniew Dauter and Christian Betzel. 
Robert Pettifer returned to his lectureship in Warwick 
University and Hans Bartunik left to take up a position 
as a group leader in the Max-Planck-Gesellschaft for 
Structural Molecular Biology (MPG) in Hamburg. 

The three groups of the Max-Planck-Gesellschaft are 
now established . They are currently situated in the 
Botanical Institute and will move to the new HASYLAB 
building adjacent to the outstation during 1987. Each 
of the three groups, headed by Hans Bartunik, Eckart 
Mandelkow and Ada Yonath have used the facilities of 
the outstation during 1986. 

The computer disk space has been increased to roughly 
2 Gigabytes: this is of considerable advantage in the 
analysis of photographic data from protein crystallogra-
phy and in the acquisition and storage of data for all the 
groups, particularly from the two-dimensional detector. 



The PDPU/24 has been replaced by a MICROVAX II. 
An Evans & Sutherland PS330 interactive graph ics was 
purchased for the protein crystallography group . All of 
these acquisitions will contribute to the work of visitors 
to the outstation as well as to the activities of the 
in-house staff. 

Instrumentation and development 

The X11 crystallography beam line 
(J. Hendrix & A. Lentfer) 

The new XU beam line in the EMBL building was com-
pleted during 1986. The design of the X-ray optical and 
vacuum components was carried out by Erich Gilberg, 
Michael Bleimling and Hans Wittmann of the Technical 
Bureau in Heidelberg, during 1985. 

The focusing optics consist of a bent monochromator 
crystal and segmented quartz mirrors. These mirrors are 
prealigned on a single bench which is bent by exerting a 
bending moment on two levers. The focusing properties 
of the new beam line are best illustrated by Plate 45 . 
The dimensions of the focal spot are 0.6 mm x 1.2 mm 
FWHM . 

A new crystallographic set-up has also been installed 
at this beam line . The concept of this instrument has 
been worked out so that maximum use can be made of 
the available beam time. An important feature of this in-
strument is the completely automatic alignment into the 
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synchrotron beam, before or during the measurements. 
As a result, tedious and time consuming adjustments 
have become unnecessary. 

The excellent focusing properties, resulting in high in-
tensities at the sample, and the comfort of operation of 
the new XU beam line make it a particularly efficient in-
strument for collecting data from protein crystals which 
diffract weakly or which decay rapidly on x-irradiation . 
The high brilliance has been greatly appreciated by our 
guests during 1986. 

A high counting rate 
position-sensitive detector 
(J . Hendrix & A. Lentfer) 

After completion of the XU beam line , the development 
of the parallel-electrode detector (Hendrix & Lentfer, 
1986) - already described in last year's Research Report 
- has been continued . It is commonly accepted that the 
commercially available detector systems do not quite 
fulfil the requirements for synchrotron radiation experi-
ments, underlining the importance of this development 
for the Outstation. 

The detector has undergone some modifications which 
have improved its stability of operation. ln the present 
version, the read-out electrodes for localising the photon 
events consist solely of crossed etched copper strips . 
This eliminates the crossed wire structure and results 
in a higher precision in the spacing of the amplification 
gap. 

x .. 
PLATE 45 

The intensity distribution of the focus at the new Xll 
crystallographic beam-line. Shown is the focussing by a 
set of six segmented mirrors in the vertical (Y) direction 
and by a curved monochromator in the horizontal (X) 
direction. 

157 



PLATE 46 

The result of a spatial resolution test of the paraliel-
electrode detector. Shown is only a section of 
10 mmX 10 mm or 0 .25% of the tota l detector area. The 
test beam of 8KeV x-rays had a diameter of 0.2 mm. The 
height of the peak corresponds to 95,000 events. 

Plate 46 shows the result of a spatial resolution test 
demonstrating a resolution of 0 .3 mmxO.3 mm FWHM. 
Recent tests revealed a local counting rate capability of 
1.5.10 events sec mm, which is about 8 times better 
than the anticipated va lue. 

Unfortunately some modifications still have to be made 
to the read-out electron ics before the detector can be 
used in synchrotron experiments . 

Data acquisition and processing 
(G . Nicolae) 

The development of the data acquisition and processing 
system has advanced to completion of a ll components 
for rea l-time acquisition, display and host interfaces . 
The system provides support for acquisition, storage and 
display of sequences of two-dimensional data patterns 
produced by photon counting detectors or video sources. 
Other image generators, such as s low scanning devices, 
can be easily connected to the system. 

The two-dimensional acquisition processor allows the 
integration of data frames of up to 1024x 1024 pix-
els in real-time at average event rates of up to 7.5 
Mega-events/sec. Peak rates of 15 Mega-events/sec 
are accepted in blocks of max. 256 events. Frame size 
(256 X 256, 512 x 512 and 1024 x 1024 pixels) and chan-
nel resolution (16 and 32 bits/pixel) are programmable 
for different detectors without wasting histogramming 
memory. Event reduction (16x 16 pixels elementary 
mask) and data correction (10 acc uracy) are supported 
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in real-time. The acquisition processor is implemented 
as a 32 bit systolic pipeline machine controlled by a 
microprogrammed bit-slice processor. The bit-slice con-
troll er (32 bit wide machine enhanced with a flash mul-
t iplier / divider) is also used for pattern processing oper-
ations such as a spot-integration or spot-measurement. 
Further addition of microcode will enlarge these local 
processing capabilities. 

The video digit izer acquires image frames of 512x512 
pixels at 8 bits/pixel from video sources at rates of up 
to 50 frames/sec. Soft video signal synchronization and 
(slow)-scanning device interfaces allow the connection of 
different video image generators. Monadic pixel transfor-
mations, such as are needed for contrast enhancement, 
are performed in real-time . T he first operational version 
of the digitizer has been improved to support dyadic 
frame operations, such as addition or subtraction in 
real-time. This is needed for frame integration or for 
background subtraction . A high resolution version of the 
digitizer (1024 x 1024 pixels) will be available next year. 

These components are tied together into different con-
figurations to support various applications, such as a 
testing subsystem for detector development, an acqu i-
sition subsystem for an optical microscope or a high-
resolution image display subsystem. A new data acq ui-
sition system for EXAFS experiments has been built up 
and will be available for the next beam time. Develop-
ment work for the data processing part of the system 
has been started. A multitransputer mode as the basic 
processing unit is now in the final design phase. 



Software developments: dialog system 
(M. Bohm) 

Design concept: object-oriented environment 

The goal of this development is to provide a common 
software environment for the acquisition and analysis 
of the experimental data, which is easy to use and to 
adapt, and which avoids starting from scratch for each 
new application. The system architecture is based on 
an object-oriented approach, a concept which is espe-
cially suited to structure large and changing software 
environments and to support interactive user interfaces. 
All parts in the system (data, devices, definitions, pro-
grams) are organized as encapsulated entities (called 
"objects") which consist of data and a set of associated 
proced ures (called "methods"). The expressive power 
of this approach is mainly due to its classification and 
communication mechanisms. 

Communication: message passing 
instead of procedure calling 

The objects communicate with each other by sending 
messages resulting in a method being performed and 
a result being returned. The dynamic binding achieved 
by this message passing allows one method to work on 
different types of data ("polymorphism") and allows ex-
tensions without rewriting existing methods. This leads 
to highly reusable codes. 

Classification: inheritance of capabilities 

All objects are instances of classes, which are organized 
in a class hierarchy of increasing specialization. Since 
each class inherits the capabilities of its parent class, 
programming can be restricted to the specification of 
the differences relative to what already exists. 

Data structures 

An integral part ofthe system are classes implementing a 
rich set of basic data structures and operations on them. 
Starting from unstructured atomic objects (booleans, 
characters, integer and real numbers) structured objects 
can be built by combining sub-objects to record-like 
objects with named components or to arbitrarily sized 
collections like sequences, sets, linked lists, trees, dictio-
naries and multidimensional arrays. All data structures 
can be mutually recursively nested. Special attention 
has been paid to an efficient implementation of regular 
structures like image data arrays. 

Dynamic storage management 

The necessary storage management for dynamic alloca-
tion, resizing and deallocation of objects as well as for 
the compression of scattered free storage is performed 
automatically and is invisible for the user. The organiza-
tion of the object store allows data-base like operations 
such as finding and modifying all objects within a class 
fulfilling some criterion. 

Interactivity 

Because the user inputs are interpreted, operations can 
be interactively combined and newly defined methods 
are immediately available without long compilation and 
link runs. The possibility to inspect and modify objects 
interactively makes debugging easier. 

The concept of keeping all definitions (classes and 
methods) as accessible objects makes the system a tool 
for software management and allows the generation of 
large parts of the documentation as well as on-line help 
facilities automatically. 

Graphical user interface 

Porting the system to workstations allows the provision 
of a graphical user interface with windows, icons, menu 
and browsers. The object-oriented structure of the sys-
tem supports graphical interfaces in a very natural way. 

Input and output 

Any object or collection of objects can be stored in an 
external file and reloaded later without writing any 1/0-
programs, as is necessary in a conventional environment . 
A dialog session can be interrupted at any time and the 
whole status (data and defin itions) can be saved for later 
use. 

Integration of external libraries 

The possibility of integrating external libraries allows 
efficient use of the wide spectrum of already existing 
software like operating system services, window manage-
ment, graphics, mathematical routines and application 
specific packages. 

Status of the implementation 

The major effort in the past year was to improve and 
extend the basic system components (dynamic stor-
age management, ini tial set of primitive methods, in-
terpreter) which are implemented in PASCAL (about 
13.000 lines) on a VAX running VMS and to implement 
additional classes (at present 70 classes with 750 meth-
ods). The integration of Greg Nicolae's data acquisition 
and processing system has started by connecting the 
colour display. 

EXAFS 
C. Hermes, R. Pettifer & D. Foulis 

Instrumentation and theoretical developments 

The performance of the EXAFS spectrometer was im-
proved by minor modifications of software and hardware 
components, i.e. compensation of vertical beam move-
ments during scanning and more efficient temperature 
stabilisation of monochromator. 
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For a feasibility study, an optical luminescence system 
consisting of a cryostat with integral optical monochro-
mator and photomultiplier was installed. Luminescence 
EXAFS could prove to become a very powerful method 
in biology owing to its intrinsic capability of site selective 
measurements, i.e. the separation of signals from iden-
tical metal centres with different ligand-spheres. The 
results of first measurements on concentrated samples 
look very promising. However, for the study ofvery dilute 
systems, a more efficient optical detection scheme has 
to be designed. 

On the theoretical side the effort was concentrated on 
improving the accuracy of ab initio cluster calculations 
of XANES by applying a new theoretical approach. Our 
earlier work was aimed at providing a more accurate 
representation of the physical situation. This physical 
model has now been improved sufficiently to allow 
searching tests of the theory. During the year the main 
programming task was begun, and we expect to perform 
the first major calculations early in 1987. 

Experimental projects 

The measurements on the active site of Co-substituted 
liver alcohol dehyrogenase (LADH) were completed by 
studying a complex with bound coenzyme (NADH) and 
an additional imidazole ligand. Since multiple scattering 
contributions from the imidazole ring systems can now 
be included in the data analysis, we hope to get a reliable 
interpretation of the ligand arrangement at the active 
site, not only of LADH, but also of carbonic anhydrase, 
the native and Co-su bstituted form of which were also 
measured during the year. 

As for the structural site of LADH, Co- and Ni-
substituted specimens were measured to investigate the 
influence of metal replacement. To allow an analysis 
similar to the native enzyme (Zn in the structural 
site), various model compounds were studied. This work 
was performed in collaboration with the University of 
Saarbrucken (M. Zeppezauer, K. Haas, W. Maret &. G. 
Koslowska). 

In collaboration with the University of Munster 
(H.Nolting, P. Eggers, G. Henkel, B. Krebs, J. Hemker 
&. H. Witzel) a project on glucose isomerase (GI) from 
Streptomyces a/bus was started . Preliminary evaluation 
of first measurements point to a distorted octahedral 
coordination of Co to Nand/or 0 in GI. There is no 
evidence of Co-S binding as proposed by a prior concept. 

A high resolution x-ray crystallographic study of GI has 
been started at the outstation simultaneously with the 
EXAFS measurements. 

A large number of well-characterized Co-sulphur and Zn-
histidine model compounds were measured (H.Nolting, 
P. Eggers, G. Henkel &. B. Krebs; University of Munster) 
to extract empirical scattering amplitudes and phases 
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for subsequent curve-fitting analysis of EXAFS data 
from enzymes. The polynuclear metal clusters of the 
Co-sulphur compounds allow the study of metal-metal 
interactions and are models for the active site of nitro-
genase, whereas the Zn-histidine complexes model the 
active site in many Zn containing enzymes. 

A collaborative project with the Medical University, 
Lubeck (H . Winkler, A. Sawaryn &. AX. Trautwein) 
on EXAFS and XAN ES investigations of models for 
haeme and iron-sulphur proteins was started this year. 
Many biologically relevant transformations of Fe(i!) and 
Fe(lIl) complexes are accompanied by a change in metal 
spin state, which in turn influences the metal-ligand 
distances. A systematic study of a model complex was 
performed, which changes its spin state as a function of 
temperature. Above the known transition temperature 
from low spin to high spin (170 K) the Fourier transform 
showed an additional, well separated peak pointing to a 
considerable movement of part of the nitrogen ligands. 
A more thorough analysis of all our data should allow us 
to unravel the conformational rearrangement in greater 
detail. 

Small angle scattering 

Solutions, gels and fibres 
M. Koch, Z. Sayers &. A.-M. Michon 

Instrumentation 

The read-out system of the area detector was improved 
and its performance has now reached its theoretical 
limit determined, in this approach, by the time struc-
ture of DORIS. Details can be found in the reports 
of the Physical Instrumentation Programme. Current 
work aims at improving the efficiency without loss in 
resolution. The display and graphics software were en-
hanced and a more powerful auxiliary controller (CES 
Starburst) was installed to run the acquisition programs. 
A CAMAC module allowing movement of the sample 
in a programmed manner during the experiments (e .g. 
to minimize radiation damage or to alternate sample 
and background measurements rapidly) built by Eric 
Dorrington was tested. New programs provide fully au-
tomatic data reduction for linear and area detectors. 

Structure of chromatin 

The main in-house project has been the study of the 
influence on various parameters (T, pH, ionic strength, 
intercalators, distamycin) on the structure and folding 
of chicken erythrocyte chromatin . Also, further model 
calculations were performed . Publications containing the 
details of this work are in press or in preparation. Prelim-
inary quasi-elastic light scattering experiments to study 
the aggregation properties of chromatin were performed 
in the laboratory of E. Harbers at the Medizinische 
Hochschule Lubeck. 



Solution scattering studies on the 
structure of keratin filaments 

Six major polypeptides are extracted from bovine hoof 
stratum corneum and the living layers of hoof epidermis 
in 9.5 M urea. Under suitable ionic conditions these 
polypept ides recombine in vitro to produce keratin fila-
ments very similar to those observed in these tissues by 
electron microscopy. The structure of filaments formed 
under different ionic conditions was investigated. Fil-
aments obtained in buffers of 5 mM Tris .HCI pH 8.0 
have a cross-section radius of gyration of 2.79 nm cor-
responding to a solid cylinder diameter of about 8 nm . 
In contrast, in 10 mM sodium phosphate pH 8.0 one ob-
tains filaments with a solid cylinder diameter of 10 nm. 
The mass per unit length of these filaments, determined 
relative to F-actin, is about 14 kDa/nm. Efforts are 
being made to isolate the polypeptides in order to 
determine structural intermediates in the polymerization 
process. The formation of the filament was also studied 
by circular dichroism in collaboration with P. Bayley at 
the National Institute for Medical Research, Mill Hill. 

Visiting groups 

The user projects on actin assembly (J. Bordas, 
Daresbury &. P. Matsudaira, MIT) , on collagen (T. 
Nemetschek et al., University of Heidelberg; A. Bigi 
&. N. Roveri, University of Bologna), chromatin (H. 
Notbohm, Medizinische Hochschule Lubeck), lipids (U. 
Seidel &. K. Brandenburg, Forschungsinstitut Borstel) 
and microtubules (E. Mandelkow, MPG Hamburg) were 
actively pursued. Moreover, measurements were made 
on core histone octamers (E. Moudrianakis &. J. Griffin, 
Johns Hopkins University; M. Bradbury, University of 
California at Davies; J . Baldwin &. M. Wood, Li verpool) . 
Short reports from two representative visiting groups 
now follow 

PRE-NUCLEATION AND NUCLEATION 
EVENTS IN MICROTUBULE SELF-
ASSEMBLY (U . Spann, E.-M . Mandelkow, 
E. Mandelkow, MPG Hamburg; 
&. J . Bordas, M RC-SERC Daresbury) 

The self-assembly of protein fibres is usually thought to 
consist of two main stages, nucleation and elongation. 
The kinetic properties of these processes have been 
worked out for the case of the actin filament, and 
the concepts have been applied to other structures 
such as filamentous viruses, sickle cell haemoglobin, 
microtubules and others. It turned out that the case 
of actin is a particularly simple one, possibly because 
this structure resembles most closely that of a linear 
polymer . 

We have chosen to study microtubules as a model for 
self-assembly systems, using a combination of time-
resolved x-ray scattering and electron microscopy. Mi-

crotubules are fibrous elements of the cytoskeleton 
which are responsible for a variety of functions in cell 
physiology, for example transport of material along nerve 
cells, separation of chromosomes during mitosis, or beat-
ing of flagella . Microtubules consist of 13 protofilaments 
arranged on a hollow cylinder. The structural subunit 
is a protein monomer (tubulin) of molecular weight 
50 kDa, but in functional terms the assembly unit is a 
heterodimer of a and f3 tubulin . The complexity of the 
structure already suggests that the model of linear or he-
lical condensation is not sufficient to describe all aspects 
of assembly, and indeed our earlier results showed that 
there are at least five subreactions, broadly classified 
as pre-nucleation events, nucleation, elongation, and 
post-assembly events . 

Our recent studies have been designed to characterize 
in more detail the relationship between pre-nucleation 
and nucleation events. The earlier time-resolved x-ray 
scattering experiments were carried out on the EMBL 
instrument X33 . The main results can be summarized 
as follows (Spann et al., 1987a,b): 

In standard assembly conditions the pre-nucleation and 
nucleation events (induced by a rapid temperature jump 
from 0 to 37°C) closely overlap so that it is not 
possible to measure the rates and magnitudes of the 
individual reaction steps independently. However, by 
varying the solution conditions (e .g. pH, ionic strength) 
it is possible to achieve a partial separation of the 
phases. The pre-nucleation events can be described 
as a rapid temperature-dependent equilibrium between 
cold-stable storage aggregates (tubulin rings) and sim-
ilar units (tubulin oligomers and dimers) . The rate of 
this transition is faster than the time-resolution of the 
temperature-jump device and thus is of the order of 
seconds or less. The transition is exothermic, reversible, 
and does not depend on the presence of cofactors that 
are required for microtubule assembly (e.g. guanosine 
triphosphate, GTP). The intermediate structures can be 
regarded as short pieces of protofilaments, implying that 
oligomeric protofilament fragments play an important 
role in nucleation . By contrast, the rate of nucleation 
is markedly affected by the solution conditions, it is 
coupled to GTP binding (and probably hydrolysis), it 
is not readily reversible and endothermic. Thus the early 
events in assembly can be analyzed in terms of (at 
least) two competing processes which are governed by 
distinct physico-chemical parameters. It appears that 
both processes draw on the same pool of intermediates, 
i.e. tubulin oligomers and dimers which therefore form 
the link between the cold-induced assembly of storage 
aggregates and the heat-induced microtubule assembly. 
This situation is reminiscent of the assembly of tobacco 
mosaic virus protein (another well-studied model sys-
tem) and thus reveals a principle that may be of general 
validity for complex self-assembling structures capable 
of dynamic transitions during the cell cycle. 
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STUDIES OF TENDON COLLAGEN 
(W. Folkhard, W. Geercken, E. Knoerzer, 
E. Mosler, H. Nemetschek-Gansler &. 
T. Nemetschek, University of Heidelberg; 
&. M.H.J. Koch, EMBL Hamburg) 

The first experiments involved a quantitative analysis 
of the molecular sliding mechanism in native tendon 
collagen . Two mechanisms contribute to the elongation 
of collagen fibrils when native tendons get loaded: the 
stretching of the collagen triple-helices and their sliding 
relative to each other. The time course of this dynamic 
molecular process was analyzed quantitatively with the 
help of model calculations based on the amino-acid 
sequence of type I collagen. 

The results showed that the stretching of the triple-
helices and the increase of the D-stagger do not take 
place simultaneously. The first increase of the periodic-
ity (D period) of the collagen fibrils from 67.0 nm to 
67.6 nm is correlated with a stretching of the triple-
helices. The further increase of the D period is due 
to a continuous increase of the D stagger from 235 to 
237 amino-acid residues. For native rat tail tendons the 
molecular stretching and sliding process was reversible 
up to a D period of about 68.4 nm. 

The second experiments looked at the structural dynam-
ics of tendon collagen. The best way to understand the 
function of tendon fibres is to consider them as an orga-
nization of parallel discontinuous linear units (collagen 
fibrils), which have the ability to shift axially. These find-
ings are derived from the analysis of characteristic tensile 
loading experiments such as stretching, relaxation and 
creep, by combining mechanical and x-ray experiments. 
This experimental set up enables the combination of 
information at the macroscopic level (stress and strain 
of the tendon fibre) and at the molecular or fibrillar level 
(D period of the collagen fibrils) . 

The elongation of the fibrils is always only a fraction of 
the macroscopic elongation of the tendon fibres. This 
indicates that fibrils are discontinuous and have the 
ability to shift axially. 

In a stress relaxation experiment after about eight hours, 
the D period has decreased to its original value of 
67.0 nm, whereas the stress still amounts to 30% of 
its maximum value. This stress value was sufficient to 
elongate the collagen fibrils at the beginning of the 
experiment when the fibre was initially stretched. This 
result shows that the force transmission between fibrils 
changes with time. 

A stress-induced parallel shift of mechanically coupled 
fibrils can be derived from the time-course of the data 
in a creep experiment (retardation experiment) also. 
Here the tendon fibre is stretched over a period of 40 
sec, and thereafter the stress is maintained constant . 
To achieve th is, the elongation of the tendon fibre has 
to be increased continuously, just sufficient to maintain 
the stress. In this type of experiment, the collagen fibrils 
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can be maintained stretched at a constant D period for 
a greater length of time. 

From the results of the described tensile tests, we deduce 
that not only tendon fibres, but also their main com-
ponent, the collagen fibrils, represent a highly dynamic 
system. 

MUSCLE (Y. Maeda, D. Popp &. A. Stewart 

Instrumentation 

A newly developed x-ray detecting system, "the Imaging 
Plate" (Fuji Photo Film, Japan), has been used suc-
cessfully for recording x-ray diffraction patterns from 
contracting muscles. This was made possible by D. 
Richter &. J. Schmidt (Philips Medical Systems Division, 
Hamburg) and E. Doehring (Medizinische Hochschule, 
Hannover). Confirming the report by Miyahara et al. 
(1986), the system showed excellent performance with 
respect to: (1) the fine spatial resolution; (2) the high 
sensitivity; (3) the wide dynamic range; and (4) the large 
size of the sensitive area (20x25 cm). 

Short pieces of metal mirrors, consisting of a substrate 
of aluminium coated with electroless nickel, and the 
surface of which is polished by Zeiss, have been tested 
on a rotating anode x-ray generator. Having showed the 
intended performance, this mirror material should be 
suitable for installation on the fine-focal beam-line X-13. 

Structural changes of actin filaments 
on activation of muscle 

Previously, we have found that the intensity of the 
first actin layer-line increases enormously on activation 
of Limulus and barnacle muscle. This reflexion is the 
first of which the intensity is assignable directly to the 
interaction of the myosin heads to actin. The same 
observation has now been obtained from contracting 
lobster muscle (Popp &. Maeda), in which the muscle 
fibres are much better oriented, and therefore more 
suitable for further study of the actomyosin interaction . 

In the frog pattern, the 59 A layer-line is the most 
intense among the actin-associated layer-lines. Although 
this layer-line can tell us about any substantial confor-
mational changes of actin subunits, the cause of the 
intensity increase of this layer-line is still in dispute. 
In order to answer the question, the time course of 
the intensity increase, the effects of temperature and 
of the sarcomere overlap on the extent of the increase 
have been studied (Maeda, Popp). The imaging plates 
enabled us to measure the disorientation during contrac-
tion, for which the intensity profile was corrected (Plate 
47). Although these results do not let us assign the 
cause, some properties of the structural change which 
causes the intensity increase are elucidated . 

The imaging plate also allowed us to record detailed 
patterns from single fibres of barnacle (Stewart, Maeda, 
Griffiths &. Ashley) . 



PLATE 47 

X-ray diffraction patterns from the frog sartorius muscle 
(a) in the resting state, and (b) during contraction, 
recorded on the imaging plates. Exposure time for each 
was 20 sec. The fine spatial resolution first enabled us to 
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Structural changes in rabbit muscle 
following the photolysis of caged-ATP 
(K.JV Poole, G. Rapp, R.S . Goody &. Y. Maeda) 

In order to study the structural and mechanical kinetics 
of the actomyosin interactions, we have been measuring 
the time courses of x-ray diffraction in tensities upon 
step-wise increase of the ATP concentration induced by 
photolysis of caged-ATP. This year, we have successfully 
measured the equatorial reflexions from small bundles 
of rabbit psoas fibres. The results may be interpreted in 
terms of a rapid ATP-induced cross-bridge detachment 
followed by the reattachment of some active, force-
producing bridges . Inorganic phosphate ions (P l ) appear 
to red uce the lifetime of these bridges, possibly by 
encouraging the detachment of myosin cross-bridges in 
the reverse direction via a reversal of the P l binding 
step. 

measure the disorientation. Many layer-lines are observed 
beyond the 5.9 nm actin layer-line (double arrow). The 
arrows indicate actin layer-lines. 

Time-resolved x-ray diffraction from 
vertebrate muscle single fibres 
(B. Brenner, Y. Maeda &. R.B. Simmons) 

In single skinned rabbit psoas fibres we previously 
served differences in the first two equatorial reflexions 
between isometric contraction and the isotonic shorten-
ing . To confirm that this difference is the consequence 
of a different number of attached force-generating cross-
bridges under these two conditions, the following points 
have been checked with respect to the first two equa-
torial reflexions. The effects of (1) the filame nt overlap, 
(2) the interfilament distances by compressing the lat-
tice, (3) the order in the filament lattice by applying 
rapid reloading (restretch) to the activated fibres and 
(4) the passive movement of the filaments by applying 
ramp-shaped releases to the relaxed fibres at speeds near 
maximum speed of active shortening. As a further probe 
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for filament order, the shape of the reflexions during 
isometric and isotonic contraction was recorded with the 
multiwire area detector . Preliminary analysis indicates 
that none of these effects can account for the observed 
differences in the equatoria l reflexions between isometric 
and isotonic contractions, suggesting that the previously 
described differences are due to changes in the number 
of attached force-generating cross-bridges. 

Outer equatorial reflexions from 
rabbit single fibres 
(B. Brenner, Y. Maeda &. L. Yu 

Based on equatorial x-ray diffraction patterns from sin-
gle skinned rabbit psoas fibres, we previously presented 
evidence for st ructural differences between attached 
weak and strong binding cross-bridges in relaxed and 
rigour fibres respectively (Brenner et al., 1984; Brenner 
&. Yu, 1986). We have now succeeded in recording 
equatorial patterns of Ca 2+-activated fibres under corre-
sponding experimental cond itions. Pre limi nary analysis 
indicates that the structure of attached weak binding 
cross-bridges, characterized in relaxed fibres, is different 
from the structure of attached strong binding cross-
bridges in Ca 2+ -activated fibres . This provides the first 
evidence that a change in structure of attached cross-
bridges during the transition from the weak to the strong 
binding cross-bridge states in Ca 2+-activated fibres rep-
resents the mechanism of force generation. We further 
demonstrated the feasibility of recording higher-order · 
equatorial reflexions in Ca 2+-activated fibres, required 
for more detailed characterization of the structure of 
the various attached cross-bridge states. 

Time-resolved x-ray diffraction from 
contracting fish muscle 
(J . Harford, J. Squire &. Y. Maeda 

Bony fish muscle is well ordered and ideally suited to 
time-resolved x-ray diffraction studies of the molecular 
events involved in muscular contraction. Preliminary 
experiments on contracting muscle show that changes 
can be observed in almost all of the main regions of 
the low-angle diffraction pattern. The equatorial pattern 
is particu larly rich, and time-resolved intensity changes 
have been recorded for the first 5 reflexions. Fourier 
maps computed from these reflexions show marked 
additional density at three positions around the actin 
fi laments in both rigor and fully active muscle. The 
time-course of mass movement during the rising phase of 
the tetanus is also being computed and can be compared 
with other measures of myosin head attachment (e.g. 
stiffness ) . 

Other projects 

Other projects carried out during the year include: time-
resolved x-ray diffraction studies on vertebrate striated 
muscle during contraction at various shortening speed, 
by H.E. Huxley &. A.R. Faruqi (MRC Laboratory of 
Molecular Biology, Cambridge), R.M. Simmons (Dept. 
of Biophysics, King's Coll ege, London) and J. Hendrix 
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(EM BL Hamburg); Time-resolved x-ray diffraction stud-
ies with living contracting muscles, by J. Lowy &. F.R. 
Poulsen (Open University, Oxford). 

Protein crystallography 
(K. Wilson, C. Betzel, Z. Dauter, 
K. Petratos, M. Ingelman, N. Pip on &. H. Terry 

The crystallography group increased to four staff sci-
entists, one research assistant, a computer programmer 
and a technical assistant. 

Instrumentation and computing 

The beam-line X31 in HASYLAB was available dur-
ing most of the year after the introduction of water 
cooling on the first face of the silicon channel-cut 
monochromator during January/Febuary. The surface of 
the monochromator crystal was also reground and re-
etched. The previously observed rapid fall-off in intensity 
(by up to a factor ofthree) at the focus after opening the 
ma in shutter no longer occurs. X31 provided a rapidly 
tunable and stable source of x-rays for the rest of the 
year. The number of photons per mm2 at the sample 
is somewhat limited by the large focus arising from the 
1: 1 focusing by the optical elements. 

The construction of the new XU beam-line was com-
pleted by the instrumentation group (see above) during 
the first half of the year. During August and September 
XU provided a beam with high intensity on the sam-
ple ideal for many protein crystallographic studies: this 
was reflected in the high activity of both visitors and 
in-house staff in using the beam-line . Improved facilities 
for visitors have recently been established, including the 
provision of crystal handling facilities adjacent to XlI 
and a rotating anode for the prealignment of crystals. 

The computing resources have been enhanced by the 
expansion of the disk storage and by the acquisition 
of a PS 330. The MOSCO film processing package 
and the CCP4 protein crystallography program suites 
from Daresbury Laboratory have been implemented at 
the Outstation, as has the MRC Cambridge version of 
FRODO for molecular display and density fitting . 

In-house projects 

Data on crystals of the copper-containing "blue protein" 
from the anaerobic bacterium Alcaligenes faecalis S-6 
were measured to 1.5 A resolution employing 1.009 A 
wavelength radiation. These crystals do not diffract 
appreciably beyond 2.0 A on a rotating anode generator. 
Comparable data were recorded for the "white" form 
of the protein, after reduction with vitamin C. Possible 
differences in the detailed structure of the two forms are 
of interest for the function of the molecule. 

Thin crystals (0.05 mmxO.l mmx 1.5 mm), needle-
shaped, were grown of a homologous protein, amicyanin 
from Thiobacillus versutus . Samples of amicyanin were 
provided by G. Canters (University of Leiden) . These 



orthorhombic crystals were much too sma ll to study 
with conventional x-rays, but native data to 3.0 A were 
recorded on X31. A single larger crystal of amicyanin in 
a different, monocl inic, space group allowed the collec-
tion of 2.5 A data on this second form of the protein. 
The protein is a component of an exceptionally short 
electron transport chain made up of on ly four proteins. 
Amicyanin is the second protein in the chain . G. Canters 
has also provided us with samples of the third protein, a 
cytochrome, for crysta llisation . The crystal structure of 
the first space component, methylaminedehydrogenase, 
is already under study at the Un iversity of Groningen 
(see below) . 

The above protein crystals contain copper (1 
Cu/molecule of protein) and data were measured also 
at the Cu K-edge to maximize the anomalous scattering 
effects from the copper atom: analysis of the data wil l 
reveal if the measurements are significant and whether 
they might be of assistance in phasing the protein. 

The fine collimation of the primary beam, critical for 
the study of crystals with very large unit cells, was used 
earlier on the old XlI beam-line to record data for insec-
ticyanin from Manduca sexta L. a=b=79.1 A. c=312.1 A. 
The photograph ic data have now been processed for the 
native protein. 

Proteinase-K from Tritirachium album limber is the 
most active serine endopeptidase known to date. The 
three-dimensional folding of its polypeptide chain has 
been determined by conventional x-ray diffraction . In 
order to ga in more insight into the evolutionary and 
functional aspects high resolution data on the native 
protein structure were collected at the old XlI beam-line 
in 1984 (c. Betzel, W. Saenger et al.) . The structure has 
now been refined to 1.5 A resolution (Plate 48). In 1986, 
the binding mode of a synthetic inhibitor of proteinase-K 
was determined by difference Fourier methods. In this 
case, data were collected to 1.8 A using SR at 1.488 A on 
X31. Further studies of th is enzyme and its homologues 
at high resolution are planned in collaboration with a 
number of groups. 

2 A native data were recorded for the industria lly impor-
tant enzyme glucose isomerase, provided by H. Witzel 
and colleagues from the University of Munster. 

2 A native data were recorded for a-cobratoxin to al-
low refinement of the structure in collaboration with 
W.Saenger (Free University Berlin). 

Structure analysis of an icosahedral 
multi-enzyme complex: heavy riboflavinsynthase 
from Bacil/is subtilis 
(R. Ladenstein & R. Huber, MPI Martinsried; 
H.D. Bartun ik, MPG Hamburg; M. Schneider, Berl in 
K. Schott & A. Bacher, Techn. Univ. Munchen 

This project is representative of those started in ear-
lier years at the Outstation. Heavy riboflavin synthase 
of Bacillus subtilis is a bifunctional enzyme complex 

cata lyzing the formation of riboflavin from 5-amino-6-
ribitylamino-2.4(lH ,3H)-py ri midined ione via the inter-
mediate 6,7 -dimethyl-8-ribityllumazine. 

The subunit composition of the 1000 kDa protein is 
unusual with 3 a subunits and 60 f3 subunits suggesting 
a highly complex quaternary structure (Bacher et al., 
1980). Electron microscopy and small-angle x-ray scat-
tering suggested a spherical molecule with a diameter 
of about 160 A (Bacher et al., 1986); Ladenstein et al., 
1986). The enzyme could be crystallized from 1.3 M 
phosphate buffer pH 8.7 in the presence of 5-nitroso-
6-ribitylamino-2,4( 1H ,3H)-pyrimid ined ione. This ligand 
is required to stab il ize the enzyme at alkal ine pH con-
dit ions . The crystals are hexagonal prisms with P6322 
space group symmetry (Ladenstein et al., 1986) . 

The number of f3 subunits per molecule and the molecu-
lar shape left litt le doubt that the f3 subunits should form 
a T=l icosahedra l capsid . This hypothesis was confirmed 
by rotationa l correlation methods which allowed the 
identification of the non-crysta ll ographic particle sym-
metry (Ladenstein et al., 1986). 

Intensity data of three heavy atom derivatives were 
obtained using synchrotron rad iation, collected at the 
EMBL Hamburg Outstation during 1984, 1985 and 
1986. 

A single isomorphous replacement phase set was ca lcu-
lated from the heavy atom posit ions of a K(Au(CNh) 
de rivative. These phases were used to calcul ate an initia l 
electron density map at 5 A resolution. The density was 
improved by 10-fold icosahedral ave raging. Subsequently 
the phases were extended by cyclic averaging to 3.5 A 
resolution . 

The improved density allowed the tracing of t he main 
peptide cha in of the f3 subu nit. The main chain folds into 
a 4-stranded parallel f3 strand structure flanked on both 
sides by two a-helical segments. A substantial amount 
of a- helical elements was clea rly observed in agreement 
with earlier secondary structure predictions based on 
the chemically determined amino-acid sequence of the 
f3 subunit. The observed pattern resemb les to some 
extent the flavodoxin folding, although no sequence 
homology could be detected. On the other hand, the f3 
subunit fo lding has no apparent similarity with various 
icosahed ral plant and animal viruses which have recently 
been unravelled. Thus, it is apparent t hat an 8-st randed 
f3-bar rel is not obligatori ly required for the formation of 
an icosahedral capsid. 

It should be noted that the present electron density 
essentially contains no information on the a subunits . 
This information is lost in the icosahedral averagi ng 
step . Immunochemical evidence suggests that the a 
subunits must be located in the core space of t he 
icosahedral f3 subu nit capsid. The electron density map 
in agreement with earlier small-angle x-ray scattering 
data has sufficient space to accommodate a trimer of a 
subunits . 
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PLATE 48 

A schematic drawing of the chain folding of proteinase K 
viewed along the central helix. The active site is marked 
by a star. 

Visitors projects 

The majority of the work was carried out on X31. For 
some projects (including the 50S ribosomal subunits, 
IGPS, intact EF Tu, neutral protease) the high brilliance 
of Xll proved to be essential owing to small crystal 
volume or weak diffraction from large unit cells. 

Data were collected for several projects started in pre-
vious years including riboflavin synthase (R. Ladenstein 
et aI., Martinsried), matrix porin (M. Garavito et aI., 
Basel), bacteriorhodopsin (H. Michel et aI., Martin-
sried), human ceruloplasmin (B.K. Vainshtein, et aI., 
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Moscow; H. Bartunik, MPG Hamburg) as well as the 
50S ribosomal subunit (A. Yonath et aI., MPG Ham-
burg) 

Low temperature studies on trypsin-substrate binding 
were continued by H. Bartunik and colleagues from the 
M PG Hamburg. Initial tests of the use of the Enraf-
Nonius FAST two-dimensional TV detector system were 
also carried out by the same group: the outcome of these 
experiments was promising for the future. 

New projects at the Outstation, including some initial 
tests were in 1986: 



- O. Dideberg et al. (Liege), x-ray analysis of 13-
lactamases and of PBP 5. 

- A.J. Sch ierb eek et al. (Gron ingen), Lipoamidedehy-
drogenase from Azotobacter vinelandii 

- F. Vellieux et al. (Groningen), Crystallographic struc-
ture determination of quinoprotein methylamine de-
hydrogenase from Thiobacillus versutus 

- H. Schreuder et al. (Groningen), High resolution 
structure of p-hydroxybenzoate hydroxylase from 
Pseudomonas fluorescens 

- W. Hinrichs et al. (Berlin), Data col lection on tetra-
cycline repressor. 

- G. Pal (Berlin), Mercury derivative of ribulose-1,5-
bisphosphate oxygenase/carboxylase 

- H.L. Monaco &. G. Zanotti (Padova), High resolution 
data collection on hen riboflavin binding protein, and 
human retinol binding protein. 

- H.L. Monaco &. G. Zanotti (Padova), High resolution 
data collection on the trigonal crysta l form of 13 
lactoglobulin. 

- R. Pauptit (Basel), High resolution data collection 
on neutral protease from B.cereus 

- R. Pauptit (Basel), High resolution data collection 
on superoxide dismutase 

- J. Priestle (Basel), High resolution data (2.3-2.0 A) 
collection on the bifunctional enzyme phosphoribo-
sylanthranilate isomerase: indoleglycelorphosphate 
synthase 

- R. Hilgenfeld (Berlin, Frankfurt) &. e. Betzel 
(EMBL), Crystal structure determination of the (l'-

amylase inhibitor Z-2685 from Streptomyces parvul-
Ius 

- R. Hilgenfeld (Berlin, Frankfurt) &. e. Betzel 
(EMBL), Structural studies on modified insulins. 

- M. Kjeldgaard et al. (Aarhus), Three-dimensional 
data collection on single crystals of intact elongation 
factor Tu from Fcoli 

Publications during the year 

Bartunik, H.D. (1986). Structural analysis of intermedi-
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X-ray Absorption, Scattering and Diffraction : ed. Bartu-
nik, H.D. &. Chance, B.; Academic Press, Orlando, pp. 
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Bartunik, H.D. &. Boulin, e. (1986). DACOM: hardware 
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ical Applications of X-ray Absorption, Scattering and 
Diffraction: ed. Bartunik, H.D. &. Chance, B.; Academic 
Press, Orlando, pp. 409-416 

Bartunik, H.D., Boulin, e. &. Schwab, H. (1986). 
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biological applications of x-ray absorption, scattering, 
and diffraction . Academic Press, Orlando. 

Bigi, A., Dovigo, L., Koch, M.H.J., Ripamonti, A., 
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pathological calcification in idiopathic skeletal hyperos-
tosis. Int. J. BioI. Macromol., 8, 212-216 
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K., Sumner, I. &. Worgan, J.S. (1986). A multiwire 
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the Daresbury SRS. Nucl. Instrum. Methods, A246, 
545-548 
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Chance, B., Korszun, R., Schick, D., Hettel , R., Pow-
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systems. In Structural Biological Applications of X-ray 
Absorption, Scattering and Diffraction : ed. Bartunik, 
H.D. &. Chance, B.; Academic Press, Orlando, pp. 367-
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Untersuchungen an Koordinations-verbindungen des 
Zink. Diploma Thesis. Universitat Munster , Fed. Rep. 
Germany 
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Absorption, Scattering and Diffraction: ed. Bartunik, 
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rates. Nuc!. Instrum. Methods, A252, 246-250 
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In 1986 the Outstation has developed as a laboratory 
of structural biology. It is dedicated not only to the 
application of neutron scattering, but also to the so-
lution of structural problems usin g a comprehensive 
approach; x-ray diffraction and electron microscopy as 
wel l as neutron scattering a re supported by a strong 
in-house bio logical programme . One successful example 
of this approach has been the cloning of the gene of 
seryl tRNA synthetase from E.eoli, its expression, the 
pu rificat ion and the crystallisation of the enzyme and 
the first data collection by x- ray diffraction; neutron 
scattering experiments are also proposed. This example 
illustrates the necessity of combining several methods to 
cope with a struct ural problem. 

Studies of tomato bushy stunt virus 
(D. Wild, in collaboration with P. Timmins, 
ILL &. J. W itz, IBMC, Strasbourg) 

The crystal structure of tomato bushy stunt virus 
(TBSV), a small spherical plant virus, is being studied 
by low resolution neutron contrast variation crystallog-
rap hy. The aim of this study is to complement the 
known (2.9 A resol ution) structure of the viral coat 
protein (Olson et aI., 1983) by providing structural 
information about the interna l components of the virus; 
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the RNA and those parts of the coat protein wh ich 
we re u ninterpretable from the high resolution x-ray map. 
As reported last year, data were collected to 16 A 
resolution for 0%, 70% and 100% D20/H20, and to 
29 A for 38% D20/H20 contrasts . Phases for the 0%, 
70% and 100% D20 data sets have now been refined 
using the non-crystallographic symmetry and solvent 
flattening method of Bricogne (1976) . "Best" Fourier 
maps were calculated for these contrasts, a nd phases 
were extrapolated for the 38% D20 contrast, using the 
contrast variation phase relationships (B low &. Crick, 
1959; Roth, 1987). The 38% D20 calculated phases 
were then further refined by icosahedral averaging . The 
refined R-factors are between 4 and 11%. The 70% map , 
where the RNA contrast is close to zero, confirms the 
bilobal distribution of the protein, with the R-domain 
ly ing between radii of 50-100 A, an observation sub-
stantially in agreement with the results of Chauvin et 
al. (1978), who suggested from sma ll-angle neutron 
solution scattering that the R-domai n was located in a 
shell between radii of 50-80 A. However , this density is 
not homogeneous, but appears to be localized in certain 
regions . Connectivity between this density and the S 
domain is now clearly visible beneath the ordered arm of 
the C subunit (with weaker density ind icating a possible 
connection below the A and B subunits). 



The map at 38% D20/H20 shows localized regions 
of density immediately interior to the S-domain of the 
protein shell, and also interior to the R-domain. Whilst 
most of this density is attributable to RNA, some may 
also be ascribed to protein, since the scattering due 
to particu lar amino acids may be significant at this 
contrast, although on average the protein is contrast 
matched. The interpretation ofthese maps is continuing. 

TBSV, like other small spherical plant viruses, is ob-
served to undergo a structura l phase transition con-
trolled primari ly by pH and divalent cation concentra-
tion. This transition ("swe ll ing") involves an increase of 
10% in the hydrodynamic radius of the virus particle . 
The structure of the expanded virus particle has been 
determined to 8 A resolution by x-ray crystallography 
(Robinson & Harrison, 1982). The protein coat subunits 
have essentially the same structure as in the native 
virus, but with the P-domains rearranged by rotation 
about their local diad axes. Small-angle neutron solution 
scattering suggests that expansion, in terms of radial 
density, simply involves a translation of all parts by 22 A 
(Kruse et al., 1982). No evidence for ordering of the 
RNA or protein R-domains has been observed. 

Contrast variation data from single crystals of expanded 
TBSV have recently been collected, with the aim of 
investigating the location of the N-terminal protein frag-
ments and RNA in the expanded form. Data sets to 20 A 
resolution at 0%, 100%, 60% a nd 80% D20 contrasts 
have been col lected, using the DB21 low resolution 
neutron diffractometer. 

Protein dynamics 
(S . Cusack & J. Smith, Harvard Univ.) 

The project to characterize the low frequency 
(1- 200 cm- I ) motions of globular proteins using inelastic 
neutron scattering has continued with measurements 
on dry powders of bovin e pancreatic trypsin inhi bitor 
(BPTI) and lysozyme and a polycrystalline sample of 
BPTI. These samples have the advantage of much lower 
background due to solvent than the previously measured 
protein solutions. T ime-of-flight spectra were obtained 
as before on instrument IN6 at the Institut Laue-
Langevi n, which has an energy resolution corresponding 
to about 1 cm-I at the elastic peak. The conclusions 
from these measurements can be summarized as follows . 

(1) Irrespective of the state of the protein (whether 
dry, crysta lli ne or in solu tion) the inelastic neutron 
spectra are smooth with none of the peak struc-
ture predicted from, for example, a normal mode 
analysis of BPTI (Smith et al., 1986). The data on 
dry BPTI allow for the first time the extraction of 
the frequency distribution (density of "vibrational" 
states) by extrapolation to zero scattering angle. 
The form of the density of states is very different 
from that predicted by the normal mode analysis, 
although it should be remarked that the latter was 
performed by constraining the BPTI to be very 
close to its native hydrated structure . 

(2) The spectra of dry BPTI and dry lysozyme are 
quantitatively extremely similar . This observation 
together with the close similarity in form of the 
spectra of all proteins so far measured suggests 
that the density of states of globular proteins is not 
very sensitive to detailed structu re and that simpler 
models, for example based on elasticity theory, may 
be adequate to understand the data rather than 
detailed all-atom models. 

(3) The spectra of the crystalline sample of BPTI 
(which contained about 50% D20) can be ex-
plained as an addition of the spectra of pure D20 
and dry BPTI on ly above about 25 cm- I . Below this 
frequency there is extra inelastic scattering from the 
BPTI in crystalline form which can be tentatively 
interpreted as due to the effect of hydration on the 
low frequency dynamics of BPTI. The density of 
states of the BPTI in crystalline form has not yet 
been derived . 

The inadequacy of the harmon ic model (i.e. normal 
mode analysis) to exp lain the inelastic neutron spectra 
has clearly been demonstrated. Future experiments will 
be directed at whether it is possible to distinguish be-
tween solvent effects or anharmonic effects of the protein 
intramolecular forces as the cause of the discrepancy, by 
measuring the temperature dependence of the inelastic 
scattering. 

Structure and dynamics of 
superhelical DNA (J. Langowski) 

Torsional stress induced by supercoiling plays an es-
sential role in connecting DNA structure and function; 
promoter activity can be regulated by supercoiling, and 
torsional stress may induce local structure changes. Nev-
ertheless, little is known about the physical properties of 
superhelica l DNA itself; we therefore study the structure 
and dynamics of supercoiled DNAs using the following 
approaches. 

Dynamic light scattering of 
superhe/ica/ DNA (J. Langowski, 
with U. Giesen, Hannover) 

Dynamic light scattering (DLS) gives information about 
shape, diffusion and internal motion of molecules . Using 
DLS we could show that supercoiled DNA of 2100-5900 
base pairs exists in an interwound "flexible rod like" 
structure. The hydrodynamic data are in agreement with 
a model where the distance between DNA double helices 
is 7 to 8 nm and the contour length of the superhelix is 
approx. one third the contour length of the DNA. 

DLS at high scattering vectors monitors internal motions 
in polymers; by a double exponential analysis of the DLS 
data, we could assign an "internal diffusion coefficient" 
Dj to internal motions in superhe li cal DNA. Dj char-
acterizes the smallest independently moving subunit in 
the DNA chain; its value of 2-3 x 10-11 m2s- I equals 
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that of 1-2 persistence lengths of DNA (50-100 nm) . 
Dj stays constant for different size DNAs (2100-5900 
base pairs) and under different conditions (Na+ varying 
between 1 mM and 1M, supercoiled vs. linear DNA) . 
This agrees with the known fact that the persistence 
length of DNA is not strongly ionic strength dependent 
and supports the hypothesis that the internal motion of 
DNA is characterized by motion of persistence length 
segments. 

The shape of pUCS superhelical DNA, expressed by 
translational and rotational diffusion coefficients, is in-
dependent of ionic strength. Linear DNA compacts at 
high ionic strengths, in agreement with a slight decrease 
of the persistence length. 

In contrast to the constant rate of internal motions 
(constant Dj), their amplitude can vary greatly; it is 
much higher for linear pUCS than for superhelical pUCS. 
It decreases with ionic strength for linear DNA, while 
it increases for superhelica l DNA. Ou r explanation is 
that for superhelical DNA a large amount of the internal 
motion arises from fluctuations of superhelical density of 
the interwound form (certain parts of the spiral are more 
"loose" than others) . Such fluctuations are influenced 
by electrostatic repulsion of opposing double strands, 
which will vary strongly with salt concentration: the 
Debye screening length for a 10 mM solution of a 1:1 
electrolyte is 3 nm . 

Neutron scattering studies on 
superhelical DNA (J . Langowski 
with J. Torbet & B. Farago, ILL Grenoble, 
& U. Giesen, Hannover) 

The solution structure of superhelical DNA is also stud-
ied by small-angle neutron scattering (SANS) on pUC8 
(2717 base pairs) and pACL29 (5900 base pairs). To-
gether with static light scattering we aim at a complete 
measurement of the scattering function of superhelica l 
and linear DNA from the light scattering to the neutron 
scattering regime (Q=2x106 .. .4x109 m-1). 

Studies on ILL D11 and D17 diffractometers and calcu-
lations of the scattering function for various superhelix 
models have shown that the scattering curve of pUCS 
DNA approximates that of a hollow cylinder. This is in 
contradiction with small-angle x-ray scattering results by 
G.W. Brady and coworkers (Albany, N.Y.), who find a 
diffraction peak in some of the ir superhelical DNAs. We 
suspect that th is peak is due to interparticle correlations, 
since attributing it to internal structure would lead 
to a radius for the superhelix which is geometrically 
impossible. 

The second question addressed is how DNA internal mo-
tions behave in the high-Q region where only local mo-
tion of DNA segments contributes to the dynamic scat-
tering. These experiments are used to test the hypothesis 
that DNA internal motions are governed by segment 
diffusion of persistence length subunits. First results 
from spin-echo neutron scattering on IN11 show that 
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the segment diffusion coefficient Dj=2-3 x 10-11 m2s-1 
found in light scattering also characterizes the local 
motion of superhelical and linear DNA at scattering 
vectors Q=7x108-4x109 m-l. 

SANS studies on the E.coli single-strand 
DNA binding protein/poly-dT complex 
(J. Langowski & M. Adrian with J. Torbet, 
ILL Grenoble & I. Weber, Hannover) 

E.coli single strand binding (SSB) protein is essential for 
DNA replication and recombination. We have concen-
trated on a low resolution study of a polymeric complex 
of SSB protein with poly-dT by SANS and electron 
microscopy. The construction of an overproducer for this 
protein (I. Weber) made possible the preparation of suffi-
cient amounts to perform contrast variation experiments 
on D11 and D17. Supported by negative staining and 
vitreous ice electron microscopy, the experiments have 
resulted in a model for the structure of the SSB-DNA 
complex (Plate 49). The main features of this model are 
the following. The DNA is uniformly distributed across 
the cross-section of the complex, the cross sectional 
radius of gyration being not dependent on contrast. 
The overall thickness of the complex is 14 to 15 nm, in 
agreement with the very open structure of the protein 
from its hydrodynamic properties. From the mass per 
unit length of the complex we find a repeat unit of one 
SSB tetra mer every 5 nm on the contour of the complex, 
in agreement with repeats seen in electron micrographs. 
The center-to-center distance between tetramers on the 
complex is 7-8 nm, as seen by a diffraction peak in the 
small-angle scattering curve and in vitreous ice EM of 
concentrated solutions of the complex. This suggests a 
"staggered" arrangement of tetra mer subunits. 

Outside collaborations 
(J. Langowski) 

The biophysical facilities of the EM BL outstation were 
used to measure hydrodynamic properties of numerous 
other samples on which visitors to the ILL performed 
neutron scattering measurements. Routine light scat-
tering measurements were greatly facilitated by the 
implementation of a dust discrimination algorithm on 
a Macintosh computer serially interfaced to the exist-
ing Malvern correlator/HP 9825 DLS system. Only two 
collaborations are mentioned here in detail : 

Structure of the 7S RNP and 5S RNA 
from Xenopus laevis oocytes (R. Brown, 
EMBL Heidelberg, P. Timmins, ILL & J. Langowski) 

In order to support the ongoing studies on the 7S RNP 
by crystallography and SANS studies, the RNP and the 
5S RNA were characterized by dynamic light scattering 
and analytical ultracentrifugation. Our data agree with 
the structure model proposed by Brown & Timmins (see 
elsewhere in this report); the hyd rodynamic radius of the 
RNP equals that of a cyl inder of 13 .5 to 14 nm length 
and 4 to 5 nm diameter. A corollary of these results 
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PLATE 49 

Dry mass (top left) and hydrodynamic (bottom left) 
equivalent spheres of the SSB t etra mer; model of the 
SSB/(dT) 800-900 com plex f rom SANS (center); pro-
posed st ructure of t he com plex (rig ht). 

173 



is that the "7S" RN P has a sed imentation coefficient 
which is 6-6 .5 S. The RNA has a hydrodynamic radius 
of 3.4 nm, the same as its radius of gyration . This agrees 
with a cylindrical shape of 12 nm length and 3.5 nm 
diameter . 

DNA gyraselDNA complex (M . Gellert, NIH, 
Bethesda, G. Zaccai, ILL & J. Langowski) 

The gyrase/DNA/ ATP intermedia te of the DNA gyrase 
reaction ca n be trapped by the ATP analog ADPNP. The 
gyrase, gyrase/DNA and gyrase/DNA/ ADPN P complex 
are the subject of a small-angle neutron scattering 
study (Gellert & Zaccai) which is complemented by 
hydrodynamic measurements. We cou ld confirm that the 
complex is more compact with ADPNP than without, in 
agreement with electric birefringence data . 

The DLS system was further used in connection with 
work on adenovirus fibre protein (B. Jacrot, EMBL), 
viral nucleocapsids (B. Jacrot, EMBL), tRNA structure 
(G. Zacca i, ILL, & R. Rohan), intermediate filaments 
(M. Potschka, Gottingen), angiotensin converting en-
zyme (P. Timmins, ILL), prosomes (K. Scherrer, Paris), 
and the action of recombinational enhancer protein on 
superhelical DNA (c. Koch, Berlin) . 

Bacteria l polypeptide elongation 
factor Tu (EF-Tu) (M-Th . Dauvergne, 
M. Hartlein & R.Leberman) 

There is now a large measure of experimental support 
for our contention (Leberman & Egner, 1984; EMBL 
Research Reports , 1983) that a structural relationsh ip 
exists between EF-Tu and other guanine nucleotide pro-
teins such as the family of ras proteins and transducin . 
Indeed, it has even been proposed that the structure of 
the nucleotide binding domain of EF-Tu determined by 
x-ray diffraction ana lysis corresponds to the structu re 
of the ras proteins (Jurnak, 1985; McCormick, 1985). 
Despite many attempts we have not been able to pro-
duce diffraction qual ity crystals of either c-ras or v-ras 
proteins, we have therefore undertaken a programme 
to isolate, using recombinant DNA techniques, the N-
termina l portion of EF-T u, which roughly corresponds 
to the nucleotide binding domain, for crystallization 
and NMR studies . Our approach has been to clone the 
corresponding EF-Tu DNA fragment into an expression 
vector and stop translation by t he insertion of a universal 
translation terminator at a suitable restriction site. 

The bacterial strain LBE 12020 harbouring the plasmid 
pGp82 which contains tufB (one of the 2 genes for 
EF-Tu) was obtained from the laboratory of L. Bosch 
(Univ. Leiden). The plasmid was isolated and cut with 
restriction enzymes EcoRI and Kpnl. The fragment con-
taining the first 0.7 kb of tufB was inserted into pUC19 . 
The modified plasmid was isolated, linearized with Kpnl 
and a universal translation terminator sequence was 
inserted at the filled up and dephosphorylated Kpnl site. 
With this plasmid we tra nsformed JM 101.The insertion 
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of the terminator was shown by Southern hybridisation. 
As the final clon ing step the truncated tufB-containing 
EcoRI/ Hind II I fragment of the pUC19 construct was 
inserted into the inducible expression vector pKK223-3. 

Induction by IPTG showed the expression of new 
polypeptide species of approximate Mr 24000 which cor-
responds well with the expected value. The level of 
expression as judged by SDS-PAGE gels is about the 
same as that of EF-T u and the refore corresponds to 
5-6% of the so lu ble cellular protei n. 

EF- Tu from Halobacterium marismortui 
(F. Guinet & R. Leberman) 

To overcome the problems associated wi th the require-
ment to maintain a high salt (or equivalent) environment 
for protein stability a procedure for the purification of 
EF-Tu from H.marismortui has been developed based 
on three chromatographic steps. The cell extract is first 
fractionated on Sepharose 4B developed with a nega-
tive gradient of ammonium sulphate, the active (GDP 
binding) fractions are transferred to low salt buffer in 
50% glycerol and then fractionated by ion-exchange on 
DEAE-Sepharose CL-6B using a positve KCI gradient, 
the active fractions from this column are applied to a 
hydroxyapatite column in 3 M KCI and the column is 
developed with a phosphate gradient . The final material 
analysed by SDS-PAGE shows predominantly (>95%) a 
single protein band of Mr 60 ,000. 

Although this va lue is higher than the molecular weight 
of any other EF-T u so far reported it is consistent with 
the specific activity of approximately 16000 for G DP 
binding that we find for the final product. Although the 
identification of th is protein as EF-T u is based only on its 
GDP binding properties a determination ofthe sequence 
of the first 23 N-termina l amino-acid residues (R. Frank, 
EM BL Heidelberg) shows the high homology with all 
other EF-Tus (Plate 50). 

Unlike EF-Tu from Fco/i, the the fact that the Edman 
degradation can proceed easily ind icates that the N-
terminus is not acylated. It resembles other EF-T us in 
that mild tryptic digestion produces one high molecular 
weight fragment without significant loss of GDP-binding 
ability. 

An unusual property of the protein is its susceptibil ity to 
autolysis under the common conditions of sample prepa-
ration for SDS-PAGE. Heating at 90°C in the presence 
of SDS and/or dithiothreitolleads to fragmentation into 
well defined high and low molecular weight species . 

Seryl-tRNA synthetase 
(M. Hartlein, D. Madern & R. Leberman) 

As reported last year, the seryl-tRNA synthetase from 
Fco/i has been cloned . In the past year the complete 
sequence of the gene has bee n established using the 
Sanger procedure. 



EF-Tu (cal!) S K E K F E R T K P H 

EF-Tu (chlor) A R Q K F E R T K P H 

EF-Tu (MIT) Y A A A F D R S K P H 

EF-1 (Artemia) G K E - - - - - K I H 

EF-1 (yeast) G K E - - - - - K S H 

EF-1 (mammal) G K E - - - - - K T H 

EF-1 (M.race) G K E - - - - - K T H 

EF-Tu (H.maris) S D E - - - - - - Q H 

* * 

* 

2-*: Identity conserved throughout 
1-*: conserved in either prokaryotic or eukaryotic Tu 

Sequence homology searches were carried out in the 
NBRF and EMBL data banks,and on the aminoacyl-
tRNA synthetase data bank at the Ecole Poly techn ique 
with the assistance of Philippe Dessen. A correspon-
dence was found between residues 50 to 60 of the 
SerRS sequence . This sequence contains a lysine at 
position 56 which in corresponding sequences of the 
Eco/i methionyl- and tyrosyl-tRNA synthetase has been 
implicated in the binding of the CCA end of their 
cognate tRNA (Plate 51). A more extensive region of 
homology was found between SerRS and the ,a-subunit 
of Eco/i phenylalanyl-tRNA synthetase . 

SerRS (Ecolt) 51 R N S 
M etRS (Ecal!) 329 N G A 

M etRS (5. cerevisiae) 522 E N G 
lI eRS (Eca/i) 599 Q G R 

TrpRS (Ecal!) 192 P T K 

V N 

I N 

V N 

I N 

I N 
I N 

V N 

Q N 

* 
* 

R 

K 
K 
K 

K 

PLATE 50 

N-terminal sequences of EF-Tus from different sources . 
The IUPAC one letter code for amino-acids is used. 

V G T I G H V D H G K T T L T A 

I G T I G H V D H G K T T L T A 

I G T I G H V D H G K T T L T A 

I V V I G H V D S G K S T T T G 
V V V I G H V D S G K S T T T G 
I V V I G H V D S G K S T T T G 
V V V I G H V D S G K S T T T G 
L A I I G H V D H G K S T L V G 

* * * * * * * * * * * * * * * 

* * * * * * * * 

A high level of gene product expression was obtained 
in CSH26 pSerS2. More than 6% of the total cellular 
protein corresponds to SerRS. The enzyme was isolated 
from this overexpressing strain by a simple two-step 
chromatographic procedure . Crystallization trials were 
carried out using a wide variety of precipitants. Crystals 
suitable for an x-ray diffraction analysis (Plate 52) grew 
from protein solution in the presence of ammonium 
sulphate containing practica l quality octyl-glucoside in 
24 to 48 hours. The x-ray diffraction studies on these 
crystals are described elsew here in this report. 

- S K S I G Q 60 

M S K S . R G T 339 

F S K S R G V 532 

M S K S I G N 609 

M S K S D D N 202 

PLATE 51 

Homology between residues 51-60 of SerRS and peptides 
implicated in the binding of cognate tRNAs of aminoacyl-
tRNA synthesases. 
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PLATE 52 

Crystals of seryl-tRNA synthetase. 

Nucleotide sequence of E.coJi 
valyl-tRNA synthetase gene 
(M. Hartlein, D.Madern &. R. Leberman) 

The Escherichia coli 3.3 kb valS region has been se-
quenced . It contains a 140 bp non-coding sequence, 
a 2820 bp open reading frame and a 328 bp 3' non-
coding region . The N-terminal part of the derived pro-
tein sequence was confirmed by independent protein 
sequencing (R. Frank, EMBL Heidelberg). No internal 
repeating sequences were found in the protein sequence. 
Towards the end of this study we became aware of the 
analogous sequence determinations being carried out at 
Imperial College, London on the valyl-tRNA synthetase 
from Bacillus stearothermophilus, and at the IBM C, 
Strasbourg on cytop lasmic valyl-tRNA synthetase from 
yeast. Exchange of information with our colleagues at 
these centres has enabled us to identify highly con-
served regions in these enzymes wh ich should have 
functional importance. Sequence comparison with all 
tRNA-synthetase sequences available reveals the best 
alignment with the isoleucine enzyme. 

The valS-contain ing pHOV2 used for the sequencing 
was a gift from J. Nilsson, AC Biotechnics AB, Lund, 
Sweden. 
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Cloning and characterization of the gene 
for Escherichia coli leucyl-tRNA 
synthetase. Isolation and purification 
of its overexpressed gene product 
(M . Hartlein, D. Madern &. R. Neumann) 

The XUX family of aminoacyl-tRNA synthetases con-
taining the leucine, isoleucine, valine, methionine and 
phenylalanine enzymes is a particularly interesting group 
which shares many common features such as 2' charging 
specificity, the cognate tRNA discriminator, molecular 
weight (except the phe enzyme) and the codon group 
XUX (for details see Wetzel, 1978). The interrelation-
ship of the members of this family could contribute to 
the resolution of evolutionary questions. In particular 
homology searches reveal functionally important regions 
like the ATP, the 3'-end tRNA and amino-acid binding 
sites. 

Cloning of E.coJi leuS 

We cloned leuS, the gene for leucyl-tRNA synthetase 
(LeuRS) by complementation of a leuS temperature-
sensitive mutant KL231 (Low et aI., 1971) with an E.coN 
gene bank DNA. Clones which were able to grow at 
KL231 non-permissive temperatures were selected and 



the Leu RS activity measured in crude extracts of some 
of these clones by aminoacylation assays. The 30-50 
en hanced enzyme activity indicates that these clones 
contain the whole active LeuRS gene. 

Expression of LeuRS in minicells 

35-methionine-labelled minicell proteins of the overpro-
ducing clone pLeuS1 show a predominant band at an ap-
parent Mr of about 100000 consistent with the reported 
molecular weight of LeuRS (Hayashi et al., 1970). 

Localisation of leuS on pLeuS 

We constructed a physical map of pLeuS1 and identified 
an approximately 3.5 kb coding region for leuS by the 
determination of LeuRS activity in pLeuS1 deletion 
mutants . 

Isolation and purification of LeuRS 

80g of P624-54 pLeuS1 cell paste were used for enzyme 
isolation . The purification was easily accomplished using 
three chromatography steps; DEAE-Sepharose CL-6B, 
AcA 44 gel filtration and hydroxylapatite. More than 
500 mg of protein were obtained which, as judged by 
SDS-PAGE and Coomassie blue staining, corresponds 
to at least 95% pure LeuRS. This material was used for 
the determination of the N-terminal sequence and will 
be used for crystallization trials . 

Determination of the N-terminal 
sequence of LeuRS 

The sequence of the first 6 amino-acids has been es-
tablished by Edman degradation (B. Cortolezzis) and 
corresponds to the sequence derived from the DNA 
seq uencmg. 

DNA sequencing of leuS 

DNA fragments of pLeuS1 cloned into M 13tg130 and 
M 13tg131 were sequenced by the Sanger method. The 
strategy for sequencing was based on the generation of 
overlapping fragments by directional cloning and by the 
use of Ba131. The sequencing is nearly finished. 

Homology between the synthetases 
of the XUX tRNA family 

Protein sequence comparison of the preliminary LeuRS 
sequence with the sequences of the valine, isoleucine 
and methionine enzymes reveals some interesting points. 
There is a rather high degree of homology between 
these enzymes, especially between the valine and the 
isoleucine enzyme. More interestingly there are different 
hot spots of homology in these sequences; aN-terminal 
His.lle .Gly.His (HIGH) region as postulated ATP-binding 
site, a Ser.Lys.Ser (SKS) region in the centre ofthe pro-
tein sequences which has been shown to be involved into 
3' end binding of the cognate tRNA for the methionyl-

and tyrosyl-enzyme (Hountondji et aI., 1986) and there 
is a third conserved region. of still unknown function 
about 100-140 amino-acids in front of the SKS region 
towards the N-terminus of LeuRS. 

Adenovirus 
(C Berthet, S . Cusack, J. Chroboczek, 
B. Jacrot, M. Cuillel (INSERM), 
C Devaux (INSERM), C Chatellard, 
R. Neumann, B. Cortolezzis &. E. Truche 

The aim of the project is to obtain structural information 
on adenovirus to understand two biological processes: 
the morphogenesis of the virion and its interaction with 
the receptors of the infected cell. This work involves a 
collaboration with two long term visitors and also with 
the Laboratory of Virology (Medical school, Lille-U 233 
INSERM). Cell culture has been established, so that we 
can now produce the virus . The work this year has been 
focused on the fibre (of serotypes 2, 3 and 5) and on 
protein Ilia, one of the essential proteins of the apex of 
the virion. 

Protein ilia 

The mutant ts112 of human adenovirus type 2 is de-
fective in the late stage of virus maturation. This ts 
mutation was mapped in the protein Ilia gene. We found 
(in cooperation with J.C D'Halluin, Lille), by means of 
marker rescue, that functional mutation in the protein 
lila gene is in the left-hand part of the gene. Two 
mutations were identified in this region by nucleotide 
sequencing. The first one, in the glycine-20 codon, is 
silent, whereas the second changes alanine-145 to valine. 
A third mutation was identified in the right-hand part 
of the gene, resulting in the replacement of alanine-436 
by threonine. An explanation of the accumulation of 
Ad2-defective particles accompanying the alanine-145 
to valine change will require more detailed knowledge 
of the three-dimensional structure of protein Ilia and its 
interaction with other virion components. For this we 
need large quantities of the protein. This protein can be 
obtained from the virions but it constitutes only about 
three per cent of total adenovirus structural proteins . 
For these reasons we decided to clone the gene . 

We expressed protein lila (wild-type) in E. coli (in co-
operation with J.C D'Halluin, Lille) . Protein lila can 
be phosphorylated in infected cells. It may also undergo 
processing during virus maturation. We have found that 
protein lila produced in bacteria can also be phosphory-
lated in the bacterial crude lysate. We will try to identify 
the site(s) of phosphorylation. Additionally we started 
an analysis of the N-termini of the mature Ilia protein 
isolated from the virions and non-processed Ilia protein 
produced in bacterial cells with the aim of identifying 
the putative processing site. 
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The fibre 

We have continued to try to crystallize fibre proteins 
obtained from Ad2- and Ad5-infected cells. The first 
crystals obtained in the past were very thin platelets. 
SDS PAGE revealed that the proteins in these crys-
tals were proteolytically cleaved fibre molecules with a 
molecular weight of about 60000 (intact fibre 62000). 
The assumption that the heterogeneity in the starting 
material used for the crystallisation was responsible for 
the twinning and small size ofthe crysta ls led us to study 
(1) the site of the fibre cleavage and (2) how to obtain 
un cleaved fibre preparations. 

(1) We prepared antisera against small peptides of 
N-termina l or C-terminal part of the fibre (pre-
pared at the Un iversity of Lille) . Immunoblots 
performed on the fibre from the crystals showed 
that it conta ins t he C-terminus intact whereas 
the re was no reaction with the antisera against 
the N-terminal part of fibre. Sequencing of the 
N-terminus (R. Frank, EMBL Heidelberg) showed 
that the cleavage took place after tyrosine-17. 

It is known that fibre is attached to the capsid 
at the 5-fold axis of the icosahedron through the 
penton base . The lack of association of the above-
describ·ed cleaved fibre with the penton base al-
lowed us to establish that the N-terminal part of 
the fibre protein is in contact with the capsid. 

(2) To avoid the cleavage of the fibre the last step 
of the purification (a hydroxylapatite column) was 
replaced by preparative isoelectric focusing. Several 
subtypes of fibre with the same apparent molecular 
weight but different isoe lectric points were revealed . 
From the major band we obtained small crystals 
of intact fibre with a size suitable for EM studies 
and with a unit cell simi lar to that obtained with 
cleaved fibre . Cryoelectron micrographs of these 
samples are shown in the report of the electron 
microscopy group. Crystals have also been obta in ed 
from another of these bands; their unit cell is much 
smaller (the largest dimension being 11 nm instead 
of 55 nm). Data were collected at Hamburg, but 
they extended to only 1 nm resolution. Further work 
on these crystals was not possible on account of 
their small dimensions and bad quality. 

With adenovirus type 5 fibre we have also obtained 
crystals. N-terminal sequencing (performed at the Out-
station) shows that the fibre in these crystals is cleaved 
at tyrosine 17 as is the case for the Ad2 fibre . The size 
of these crystals makes them suitable for EM analysis. 
Images are similar to those obtained by Mautner & 
Pereira (1971) . 

Comparison of crysta ls of cleaved a nd in tact fibre seems 
to ind icate that adenovirus type 2 fibre, as well as that 
of type 5 , crystallizes better when it is cleaved. We are 
now trying to control this enzymatic cleavage to induce 
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it before crystallisation to increase the homogeneity of 
the starting solution and hopefully the quality and size 
of the crystals . 

Attempts have been to express the Ad2 fibre gene in 
E.coli/phage T7 system have been unsuccessfu l, be-
cause in our construct the initiation codon of the fibre 
gene was too far from t he ribosome binding site . We 
want now to remove the dispensable region by site-
directed mutagenesis followed by restriction . 

Simultaneously we undertook the sequencing of the fibre 
gene of adenovirus type 5 (Ad2 and Ad5 belong to 
the same serologica l group) . A tentative sequence has 
been assembled; it seems that the N-terminal part of 
the fibre gene is similar in both adeno types, whereas 
in the C-terminal part the homology is rather low . 
We demonstrated that the C-terminal part of the fibre 
constitutes its knob, interacting with the host cell. On 
the other hand it is known that the fibre's C-terminal 
part contains immunologica l type-specific determinants. 
Therefore it seems logical that the C-termin al part of 
Ad2 and Ad5 fibre genes disp lay a low homology. 

X-ray crystallography of Seryl-tRNA 
synthetase (S. Cusack, C. Berthet 
& R. Leberman) 

The aminoacyl-tRNA synthetases catalyse the attach-
ment of amino-acids to their cognate tRNA adapters and 
are therefore indispensible for protein biosynthesis . How-
ever the structures of only a very few of these important 
enzymes have been studied at high resolution leaving 
open many questions as to their catalytic functions and 
the nature of the specific interactions with their cognate 
tRNAs. 

We have recently managed to obtain very promising 
crystals of seryl-tRNA synthetase from Escherichia coli 
(see accompanying report). T he crystals can grow up to 
dimensions of 1x1xO.5 mm and are of monocl inic space 
group C2 with cell parameters a=146.7 A, b=90.2 A, 
c=69 .8 A and b=118.4° . However it is often more con-
venient to think in terms of the non-conventional equiv-
alent space-group 1121 in wh ich case the unit cell is 
very nearly orthogonal (a=130.0 A, b=90.2 A, c=69.8 A, 
b=90 .8°) . The active enzyme is a dimer , the monomer 
molecular weight being 48,414 Da. By SDS-PAGE it 
has been demonstrated that the crystals contain the 
intact enzyme subunit. It seems most likely thilt the 
asymmetric unit contains the dimer (VM=2.1 A3/Da) . 

Using laboratory x-ray generators the crystals diffract up 
to 2.8 A but experience at LURE (Orsay, Paris) shows 
that using synchrotron radiation (wavelength 1.38 A), 
the best crystals diffract to 2 .3 A (somewhat less along 
the c-direction) . A complete native data set was col-
lected at LURE in October 1986 and the films are 
current ly being processed. An interesting observation 
was the strong thermal diffuse scattering present on the 
films , indicative of some kind of disorder. Two putative 
organo-mercury derivatives have been identified . 



PLATE 53 

Grid sections of the same group of native polystyrene 
spheres cut at two different sectioning angles gamma and 
two different section thicknesses t. 

(a) g=56.1°; t=90 nm; compression=28.1±1.8% 
(b) g=29.4°; t=90 nm; compression=10.6±2 .0% 
(c) g=56.1°; t=10 nm; compression=50.8±1.3% 

The section shown in (b) was cut immediately after the 
one shown in (a). Sectioning direction is represented by 
the double arrow. 

a 

b 

1f1m 
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Electron microscopy 
M. Adrian & J.-c. Jesior 

We have worked on thick object stuctures using ultra-
microtomy, and on the observation of frozen hyd rated 
suspensions. This last activity has been especially devel-
oped since the arrival of Marc Adrian at the Outstation. 

The complementarity existing between electron mi-
croscopy and crystallography is best expressed by the 
extraction of the phases by image analysis of the elec-
tron micrographs . This approach is particularly useful 
when no isomorphous derivative has been obtained. 
This is the case for the cubic crystals of the complex 
formed between yeast aspartic-tRNA synthetase and 
its cognate tRNA (collaboration with D. Moras & R. 
Giege, IBMC/Strasbourg). Three independent projec-
tions (100), (110), (111) of a crystal deposited on a 
grid have been obtained by microtomy permitting the 
phasing of 58 reflections and the determination of a low 
resolution model when combined' with x-ray and neutron 
data . This work was accomplished in collaboration with 
R. Wade (CEN Grenoble) . 

Further improvements in our understanding of the pro-
cess of thin sectioning were accomplished by studying 
the compression of native polystyrene latex spheres af-
ter sectioning. This year a particular effort was made 
to study compression as a function of the sectioning 
conditions (section thickness, sectioning speed and sec-

PLATE 54 

Unsupported frozen hydrated crystal of: (a) iTltact ade-
novirus type 2 fibre (Mag. 150,000); (b) cleaved fibre 
(Mag. 300,000). 
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tioning angle) . Compression is dependent on the sec-
tioning angle, i.e. the sum of the clearance and knife 
angles, and it can be greatly reduced by using the 
smallest possible sectioning angle (see Plate 53). The 
experimental low angle diamond knives used in the 
study (26.6° and 35.7°) had been specially ground by 
Diatome/Switzerland. This company recently provided 
us with an experimental 15° diamond knife which caused 
a compression of only 6% on native latex spheres. Low 
angle diamond knives may become a standard for micro-
tomists who need to section delicate material. For exam-
ple low angle diamond knives have been used to obtain 
sections perpendicular to the principal axis of linseed 
fibre in an attempt to visualize the molecular packing 
(collaboration with H. Chanzy, Grenoble University). 

The installation of a Gatan cold stage on our electron 
microscope was mentioned in last year's report. Ad-
ditional improvements have been made to avoid con-
tamination and, since the arrival in October of Marc 
Adrian from Jacques Dubochet's group, the observation 
of frozen hydrated specimens is now routine. A further 
improvement has been the building, by Jean Marie Bois, 
of a new set-up for low dose microscopy. Several projects 
have been started: 

in cooperation with the adenovirus group, several 
type of fibre crystals have been observed (see Plate 
54); 
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images of frozen hydrated adenovirus have been 
taken for three-dimensional reconstruction by Steve 
Fuller (EM BL Heidelberg). This has been extended 
by varying the salt concentration of the suspension 
up to contrast matching of the protein to get 
information on the DNA; 
in cooperation with J. Witz (CNRS, Strasbourg) 
turnip yellow mosaic virus (TYMV) has been ob-
served frozen and refrozen after thawing. The for-
mation of a hole in the capsid is clearly visible; 
preliminary observations have been made, with J. 
Langowski, of the single-stranded binding protein-
DNA complex; 
the structure of negatively stained as well as frozen 
hydrated prosome particles has been studied (in 
collaboration with K. Scherrer &. O. Akhayat, IJ M, 
Paris and R. Wade, CENG Grenoble). 

Detector group 
(A. Gabriel, F. Dauvergne &. P. Wattecamps 

EXAFS detector 

In many biological systems It IS Interesting to study 
samples containing elements which are present to only 
a few parts per million «100 PPM). For this purpose 
the detection of fluorescent x-rays from the sample is 
the most sensitive method of EXAFS measurement. 
Usually EXAFS experiments with synchrotron radiation 
use ionising chambers for the measurement of photon 
flux. Unfortunately this kind of detector is unsuitable for 
fluorescent EXAFS. For this purpose a multiwire propor-
tional chamber was developed from the two-dimensional 
position-sensitive detector used at EMBL Hamburg on 
the synchrotron radiation source. The detector consists 
of a central plane of tungsten wires of 2 mm spacing 
as anode sandwiched between two similar wire planes 
as cathodes. A flat drift space of 10 mm is mounted 
in front of the detector permitting high efficiency at 
short wavelength. The active area of the detector is 
200 mmx200 mm and the window is a thin foil of mylar 
of 20 f.1m thickness. It is filled with Ar-C0 2 (80%, 20%) 
or Xe-C0 2 (80%, 20%) . Tests of the system show that 
the linearity for a dynamic range 100 kHz-1 MHz is 
better than 1/1000. A source of Fe55 was used which 
limited the maximum counting rate at about 1 MHz. 
This work is being done in collaboration with P. Lagarde 
et at. from LURE. 

Linear and two-dimensional 
detectors for x-ray detection 

The EM BL method of localisation is based on a propor-
t ional counter linked to a delay line . A detector is now 
available on an x-ray generator at EMBL, Grenoble. The 
connection to the VAX remains to be made. 

Recently we have used carbon fibre for the windows 
of detectors. Owing to the high strength of carbon 

fibres the gas pressure can be increased leading to 
better efficiency and spatial resolution. This material 
can replace the beryllium window as much thinner foils 
of carbon fibre can be used. 

Considering the high counting rate requ ired by syn-
chrotron radiation, for existing sources or for the ESRF, 
it is obvious that the gas chamber remains a very pow-
erful tool. Using the EM BL gas chamber we propose to 
build a modular detector by stacking several electrodes 
and by staggering their normal axis. 

There is interest in such a method and tests have 
been carried out using collagen from rat tail tendon in 
collaboration with Carmen Berthet on the GX13 with a 
punctual beam size . Data have been recorded . With this 
method the counting rate increased up to about 4 MHz 
and the spatial resolution has also improved. 

Other work 

G. and A. Bentley, who have now left the laboratory, 
initiated several other projects in 1985 and are still par-
ticipating in them . These include work on the photosyn-
thetic reaction centre from Rhodopseudomonas viridis 
to elucidate the detergent distribution in the crystals 
(with the MPI, Martinsried), a preliminary study on 
50S ribosomal subunits (with the MPI, Berlin) and an 
analysis of the expanded form of satellite necrosis virus. 

An interactive-graph ics program has been written by 
Peter Metcalf to facilitate the indexing of DB21 data. 
The program uses the Evans &. Sutherland PS 300 
graphics device and has proved useful for the STNV and 
TBSV projects and for the initial evaluation of the very 
noisy ribosome data. 

Technical support 
(J.M. Bois, M. Lentini, J. Sed ita, 
P. Wattecamps) 

X-ray equipment 

Until now, we have been using two rotating anode 
generators, a GX13 and a GX20. The development of our 
activities in x-ray crystallography has made necessary 
new beam lines. This was achieved by modifying the 
GX13 on which a second cathode has been added . As 
the three major pieces of equipment for this modification 
(the H.T. tank, the security modules and the cathode) 
have been taken from an old GX6 existing at ILL, given 
to us by Jane Brown, the expense was minimal. The 
electronics have been modified in order to make each 
tube independent. Two new Frank cameras have been 
built to equip the new beam lines. An area detector from 
Andre Gabriel's group has been set-up on the GX20. It 
is connected to a real-time display module designed and 
bu il t by Christian Boulin's group . It allows preliminary 
observation of the diffraction pattern of a crystal. It is 
intended to use this set-up for crystal orientation. 
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Miscellaneous 

Maintenance and improvement of the equipment in 
the laboratory (centrifuges, x-ray generator, electron 
microscope etc.) is mostly done by this group . We can 
mention a new low dose system on the microscope acting 
on the intensity rather than on deflection of the beam. 
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