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Cell Biology Programme 

Introduction 

Most of the work in the Cell Biology Programme has 
been concerned with membrane traffic and cellular or-
ganization. The efforts have been concentrated on the 
distribution system which starts in the endoplasmic 
reticulum and delivers proteins and lipids to the nuclear 
membrane. the Golgi complex. the Iysosomes. the cell 
surface and for export from the cells. These studies 
are continuing with emphasis on the construction of in 
vitro assays and the use of recombinant DNA methods 
to probe into the molecular mechanisms .involved in 
membrane traffic. 

Also the function of the cytoskeleton is being explored. 
Two groups are studying the role of microtubules and 
centrosomes in intracellular transport and in the mitotic 
spindle. For this purpose . collaboration with the Phys-
ical Instrumentation Programme has been essential to 
improve our technical tools for studying such complex 
phenomena. 

A programme to devise better subcellular fractionation 
methods has been going on for several years at the 
EMBL. The first results have been obtained using new 
methods depending on antibody specificity and mag-
netic beads. This work is being done in collaboration 
with the Biochemical Instrumentation Programme. The 
success of this approach will depend on antibodies 
recognizing specific organelles. The production of such 
antibodies is not an easy task and demands the com-
bination of recombinant DNA and monoclonal antibody 
methods with organelle characterization. Efforts in this 
direction have to be continued. The close proximity of 
independent scientists working together has ensured 
fruitful collaboration in a way that has become a hall-
mark of EM BL. We intend to continue along these lines 
and strengthen our ties with the other Programmes. 
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The generation and maintenance of surface polarity in epithelial cells 

Scientists: K. Simons. G. van Meer 

EMBO postdoctoral fellows: I. de Curtls*. K . Metslkko 

External postdoctoral fellow: B. Gumblner 

Technical assistants: D . Hllbsch*. A . Ohlsen*. H. Vlrta 

Supernumerary: T. Gabran* 

One half of the cell types in a mammalian organism 
are epithelial. These are often arranged in sheets and 
accomplish their vectorial function as a consequence 
of the asymmetric distribution of their plasma mem-
brane components. The cells are connected by cellular 
ju nctions which seal the cells to each other to form a 
continuous diffusion barrier separating the luminal from 
the serosal space as for example in the intestine. The 
tight junction defines the two domains of the plasma 
membrane. the apical surface which faces the lumen 
of the tissue and the basolateral which is towards 
the blood supply. We are continuing our studies on 
epithelial organization using the Madin-Oarby canine 
kidney (MOCK) cell system as our experimental model 
system. Using cells grown on nitrocellulose filters we 
obtain an epithelial sheet closely mimicking the degree 
of organization seen in vivo. 

Sorting of apical and basolateral viral glycoproteins 
(S. Fuller & I. de Curtis) 

Our major finding has been the definition of the sorting 
site for outgoing traffic from the Golgi complex. We 
call this compartment the trans-Golgi network. Work 
(mostly in baby hamster kidney (BHK) cells). in collab-
oration with G. Griffiths and E. Hughson. has shown 
that viral glycoproteins blocked in their intracellular 
transport at 20°C accumulate in a tubular network 
on the trans-side of the stack of Golgi cisternae. We 
postulate that this organelle is involved in the sorting 
of proteins destined for Iysosomes. secretory gran ules. 
and the cell surface. In epithelial cells. we suggest 
that the sorting of apical and basolateral proteins into 
separate carrier vesicles takes place in the trans-Golgi 
network. This structure is acid-phosphatase positive 
and corresponds to the membrane reticulum previously 
described as GERL (Golgi endoplasmic reticulum lyso-
some) by Novikoff (1964). However. this network is 
part of the Golgi complex and not a bypass as postu-
lated by Novikoff. Studies are underway to isolate and 
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characterize the trans-Golgi network. both from BHK 
cells (a non-polarized cell line) and MOCK cells. The 
aim is to find out what is unique in the trans-Golgi 
network of epithelial cells and to devise methods to 
study the mechanism of sorting. In a cell such as BHK 
only one type of carrier vesicle is needed to transport 
newly synthesized plasma membrane proteins to the cell 
surface. whereas in MOCK cells two types of vesicles 
are necessary. one for apical and another for basolateral 
proteins . 

The budding of enveloped viruses: a paradigm for 
membrane sorting? (K. Metsikko) 

With the exception of coated vesicles which endocytose 
surface proteins. little is known about the membrane 
vesicles which mediate traffic between cellular compart-
ments. We are considering the formation of enveloped 
viruses as an experimental model to study membrane 
sorting. The only principal difference between the for-
mation of intracellular carrier vesicles and virus budding 
is the direction into which the vesicles bud. Since 
viruses are generally thought to be derived from cells 
during evolution. it does not seem too farfetched to 
postulate that the first virus which invented the bud-
ding mechanism modified host cell genes for their own 
purposes. 

We are using the vesicular stomatitis virus (VSV) as our 
model system. This virus consists of one single glyco-
protein anchored in the viral envelope which surrounds 
the nucleocapsid with an additional layer of M proteins 
between the lipid bilayer and the nucleocapsid. The 
budding of VSV from the host cell plasma membrane 
involves the interaction between the viral glycoproteins. 
the M proteins and the nucleocapsid. the latter of which 
presumably acts as a scaffold for the budding process . 
Our first studies have addressed the question of whether 
the glycoproteins are necessary for the budding process. 
There have been claims in the literature (Simons & 



Garoff. 1980) suggesting that budding proceeds in the 
absence of viral glycoproteins. We have now shown that 
these results are incorrect. due to a misinterpretation 
of the experimental findings. The glycoproteins can 
be proteolytically cleaved to form spikeless VSV. and 
leave only their membrane anchors in the viral envelope . 
Therefore. these were not observed previously. 

One very intriguing aspect of the budding process is the 
production of mixed phenotypes during double infection 
of a cell. Under these conditions . virus particles are 
formed which contain the nucleocapsid and the M pro-
tein of VSV. and the glycoproteins of both viruses used 
to infect the cell. On the other hand. the cellular proteins 
are excluded. We have started biochemical studies to 
elucidate the mechanism of this membrane sorting pro-
cess which leads to inclusion of viral glycoproteins in the 
vira l envelope and to exclusion of host glycoproteins. 

Structure and function of tight junctions 
(B . Gumbiner & S. FUller) 

We have used a transepithelial resistance recovery assay 
to identify proteins involved in the formation of the 
epithelial occluding barrier. The occluding junctions of 
high resistance strain I MOCK cell monolayers (-2500 
ohm.cm2) were opened briefly and reversibly by removal 
of Ca2+ from the bathing medium. We screened for 
monoclonal antibodies which could inhibit the rate of 
resistance recovery upon Ca 2+ readdition. One such 
monoclonal antibody. rr1. was obtained which recog-
nizes a uvomorulin-like (or L-CAM-like) polypeptide in 
MOCK cells. Uvomorulin may be primarily. if not en-
tirely. responsible for the Ca2+ dependence of occluding 
junction integrity. The maintenance of transmonolayer 
resistance had the same divalent cation selectivity as 
the conformation change exhibited by the uvomorulin 
molecule (Hyafil et al .. 1981) . In contrast to its exclusive 
localization to the zonula adherens of small intestinal 
cells (Boller et al .. 1985). we found uvomorulin to 
be distributed over much of the lateral plasma mem-
brane of MOCK cells and dog hepatocytes. The role 
of extrajunctional uvomorulin in these cells is not un-
derstood. Treatment of intact high resistance MOCK 
monolayers with antibody rr1 failed to induce a loss 
of resistance even though the antibody had access to 
uvomorulin at the lateral surfaces. Thus. cell junctions 
must be partially disrupted to perturb the function of 
uvomorulin . We believe that uvomorulin initiates the 
formation of cell-cell contacts and these interactions 
lead to the subsequent formation of zonular adherent 
junctions around the apex of the cell above which the 
tight junction strands assemble to form the occluding 
barrier. 

We have also studied the relationship between cell sur-
face polarity and the electrical resistance of the cellular 
tight junctions. It is generally believed that the tight 
junctions not only define the boundary between the 
apical and basolateral surface domains. but that they 
also have a fence function in preventing the diffusion 

of membrane proteins from one domain to the other. 
We have two strains of MOCK cells. I and II which 
form epithelial sheets with widely different electrical 
resistances. Filter-grown MOCK I cells exhibit over 2000 
ohm.cm 2. whereas MOCK II form layers with only 200 
ohm .cm2. The distribution of the transferrin receptor 
in MOCK I and II sheets was used as a quantitative 
criterion for measuring surface polarity. and the re-
sults showed no significant difference between the two 
strains. The surface density of the basolateral transfer-
rin receptor was 96-fold higher on the basolateral than 
on the apical side. whereas the corresponding figure 
for MDCK II cells was 75:1. Thus. the fence function 
of tight junction is not correlated with its occluding 
function. 

lipid traffic in MOCK cells (G. van Meer) 

The cellular compartments not only have different pro-
teins but also different lipid compositions. Little is 
known of how these lipid differences are generated and 
maintained in the cell. We are approaching this problem 
by studying the distribution of exogenous lipids fused 
into the cells by methods that we have worked out in the 
past years. This approach has now been used to study 
the traffic of lipids between the apical and basolateral 
domains of MOCK cells. 

We know from our earlier work that these domains 
have widely different lipid compositions. To test if the 
tight junctions in these cells inhibit diffusion of lipids 
between the two domains. the fluorescent phospho-
lipids N-NBO-PE and N-Rh-PE were inserted into the 
apical plasma membrane by means of a fusion with 
liposomes . The fusion was induced by low pH and was 
mediated by the influenza virus haemagglutinin which 
was expressed on the apical cell surface after viral 
infection. Redistribution of the fluorescent molecules 
to the basolateral surface. monitored at O°C by fluo-
rescence microscopy. appeared to be dependent on the 
transbilayer orientation of the fluorescent lipids in the 
plasma membrane. No redistribution occurred when the 
majority of the fluorescent lipids were inserted into the 
exoplasmic leaflet of the apical plasma membrane by 
fusion with liposomes (prepared by octyl-,B-glucoside 
dialysis) having 80-90% of the fluorescent lipids in 
the external leaflet as shown by a phospholipase A2 
assay. In contrast. when liposomes were fused to the 
apical membrane (prepared by reverse phase evapora-
tion) which displayed a symmetrical orientation of the 
fluorescent lipids. redistribution was very rapid . The 
tight junctions remained intact in these experiments 
as monitored by a high transepithelial electrical resis-
tance. We conclude that the tight junction acts as a 
diffusion barrier for the fluorescent phospholipids in the 
exoplasmic leaflet of the plasma membrane but not in 
the cytoplasmic leaflet. We have also shown that neither 
apical glycolipids nor fluorescent N-Rh-PE can move 
from one cell to another through the exoplasmic leaflets 
as had been postulated in previous models of tight 
junction structure (Pinto da Silva & Kachar. 1982). 
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Biosynthesis and intracellular transport of cell surface proteins 

Scientists : H . GarofF. C. Kondor-Koch* 

EMBL & EMBO postdoctoral fellows: D. Cutler* (EMBO). L. Roman (EMBL). M. Zerlal (EMBO) 

External postdoctoral fellow : P. Melancon 

Visiting worker : J . Hare* 

Technical assistant : B. Tlmm 

Supernumerary: H. Kern* 

Our group is studying structural features of plasma 
membrane (PM) proteins which determine: (1) their 
correct disposition in the rough endoplasmic reticulum 
(RER) membrane during synthesis and (2) their intra-
cellular routing from the RER to the PM via the Golgi 
complex. 

Assembly in the RER 

Membrane proteins can be divided into three groups 
(I-III) depending on how the polypeptide chain spans 
the membrane . Group I proteins span the lipid bilayer 
once and have their COOH-termini on the cytoplas-
mic side of the membrane . Group II proteins have the 
opposite orientation in the membrane (i.e. their NH2 
termini exposed in the cytoplasm) . Group III proteins 
span the membrane several times . The assembly of 
these various polypeptide chains in the RER membrane 
during synthesis has been explained by extending the 
signal hypothesis to encompass (1) internal. uncleaved 
signal sequences (or translocation signals) and (2) stop 
translocation signals (Blobel. 1980; Sabatini et al.. 
1982). For example . the initiation of translocation of 
group I proteins is thought to be mediated by the same 
cleaved signal sequence mechanism as postulated for 
secretory chains. However. complete transfer into the 
ER lumen is prevented by a stop translocation signal 
further towards the COOH-terminus . The latter signal 
could be part of. or equivalent to. the membrane binding 
region of the group I protein chain. 

Group II proteins do not have a cleavable signal se-
quence . These proteins are postulated to contain an 
internal signal sequence with in their transmembrane 
segment . This region would meet the hydrophobic char-
acteristics of a signal peptide . The transmembrane 
segment of group II proteins is thought to insert into 

the RER membrane in such a way that the flanking 
NH2-terminal part of th e r h ;l in is left on the cytoplasmic 
side . As synthesis continues. the distal COOH-terminal 
part is transferred across the membrane to generate 
the final topology. Proteins which span the membrane 
several times (group III proteins) could possibly be 
generated by the sequential expression of the two types 
of peptide signals mentioned above for groups I and II 
proteins . 

During the past year we have characterized in detail 
(1) the stop translocation signal of a group I protein. 
the p62 glycoprotein of Semliki Forest virus (SFV). 
(2) the translocation signal of a group" protein . the 
human transferrin receptor molecule (TR) and (3) the 
polypeptide region responsible for reinitiating chain 
translocation in the SFV polypeptide system. 

T he stop translocation signal of p62 (D . Cutler) 

The p62 protein of SFV (488 amino-acids) is a trans-
membrane protein with a COOH-terminal cytoplasmic 
domain consisting of 31 amino-acid residues (GarotT et 
al. . 1980). The membrane binding region of the p62 
protein displays features common to all single span-
ning proteins : these are (1) a long amino-acids) 
hydrophobic . uncharged stretch of amino-acid residues 
which spans the membrane and (2) a cluster of basic 
residues on the cytoplasmic side of the spanning seg-
ment. We have investigated the extent to which these 
conserved features are required for stopping transloca-
tion and binding to the membrane . 

Oligonucleotide directed mutagenesis was used to intro-
duce changes into the cloned p62 cDNA such that (1) 
the basic cluster of the encoded protein was either (a) 
neutralized or (b) changed to acidic amino-acid residues. 
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or (2) that a hydrophobic residue in the uncharged 
spanning segment was converted to a charged one. 
When mutant cDNAs were expressed in COS cells 
using a SV40 virus- based expression system all p62 
mutant proteins were shown to be present on the cell 
surface in a functionally active form. This was most 
convincingly demonstrated by low pH induced cell-cell 
fusion of transfected cells . These results indicated that 
the mutant p62 proteins formed viral spike complexes 
with the E1 glycoprotein in the RER and that this 
complex is routed to the PM. Using two other as-
says the mutant p62s were shown to have the correct 
transmembrane topology: (1) the mutant proteins were 
recognized by a cytoplasmic domain-specific antibody 
injected into the cytoplasm of transfected cells and (2) 
25-30 COOH-terminal amino-acids of the mutants were 
cleaved by protease added to microsomes prepared from 
transfected cells that had been labelled for a short time. 

These results show that the basic charge cluster is 
not obligatory for translocation arrest and membrane 
binding. Furthermore. if the basic cluster is intact. it is 
possible to interrupt the uncharged spanning segment 
by a charged residue without affecting these functions. 
Clearly our results do not su pport a tunnel model in 
which specific interactions between tunnel proteins and 
a stop translocation signal are required for translocation 
arrest. Similar conclusions have been reached with other 
group I proteins (Davis & Model. 1985; Adams & Rose. 
1985a.b). These results are compatible with a model in 
which the chain is transferred directly through the lipid 
bilayer. In this case the stop translocation signal would 
be equivalent to the membrane binding region of the 
polypeptide . 

Why then has nature conserved the two typical features 
of the membrane binding region when transmembrane 
proteins can be generated with less conserved charac-
teristics in this region? One explanation is that the 
conserved features are critical for the overall stability 
of cellular membranes. In this respect. it is interesting 
to note that all three mutant p62 proteins were shown 
to be less efficiently bound to cell membranes than 
the wild-type protein when assayed by a high pH wash 
procedure. 

The translocation signal of the transferrin receptor 
molecule (M. Zerial & P. 

The transferrin receptor (TR) is a group " protein 
of 670 amino-acid residues with a membrane anchor 
located 61 residues from the cytoplasmic NH2 -terminus 
(Schneider et al .. 1984). To test whether this protein 
contains a translocation signal within its transmem-
brane peptide as proposed for grou p II proteins . we have 
used a combined recombinant DNA/in vitro translation 
approach. This work has been done in collaboration 
with C. Schneider (group of L. Philipson) . 

We first constructed a complete TR cod ing sequence 
by joining DNA fragments from overlapping TR cDNA 
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clones (Schneider et al.. 1984) . The complete coding 
region was then engineered into an SP6 based in vitro 
transcription vector with which large amounts of capped 
TR RNA for the purpose of in vitro translations could 
be transcribed . Synthesis in the presence of RER mi-
crosomes derived from dog pancreas (kindly provided 
by B. Dobberstein) yielded a glycosylated and correctly 
inserted TR molecule. Two kinds of experiment demon-
strated that the spanning region of the TR polypeptide 
contained the signal for translocation across the RER 
membrane. First. we deleted the spanning region of 
TR and showed that this deletion mutant could not 
be translocated. Second. we showed that a cytoplasmic 
protein. the mouse dihydrofolate reductase (DHFR). 
could be inserted into the microsomal membrane as a 
group II protein when the TR transmembrane segment 
was added to its NH2 -terminus. Thus. the spanning 
peptide was shown to be both necessary (in the TR 
polypeptide) and sufficient (in the hybrid protein) for 
chain translocation. Further analyses demonstrated that 
the translocation of the TR transmembrane peptide-
DHFR hybrid was dependent on the signal recognition 
particle (SRP. kindly provided by D. Meyer) . 

The translocation signal for the SFV El protein 
(P. 

All structural proteins of SFV are translated from a 
26S mRNA using a single initiation site for translation 
(Garoff et al .. 1982) . The individual polypeptide chains 
are produced by various proteolytic cleavage events. 
The ribosome first translates a 33kD capsid protein. 
followed by the synthesis of the p62 protein (see above) 
which is inserted into the membrane of the ER as 
a group I protein. Following arrest of the p62 chain 
translocation in the membrane and the synthesis of the 
cytoplasmic domain of the p62 protein. chain transloca-
tion has to be reinitiated. to account for the assembly of 
the E1 glycoprotein (another group I glycoprotein) in the 
ER membrane . Although two SFV membrane proteins 
are generated by chain cleavages. the SFV polypeptide 
system is reminiscent of that of multispanning (group 
III) membrane proteins . In both systems. the major 
question is: how does reinitiation of chain transloca-
tion take place once synthesis of the first membrane 
spanning segment has occurred? In particular. does 
reinitiation require interactions with SRP and docking 
protein (the receptor molecule for SRP)? We decided 
to localize and characterize the translocation signal 
for the E1 protein because of its potentially unusual 
biochemical properties. 

The approach we used was the same as that described 
above for the characterization of the translocation signal 
of the TR molecule . T hrough the analyses of a series of 
deletion mutants of the SFV polyprotein we were able to 
localize a region essential for E1 translocation. This was 
confined to the COOH-terminal part of a 6kD peptide 
which is interspaced between the p62 and E1 regions 
of the SFV polyprotein. The E1 signal region bears 
clear similarities to cleavable signal sequences (Watson. 



1984): it contains a typical stretch of hydrophobic 
amino-acid residues and also a particular amino-acid 
distribution around the 6kD-El cleavage site. The latter 
fact suggests that this cleavage is carried out by a 
signal peptidase. The El translocation signal region 
(including the 6kD-El cleavage site) was then joined to 
the NH 2 -terminus of the cytosolic a-globin. The hybrid 
protein was shown to be inserted into microsomes in 
vitro with concomitant cleavage at the 6kD-El ju nction. 
Further characterization of the El signal showed that 
(1) synthesis could be inhibited when SRP was added 
in the absence of microsomal membranes and that (2) 
translocation of the hybrid chain was SRP dependent. 
Similar results have recently been reported for one 
internal translocation signal in the multispanning opsin 
molecule of bovine origin (Friedlander & Blobel . 1985). 

In summary. it appears that all RER-specific chain 
translocation signals. whether NH2 -terminally or inter-
nally located. whether cleavable or non cleavable. are 
functionally equivalent at least in that they are able 
to promote SRP dependent chain translocation when 
analyzed in a NHTterminal location. A comparison of 
the amino-acid sequences of the various translocation 
signals shows only one common feature: this is a stretch 
of 10-30 uncharged. mostly hydrophobic amino-acid 
residues. It will in future experiments be interesting to 
see how these peptides differ from those hydrophobic 
peptides which serve only as stop translocation signals. 

Signals involved in intracellular transport pathways 
(L. Roman) 

Sorting of cell surface proteins in Madin-Darby canine 
kidney (MDCK) cells 

Epithelial cell polarity reflects sorting mechanisms ca-
pable of targeting plasma membrane proteins to their 
site of function. We have used the epithelial cell line 
MDCK to examine factors involved in protein sorting 
since these cells display both structural and functional 
polarity when grown in culture. The usefulness of this 
cell line for these studies stems from the observation 
that MDCK cells infected with enveloped viruses display 
polarized virus budding. Infection of MDCK cells with 
influenza results in apical virus maturation. whereas 
SFV and vesicular stomatitis virus (VSV) mature at 
the basolateral plasma membrane domain (Simons & 
Fuller. 1985). 

The glycoproteins of influenza. SFV and VSV belong to 
the group I proteins described above . We are interested 
in which topological domain (ectoplasmic. intramem-
brane or cytoplasmic) of these proteins carries the in-
formation for sorting into the correct plasma membrane 
domain in MDCK cells. To examine the potential role 
of the cytoplasmic tail . cDNAs encoding for truncated 
(from COOH-terminus) forms of E2 were used to es-
tablish MDCK lines which express these viral proteins 
stably. Four stable lines were generated: d9. which has 
a wild type tail of 31 aa: d4. which has a tail of 16 

residues: d1. which has on ly 3 residues: and d5. which 
lacks both the cytoplasmic and the transmembrane 
domain. The three membrane bound forms (d9.d4.dl) 
were transported to the plasma membrane and were 
polar in their distribution. By radioimmunoassay greater 
than 98% of the surface E2 protein was found at the ba-
solateral surface. From these studies one can conclude 
that E2. in the absence of El. is efficiently sorted to the 
basolateral domain and that the cytoplasmic domain of 
this transmembrane glycoprotein is not essential for its 
directed transport. 

Vesicular stomatitis virus G-protein (VSV-G) has been a 
model probe for examining many aspects of membrane 
traffic. However. until recently. we have been limited to 
infection or implantation with total virus to introduce 
G protein into the cell. A cell line stably expressing this 
molecule would have numerous advantages. Specifically. 
with such a cell line. the G protein could be used 
as an antigen to immunoisolate compartments along 
the secretory pathway as well as basolateral plasma 
membrane. To this end we have established MDCK 
lines which stably express G at their basolateral surface. 
However. all these initial clones were mixed. containing 
expressing and non-expression cells. In collaboration 
with K. Howell. we have enriched for G expressing cells 
using immunoadsorption on magnetic beads. 

Other sorting signals 

To examine the potential role of the cytoplasmic domain 
in virus assembly and endocytosis. we have established 
3T3 lines which express the deletion forms of SFV-E2. 
The viral proteins are expressed at a high level (",lxl06 

molecules/cell). and are transported to the cell surface 
with similar kinetics (tl/2 30 min) . We have now 
completed the biochemical characterization of these cell 
lines and plan in the near future to begin studying 
the role of the cytoplasmic tail in virus assembly and 
pseudotype formation. 

Publications during the year 

Garoff. H. (1985). Using recombinant DNA techniques 
to study protein targeting in the eucaryotic cell. Ann. 
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Garoff. H. (1985). Exocytic pathways exist to both the 
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Forest virus membrane glycoprotein El from Bacillus 
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Membrane traffic in interphase and mitotic cells 

Scientists: G. Warren*, B. Burke* 

EMBO postdoctoral fellow: J. Davey 

External postdoctoral fellow: C. Featherstone 

EMBL predoctoral fellows: S. Tooze, S. Hurtley 

Technical assistants: A. Cockcroft*, U. Holzer 

Cessation of intracellular transport during mitosis 
in animal cells (c. Featherstone) 

Using cultured cells infected with vesicular stomatitis 
virus (VSV). we were able to show that the viral G 
protein was unable to reach the cell surface once the 
cells had entered mitosis (Warren et al .. 1983). Now. 
by analyzing the oligosaccharide side chains, studying 
the pattern of fatty acylation and locating the G protein 
in mitotic cells by immunocytochemical techniques, we 
have been able to show that the G protein is unable to 
leave the endoplasmic reticulum (ER). This argues that 
vesicular transport between the ER and Golgi complex 
is inhibited during mitosis. 

We are now trying to repeat these experiments using 
frog oocytes since Colman et al., (1985) have been able 
to show that secretion is inhibited as oocytes mature 
and undergo meiosis. In contrast to cultured cells it is 
relatively easy to get large quantities of meiotic oocytes 
so we hope this will provide us with a system allowing 
us to identify and purify the proteins which are involved 
in the inhibition of vesicle-mediated transport. 

Re-assembly of the nuclear envelope in a cell-free 
system (B . Burke) 

The familiar chromosomal changes which occur dur-
ing mitosis are accompanied by a major structural 
re-organization of many intracellular membranes. The 
nuclear envelope. the Golgi complex and, to a lesser 
extent. the endoplasmic reticulum fragment into many 
thousands of vesicles (see Warren. 1985). These be-
come randomized throughout the mitotic cell cyto-
plasm, thereby ensuring that each daughter cell receives 
an equal membrane complement . Once mitosis is com-
plete they fuse to re-form the original organelles though 
each is now half the original size . 

To understand more of the mechanisms underlying 
these processes, Brian Burke has spent the past year 
working in Dr. Larry Gerace's laboratory (Johns Hop-
kins University, Baltimore, USA), where he developed a 
cell-free system to study the re-assembly of the nuclear 
envelope. By homogenizing mitotic Chinese hamster 
ovary (CHO) cells and then incubating them at 30°C. 
it proved possible to re-assemble both a normal nuclear 
lamina and nuclear membrane. Lamins A, Band C were 
essential for re-assembly and the whole process appears 
to be regulated by dephosphorylation (Burke & Gerace, 
1986). 

Assembly of a continuous nuclear envelope from small 
vesicles requires considerable membrane fusion. There 
are. however, other fusion events which are evident in 
the mitotic homogenates. These include fusion of rough 
microsomes with each other and with the outer nuclear 
membrane (which in CHO cells is continuous with the 
ER) suggesting that the ER re-assembles as well as the 
nuclear envelope. 

The approach now being taken is to devise a rapid 
assay for this re-assembly process which does not rely 
upon morphological techniques. The assay involves the 
preparation of microsomes from a hybridoma which syn-
thesises a monoclonal antibody against an ER-specific 
protein. Microsomes are also prepared from transfected 
3T3 cells which permanently express this ER-specific 
protein. After mixing, it now becomes possible for the 
microsomes containing the antibody to fuse with those 
containing the antigen. By monitoring the formation of 
the antigen-antibody complex it should be possible to 
monitor indirectly the re-assembly process. Eventually 
it should prove possible to identify and characterize 
the proteins involved in the re-assembly of the ER and 
nuclear envelope. 
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Isolation of the compartment into which coron-
avirus murine hepatititls virus (MHV) A-59 buds 
(S . Tooze) 

The El spike glycoprotein of coronavirus MHV A-
59 accumulates intracellularly after assembly in the 
endoplasmic reticulum. Since El determines the site 
of viral budding. the viruses bud intracellularly into 
tubular and vesicular elements between the endoplasmic 
reticulum and the Golgi complex (Tooze et al.. 1984). 
These elements represent a new compartment and in 
order to isolate it we generated antibodies specific for 
the carboxy terminal 15 amino-acids of El which are 
located on the cytoplasmic face of these intracellular 
membranes . 

Fragments of the El gene were cloned into the expres-
sion vector pEX. developed by Keith Stanley. behind the 
,B-galactosidase gene. The clones were selected accord-
ing to the size of the El insert. The ,B-galactosidase-El 
hybrid proteins were then used either to affinity-purify 
existing anti-El polyclonal antisera or to immunize 
rabbits directly. 

By binding the resulting antibodies to Staphylococcus 
aureus cells and mixing them with crude post-nuclear 
supernatants from infected cells we have recently been 
able to select out smooth membranes containing E1. 
The characterization of these membranes is now in 
progress . 

The replication of MHV A-59 in cells of the murine pitu-
itary tumour cell line AtT20 has also been investigated 
in collaboration with John Tooze. 

A cell-free assay for an endocytic fusion event 
(J. Davey & S. Hurtley) 

We have been successful in reconstructing one of the 
steps on the pathway of receptor-mediated endocytosis 
by using the knowledge gained from a study of the viral 
infection pathway. We put a viral enzyme into endocytic 
vesicles and a suitable viral substrate in endosomes . 
Fusion brought the two together and the release of 
product indicated indirectly that fusion had taken place. 
An outline of this assay is shown schematically over-
leaf and the details are published (Warren & Hurtley. 
1985; Davey et al.. 1985) . We find that fusion is rapid. 
efficient. needs energy (added in the form of ATP) . 
occurs between closed vesicles and does not req uire 
either Ca2+ or the low pH found in the endosomal 
compartment. 

In order to show that the reaction was specific. FPV 
and 3H-sialic acid-SFV were placed at different points 
along the endocytic pathway by changing the time and 
temperature of their incubation with the cells. When 
FPV was left on the plasma membrane or transferred 
to Iysosomes. the resulting donor membranes were 
inactive . When the 3 H-sialic acid-SFV was left on the 

plasma membrane . the resulting acceptor membranes 
were inactive. Thus FPV and 3H-sialic acid-SFV must 
be internalized in order to participate in the observed 
reaction and both must be present along the early part 
of the endocytic pathway (Plate 1). 

Publications during the year 
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Synthesized G protein of vesicular stomatitis virus is 
not transported to the Golgi complex in mitotic cells. J. 
Cell BioI. . 101. 2036-2042 

Tooze. J. (1985). Blocked coated pits in AtT20 cells 
result from endocytosis of budding retrovirions . J. Cell 
BioI .. 101. 1713-1723 

Tooze. J. & Tooze. SA (1985). Infection of AtT20 
murine pituitary tumour cells by mouse hepatitis virus 
strain A59: virus budding is restricted to the Golgi 
region . Eur. J. Cell BioI .. 37. 203-212 

Tooze. J .. Tooze. S .. Haisma. H. & Hilgers. J. (1985). 
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by corona virus MHV-A59 infection . Eur. J. Cell BioI .. 
36. 108-115 
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Cyto-toxic T-cells recognize fragments of the influenza 
nucleoprotein. Cell. 42. 457-467 
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tion: ed . Gething. M.-J .. Cold Spring Harbor Laboratory. 
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Determinants for protein insertion into mammalian endoplasmic reticulum 

Scientists: B. Dobberstein, C. Zwleb 

EMBO postdoctoral fellows: M.-T. H!:luptle, E. Scoullca 

External predoctoral fellows: W. Lauer, J. Lipp 

Visiting worker: I. I brahlml* 

Technical assistants: E. Krause*, N. Fllnt*, C. Marshallsay 

Secretory and membrane proteins are inserted into the 
membrane of the endoplasmic reticulum (ER) by a 
receptor-mediated process involving signal-recognition 
particle (SRP) and docking protein (DP). We want to 
define molecular details of this process. 

Structure and function of the signal recognition 
particle (SRP) 

The signal recognition particle is an l1S ribonucleopro-
tein complex composed of one 7Sl RNA molecule of 
about 300 nucleotides and one copy each of six different 
proteins of 72, 68, 54. 19. 14 and 9Kd. The SRP is 
an essential component of the machinery responsible 
for translocating proteins containing a signal sequence 
across the membrane of the rough ER. Ribosome bound 
SRP is able to interact with nascent secretory proteins 
resulting in arrest of chain elongation. Subsequent inter-
action with the docking protein removes the elongation 
arrest and causes SRP release . 

We want to understand the structural and functional 
details of the translational and translocational influence 
of SRP. For these reasons. the secondary structure of 
the 7Sl RNA in the SRP was determined by apply-
ing both a theoretical and an experimental approach. 
First. the compensatory base change approach was 
taken comparing the sequences of human. Drosophila 
and Xenopus 7Sl RNAs. Second. the deduced sec-
ondary structure was confirmed by post-labelling of an 
RNase V1-nicked dog SRP with 32p_pCp and RNA-
ligase and analysis of the interacting RNA fragments 
by non-denaturing/denaturing 2-D polyacrylamide gel 
electrophoresis. We noted that the bases at positions 
122 to 127 of the human 7Sl RNA are not only able 
to pair with bases at positions 167 to 170. but also 
with a "usually" single-stranded region of the bases at 
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positions 223 to 228. su pporting an alternative base 
pairing scheme for the 7Sl RNA in all three organisms. 
Also. a significant sequence homology between 7Sl and 
5S ribosomal RNA was found . suggesting that 5S and 
7Sl RNA interact with a similar ribosomal site. 

Experimental data in support of a dynamic involvement 
of 7Sl RNA in all organisms were collected by investi-
gating different mutant RNAs which were transcribed in 
a Hela cell extract from the human genomic clone. The 
dynamic sequences were identified using one deletion 
and 12 linker insertion mutants. They consisted of the 
bases between positions 98 and 133 as well as 206 
and 251. They are located in the "central T" in the 
secondary structure of the 7Sl RNA and are phyloge-
netically conserved. 

Signals that determine the orientation of proteins 
which span the ER membrane 

Secretory and membrane spanning proteins are inserted 
into the ER membrane by an SRP and DP depen-
dent mechanism (see above). Proteins that span the 
membrane once can expose either the carboxytermi-
nus (type I membrane proteins) or the aminoterminus 
(type II membrane proteins) on the cytoplasmic side 
of the membrane. Type I membrane proteins. such as 
the G-protein of vesicular stomatitis virus and class I 
histocompatibility antigens are synthesized with cleav-
able 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. 



We determined the location of the signal for membrane 
insertion in the human invariant chain (I')') . Complemen-
tary DNA coding for the human I')' chain was inserted 
into the expression plasmid pDS5 behind the strong T5 
promoter. After capping and transcription with E.coli 
polymerase the resulting mRNA was expressed in an 
in vitro translation-membrane translocation system. 
Several deletion derivatives and fusions between parts 
of I')' and the cytoplasmic protein chloramphenicol-
acetyltransferase (CAT) were constructed and tested 
for their ability to insert into the ER membrane. It was 
found that: 

(1) the exoplasmic portion of I')' can be replaced by 
CAT protein without affecting its topology within the 
membrane: 

(2) deletion of the hydrophilic cytoplasmic domain from 
I')' generates a secreted protein from wh ich a signal 
sequence is cleaved during membrane translocation: 

(3) the signal for membrane insertion is located in the 
aminoterminal half of the membrane spanning segment 
of I')': 

(4) the carboxy terminal half of the I')' membrane-
spanning segment is part of a membrane anchor se-
quence. 

We suggest that the topology of type II membrane 
proteins is determined by an overlapping signal and 
membrane anchor sequence . 

Preformed large domains of a secretory and a type 
II membrane protein can be inserted into the ER 
membrane 

Translocation of proteins across the ER membrane has 
been shown to be a cotranslational event. It has been 
unclear how long a polypeptide can be before it looses 
membrane insertion and translocation competence. 

In the wheat germ cell-free system signal recognition 
particle (SRP) has been found to arrest elongation of 
IgG light chain when approximately 70 aa have been 
polymerized (Meyer et al .. 1982). Upon interaction with 
DP. the elongation arrest is released. 

We used this system to express several secretory and 
membrane proteins and to determine the sizes of SRP 
arrested peptides. For some proteins we observed a 
ladder of nascent peptides the size of which increased 
with prolonged time of incubation of the translation 
mixture. Upon addition of rough microsomes. the pep-
tides could be chased into mature proteins sequestered 
in the membrane vesicles. Pre-synthesized polypeptides 
of about 150 amino-acids remained translocation com-
petent. We are currently investigating whether further 
chain elongation is required for the translocation of 
such pre-synthesized domains or whether they can be 
translocated and processed as incomplete chains. 

Membrane insertion of truncated and full-length 
prelysozyme 

The translocation of fragments of prelysozyme lacking 
varying portions of the COOH-terminus of the protein 
was studied in comparison to full-length prelysozyme 
using transcription-coupled capping of RNA and sub-
sequent translation in a wheat germ cell-free systems. 
The fragments were generated by using three different 
methods: (1) Restricting cloned lysozyme cDNA at 
selected sites and run off transcription. (2) Translation 
in the presence of oligonucleotides complementary to 
defined internal mRNA sequences. (3) Introduction of 
early stop codons into the mRNA sequence. 

We found that fragments of 102. 85 and 74 amino-
acid residues could still be translocated by mammalian 
endoplasmic reticulum. Addition of SRP to the cell-
free system blocked the nascent chain synthesis. The 
SRP-depleted membrane by itself could neither process 
nor translocate the pre polypeptide chains. The presence 
of both components was essential for processing and 
membrane translocation. However. when the size of 
the fragments was limited to 60 or 51 amino-acids. 
the translocation and processing failed to take place. 
These results define a minimum length for translocation 
of the nascent polypeptide chains across mammalian 
endoplasmic reticulum. 

Translation arrest by oligodeoxynucleotides com-
plementary to mRNA coding sequences 

To investigate events that occur when a nascent 
polypeptide traverses the membrane an experimental 
system is necessary that blocks polypeptide chain elon-
gation at predetermined sites . 

We investigated the arrest of mRNA translation by 
oligodeoxynucleotides complementary to defined coding 
sequences within a mRNA. An in vitro transcription and 
a wheat germ cell-free translation system were used 
for the synthesis of mRNA and protein. respectively. 
Oligodeoxynucleotides (10-. 15- and 20-mer) arrested 
the polypeptide synthesis in a concentration-dependent 
manner at the site of their hybridization to the mRNA. 
as judged by the size of the translation products. 
A 5-mer oligodeoxyn ucleotide did not prevent synthe-
sis of the full length protein . Ribosomes arrested by 
an oligodeoxynucleotide transiently stacked up on the 
mRNA and eventually disassembled . Upon dissocia-
tion of the ribosomes from the blocked site. nascent 
chains were released as peptidyl-tRNAs which in turn 
became rapidly converted to free polypeptide chains. 
None of these results was affected by the position 
within the reading frame to which the 3'-end of the 
oligodeoxynucleotide hybridized . The general applicabil-
ity of translation arrest by oligodeoxynucleotides could 
be demonstrated for different mRNAs. 
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Translation efficiency of Zein mRNA is reduced 
by hybrid formation between the 5'- and 3'-
untranslated region 

To investigate the role of mRNA structure in the regu-
lation of eukaryotic translation. we used modified Zein 
mRNA in an in vitro transcription-translation system. 
Zein mRNAs have an interesting feature in their 5'-
and 3'-untranslated regions. When folded back. the 
two ends of the transcript have a discrete degree of 
inverted homology which could allow intra- and/or in-
termolecular base pairing. We have shown that in a 
cell-free translation system the translation efficiency 
of Zein mRNA containing inverted repeats in the 5'-
and 3'-untranslated region is reduced. This translation 
block is released after deletion of the 3'-inverted repeat. 
We conclude that the translation block is caused by 
hybrid formation between the two inverted repeats. The 
translation efficiency of Zein mRNAs. is also affected 
by varying the length or the primary structure of the 
5'-untranslated region. The functional significance of 
these inverted homologies is not clear but base pairing 
between 5' and 3' ends of an eukaryotic mRNA molecule 
could regulate translation efficiency. 

Publications during the year 

Burgert. H.G . & Kvist. S. (1985). An adenovirus type 
2 glycoprotein blocks cell surface expression of human 
histocompatibility class I antigens. Cell. 41. 987-997 

Kvist. S .. Arnold. B. & Burgert . H.G. (1985). Cytolytic 
T cells recognize conformational determinants of H-2K 
antigens in influenza A-infected cells. In Cell Biology of 
the Major Histacompatibility Complex: ed. Pernis. B. & 
Vogel. H.J .: Academic Press. Orlando. p. 299-309 

18 
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EMBO J .. 4. 2153-2158 
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variant chain is located on chromosome-18 in the mouse 
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Structure, function and biogenesis of rough endoplasmic reticulum 

Scientist: D. Meyer 

EMBO & EMBL postdoctoral fellows: D. Avossa* (EMBO). J. Rothblatt (EMBL) 

External postdoctoral fellow: C. Crlmaudo 

EMBL predoctoral fellows: M. Hortsch. J . Toyn* 

Visiting worker: J. Paver* 

Technical assistants: J. Crowe*. K. Meese. J. Webb* 

Supernumeraries: K. Alnger*. B. Fennlck* 

The research within this group is focused on the struc-
ture. fu nction and biogenesis of rough endoplasmic 
reticulum (ER). The only clearly defined function of 
rough ER is its participation in the secretory and mem-
brane assembly pathways. As such. it represents the en-
try point for proteins destined to leave the cytoplasmic 
compartment. taking up residence in other membranous 
structures. or in the case of secretory proteins. leaving 
the cell altogether. Described individually below is the 
progress we have made in the past year in three areas 
of concentration: (1) ER structure and function; (2) ER 
biogenesis; and (3) development of a yeast system for 
studying ER in vitro. 

ER structure and function 

Using an in vitro system . whereby nascent secretory 
proteins are translocated across the membrane of rough 
microsomes. we have determined that at least two 
new proteins playa role in the translocation process. 
The first. which is protease sensitive. is involved in 
the binding of ribosomes to the rough endoplasmic 
reticulum. while the second is inactivated by alkylation . 
These two proteins remain to be isolated and the 
function of the second is still unknown. 

We have also defined. more closely. the specific com-
position of rough ER. We now know that rough ER 
contains all of the proteins of smooth ER. and in equal 
proportions. Moreover. rough membranes have their 
own set of rough ER-specific proteins. We believe that 
this class of proteins. including the docking protein and 
the ribophorins. forms the basis of a cohesive protein 
subset involved in protein translocation. Immunochem-

ical and immunocytological studies on these proteins 
indicate that they share common solubilities and may 
be united in an intramembranous network. 

Biogenesis of rough ER 

To determine what attributes of rough ER-specific pro-
teins enable their insertion and retention in rough ER. 
we have begun experiments to express these proteins 
and derivatives of these proteins in vitro and in vivo. 
In order to accomplish this. genes encoding rough 
ER-specific proteins must first be cloned. sequenced 
and characterized . Using the pEX vector system. we 
have cloned. by virtue of their expression and detection 
with monoclonal antibodies. the genes for two rough 
ER-specific proteins. We are currently in the process 
of screening libraries for full-length sequences . These 
proteins will ultimately serve as the focus of studies on 
ER biogenesis. 

Development of an in vitro system derived from 
yeast for studying ER function 

Yeast is a eukaryotic microorganism which has the 
advantage of being relatively easy to manipulate at 
the genetic level. Several laboratories have produced 
mutants which are defective in some aspect of secretion . 
What has been lacking is the ability to ascertain. at 
the biochemical level. the nature of the mutation. For 
this reason it is imperative to have a functional in vitro 
system for studying translocation using components 
derived from wild-type and mutant yeast. 
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We have completed the development of such a system. 
It is composed of a cell-free translation system and 
rough microsomes. both derived from yeast. The ap-
propriate mRNAs are produced by in vitro transcription 
of genes encoding yeast secretory proteins. To date we 
have been able to translocate and glycosylate correctly 
the mating factor a as well as to translocate. process 
and glycosylate the secretory form of yeast invertase. 
We are now in a position not only to analyse secretory 
mutants. but also to begin to characterize the system 
at the biochemical level and to confirm our find ings 
genetically. 
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Molecular mechanisms of protein secretion: role of post-translational modifications 

Scientist: W.B. Huttner* 

EMBL & EMBO postdoctoral fellows : R.W .H. Lee*. P. Rosa* 

External postdoctoral fellow: E. Frlederlch* 

Predoctoral fellows: P.A. B::Iuerle*. U.M. Benedum*. A. Hllle*. U. Seydel* 

We are interested in the molecular mechanisms that 
control the process of protein secretion. In particular. we 
have been investigating post-translational modifications 
as candidates to exert a regulatory role in this process. 
Our work has so far been focused on the sulfation 
of tyrosine residues. a widespread protein modification 
(Huttner. 1982) . Three topics have been studied: (a) 
the physiological target proteins for tyrosine sulfation : 
(b) the subcellular localization and properties of the 
enzyme catalyzing the sulfation reaction: (c) the use 
of gene transfer and site-specific mutagenesis to test a 
possible role of tyrosine sulfation in protein secretion . 

Target proteins for tyrosine sulfation (A. Hille. P.A. 
Bauerle & P. Rosa) 

Our previous suggestion (Hille et at .. 1984) that most 
tyrosine-sulfated proteins are secretory has received fur-
ther support. Recently characterized tyrosine-sulfated 
proteins include entactin (Paulsson et al.. 1985). im-
munoglobulin M (Bauerle & Huttner. 1984) . yolk pro-
teins (Bauerle & Huttner. 1985). secretogranin I and 
secretogranin II (Rosa etat .. 1985a: Rosa etat .. 1985b). 
These proteins. like all other tyrosine-sulfated proteins 
identified so far by us as well as others . are secretory 
(Huttner et at .. 1986). 

The general validity of the hypothesis that secretory 
proteins are the predominant targets for tyrosine sul-
fation was investigated by pulse-chase labelling as well 
as long-term labelling of cells with sulfate. followed by 
subcellular fractionation . Since the enzyme catalyzing 
the sulfation reaction is localized in the Golgi com-
plex (see below). we focused our attention on three 
topological classes of proteins : secretory. membrane 
and lysosomal proteins . Four different cell lines were 
used. two of which possess both regulated and con-
stitutive pathways of protein secretion (PC12. AtT-20) 

and two of which secrete proteins only by constitutive 
pathways (Hep G2. fibroblasts) (see Kelly. 1985) . In 
all four cell lines. the vast majority (more than 90%) 
of the sulfate incorporated onto tyrosyl residues was 
recovered in secretory proteins. At present. it is possible 
that integral membrane proteins account for a small 
percentage (less than 10%) of the cellular protein-bound 
tyrosine sulfate. However. further work will be required 
to clarify this point. In collaboration with K. v. Figura 
of the University of Munster. no significant degree of 
tyrosine sulfation of lysosomal proteins was observed. 
It therefore appears that tyrosine sulfation is indeed a 
modification predominantly of secretory proteins. 

Secretogranins (P. Rosa . A. Hille & U.M. Benedum) 

Secretogranin I and secretogranin II are two tyrosine-
sulfated proteins of 105/113 kd and 84/86 kd. respec-
tively. In collaboration with P. De Camilli. G. Fumagalli 
and A. Zanini of the University of Milan . we have found 
that these two proteins occur specifically in secretory 
granules of a wide variety of endocrine and neuronal 
cells that package and sort peptide hormones and neu-
ropeptides to the regulated pathway of secretion (Rosa 
et at .. 1985a: Rosa et at .. 1985b) . Such a cellular and 
subcellular distribution has also been reported by others 
for chromogranin A (O 'Connor et at .. 1983: Lloyd & Wil-
son . 1983: Cohn et at .. 1984: Somogyi et at .. 1(84). Our 
results now show that secretogranin I. secretogranin 
II and chromogranin A have several key features in 
common. indicating that they are members of one class 
of proteins and likely to exert similar functions (Rosa 
et at .. 1985b). One possible function that we have 
proposed for this protein class is to serve as helper 
proteins in the packaging and sorting of peptides to the 
regulated pathway of secretion . We intend to investigate 
this possibility by using molecular genetics. Towards 
this goal. we have begun to isolate cDNA clones coding 
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for secretogranin I. secretogranin II and chromogranin 
A. In collaboration with J. Mallet from the CNRS in 
Gif-sur-Yvette. we have characterized a bovine adrenal 
medulla eDNA clone that appears to code for chromo-
granin A and seems to be full length since it contains 
a sequence specifying the known aminoterminal protein 
sequence of secreted chromogranin A near its 5' -end. 

Tyrosylprotein sulfotransferase (R.W.H. Lee. P.A. 
Bauerle & U. Seydel) 

We have previously reported on a novel enzyme. 
called tyrosylprotein sulfotransferase (TPST). which 
catalyzes the sulfation of proteins on tyrosine residues 
(Lee & Huttner. 1983) . This enzyme has now been 
characterized (Lee & Huttner. 1985). Subfractionation 
of a bovine adrenal medulla homogenate indicated that 
TPST activity was highest in fractions enriched in Golgi 
membranes. More precisely. TPST is apparently local-
ized in the trans-Golgi network. as concluded from ex-
periments with a hybridoma line secreting immunoglob-
ulin M. the heavy chain of which contains tyrosine 
sulfate as well as N-linked oligosaccharides (Bauerle & 
Huttner. 1984). (1) In pulse-chase experiments. sulfate 
was found to be added to the protein during intracellular 
transport at a similar time as galactose. The earliest 
detectable sulfate-labelled form of immunoglobulin M 
already contains sialic acid. Both galactose and sialic 
acid addition are known to be trans-Golgi reactions. (2) 
At 20°C. tyrosine sulfation of immunoglobulin M still 
occurs but the sulfate-labelled protein does not reach 
the cell surface. Treatment at 20°C has been shown to 
block the exit from the trans-Golgi network of proteins 
that reach the surface by constitutive pathways (see 
report by K. Simons). 

As expected for an enzyme involved in the modifi-
cation of secretory proteins. the catalytic center of 
TPST is oriented towards the lumen of the Golgi. The 
enzyme has been solubilized from Golgi membranes 
in active form and is currently being purified. TPST 
has a pH optimum between 5.3 and 7.0. which fits 
well with the apparent localization of TPST in the 
trans-Golgi network since this compartment is known 
to have a slightly acidic pH. TPST has an apparent 
Km of 5 J.LM for its co-substrate. 3' -phosphoadenosine 
5' -phosphosulfate (PAPS). and has a high affinity for 
appropriate protein substrates (Km 0.3 J.LM). Using 
various synthetic peptides. we could show that simple 
sequences containing only glutamic acid and tyrosine 
are sufficient for sulfation (Lee & Huttner. 1985). This 
not only suggests that acidic determinants are involved 
in the recognition of protein substrates by TPST but 
also is in line with our previous notion (Lee & Huttner. 
1983) that sulfated tyrosine residues in proteins are of-
ten located in the vicinity of acidic amino-acid residues. 

Although TPST is separated from the cytoplasmically 
located sites of protein tyrosine phosphorylation by the 
Golgi membrane. it is interesting to note that TPST and 
certain tyrosylprotein kinases are enzymologically simi-
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lar. Both types of transferases use adenine nucleotides 
as co-substrates. preferentially modify tyrosine residues 
within acidic sequences. and produce structurally simi-
lar derivatives of tyrosine. In a collaborative study with 
S. Courtneidge. we plan to investigate this topic further. 

In our efforts to identify the TPST molecule. we have 
developed a method for the affinity labelling of Golgi 
membrane proteins with radioactive PAPS. An acidic. 
85 kd integral membrane protein was found to be the 
major PAPS binding site in a Golgi-enriched fraction of 
bovine adrenal medulla. The nature of the 85 kd protein 
is currently being investigated. 

Site-directed mutagenesis of secretory proteins as 
an approach to test for a role of tyrosine sulfation 
in protein secretion (E . Friederich & P.A. Bauerle) 

In view of (a) the predominant occurrence of tyrosine 
sulfate in secretory proteins that otherwise differ widely 
in functions and properties. and (b) the localization 
of TPST in the trans-Golgi network which is the key 
compartment for sorting of secretory proteins to the 
various pathways. it seemed conceivable to us that 
tyrosine sulfation may have some role in the intracellular 
transport of secretory proteins (see Huttner et al .. 
1986). We decided to investigate this possibility by 
using molecular genetics. 

The three vitellogenins (yolk proteins) of Drosophila 
melanogaster. the major secretory proteins of female 
flies. were found to be also the major sulfated proteins 
of Drosophila. essentially all the sulfate being linked 
to tyrosine (Bauerle & Huttner. 1985). Vitellogenin 2 
(YP2) contains one mol of tyrosine sulfate per mol of 
polypeptide. We have purified YP2 from sulfate-labelled 
flies and. in collaboration with F. Lottspeich from the 
Max-Planck-Institute for Biochemistry in Martinsried. 
have determined the sequence position of the sulfated 
tyrosine resid ue. which was fou nd to be tyrosine 172 
in virtually all YP2 molecules. We obtained the cloned 
gene for Drosophila YP2 from B. Hovemann from the 
University of Heidelberg. deleted the 5' -flanking region. 
inserted the remaining portion of the gene into the ex-
pression vector pSV2 (in collaboration with H. Garoff). 
and obtained expression of YP2 in Ltk- cells. The 
mouse cells secreted the Drosophila protein constitu-
tively and sulfated it on tyrosine 172. Thus. the stoi-
chiometric sulfation of only one tyrosine residue in YP2 
and the identical sulfation of this protein in insect and 
mammalian cells made tyrosine 172 a worthwhile target 
of oligonucleotide-directed mutagenesis. In collabora-
tion with H.-J. Fritz from the Max-Planck-Institute for 
Biochemistry in Martinsried. tyrosine 172 has been mu-
tated to phenylalanine. We are currently isolating clones 
of Ltk - cells expressing the mutated YP2 in order to 
compare the intracellular transport of this protein. now 
unsulfatable in position 172. with that of the sulfated 
wild-type protein. 
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Immuno-isolation of compartments of the endocytic pathway 

Scientist: K . Howell 

External postdoctoral fellows: H. Bond*. J. Gruenberg. M.L . Scarlno 

Visiting workers : E. Devaney*. S.K. Masur* 

Technical assistants : U. Reuter-Ca rison. A. Scharm 

Supernumerary: H . Horstmann* 

In all cells membrane components. proteins and lipids 
are sorted by vesicular traffic. Our approach to the 
study of membrane traffic is to isolate the compart-
ments involved in sorting for biochemical and cell-free 
functional analysis. Homogenization of the cell causes 
many of the organelles of the cell to break and re-
seal into small vesicles which share the same physical 
properties: size. density and charge which makes them 
difficult to separate by conventional fractionation tech-
niques . In order to isolate these vesicles we have de-
veloped new protocols for fractionation using immuno-
isolation on solid supports (Howell et al.. 1985). Since 
most membrane traffic studies are carried out with 
tissue culture cells. conditions for homogenization of 
cells grown in culture have also been optimized. 

Our two important collaborations in the development of 
the magnetic immuno-isolation system have continued 
and major advances have been made. The Ansorge 
group has automated the magnetic isolation chamber 
with a micro-processor. so experiments are carried out 
under reproducable conditions. Ugelstad and Bj¢rgum 
(University of Trondheim. Norway) have designed and 
produced a series of magnetic core and non-magnetic 
shell particles to which the antibodies are covalently 
coupled in response to our requirements. The use of 
the new shell and core magnetic particles in the fully 
automated chamber results in a more efficient isolation 
because the aggregation of the particles within the 
magnetic field is eliminated. reducing the contamination 
significantly. 

In order to provide a unique antigen which can be 
introduced and directed to a precise stage of the endo-
somal pathway and subsequently used for its immuno-
isolation. we have designed a new approach (Gruenberg 
& Howell. 1985a). The membrane-spanning G protein 
of vesicular stomatitis virus (VSV) is implanted into 
the plasma membrane of baby hamster kidney (BHK) 
cells at low pH in its native trans-bilayer conformation 
(Gruenberg & Howell . 1985b). The exoplasmic epitope 
of the G protein exposed on the cell surface is used 
as antigen for the plasma membrane immuno-isolation. 
When cells with implanted G are incubated at 20°C for 
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2 hrs (or 3JOC for 20 min). the implanted G protein 
essentially clears the cell surface and is internalized in 
endosomes (Plate 2). This G-containing compartment 
meets other criteria used to define the endosome (Marsh 
et al .. 1985) . The internalized G protein colocalizes with 
a fluid phase marker (HRP) in morphological and in 
fractionation studies and is intact. i.e. it has not yet 
reached a compartment where degradation occurs. The 
cytoplasmic domain of G. exposed on the surface of 
the endosomal elements. is used as antigen for their 
immuno-isolation (Plate 3). The yield from the total 
homogenate is 10-20% for both fractions (using general 
markers) and the enrichment approximately 15-fold over 
controls. For biochemical characterization the iodinated 
protein pattern of both fractions was obtained after in 
situ iodination. There are three major iodinated pop-
ulations : proteins common to both compartments. en-
riched in either the plasma membrane or the endosomal 
fractions. A candidate for a unique endosomal protein 
is a 220Kd protein. which was also apparent in the 
experiments of Watts (1984). All proteins iodinated at 
the cell surface could be internalized and recovered in 
the endosomal fraction (Gruenberg & Howell. 1986) . 

A functional characterization was carried out with the 
immuno-isolated endosomal fraction by reconstitution 
of fusion events in a cell-free assay. We took advantage 
of the assay developed by Balch et al. (1984) and re-
cently applied to the endosomal pathway by Davey et al. 
(1985) . Our advantage is that this fraction (acceptor) 
is immobilized on a solid support via the cytoplasmic 
domain of G (antigen) and successive rounds of retrival 
are possible during the assay to remove the fraction 
from various reaction mixtures. First. the acceptor is 
mixed with a post-nuclear supernatant prepared from 
cells with lactoperoxidase (LPO) loaded endosomes 
(donor) at 37°C for 45 min in the presence of an ATP 
regenerating system . Fusion is monitored by iodination 
of the G which is exposed on the luminal surface of the 
endosomal membrane (acceptor vesicle) with the LPO 
delivered by the donor vesicles. The fusion process is 
blocked at 4°C. Reconstitution occurs only with endo-
somal membranes: no fusion was detected when the 
plasma membrane fraction was used as the acceptor. 



PLATE 2 

Morphology of the endocytlc pathway In BHK cells. 
Colocallzatlon of G-proteln (gold label) which Is used as 
the antigen for the Immuno-Isolatlon of the endosomal 
compartment and HRP (dense reaction product) a fluid 
phase marker. Immuno-gold labelling of the Implanted 
G protein was carried out at the cell surface at 4°C 
before Internalization which was at 37°C for 20 min, 
In the presence of 10mg/ml H RP. After fixation of the 
cells the HRP was revealed histochemically and the cells 
were processed for electron microscopy. Occasionally, 

Intact viral particles can stili be detected despite the 
experimental conditions (large arrow); they are labelled 
over their entire surface. Note both the gold label and 
the HRP reaction product are present In large vesicular 
elements (large arrow head) and small tubular elements 
(small arrow head). A large multlveslcular body, possibly 
a lysosome, contains neither label (small arrow) and the 
plasma membrane Is cleared Indicating that most of the 
G protein has been Internalized. 
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PLATE 3 

A collace of the Immuno-Isolated endosomal fraction 
from an experiment similar to that described In Plate 2 
(without the cold-labelllnc). The fraction was Isolated 
uslnc 3 J-L macnetlc beads of Ucelstad with a sheep 
antibody raised acalnst the Fe portion of mouse leG 
covalently bound to the surface to which monoclonal 
antibody raised acalnst the cytoplasmic domain of the 
G-proteln (Thomas Kreis) was bound , formlnc the com -
pleted Immuno-absorbant . After Isolation , the fraction 

O:Sl1m 
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was fixed, the HRP revealed and fraction bound to the 
macnetlc bead was processed for electron microscopy. 
The averace diameter of the HRP positive Immuno-
Isolation vesicles Is 0 .1 to 0 .3 J-Lm, which Is the same 
size ranee as many of the tubular endosomal elements. 
The larce vesicular endosomal elements veslcularlze dur-
Inc homocenlzatlon, so we would not expect to Isolate 
vesicles that larce. 



With manipulation of the antigen internalization con-
ditions with time. temperature and drugs. we will be 
able to obtain defined sub-compartments of the endoso-
mal pathway. Using these immuno-isolated fractions we 
will investigate this pathway by combined biochemical 
analysis and cell-free reconstitution studies . For these 
studies defined fractions immobilized on a solid support 
provide a great advantage allowing quick and controlled 
reconstitution with the potential donor fraction. 

To provide additional endogenous markers to map the 
endosomal pathway. we have characterized two recep-
tor/ligand couples which travel the endocytotic route in 
a rat hepatocyte cell line. Fao . established by Deschar-
rette & Weiss (1971) . Transferrin/transferrin receptor 
and lipoprotein/lipoprotein receptors are being studied 
using both radiolabelled ligands and specific antibod-
ies com plexed to colloid al gold. These probes pro-
vide a means to quantitate binding and internalization 
and provide a morphological marker. The lipoproteins 
(LDL and HDL) are particularly advantageous ligands 
for these experiments because of the recent evidence 
that these particles are modified within the endosomal 
compartments (Schmitz et al .. 1985). Definitions of 
both the modification and the stage of the endosomal 
compartment in which the modification occurs are of 
great interest not only because they provide markers to 
dissect the endosomal pathway but especially because 
this brings new information on endosomal fu nction. 
(This work is in collaboration with A.H. Dressel of the 
University of Heidelberg). 

As a next step isolation of the respective endosomal ele-
ments will be carried out using a combination of density 
modification techniques and free-flow electrophoresis . 

We have concentrated on the characterization and isola-
tion of compartments of the endosomal pathway using 
different approaches. We have developed the tools to in-
vestigate the interactions between defined stages along 
the endocytic route using cell-free reconstitution. 

In a quite different project. we have studied the modu-
lation of lipoprotein synthesis and secretion in the same 
cultured rat hepatocyte line. Fao cells grown in normal 
media (5% fretal calf serum) synthesize and secrete 
lipoproteins in two major density classes: 1.02-1.10 
and 1.18-1.22 g/ml. The apo-proteins and lipids of the 
secreted lipoproteins are qualitatively the same as in 
rat serum. but quantitatively considerably different. e.g. 
up to 95% of the apo-protein can be apoE. ApoA-1 is 
synthesized in relatively minor amounts <5%. in all the 
lipoprotein density classes. When the lipid composition 
of the medium is varied (normal . lipid depleted and 
lipid supplemented) the amount of apoE synthesized 
and secreted remains constant (15% of the total protein 
secreted and equal in amount to albumin) . In contrast 
apoB synthesis is modulated over 600 fold (0 .01 and 
6.2 fold the normal amount in the lipid depleted and 
supplemeted conditions. respectively) . ApoB associates 

with triglycerides and cholesterol esters increasing the 
amount of low density particles formed. Variation in the 
apoA-1 concentration is in the same direction . ApoA-1 
synthesis is 0.75 and 2.6 fold the normal amount in 
the lipid depleted and supplemented conditions. respec-
tively. We have shown that variation of the lipid com-
position of the growth media significantly modulates 
both the amount and the composition of the lipoprotein 
particles formed . The Fao cell is an excellent experimen-
tal system to investigate the regulation of lipoprotein 
synthesis by the hepatocyte . 
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Interaction of cytolytic proteins with biological membranes 

Scientist: K.K . Stanley 

EMBL postdoctoral fellow: H. Haymerle 

External postdoctoral fellows: D. Maldonado*. D . Marazlttl*. Y. Worku* 

Vlsltlno workers: J.-A . H:iffllnoer*. J. Herz*. D. Jenne*. T. Schulz* 

Technical assistant: J. Dickson 

The insertion of complement component C9 into bi-
ological membranes provides an unusual example of 
the interaction of a protein with a lipid bilayer. C9 is 
synthesized as a globular protein in the liver and is 
secreted into the blood plasma. During this process it 
must pass through the membranes of the endoplasmic 
reticulum and cannot therefore contain any consecutive 
stretches of hydrophobic amino-acids characteristic of 
spanning integral membrane proteins. This is borne out 
by examination of the amino-acid sequence of C9. In the 
presence of membranes containing a complex of com-
plement components C5b through C8. C9 undergoes a 
conformational change and inserts into the lipid bilayer. 
During this process parts of the molecule are exposed 
which interact directly with lipid molecules in the mem-
brane. and polymerization occurs to form a cylindrical 
transmembrane channel through which small molecules 
can diffuse. Although C5b-8 is itself integrated into the 
membrane. and causes a slow leak of small molecules 
from a target cell. addition of C9 amplifies this leak 
and is required for the formation of a stable pore. No 
insertion of C9 occurs into membranes without C5b-8. 
so in this sense the C5b-8 complex acts as a receptor 
for C9 insertion. We have continued studies aimed at 
a molecular understanding of this insertion process 
using a combined recombinant DNA and immunological 
approach. In addition we have commenced a new project 
studying the complement S-protein which can interact 
with terminal complement complexes rendering them 
non-cytolytic. 

A molecular mechanism for the insertion of C9 

From the cDNA-derived amino-acid sequence of C9 and 
published experimental data we have inferred a possible 
domain structure for the membrane-inserted form of C9 
(Plate 4). This is based on a computer-aided prediction 
of both secondary structure and positional information 

28 

(Stanley et at .. 1986) (i.e. location within a hydrophobic 
or aqueous environment). No hydrophobic elements of 
secondary structure were found in this study (with the 
exception of the leader peptide) but several amphipathic 
structures in the central part of the molecule could form 
an aqueous channel through the membrane in poly-
merized C9. We have attributed a cysteine connectivity 
similar to that found in the toxin-agglutinin fold (Drenth 
et at .. 1980) to the regions bearing homology to the low 
density lipid (LDL) receptor and urokinase. and have 
drawn arbitrary disulphide bonds in the remaining re-
gions to create four extracellular domains . This model is 
in accord with negative-stained images of poly-C9. The 
relatively large number of transmembrane segments is 
necessary to create a sufficiently large pore (10nm inter-
nal diameter). and the transmembrane segments shown 
agree with labelling studies using membrane-restricted 
photoaffinity probes (Amiguet et at .. 1985). Preliminary 
analysis of genomic C9 clones suggest that introns 
occur in several of the loops connecting these trans-
membrane segments as is frequently found in integral 
membrane proteins (Argos & Rao. 1985). 

During the year we have refined methods to analyse 
epitopes of proteins using rapid recombinant DNA tech-
niques. In essence these involve the construction of 
libraries containing random fragments of cDNA in the 
bacterial expression vector pEX which may then be 
screened using monoclonal and polyclonal antibodies. 
This method provides a rapid identification of over-
lapping or identical epitopes (Plate 5) and. following 
sequencing of individual immunepositive clones. allows 
a short region coding for the epitope to be deter-
mined. Since all these epitopes must be exposed on 
the surface of the molecule the approximate topology 
of the protein can be inferred. Of particular interest are 
those antibodies which can inhibit C9 function. either 
by inhibiting polymerization or by inhibiting the flux of 
small molecules through the membrane channel. 
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PLATE 4 

A speculative domain map of complement component 
C9 based on computer-aided prediction of the secondary 
structure, positional Information, homology with the 
LDL receptor and urokinase, electron micrographs and 
biochemical data . CHO: N-linked ollgosaccharldes. 

PLATE 5 

Binding of 5 monoclonal antibodies (b-f) to 45 clones 
containing C9 cDNA fragments which were Immunepos-
Itlve with a polyclonal antibody (a). The epltopes of 
antibodies (b) and (c) are Indistinguishable, those of (d) 
and (e) overlapping and that of (1) totally distinct . In 
addition the polyclonal antiserum contains antibodies not 
represented among this panel of monoclonal antibodies. 
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Most interesting is the antibody M34 which can inhibit 
polymerization from the cytoplasmic side of a target 
membrane but has its epitope in the aminoterminal 
portion of C9 that lies on the extracellular side of the 
membrane in the computer model shown in Plate 4. 
This suggests that C9 inserts into target membranes 
in its monomeric globular form with the aminoterminal 
portion exposed to the cytoplasm and then unfolds 
in the membrane thereby moving this epitope to the 
extracytoplasmic surface. 

We have reconstituted a complete C9 cDNA down-
stream of the SP6 promoter and have succeeded in 
translating the C9 mRNA produced in vitro. It is hoped 
that site-directed mutagenesis in this system will allow 
the areas required for polymerization of C9 to be refined 
down to individual amino-acid residues. 

Structure and function of S-protein 

S-protein is an abundant plasma protein which forms 
stable complexes with terminal complement complexes 
and with thrombin-antithrombin-III. We have cloned 
the cDNA coding for this protein from a human liver 
cDNA library in pEX using monoclonal antibodies raised 
against S-protein dissociated from SC5b-9 complexes . 
The nucleotide sequence of this S-protein cDNA differs 
at only 7 positions from the cDNA sequence of vit-
ronectin (also called serum spreading protein) showing 
that the two proteins are identical. In addition to having 
binding sites for terminal complement and coagulation 
complexes the protein therefore also contains sites for 
a specific cell surface receptor and heparin. Indeed it is 
possible that S-protein interacts with both complement 
complexes and thrombin-antithrombin-III either directly 
via heparin or via heparin-like sites on the molecules. 
Using the sensitive protein comparison methods of Pat 
Argos (see page 138) we were able to show a homology 
between S-protein and the haem-scavenging plasma 
protein. haemopexin. Both proteins show a 10-repeat 
structure with a similar consensus sequence. They also 
both suffer a conformational change to reveal a binding 
site. for a cell surface receptor in the case of haemopexin 
and for heparin-like molecules in the case of S-protein. 
These sim ilarities and the fact that both the terminal 
complement complexes and thrombin-antithrombin-III 
are inactive or are rendered inactive by S-protein binding 
suggest that S-protein could function as a scavenging 
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molecule clearing spent complexes of the complement 
and coagulation pathways from the circulation. We have 
accordingly suggested the name "heparopexin" for the 
protein to signify its gene family (pexin) and its principle 
ligand (heparin-like molecules). 
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Role of cytoskeletal components in intracellular transport 

Scientist: T.E . Kreis 

EMBL postdoctoral fellow : w.e. Ho* 

External postdoctoral fellow : V.J . Allan* 

EMBL predoctoral fellow: R . Matteonl 

Technical assistant : J.A. Wellsteed 

The network of cytoskeletal filaments is intimately in-
volved in establishing polarity within the cytoplasm. and 
the microtubules (MT) in particular can provide tracks 
for various forms of intracellular transport (Solomon. 
1982; Schliwa. 1984). Bidirectional transport of vesic-
ular organelles along individual MT has been demon-
strated in different cell types (for a review see Schroer 
& Kelly. 1985) . Recently. one of the motor proteins 
involved in translocation of organelles along MT was 
identified in squid axons using an in vitro reconstitution 
system (Vale et al .. 1985). 

Our major goal is to visualize vesicular transport along 
MT in vitro as well as in vivo within mammalian tissue 
culture cells and to characterize the cytoskeletal compo-
nents involved. both in the translocation of well-defined 
carrier vesicles and in providing the framework for posi-
tioning of the membrane compartments associated with 
these processes . We have continued to use the trans-
membrane glycoprotein of vesicular stomatitis virus 
(VSV-G) as a model to follow movement of intracellular 
membranes. 

Transport of VSV-G to the plasma membrane 

Newly-synthesized VSV-G is transported. probably by 
carrier vesicles . from the rough endoplasmic reticulum 
(RER) to the Golgi complex and from there on to the 
plasma membrane. On its journey to the cell surface. the 
29 amino-acid long carboxy terminal tail of VSV-G is ex-
posed to the cytoplasm (Rose & Gallione. 1981). Since 
only this domain of the protein can interact directly 
with cytoplasmic components. we have raised poly-
clonal (aP4). as well as monoclonal (P5D4) antibodies 
against synthetic peptides of parts of this domain in 
order to analyze its role in the transport process (Kreis. 
1986). In collaboration with Dr. H.F. Lodish (Whitehead 
Institute for Biomedical Research. Cambridge. Mass .. 

USA) we have shown that microinjected monoclonal 
anti peptide antibodies induced aggregation of VSV-G 
into intracellular patches and blocked delivery of VSV-G 
to the plasma membrane. We proposed that patching of 
VSV-G by P5D4 in recipient cells is a consequence of 
oligomerization of VSV-G in a post-RER compartment 
(Kreis & Lodish. 1986) . This postulated oligomerization 
of VSV-G was corroborated by chemical cross-linking. 

Microinjected Fab-fragments of the polyclonal anti pep-
tide antibodies (aP4-Fabs) also interfered with trans-
port of VSV-G to the plasma membrane (Kreis. 1986). 
Whether this interference in the transport of VSV-G 
was due to an inhibition of oligomerization of VSV-G 
by bound aP4-Fabs. or was due to a lack of interaction 
of the VSV-G-aP4-Fabs complex with a cytoplasmic 
receptor component. involved in transport of VSV-G to 
the plasma membrane. remains to be established. 

In vivo visualization of transport of VSV-G 

In contrast to the polyclonal Fab-fragments. the mon-
oclonal Fab-fragments had no effect upon transport 
of VSV-G to the plasma membrane (Kreis. 1986). 
Microinjected rhodamine-conjugated Fab-fragments of 
P5D4 (rh-P5D4-Fabs) thus allowed us to visualize in 
vivo by video-intensified fluorescence microscopy the 
Golgi apparatus as well as Golgi-derived carrier vesicles 
containing VSV-G . We are particularly interested in the 
final delivery of VSV-G from the trans-Golgi network. 
where VSV-G can be blocked at 20°C (Matlin & Si-
mons. 1983). to the plasma membrane. This last step 
of the transport can be polarized . since VSV-G appears 
first at the cell surface at the leading edge of motile 
cells (ct. Bergmann et al .. 1983). We have succeeded 
in labelling the microtubules within tissue culture cells 
by microinjection of microtubule proteins derivatized 
with fluorescein (Kreis et al.. 1982; Scherson et al .. 
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1984). Thus. we can compare simultaneously the tracks 
of vesicles carrying VSV-G to the leading edge of the 
plasma membrane with the microtubule network. We are 
testing the effect of various antibodies directed against 
microtubule-associated proteins (MAPs) on delivery of 
VSV-G to the cell surface. 

In a second approach. in collaboration with Jean 
Davoust (Physical Instrumentation). we are investigat-
ing the mobility of VSV-G (labelled by microinjected 
rh-P5D4-Fabs) within the compartments that VSV-G 
meets on its path to the plasma membrane using fringe 
pattern fl uorescence photobleaching. 

Interaction of the Goigi apparatus with micro-
tubules 

Monoclonal antibodies were raised against neuronal 
MAPs and screened by immunofluorescence on non-
neuronal tissue culture cells. One of them (3A5). which 
reacted with MAP-2 from brain. also recognized an 
antigen within a variety of non-neuronal cells which 
was localized to the area of the Golgi apparatus (cf. 
Plate 6). This antigen with an apparent molecular 
weight of 110.000 is present on the cytoplasmic side of 
partially purified rat liver Golgi (Allan & Kreis. 1986). 
Purification of this protein should allow us to raise 
polyclonal antibodies and to establish further the nature 
of interaction of this protein with the Golgi-membrane. 
as well as its affinity towards microtubules. 
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PLATE 6 

A MAP-2-specific monoclonal antibody (3A5) also rec-
ognizes an antigen in the area of the Golgi apparatus of 
non-neuronal tissue culture cells. Double immunofluo-
rescent labelling of Vero cells shows that (a) 3A5 stain-
ing coincides with the pattern obtained with (b) anti-

galactosyltransferase antibodies (obtained from Dr. E. 
Berger). a markerforthe trans-Golgi cisternae. 3A5 also 
labels a population of vesicles in the cytoplasm which 
do not contain galactosyltransferase . Scale bar = 10 
jLm. 
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PLATE 7 

The centrosome cycle and the cell cycle In mammalian 
cells (from ref.12). The large, black rectangles represent 
parent centrioles from which daughter centrioles grow at 
right angle during the S-G2 phase of the cell cyle. 

PLATE 8 

A centriole pair purified from human KE37 lymphoid cells 
(Bornens et al., In preparation). The two cylinders are 
held together by a fibrogranular material. 
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Control of the spatial organization of microtubules in metazoan cells 

ScIentIst: E. Karsentl* 

EMBL postdoctoral fellow: M.-C. Dabauvalle* 

VIsItIng worker: M. Doree* 

TechnIcal assIstant: S. Farukl* 

The exact function of microtubules is ill-defined. They 
are present in a highly stable form in cilia and flagella 
and play a role in the structure and the dynamics 
of these organelles. In the cytoplasm of growing and 
dividing cells. microtubules are much less stable. During 
interphase. they form a complex network usually but not 
always originating at the centrosome (Karsenti et al .. 
1984a). They seem to playa role in the establishment 
of cell polarity and in the movement and spatial dis-
tribution of the organelles in the cytoplasm. When the 
cell enters mitosis. the interphase network disappears 
and the mitotic spindle forms. The well-recognized func-
tion of this mitotic apparatus is to segregate equally 
and without failure 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 intracellular movements . 
In turn. the spatial organisation of microtubules in 
the cell is determined by various internal and external 
signals (Olmsted et al .. 1984). Our goal is to study 
the structures and molecules that. in response to such 
signals. affect globally or locally microtubule stability. 
dynamics and organization in the cell. The observation 
and experimental manipulation of microtubule networks 
in interphase and mitotic metazoan cells as well as in 
protozoa strongly suggest that the spatial organization 
of a given microtubule array is determined by two 
factors: (1) the number. location and activity of micro-
tubule organizing centres (MTOCS); (2) the conditions 
prevailing in the cytoplasm for microtubule elongation 
or stability. 

Microtubule organizing centres 

The shape of MTOCS varies considerably from one 
organism to the other. ranging from rods (diatoms) or 
cones (sporozoon or nothing (higher plants) 
to the complex centrosome of metazoan cells (Born ens 
& Karsenti. 1984). All these MTOCS share the follow-

ing characteristics: (i) they nucleate microtubules; (ii) 
their number per cell is tightly regulated (usually one); 
(iii) they duplicate at each cell cycle. usually during 
S phase; (iv) they function in interphase and mitosis. 
but are always present at the poles of the mitotic 
spindle where they seem to be involved in establishing 
its functional bipolarity. The MTOC of metazoan cells 
(the centrosome). is a small. spherical organelle. about 
0.5 J.Lm in diameter. It is composed of two centrioles. 
organized at right angles to each other in mitosis and 
more or less at random during interphase (Alvey. 1985) 
(Plate 7). Each centriole is a cylinder composed of 9 
microtubule triplets. 0.2 J.Lm in diameter and 0.4 J.Lm in 
length. These structures are surrounded by a "cloud" 
of amorphous. fibrogranular material (Plate 8). Several 
questions have been raised about this organelle that 
have remained unanswered. What controls the number 
of centrosomes per cell? What is the signal for their 
duplication? How do they duplicate? What is the re-
spective role of centrioles and pericentriolar material 
in this duplication? Finally what is the actual function 
of the centrioles and centrosomes in metazoan cells 
altogether? 

Our lack of knowledge about centrosomes is directly 
related to their small size and number per cell. Recently. 
however. a method for the isolation of centrosomes from 
chinese hamster ovary cells has been published (Mitchi-
son & Kirschner. 1984). We have improved this method 
to allow the isolation. in relatively large amounts. of 
reasonably pure centrosomes from a human lymphoid 
cell line (Bornens et al .. in preparation). The group of 
M. Bornens in France has raised several monoclonal 
antibodies against the purified centrosomes . They are 
currently being characterized. 

The mechanism of centrosome duplication can be ap-
proached using Xenopus eggs as a biological model. The 
unfertilized Xenopus egg which is arrested at the second 
meiotic metaphase lacks a functional centrosome. The 

35 



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 blocks necessary for 
spindle formation and cleavage have been synthesized 
during oogenesis . Unfertilized eggs pricked with a fine 
glass needle will resume meiosis and proceed through 5 
to 8 cycles of DNA replication without cleaving because 
of the lack of a centrosome. However. if purified centro-
somes are injected into unfertilized eggs. the cell cycle 
starts (because of the pricking). the eggs cleave and a 
true parthenogenesis occurs: swimming tapoles are pro-
duced that contain only the maternal genome (Karsenti 
et al. . 1984b) . This means that almost all the compo-
nents necessary for centrosome formation. activity and 
duplication are stored in the egg. except a "seed" that 
is provided by the sperm centriole or in parthenogenesis 
experiments by the injected purified centrosomes. It 
should be possible. therefore. to fractionate purified 
centrosomes and to use parthenogenesis in Xenopus. 
as an assay to identify the fraction containing the seed 
which is involved in centrosome morphogenesis and du-
plication. The various monoclonal antibodies prepared 
against centrosomes could also be used to block the 
parthenogenetic activity of native centrioles or of the 
active fractions . The relationship between the material 
necessary to centrosome duplication and microtubule 
nucleating activity will also be studied. 

Cytoplasmic factors involved in the control of mi-
crotubule polymerization 

It is now clear that the stability and dynamics of 
microtubules varies a great deal during the cell cycle. 
In mitosis. cytoplasmic microtubules disappear and the 
microtubules of the mitotic spindle exchange their sub-
units with the soluble pool of tubulin at a much higher 
rate than for interphasic microtubules . 

This interphase-metaphase conversion of microtubule 
dynamics and organization is but one example among 
all the changes which occur when a cell enters mitosis. 
Indeed. the induction of mitosis is believed to be due 
to the pleiotropic action of mitotic factors (MPF) . It is 
most likely that the changes that occur in the dynamics 
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and organization of microtubules when the cell enters 
metaphase are due to post-translational modifications 
of factors that can interact with tubulin or microtubules. 
Although microtubule associated proteins have been 
purified from brain tissues. very little is known about 
the molecules involved in the control of microtubule 
dynamics during the cell cycle. Difficulties in this field 
have come from the lack of an easy source of material 
from cells arrested in interphase and mitosis and the 
lack of an adequate assay that could mimic in vivo 
conditions . Again. the frog egg is an attractive system 
to approach this problem. It is a large cell (1 mm in 
diameter) that is available arrested in metaphase as 
well as in 5 phase in large quantities. It is possible to 
prepare concentrated cell free extracts from these eggs 
that closely mimic the in vivo conditions. For example. 
interphase nuclei incubated in extracts prepared from 
5 phase arrested eggs will swell but remain intact 
and replicate their DNA. On the other hand. the same 
nuclei incubated into extracts prepared from metaphase 
arrested eggs will progressively break down their nuclear 
envelopes. condense their chromosomes and form a 
mitotic spindle. We will use this system to characterize 
and purify interphase and mitotic factors involved in 
the control of microtubule assembly in interphase and 
mitotic cytoplasms. 
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Pathways of intracellular membrane traffic 

Scientist: G. Griffiths 

External postdoctoral fellow: E. Hughson 

Visiting workers: A. Aplano*, A. Baars*, U. D'Agostlnl*, V. Frledrlch*, A. Hekmat*, K.P. Zimmer* 

Technical aSSistant: Ruth Back 

Newly synthesized plasma membrane, secretory and 
lysosomal proteins pass through the Golgi stack and 
are sorted into different pathways, depending on the 
intended destinations. The current interest of our group 
is in elucidating the pathways by which these different 
classes of proteins reach their targets. Critical to these 
studies is the use of the cryosection technique for 
localizing antigens at relatively high resolution in intra-
and extracellular locations. 

Our main publication in 1985 described a study of 
baby hamster kidney (BHK) cells done in conjunction 
with Kai Simons, Steve Pfeiffer & Karl Matlin. This 
work showed that an extensive tubular structure on 
the trans-side of the Golgi stack is the last Golgi 
compartment . from which newly synthesized plasma 
membrane proteins exit, as vesicles, to the plasma 
membrane (Griffiths et al .. 1985). This compartment 
corresponding to the trans-Golgi network (TGN) re-
acts cytochemically for acid phosphatase and is the 
only compartment of the Golgi complex which appears 
to contain membrane-bound c1athrin . Our data argue, 
however, that c1athrin-coated vesicles are not involved 
in the transport of newly synthesized plasma membrane 
proteins from the endoplasmic reticulum to the plasma 
membrane. Our results have been complemented by two 
recent studies (Geuze et al., 1985: Roth et al .. 1985) 
that indicate first that newly synthesized lysosomal 
proteins may also exit from the TGN and, second, 
that galactosyl and sialyl transferases are localized in 
the same structure. We are now proposing (Griffiths & 
Simons, in preparation) that the TGN is the structure 
which physically sorts different classes of proteins into 
separate vesicles which are then targeted to different 
destinations. 

Elaine Hughson has been developing methods to study 
the TGN in polarized Madin-Darby canine kidney 
(MOCK) cells grown on filters. These are technically 
much more difficult to use than non-polar cells but the 
major problems appear now to have been overcome . 

We are trying to test the hypothesis that, in MOCK 
cells, membrane proteins destined for the two different 
plasma membrane domains will be sorted into different 
vesicles in the TGN . 

Our projects are always collaborative in that we rely 
upon other groups to carry out the complementary 
biochemical studies. Among the collaborations we have 
carried out in 1985 the following are most prominent: 

We have localized the docking protein to the rough -
but not smooth - endoplasmic reticulum (ER) in rat 
liver - in conjunction with Michael Hortsch and David 
Meyer. This study was completed in 1985 (Hortsch et 
aI., 1985). 

Two interrelated projects have dealt with the problem of 
how lysosomal proteins are targeted to Iysosomes. The 
first involves the pathway(s) by which the mannose-6-
phosphate receptor for lysosomal proteins directs its lig-
ands to Iysosomes . In addition to the well-characterized 
215Kd receptor, we have also been involved in localizing 
a second 46Kd protein, which appears to have the 
same function. The results of these studies, done in 
collaboration with Stuart Kornfeld's group at St. Louis, 
are still not conclusive. The second part of the lyso-
some biogenesis study deals with antibodies against 
lysosomal membrane proteins made by Ira Mellman 
and Ari Helenius at Yale University. This project has 
been done with the help of Klaus-Peter Zimmer, a 
visiting scientist who will shortly leave for Yale. These 
antigens are clearly specific for lysosomal membranes, 
but label also the plasma membrane and, probably, 
endosomes as well. Experiments are now in progress to 
use endocytosed markers under conditions in which the 
endosome to lysosome step is blocked (20°e) in order 
to distinguish between the two compartments which are 
morphologically very similar. Using these markers we 
can then ask what proportion of the antigen is present 
in the various compartments . 
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In a collaborative effort with Mark Marsh (Chester 
Beatty Institute. London) we have estimated the sur-
face area and volume of the endosome and lysosome 
compartments of BHK cells by stereological methods. 
When BHK cells are allowed to endocytose horseradish 
peroxidase (HRP) for periods ranging from 30 sec to 90 
min the size of the endocytic compartment. defined by 
HRP cytochemistry. increases in size as expected. but 
reaches a plateau within two minutes. The size of the 
HRP positive compartment then stays constant until 
25-45 min when it approximately doubles in volume. 
The later increase is due to the HRP now entering 
Iysosomes. 

Future studies on all these interrelated projects will 
rely heavily on double-labelling experiments where the 
location of the antigen of interest will be correlated to 
endocytic compartments (defined by endocytosed lig-
ands. such as Semliki Forest virus) or exocytic markers 
(such as VSV-G protein). 
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Differentiation Programme 

Introduction 

With its 9 independent groups working in related areas. 
the Programme has now reached the critical mass 
that is necessary to stay in front of a rapidly moving 
and highly competitive field. A central unifying theme 
is the function of oncogenes during growth control. 
differentiation and development. A large number of the 
30 or 40 oncogenes described to date are now known 
to play an important role during growth regulation . 
either at the cell surface (growth factors/receptors) 
or intracellularly (signal transducing proteins. nuclear 
proteins) . 

Various aspects of normal and neoplastic growth regu-
lation are being studied in different cell systems. Two 

groups are interested in how nuclear oncogenes are 
activated by seru m factors and how these genes are 
regulated . Other groups are interested in the basis of 
tissue specificity of retroviruses. both with regard to the 
viral regulatory sequences (L TRs) as well as to particu-
lar oncogenes that appear to transform haematopoietic 
cells in a lineage-specific manner. New areas in the 
Programme include the function of the ras protoonco-
genes in yeast and the regulation of the c-src product in 
eukaryotic cells. Finally. another group takes advantage 
of retroviruses as vectors to introduce eukaryotic genes 
into haematopoietic stem cells and germ cells of mice. 
as markers to study development. 
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Viral oncogenes and haematopoietic cell differentiation 

Scientists : T. Graf. H. Beuc. P. Kahn 

EMBL postdoctoral fellOW : M. Zenke* 

External postdoctoral fellow: I. Stanley* 

EMBL predoctoral fellow: U . Fuhrmann* 

External predoctoral fellow: K . Damm 

Student: A. Leutz 

Vlsltlnc workers: D . Encel*. T. Takemorl*. N. Iscove*. I. Lax* 

Technical assistants: G. Doderleln. S. Grieser. C. Walter-Moller 

Supernumerary: C. Brady 

The main interest of our laboratory is to investigate 
how retroviral oncogenes affect the control of prolifera-
tion and differentiation in avian haematopoietic cells . 
In 1985 . we have focused on (1) the elucidation of 
how tyrosine kinase oncogenes (v-erbB. v-sea) and 
non-kinase oncogenes (v-Ha-ras) transform erythroid 
cells: (2) the use of tem perature-sensitive (ts) viral 
oncogene mutants as tools to study specific questions 
in haematopoietic differentiation : and (3) how onco-
genes cooperate in haematopoietic cell transformation. 
using naturally occurring avian retroviruses that contain 
two oncogenes . Progress in these areas is summarized 
below. 

Functional analysis of v-erbB gene products 

The v-erbB gene of avian erythroblastosis virus (AEV) 
encodes a truncated and mutated version of the receptor 
for epidermal growth factor (EGF) . The v-erbB product 
lacks both the extracellular. EGF binding domain . and 
part of the intracellular. C-terminal domain (Downward 
et al .. 1984). In collaboration with Bjorn Vennstrom. 
Michael Hayman. and Yossi Schlessinger. we have be-
gun to characterize mutant erbB proteins that carry 
ts-Iesions or are impaired in their ability to transform 
erythroblasts and/or fibroblasts (see also the report of 
Bjorn Vennstrom) . Using ts mutants of v-erbB. the 
lesion in which abolished processing of endoplasmic 
reticulum precursors of erbB into the mature plasma 
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membrane forms. we could show. that the same ts-
lesion did not affect autophosphorylation on tyrosine 
of erbB precursors in vitro (Kris et al .. 1985). This 
indicates that tyrosine kinase activity is not a sufficient 
prerequisite for transformation unless the erbB protein 
is also localized at the plasma membrane (Hayman et 
al .. 1986). 

Further work revealed that deletion of 104 C-terminal 
amino-acids from the v-erbB protein does not impair 
its fibroblast- transforming potential but eliminates its 
ability to transform erythroid cells . In contrast. an anal-
ysis of newly isolated c-erbB -transducing retroviruses 
(see also Bjorn Vennstrom's report) suggests that they 
are capable of transforming erythroid cells but are es-
sentially nontransforming in fibroblasts. Interestingly. 
these viruses encode an erbB oncogene product that 
resembles the normal EGF receptor in that only the 
plasma membrane form but not the precursor becomes 
autophosphorylated on tyrosine (Hayman et al .. 1986: 
Lax et al .. 1985). These results indicate that specific 
domains within the v-erbB protein are responsible for 
the fibroblast- and erythroblast-transforming ability of 
the molecule. 

Characterization of the gene product of a new avian 
tyrosine kinase oncogene, v-sea 

The S13 virus resembles AEV in that it causes sarco-



mas. anemia and erythroblastosis in chicks. and in that 
it transforms erythroid cells and fibroblasts in vitro . 
In collaboration with M. Hayman and P. Vogt we have 
now found that it contains a new oncogene termed 
v-sea (Beug et al .. 1985a). The v-sea gene product 
(gp155) was found to be a fusion protein between the 
external and transmembrane domain of the viral env 
gene product pr92env and about 50-55 kilodaltons of 
protein encoded by v-sea. Gp155 is processed into the 
mature envelope protein gp85 and a gp70 molecule that 
has an associated tyrosine kinase activity (Hayman et 
al .. 1985b). 

Transformation of erythroid cells by a chicken 
retrovirus construct containing v-Ha-ras 

The v-Ha-ras oncogene induces sarcomas and ery-
throleukemia in mice. transforms fibroblasts in vitro 
and is able to induce the generation of aberrant ery-
throid colonies from mouse bone marrow. To test 
the effect of this important oncogene in the avian 
haematopoietic system we constructed (in collaboration 
with Bjorn Vennstrom) a recombinant avian retrovirus 
(Cll) containing v-Ha-ras. This virus predominantly 
induces sarcomas and kidney tumours when injected 
into newborn chicks. In vitro it transforms chicken 
fibroblasts and in addition induces the outgrowth of 
transformed. erythropoietin-independent erythroblasts 
from infected bone marrow. These results establish that 
an oncogene other than those encoding tyrosine kinases 
can transform erythroid cells and that oncogenes may 
exert different effects in mammalian and avian cells. 

Identification and characterization of developmen-
tally regulated cell surface glycoproteins 

In collaboration with J. Schmidt and M. Hayman we 
have isolated a panel of 9 monoclonal antibodies ob-
tained after immunization with tsAEV erythroblasts. 
These antibodies detect cell surface antigens expressed 
on normal erythroid cells at different stages of ma-
turity. Using these antibodies we have characterized 
five distinct integral plasma membrane glycoproteins 
that are down-regulated during erythroid differentiation. 
Cell surface expression of these glycoproteins followed 
a similar time course during normal and temperature-
induced erythroid differentiation of viral ts erbE5 or ts-
sea- transformed erythroblasts (Schmidt et al .. 1986a). 
A similarity between normal and temperature-induced 
differentiation could also be demonstrated by analyzing 
protein composition on two-dimensional gels (Adkins 
et al .. 1985a). One glycoprotein (gp90 JS -3) that is 
specific for normal reticulocytes is expressed in im-
mature erythroblasts transformed with tyrosine-kinase 
oncogenes. but not in cells transformed by v-Ha-ras 
(Schmidt et al .. 1986a). suggesting that transformed 
erythroid cells can exhibit transformation-specific phe-
notypes in which lineage-specific antigens are expressed 
in an aberrant fashion. Two of the antigens studied are 
expressed in the primitive but not in the definitive series 

of embryonic erythrocytes. providing useful markers to 
distinguish these two red cell lineages (Schmidt et a!.. 
1986b) . 

Role of the transferrin cycle during erythroid differ-
entiation 

In collaboration with J. Schmidt and M. Hayman we 
have used a monoclonal antibody (JS 8) directed 
against the avian transferrin receptor (Schmidt et al .. 
1985) to study the role of transferrin-mediated iron 
uptake during terminal erythroid differentiation. JS 8-
antibody does not interfere with transferrin-binding or 
internalization. but was found to block recycling of the 
apotransferrin-receptor complex to the plasma mem-
brane. probably by directing the antibody-crosslinked 
receptors to the lysosome. This effect of JS 8 re-
sults in reduction of the iron uptake rate of erythrob-
lasts to about 20% of their normal level. Interestingly. 
JS 8 completely blocked both spontaneous as well 
as temperature-induced terminal differentiation of ts-
erbB or ts-sea -transformed erythroblasts. In contrast. 
JS 8 did not block their proliferation at the permis-
sive temperature. nor did it affect the proliferation of 
other haematopoietic cells including v-mye-transformed 
macrophages. which are known to express high levels 
of transferrin receptor. The inhibition of differentiation 
caused by the JS 8 antibody could be abolished using 
iron-chelating organic compounds which allow rapid iron 
uptake by reticulocytes in the absence of a functional 
transferrin cycle (Ponka et a!.. 1984). On the other 
hand. inhibitors of ALA-dehydratase. the second en-
zyme in porphyrin biosynthesis . resembled JS 8 in that 
they inhibited erythroid differentiation but not cell pro-
liferation. This suggests that expression of erythrocyte 
proteins during terminal differentiation is subject to 
feedback control. for instance to an inhibition of biosyn-
thesis caused by insufficient haemin levels (Schmidt et 
al .. 1986c). 

Reversibility of terminal differentiation in myeloid 
cells infected by a ts mutant of E26 virus 

Myelomonocytic precursors transformed with ts mu-
tants of the myb/ets-containing avian leukemia virus 
E26 terminally differentiate into macrophage-like cells 
following shift to the non permissive temperature (Beug 
et al .. 1984) . As the cells differentiate they become 
unresponsive to chicken myelomonocytic growth factor 
(cMGF) (Leutz et al .. 1984) and stop dividing. Reacti-
vation of the myb/ets encoded protein p135 by reverse 
shift induces a gradual transformation ("retrodifferen-
tiation") into proliferating cells resembling myelomono-
cytic precursors. The time required for complete retro-
differentiation depends on the degree of maturity ac-
quired by the temperature-induced cells. that is. the 
more mature the cells are. the more time is required. 
Studies using specific inhibitors of DNA synthesis in-
dicate that in this system retrodifferentiation. but not 
differentiation. is dependent on DNA synthesis. 
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PLATE 9 

EfFects on erythroid cell proliferation of viral constructs 
containing v-erbA and v-erbB oncogenes. Straight ar-
rows: differentiation; curved arrows: self-renewal. 
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PLATE 10 

EfFects of viral oncogenes on haematopoletlc cells of 
the erythroid (E) and myeloid (M) lineages. The scheme 
represents an oversimplification of the actual data. Solid 
arrows: Induction of self-renewa l by primary oncogenes. 
Open arrows: efFects of auxiliary oncogenes. 
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Oncogene cooperativity in erythroid cells: erbA as 
an inhibitor of erythroid differentiation 

All oncogenes that transform erythroid cells do so by 
inducing self-renewal in erythroid precursors without 
impairing their ability to differentiate spontaneously. 
Neither proliferation nor differentiation of these cells re-
quires exogenous erythropoietin (Frykberg et al .. 1983: 
Kahn eta!.. 1984: Beug etal .. 1985b.c).ln contrast. the 
v-erbA oncogene. which is present in the ES4 strain of 
AEV as a second oncogene. by itself does not induce tu-
mours in chicks. nor does it transform fibroblasts or ery-
throid cells in vitro (Frykberg et al .. 1983). Our studies 
have shown. however. that it specifically blocks spon-
taneous differentiation in erythroblasts transformed by 
oncogenes as diverse as v-erbB. v-sea. v-sre. v-fps and 
v-Ha-ras (Kahn et al .. 1986a). In addition. it alters 
their pH and ionic strength requirements (Kahn et 
al .. 1986b). Finally. v-erbA is capable of blocking (at 
least partially) the erythropoietin-dependent terminal 
differentiation at 42° of erythroblasts transformed by 
ts v-erbB or ts v-sea (Kahn et al .. 1986a). 

Another effect of erbA in erythroid transformation is 
its capacity to restore the erythroblast transforming 
ability of a mutant v-erbB gene. In these studies. 
we used a mutant of AEV-ES4 (td359) that carries 
deletions in both erbA and erbB and is defective for 
erythroblast transformation. but capable of fibroblast 
transformation in vitro and in vivo. By passage through 
chickens a revertant (termed r12) was isolated that 
regained the ability to cause leukemia and to transform 
erythroid cells in vitro. Restriction enzyme analysis of 
cloned td359 and r12 viruses (in collaboration with 
Bjorn Vennstrom) showed that both viruses encode 
an erbB product with a (-terminal deletion of about 
100 (-terminal amino-acids. In an attempt to map the 
regions in td359 and r12 which account for their bio-
logical differences. recombinant viruses containing the 
td. wt and r12 erbA and erbB oncogenes in all possible 
combinations were constructed. These constructs were 
tested for their erythroid transforming potential and the 
following results. summarized in Plate 9. were obtained: 
(1) The erbA gene of td359 is biologically inactive: (2) 
The erbB genes of both td359 and r12 are defective 
for erythroblast transformation: (3) The wt erbA gene 
partially restores the erythroblast transforming capacity 
of td359 and r12 erbB: (4) r12 erbA behaves like 
a "su per erbA" gene in that it blocks differentiation 
more efficiently than does wt erbA and thus completely 
compensates the defect in td- and r12 erbB. 

Oncogene cooperativity in myeloid cells 

Myeloid cells transformed by v-mye- and v-myb-
containing avian retroviruses are dependent on cMGF 
for survival and proliferation (Leutz et al .. 1984). Several 
tyrosine kinase oncogenes are able to render these cells 
factor independent by inducing production of cMGF. 
which then stimulates them to grow in an autocrine 
fashion (Adkins et al .. 1985b). A natural example of 

this type of oncogene cooperativity is represented by the 
avian leukemia virus MH2 that transforms macrophages 
(see also report of 1984). This virus contains a serine 
kinase oncogene. v-mil. in addition to v-mye. The 
analysis of a series of deletion mutants showed that 
v-mil induces cMGF-production and factor independent 
growth via an autocrine mechanism. The two onco-
genes also appear to cooperate in vivo: MH2 virus 
containing both oncogenes induces a high incidence of 
myeloid leukemia as well as monocytic liver tumours 
and kidney tumours at a lower incidence . In contrast. 
a mutant containing only v-mye predominantly induces 
kidney tumours. while a mutant containing v-mil only 
is non-oncogenic (Graf et a!.. 1986). These results 
suggest that the induction of factor independence and 
autocrine growth mechanisms play an important role in 
the generation of haematopoietic neoplasms. 

Recent work has shown that a viral construct containing 
the v-Ha-ras gene is likewise able to induce factor 
independence as well as cMGF induction in v-mye-
transformed macrophages. This extends the group of 
oncogenes capable of inducing cMGF production in 
myeloid cells to a non-kinase oncogene and raises the 
possibility that the cooperativity between mye and ras 
genes is relevant not only for the formation of sarcomas 
(as shown previously by Weinberg's laboratory) but also 
for the development of myeloid leukemias. 

Implications of oncogene cooperativity in haema-
topoietic cells for the concept of lineage specificity 

One major attraction of studying oncogene-containing 
avian retroviruses that transform haematopoietic cells 
is their apparent lineage specificity: v-erbB induces 
erythroid cells to proliferate whereas v-mye and v-myb 
affect myeloid cells. The pattern emerging from our 
more recent studies is. however. more complex in that 
oncogenes can have proliferation-inducing effects in one 
cell type and more subtle effects in another. 

As schematically illustrated in Plate 10. a group of 
oncogenes. including those encoding tyrosine kinases. 
a serine kinase and a GTP-binding protein. transform 
erythroid cells by inducing them to self-renew in an 
erythropoietin-independent fashion. The same onco-
genes are unable to induce proliferation in myeloid cells. 
but can induce their autocrine growth and enhanced 
tumourigenicity if they are pre-transformed by a sec-
ond group of oncogenes. v-myb and v-mye. Another 
example of lineage-specific cooperativity is provided by 
the erbA oncogene. which cannot transform erythroid 
cells on its own but which can block the differentiation 
of erythroid cells transformed by oncogenes of the 
first group. These results suggest that an oncogene 
can affect different pathways of growth control and/or 
differentiation depending on the cell type in which it is 
expressed. 
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Function of cellular oncogenes 
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Student: M. Neuberg 

Technical assistants: J. Defesche, D. MUlier 
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The long-term aim of our studies is to understand 
the role of the c-{os proto-oncogene in normal cellular 
processes (such as growth control and differentiation), 
the role of its retroviral homologues in neoplastic trans-
formation, the regulation of c-{os expression and the 
function of the {os gene products at the molecular level. 
Towards this goal we have undertaken a comprehensive 
study of c-{os expression in different cell types and tis-
sues in various conditions, and have started to identify 
sequence elements that are involved in the regulation of 
transcription. The results of these studies are described 
in detail below. In addition, we have generated the 
reagents needed for future studies, including bacterially 
synthesized {os fusion proteins, {os-specific antibodies, 
a large panel of {os gene constructs with defined struc-
tural alterations, and cell lines suitable for the isolation 
of large amounts of c-{os protein. These reagents will 
be used to address the following questions: What is 
the nature and role of post-translational modifications 
in c-{os protein? With which cellular molecules (e.g. 
proteins, DNA) does c-{os protein interact and what is 
the mechanism and role of such interactions? How are 
the biological properties of c-{os affected by structural 
alterations with respect to its differentiation-promoting 
potential and its growth-inducing, transforming and 
"immortalizing" properties (see last year's Annual Re-
port) ? 

Expression of the c-{os gene: The role of external 
signals 

The c-{os proto-oncogene shows a complex pattern of 
tissue-, cell type- and stage-specific expression . During 
normal development of the mouse, the highest levels 
of c-{os expression occur in the late-gestation extraem-
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bryonal membranes surrounding the fretus (amnion and 
yolk sacs), in the mid-gestation freta I liver and, after 
birth, in whole bone marrow. All these tissues and 
cell types express c-{os at high levels in the normal 
environment of the organism. Other cells and tissues, 
in contrast, show only very low c-{os expression un-
der the same conditions. In such cells, however, c-{os 
expression is inducible. When, for example, quiescent 
(seru m-deprived) mouse fi broblasts, which contain only 
minute amounts of c-{os mRNA, are stimulated with 
fretal calf serum or peptide growth factors, a dramatic, 
transient increase in c-{os expression is observed (see 
last year's Annual Report). 

The observation that c-{os transcription is inducible in 
cells where it is normally very low led us to investigate 
whether c-{os expression may generally be regulated by 
external signals. Ifthis notion is correct , then expression 
of c-{os should be dependent on certain factors also in 
those cells where it is very high under normal conditions 
in vivo, for example in macrophages and amnion cells. In 
both cases, we were indeed able to show that c-{os ex-
pression is regulated by specific factors in the medium: 
the presence of colony-stimulating factor-i (CSF-i) is 
required for a high c-{os expression in macrophages, and 
so far unidentified factor(s) derived from the placenta 
or the embryo are needed to maintain the expression 
of c-{os in primary cultures of amnion cells at high 
levels. In addition, in both cases, c-{os expression in 
factor-deprived cells is reinducible by stimulation with 
the respective factor(s). Interestingly, the induction ki-
netics are different in growth factor-stimulated fibrob-
lasts and CSF-i-stimulated macrophages, suggesting 
different functions of c-{os in different cell types. It 
has recently been shown that c-{os expression in mast 
cells, another haematopoietic cell type, is regulated by 



interleukin-3. closely resembling the regulation of c-fos 
expression by CSF-l in macrophages (J .F. Conscience. 
personal communication). Finally. we found a rapid 
induction of c-fos after stimulation of macrophages 
with lipopolysaccharides. These results strongly sug-
gest that in most cell types. and perhaps generally. 
expression of the c-fos gene is regulated by external sig-
nals. However. a transient factor-independent induction 
of c-fos as an intrinsic part of the genetic programme 
in specific cellular processes (e.g .. at a specific stage 
in a differentiation lineage) cannot be excluded at this 
point. 

c-fos and growth control (collaboration with R. Bravo 
& J . Burckhardt) 

One of the earliest known changes in gene expression 
following stimulation of quiescent fibroblasts (NIH3T3 
cells. Balblc 3T3 cells. 208F rat fibroblasts. mouse 
embryo fibroblasts) by peptide growth factors is the 
transient induction of the c-fos proto-oncogene. pre-
ceding the accumulation of c-myc mRNA (see last 
year's Annual Report). This observation has led to the 
hypothesis that the c-fos gene product may play an 
important role in the control of cell proliferation . Such 
a function could be associated with signal transduction 
occurring during the normal cell cycle (for instance 
in the early G1 phase) or. alternatively. being found. 
in special conditions. such as the transition from the 
quiescent (Go) state to the G1 phase. 

Recent analyses in our and R. Bravo's laboratory 
have shown that c-fos mRNA levels are extremely low 
throughout the cell cycle in NIH3T3 cells. suggesting 
that a high expression of c-fos is not required for 
the continuous cycling of the cells. A role for c-fos 
in the normal proliferation on NIH3T3 cells. however. 
cannot be completely ruled out. since c-fos expression in 
growing cells is slightly elevated compared to quiescent 
cells. However. these observations are in accord with the 
conclusion that the dramatic induction of c-fos protein 
by peptide growth factors may be associated with a 
function that is not part of the normal cell cycle. 

It has been shown that growth factors can act as 
either "competence factors" or "progression factors". 
If fibroblasts are exposed to a competence factor (e.g .. 
platelet-derived growth factor. PDGF) for a short time. 
the cells become "competent" for growth in that upon 
subsequent treatment with a progression factor (e.g .. 
platelet-poor plasma. PPP) they proceed through G1 
and reach the S-phase. Treatment of non-competent 
cells with PPP alone has no detectable effect on the 
growth state of the cells. We have obtained several lines 
of evidence suggesting a role for the c-fos gene product 
in competence induction in fibroblasts. First. c-fos is 
specifically induced by competence factors. not by the 
progression factors in PPP. Second. mouse fibroblasts 
can be made competent not only by treatment with 
certain peptide growth factors. but also by wounding a 
confluent monolayer of cells. We were able to show that 

scratching a line into a confluent monolayer of NIH3T3 
cells is rapidly followed by the transient induction of 
c-fos protein specifically in cells lining the wound. Third. 
the induction of competence is possible at different 
stages of the cell cycle. Accordingly. we fou nd that c-fos 
is inducible throughout the cell cycle. On the other hand. 
NIH3T3 cells transformed by fos oncogenes are not able 
to grow in PPP. showing that they are not competent. 
Therefore. if the hypothesis that c-fos plays a role in the 
induction of competence in fibroblasts is correct. then 
c-fos must act in concert with other gene products. 
It has previously been shown that c-myc induces a 
competence-like state in fibroblasts. but the cells do 
not become fully independent of competence factors 
for growth. It is therefore possible that c-fos and c-myc 
cooperate in the induction of competence (perhaps with 
other members of the "fos-family" such as r-fos. or with 
other gene products induced by growth factors). thus 
contributing to the movement of quiescent cells from 
Go to G1 . 

Regulation of c-fos expression (collaboration with M. 
Renz) 

To identify regulatory mechanisms that playa role in 
the induction of c-fos by growth factors in fibroblasts 
three types of analysis have been used: (i) mapping of 
DNase I: hypersensitive sites; (ii) nucleotide sequence 
analysis of the 5'-flanking region; and (iii) analysis of 
the expression and inducibility of structurally altered or 
chimaeric c-fos genes introduced into NIH3T3 cells . 

One approach to identify sequence elements that may 
be implicated in transcriptional control mechanisms 
is to screen for nuclease-hypersensitive sites in the 
chromatin encompassing the gene to be investigated. 
DNase I-hypersensitive sites are generally found within 
the 1000 bp flanking the 5'-end of genes that are tran-
scriptionally active or are inducible but developmentally 
or hormonally controlled genes often display complex 
patterns of nuclease-hypersensitive sites. Our analyses 
revealed the presence of three DNase I hypersensitive 
sites clustering arou nd the 5' terminus ofthe c-fos gene. 
one site around position +700 in the c-fos gene. and 
one site -1700 bp upstream from the 5' cap site. In 
contrast to the DNase I hypersensitive sites around 
positions -1700 bp. -290 bp and +700 bp. no distinct 
sites were detectable at positions +10 and +240 after 
10-15 min of serum stimulation. These results suggest 
that the DNase I hypersensitivity of the site at positon 
+10 changes after serum stimulation. perhaps due to 
the binding of proteins involved in gene transcription . 
It cannot be resolved at this point whether the site at 
position +240 also changes after growth factor stimu-
lation. or whether it is not visible due to the broadening 
of the site at position +10. The nuclease-hypersensitive 
sites at positions +10 and +240 seem to reappear at 
later times after serum stimulation. i.e .. when transcrip-
tion is shut-off. This observation is intriguing since it 
strongly suggests an involvement of these regions in the 
mechanism of gene induction by growth factors. 
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The other nuclease-hypersensitive sites found approxi-
mately at positions -1700. -290 and +700 bp may also 
represent regions involved in regulation of transcription. 
e.g .. by providing binding sites for regulatory proteins . 
This hypothesis is lent support by the results of the 
nucleotide sequence analysis: (i) When the 5' flanking 
sequences of the mouse and human c-fos gene were 
compared. a marked homology was detected particularly 
in the region between positions -270 and -423 bp 
homology). containing an uninterrupted 51 bp stretch 
of complete homology (between position -270 and -230 
bp). This pronounced sequence homology between the 
mouse and human sequences suggests an important. 
probably regulatory function for these regions flanking 
the c-fos gene. (ii) When the c-fos flanking region was 
compared with other published nucleotide sequences. 
an enhancer-like structure in the 51 bp region of unin-
terrupted homology was detected. The DNAse I hyper-
sensitive site at position -290 apparently falls into this 
region and could therefore represent a binding site for a 
protein interaction with the putative enhancer sequence. 

Additional evidence for the existence of an enhancer 
in the 5' flanking region of the human c-fos gene was 
obtained by the analysis of c-fos constructs containing 
deletions in that region . Upon transfection of such 
deletion constructs into NIH3T3 cells it was found that 
a region between n ucleotides -350 and -95 is req uired 
for the regulated expression of the exogenous c-fos 
gene. closely resembling induction of the endogenous 
c-fos gene by growth factors. In contrast. chimaeric 
genes consisting of the c-fos 5' flanking region and the 
bacterial chloramphenicol acetyl transferase gene were 
expressed at high levels even in unstimulated. quiescent 
cells . These findings suggest the presence of negative 
control elements in the c-fos gene . A candidate may 
be a sequence element in the 3' untranslated region of 
c-foswhich inhibits constitutive fosexpression and thus 
the transformation of fibroblasts (Miller et al.. 1984). 
This region possibly affects RNA stability or translation 
rather than gene transcription. so that possible other 
sequences in the c-fos gene playa role in regulation of 
transcription. Such sites may be associated with the 
other DNase I hypersensitive sites. in particular the 
growth factor-responsive nuclease-hypersensitive region 
in the vicinity of the cap site. However. additional 
data are required to understand the apparently complex 
network of transcriptional and post- transcriptional reg-
ulatory mechanism controlling c-fos expression . 

In a recent study. Treisman (1985) has shown that the 
region between nucleotides -332 and -276 displays some 
properties of a transcriptional enhancer. It is functional 
in both orientations. but works much less efficiently 
when placed 3' to the gene . 
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Transforming capacities of leukaemia inducing retroviral oncogenes 

Scientist: B. 

EMBO postdoctoral fellows : G. BradY*. K. Khazale* 

EMBL predoctoral fellows: J . Sap*. F . v. Welzs:icker 

Visiting workers: L. Frykberg*. M. Jansson*. V. Lhotak* 

Technical assistants: K. Nordstrom. C. Raynoschek* 

We have analyzed the structure and transforming prop-
erties of avian retroviral oncogenes and mutants thereof 
with the aim to identify domains critical for cell lineage 
specificity of transformation . We have mainly concen-
trated our efforts on the separate activities of the v-erbA 
and v-erbB oncogenes of avian erythroblastosis virus 
(AEV). a virus which transforms chicken fibroblasts and 
erythroblasts. We have also begun to analyze the fused 
myb-ets oncogene of the E26 virus. which transforms 
immature cells of both myeloid and erythroid lineages . 

The erb oncogene 

We have recently biologically cloned several new erbB-
transducing avian retroviruses in order to correlate the 
structures of their erb oncogenes with their oncogenic 
potentials. One group of viruses failed to transform 
fibroblasts but not erythroblasts. whereas another set of 
viruses transformed both types of target cells. Molec-
ular cloning and nucleotide sequence analysis of their 
erbB oncogenes is in progress in order to determine 
those domains of erbB that confer erythroblast-specific 
transformation. Interestingly. several of these viruses 
prod uce novel gag-erbB hybrid proteins. This project 
has- been done in collaboration with Hartmut Beug. 

We have also constructed a series of 3'-terminal deletion 
mutants in the v-erb gene of our prototype erbA-erbB 
containing AEV virus. The purpose has been to de-
fine the functions of the 500nt long domain of v-erbB 
present after its tyrosine kinase homologous region. 
Biological analyses have revealed that a 48aa deletion 
is compatible with transformation of both target cells. 
whereas deletion of an additional 35aa (dI83) abolishes 
the erythroblast transformation capacity. In addition. 

the dl48 mutant fails to arrest completely the differen-
tiation of the transformed erythroblasts to erythrocytes. 
Finally. deletion of additional amino-acids abolished cell 
transforming capacity and rendered the truncated erbB 
proteins unstable . 

Taken together. the data suggest that a primary func-
tion of the carboxy terminal domain of v-erbB is involved 
to stabilize the protein. However. the fact that longer 
forms of the erbB protein are required for erythroblast 
transformation indicates that fibroblasts and erythrob-
lasts respond in possibly different ways to the mitogenic 
signals from v-erbB. 

The viral erbA gene. although non-transforming by 
itself. cooperates with other oncogenes in transfor-
mation of erythroblasts by inducing a complete block 
of erythroid cell transformation and by enabling the 
transformed cells to grow in standard tissue culture 
media (Frykberg et al .. 1983: Kahn et al .. 1986) . To 
see if v-erbB exerts any cooperative effects in trans-
formation of fibroblasts. we tested the transforming 
capacities of the AEV erbB deletion mutants dl48 and 
dl83 in the presence and absence of v-erbA. In the 
absence of v-erbA their transforming efficiencies drop 
five-fold on fibroblasts. A careful analysis of fibroblast 
transformation parameters revealed that in contrast 
to the corresponding v-erbA/v-erbB cells. the v-erbA-. 
v-erbBdl83 cells exhibited normal actin filaments and 
fibronection networks. although they showed elevated 
hexose transport and formed foci. The results indicate 
that v-erbA cooperates with v-erbB also in transforma-
tion of fibroblast transformation. This effect is readily 
detectable only in cells transformed by mutant v-erbB 
genes. The two projects involving erbB deletion mutants 
have been done in collaboration with Hartmut Beug. 
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The myb-ets hybrid oncogene of the E26 virus has 
a dual haemopoietic target cell specificity. in contrast 
to the myb gene of avian myeloblastosis virus. which 
transforms only myeloblasts. To gain further informa-
tion on the functions of the myb-ets oncogene. we have 
started to characterize a mutant of E26 temperature-
sensitive for transformation of myeloid cells. Molecular 
cloning and so far partial nucleotide sequence analysis 
suggest that the ts lesion is located in the myb domain. 

Mutant E26 genomes with deletion in either the myb 
or ets oncogenes have been made. and a biological 
analysis of their capacities to transform erythroblasts 
and myeloblasts is in progress . 

We have also inserted the ts myb-ets oncogene into 
a mammalian retrovirus vector. We intend to use this 
virus for developing an in vitro differentiation system 
for rodent primary myeloid precursor cells. Such a sys-
tem could facilitate identification of factors determining 
differentiation of mature myeloid cells with specific 
functions. 

Other collaborative projects 

Several other projects have been pursued together with 
members of the Beug and Graf groups (see Beug. p. 
40). We are also collaborating with Mike Hayman. Stony 
Brook. N.Y .. on projects concerning kinase activities of 
mutant v-erbB proteins. 
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l.-G. Larsson & Kenneth Nilsson . Dept. of Pathol-
ogy. Uppsala University are collaborating with us for 
determining whether constitutive expressed myc genes 
inhibit terminal differentiation of human haemopoietic 
cells. 

Mart Ustav and Ulf Petterson. Dept. of Medical Ge-
netics. Uppsala. collaborate with us in the construction 
and biological analysis of murine retroviruses carrying 
transforming genes from bovine papilloma virus (BPY) . 
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Gene regulation in mammalian development and differentiation 

Scientists : E.F. Wagner. C.L. Stewart 

EMBO postdoctoral fellow: U. RUther 

External postdoctoral fellow: L. Wllllams* 

EMBL predoctoral fellow: C. Boulter 

Visiting worker: S.M. SChUtze* 

Technical ,assistants: C. Garber*. M. Vanek 

The aim of the group is to analyze gene control mech-
anisms operating in stem cell differentiation and in 
mammalian development. For these studies the method 
of gene transfer is used as the experimental tool in three 
developmental systems. In one system. transgenic mice 
are produced by introducing recombinant genes such 
as proto-oncogenes into the germ line of mice by mi-
croinjection of cloned DNA into fertilized eggs or by in-
fection of early embryos with recombinant retroviruses . 
A second approach uses embryonic stem cells either 
derived from teratocarcinomas (EC) or directly from 
embryos (ES) which can be transfected with recom-
binant DNA or infected with retroviruses . Genetically 
altered stem cells can then be introduced into mouse 
embryos for analyzing gene expression in vivo. The 
third system uses the well-characterized haematopoi-
etic cells for differentiation studies and again exploits 
retroviruses 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 role of proto-oncogenes and homeotic genes 
in mammalian differentiation and development and to 
study the genetic control of malignancy through the use 
of viral and cellular oncogenes. 

Production of transgenic mice by DNA-injection 
into the zygote 

Recombinant DNA can be stably introduced into the 
germ line of mice by microinjection into the pronucleus 
of the fertilized egg. We want to use this approach 
to study the function of the proto-oncogene c-fos in 
vivo and to investigate DNA elements responsible for 
liver-specific gene expression. 

Four different c-fos constructs (containing the inducible 
human metallothionein promoter. MT-c-fos) . which 
had previously been tested for their differentiation-
promoting potential in teratocarcinoma cells (Ruther 
et al .. 1985). were injected into fertilized mouse eggs. 
We have obtained 18 independent transgenic mouse 
lines carrying different copy numbers of exogenous c-fos 
genes in their germ line. Some of these mouse lines have 
already been analyzed for exogenous c-fos expression in 
several tissues and surprisingly the expected expression 
pattern was not observed. Further analysis of additional 
mouse lines is in progress as well as the production of 
new transgenic animals carrying the c-fos gene linked to 
constitutive promoter elements such as the thymidine 
kinase or H-2 promoter. In addition. these transgenic 
mouse lines are being bred for homozygosity of the 
transgene to screen for possible insertional mutants . 

Recently. we have started to analyze two liver-specific 
genes for cell-type specific expression in transgenic 
mice. Several mouse lines carrying the rat tyrosine 
aminotransferase (TAT) gene and one line with the 
human a1-acid glycoprotein (AGP) gene have been 
produced and these are now being analyzed for devel-
opmentally regulated and cell-type specific gene expres-
sion . The future goal of these studies. which are carried 
out in collaboration with G. Schutz and R. Cortese is 
to investigate the DNA elements responsible for the 
regulated expression. 

Retroviral vectors and the infection of teratocarci-
noma cells 

During 1985 we have continued to develop retroviral 
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vectors for the efficient introduction and expression 
of selectable and nonselectable genes in various stem 
cell systems and mice . Retroviruses infect a wide va-
riety of cells but the expression of retroviral genomes 
after infection of early embryonic cells is usually re-
stricted. Three types of selectable retroviral vectors 
were designed to express foreign genes such as viral 
and cellular oncogenes : a prototype vector expresses the 
foreign gene from the viral regulatory elements (Wagner 
et at.. 1985c). These viruses are however inefficient 
when tested on teratocarcinoma cells . To express genes 
in embryonic cells efficiently. vectors have been con-
structed with internal promoters. where the expression 
is independent of the viral L TR (Wagner et al .. 1985a) . 
These vectors carrying various transforming genes such 
as v-fos. v-src or v-abl together with a selectable neo 
gene were converted into infectious helper-free viruses 
and are now being used to infect teratocarcinoma cells 
and embryos. 

The third class of vectors. designed to study expression 
of tissue-specific genes or inducible promoters inde-
pendent of the viral promoter and enhancer elements. 
are the so-called self-inactivating (SIN) vectors. This 
project is performed with E. Gilboa from Princeton . In 
principle these vectors carry a deleted 3' L TR (without 
enhancer and promoter) . which is duplicated to the 

A 

5' L TR upon reverse transcription. Thus expression 
of any gene has to occur from the internal promoters 
(see Plate 11). SIN vectors carrying a selectable gene 
with its own promoter (e.g . TK-neo) and in addition 
an inducible gene (e.g. MT-c-fos. MT-CAT. MT-E1a: 
see Plate 11) were constructed. Upon transfection into 
a packaging cell line. viruses were collected which were 
used to infect target cells. In the majority of the infected 
cells. the presence of two deleted L TRs was verified by 
DNA analysis and no L TR transcription was found by 
Northern analysis. Presently these SIN viruses are being 
analyzed in appropriate tissue culture cells with respect 
to expression of the inserted genets) and their biological 
consequences and they may be used for studies with 
embryos and bone marrow cells. 

Studies using mouse embryonic stem cells 

We have continued our investigations into the use of 
embryonic stem cells as an alternative route for in-
troducing new genetic information into mice. We are 
also exploiting this system to study growth control and 
differentiation in early embryos where the unique ability 
of these cells to be sh uttled from an in vitro to an in vivo 
environment and vice versa provides us with a useful 
approach to study such questions. 
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PLATE 11 

Schematic description of self-inactivating (SIN) 
retrovlral vectors. 
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We have recently shown (Stewart et al .. 1985) that 
clones of EC or ES cells can be selected in vitro 
to carry and express genes introduced by retroviral 
vectors. These clones were able to form viable chi-
maeras where the expression of the introduced genes 
was maintained in the adult tissues (Plate 12). Further-
more. the differentiated derivatives of the stem cells 
could be isolated from adult tissues by selection and 
grown in vitro. Results from these experiments were 
also particularly informative regarding the use of certain 
promoters for expressing genes from retroviral vectors 
in vivo. It was shown for the retroviral L TR and the 
TK promoter. when their fu nction was selected for in 
vitro. that expression was subsequently maintained in 
all chimaeric tissues in vivo (see Plate 12). However. 
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where the function of the L TR was not selected for. no 
activation of the gene under its control was observed in 
the adult chimaeric tissues and thus the L TR remained 
trancriptionally silent. 

We are currently extending these studies by using an 
ES cell line we isolated that has been shown to colonize 
the germ line of chimaeras (Wagner et al .. 1985b). We 
are infecting this line with retroviral vectors containing 
a variety of growth control genes under the control of 
different promoters (see section on retroviral vectors) . 
Using these ES clones. we aim to study the role of 
these genes in growth control and differentiation during 
mouse development . 
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PLATE 12 

Transgenic chimaera and expression of the Introduced 
gene In the dlfrerent tissues. 
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PLATE 13 

Protocol for viral Infection of bone marrow cells. 

5-fluorouracil 

bone marrow 
cells 

virus producing 
cells 

124hours 
assay In 

o 0 . 0 __ 1-1 o",""" • .----ro;-----roc-11 methylcellulose 
o 0 0 ± G418 o . 00 

000 . 0 
0

0 1 

1 
Inlect Into lethally 
Irradiated mice 

liqUid culture In 
presence of G 418 1 48 hours 

assay In 
•• _ f-I • ....--c.-----=.,---.'".'""I methylcellulose 

0 •• · 0 ± G418 
••••• •• •• i 

Infection of embryos with retroviral vectors 

In parallel with the studies described above we have also 
been studying the potential of retroviruses to introduce 
genes into the mouse germ line directly and to analyze 
their expression. Four to eight cell stage embryos were 
infected with the retroviral vector MMCV-neo and of 
17 mice born six were found to contain the vector, and 
three of these were found to transmit the vector as a 
single intact copy to their offspring. We are currently 
investigating the expression of this vector, and prelimi-
nary results have shown that expression of the neo gene 
under the control of the TK promoter can be detected 
in a wide variety of tissues of the offspring. These 
three families are also being bred to see if any may 
be a homozygous lethal for the site of vector insertion, 
although analysis of one family has indicated that the 
vector has integrated on the X chromosome. 

We plan to test some of the retroviral vectors described 
earlier directly on embryos as well as on ES cells to 

whether they can be used to immortalize in vitro a 
variety of cell types present in early embryos. 

54 

inject into lethally 
irradiated mice 

Gene transfer into bone marrow cells by retrovirus 
infection 

The transfer of foreign genes with retroviral vectors 
to precursors of the haemopoietic system provides a 
unique opportunity to analyze the expression and func-
tion of a variety of different genes in a well-characterized 
developmental system that can be manipulated both 
in vitro and in vivo. These studies are undertaken in 
collaboration with G. Keller from the Basel Institute 
for Immunology. To develop a model system for high 
efficiency gene transfer , the first experiments involved 
infection of bone marrow cells with recombinant viruses 
that contained only the selectable neo gene (Keller et 
al .. 1985). Following virus infection , cells were either 
assayed in methyl cellulose cultures for G418-resistant 
colony-forming cells in vitro or injected into irradiated 
mice to determine whether primitive precursors capable 
of long-term reconstitution had been infected (Plate 
13). It was found that the neo gene was expressed effi-
ciently in various lineages of the haemopoietic system. 
Analysis of the viral integration sites from the DNA of 
different organs, as well as from B- and T-cell hybrido-



mas and from factor-dependent mast cells derived from 
reconstituted animals indicated that multi potent cells 
capable of generating myeloid and lymphoid progeny 
had been infected with the recombinant virus. 

Presently. bone marrow cells are being infected with re-
combinant viruses carrying growth control genes (viral 
oncogenes) in addition to the neo gene . The infected 
cells will be assayed again in vitro and following re-
constitution of mice in vivo to determine the effect of 
expression of these genes on the differentiation of the 
different precursor cells and to establish the potential 
of the system for gene therapy experiments. 
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Cell proliferation and growth factors in mammalian cells 

ScIentIsts: R. Bravo, J. Burckhardt 

EMBO postdoctoral fellow: J.M. Almendral* 

External postdoctoral fellow: J.F. Santaren* 

Technical assistants: P. Blundell, D . HUbsch*, H . Macdonald-Bravo 

The studies performed in our group are concerned with 
the identification of 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) 
the acidic nuclear protein cyclin (MW 36 Kd) whose 
synthesis correlates directly with DNA replication and 
on (b) ind uction of proto-oncogenes by growth factors 
and its correlation with cell proliferation. 

Cyclin 

Cyclin synthesis does not correlate directly with trans-
formation but with cell proliferation 

Previous studies have indicated that the synthesis of 
cyclin increases during cell transformation (Bravo & 
Celis, 1982). However, it was not clear whether this 
increase was due to a change in cell proliferation or 
to the transformation itself. Therefore, we searched for 
a possible correlation between cell transformation, cell 
proliferation and cyclin synthesis in quail fibroblasts 
infected by src-containing Rous sarcoma virus (RSV) 
and by the myc-containing MC29 and CMII viruses. 
The levels of cyclin were determined by quantitative 
two-dimensional gel electrophoretic analysis of 135SI-
methionine-labelled proteins. 

No clear correlation could be established between the 
transformation-associated parameters of the different 
cell lines and cyclin synthesis. CMII and MC29 trans-
formed cells that showed a significant increase in cy-
clin synthesis have been demonstrated to be non-
tumourigenic (Bravo & Graf, 1985: Palmieri et al .. 
1983). On the other hand, RSV-transformed cells that 
produce tumours in nude mice showed non-detectable 
changes in cyclin. However, a close relationship was 
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found between cell proliferation and cyclin synthesis. 
The myc-transformed cells that showed a significant 
increase in cyclin proliferate about twice as fast as 
uninfected controls, in contrast, RSV-transformed cells 
that showed non-detectable changes in cyclin levels are 
not stimulated to proliferate (Bravo & Graf, 1985). 

Induction of cyclin is independent of DNA synthesis in 
serum-stimulated quiescent cells 

As previous results have suggested that cyclin synthesis 
and DNA replication are closely related in both serum 
or growth factor stimulated quiescent 3T3 cells (Bravo, 
1984a: Bravo 1984b) we thought it important to in-
vestigate their possible relationship in more detail. For 
this we studied the effect of DNA synthesis inhibitors 
such as hydroxyurea and aphidicolin on cyclin induction 
(Bravo & Macdonald-Bravo, 1985: Macdonald-Bravo & 
Bravo, 1985) . 

Quiescent 3T3 cells were stimulated with serum and 
labelled with 135 SI-methionine for 2h every 2h for a 
period of 24h. Hydroxyurea or aphidicolin was added 8h 
after stimulation to minimize the period of treatment. 
Parallel cultures were labelled with PHI-thymidine in 
the presence or absence of the inhibitor. Cyclin synthe-
sis was determined by quantitative two-dimensional gel 
electrophoresis. These analyses (Plate 14) demonstrate 
that the kinetics and intensity of the induction of cyclin 
synthesis is identical in the absence or presence of 
DNA replication . An increase in cyclin synthesis can 
be observed 10-12h after serum stimulation reaching 
a maximum at 16-18h. DNA synthesis increases after 
12h of serum stimulation in control cells (Plate 14A) 
while hydroxyurea -treated cells show an insignificant 
increment (Plate 14B) . Identical results were obtained 
with aphidicolin. These observations show that the 
synthesis of cyclin is not triggered by DNA replication. 



PLATE 14 

Synthesis of cyclln and DNA after serum-stimulation of 
quiescent 3T3 cells . Cells were labelled for 2h with [35 Sl_ 
methionine or [3Hl-thymldlne at each Indicated time 
following serum stimulation. The data are given as the 
fold Increase of cyclln compared with non-stimulated qul-
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Proposed order of the nuclear staining patterns of cyclln 
observed during the S-phase. 
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PLATE 16 

Induction of c-mye and c-fos expression In A431 cells by 
EGF. RNA blot analysis of c-mye and c-fos expression 
In A431 cells growing In 10% serum (c) and 1.2 and 4h 
after treatment (100 ng/ml). 

Cyclin staining patterns 

a b c d e 
S phase 

Nuclear localization of eyclin during S-phase 

Indirect immunofluorescence of cyclin in an asyn-
chronous culture of 3T3 cells shows that 40-45% of 
the cells present nuclear staining. Detailed analysis of 
the immunofluorescence patterns revealed that in these 
cells different nuclear distributions can be distinguished. 

Studies using synchronized cultures of 3T3 cells have 
shown that the different nuclear distributions of cy-
clin observed present a sequential order of appearance 
throughout the S-phase (Plate 15). These changes have 
been shown to be dependent on DNA synthesis (Bravo 
& Macdonald-Bravo. 1985). 

Two-dimensional gel electrophoretic analysis of the 
[32 Pj-orthophosphate and [35Sj-methionine labelled 
proteins from synchronized cells showed that phos-
phorylation is not likely to be part of the mechanism 
triggering the migration of this protein (Bravo & Celis. 
1985). 

Conclusions 

From the above results we conclude that: 

(a) cyclin synthesis is cell cycle-regulated independent 
of the cell phenotype. 

(b) induction of cyclin synthesis is independent of DNA 
replication; 

(c) cyclin presents a sequential order of nuclear distri-
bution during S-phase; 

(d) changes in the nuclear distribution are dependent 
on DNA synthesis throughout the S-phase . 
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Proto-oncogenes and cell proliferation (collaboration 
with R. MUlier) 

e-fos and e-mye induction by EGF in A431 cells is 
independent of growth effeet 

Proliferation of quiescent fibroblasts by polypeptide 
growth factors is accompanied by the rapid induction of 
c-fos and c-mye proto-oncogenes (Cochran et al .. 1984; 
Greenberg & Ziff. 1984; Kelly et al .. 1983; MUlier et al .. 
1984). suggesting that these genes play an important 
role in the control of cell proliferation. In contrast to 
fibroblasts. A431 cells respond to epidermal growth 
factor (EGF) with a decreased growth rate. Therefore. 
we decided to analyse the expression of c-fos and c-mye 
in EGF-treated A431 cells and in sublines of A431 cells 
that are resistant to the EGF growth inhibitory effects . 
(Bravo. 1984) so as to elucidate first. if the induction of 
c-fos and c-mye strictly correlated with the stimulation 
of proliferation. and second if the inhibition of A431 
cell proliferation is due to a defect in the mechanism( s) 
involved in the induction of c-fos and c-mye. 

Our results showed that in spite of its growth inhibitory 
effect (80%) EGF rapidly induces transient expression 
of c-fos mRNA followed by the synthesis of nuclear c-fos 
protein. In addition . EGF treatment resulted in elevated 
levels of c-mye expression (Plate 16). Practically iden-
tical results were obtained with the A431 cells variants. 
clone 15 which is stimulated to grow and clone 16 whose 
growth is slightly affected by EGF (Plate 16. Bravo et 
al .. 1984). 

These observations suggest that A431 cells do not have 
a defect in the mechanism involved in the induction of 
c-fos and c-mye and that in these cells and probably 
in other cell types c-fos and c-mye induction is a di-
rect consequence of growth factor receptor interaction. 
independent of the effect on cell proliferation . 



Maintenance of the competent state and progression 
through G1 does not require high expression of c-fos 
and c-myc 

Quiescent mouse fibroblasts briefly exposed to platelet-
derived growth factor (PDGF) become "competent" to 
synthesize DNA. The addition of platelet poor plasma 
(PPP) which lacks PDGF allows these cells but not 
untreated cells to progress through G1 and enter the S 
phase. 

Previous observations suggest that c-fos and c-myc 
gene products may play an important role during the 
normal cell cycle (early Gd or in the induction and/or 
maintenance of the "competent state" in quiescent 
cells. To answer these questions we analyzed the levels 
of c-fos and c-myc expression in competent cells in 
relation to their capacity to progress and enter the S 
phase. 

Our results showed that a maximum response to PPP. 
as indicated by the thymidine labelling index is obtained 
by exposing quiescent cells to PDGF for 30-60 min. 
Interestingly. maximum induction of c-fos and c-myc 
has been observed during this period. After a brief 
PDGF treatment (lh) cells remain competent for sev-
eral hours. In 3T3 cells the half-life of the competent 
state is approximately 16h . The analysis of c-fos and 
c-myc expression in PDGF-stimulated cells for lh and 
kept for 6h in serum-free media. showed that the levels 
of both proto-oncogenes were undetectable . When PPP 
was added to the PDGF-treated cells kept in serum-free 
media for 6h. only a weak induction of c-fos and c-myc 
expression was observed (Bravo et al .. 1985). However. 
as detected by autoradiography. more than 60% of the 
cells reached the S phase when stimulated with PPP 
under identical conditions . 

Two major conclusions can be drawn from these results: 
(a) cells can remain competent in spite of expressing 
c-fos and c-myc at very low levels (i.e.. similar to 
quiescent cells). suggesting that these proto-oncogene 
products are not directly involved in the maintenance 
of competence; (b) competent cells do not require high 
levels of c-fos and c-myc expression to progress through 
G1 . Our observations also suggest that the transient 
induction of c-fos and c-myc in quiescent stimulated 
cells could play an important role in making the cells 
competent. 
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Molecular mechanisms of eukaryotic gene expression 

ScIentIst: P. Charnay 

EMBL.& EMBO postdoctoral fellows: Z. Bosze. H.-J. Thlesen* 

EMBL predoctoral fellow: P. Lemalre* 

TechnIcal assIstant: L. Henry 

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 disappear-
ance of regulatory molecules which interact with specific 
DNA sequences close to or within the gene. These puta-
tive regulatory molecules. able to modulate initiation of 
transcription. are termed trans-acting factors while the 
target DNA sequences are called cis-acting elements. 

We have chosen to investigate two genetic systems in 
which specific expression occurs in erythroid cells : the 
human globin genes and the Friend murine leukemia 
virus. Our approach to analyze these systems involves 
the following steps: (i) the introduction of cloned genes 
into cells in culture or into mice and the analysis 
of their expression: (ii) the definition. by means of 
reverse genetics. of the cis-acting elements necessary 
for appropriate regulation of gene expression: (iii) the 
biochemical characterization of the trans-acting factors 
involved in this regulation. 

Regulation of human globin gene expression 

The human globin gene family is organized in two 
clusters containing respectively the a-like and ,B-like 
globin genes (Maniatis et al .. 1980). Each member 
of the family is expressed during a precise period in 
development and its expression is restricted to erythroid 
cells. In the ,B-like cluster. the fcetal ,- and adult 
,B-globin genes are activated sequentially. a phenomenon 
termed haemoglobin switching. 

We have investigated these different aspects of globin 
gene regulation by the introduction of the cloned genes 

into mouse erythroleukemia (MEL) cells and nonery-
throid cells. MEL cells are derived from an erythroid pre-
cursor cell and are blocked in their differentiation. Treat-
ment 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 ,B-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 ,B-globin genes 
as well as hybrid genes in MEL cells suggested the 
existence of at least two distinct cis-acting regulatory 
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 fretal A,-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 fretal ,B-like globin genes are 
not expressed in MEL cells and since human ,-globin 
genes behave as embryonic genes in transgenic mice (F . 
Costantini. personal communication) . It suggests that 
the ,-globin DNA fragment used in these experiments 
carries cis-acting sequences sufficient for regulated ex-
pression in adult erythroid cells. In conjunction with 
data obtained by chromosome mediated ,-globin gene 
transfer into MEL cells (Papayannopoulou et al .. 1985). 
our result also suggests that , -globin gene activation 
involves multiple separated steps and that one of these 
steps might be common to ,- and ,B-globin gene acti-
vation. 

Hereditary persistence of freta I haemoglobin (HPFH) 
is a condition in which over-expression of freta I globin 
gene occurs in the adult. Recently. several types of 
HPFH have been linked to specific point mutations in 
the 5' flanking region of the ,-globin genes. Although it 
has been proposed that these mutations might affect 
a negative cis-acting regulatory element. their direct 
involvement in the HPFH phenotype has not been 
demonstrated . We have investigated the effect of one 
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of these mutations. located at position -117 5' to the 
AI-globin gene. on the expression of the gene in cells 
in culture. 

In HeLa cells. with an SV40 enhancer-dependent ex-
pression system. we observe no significant difference 
in transcription between the wild-type and the mutant 
gene. In MEL. the two genes are regulated in a similar 
way during erythroid cell differentiation. However. our 
preliminary data suggest that in these cells the level of 
expression of the -117 mutant is approximately 6-fold 
higher than the wild -type level. This would support the 
idea that the mutation is located within a regulatory 
sequence . To define the regulatory region . we will intro-
duce point mutations in vitro into the -117 region and 
analyze the phenotype of the mutants . 

Tissue specificity of retroviral enhancers 

The Moloney murine leukemia virus (Mo-MuLV) in-
duces T cell lymphomas after injection into newborn 
NFS mice. whereas the Friend helper murine leukemia 
virus (Fr-MuLV) induces primarily erythroleukemia. The 
study of recombinant viruses demonstrated the exis-
tence of sequences responsible for the distinct disease 
specificities within the U3 region of the long terminal 
repeats (LTRs) of the two viruses (Chatis et al .. 1984). 
Since this region contains the putative viral transcrip-
tion control elements . including the transcriptional en-
hancer. these results suggested that the disease speci-
ficity is determined. at least in part . by tissue-specific 
regulation of viral transcription . 

These results led us to investigate the ability of the U3 
region of the Fr-MuLV genome to promote transcription 
in a variety of human cell lines. including different types 
of haematopoietic cell lines . We have found that the 
Fr-MuLV LTR contains an enhancer element. able to 
activate transcription in cis. in a manner which is inde-
pendent of its orientation and location. In add ition. this 
transcriptional enhancer shows a striking preferential 
activity in erythroid cells (Table 1). This constitutes 
the first example to our knowledge of an enhancer with 
such a specificity. Its existence 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. Its activity has been 
estimated in erythroid. lymphoid and HeLa cells . We 
find that the Mo-MuLV enhancer is active both in ery-
throid and lymphoid cells. but not in HeLa cells (Table 
1). This result indicates that the Fr-MuLV and Mo-
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MuLV enhancers have different cell-type specificities. 
A correlation can be observed between the pathogenic 
properties of the two viruses and the specificities of the 
respective enhancers: the leukemia originates from a cell 
type in which the enhancer is active. 

In conclusion . we have demonstrated that the Fr-MuLV 
and Mo-MuLV enhancers behave very differently in lym-
phoid cells. while their activities are similar in erythroid 
cells or in He La cells. The nucleotide sequences of 
the enhancer regions of the two viruses are highly 
homologous (Koch et al .. 1984). Therefore it should 
be possible to map within this region the putative cis-
acting element which is responsible for the differential 
activity in lymphoid cells . In addition. this element 
might constitute a binding site for a tissue-specific 
trans-acting factor. We are currently investigating this 
possibility by DNase I protection experiments . 
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Table 1 

Enhancer activities in some of the cell lines analyzed 

Cell line Fr-MuLV enhancer activity Mo-MuLV enhancer activity SV40 enhancer activity 

Erythroid 

K562 25 27 10 

PUTKO 165 147 68 

Lymphoid 

P3HR-1 6 75 140 

JM-1 1.3 22 8 

Myeloid-monocytic 

U937 2 NO 17 

KG-1 1.5 NO 37 

N on-haematopoietic 

HeLa 1.1 1.2 52 

HepG2 2.5 NO 80 

The enhancers' activities were estimated using a plasmid carrying the chloramphenicol-acetyl-transferase (CAT) gene 
under the control of the SV40 early promoter. They are defined as the ratio of CAT activities obtained with the 
enhancer-containing plasmid and the enhancerless plasmid. 
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Regulation of cell proliferation in Saccharomyces cerevisiae 

ScIentIst: O. Fasano* 

External postdoctoral fellow: E. De Vendlttls* 

TechnIcal assIstant: R. Zahn* 

The objective of this group is to identify the elements 
of the pathway which controls cell proliferation in the 
yeast Saccharomyces cerevisiae. by a combined genetic 
and biochemical approach. 

Introduction 

The known elements of the intracellular pathway con-
trolling cell proliferation and their relationships are 
shown schematically in Plate 17. the question marks 
indicate unknown components. These can be divided 
into two classes. the first comprising the element(s) 
which regulate the pathway by regulating the function 
of RAS proteins. the second the element(s) whose 
functions are regulated by RAS proteins. Within the 
latter class fall already known elements of the cAM P 
pathway. The existence of a separate class of elements. 
not acting through the cAMP pathway. whose function 
is mod ulated by RAS proteins. is speculative but has to 
be considered a logical possibility. 

The distinction between a RAS-afferent and a RAS-
efferent pathway is reflected in the different experimen-
tal strategies which can be used for the identification 
of new elements. In fact. while the development of bio-
chemical in vitro assays for specific functions of purified 
RAS proteins is a prerequisite for the identification of 
effectors of RAS protein fu nction. genetic techniq ues 
can be directly used for the identification of elements 
of the efferent pathway. 

Work in progress 

Preliminary approach 

In order to prepare the reagents required for the above-
mentioned approach. we have followed the experimental 
strategy shown schematically in Plate 18. We have 
obtained pure RAS2 protein in milligram amounts. as 
well as RAS2-specific polyclonal antibodies. We have 
constructed two yeast strains temperature-sensitive for 
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growth after mutagenesis of the RAS2 gene (Tsl and 
Ts73) . and we have identified two ras-unlinked domi-
nant mutations (CRI1 and CRI4) which can suppress 
both the functional inactivation of the RAS2 gene 
product at high temperature and the lethality of rasl 
ras2 double mutants. Subsequently we have used these 
reagents for the identification of elements of the path-
way controlling cell proliferation. 

Biochemical analysis 

We have developed two biochemical in vitro assays for 
specific functions of the purified RAS proteins. and 
we plan to use these assays for the identification of 
potential effectors in either crude or fraction ated cell 
extracts. The first assay is based on the property of the 
purified RAS2 protein to complement crude membrane 
preparations from the previously mentioned rasl ras2 
CRI4 strains for cAMP production in vitro. By using 
this assay we have shown that the GTP-bound form 
of the RAS2 protein is much more active than the 
GDP-bound form in the stimulation of adenylate cyclase 
activity. The second assay is performed by following 
kinetically the displacement of RAS-bound GDP by free 
radioactively labelled GTP. By using this assay we have 
found that the rate of nucleotide exchange is very slow 
and that it can be accelerated by ATP. at concentrations 
within the millimolar range. 

Genetic analysis 

We have cloned DNA genomic fragments from CRI1 and 
CRI4 mutants in the yeast expression vector Yep13. and 
we have identified several clones which can suppress 
the Gl arrest of the previously mentioned temperature-
sensitive strain TSl at the non-permissive temperature. 
Four different genomic regions have been defined by a 
set of partially overlapping DNA clones. We plan to 
test the ability of these plasmid clones to suppress 
the lethality of rasl ras2.cyrl. as well as of other 
mutants completely defective in one of a sequential set 
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of functions of the cAMP effector pathway. in order 
to define their relationship with known elements of the 
pathway. We also plan to determine the structure of 
these clones and the mechanism of suppression at the 
molecular level. Finally. their relationship with elements 
of the mammalian ras pathway will be investigated 
at the functional and structura l level. by testing the 
ability of yeast DNA under the control of appropriate 
mammalian promoters to cause growth alterations in 
transfected cultured cells. and by cloning homologous 
DNA segme nts from hu man cells . 
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Tyrosine phosphorylation 

Scientist: S .A. Courtneldge* 

Technical assistant: A. Heber* 

Phosphorylation at tyrosine is a rare post-translational 
modification of eukaryotic proteins. Some viral trans-
forming proteins. cell surface growth factor receptors. 
as well as a few other cellular proteins. are protein-
tyrosine kinases. and therefore tyrosine phosphorylation 
is often considered to be an important signal during 
growth control and differentiation (Hunter & Cooper. 
1985). The research of this group seeks to understand 
the functions of tyrosine phosphorylation by studying 
two kinases. the viral and cellular src proteins. 

pp60v - src 

pp60v-src is the transforming protein of a chicken 
retrovirus. Rous sarcoma virus. It is a protein-tyrosine 
kinase which. although synthesised in the cytoplasm. 
is required to associate with the plasma membrane in 
order to transform cells. pp60v-src has been the subject 
of much study in recent years. with the result that a 
great deal is known about its structure and enzyme 
activity (Bishop. 1985) . However. no relevant substrates 
of the enzyme have yet been identified with certainty. 

We intend .to try and identify substrates of pp60v-src. 
concentrating on plasma membrane proteins. We have 
preliminary evidence which indicates that the develop-
ment of an in vitro phosphorylation system. together 
with the use of an anti-phosphotyrosine antibody. pro-
vides a sensitive means of detecting low abundance. 
phosphotyrosine-containing proteins. Such a system. 
in conjuction with appropriate mutants of pp60v-src 
(many such are available) may allow the identification 
of substrates of the enzyme. 

pp60c-src 

pp60c-src. the normal cellular homologue of pp60v-src. 
is also a plasma-membrane associated protein-tyrosine 
kinase. pp60c-src is present in all cell types. and cer-

tain cells. such as platelets and neurones. have very 
high levels of the protein. The function of pp60c-src 
is unknown. but the conservation of pp60c-src in all 
vertebrate species examined suggests that it has an 
important role in the cell (Hunter & Cooper. 1985). 

It was recently discovered that middle T antigen (the 
transforming protein of the DNA tumour virus. poly-
oma) associates with pp60c-src in a stable complex 
(Courtneidge & Smith. 1983. 1984). This complexed 
form of pp60c-src has a much higher specific activity 
than the enzyme from normal cells (Bolen et al .. 1984: 
Courtneidge. 1985). An analysis of mutants of middle T 
suggests that the complex is required. although it may 
not be sufficient. for transformation. Recently. it has 
been proposed that the mechanism by which middle 
T antigen activates the c-src kinase is by masking 
a regulatory phosphorylation site (Courtneidge. 1985). 
Polyoma virus-transformed cells therefore provide a sys-
tem in which one may study the control and substrate 
specificity of pp60c-src. 

Our present work on pp60c-src addresses three issues. 
(1) What are the substrates of pp60c-src? We will 
approach this problem using an in vitro phosphorylation 
system of the sort described above and compare the 
phosphotyrosine-containing proteins in plasma mem-
brane preparations from normal and polyoma virus-
transformed cells . (2) What regulates pp60c-src kinase 
activity? We plan to purify pp60c-src itself. as well as 
a phosphotyrosine protein phosphatase and a protein 
tyrosine kinase capable of using pp60c-src as a sub-
strate. We can then study the regulation of pp60c-src 
enzyme activity in vitro . (3) Are there any differences 
in the activity of the c-src kinase in different cell types. 
and under different growth conditions? Our working hy-
pothesis is that normal cellular signals. e.g. for growth 
or differentiation. can activate pp60c-src (perhaps in 
much the same way as middle T antigen). Identification 
of these signals would increase our understanding of the 
function of pp60c-src. 
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Control of Balbiani ring gene expression. Regulation of c-fos expression 

Scientists: J.-E. Edstr15m*, M. Renz* 

EMBL & EMBO postdoctoral fellows: M. Bona*, C. Grond*, M. Penard-Mobayed*, H. Salga 

External predoctoral fellow: R. Galler* 

Student: A. v. Brunn* 

Visiting worker: F.-T. Kao* 

Technical assistants: H. Kludlng*, C. Kurz 

Balbiani ring genes 

When Chironomus larvae are exposed to environmen-
tal conditions leading to decreased pools of inorganic 
phosphate, the salivary glands react with a change in 
the pattern of secretory proteins they produce. Whereas 
normally the salivary gland secretion is dominated by at 
least two highly phosphorylated giant proteins, phos-
phate starvation leads to a cessation and/or decrease 
in the synthesis of these two components. A new 
non-phosphorylated product, structurally similar to the 
normal secretory proteins is induced and substitutes 
largely for the phosphorylated species in the secretion 
(Galler et at., 1984). Since during normal conditions the 
export of phosphate is considerable, the new pattern 
of gene expression permits the animal to survive and 
develop during the changed environmental conditions. 

The group has continued investigations with the aim of 
elucidating the mechanisms by which this gene switch 
is induced. In still unpublished work, it has been found 
that the mRNAs for the normal secretory proteins are 
maintained in a largely inactive form in the polysomes, 
at least during the early stages of phosphate starvation. 
On the other hand, when translation of one of the 
phosphorylated components, a product of the giant puff 
BR2, ceases, the puff reacts in parallel with the changed 
translation and disappears. For the product of another 
giant puff, BR1, there is also a correlation. although in 
this case it is an inverse one. Decreased translation of 
the BRl product is paralleled by increased transcription 
in BR1. Some of these results have been described 
(Galler et at., 1985). 

For the newly induced puff, BR6, there is on the other 
hand a parallel in the development of the puff, the 
mRNA quantities and the rate of translation of the BR6 
product. 

The changes at different levels of the gene expression 
chains for BRl and BR2 are not easily understood on 
the assumption that control at the level of transcrip-
tion is the primary one. They are, on the other hand, 
compatible with an alternative interpretation, i.e. that 
the translatory change is the primary one and that 
transcriptional changes follow as a result of a retrograde 
signal from translation to transcription. The assumption 
would have to be made, that the signal acting on BR2 
acts positively and the signal for BRl negatively. (Such 
signals could also act to induce BR6.) This alternative 
was also interesting in view of an earlier result showing 
that most, if not all, phosphorylation occurs during 
translation, in parallel with methionine incorporation 
(Galler & Edstrom, 1984). 

Early electron microscopic results suggested that a 
putative retrograde signal might be generated from the 
3'-end of the giant mRNAs from BR1 and BR2 by 
cleavage of the nascent protein during its translation 
(Francke et at., 1982). The 3'-ends of the giant mRNAs 
were therefore cloned from cDNAs primed from poly(A) 
tails. The sequencing results suggested that a terminal 
region, corresponding to about 100 amino-acids differed 
from the properties of the upstream secretory protein 
chain. This part, as well as upstream regions, were 
therefore expressed in E.coli as ,a-galactosidase fusion 
proteins (Stanley & Lucio, 1984) which were used to 
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raise antibodies in rabbits . The antibodies are used in 
the study of the fate of the translation products coded 
by the Ba lbiani rings. 

DNase I-hypersensitive sites and regulatory up-
st ream sequences of the c-{os gene (collaboration 
with R. Muller) 

In quiescent mouse fibroblasts. the c-{os gene is ex-
pressed at very low levels. but is rapidly and tran-
siently inducible by peptide growth factors . In quies-
cent cells five DNase I-hypersensitive sites have been 
identified at positions -1700 . -290. +10. +240 and 
+700 bp relative to the 5' cap site. After serum 
stimulation. the distinct nuclease hypersensitive site at 
position +10 rapidly disappeared. and instead a broad 
region of DNase I accessibility between positions 0 and 
+250 occurred . Nucleotide sequence analysis of the 
5' -flanking region of the mouse c-{os gene showed that 
the hypersensitive site around position -290 is located in 
a region that is highly conserved between mouse and hu-
man . and it contains an enhancer-like structure. When 
the mouse c-{os promoter and 351 bp of 5' -flanking 
sequences were linked to the bacterial chloramphenicol 
acetyl transferase (CAT) gene and transfected into 
NIH3T3 cells efficient. constitutive expression of CAT 
activity was observed. even in unstimulated. quiescent 
cells. However. removal of a 256-bp stretch upstream 
from position -95 completely abolished CAT expression. 
indicating that sequences within a region of --350 bp 
upstream from the cap site are indispensable for c-{os 
transcription. In addition. these findings point to the 
existence of other sequence elements that exert negative 
regulation in the absence of growth factor stimulation . 
Such sites may be found around the growth factor-
responsive nuclease hypersensitive sites in the vicinity 
of the cap site. 
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Carmona. M.J .. Morcillo. G .. Galler. R .. Martinez-Salas. 
E .. de la Campa. A.G .. Diez. J.L. & Edstrom . J .E. 
(1985). Cloning and molecular characterization of the 
telomeric sequence from a temperature-induced Bal-
biani ring . Chromosoma. 92. 108-115 

Frei. E .. Baumgart ner. S .. Edstrom . J.-E. & Noll. 
M. (1985). Cloning of the extra sex combs gene of 

70 

Drosophila and its identification by P-element-mediated 
gene transfer. EMBO J .. 4. 979-987 

Galler. R .. Saiga . H .. Widmer. R.M .. Lezzi. M. & Ed-
strom. J.-E. (1985). Two genes in Balbiani ring 2 with 
metabolically different 75S transcripts. EMBO J .. 4. 
2977-2982 

Jackie. H .. Pirrotta. V. & Edstrom. J.-E. (1985). 
Mikroklonierung von Chromosomenabschnitten. In 
Molekular- und Zell-biologie: ed. Blin. N .. Trendelen-
burg. M.F. & Schmidt. E.R.: Springer Verlag. Berlin. 
pp.110-122 

Renz . M .. Neuberg. M .. Kurz. c.. Bravo. R. & Muller. 
R. (1985). Regulation of c-{os transcription in mouse 
fibroblasts: identification of the DNase I-hypersensitive 
sites and regulatory upstream sequences . EMBO J. . 4. 
3711-3716 

Saiga. H. & Edstrom . J .E. (1985). Long tandem ar-
rays of complex repeat units in Chironomus telomeres. 
EMBO J .. 4. 799-804 

Seelig. R .. Metzger. B .. Renz. M .. Metzger. P. & Seelig. 
H.P. (1985) . Diagnostic-importance of the presence of 
hepatitis-B-virus-DNA in acute and chronic hepatitis. 
Deutsche Med. Wochen .. 110. 1968-1974 

Other references 

Francke. c.. Edstrom. J .-E .. McDowall. A.W. & Miller. 
O.L. (1982). EMBO J .. 1.59-62 

Galler. R. & Estrom . J.-E . (1984). EMBO J.. 3.2851-
2855 

Galler . R .. Rydlander. L.. Riedel. N .. Kluding. H. & 
Estrom. J .-E . (1984). Proc. Natl. Acad. Sci. USA. 81. 
1448-1452 

Hertner. T .. Hertner-Meyer. B .. Sogo. J .M .. Schlapfer. 
G .. Jackie. H .. Edstrom . J.-E. & Lezzi. M. (1986). Devel. 
BioI .. (i n press) 

Stanley. K.K. & Luzio. J.P. (1984) . EMBO J .. 3. 1429-
1434 



Biological Structures Programme 

Introduction 

During 1985 the Biological Structures Programme com-
prised seven groups whose work covered two main 
areas. electron microscopy and x-ray crystallography. 
(ryo-electron microscopy of vitrified specimens revealed 
the complementary nature of capsid envelope interac-
tions in membrane viruses as well as the paracrystalline 
organization of DNA in phage heads . In combination 
with cryosectioning. this technique was used to study 
the organization of chromatin in situ. (ryo-electron 
microscopy of vitrified specimens has now become an 
established technique . As a consequence there has been 
a shift in technical development to the more excit-
ing phase of application of the technique to biological 
problems. A result emerging from such studies is the 
presence of long range forces acting through the liquid 
medium. Electron diffraction and microscopy of two-
dimensional crystals of DNA-protein complexes allowed 
the identification of the orientation of the DNA relative 
to the protein. Electron microscopy of nucleic acids was 

applied to structural analysis of eukaryotic genes and 
a study of processing of chloroplast RNA transcripts . 
It was possible to obtain crystals of the pore-forming 
fragment of colicin A. a toxin that kills susceptible E.coli 
bacteria. This fragment is water soluble and it has given 
crystals suitable for high resolution diffraction analysis. 
The complex of DNase I with DNA gave crystals that 
diffract to 1.9 A resolution which should enable us 
to see the details of the interaction between protein 
and DNA at the atomic level. Similarly. we obtained a 
second heavy atom derivative for EcoRV endonuclease 
which will lead to the solution of this structure (and 
possibly its complex with DNA) at high resolution . The 
structure of Rop (repressor of primer) was refined at 
1.7 A resolution and new mutants were produced and 
crystallized. A promising start was made in the area of 
protein-RNA interactions with the crystallization of the 
7S RNP particle from oocytes of Xenopus laevis. 
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Membrane protein structure and function 

Scientist: J.P. Rosenbusch* 

EMBL & EMBO postdoctoral fellows: A. Franzusoff", J . Nlelsen*, M. Page* 

Student: J.-L. Elsele* 

Trainee: R. 

Technical assistant: B. O'Arcy* 

Supernumerary: T. Gabran* 

The structure of porin from E.coli outer membranes. an 
unusually polar protein with .B-pleated sheet structure, 
has led to a conceptual approach which is compatible 
with the structure of typical hydrophobic, a-helical 
membrane proteins such as bacteriorhodopsin from 
H.halobium. With both proteins. several specific predic-
tions were tested experimentally. With porin. the mod-
ification of guanidinium and carboxyl groups showed 
that 4 out of 12 arginyl residues , and over half of the to-
tal of 45 carboxyl groups could not be modified without 
denaturation of porin. Reagents that could modify these 
groups were small and hydrophobic, suggesting that 
derivatized residues were buried within the membrane 
domain. With bacteriorhodopsin. a study of proteolytic 
cleavage of purple membranes as a function of salt 
concentration clearly revealed that primary cleavages 
occur only in the C- and N-terminal domains of this 
protein . Accessibility of carboxyl groups varied corre-
spondingly. with a small number of residues exposed 
to the aqueous bulk phase at high ionic strength. For 
porin, cloning and sequencing of the protein used in the 
study of the 3-dimensional structure (R.M . Garavito et 
al., Biozentrum. University of Basel) has been initiated. 
A study of the folding of this protein from a random 
coil configuration has revealed that biological activity 
can be recovered at high yield in the presence of ap-
propriate amphiphiles . This result may have significant 
implications for the understanding of its insertion in the 
membrane in vivo. 

The topography and interactions of another major outer 
membrane protein (OmpA protein) with lipoprotein 
and a glycolipid (lipopolysaccharide) were examined 
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by chemical modification , limited proteolysis, and an 
evaluation of its hydrodynamic properties. Strong inter-
actions could be shown by all three of these methods. 
The ultrastructure of the lipoprotein was stud ied in 
detail by the formation of paracrystals obtained from 
reconstitution of native. homogeneous lipoprotein. The 
results from electron microscopy are described in the 
contribution of K. Leonard . 

Two active transport systems from the E.coli plasma 
membrane were investigated. Firstly. a solubilization 
and purification procedure was developed for lactose 
permease suitable for reconstitution to form 2- and 
3-dimensional crystals. Although the protein was ob-
tained at a high degree of purity, and with essentially full 
recovery of activity. the formation of crystals retaining 
the native conformation remains a difficult problem. 
Secondly, the proton-translocating moiety of ATP syn-
thase (Fo) from E.coli was investigated . This is the 
membrane-contained structure which plays a central 
role in membrane-linked energy transduction in bacterial 
cells (as well as in eukaryotic organelles) by coupling 
the electrochemical proton potential to the synthesis of 
ATP. The entire system consists of 8 different subunits, 
three of which are located in the membrane. These th ree 
subunits were isolated as a complex, and individual 
subunits obtained from mutant and plasmid-containing 
strains (a collaboration with K. von Meyenburg et 
al .. Technical University. Copenhagen). Reconstitution 
experiments are in progress. Chemical modification is 
being carried out to identify the functionally critical 
residues within the subunits implied . 
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PLATE 19 

(a) Crystals of the 7S RNP particle grown by the vapour 
diffusion technique with polyethylene glycol 6000. The 
dimensions of the crystals are typically 0 .3 x 0.15 x 
0 .05 mm. Rotation photographs were obtained at the 
Hamburg Outstation showing difFraction to a resolution 
of loA. 
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(b) Epon embedded thin section of a 7S RNP crystal. 
The arrow Indicates the direction of the lattice planes 
seen In this proJection. The spacing measured by optical 
difFraction Is about 7 nm. 
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Structure of DNA-binding and membrane proteins 

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

External postdoctoral fellow: M . Kokklnldls 

EMBL predoctoral fellow: R. Brown 

Students: A . Lahm<>, H. Lange*<> 

Visiting workers: P. Argos*, R. Karlsson*, K . Petratos*, C. Vorglas* 

Scientific assistant: A. Tucker 

Technical assistants: S. Heathman, A. Kingswell 

New crystals 

In collaboration with the group of Franc Pattus, we have 
obtained crystals of the pore-forming fragment of col-
icin, a protein that kills sensitive E.coli cells . The toxic 
activity is due to the formation of voltage-dependent 
pores that lead to the depolarization of the cytoplasmic 
membrane. The ionophoric activity has been localized 
in the C-terminal part of the molecule. A fragment of 
MW 21800 was obtained through proteolytic digestion 
by thermolysin. It retained the pore-forming activity, 
and amino-acid analysis indicated that it started with 
residue 389 and ended with the C-residue of the entire 
molecule. The fragment was crystallized from a solution 
containing 2.8% protein, 50 mM succinate pH 4.4, and 
2.3 M ammonium sulphate. The crystals diffract to 
about 2.6 A. They are tetragonal space group P4 1 21 2, 
a=b=72 .8 A and c=170.4 A. On the assumption of 
one dimer in the asymmetric unit, one obtains Vm =2.6 
A3 Dalton of protein. Material obtained from carefully 
washed crystals retains the pore-forming activity and 
stains in gels identically with the starting fragment. 
We are proceeding to solve the structure of these 
crystals. Ray Brown obtained at the beginning of the 
year, crystals of the 7S RNP complex from previtel-
logenic oocytes of Xenopus laevis (Plate 19) . The 7S 
RNP is a naturally occurring complex consisting of 
one molecule of ribosomal 5S RNA and one molecule 
of the transcription factor TFIlIA. The crystals have 
been repeatedly obtained but they are not yet suitable 
for x-ray analysis. Rotation photographs taken at the 
Hamburg Outstation show diffraction to about loA. 
Polyacrylamide gel electrophoresis of material obtained 
from carefully washed crystals shows that they consist 
of equal molar amounts of 5S RNA and TFIlIA. Current 
efforts are directed towards obtaining larger crystals . 

Small crystals of dendrotoxin, a presynaptic neurotoxin 
homologous to BPT!. have been obtained by Michelle 
Hollecker. Study of the toxicity of intermediates of the 
folding process has led to the possible localization of 
the "active site" of the toxin. 

Repressor of primer 

The refinement of the Rop protein using the method 
of Hendrickson & Konnert was completed . The final 
R-factor is 17% for all 6725 reflections between 10 and 
1.7 A resolution . This corresponds to an r.m.s. error of 
0.14 A in the atomic coordinates. 42 water molecules 
were assigned with confidence as well as 2 disordered 
solvent molecules. 

The Rop dimer is a "four alpha-helix bundle", but 
differs significantly from other molecules of this type 
in having a much more regular and compact structure. 
For purposes of analysis three aspects of the formation 
of the dimer structure may be considered separately: 

(1) The side to side packing of helices ; 

(2) The specifically packed hydrophobic core; 

(3) The tight bend between helices of the monomer. 

In collaboration with Gianni Cesareni (q.v.), we de-
signed and began to produce specific Rop mutants to 
enable us to assemble data on the importance of the 
primary sequence for these aspects of protein folding 
and assembly. For instance, a deletion of the bend region 
produces a non-functioning molecule whose structure is 
currently under analysis. Since the Rop system provides 
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many advantages for a systematic study of protein sta-
bility. we established collaborations with groups having 
expertise in UV and visible spectroscopy. fluorescence. 
2D-NMR. micro-calorimetry and protein chemistry. To 
this end we made 2 grams of pure wild-type Rop 
and began to produce mutated proteins in 10-100 mg 
quantities. 

We tried to clarify the mode of interaction of Rop with 
RNAs I and II. both by the use of computer graphics 
and on non-denaturing gels. These have not yet led to 
a satisfactory description of the molecular basis of Rop 
function. 

Other work 

Attempts to extend to high resolution the structure 
of EcoRV endonuclease by making use of the local 
symmetry have not led to a clear result (see last year's 
report by Fritz Winkler). We have begu n searching for 
another heavy atom derivative and are currently study-
ing a very promising mercurial. We similarly appear 
to have a thiomersalyl derivative for the DNA-binding 
protein of adenovirus. Several structures of poly- and 
oligopeptides related to alamethicin have been solved 
to a very high resolution. These structures reveal inter-
esting aspects of uncommon a-methyl a-amino-acids 
which are present in membrane active channel-forming 
antibodies. Theoretical work was done by Pat Argos 
on comparison of amino-acid sequences (see separate 
report) and by R. Karlsson (Basel) on noise filtering of 
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Fourier syntheses. 
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Structural studies on actin and DNase I 

Scientists: D. Suck. A. Fowler* 

EMBL predoctoral fellow: C. Oefner 

Students: H. Lahm<>. B . Trauth<> 

Technical assistant: G. Frost 

The crystallographic refinement of bovine pancreatic 
deoxyribonuclease I (DNase I) at 2A resolution has 
been completed using the restrained. reciprocal least 
squares procedure developed by Hendrickson & Konnert 
(Oefner & Suck. in preparation). The course of the 
refinement is shown in Plate 20. The crystallographic 
R-factor (R = E liFo I - IFe II j E lFo I) at cycle 
173 is 15.7% for 16.104 reflections with 1>30'(1) in the 
resolution range from 6.0 to 2.0 A. The model con-
sists of 2493 non-hydrogen atoms including 377 solvent 
molecules and shows excellent stereochemistry with 
bond lengths and angles close to ideal values. the r.m .s. 
deviations being 0.023 A and 1.4 degrees . respectively. 
The same is true for non-bonded interactions with an 
r.m.s. deviation of 0.18 A from the sum of the van der 
Waals radii. As an additional indication of the quality 
of the structure and the improvement of the model 
during refinement. we show the Ramachandran-plot of 
main-chain conformational angles at the beginning and 
the end of the refinement (Plate 20) . The complete 2 
A-model of DNase I is shown in a stereo representation 
in Plate 21. 

Based on the refined structure and the binding of Ca2+-
thymidine-3' .S'-diphosphate (CapTp) at the active site 
of the enzyme (Suck et at .. 1984). a mechanism has 
been proposed and a model has been derived for the 
interaction of DNase I with ds-DNA (Suck & Oefner. 
1986). Given the constraints imposed by the disposition 
of the Ca2+ -ion. the amino-acid side chains and the sol-
vent molecule at the active site. we propose that DNase 
I hydrolyses its substrate through direct nucleophilic at-
tack of a water molecule in a general acid-base catalysis 
by a GlujHis pair. The proton acceptor-donator chain 
Glu-His-Water of DNase I is reminiscent of the catalytic 
triad Asp-His-Ser found in serine proteases . In agree-
ment with the proposed mechanism . carboxymethyla-
tion of His 131 as well as protonation of this histidine 
by lowering the pH. inactivates the enzyme. In both 
cases. H 131 can no longer act as a general base and 
accept a proton from the attacking water molecule . 

The model for the interaction with B-DNA (see 1984 
EMBL report) has been refined and worked out in 
detail using the Evans & Sutherland colour graphics 
display system and the docking programme MIDAS 
from UCSF. A variety of biochemical results concern-
ing the enzymatic activity and the sequence-dependent 
cleavage pattern of DNase I can be explained in terms 
of this model. The fact that DNase I. unlike a chemical 
probe. has an extended DNA-binding surface has im-
portant consequences for the interpretation of DNase I 
footprinting studies: the DNA region protected by the 
protein being probed will appear larger than it is in 
reality. 

A collaboration has been started with Dr. Connolly 
from Southampton University with the aim of producing 
mutants of DNase I by replacing residues critical for 
the interaction with DNA. On the basis of the model 
mentioned above. it should be possible to obtain an 
enzyme which has either an enhanced or diminished 
sequence-specificity. Also. it appears possible to greatly 
reduce the preference for DNA double-strands. 

DNase I-oligonucleotide complexes 

In an attempt to get high-resolution information about 
the DNase:DNA interaction. we have managed to 
crystallize several complexes of DNase I with self-
complementary octanucleotides. So far. crystals have 
been obtained with six octamer sequences . The octanu-
cleotides were synthesized on a 200 to 300 OD scale 
using a manual solid-phase method based on phos-
phoramidite chemistry. HPLC-analysis of the carefully 
washed. dissolved crystals indicates that the octanu-
cleotides are partially degraded in a sequence-dependent 
manner. In the case of one of the octamers. the intact 
and the degraded oligonucleotide are present in a 1:1 ra-
tio in the crystals. suggesting that they contain a nicked 
DNA double-strand bound to DNase I. The crystals of 
the octamer I:DNase I complex (Plate 22) diffract to 
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PLATE 20 

Top: Cou rse of DNa se I refineme nt . The crystall ocraph lc 
R-factor Is plotted as a f unction of refinement cyc le. 
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PLATE 21 

Stereo view of the 3D-structure of DNase I. 
Backb one atoms are drawn In heavy lines. 

PLATE 22 

DNase I-octanucleotlde co-crystal. Space croup Is 
C2221. maximum dimension Is 0.5 mm. diffraction to 
at least 2 A. 
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1.9 A resolution and have been analyzed crystallo-
graphically (space group C2221 • a=73.1 A. b=100.1 
A. c=92.7 A. Z=8). Intensity data collection is under 
way. We expect that it will be possible to solve the 
structure by molecular replacement techniques since 
we know the structure of DNase I at 2 A resolution . 
Longer DNA pieces. some of them able to form hair-
pin loops or even more complex structures have been 
synthesized and will be co-crystallized with DNase I. 
In collaboration with Brian Sproat from EMBL. we 
will synthesize a DNA/RNA-hybrid molecule and try 
its co-crystallization too. We think that we have a 
unique system at hand to study at high resolution the 
sequence-dependent . hydrolysis of DNA by DNase I. 
Since the crystal structures of some of these octan u-
cleotides have been solved previously. these studies also 
offer the possibility to compare DNA conformations in 
the enzyme-bound and in the free state. 

Actin/DNase I complex (in collaboration with W. 
Kabsch from MPI f. med. Forschung) 

The x-ray structure analysis of the actin:DNase I com-
plex has been continued. While reliable high resQlution 
derivative phase information is presently not yet avail-
able. we have been analyzing a 4.5 A electron density 
map based on a single heavy atom derivative and the 
phase information stemming from the refined atomic 
model of DNase I. Although this density map does not 
allow chain tracing. the following features are clear: The 
actin subunit has approximate dimensions of 67x40x37 
A and consists of two clearly separated domains of 
different size. The smaller domain represents about 
150 amino-acid residues and contains the N-terminus. 
Each domain seems to represent an independent folding 
unit. a view which is supported by the recent finding 
of a hybrid protein - the gene product of v-fgr onc -
containing the N-terminal 140 residues of actin and a 
tyrosine-specific protein kinase (Naharro et al .. 1983). 
The adenine nucleotide is bound in the cleft between 
the two actin domains and seems to be important for 
their relative orientation. Secondary structure is clearly 
visible in the map showing that actin is an a-,B-protein 
with a ,B-pleated sheet in each domain surrounded by 
helices. The helical density accounts for at least 40% 
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of the structure. A second. monoclinic crystal form of 
the complex has been analyzed and the orientation and 
position of the actin-subunit determined by rotation and 
translation functions (Kabsch et al.. 1985). From the 
comparison of the two crystal forms. it was possible 
to deduce the actin :DNase I complex as it occurs in 
solution. i.e. the actin:DNase I contacts which do not 
depend on crystal packing. DNase I mainly interacts 
with the small domain of actin. but one or two residues 
of DNase I are also in contact with the large domain. 
The relative orientation of the two actin domains is 
fixed by complex formation with DNase I and this could 
explain the markedly reduced nucleotide exchange rate 
in the complex as compared to free G-actin. 

Publications during the year 

Booy, F.P. & Fowler. A.G. (1985). Cryo-electron mi-
croscopy reveals macromolecular organization within 
biological liquid crystals seen in the polarizing micro-
scope. Int. J. BioI. Macromol .. 7. 327-335 

Kabsch. W .. Mannherz. H.G. & Suck. D. (1985) . Three-
dimensional structure of the complex of actin and 
DNase I at 4.5A resolution. EMBO J .. 4. 2113-2118 

Mannherz. H.G .. Kabsch. W .. Suck. D .. Friebel. K. & 
Frimmer. M. (1985). Crystallization of cytoplasmic actin 
in complex with deoxyribonuclease I. Biochem. J .. 225. 
517-522 

Oefner. C. & Suck. D. (1985). 3-D-Struktur von DNase 
I bei 2.oA Auflosung. Fresenius Z. Anal. Chem .. 321. 
649 
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Structure and function of ionic channels: Mechanism of membrane fusion 

Scientist: F. Pattus 

EM BO postdoctoral fellows : M . Collarlnl*. J.-L. Dasseux* 

Student: B. Dargent 

Visiting workers: B. Shaplro* . J.P. Henry*. C. Ullmann* 

Technical assistants: W. Hllscher*. M .-P. 

Many processes taking place in biological membranes 
involve activation of ionic channels by ligand binding 
or membrane potential. Very little is known about 
the structure and mode of action of channel forming 
proteins at the molecular level. The focus of our re-
search concerns the determination of the structure of 
the pore-forming proteins and the elucidation of the 
molecular mechanism by which an ionic channel is gated 
by the membrane potential and the structural basis 
of its selectivity. Since the discovery of the capability 
of colicins to promote efficient fusion of phospholipid 
membranes. part of our efforts have been devoted to 
the study of the mechanism of fusion catalyzed by these 
proteins . 

Colicin A. a pore-forming protein gated by voltage 
capable of inducing fusion of phospholipid vesicles 
at low pH (Collaboration with C. Lazdunski et al .. 
Marseille) 

Colicins are bactericidal proteins (60.000 MW) encoded 
in a plasmid and produced by strains of bacteria har-
bouring the plasmid. Colicin A as well as colicin El and 
IE kill sensitive E.coli cells. They do this by binding to 
a specific receptor located on the outer membrane of 
the cell. after which they are translocated across the 
membrane and depolarization of the inner membrane 
results. We have shown that colicin A forms voltage 
dependent channels in planar bilayers quite similar to 
those from excitable membranes (Pattus et al .. 1983a). 

The sequence of colicin A has been deduced from the 
sequence of its structural gene by the group of C. Laz-
dunski (Morelon et al .. 1983). We have demonstrated 
that the pore function is carried by the C-terminal 

end of the colicin (Martinez et al .. 1983). Comparative 
analysis of the pore properties of colicin A and its 
C-terminal bromelain fragment suggest that the native 
molecule can adopt two conformations. At neutral and 
basic pH the N-terminus of colicin A most probably 
interacts with the C-terminal domain carrying the pore 
structure which influences its voltage dependence. Upon 
decreasing the pH this interaction. governed by a pK of 
5.5. is disrupted leading to an increase in the affinity 
of colicin A for membranes and the "acidic" form of 
the pore. Furthermore. as shown by fluorescence energy 
transfer and electron microscopy (Plate 23). at acidic 
pH colicin A becomes able to promote efficient fusion 
of phospholipid membranes. 

This ability to promote fusion is not restricted to colicin 
A and the pore-forming colicins (E1.K) but extends 
to those having a nuclease activity (E2 and E3). The 
first 70 N-terminal amino-acid residues are essential 
for fusion in vitro to occur. as well as translocation of 
the colicins in vivo. We propose that the translocation 
step of the killing activity of colicins occurs through the 
fusion of the inner and outer membrane of the sensitive 
bacteria. 

On the basis of CD-spectroscopy measurements on 
colicin A and its C-terminal fragment . predictions of sec-
ondary structure from the amino-acid sequence and hy-
drophobicity and hydrophobic moment profiles (Eisen-
berg et al .. 1982a+b)."we could propose two models of 
the structure of the pore formed by colicin A. These 
models were used to design site-directed mutagenesis 
experiments on the structural gene of colicin A by D. 
Baty et al. in Marseille. Different mutants of colicin 
A have been purified and their characterization is in 
progress. 
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PLATE 23 

Electron micrographs of unstained frozen-hydrated 
asolectln vesicles before (A) and after (6) Injection of 
colicin A at pH 4 .2. (C) Same as (6) but the pH was 
subsequently adjusted to pH 8.5 . ([Col Al = 1.2 x 10- 7 

M) 

Because of the difficulties in obtaining crystals of col-
icin A. we isolated a new C-terminal fragment of the 
molecule by thermolysin digestion. This thermolysin 
peptide which is 2 residues shorter than the bromelain 
peptide described previously. can be obtained pure in 
large quantities. Its activity is identical to that of the 
bromelain peptide. Three-dimensional crystals of suit-
able size and quality for x-ray crystallography have been 
obtained (see report of D. Tsernoglou). 

E.coli outer membrane proteins 

These studies are a contribution to the elucidation of 
the structure-function relationships of the pore proteins 
LamB and PhoE carried out by different groups in the 
Biological Structures Programme . 

Growth of E.coli K12 under phosphate limitation resu lts 
in the induction of an additional outer membrane pore 
protein. PhoE. It exhibits unspecific pore properties. 
but also allows permeation of inorganic phosphate and 
phosphorylated compounds which are larger than the 
excluded size. 

The characterization of the phosphoporin channel has 
been continued . We have shown that the phoE channel 
possesses a size-dependent selectivity filter specific for 
polyphosphate or phosphorylated molecules. Using the 
same prediction methods as those used on colicin se-
quences. a model of the channel built by the homologous 
porins (OmpF. OmpC and PhoE) has been obtained. 
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This model is compatible with the available data on the 
protein topology within the membrane. Monoclonal an-
tibodies (provided by D. Tomassen. Utrecht) and chem-
ically modified PhoE trimers (from M. Page. Basel) will 
be used to probe the topology of the pore and the 
structural basis of pore selectivity. 

The phage A receptor. also called maltoporin. is the 
product of the gene IamB which is part of the well-
studied maltose regulon. As the other porins. malto-
porin acts as a non-specific diffusion pore but facilitates 
the diffusion of maltose and maltodextrins. 

Conflicting data on maltoporin pore properties have 
appeared in the literature. According to some authors. 
the maltose binding protein (MBP) from the periplasm 
interacts with maltoporin. MBP could then be respon-
sible for the selectivity for maltose. However. there 
is genetic evidence suggesting that the MBP is not 
necessary at all. We have reconstituted maltoporin in 
lipid planar bilayers. In contrast to other studies . we 
found that . under certain conditions . maltoporin in pla-
nar bilayers displays well-defined conducting steps. The 
single channel conductance of maltoporin is 8-10 times 
lower than the phosphoporin single channel conduc-
tance. The pores are independent of membrane poten-
tial. In contrast to the other porins. the channel seems 
very sensitive to its environment leading to undefined 
conductance as found by others. Like polyphosphate 
with phosphoporin . maltose and maltodextrins inhibit 
specifically maltoporin conductance. 



PLATE 24 

(A) Current trace of a phospholipid bilayer containing 
maltoporln . Well-defined channel fluctuations of malto-
porln pores are clearly observed, In 1M NaCl. (8) Inhi-
bition of maltoporln pore conductance by maltose. The 
Injection of maltose (10 mM) leads to Inhibition of mal-
toporln pore conductance (left part of the current trace). 

I' ,'1. 

80 

- 80 mV 

B. 

Maltose (10 mM) 

+60 mV 

On perfusion of the maltose-containing compartment by 
maltose-free buffer, conductance redevelops (right part). 
The level of conductance Is slightly higher than before 
the Injection of maltose. This Is due to new Induction of 
maltoporln pores during the perfusion process. 

+ 100 mV 

BOPAL 
60 sec 

-80 rrW 
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Recently we obtained two-dimensional crystals of mal-
toporin reconstituted with E.coli phospholipids. These 
crystals were found suitable for image reconstruc-
tion analysis (see reports of Jean Lepault and Kevin 
Leonard). 

Two-dimensional crystallization in lipid monolayers 

This project. in collaboration with Brian Sproat and 
Kevin Leonard is based on the work of Uzgiris & 
Kornberg (1983) who succeeded in crystallizing anti-
bodies against a lipid hapten. Conditions required or 
favourable for two-dimensional crystallization include: 
(1) fixation of molecules in a plane: (2) mobility of 
the molecules within the plane to allow sampling of 
various bonding arrangements: (3) identical orientation 
of all the molecules: and (4) a high concentration of 
molecules in the plane. so that crystallization will be 
favoured over a two-dimensional solution . These condi-
tions can be fulfilled by a lipid monolayer provided that 
the lipid possesses the proper ligand for the protein to 
be crystallized. 

We have now characterized the interfacial properties of 
the phospholipids containing reactive groups and solved 
the problems of successful deposition of monolayers on 
electron microscope grids. 

Collaborative projects 

Colicin A 

This project is a collaboration with two groups. the 
group of Claude Lazdunski from the Centre de Biochimie 
et Biologie Moltkulaire (e.N.R.S .. Marseille) and the 
group of Frederic Heitz from the Laboratoire des 
Systemes Polyphases (e.N.R.S .. Montpellier) 

Acrosomal reaction in sea urchin sperm 

This project is a collaboration with the group of Ben-
nett Shapiro from the Biochemistry Department of the 
University of Washington (Seattle). Plasma membranes 
from sea urchin sperm have been transformed into pla-
nar bilayers. Activation of ionic channels which may be 
involved in the acrosomal reaction has been observed . 
Selectivity and activation by intracellular effectors of 
these channels are being investigated. 

Chromaffin granules 

This project in collaboration with Jean-Pierre Henry 
from the Laboratoire de Cytologie. Universite P. et M. 
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Curie (Paris). involves investigation of the feasibility of 
transforming chromaffin granule membrane into planar 
bilayers in order to detect channel activities of these 
membranes. 

Publications during the year 
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Arch. Biochem. Biophys .. 243. 62-69 

Lepault. J.. Pattus. F. & Martin. N. (1985). Crye-
electron microscopy of artificial biological membranes. 
Biochim. Biophys. Acta. 820. 315-318 

Pattus. F .. Cavard. D .. Crozel. V .. Baty. D .. Adrian. 
M. & Lazdunski. e. (1985). pH-dependent membrane 
fusion is promoted by various colicins. EMBO 1.. 4. 
2469-2474 
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Electron microscopy of nucleic acids 

Scientists: H. Dellus, B. Koller 

Visiting workers: I. Klss*, J. Posfal* 

Technical assistants: J. Clarke-Berrlman*, R. Badawl* 

We are using the electron microscope for structural 
studies of nucleic acids. The nucleic acids are prepared 
for microscopy by cytochrome spreading and mica ad-
sorption. The major part of our work during previous 
years has been the analysis of the organization of 
chloroplast genomes from higher plants and from algae. 
More recently the emphasis of this project has been 
shifted towards the characterization of transcription of 
chloroplast genes and of the processing of precursor 
mRNAs. In parallel to the chloroplast studies the elec-
tron microscopic techniques were applied to various 
other projects in collaborations within and outside the 
EMBL. 

In addition to the application of conventional techniques 
we are interested in the development and improvement 
oftechniques for the isolation and purification of nucleic 
acids. The work on the use of the biotin/avidin high 
affinity system for preparative purposes and for the 
introduction of specific electron-dense labels in elec-
tron microscopy was continued. The preparation of 
separated complementary DNA single strands which 
was described in last years report was applied to the 
work on hybrids between cloned chloroplast DNA and 
intron RNA, and to the analysis of apoferritin genes as 
described below. 

Transcription of chloroplast genes 

The transcription in chloroplasts has prokaryotic as well 
as nuclear features. like the occurrence of polycistronic 
mRNAs on the one hand and the presence of introns and 
the long half-life of mRNAs on the other hand . Precursor 
mRNAs, like unspliced or partially spliced transcripts or 
partially cleaved polycistronic transcripts. are relatively 
stable. 

The project of the analysis of introns in chloroplast 

coded protein genes from Euglena gracilis was contin-
ued. It was demonstrated, that the intron sequences 
from the precursor mRNA of the psbA gene (the 32 kd 
herbicide binding protein of photosystem II) occur as 
spliced-out covalently closed circular RNAs . (Plate 25. 
A, B. and C). 

Transcription of the cluster of genes coding for the 
subunits of the ATPase complex in chloroplasts from 
peas and spinach has been studied in collaboration with 
J. Mason. P. Whitfeld & R. Bottomley in Canberra. 
The sizes, location and the structures of the process-
ing intermediates of the polycistronic transcripts were 
determined. These can be up to 5 kb long and include 
sequences of four genes. 

Frequently, a double-stranded tail was observed at the 
3/-end of these hybrids (Plate 25, D). This was in-
terpreted as the result of a read-through beyond the 
terminator of the ATPase operon into a region. which is 
transcribed with high frequency as an 0.9 kb RNA from 
the opposite strand. The observed dou ble-stranded tail 
probably results from the annealing of the read-through 
ATPase transcript to this complementary RNA during 
the hybridization procedure. The read-through tran-
scripts preferentially terminate near the 5' -end ofthe 0.9 
kb transcript. because the tails end as double strands or 
have only a short single-stranded end. This is the first 
report of symmetrical transcription in chioroplasts. It 
remains to be seen whether it is functionally significant 
and whether it occurs at other positions of the genome 
and in other plants. 

In collaboration with H. Fromm & M. Edelman from the 
Weizmann Institute. the transcription of the ribosomal 
protein 512 from tobacco chloroplasts was investigated. 
In accordance with E.cO/ithe gene is co-transcribed with 
the adjacent ribosomal protein 57. but the location of 
the 5' -end of the gene remained obscure . 
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PLATE 25 

(A). (6). (C) Electron micrographs of RNA-DNA hybrids 
of the psbA gene from Euglena gracilis chloroplasts. 
(A) A single-stranded DNA fragment of the psbA gene 
has annealed with mature mRNA. The genomic DNA 
formed four Intron loops. (6) A hybrid of the same DNA 
fragment with a spliced-out circular Intron RNA of Intron 
NO.2. (C) A similar hybrid with a circular Intron No.4 
RNA. 

(D) Electron micrograph of an RNA-DNA hybrid of the 
ATPase operon from pea chloroplasts. The chloroplast 
DNA was cloned Into the pEM6L8+ vector. The circular 
single-stranded phage DNA of this clone was annealed 
with linear DNA of the vector pEM6L8-. The two vectors 
form a heteroduplex with a substitution loop. which 
Indicates the orientation of the Insert fragment In the 
circles. The double-stranded vector DNA and the loop 
are labeled VD and VL. respectively. The RNA has 
annealed with the genomic DNA of the ATPase operon. 
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The arrow Indicates the normal 3'-end of the mRNA. In 
this molecule a double-stranded RNA tall Is attached to 
the hybrid region. It represents sequences downstream 
of the ATPase operon which have been symmetrically 
transcribed. The solid lines represent DNA. the dashed 
lines RNA strands. 

(E) A double hybrid between mRNA of the chicken link 
protein gene and two lambda recombinants containing 
the coding sequences for three exons. The double-
stranded lambda arms are marked Rand L. In the 
schematic drawing to the right the mRNA Is traced with a 
dotted line. The two exons on the 5'-slde are separated 
by an Intron which Is seen as a large single-stranded 
loop Inside the substitution loop formed by the two 
Insert strands. Following the second exon the hybrid 
continues without a visible gap on the Insert strand of 
the other recombinant. This 3' exon seems uninterrupted 
by Introns and has a size of about 4.8 kb. 



Other collaborative projects 

The collaboration with the group of Riccardo Cortese 
(EMBL) on the analysis of recombinant DNA selected 
with probes for the heavy and light chains of human 
apoferritin was continued. While all of the initially iso-
lated lambda recombinants had displayed uninterrupted 
homologies with the probes. and probably represented 
pseudogenes. a cosmid clone was finally isolated which 
contained the gene coding for the human apoferritin H. 
Heteroduplex analysis was done using separated single 
strands of the cDNA plasmid which were prepared using 
the biotin/avidin affinity system . The heteroduplexes 
revealed the presence of three introns in the apoferritin 
H gene . 

In collaboration with the laboratory of P.F. Goetinck 
(Storrs) and I. Kiss (Szeged) the structure of genes 
coding for different components of chicken cartilage was 
analyzed by electron microscopy. A lambda clone was 
isolated which contained the whole gene for cartilage 
matrix protein . Eight exons were detected in the elec-
tron microscope accounting for about 18% of the tran-
scribed region . As in the case of collagen and fibronectin 
genes the last exon is relatively long (1.6 kb) and 
codes mainly for untranslated sequences. An analysis 
of recombinant clones containing sequences of the link 
protein has shown so far that the exon sequences are 
separated by long introns and are scattered over more 
than 50 kb. With the lambda recombinant clones it 
is possible. in most cases. to separate complementary 
strands by agarose gel electrophoresis. Choosing the 
right combination of separated strands. heteroduplexes 
can be constructed with substitution loops from dif-
ferent clones. If the loop contains coding sequences of 
distant parts of the same gene an mRNA molecule can 
hybridize to both strands of this heteroduplex (Plate 25. 
E). Using this approach exons separated in the genomic 
DNA by introns of a size exceeding the coding capacity 
of lambda may still be hybridized. in good yield. to the 
common mRNA. 

In collaboration with the group of Anna-Maria Frischauf 
& Hans Lehrach (EMBL) we have compared cosmids 
containing cloned DNA from the T /t haplotypes of 
mouse chromosome 17 by heteroduplex mapping in 
complementation of the restriction analysis . The struc-
ture and position of retroviral sequences within inser-
tion/deletion loops of such heteroduplexes has been 
analysed . 

A comparison of related human papilloma virus 
genomes cloned in plasmid vectors has been done in 
collaboration with H. Pfister (Erlangen) . Regions of 
varying degrees of homology were differentiated by the 
mapping of heteroduplexes prepared under conditions 
of high or low stri ngency. 

Together with Ray Brown (EMBL) we have tried to 
biotinylate the transcription factor TFIIIA after attach-
ment to its binding site on a recombinant plasmid. The 
biotin was then complexed with streptavidin-ferritin to 

visualize it in the electron microscope. The position 
of the protein on the plasmid could be determined . 
However. only 10% of the molecules carried the label 
in the specific position . We cannot decide yet whether 
this is resulting from a low efficiency of the binding or 
of the labelling procedure . 

Publications during the year 
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Electron microscopy applications group 

Scientists: J. Dubochet, S.D. Fuller 

EMBL postdoctoral fellow: J.M. Smith 

Student: P. Schultz* 

Visiting workers: R.W. Doms*, H. Hagler*, W.H. Massover*, S. Trachtenberg* 

Scientific assistant: A.W. McDowall 

Technical assistant: M. Adrian 

Cryo-electron microscopy of vitrified specimens was 
first developed at EMBL and is now used world-wide. 
We are continuing to improve the method and are 
using it to study chromatin. viruses and other biological 
systems. The group has been strengthened this year 
by the addition of Stephen Fuller and Patrick Schultz. 
We have also conducted an EMBO course on electron 
microscopy of vitrified specimens for the past three 
years which remains in great demand. 

The bare grid method consists of vitrifying an unsup-
ported thin layer of suspension. Initially we believed 
that this liquid layer would be representative of the bulk 
specimen. Numerous observations have shown that the 
bare grid method gives. instead. an image of the sample 
in the vicinity of the liquid-air interface and this may 
be very different from the bulk suspension. In partic-
ular, the apparent concentration and the distribution 
of particles is influenced by the surface. The observed 
orientation of the particles and the interaction between 
them are frequently dominated by two-dimensional ef-
fects. The interface effect can be modulated by covering 
the surface with particular detergents or lipids. We are 
exploiting this phenomenon by using the lipid covered 
liquid-air interface as a model system for the study of 
membrane - protein interactions. 

The study of chromatin has been made on mitotic 
chromosomes in situ and on isolated chromosomes from 
tissue culture cells as well as on isolated chromatin 
fragments from rat liver or chicken erythrocytes. The 
minichromosome of SV40 has also been studied (in 
collaboration with P. Oudet. Strasbourg). Our major 
conclusions are: 
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(1) The chromosome in situ displays a homogeneous 
characteristic granularity which gives rise to a promi-
nant 11 nm- 2 ring in optical diffraction. No evidence of 
higher order structure is seen in in situ chromosomes 
(Plate 26). 

(2) Cryo-electron microscopy reveals that the structure 
seen in purified chromosomes is very dependent on the 
isolation procedure employed. 

(3) Isolated chromatin fragments and SV40 minichro-
mosomes in ""O.lM monovalent salt display a liquid-like 
organization of nucleosomes or of short stacks of nu-
cleosomes. 

Cryo-electron microscopy should be ideal for the study 
of enveloped (membrane-bound) animal viruses because 
it combines unparalleled preservation of membranous 
structures with the potential of observing internal fea-
tures. We have been exploring the structure of the 
simplest class of enveloped viruses, the a-viruses. as 
exemplified by Semliki Forest virus (SFV) and the 
closely related Sindbis virus. Using a novel optimized 
series expansion technique (see the report of the Data 
Analysis Group) a 35 A resolution reconstruction of 
SFV has been completed. The surface of the virus 
is clearly revealed for the first time, as well as the 
trimeric nature of the spike protein (Vogel et al., 1986). 
Beyond resolving a long standing controversy over the 
triangulation number of the virion. this result confirms 
that frozen-hydrated specimens of membrane viruses 
are sufficiently well-ordered to reveal structural detail to 
this resolution. A reconstruction of the closely related 



PLATE 26 

Thin cryosectlon through a pellet of vitrified metaphase-
arrested Chinese hamster ovary cells. The specimen Is 
fully hydrated and Imaged at -160 Dc. The micrograph 
shows two cells with numerous microvilli (MV) extending 

Sindbis virus is also being performed by an indepen-
dent method. both to confirm the results of the SFV 
reconstruction and to explore the internal features of 
the virion (S. Fuller). The method of common lines. 
originally introduced by R.A. Crowther for negatively 
stained specimens (Crowther et al .. 1970). has been 
extensively modified to allow its use with less contra sty 
frozen-hydrated specimens. The reconstruction so far 
shows that the triangulation number of the Sindbis 
virus surface matches that of SFV and also shows an 
icosahedral interior structure. This interior structure 
appears to have a complementary symmetry to the 
virion surface. The ability to compare two independent 
reconstructions of a-virus structure will allow us to 
draw very firm conclusions about the virion structure 
and lead to a better understanding of membrane virus 
assembly which is a useful paradigm for the sorting of 
membrane components in the cell. 

Into the extracellular space (ES). Two chromosomes ex-
hibiting the characteristic llnm granularity are outlined. 
Bar represents 1 p,m. 

Cryo-electron microscopy of viral proteins is also provid-
ing novel biological information. A collaborative project 
has been started with R.W. Dom & A. Helenius (Yale 
University) to use the unique capabilities of cryo-
electron microscopy in the study of labile specimens to 
examine the pH-induced conformational change in the 
influenza virus haemagglutinin which is responsible for 
its ability to fuse membranes. Attempts to study this 
transition using negative stained microscopy have led to 
equivocal results. Work with Kalervo Metsikko & Kai 
Simons (Cell Biology Programme) on the structure of 
reconstituted G protein vesicles of vesicular stomatitis 
virus have produced images which suggest that this 
protein may exist as a trimer in the membrane. 
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Cryo-electron microscopy of periodic specimens 

Scientist: J. Lepault 

External postdoctoral fe llow: R. Mlillcan* 

Vlsltlnc workers: M .-L. Escande*. Z. Sayers*. J. Telssle*. J. Wltz* 

Technical assistant: N. Martln* 

Biological membranes and viruses were studied by cryo-
electron microscopy. We have shown previously that 
cryo-electron microscopy of vitrified specimens allows 
the study of all the components of biological objects in 
their native aqueous environment . Therefore. our stud-
ies can provide structural information on the hydropho-
bic and hydrophilic domains of biological membranes. 
and on the capsid and nucleic acid of viruses. 

Biological membranes 

Liposomes (in collaboration with F. Pattus) 

We continued our study on vitrified synthetic phos-
phatidylcholine liposome suspensions. We showed by 
both imaging and electron diffraction that vitrified li-
posomes have a different structure according to the 
temperature at which they are maintained before fast 
cooling . Electron and x-ray diffraction patterns are 
characterized by the presence of rings. The position 
and shape of the rings depends upon the lipid hy-
drocarbon chain conformation. Table 2 compares the 
results we obtained by cryo-electron microscopy on 
vitrified aqueous suspensions to those obtained by x-ray 
diffraction on aqueous liquid suspensions (Tardieu et 
al .. 1973). The table shows two important findings . 
Firstly. vitrified liposomes maintained below or above 
their melting temperature before vitrification do have 
different structures. Secondly. the structure in the liquid 
and the vitrified states is in many cases identical. These 
results show that the vitrified state is an excellent 
model for the study of membranes . Images of vitrified 
liposome suspensions maintained below their melting 
temperature show that such liposomes are formed by 
small domains. 

Maltoporin (in collaboration with K. Leonard & F. 
Pattus) 

Maltoporin or LamB protein. or phage A receptor. 
has been extensively studied. Nevertheless. its physical 
structure was as yet unknown . 2-D crystals. grown by 
Franc Pattus and his colleagues. allowed us to calculate 
the 3-D structure of maltoporin at a resolution of ca. 
2sA (Plate 27). This reconstruction was computed from 
negatively stained crystal images. We used conventional 
electron microscopy because all the data necesary to 
calculate a 3-D reconstruction can be derived from a sin-
gle crystal. This is a great advantage in determining the 
crystal symmetries. Maltoporin crystals belong to the 
space group P2 (a=7 .8 nm. b=13.6 nm. gamma=900) . 
The reconstruction is characterized by a 3-fold sym-
metric channel across the plane of the membrane. At 
the resolution of our reconstruction. it is now possible 
to discern whether the pore is unique or formed by 
three channels. In order to define better the maltoporin 
structure. we are currently studying the crystals by 
cryo-electron microscopy. 

DNA packaging In viruses and bacteriophages (in 
collaboration with C. & W. Bashong (Basel). S. Fuller. 
E. Kellenberger (Basel). K. Leonard & J. Witz (Stras-
bourg) 

As shown previously. double-stranded DNA in viruses 
and bacteriophages is visualized by cryo-electron mi-
croscopy. To determine the structure of DNA in these 
particles. we studied several T4 bacteriophage mutants. 
the bacteriophage A and the cauliflower mosaic virus 
(CAMV). 
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PLATE 27 

Balsa wood model of a 3-D reconstruction of maltoporln . 
1.5 unit cells In both a and b directions are represented. 

P L ATE 28 

Bacteriophage .>. embedded In vitreous Ice. The fine 
structure In the bacteriophage heads Is associated with 
the presence of DNA. Note that empty capslds are 
structureless . The bar represents 100 nm. 
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The reconstruction was computed by combining data 
derived from crystals tilted up to 60 degrees . 

PLATE 29 

..... 1 
O.33nm 

Electron difFraction pattern of aligned T4 giant bacte-
riophage . The meridional and equatorial axes arise from 
DNA. The Inset Is a defocused diffraction pattern which 
allows orientation of the diffraction pattern In respect of 
the bacteriophages . 



TABLE 2 

Position and width of rings constituting electron and 
x-ray diffraction pattern of lipid-water phases. The x-
ray data have been obtained from A. Tardleu et al .. 
The cryomlcroscopy data have been obtained from vitri-
fied IIposome suspensions maintained before vitrification 
at the given temperature. The lipid was either 1,2-

dlmerystoyl-sn-g lycero-3 phosphatldylchollne (DM PC), 
1,2-dlpalmltoyl-sn-glycero-3 (DPPC) or 1,2-dloleoyl-sn-
glycero-3 phosphatldylchollne (DOPC). DMPC, DPPC 
and DOPC have a melting temperature respectively equal 
to 24, 41 and -22° C. b (broad) and s (sharp) qualify the 
width of the rings. 

Table 2 

T X-Rays 

DMPC 0 1 
0 .42 S 

or 
DPPC 60° b 

DOPC 20° b 

Quantitative analysis of images of icosahedric heads of 
for instance the.>. bacteriophages (Plate 28 ) indicates 
that domains of the DNA molecule could follow the 
capsid symmetry. Electron diffraction of aligned elon-
gated virus (T4, giant T4) shows that a large fraction 
of the DNA molecule is parallel to the capsid's largest 
axis. These results suggest that the DNA molecule 
inside viruses and bacteriophages forms two structurally 
different domains. The first domain is constituted by 
parallel rods of DNA. The second is formed by the parts 
of DNA in contact with the protein capsid . The second 
domain could be responsible for the connectivity of the 
rods forming the first domain . Such a model differs 
considerably from that generally accepted (Earnshaw et 
al., 1978). The main emphasis of our future work will 
be the continuation of this project. 

Other project 

We have carried out the 3-D determination of the S-Iayer 
of Bacillus sphaericus in order to compare the structure 
of two different tetragonal S-Iayers. The structure of the 
second S-Iayer (Sporosarcina ureae) was determined by 
W. Baumeister and his colleagues (Max-Planck Insti-
tute, Munich) . Such comparisons should lead to a better 
understanding of S-Iayer fu nction . 

1 
0.4 S 

Cryo- Electron Microscopy 

1 
0.42 S 

1 
0.38 S 

1 .:1l.. 2 
0.42 S 0.42 S 0.42 S 
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Electron microscopy and computer image analysis 

Scientist: K. Leonard 

EMBL predoctoral fellow: G. Hutchinson 

Visiting workers: R. Newman*. I. Pappaslderl*. H. Welss* 

Technical assistants: J.Berrlman*. C. Ferguson* 

We are using computer analysis to obtain three dimen-
sional information from electron micrographs of peri-
odic biological structures. in particular two-dimensional 
crystals of membrane proteins such as E.coli Maltoporin 
and mitochondrial NADH:ubiquinone reductase. 

In order to test the accuracy of such reconstructions. 
we have been investigating the effect of electron beam 
damage on the molecular dimensions of stained and 
unstained specimens. 

Work has also been carried out on metal labelling of 
periodic specimens using both chemical labels and anti-
body labelling with the aim of studying these specimens 
in the CryoSTEM. 

Membrane proteins 

Maltoporin 

In collaboration with Jurg Rosenbusch. Franc Pattus 
and Jean Lepault at EMBL we have been studying two-
dimensional crystals of the E.coli pore protein Lam-b 
(maltoporin). 3-dimensional structural analyses carried 
out on trigonal sheets indicate that the density distri-
bution (negative stain) is highly dependent on the type 
of staining and the electron dose. See also the report of 
Jean Lepault for work on maltoporin tubes. 

Cytochrome reductase 

We are continuing work on this large multi-subunit com-
plex in collaboration with Hanns Weiss (Dusseldorf). It 
is hoped to obtain higher resolution structural informa-
tion by using the thin multilayer crystals and by imaging 
unstained specimens . 
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NADH:Ubiquinone Reductase (Complex /) 

A new two-dimensional crystal form of this mitochon-
drial enzyme was obtained during a visit of Hanns Weiss 
as a short-term EMBO fellow. The crystals (Plates 
30 and 31) contain small. well-ordered domains which 
have been used for image analysis and computer re-
construction. The preliminary results. obtained so far. 
indicate that the transmembrane complex (MW 600.000 
daltons) is mainly located on one side of the membrane. 
projecting about 15 nm above the surface. 

Analysis of thickness of irradiated crystalline spec-
imens 

In addition to the work on the 3-D structure of mal-
toporin mentioned above. we have been checking the 
effect of the electron beam on the thickness of thin mul-
tilayer crystals (such as crystals of EcoRV with DNA) 
by Laue zone analysis of electron diffraction patterns. 
These measurements are important for assessing the 
the accuracy of image reconstructions carried out by 
the Fourier tilt method. 

Specific labelling of crystalline specimens 

To determine the orientation in tubular vesicles and 
to test the usefulness of specific antibody labelling of 
crystalline material we have been using conventional in-
direct gold labelling with monoclonal antibodies (kindly 
provided by Dr. M. Schwartz. Institut Pasteur. to the 
extracellular and intracellular regions of maltoporin. 
These indicate (Plate 32) that the tubes are "inside 
out" with respect to the molecular orientation in E.coli. 
We are now trying to reduce the size of the probe. to 
increase the accuracy of the method . In this context. 



PLATE 30 

Image of 2-dlmenslonal NADH :ublqulnone reductase 
crystal. This shows a large negatively-stained single 
layer membrane crystal, made up of randomly-oriented 

PLATE 31 

Computer filtered, averaged Image from one of the crys-
talline domains. One unit cell (21 nm X 39 nm) Is 
outlined, and two molecules of Complex I are shown 

crystalline protein domains. In these, the molecules are 
seen In projection . At the edge of the sheet, where It 
folds over, a side view Is obtained (arrowed). 

schematically. One molecule projects about 15nm above 
the plane of the crystal, the other projects the same 
distance below the crystal. 
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PLATE 32 

Cryostem Image of a tubular maltoporln crystal. labelled 
with antibody/gold complexes. 

preliminary results with a tri-osmium cluster linked 
to the EcoRV decanucleotide (in collaboration with 
B. Sproat. EMBL. & W. Jahn. MPI fur Medizinische 
Forschung) 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. 

Other projects in progress 

With I. Pappasideri (Univ. of Athens). we are carrying 
out a comparative study of the 3-D structure of insect 
chorion. With Ray Brown (EMBL). we have been at-
tempting to visualise by electron microscopy the TFIIiA 
RNP complex. both as isolated particles and as crystals. 
(See also the report of Ray Brown and Plate 19) 
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Gene Structure and Regulation Programme 

Introduction 

The main goal of the Programme is to study the 
molecular mechanisms responsible for the regulation of 
gene expression during development and differentiation. 
The experimental strategy used is heavily dependent 
on recombinant DNA technology. The Programme is 
therefore extremely interested in the development of 
new methods in this field. to increase the speed and 
precision of genetic manipulation. 

The activity is in addition aimed at establishing 
close collaboration with the Biological Structures Pro-
gramme. to fully exploit the power of gene cloning to 
facilitate the structural analysis of macromolecules. 
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Structure and expression of human liver specific genes 

Scientists: R. Cortese, G. Ciliberto, P. DI Nocera* 

EMBL & EMBO postdoctoral fellows: V. Colantuonl*, L. Dente, C. D'Onofrlo*, G. Grlmaldl* , D . Lazzaro*, G. Raugel, 
M. Trlpodl*, M. 

External postdoctoral fellows: G. Bensl, M. Colombo, L. Lundberg*, P. Monacl*, G. Morrone*, S. Ollvlero*, F. Palla, E. 
Perllno, G. Romeo 

EMBL predoctoral fellows: E. Hardon*, G. Paonessa* 

Visiting workers: C. Cortese*, V. De Simone*, M. Fraln*, H.J. Hassan*, H. Klefenz*, A. Metspalu*, L. Monaco*, C. 
Noblle*, A. Plrozzl*, M.G. Plzza*, K. Rlngstrl)m*, L. Roncuzzl*, L. SlIengo*, L. Spinelll* 

Technical assistants : S. St:lmpfll, C. Blance 

Supernumerary: P. Stevenson* 

Introduction 

Starting from a single cell, during the processes of de-
velopment and differentiation, many different cell types 
are generated. Each differentiated cell contains the same 
potential genetic information (with few exceptions) but 
only expresses a subset of genes, synthesizing the spe-
cific proteins which determine its particular structure 
and function. During the development of an organ-
ism many molecular events occur which determine and 
maintain the differentiated state: it is likely that, at least 
to a large extent, these phenomena are based on the 
interaction of specific regulatory proteins (trans-acting 
factors) with specific regulatory DNA seq uences (cis-
acting controlling elements). 

The main goal of our group is to contribute to the 
understanding of the molecular basis of liver specific 
gene expression. The hepatocyte synthesizes a large 
number of proteins: these include the majority of plasma 
proteins (Putnam, 1975), a set of enzymes responsible 
for glycolysis and gluconeogenesis (Seifter & Englard, 
1982), the enzymes of the urea cycle (Powers & Meis-
ter, 1982) and a large number of detoxifying enzymes 
(Alvares, 1982). In addition to the constitutive gene 
expression characteristic of this cell type, there are 
numerous inductions and repressions mediated by hor-
mones (Chan, 1982), by the dietary intake (Greengard, 
1971) or by pathological conditions (Kushner, 1982). 
Only the adult liver expresses the complete repertoire 
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offunctions which are acquired at various stages during 
development. Some genes are turned on at birth, some 
only after weaning (Gitlin & Gitlin, 1975), whereas 
others, like a-fretoprotein, are expressed only in the 
freta I liver (Scott et al .. 1984). It is likely therefore, that 
there is a complex series of regulatory mechanisms re-
sponsible for the maintenance of the differentiated state 
and for the developmental and physiological variations 
in the pattern of gene expression. 

We have taken the approach of cloning several liver 
specific genes (Costanzo et al., 1983) and studying 
their expression by transfection into a variety of cultured 
cells. 

The genes 

a-l-antitrypsin 

Genomic clones coding for human a-1-antitrypsin were 
isolated and sequenced. There is only one gene per 
haploid genome, composed of 5 exons . The gene is 
expressed in hepatocytes and in macrophages: the tran-
scriptional unit is different in these two cell types: 
in liver initiation of transcription occurs at position 
-49 from the initiator AUG whereas in macrophages 
all transcripts are about 150 bases longer at the 5' 
end. This indicates that there might be two different 
alternative promoters. 



Retinol-binding protein 

The genomic clone coding for the human retinol-binding 
protein was isolated and sequenced: it has 6 exons. is 
present as a single copy per haploid genome and is 
expressed only in liver. The initiation of transcription 
occurs at nucleotide -218 from the initiator AUG. 

Haptoglobin 

There are two adjacent genes on human chromosome 16 
coding for haptoglobin and for a related sequence. Both 
genes have 5 exons. Initiation of transcription occurs at 
position -168 from the initiator AUG of the Hp-l gene. 
coding for haptoglobin . We could show that the second 
related gene. Hpr. is not transcribed in liver. 

a-l-acid glycoprotein 

There are three genes per haploid genome coding for 
two different a-I-acid glycoproteins . They are obviously 
the result of multiple gene duplications. We have iso-
lated and sequenced a cosmid clone containing all three 
genes. which have similar organization with 6 exons. 
The gene located at the 5' end is identical to all cDNAs 
sequenced and is expressed in the hepatocyte . The 
remaining two. which have identical seq uences. are not 
expressed in the liver. but must be expressed elsewhere 
because their gene product is found in plasma. 

Apoferritins 

The apoferritin family comprises two different genes 
coding for the Hand L subunit. They have similar 
organization. with three introns in the same position. 
In addition there are a large number of processed pseu-
dogenes. both H-type and L-type. which are scattered 
in the genome. The L gene is preferentially expressed 
in the liver. whereas the H type is more efficiently 
expressed in muscle and HeLa cells. In all cell types 
tested initiation of transcription occurs at about 200 
bases from the initiator AUG in both genes. 

Protein 

The cDNA and the genomic segment coding for protein 
C have been isolated. In addition we have isolated 
and sequenced the genomic clone from two different 
individuals carrying a defect in the protein C gene; we 
could show that in both cases there is a non-sense 
triplet in the coding region. 

Apolipoprotein B 

A cDNA segment and several genomic clones were 
isolated and partially sequenced. This work shows that 
the mRNA coding for human ApoB is larger than 15 kb 

and that there are at least two copies of the gene per 
haploid genome. 

Hem op exin 

The cDNA coding for this plasma protein was isolated 
and sequenced. The structure reveals that the gene is 
composed of a module repeated 10 times . Interestingly. 
the corresponding genomic clone. which was also iso-
lated and sequenced. shows the presence of introns 
exactly at the junction of the various repeated modules. 

During this year we have also isolated and sequenced 
the cDNAs coding for human coagulation factor XII. for 
a-l-microglobulin. the 5' flanking region of the human 
albumin and a-fretoprotein and the 5' flanking region of 
the human Apoal. 

The expression system: Hep38 and HepG2 cell 
lines 

For most of our experiments we have used as re-
cipient for transfection the two human hepatoma cell 
lines. Hep3b and HepG2. isolated and characterized by 
Knowles (Knowles et al .. 1980). They synthesize the 
majority of plasma proteins. and their differentiated 
phenotype has been stable after repeated passages. 
Both cell lines can be transfected very efficiently by 
the calcium-phosphate precipitation method. Non-liver 
cell lines used in our work are HeLa cells. diploid 
human fibroblasts and kidney carcinoma A321. The 
various cloned genes. modified so as to be able to 
distiguish their transcripts from the endogenous ones. 
were introduced in hepatic and non-hepatic cell lines 
and the efficiency of expression compared with refer-
ence to internal standards. usually co-transfected non-
tissue-specific transcriptional units. like SV40 early or 
RSV-LTR . 

More recently we have also analyzed liver-specific ex-
pression in stable clones and the construction of trans-
genic mice carrying human liver-specific genes is under 
way. 

Liver-specific transcriptional signals 

The 5' flanking region of most of the above described 
genes is capable of directing accurate and efficient tran-
scription of any down stream sequence in HepG2 and 
Hep3B but is inactive in non-hepatic cell lines. In general 
a short DNA segment contains all the information for 
tissue-specific expression: 300 bases for retinol-binding 
protein. 210 bases for a-I-antitrypsin. 200 bases for 
haptoglobin . Further dissection of these segments re-
veals that the tissue-specific control is the result of the 
action of multiple separate cis-acting elements. As an 
example Plate 33 shows the results obtained with the 
retinol-binding protein gene. 

99 



PLATE 33 

DISSECTION OF THE 5' FLANKING REGION OF THE RETINOL 
BINDING PROTEIN GENE 

PLASMID CONSTRUCTION EXPRESSION IN 
HEPG2 HE LA 

-1500 +1 CAT 
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I -40 I 
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I I 
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I I 
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+ + 

TISSUE SPECIFIC OPERATOR 
1 

The simplest interpretation of these results is that 
segment 1 contains a binding site for a repressor of 
transcription. absent (or inactive) in HepG2 and present 
in all other cell lines tested . Segment 2 contains a 
general (non-tissue-specific) enhancer element. essen-
tial for expression in all cells. Element 3 contains a 
tissue-specific promoter. Tissue-specificity requires the 
presence of both the operator and the specific promoter. 

In the haptoglobin and a -l-antitrypsin genes the order 
of these elements is different: starting from 5' we 
find first an essential sequence. then the tissue-specific 
element. followed by another essential sequence. Pre-
liminary results with the other genes indicate that other 
combinations of positive and negative elements are 
possible. 
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Sequence comparison of the cis-acting elements shows 
no common pattern; the transcriptional signals. defined 
by mutations and expression analysis. are different 
for each gene examined so far. both in sequence and 
in overall organization. This is evidence in favour of 
multiple independent control mechanisms. specific for 
each gene or for classes of genes. Work will continue 
on the characterization of the cis-acting elements of 
liver-specific genes . 

We have also started several projects aimed at the 
identification and characterization of the trans-acting 
factors: we have preliminary results on the binding of 
proteins to specific cis-acting sequences. obtained with 
foot-printing and gel retardation techniques. A specific 
transcriptional system is being set up in vitro. 
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Molecular genetics of microorganisms 

Scientist: G. Cesarenl 

EMBO postdoctoral fellows: M. Bally* , M. Sollazzo* 

External postdoctoral fellows: M. Anceschl*, F. Fellcl*, G. Spinelli 

EMBL predoctoral fellow : J. Murray 

Visiting worker: L. Castagnoll 

Technical assistants: J . Hughes, D. Kirk 

We have continued to analyze the molecular mecha-
nisms that are responsible for the stable maintenance of 
the E.coli plasmid ColEl and the S.cerevisiae 2J.L plas-
mid. Efforts have also been devoted to the development 
of techniques for the overexpression of native eukaryotic 
proteins in E.coli and yeast. 

Control of CoIE1 replication 

Initiation of DNA replication of plasmids of the ColEl 
family is controlled by two plasmid encoded elements 
which regulate plasmid copy number by limiting the 
amount of primer available for initiation of DNA syn-
thesis . These two elements are encoded in regions 
symmetrically located with respect to the replication 
origin. The first is a small RNA of 108 nucleotides (RNA 
I) which is complementary to the 5' portion of the RNA 
primer. RNA I inhibits in vitro the maturation of the 
primer by the enzyme RNaseH in vitro (Tomizawa &. 
Itoh 1981). The hydrogen bonding of some of the bases 
in the loops of the cloverleaf structure of RNA I with 
the complementary seq uences in the primer precursor 
is responsible for the specificity of the inhibition mech-
anism. 

The second negative controlling element is a protein of 
63 amino-acids encoded by the rop gene. Rop increases 
the ability of RNA I to inhibit primer maturation (La-
catena et al., 1984) by enhancing the affinity between 
the two RNA molecules (Tomizawa &. Som , 1984). x-
ray diffraction analysis of Rop crystals reveals that the 
Rop molecule is a rigid dimer of exact twofold symmetry 
(Banner et al., 1986). -This leads us to propose that 
each subunit binds to one RNA molecule and that if 
the two molecules have complementary loops these are 

then positioned correctly for the hydrogen bonding of 
the complementary nucleotides.ln the past yearwe have 
started a project aimed at identifying the amino-acid 
residues that are essential for Rop activity. We first 
asked whether the disordered carboxy terminal 7 amino-
acids are dispensable by constructing 2 amber mutants 
that terminate the polypeptide chain at position 56 
and 58 respectively. We found that while Ropam56 is 
inactive Ropam58 maintains wild type activity when 
tested in our in vivo assay. This result supports the 
conclusion that the carboxy terminal 5 amino-acids are 
not essential for function. The reason for Ropam56 
being defective is that the phenylalanine at position 56 
plays an important structural role. This is consistent 
with the finding that a glutamine in place of phenylala-
nine 56 makes the Rop molecule thermosensitive. We 
examined next 3 arginines at position 13, 16 and 50 
which form a patch of positive charges on the molecule 
surface. None of these side chains however seem to 
be essential for function . Similar conclusions can be 
drawn for the glutamic acid at position 24. We plan 
to continue to alter the side chains on the surface 
of the Rop dimer in order to be able to identify the 
molecular contacts between the three molecules that 
control ColEl replication . 

Control of 2J.L replication 

The molecular mechanisms that control the initiation of 
DNA replication of the 2J.L plasmid of S.cerevisiae are 
not understood . As a first approach we have dissected 
by deletion analysis the DNA fragment that is required 
for initiation of DNA replication and replicon stability. 
We have found that a DNA fragment that had been 
previously identified as essential for plasmid stability, 
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was. in our constructions. dispensable. To reconcile 
our findings with previously published results (Jayaram 
et al .. 1983; Kikuchi. 1983) we postulated that the 
deleted fragment contains a transcription terminator 
that protects the origin region from transcription events 
originating from neighbouring sequences. To test this 
hypothesis we have constructed a series of plasmids 
containing different fragments of the 2 m replication 
origin region and an inducible promoter. The analysis 
of the stability of these plasmids in conditions in which 
the promoter is either induced or not is consistent with 
our hypothesis that transcription running through the 
origin destabilises the plasmid. 

Small RNA in yeast 

We have also continued the characterization of the 
genes encoding three abundant non-polyadenylated sta-
ble RNAs of the yeast S.cerevisiae. These RNAs are 
located in the nucleus and are 320 (R3). 600 (R6) 
and 604 (R8) nucleotides long. Sequence analysis of 
the genes indicates that R3 and R6 cannot encode any 
peptide longer than 30 amino-acids while R8 has an 
open reading frame capable of encoding a 79 amino-acid 
peptide. We are currently investigating whether this 
open reading frame is translated. R6 and R8 probe hy-
bridize to single copy genes. R3 RNA is complementary 
to two loci (R3A and R3B). R3B. if transcribed. is at 
least ten times less active than R3A. Up to now we 
have disrupted the R8 and R3A gene proving that the 
first gene is essential while R3A is dispensable. We are 
currently deleting the second R3 gene and R6 and we 
would like to isolate temperature-sensitive mutants of 
the genes that are essential for yeast growth. These 
mutants will then help us to ask questions about the 
essential function of these RNAs. 

Expression of eukaryotic proteins 

We have also collaborated with a number of groups 
with the aim of overexpressing eukaryotic proteins in 
E.coli and S.cerevisiae In collaboration with the group 
of P. Arosio in Milano we succeeded in obtaining high 
levels of the H chain of human ferritin in E.coli by using 
the expression system that we have described in last 
year's report (see also Sollazzo et al .. 1985). The ferritin 
expressed in E.coli assembles correctly and can take 
up iron. In collaboration with C. Baldari in Siena we 
have constructed a yeast expression secretion vector 
based on the 2J.L replicon. an inducible GAL promoter 
and the leader peptide of the ORF2 of the killer plasmid 
of K.lactis pKll. This plasmid has been succesfully used 
to synthesize large amounts of active human interleukin 
1 and to secrete it into the medium. 
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UsnRNP structure, function, and regulation 

Scientist: I. Mattaj* 

EMBL postdoctoral fellow : M . Kazmaler* 

EMBL predoctoral fellow : G. Tebb* 

The interests of our group concern various aspects of 
U small nuclear ribonucleoprotein particles. Currently 
three major lines of work are being carried out in the 
laboratory. and these are described briefly below. The 
projects all involve the use of Xenopus laevis oocytes 
which are ideal for analysis of UsnRNAs from the struc-
tural and functional aspects and which also provide an 
expression system for cloned X.laevis Usn RNA genes . 

a. Mutants in U2 snRNA have been constructed and are 
being used to investigate protein-RNA interactions 
within the U2 snRNP particle. The first results ob-
tained have been published. We are now using these 
and other mutants to study the interaction of U2 with 
other UsnRNPs and with other nuclear components 
involved in the splicing of introns and other RNA 
processing activities. 

b. We have studied the expression of U2 snRNA genes in 
detail. and defined several promoter and enhancer ele-
ments involved in their transcription . Now we are try-
ing to identify the protein transcription factors which 
interact with these sequences. In this work we are 
fortunate in having a very efficient expression system 
for these genes which responds to the deletion of the 
necessary cis-acting sequences. The Usn RNA genes 
exhibit developmental regulation. being the first RNA 
polymerase II genes transcribed detectably during 
Xenopus laevis embryogenesis . At this time different 
members of the U gene families are expressed than in 
either somatic cells or in unfertilised oocytes . We are 

using our U2 mutants and also U5 genes to analyse 
this developmental regulation. 

c. In collaboration with the group of Margaret Bucking-
ham at the Institut Pasteur in Paris we have begun 
a study of alternative splicing of myosin light chain 
gene transcripts. A single myosin light chain gene 
gives rise to two different mRNAs and two different 
protein products by a mechanism which involves 
the choice of alternative promoter sites as well as 
alternative splice sites within the primary transcript. 
In connection with our interest in UsnRNA function 
we will analyse the molecular mechanism involved in 
generating the two alternative gene products. 
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Regulation of vaccinia virus gene expression 

ScIentIst: H. Stunnenberg* 

EMBL predoctoral fellow: B. Schwer* 

TechnIcal assIstant: J. Schmltt* 

Vaccinia virus is most widely known for its role as 
the live vaccine used for the immunoprophylaxis of 
smallpox. Recently the virus has become of more gen-
eral interest because of the possibility of using it as 
an infectious vector for molecular cloning and expres-
sion with a high capacity for foreign DNA. Vaccinia 
is a large double-stranded DNA virus which replicates 
in the cytoplasm. The approximately 185-kilobase-pair 
genome is expressed in a temporally regulated fashion. 
Early genes are transcribed shortly after infection by a 
viral RNA polymerase contained within the virion and 
the early transcripts are of discrete size . Concomitant 
with. or directly after the onset of DNA synthesis late 
genes are expressed. the transcripts being extremely 
heterogenous in size because of readthrough of the 
polymerase . The mechanisms involved in the switching 
from early to late gene expression are unknown and 
one of the topics of our studies . A prerequisite for 
the understanding of the switching is the identi fica -
tion of regulatory elements present in early/late genes . 
First results of mutation studies on a late promoter 
will be published . showing the unique features of the 
vaccinia promoter as compared to either prokaryotic or 
eu karyotic counterparts. In order to identify putative 
regulatory factors involved in gene regulation in vitro 
transcription systems have to be developed which are 
specific for either early or late viral genes. Through 
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biochemical fractionation and complementation assays. 
putative factors might be identified and characterized . 

Another aspect of vaccinia virus infection is the rapid 
shut-off and re-programming of the cellular transcrip-
tional/translational machinery. Some of the new enzy-
matic functions involved are certainly encoded by the 
virus (e.g. RNA polymerase. capping enzymes) and are 
contained within the virion. Other functions are likely 
to be reprogrammed immediately after virus infection 
e.g. the "shut-off" of translation of cellular transcripts. 
We have identified a small stable RNA which might 
be involved in the shut-off mechanisms. The cloning 
and characterization of these new small RNAs will be 
studied . Finally viral replication will be investigated in 
our laboratory. 
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Physical Instrumentation Programme 

Introduction 

The major development effort in 1985 was the design 
and construction of a new type of high dispersion elec-
tron spectrometer for the CryoSTEM. The CryoSTEM. 
as predicted. achieved its design specification of 3.4A 
lattice resolution without major modification and devel-
opment has now shifted to the design of new detector 
systems many of which will be based on the new 
spectrometer. 

The HB5-STEM is once again fully operational and 
is in regular use at liquid nitrogen temperature . Mass 
measurement is now offered as a routine service and the 
first experiments with frozen-hydrated specimen have 
been carried out. 

The hardware for the crystallography detector project 
is approaching completion as is the data acquisition 
software. 

The microcomputer-based data acquisition system for 
the CryoSTEM should also be completed early in 1986. 

The confocal scanning optical microscope was further 
developed to provide interference contrast. The micro-
scope itself is being redesigned to simplify its operation . 

In fluorescence mode. the microscope is now in regular 
use on a range of biological problems. 
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Electron microscope development 

Scientists: A. Jones, W. Tlchelaar 

Trainee: H. Hour 

Visiting workers: E. Carlemalm*, E. Kellenberger* 

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

CryoSTEM development 

The prediction from the initial results obtained with 
the CryoSTEM that the instrument would achieve its 
design specification without any major modification 
was confirmed in May of this year when a lattice 
resolution of 3.4 A (shown in Plate 34) was obtained. 
The sharpness of the lattice images and the relative ease 
with which this performance level can now regularly be 
achieved indicates that the attainable resolution is in all 
probability somewhat better than this. This resolution 
is however more than adeq uate for most biological 
applications and the major effort since then has been 
devoted to optimizing the detector systems. Initially we 
have decided to concentrate on the imaging of small 
heavy metal labels for which there are already a number 
of applications, and on elemental mapping. 

There have been some problems in producing labelled 
specimens of adequate quality since the heavy metal 
clusters we are using are considerably smaller than 
those previously used for such purposes, and the pro-
duction and binding of the necessary organo-metallic 
complexes is not a simple problem. In the meantime 
we have concentrated on optimizing the imaging prop-
erties of the instrument for small metal particles. The 
micrograph of 40 A gold particles (provided by Kevin 
Leonard) (Plate 35) shows clearly that the microscope 
is capable of resolving far smaller labels than this when 
suitable specimens become available. 

Elemental mapping (images showing the spacial dis-
tribution of specific elements) requires a very high 
performance electron spectrometer. It became clear that 
the original spectrometer (based on a pole piece kindly 
supplied to us by the Biozentrum Basel) is not suitable 
for our purposes. We have therefore designed a to-
tally new spectrometer with greatly red uced abberations 
and with a dispersion approximately 10 times greater 
than has previously been achieved on a STEM. The 
spectrometer, which was installed on the STEM in 
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December of this year, is shown in Plate 36. Func-
tionally this new instrument is a double spectrometer 
symmetrically constructed to cancel out many of the 
intrinsic abberations. Further correction is provided by 
three multipoles which also enable the spectrometer to 
be matched to the crossover produced by the cryo-
objective lens. The low abberations coupled with the 
angular demagnification produced by the cryolens make 
possible a far higher spectrometer acceptance angle 
than previous designs. This results in a far higher sen-
sitivity and improved signal-to-noise ratio for inelastic 
images (elemental maps are a specific form of inelastic 
image). The high dispersion also permits the use of 
a linear diode array as a parallel detection system for 
microanalytical studies. A detector of this type has been 
purchased and will be fitted during 1986. The design of 
the spectrometer has been patented. 

STEM applications 

As reported last year the applications activities had 
lapsed due to staffing problems. With the arrival of 
Willem Tichelaar from Groningen we were able to reacti-
vate these activities on the HB5 STEM and we are now 
actively expanding the range of biological applications 
of the STEM. We continue as before to concentrate on 
those biological projects for which the unique features 
of STEM imaging (e .g. multiple simultaneous imaging, 
high efficiency darkfield, and on-line computer connec-
tion) provide worthwhile advantages over conventional 
TEM . 

Mass measurement 

This technique is once again available as a routine 
facility. The high collection efficiency in STEM darkfield 
together with the linearity of this imaging mode and the 
on-line computer connection enable specimen mass to 
be accurately determined using a reference specimen of 
known mass. 



PLATE 34 

High dispersion spectrometer 
mounted on the CryoSTEM 

PLATE 36 

3.4 A graphite fringes 

PLATE 37 

Thin section of E.coli containing bacteriophage T4 
proheads , Imaged In ratio contrast . Bar: 50 nm . 

PLATE 35 

40 A gold particles 
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In collaboration with Jean Lepault we were able to 
confirm that the walls of maltoporin tubes consist of a 
single layer of molecules. Similarly we were able to show 
that the surface layers from the cell walls of Bacillus 
sphericus and Sporocarcina urea (see reports of Kevin 
Leonard and Jean Lepault) have approximately the same 
mass per unit area . In all measurements the reference 
specimen was tobacco mosaic virus. 

This technique has been developed to the extent that we 
can now offer a limited service to outside laboratories 
with mass measurement problems (interested groups 
should contact Willem Tichelaar). 

The structure of Escherichia coli RNA polymerase 
(in collaboration with M.J . van Heel. Fritz Haber Insti-
tut. Berlin) 

RNA polymerase is an oligomeric protein with::> rela-
tive molecular mass of 440.000. Since it has not yet 
been crystallized only electron microscopy can provide 
direct structural information about this enzyme. Ex-
perience has shown (Tichelaar et al .. 1983) that the 
high contrast and high collection efficiency obtained 
in STEM darkfield is advantageous for such relatively 
small complexes. A large nu mber of images of negatively 
stained RNA polymerase core enzyme (provided by H. 
Heumann. Max Planck Institut fur Biochemie. Martin-
sried) were obtained using this imaging mode. For pur-
poses of comparison. similar images were also recorded 
in TEM brightfield. which is the imaging mode most 
widely used so far in EM structural studies of biomacro-
molecules. From the micrographs. data sets consisting 
of 3000 single-particle molecular images were produced 
for the application of single-particle image analysis 
techniques (Van Heel & Stoffler-Melicke. 1985). The 
image analysis. which is not yet complete. will provide 
characteristic views of RNA polymerase. which will then 
serve as a objective basis for a 3-dimensional model. We 
will also be able to quantitatively compare the results 
obtained with the two imaging modes . 

The maturation of bacteriophage heads (in collab-
oration with E. Carlemalm & E. Kellenberger. Biozen-
trum. Basel) 

Bacteriophage head assembly is an interesting model 
system for the self assembly of proteins into larger 
structures because of the shape determining role of 
the scaffolding core. The system used so far is that of 
bacteriophage T4 in Escherichia coli . Here. questions 
of interest are how the length of the head and its ratio 
of length over width are attained . Unstained specimens 
are used as a precaution against staining artifacts. A 
number of STEM imaging modes are well suited to 
these kinds of specimens . The specimens used were 
thin sections of E.coli infected with a strain of phage 
T4 mutated in gene 21 (it amN90) and lacking the 
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genes for three internal proteins. This strain produces 
proheads in which up to 30% of the protein mass is 
missing . Samples are freeze substituted. embedded in 
Lowycryl HM20 and unstained. Best results have been 
obtained u-sing the ratio of the elastic to inelastic signal 
(Carlemalm & Kellenberger. 1982). The results show 
that the proteins forming the scaffolding core inside the 
capsoid are not evenly distributed (Plate 37). Alongside 
the capsoid there is a gap containing very little material 
and the rest of the core material is often distributed 
in a ring-like manner. Our observations also show that 
small details such as the gap are much better preserved 
at low temperature (-1S0°C) than at room temperature. 

This work is continuing using a T4 strain which pro-
duces proheads with a complete scaffold. It is hoped 
that a comparison of the morphologies of the different 
types of cores will lead to conclusions about its struc-
ture and thus about its form determining function in 
self-assembly. 

Biological structures embedded In vitreous ice 

This project. which has only recently been started. 
is aimed at finding (for ice-embedded specimens) an 
imaging mode which will produce adequate contrast 
without the need for the large defocus values required 
in conventional TEM . The first results have established 
that the bubbling artifact observed in TEM is a function 
of dose rather than dose-rate and is therefore no more 
of a problem in STEM than in TEM . This work will be 
continued both on the HBS and on the CryoSTEM in 
the coming year. 

Publications during the year 

Homo. J.-c.. Jones. A.V .. Elema. H .. Labouesse. P. & 
Wittman. H. (198S). Instrumentation for the electronic 
cryomicroscopy in STEM . J. Microsc. Spectrosc. Elec-
tron .. 10. 371-376 

Jones. A.V .. Homo. J .-c.. Unitt. B.M. & Webster. N. 
(198S). The cryoSTEM: a STEM with superconducting 
objective lens . J. Microsc. Spectroc. Electron .. 10. 361-
370 
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63-67 
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Tichelaar. W .. Schutter. W.G .. Arnbeig. A.C .. van 
Bruggen. E.F.J. & Stender. W. (1983). Eur. J. 
Biochem .. 135. 263-269 



Microcomputers and Interfacing 

ScIentIsts. EngIneers: C. Boulln. M . Albrecht*. E. Clstac*. P. Leyendecker*. R. Kempf. P. Tucker 

TraInee: N. Vonthron* 

VIsItIng worker: P. Jarron* 

The use of microcomputers in instrumentation is be-
coming increasingly important and therefore standard-
ization. modularity of both hardware and software. is 
an absolute necessity. This avoids duplication of effort 
and leads to better planning of new developments. The 
work carried out during the past years on 8-bit micros 
has proved to be very useful for the construction of. for 
example. the bilayer data acquisition system. In order to 
build more powerful systems we have also started to use 
16-bit microcomputers. Our first application concerns 
the development of a data acquisition system for the 
Cryo-STEM which it is hoped will be duplicated next 
year to run the HB5 STEM and replace the old ND-1O 
based system . 

X-ray detector for protein crystallography 

The area detector system (after some design changes 
introduced by Andre Gabriel) has undergone a series of 
tests with an Argon-based gas mixture. Software has 
been written to facilitate these tests. The results were 
reported at a recent meeting and are summarized in the 
next paragraph . 

With a sealed detector. the global stability is within 
±2% over a 48-hour time period. There is a substantial 
inhomogeneity (±20%) in response over the detector 
area. however the inhomogeneity is stable over experi-
mental time periods and therefore correctable. Although 
global count rates of up to 370 KHz have been measured 
without damage to the detector. the global count rate to 
which a first order deadtime correction is applicable is 
100 KHz. We believe this to be adequate for diffraction 
data derived from a single crystal on a rotating anode 
generator. The FW5%M of the point spread function 
is reasonably constant over the detector surface with 
a mean value of about 3 mm. This allows some 50 
diffraction orders to be linearly resolved. Reflexions 
with detected count rates of at least 10 KHz can be 

tolerated. Parallax effects impose a practical limit of the 
angle of incidence of a diffracted beam to the detector 
face. The detector electronics has been linked to the 
VAX 11/785. initially via a CAMAC serial highway 
and then via a parallel branch highway necessary to 
make direct memory access transfers using the CERN 
CAMAC driver facile . A utility program has been written 
for simple data acquisition. manipulation and display. 

A "real-time" display module has been designed and 
built for the system to speed up preliminary inspection 
of a diffraction pattern and provide live display during 
data collection. Modifications to the goniostat. includ-
ing the ability to swing the detector about the vertical 
axis of the goniostat. are underway. The Z-80 software 
for the control of the goniostat from the VAX 11/785 
and the CAMAC interface to enable this are currently 
being designed. In the interim period the controller of 
an Arndt-Wonacott rotation camera has been modified. 
interfaced via CAMAC to the VAX and appropriate data 
acquisistion software has been written. 

The data processing software of Klaus Bartels was 
adapted to the "image file" structure agreed with the 
Hamburg Outstation. A test data set on a Iysosyme 
crystal has been collected (Plate 38) and processed 
using this program. The results of the experiment indi-
cated that improvements in both detector efficiency and 
data processing software were desirable. To improve 
detector efficiency various Xenon-based gas mixtures 
have been investigated. An increase in efficiency by a 
factor of about 4 has been obtained without loss of 
the spatial resolution but in order to achieve this it 
has been necessary to incorporate preamplifiers with 
a higher signal to noise ratio. 

The basis for the software improvement is the adaption 
of the Harvard software (written for a commercially 
available area detector) to our hardware configuration . 
This work is still in progress. 
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PLATE 38 

A 2° rotation frame from a lysozyme crystal. The C axis 
Is approximately along the x-ray beam. the Intersection 
of which with the detector face Is at the bottom left 
hand corner. Diffraction to 3 A resolution Is recorded. 
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Instrumentation for synchrotron radiation work 

Support for the synchrotron radiation groups mainly 
involved duplication of previously designed electronics . 
This approach simplifies maintenance at the Outstation 
and also allows experiment-specific instrumentation to 
be easily assembled. an important factor when con-
sideration is gi.ven to the number of different projects 
conducted on the HASYLAB beam lines. A final version 
of the area detector interface has been produced and 
installed. This interface. coupled to the LeCroy 4201 
time digitizers. has a dead time of about 2 J.l.sec per 
event which is the best one can do with this kind of 
commercially available digitizer. 

In collaboration with Hans-Dieter Bartunik we have 
developed and tested an area detector data handling 
system. called DACOM. which is capable of reducing 
crystal diffraction data in real time for counting rates 
of. at present. up to 1.2 MHz. DACOM can be used 
both in static and in time-resolved diffraction studies 
on the milli second time scale. The system reduces 
area detector data by hardware using a mask which is 
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programmed as a look-up table on the basis of predicted 
spot positions. The individual components ("spots") 
of the diffraction pattern are characterized in the mask 
by one or more 16 bit "spot indices". The hardware 
includes a store manager. a Q-Bus "mask-memory" 
and a self-incrementing memory used to collect the 
compressed information. A faster (10 MHz) version of 
the DACOM system has also been envisaged in the 
context of data collection with an integrating detector 
(TV system for example) . 

CryoSTEM data acquisition system and interfacing 

The interfacing of the CryoSTEM has been started. 
The new data acquisition system is based on the new 
generation of microprocessors. the Motorola 68000 se-
ries. and uses VME. a modern industrial standard . This 
approach to data acquisition. with high local computing 
power. also modifies the concepts of image recording 
as large blocks of directly-accessible memory can be 
used thus avoiding the need for concurrent buffering 
and disc writing. The present configuration of the 
system includes a processor card. half a megabyte of 
program memory. two megabytes of dual (VME and 
VMX) access memory to record the images. a mass 
storage controller. and the digital interface card. A 
link to the future local area network (Ethernet) is 
foreseen in order to provide easy transfer of images 
to and from the VAX cluster for archiving or carry-
ing out very demanding computations. At present. the 
mass storage controller gives access to two 40 Mbyte 
Winchester discs. a floppy-disc and a streamer tape 
for image backup. The available disc space will enable 
the users to process locally a large number of images 
for daily routine work either immediately after image 
acq uisition or at the end of the work session on the 
microscope. The multi-imaging capability of the STEM 
will be fully supported by the new data acquisition 
system. The digital interface to the microscope has 
four channels which can be acquired simultaneously. 
Display of previously acquired or processed images will 
be possible via the two frame buffers already integrated 
in the CryoSTEM. Photographic printing of images 
will also be implemented. The kernel of the interface 
is an intelligent general purpose VME interface card 
(developed by Data Sud Systems). This board has its 
own 68000 microprocessor and will therefore contain 
most of the software needed for: (a) the communication 
with the scan generator and the frame stores: (b) the 
communication with the main CPU card: and (c) the ini-
tialisation of the acquisition hardware. This acquisition 
hardware consists of a daughter board which includes 
all the fast FIFO memories (in order to cope with 
the four simultaneous channels). the memory address 
registers and pointers. the timing logic and the drivers 
and receivers needed to realize a safe con nexion with 
the microscope. Most of the commercial hardware is 
working satisfactorily and the part designed in-house is 
still undergoing tests. The user dialogue software has 
been written and tested. We are now working on the 
communication and initialization software which will run 



on the interface card microprocessor. Image processing 
software will be installed after the final tests of the data 
acq uisition part. 

Planar bilayer data acquisition system 

There are two aspects to this project: (1) the software 
development of the projected data processing package 
on the Nord-l0 mini-computer: (2) the hardware and 
software development of the microcomputer based data 
acquisition and off-line data processing sytem. 

Hardware 

The system was designed and built around a Z-80 
microprocessor with up to one megabyte of memory. 
At present. we are working with 128 Kbytes . A mass 
storage controller connects a floppy-disc drive and a 
10 Mbyte Winchester disc for data storage during the 
acquisition. The transfer speed of the disc is about 5 
Mbits/s which is adequate for the data rates expected 
for the bilayer experiments . The display part of the 
system consists of a standard ECB graphic card (512 
by 512. one bit plane) modified in order to provide 
both cursor facility and hard-copy output to a matrix 
printer. The graphics part of the system is used both 
during data collection (to allow the user to follow 
the experiment) and by the off-line data processing 
programs (selection of regions of interest. voltage or 
time measurements). The digitizer card can take up 
to 16 analog channels and converts these signals. with 
10 bits resolution. at 20 J-Lsec per channel. This board 
also contains a 256 Kwords memory buffer. read and 
write pointers to access the information in blocks of 1 
Kbytes. This large capacity buffer simplifies the data 
collection. transfer to the disc and simultaneous scaling 
and display of the data . In order to trigger the analog 
to digital conversion of the signals a programmable 
clock (0.1 to 25 msec. in steps of .1 msec) has been 
implemented. 

Software 

The microprocessor based machine is running under 
CP 1M which is a widely used operating system. The 
software is divided into two main parts: (a) the data 
collection program: (b) the data processing package. 

The data collection software was written in Fortran but 
uses various libraries coded in assembiy langage in order 
to achieve the maximum speed for the video graph-

ics and input-output tasks involving the digitisation 
hardware. This part of the development is practically 
finished. The only improvements which can be foreseen 
will perhaps concern the menu-driven user interaction 
module. 

Until now. the data processing software development 
has consisted of rewriting the programs developed 
on · the Nord-l0 mini-computer for the microprocessor 
driven system. At the same time. a new hierarchical 
file organisation has been added in order to work more 
efficiently and make better use of the available disc 
space. The existing software allows the user to scan 
through the collected data. select regions of interest 
(pore activity). compute the time constants of the 
exponential decay for the opening and closing of the 
pores. and carry out histogramming functions needed 
to define the distribution of the channel response. The 
data reduction is therefore carried out interactively by 
the user . It is hoped that most of the data reduction 
will be done automatically in the future . The next step 
will address the statistical analysis of the opening and 
closing of microscopic channels. The processing of this 
information is of great help to the biologist because 
simply for statistical reasons it is practically impossible 
to make the required measurements by hand. 

Other work 

In collaboration with P. Jarron. from CERN. we have 
started to work on semi-cond uctor micro-strips detec-
tors for x-ray applications. The main advantages of 
these detectors are high spatial resolution. absence of 
parallax effects. and the high count rates one could 
achieve. The preliminary results clearly show that. al-
though the resolution could be demonstrated. the de-
tector electronics developed for high energy physics are 
not suitable for the range of energies we have to deal 
with. Nevertheless . by sacrificing a little speed. it will 
be possible. using preamplifiers with a better signal 
to noise ratio. to work with this new generation of 
detectors. 

Preliminary work has been done for the implementation 
of a four-quadrant position-sensitive semi-conductor 
detector for the newly-designed spectrometer for the 
CryoSTEM . 

The Optronics film scanner and film writer have been 
transfered to the VAX computers. The associated soft-
ware has been rewritten to include adaptation to the 
new image file format . 
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Laser-spectroscopy and laser-microscopy 

ScIentIsts: R.W. WUnaendts van Resandt*. J. Davoust. C. Storz 

EMBL predoctoral fellows: C. Butor. E. Stelzer 

VIsItIng workers: H. Bulslnk*. M. Schllstra*. P. Bayley* 

TechnIcal assIstants: H .J. Marsman*. R. StrIcker 

The development and application of optical microscope 
techniques have become the main effort of the group. 
These activities can be grouped in three parts: 

-direct application of the fringe pattern photobleaching 
method and the study of lipid traffic in animal cells by 
Jean Davoust and Cecile Butor; 

- the application of the confocal laser scan ning micro-
scope. the study of new image formation modes and the 
development of special software for the investigation of 
3-D motion of microscopic particles and; 

- the technical development of a new inverted scanning 
microscope which should become a general and easy to 
use instrument for the optical sectioning of f1uorescently 
stained cells. 

The application of the picosecond fluorescence lifetime 
spectrometer has been completed. However. the scien-
tific work on this instrument was discontinued during 
the year. 

Finally. the automatic laser scanning and analysis of 
2-D electrophoresis gels was continued and is expected 
to be completed during 1986. 

Fluorescence depolarisatlon and lifetime measure-
ments 

Apart from small technical improvements no further de-
velopment was done on the instrument and the following 
projects were completed during the year: 

Equilibrium-binding parameter for protein/DNA interac-
tion of the M13 gene 5 protein (with H. Bulsink. B.J.M. 
Marsman & C.W. Hilbers. University of Nijmegen) 

The experiments described in last year's report were an-
alyzed and compared with model calculations. A paper 
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on this system has been submitted. The observations 
were extended by measuring the cooperativity factor 
for other oligonucleotides and at different salt concen-
trations. The results confirmed the proposed model for 
this system and there is now definite proof. also from 
fluorescence data. that a different binding mode exists 
for poly- and oligonucleotides . This is not the case for 
a functionally very similar gene 5 protein from Pfl (see 
also our reports in previous years). 

Elongation factor TV (M. Schilstra. Leiden) 

Further experiments were performed to try to under-
stand the observation from last year of a peculiar 
concentration dependence of the aggregation behaviour 
of EF-Tu under various conditions. These observations 
could not be confirmed; this proves the experimental dif-
ficulty in obtaining reliable data on rotational correlation 
times of proteins. even with our technique where the 
polarisation components of the fluorescence emissions 
are detected simultaneously. 

A number of other experiments were performed with 
P. Bayley of the Institute for Medical Research at Mill 
Hill (G.B.). The purpose of these measurements was 
mainly to evaluate the experimental technique and the 
applicability of the instrument for the measurement of 
sub-nanosecond internal mobilities. We found that small 
errors in the background determination can have a large 
effect on the data and our experimental techniq ues 
are essential to obtain reliable data. It is planned to 
establish a similar instrument in London. 

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

The technical developments on the confocal laser scan-
ning microscope have been largely completed. A few 
minor modifications were tested and implemented: 



PLATE 39 

(a) Principle of Interference setup for a confocal scan-
ning laser microscope (CSLM) with a divergent beam 
operated In Interference mode. 

a) 

0. 

(b) Interference contrast demonstrated with a BHK cell 
preparation (size of the bar Is 10 p.) . (a) The Image 
as It Is usually seen In a slightly misaligned Instrument 
and (b)-(f) the same are seen In Interference modes for 
various retardations of the reference beam . 

+- Loser 

General setup for a Confocal Scanning Laser Microscope 
(CSLM) with a divergent beam operated in interference mode 

b) 

CSLM images of cells recorded in interference mode 115 



PLATE 40 

A serIes of Images recorded In a plane parallel to the 
optIcal axIs (x/z). (a-d) Images recorded In an x/z 
plane. The arrows IndIcate In whIch heIght the corre-
spondIng Image e has been recorded. (e) A reference 
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Image recorded In a plane vertIcal to the optIcal axIs 
(x/y) . The arrows on the left and rIght hand sIde IndIcate 
the planes In whIch the Images a - d were recorded. 



a b 

Interference contrast mode 

This mode is achieved by means of a second optical 
path which runs parallel to the path through the micro-
scope (Plate 39a). This technique allows for an absolute 
measurement of phase retardation with high resolution 
(Plate 39b). 

Z-sectioning 

Z-sectioning has been improved by the incorporation 
of a more detailed procedure for the align ment of the 
detector- and the excitation-path. The effect of bleach-
ing on the Z-resolution was tested in detail. New results 
are shown in Plate 40. 

As a first real application we have studied the 3-D 
distribution of fluorescently stained actin in Madin-
Darby canine kidney (MDCK) cells (Plate 41). With 
the well-defined focal volume it is now possible to obtain 
quantitative data on fluorescence concentrations for the 
various distribution of actin. Further analyses of these 
images are in progress. 

A software package for accumulating and analyzing 
the time-dependence of 3-D fluorophor distribution has 
been com'pleted and was tested measuring the brownian 
motion of fluorescent microspheres . Applications to 
biological objects are planned for 1986. 

PLATE 41 

Images of rhodamine-phalloidin labelled MDCK cells. (a) 
The stressflber region near the coverglass region, (b) the 
plasma membrane, and (c) the microvilli region on top 
of the cells. 

c 

A new model of the laser microscope was designed with 
a special emphasis on the possibility of optical cell slic-
ing. In this microscope the beam will be scanned rather 
than the object. For fluorescence applications it was 
important to keep the number of optical components 
to a minimum and this required the development of a 
special scan mirror which was done in cooperation with 
Heidelberg Instruments GmbH and was successfully 
completed. The entire microscope arrangement was 
constructed on an optical breadboard and the necessary 
electronics was designed. The final microscope will be 
built during 1986. 

Analysis of 2-D electrophoresis gels (c. Storz) 

An image processing system was connected to the gel 
scanner. This system is basically identical to the one 
used for the scanning microscope. Software was written 
to detect spots on-line and to form a spot-size and 
location table . This works in principle but requires a 
better software control on the instrument. Therefore a 
few changes are being made on the control electronics. 
The image processing and file handling software is 
now almost finished. After implementation of the new 
hardware and a background correction procedure the 
interface to the VAX must be solved. 
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lipid traffic In animal cells (J. Davoust & C. Butor) 

The advanced fluorescence microscopy techniques have 
been used as a tool to investigate the transport of 
membrane lipids in living cells in collaboration with the 
cell biology program. Fluorescent or radioactive phos-
pholipid markers have been implanted in the fibroblast 
cell plasma membrane using lipid-detergent mixed mi-
celles as a lipid carrier. This new protocol allowed us to 
deliver basically any water insoluble phospholipid to the 
accessible plasma membrane of various tissue culture 
cells. The functional properties of the cells are main-
tained after the insertion of the exogenous phospho-
lipids used as tracers. In particular. the uptake of fluid 
phase markers and the cell cycle are not affe,cted. The 
intracellular traffic of lipids delivered primarily to the 
plasma membrane of baby hamster kidney (BHK) cells 
has been studied with morphological and biochemical 
methods. When present on the plasma membrane. the 
fluorescent phospholipids underwent long range lateral 
motion as determined with the fringe pattern photo-
bleaching equipment. Upon internalization. the labelled 
phospholipids followed a vesicular type of transport to-
wards the endosome and lysosome compartments. This 
new finding on lipid traffic complements our current 
knowledge about the rate of endocytosis of the cell 
plasma membrane components. It also indicates that 
uptake of specific lipids can occur on the endocytic 
pathway. from plasma membrane to Iysosomes. We 
are investigating whether clathrin-coated vesicles are 
involved in the internalization of the plasma membrane 
lipids. 

The localization and the traffic of endogenous glyco-
lipids in epithelial cells has recently attracted our at-
tention. The Madin-Darby canine kidney (MDCK) cells 
are exceptionally rich in some glycolipid species. The 
sorting of these cell specific lipid molecules occurs in all 
likelihood during their transport from the Golgi complex 
to the two polar domains of cell plasma membrane 
in epithelia. The ultrastructural localization of some 
well-defined glycolipids has been initiated with immuno-
cytochemical methods using monoclonal antibodies in 
collaboration with Gareth Griffiths (Cell Biology Pro-
gramme). 

We have also investigated the dynamics of an integral 
membrane protein. the neural cell adhesion molecules 
(N-CAM) on the neuroblastoma cell surface (in collab-
oration with E. Pollerberg & M. Schachner. University 
of Heidelberg) . The differentiated cells were found to 
have a substantial fraction of immobilized N-CAM ac-
cumulated at the cell contact sites. The undifferentiated 
cells did not have these rigid protein domains on their 
surface. 
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Biochemical Instrumentation Programme 

Introduction 

Several new instruments have been constructed and 
put into operation during 1985. A computer-controlled 
automatic system for microinjection of cells has been 
developed and tested. A peptide synthesizer was con-
structed . installed and synthetic peptides provided for 
in-house biologists. Equipment for affinity chromatog-
raphy on magnetic beads has been automated . Devel-
opment. testing (with in-house and outside groups) and 
commercialisation of a device for electro-transfection 
and fusion of cells was completed . New. faster and 
reliable chemistry for oligonucleotide synthesis has been 
devised . Technological and experimental support for 
scientists at EMBL and in other laboratories has been 
provided. Visitors were trained and a practical course 
on microinjection and electro-transfection of cells was 
organized. 
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Development of microanalytical techniques 

ScIentIst: W. Ansorge 

Student: C. Schwager 

VIsItIng workers: F . Bler*, C. Cremer*, C. De Preval*, M.P. Gaub*, J. KJems*, R. Pepperkok*, J. Ugelstad* 

TechnIcal assIstants: J. Gregory*, J. Stegemann 

DNA sequencing 

Development work leading to replacement of film au-
toradiography by electronic detection and to automa-
tion of the DNA sequencing technique with radioactive 
and fluorescent labels has been initiated. Detection 
of radioactive bands from gels can be achieved us-
ing two-dimensional single-photon counting detectors 
based on micro-channel plate technology. Although the 
sensitivity is at present by an order of magnitude too 
low which extends counting time per gel to 12 hours, 
technical improvements, in combination with computer 
image processing may make this method applicable for 
DNA sequencing. A system with sufficient sensitivity 
for one-dimensional detection of radioactively-labelled 
bands was set up and tested. Its application in an 
automated device is currently under way. 

A laser and a computer controlled photon detection 
system have been installed for the development of a 
detector of f1uorescently-labelled macromolecules. Tests 
are being carried out with a f1uorescently labelled primer 
prepared by the organic chemistry group (Brian Sproat) 
of this Programme, in collaboration with groups from 
the Gene Structure and Regulation Programme. 

The development and application of these techniques 
will be important not only for DNA sequencing. but also 
for blotting and chromatography where lowering of the 
detection limit would be advantageous. Consequently, 
it may lead to miniaturization of some methods, e.g. in 
combination with semiconductor technologies. 

EMBL has now been granted most of the patents for 
the (in many laboratories now standard) DNA sequenc-
ing device and method developed by the group and 
commercialized in licence by LKB, Sweden. Scientists 
from EMBL and visitors from outside laboratories have 
used the DNA sequencing set up of the group, e.g. 
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for the study of the RNA genes of the thermophile 
archaebacterium Desulfurococcus mobilis (Group of R. 
Garrett. Aarhus University). 

Cell microinjection 

An automatic injection system, in which movement of 
the capillary with precise cell positioning and time of 
injection are controlled by a computer, has been devel-
oped and tested for nuclear and cytoplasmic injections. 
To our knowledge it is the first existing device for auto-
matic capillary microinjections into cells. The system 
has been analyzed with samples of DNA, RNA and 
proteins by groups from EMBL and other laboratories. 

In initial tests we have been able to inject DNA into 
about 1500 cells in one hour, with a small effort on 
the operator part, as compared with that necessary 
for manual injection of this large number of cells. 
The viability of the capillaries has been significantly 
enhanced: it has been possible with one to inject DNA 
into 1500 cells. These capillaries may be pre-pulled and 
were already supplied to other laboratories for testing 
upon request. 

The full automation. carried out in collaboration with 
the Zeiss company. involves an image processing com-
puter and will permit automatic computer processing 
and evaluation of results . It should enable us to inject 
up to 4.000 cells per hour in service to biological groups 
both within and outside EMBL. With this high injection 
rate, new biochemical approaches may be possible. 

The commercial version of the EMBL system for manual 
microinjection of cells (Eppendorf & Zeiss companies) 
has been further improved and the technique is now in 
use in about 200 laboratories. Several patents for the 
equipment have been so far granted to EMBL. 



Electrotransfectlon of cells 

Scientists from EMBL and other laboratories have car-
ried out electrotransfection with the system developed 
in collaboration with the Differentiation Programme 
(group of Rolf Muller). Several cell lines including mast 
cells have been successfully transformed using this tech-
nique. even when traditional transfection procedures 
failed. Transformation frequencies of up to 15% in 
transient expression assays have been observed and 
plasmids up to 20 kb length have been introduced 
into cells using this technique. The device has been 
distributed during the year to more than ten laboratories 
and arrangements for licensed manufacturing of this 
equipment have been concluded (Apelex Co .. Paris). 

Separation of biological particles 

Two techniques for separation of biological particles 
have been analyzed in collaboration with the Cell Bio-
logy Programme (groups of Kathryn Howell & Kai Si-
mons). affinity chromatography with magnetic beads in 
suspension and continuous flow electrophoresis. Work 
has also been initiated with pulsed field gradient elec-
trophoresis for separation of large DNA fragments . 
Contacts with numerous outside laboratories interested 
in the method for detection of proteins and DNA by the 
silver staining procedure developed in the group were 
esta blished. 

Beads with hydrophilic surfaces and varying magnetic 
content have been tested for protein. cell and organelle 
separation. Biochemical treatment of samples was var-
ied to minimize non-specific absorbtion. Automatisation 
of the whole separation system with microcomputer 
controls has been developed. Re-design of some com-
ponents. aiming at a further optimization of the per-
formance is under way. We plan to make the device 

available to other laboratories and to license its manu-
facture. 

Continuous flow electrophoresis has been used for 
groups of the Cell Biology Programme to separate 
organelles. like the trans-Golgi compartment and Iyso-
somes. A technique for purification of metaphase chro-
mosomes has been developed in collaboration with 
the electron microscopy group (Alasdair McDowall & 
Jacques Dubochet) . Fractions of chromosomes. with 
purity comparable to that obtained by standard pu-
rification procedures. have been provided for structural 
studies by electron microscopy on hydrated sections . 

Publications during the year 

Ansorge. W. (1985). Fast and sensitive detection of 
protein and DNA bands by treatment with potassium 
permanganate. J. Biochem. Biophys. Methods. 11. 13-
20 

Patents granted In 1985 

Ansorge. W. (1985). Methods and apparatus for the 
injection of miniscule quantities of samples into cells. 
U.S. Patent No. 4.532.205 U.K Patent No. 2.114.740B 

Ansorge. W. (1985). Apparatus for preparing thin gel 
slabs for electro- phoresis. U.S. Patent No. 4.533.307 

Ansorge. W. (1985). Method for preparing thin layers. 
Japan Patent No. 1.279.514 Sweden Patent No. 81 03 
959.6 

Ansorge. W. (1985). Thermostatic plate for an elec-
trophoresis apparatus. B.R.D. Patent No. 30 46 729.9 
France Patent No. 81 18 543 
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Nucleic acid chemistry 

ScIentIst: B . Sproat 

TechnIcal assIstant : P. RIder 

Supernumerary: B. BeUer* 

Phosphotrlester methodology 

During the year we have developed a synthetic route 
for the preparation of fully base protected phospho-
diester building blocks carrying 2-(I-methylimidazol-2-
yl) phenyl protection of the phosphate. Rapid purifica-
tion of these compounds was achieved by preparative 
liquid chromatography on silica gel. and their structures 
were confirmed by IH and 13C NMR spectroscopy and 
by negative ion fast atom bombardment mass spec-
troscopy. 

The use of the 2-(I-methylimidazol-2-yl)phenyl group. 
first proposed by Matteucci. enables intramolecular 
catalysis of the condensation step in oligodeoxyribonu-
cleotide synthesis by the solid phase phosphotriester 
method. resulting in cycle times of about 12 min. 
Moreover. the use of extra protecting groups on N3 or 
0 4 of thymine base and on 0 6 of the guanine base 
results in much cleaner oligodeoxyribonucleotides. The 
latter means that final purification is easier. 

The solid phase phosphotriester method should prove 
to be the method of choice for large scale synthesis 
of oligodeoxyribonucleotides for use in crystallography. 
where high product purity is essential. Moreover. the 
excess monomer used in the condensation steps can 
easily be recovered. an important consideration in large 
scale work. 

This work has been recently submitted for publication 
and Cruachem has shown an interest in making the 
various compounds available commercially. 

Phosphoramidite methodology 

Work has been in progress for a few months now to 
simplify and improve the phosphoramidite method of 
oligodeoxyribonucleotide synthesis. Preliminary results 
look promising. and many individual steps have been 
thoroughly investigated by 31p NMR spectroscopy. 
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1. We have successfully prepared. purified. and fully 
characterized (by NMR spectroscopy) phospho-
ramidites bearing a 2-chlorophenyl protecting group 
at phosphorus. instead of the conventional methyl 
group. The 2-chlorophenyl group can be readily re-
moved from the final oligonucleotide product by am-
monia or oximate treatment with negligible internu-
cleotide bond cleavage. Moreover. at the phosphotri-
ester level these 2-chorophenyl protected materials 
are more stable than the recently introduced cya-
noethyl protected derivatives. We have prepared both 
2-chlorophenyl morpholidites and piperidites. the for-
mer being easier to purify; however tetrazole is not 
sufficiently acidic to promote a rapid condensation 
step. The use of the stronger acid N-methylanilinium 
trifluoroacetate as activating agent has forced us to 
use the monomethoxytrityl group as the protecting 
group for the 5' -hydroxyl moiety. 

2. Additional protecting groups have been incorporated 
at N3 on the thymine base (viz. anisoyl) and on 
the 0 6 of guanine bases (viz. diphenylcarbamoyl) to 
prevent any base modification during oligonucleotide 
assembly. Both groups are readily removed byammo-
nia treatment. This extra base protection may well 
obviate the need for capping if the amidites are pure 
and stable in solution. 

3. We have replaced the N6 -benzoyl protection 
on the adenine moiety by pivaloyl and di-n-
butylaminomethylidene to reduce the amount of acid-
catalyzed depurination which is a yield-reducing ef-
fect in long A-rich oligodeoxyribonucleotides. 

4. Finally. we are able to replace the aqueous iodine 
step used for oxidising a phosphite triester to a 
phosphate triester by a non-aqueous step using 3-
chloroperbenzoic acid as the oxidant. In the course 
of our investigations we found that iodobenzene di-
acetate. another non aqueous oxidant. was very inef-
ficient when used with our 2-chlorophenyl derivates. 
However. bis (trimethylsilyl) peroxide. which we have 



recently prepared, or its ethyl analogue may prove to 
be more stable non-aqueous oxidants for use in an 
automated DNA synthesizer. This work should reach 
a conclusion in 1986, enabling us to synthesize longer 
and purer oligodeoxyribonucleotides both manually 
and in the automated instrument built by Rainer 
Frank's group. 

Again it is hoped that many of the building blocks will 
become available commercially. 

DNA sequencing 

This project, in collaboration with Wilhelm Ansorge's 
group, has been started only recently. During 1984 
Bernard Connolly developed a method for synthesising 

oligonucleotides bearing a short 5' -terminal spacer car-
rying a protected sulphydryl group. After removal of the 
S-protecting group we have attached a variety of highly 
fluorescent iodoacetamides . Fluorophores have been 
chosen that have a high quantum yield, high extinction 
coefficient, low photobleaching, and long wavelength 
fluorescence. In particular we have prepared an M13 se-
quencing primer viz. d[GTAAAACGACGGCCAGT] bear-
ing a tetramethylrhodamine moiety. Quantities below 1 
fmol can be observed by fluorescence when the fluo-
rophore is excited by an appropriate wavelength laser. 

In collaboration with Wilhelm Ansorge's group, work is 
in progress to construct an automated DNA sequencer 
(use fluorescent primer in a dideoxy sequencing reaction 
without radioisotopes) employing laser excitation and 
fluorescence detection to read the gels. 
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Protein and peptide chemistry and oligonucleotide synthesis group 

Scientists: R. Frank. H. Gausepohl 

Predoctoral fellow: K . Ashman* 

Students: M. Troslno 

Visiting worker: M. Tadros· 

Technical assistants: A. Bosserhoff*. E. Davey· 

General activities 

The biochemical instru mentation facilities constructed. 
operated and maintained by the group include (i) pep-
tide and protein microsequence analysis. (ii) high sen-
sitivity amino-acid analysis. (iii) peptide synthesis. and 
(iv) oligonucleotide synthesis. 

This set of biochemical instruments in combination with 
a pool of analytical and micropreparative HPLC systems 
provide a wide variety of technological and experimental 
support for the scientists at EMBL. In 1985 the group 
contributed to more than 40 different scientific projects 
in the laboratory by providing analytical and sequence 
data on proteins and peptides or delivering synthetic 
oligonucleotides and synthetic peptides respectively. 

Our development work on biochemical instrumentation 
was mainly concentrated on the updating and optimiza-
tion of the existing instruments. especially the peptide 
synthesizer. In parallel to this work and the support 
of numerous groups at EMBL. several biochemical 
projects were continued. 

Peptide synthesis 

The major task undertaken in 1985 was the installation 
of a peptide synthesis facility especially designed for 
the rapid and effective preparation of biologically active 
peptides . Our experimental studies with a prototype 
synthesizer led to a new chemical and mechanical 
concept for automated solid phase peptide synthesis 
on a conventional polystyrene resin . In contrast to 
most systems currently in use our method employs 
a continuous flow reaction system and an orthogonal 
synthesis strategy using Fmoc-amino-acids as building 
blocks . This strategy uses acid-labile side-chain protect-
ing groups and the peptide-resin linkage is completely 
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stable to the base used to remove the Na-protecting 
group at each step of the synthesis. The orthogonal 
strategy allows the linkage of the peptide chain to 
the resin to be cleaved under mildly acidic conditions. 
thus avoiding the commonly used but complicated hy-
drogen fluoride cleavage with its dangerous handling 
problems and frequently destructive chemistry. The use 
of BOP (benzotriazole-1-yl-oxy-tris-( dimethylamino)-
phospho-niumhexafluorophosphate) as activating agent 
for the building blocks permits (i) in situ activation 
of the amino-acids. (ii) the exclusive employment of 
dimethylformamide (the solvent of choice) as solvent. 
The use of a single solvent throughout the whole syn-
thesis cycle and an especially designed reaction column 
helped us to overcome the frequently reported problems 
with gelatinous resin beads in pumped reaction columns 
and to obtain optimal chemical efficiency. 

If compared to conventional systems using a batch-
wise handling of the synthesis resin our concept of a 
continuous-flow reaction system offers several notable 
advantages. Besides the simplicity and speed of opera-
tion (the time required for one cycle is less than 90 min.) 
the continuous recycling of any reagent and solvent 
through the reaction column ensures very efficient use of 
reagents and wash solvents. Furthermore a UV-detector 
inserted in the liquid line after the reaction cell permits 
realtime monitoring of the progress of the reactions. 
easy optimization of washing procedures. and provides 
a direct control of the instrument's most important 
parameters. The analytical evaluation of the first series 
of peptide syntheses performed with our instrument 
has shown the synthetic products to be of high yield 
and purity. The experimental data demonstrate that the 
high efficiency reagent handling under continuous-flow 
conditions together with the orthogonal synthesis strat-
egy and the in situ activation of the building blocks 
permit extremely rapid and reliable automated solid 
phase synthesis of biologically active peptides. 



Summary of the major biochemical projects of 
the group and of collaborative projects with other 
laboratories 

Structural and functional analysis of adenylate kinase 
isozymes has been continued (H. Schirmer. Heidel-
berg). The primary structures of ATP-AMP phospho-
transferase (AK2) and GTP-AMP phosphotransferase 
(AK3) (E. Schiltz. Freiburg) from beef heart mito-
chondria have been completed and the position of the 
disulfide bridge in AK2 has been reinvestigated. An AK2 
clone has been isolated from the human liver cDNA 
library in pEX (Keith Stanley). Its sequence analysis is 
in progress. 

The primary structure and topography of pigment 
binding light-harvesting polypeptides of Rhodopseu-
domonas capsulata was studied (G. Drews. Freiburg). 
The topography was investigated by proteolytic degra-
dation of the terminal sequence exposed on the mem-
brane surface and by subsequent extraction and se-
quencing of the residual polypeptides . 

Glutathionreductase (GR) has been investigated as a 
target molecule of cytostatica of the BCNU-class . The 
molecular basis of inhibition of human GR by BCNU 
has been elucidated (L. Krauth-Siegel. Heidelberg). 

The 32 P-labelled active site peptides of various proteins 
from the bacterial phosphoeneolpyruvate-dependent 
phosphotransferase system have been isolated by HPLC 
and the peptides containing labile amino-acid deriva-
tives were characterized by sequence analysis. Analysis 
of the primary structure of enzyme III from Streptococ-
cus faecalis is in progress. 

Sequence studies on pyruvate formate-lyase have been 
continued in order to elucidate the posttranslational 
interconversion between inactive and active forms and 
to gain information on the catalytic cycle of the enzyme 
(J. Knappe. Heidelberg). 

Publications during the year 

Alpert. C.-A .. Dorschug. M .. Saffen. D .. Frank. R .. 
Deutscher. J. &. Hengstenberg. W. (1985). The bac-
terial phosphoenolpyruvate-dependent phosphotrans-
ferase system. isolation of active site peptides by 
reversed-phase high-performance liquid chromatogra-
phy and determination of their primary structure. J. 
Chroma tog .. 326. 363-371 

Alpert. C.-A .. Frank. R .. Stuber. K .. Deutscher. J. 
&. Hengstenberg. W. (1985). Phosphoenolpyruvate-
dependent protein kinase enzyme I of Streptococcus 
faecalis: Purification and properties of the enzyme and 
characterization of its active center. Biochemistry. 24. 
959-964 

Connolly. B.A. &. Rider. P. (1985). Chemical synthesis 
of oligonucleotides containing a free sulfhydryl-group 
and subsequent attachment of thiol specific probes. 
Nucl. Acids Res .. 13.4485-4502 

Frank. R. &. Trosin . M. (1985) . A modular system for 
microsequencing of proteins oligonucleotide synthesis 
and peptide synthesis. In Modern Methods in Protein 
Chemistry. 2: ed . Tschesche. H. : De Gruyter. Berlin. 
pp.287-302 

Sollazzo. M .. Frank. R. &. Cesareni. G. (1985). High-
level expression of RNAs and proteins: the use of 
oligonucleotides for the precise fusion of coding-to-
regulatory sequences. Gene. 37. 199-206 

Tadros. M.H .. Frank. R. &. Drews. G. (1985) . The 
complete amino-acid sequence of the small bacterio-
chlorophyll-binding polypeptide B8oo-850,8 from light-
harvesting complex B8oo-850 of Rhodopseudomonas 
capsulata. FEBS Lett .. 183. 91-94 
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Biocomputing Programme 

Introduction 

The aims of the Biocomputing Programme are to de-
velop and apply computing techniques to problems in 
molecular biology: to host activities (such as the EMBL 
Data Library) required to support computational bio-
logy: and to provide the necessary computing facilities 
for the research needs of EMBL scientists. By placing 
computer science, software engineering, and mathe-
matical expertise in an unusual biological setting, the 
Programme also attempts to foster unique collaborative 
activities which might be more difficult elsewhere. 

The Programme presently consists of five groups. Two 
of these are devoted to basic research, one in the 
development of mathematical techniques in image re-
construction and structure determination, and a new 
group working on methods of finding and assessing 
the significance of protein sequence homologies. Three 
other groups are engaged in support and development 
activities. These include the groups responsible for 
the EMBL Data Library, for the Computer Graphics 
facility, and for the operation and development of the 
Laboratory's general computing facilities. 
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During 1985, the Biocomputing Programme began to 
develop a new identity in response to the rapid changes 
occurring in both computing and molecular biology. To 
ensure that the Programme develops in useful and viable 
directions, the Laboratory hosted a two-day "Workshop 
on Biocomputing" in November, to which 26 experts 
from several disciplines were invited. The workshop 
included sessions on Protein Folding and Structure, 
Nucleic Acid Structure and Evolution, and Computing 
Techniques and Services in Molecular Biology. The 
major recommendations of the participants involved 
activities in four areas: research in theoretical biology 
and applied computer science: expansion of the services 
provided by the EMBL Data Library: software develop-
ment: and development of computer network facilities, 
courses, and conferences directed at improving commu-
nication and coordination in European biocomputing. 
While it is not yet clear exactly how these activities 
will develop, it is safe to say that 1986 should be an 
interesting year. 



Computer group 

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

Technical assistants: E . Schechlnger. W. Winkler 

The Computer Group is responsible for the acquisition. 
development. and operation of the Laboratory's general-
purpose computing facilities. as well as for systems 
programming and system-related applications program 
development. The group also has a role in user educa-
tion. consulting. and support. 

Expanded computing facilities 

The year began with the largest expansion of the 
computing facilities ever carried out at EMBL. At the 
beginning of the year. the main computing facility was 
centered around a single VAX-11/780. This machine 
remains. but is now included in a small "VAXcluster" . 

A VAXcluster is a loosely-coupled group of cooperating 
VAX processors which share intelligent mass storage 
su bsystems and other peripherals. All files are acces-
sible to any processor in the cluster. so that the total 
workload is easily distributed across the available pro-
cessors. Users perceive this facility as a continuity of 
their "identity" regardless of which processor they use. 
Any processor can be shut down without affecting the 
rest of the cluster. which means that maintenance and 
most other interruptions do not affect the availability of 
the facility as a whole. 

As was described in last year's report. the expansion 
was carried out in several steps: 

- Early in 1985. a loaned second 11/780 and peripherals 
were added to the existing VAX to form the VAXcluster. 
This doubled the effective computing power available in 
the facility. and also doubled the amount of disk storage 
available. 

- Somewhat later. the original 11/780 underwent a 
"field upgrade" to become a VAX-11/785 (resulting in 
a 50% increase in speed). Also. the memory of this 
machine was increased (to 8 megabytes) to take better 
advantage of its speed. 

- Finally. in May 1985. the loaned 11/780 was replaced 
with a new VAX-8600. resulting in a configuration with 
six times the computing capacity of that available at 

the end of 1984. A much-needed second magnetic tape 
drive was also added in this final step. 

The results of this expansion have been very gratifying. 
Not only did the entire expansion go smoothly (the 
facility was down for less than two weeks in total) 
but the 8600 was delivered six months ahead of sched-
ule. The management of the VAXcluster has proven 
straightforward. and the ability to shut down one of the 
two machines without affecting the other has enabled 
us to provide nearly continuous service since the cluster 
was installed. 

Plate 42 shows a photograph of the remodelled com-
puter room. and Plate 43 shows a schematic diagram 
of the new facility. ALKOR and VEGA are the node 
names assigned to the 11/785 and 8600. respectively. 
As shown. additions planned for 1986 include additional 
disk storage drives and the installation of a local-area 
network (Ethernet) to provide flexible data transmission 
throughout the Laboratory while vastly simplifying the 
present cable network. Ethernet terminal servers will 
gradually replace the 101 terminal connections now 
made through the TCS-2000 port selector. 

Migration of Nord-10 applications 

The gradual phasing out of the Laboratory's Nord-l0 
computers continued at an accelerated pace following 
installation of the VAXcluster. The unfortunate with-
drawal by the manufacturer of service on the older 
machines necessitated an unexpectedly rapid migration 
of all critical applications. Fortunately. only a few such 
applications remained to be moved. 

Most visible among these was the move of secretarial 
text processing from the "main" Nord to the VAX-
cluster. an interim solution until a more suitable text 
processing system can be found. This entailed training 
the secretaries to use the VAX computer system and its 
text processing software. as well as the development of 
utility software (NIMROD) used to make required ex-
tensions to the capabilities of the manufacturer-supplied 
program RUNOFF. 
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PLATE 42 

The remodelled computer room 

With the installation last year of CAMAC on the 
VAX-11/785. a migration path was available for most 
other Nord applications. including support of the EMBL 
Framestore and the Optronics film scanner and writer. 

The Computer Group withdrew supported service on the 
"main" Nord at the end of 1985. although it will remain 
available for unsupported use as long as possible. The 
"STEM" Nord must be kept running until a new data 
acquisition system is completed for the STEM; if nec-
essary. the "main" Nord will be cannibalized to achieve 
this. 

Computer network connection 

One of the more exciting developments in 1985 was the 
connection of the Laboratory's VAXcluster to the Euro-
pean Academic and Research Network (EARN). EARN 
provides direct transfer of electronic mail and files 
among the more than 1100 academic sites connected 
to EARN and BITNET (the American equivalent). In 
addition. "gateway" facilities are provided which extend 
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this service to include all sites connected to several 
other networks worldwide. including Arpanet. CSNET 
JANET. INFNET. and Usenet. 

The utility of such a connection is difficult to exagger-
ate. Scientists can use it to exchange manuscripts. dis-
cuss experiments. and schedule meetings more rapidly 
than by lettf.r. and much more cheaply than by tele-
phone. The EMBL Data Library uses the facility exten-
sively in its collaboration with its American counterpart. 
The Computer Grou p has already used the network to 
join various "special-interest" mailing groups which pro-
vide invaluable information (and even software source 
code) on computing topics as diverse as laser printers 
and supercomputers. 

The network is easy to use; EMBL scientists were 
using it to transmit manuscripts to their colleagues 
within a week of its installation. Communication is 
possible with scientists at most Universities in Western 
Europe. Israel. and North America. and those at many 
Universities in Australia. Japan. and other countries. 



PLATE 43 

Schematic diagram of the new facility 
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Software development and systems support 

Concurrent with the installation of the VAXcluster. a 
major revision of the VAX/VMS operating system was 
installed. The new version contained many new features 
(including VAXcluster support) and substantial changes 
to existing features. Adaptation of some software was 
required. especially that used by the EMBL Administra-
tion. . 

Work was completed during 1985 on an initial imple-
mentation of VAX/VMS driver software for the EMBL 
Framestore. Following successful testing. most of the 
existing Framestores were moved from the Nord com-
puters to the VAX. and one new Framestore was added 
to the VAX . The electron microscopy image analy-
sis package SEMPER was also adapted to use the 
new driver software. Both the driver software and the 
modified SEMPER software were also installed on the 
Grenoble Outstation's VAX-ll/750. 

Substantial work was done on the implementation of a 
set of common programming primitives to allow more 
effective use of the programming language "C" under 
VAX/VMS. These primitives provide the basis for future 
systems programming and utility software development 
which will be done by the Computer Group using this 
language. 

Prototype network mailer software was written in con-
junction with the installation of EARN to allow users to 
access easily other networks without detailed knowledge 
of network "gateway" protocols. The software provides 
an interface designed to be very similar to the normal 
VAX/VMS MAIL facility familiar to users. This software 
will soon be rewritten so as to be completely integrated 
with the MAIL program. 

Experimental computer network connections to both 
EMBL Outstation computers were established using 
DECnet over public X.25 networks to see how this 
would work. and to evaluate connection costs. The 
connection worked well. and may eventuallY be used 
for certain applications. but the maJt1 conclusion was 
that EARN (see above) is a much cheaper alternative 
for most applications and is also easier to use. 

Work on a VAX/VMS file archive system was begun 
during 1985. Initial testing of the system is planned for 
early 1986. The archiver will provide a relatively painless 
method for users to remove files from their current disk 
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space and to retrieve them later automatically. without 
having to search backup tapes as at present. We hope 
that this facility will encourage users to use less disk 
space. since there will be fewer files kept on the disk 
"just in case" they're needed . 

The Computer Group also provided occasional systems 
programming support for the VAX/VMS computer sys-
tems at the Laboratory's Outstations in Hamburg and 
Grenoble. as well as to several other external research 
institutes. 

Growth of the user community 

The expansion of the computing facility has been 
matched by a concurrent expansion of the EMBL user 
community. This has led to the re-establishment of 
a Computer User's Group. which will hold meetings 
approximately twice a year to improve communications 
among users and the Computer Group. There are now 
more than 200 registered users of the VAX computers. 
as compared with 140 at the beginning of 1985. and 60 
in 1983. Similar growth has occurred in the diversity of 
applications and in the amount of software supported 
at the facility. 

This rapid growth. coupled with the rapid turnover of 
staff at EMBL. has meant a fundamental change in the 
way in which the computing facility must be managed . 
It is no longer possible for the Computer Group to 
know all of the users personally. nor to maintain an 
accurate overview of all of the applications the users 
may run. In addition. the computing facility now sup-
ports production work (for the Administration and the 
Data Library) as well as research work. All of these 
changes. coupled with the addition of computer network 
connections. impose new security requirements on the 
computer system. (The Laboratory has already had 
its first encounter with network "hackers".) We are 
adjusting computing procedures to meet these require-
ments. but are attempting to maintain as much of the 
traditional informal style as possible. 

Publication during the year 

Hamm. G.H. (1985). Using the VAXcluster at EMBL. 
An introduction for staff and visitors . Revision 2. EMBL 
internal report. 



Computer graphics 

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

Visiting workers: M. Beato*, A. v. Beuzekom*, S. Hamodrakas*, B. KoppenhMar*, D.Marvln* S. McGavln*, A. Nordhelm*, 
H. Ohlenbusch*, L. Orbons*, C. Schnelderelt*, B. Tungal*, J. v. der Veer* 

The computer graphics group has continued with the 
consolidation of an extensive suite of graphics software 
to satisfy the multifaceted needs of scientists from 
EMBL as well as visitors from Europe. The computer 
graphics facility has been able to support essentially all 
user projects that surfaced during the year. 

The graphics hardware consists of an extended-memory 
multi picture system (MPS) by Evans &. Sutherland 
which features colour and black-and-white scopes, a 
console built in-house with joysticks, analog knobs 
and switches to let the user interact intuitively with 
the display, and, in our experience very important, 
Bausch &. Lomb stereo image alternators. The graphics 
facility is hosted by a DEC VAX 11/785 computer in a 
VAXcluster which includes a VAX 8600. 

The variety of three-dimensional molecular and related 
modelling tasks in biology that can be addressed at 
EMBL is extensive. The most stringent restriction is 
imposed by the current graphics hardware which allows 
for calligraphic (line drawing) displays only as opposed 
to the television-type raster graphics. The technology 
of dynamic, interactive raster-based workstations is 
improving at a rapid pace and we hope to be able to fill 
this gap in graphics capabilities in the not too distant 
future. A short summary of the variety of problems 
addressed on the computer graphics facility is given in 
the following: 

- Crystallographic electron density fitting of proteins 
and nucleic acids; 

- Modelling of viral and phage proteins with data ob-
tained from fibre diffraction x-ray experiments followed 
by maximum entropy enhancement; 

- DNA modelling based on NMR experiments as well 
as modelling based on a hypothesis for a possible 
mechanism of recombination; 

- Structure of coordination compounds of metals with 
nucleic acids; 

- Theoretical modelling of very large molecular aggre-
gates (over 10000 atoms); 

- Three-dimensional modelling of homologous proteins; 

- Docking of macromolecules and study of their inter-
actions and mechanisms of biological action; 

- Studies of receptor and regulatory elements of genes; 

- Analysis of three-dimensional reconstructions from 
electron and confocal scanning laser microscopy; 

- Animations and simulations in various areas. 

During 1985 the computer graphics group continued 
collaboration with and support of a number of users 
both from EMBL as well as visitors. This inherent 
function of the group includes direct help as well as the 
streamlining and improvement of the graphics facility 
in its entirety. Major programming work included the 
programs EMBLFrodo and UCSF MIDAS. 

EMBLFrodo 

We have released the first two versions of EMBLFrodo, 
a program based on the popular crystallographic molec-
ular modelling program Frodo by T .A. Jones. Release 
2.4 of December 1985 is being installed at three labora-
tories outside EMBL. EMBLFrodo represents a program 
made up of earlier work we have done on Frodo merged 
with a number of newly developed algorithms and 
a human interface engineered to render man-machine 
interactions easy and natural for users naive in the 
requirements of computing. The model regularization 
part remained largely original code. While still more 
work on the basic program is indicated we feel that we 
have available a solid foundation on which to incorporate 
modifications and extensions with significantly greater 
ease and safety than was possible before. Relatively few 
modules address the graphics support software specific 
to the MPS. The majority perform manipulation of data 
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structures, coordinates and program states in the host 
computer and can readily be utilized in conjunction 
with other graphics stations. In fact, we hope that an 
efficient implementation of the proposed programmer's 
hierarchical interactive graphics standard (pHIGS) will 
become available. We will then evaluate the possibility of 
letting EMBLFrodo address this virtual graphics work-
station and avoid most of the machine-specific coding. 

In addition to the redevelopment work on Frodo de-
scribed in earlier reports, EMBLFrodo features: 

- A file management subsystem designed for optimized 
file access and greatly improved ease of use and data 
security, which has significantly reduced the danger of 
accidental loss of data as well as the complexity and 
time needed to start new users' projects. 

- The human interface has been improved further. 
Emphasis has been given to an intuitive predictability of 
program actions upon issued commands and to mean-
ingful visual feedback for all display manipulations. This 
simplifies the interactions and handling of displayed 
objects. 

- A further substantial improvement in interactive per-
formance, both in terms of user perception and host 
CPU load, was made possible by the development of 
a new display algorithm . For example, the worst-case 
host CPU load during manipulations has been reduced 
by a factor of 3 to 15% (VAX 11/785) over the already 
greatly improved program version in use before (cf. 
Research Report 1984), while the system's perceptual 
response and speed have significantly increased. Local 
extensions and corrections to the manufacturer's graph-
ics support software were necessary to achieve this. 

- The program can handle more than ten thousand 
atoms interactively, required by projects in need of 
modelling very large molecular aggregates. To alleviate 
the adverse problem of program crashes because of 
exhausted refresh double-buffer space which manifested 
itself frequently, e.g. when activating stereo display 
mode. we have devised a scheme of automatic reconfig-
uration to single buffering in real time. Whenever possi-
ble, the program reverts to utilizing higher-performance 
double buffers. 

- Design and implementation of a new keyboard com-
mand syntax are close to completion. It is designed 
to yield an environment intuitively natural to the user, 
includes a command file facility as well as a possibility 
to execute VAX/VMS system commands without inter-
rupting display work. A recursive-descent algorithm is 
used to parse the single-line commands. 

We have adhered, as in the past, to a philosophy of 
letting users benefit from improvements of the software 
at the earliest possible time. This required modular re-
placement of program sections and stepwise bootstrap-
ping of EMBLFrodo from original code . The always pos-
itive impact on the users' projects more than justified 
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the additional care in design and implementation this 
approach required. Work invested in this redevelopment 
is in the order of 18 to 19 man months since 1982. 

UCSF MIDAS 

UCSF MIDAS (Langridge, Ferrin et al.) is a state-of-the-
art molecular graphics program ideally suited for manip-
ulating multiple molecules. It is a valuable counterpart 
to EMBLFrodo and is being used for macromolecular 
docking and interaction studies. 

A new release of UCSF MIDAS has been installed. 
Because the Computer Graphics Laboratory at UCSF 
does not operate a VAX/VMS/MPS graphics system, 
this involved considerable effort from our side. 

Further software development efforts have gone into a 
nu mber of smaller utility programs specific to single 
user projects. Major utility extensions of more general 
interest are: 

- Extension of the meta plot facility to include output 
of pictures from the MPS to the new NEC advanced 
personal computers. The meta plot facility is a standard-
ized means for moving pictures between a number of 
different graphical output devices (cf. Research Report 
1984). 

- A program to produce nucleic acid superhelices with 
specifiable pitch and radius has been completed in 
collaboration with H. Ohlenbusch & M. de Marcillac 
(Strasbourg) . 

To supplement the capabilities of EMBLFrodo and 
UCSF MIDAS the following graphics programs are cur-
rently available at EMBL: 

SYBYL (Tripos Assoc, St. Louis): a graphics system 
designed for investigating smaller molecules, e.g. small 
peptides, drugs. Its extensive functionality in conforma-
tional space searches, energy minimizations, compari-
son of molecules with disparate stereochemistry, build-
ing non-polymeric molecules from fragment libraries, 
etc., rendered SYBYL useful for drug design and similar 
projects in the pharmaceutical industry and universities 
throughout the world. 

GRAMPS (O'Donnel, Olson): is a general graphics lan-
guage for the MPS, extensively supporting animations. 
At EMBL it is put to work for manipulation, com-
parison, and further investigation of superstructures 
such as three-dimensional reconstructions from electron 
micrographs. 

GRANNY (Connolly, Olson): a companion program to 
GRAMPS specializes in animations of molecular objects 
which may be freely intermixed with other object types. 



Summary of collaborative projects at the EMBl 
graphics facility 

EMBL scientists: 

Modelling of proteins homologous to proteins with 
known structure (P. Argos - Biocomputing Programme) 

Crystallographic model building and refinement of the 
Rop protein at 1.7 A resolution (D.W. Banner. M. 
Kokkinidis & D. Tsernoglou - Biological Structures 
Programme) 

Crystallographic model building of the blue protein from 
Alcaligenes faeca/is at 2.9 A resolution and comparison 
with proteins of related sequence (D.W. Banner & P. 
Kyriacos - Biological Structures Programme) 

Assessment of the quality and preliminary fitting of 
electron density maps of the EcoRV protein (D.W. Ban-
ner - Biological Structures Programme & F. Winkler-
Hoffmann-LaRoche. Basel. Switzerland) 

Studies of RNA structure (D.W. Banner - Biological 
Structures Programme) 

Modelling of transcription factor TFIIIA interactions 
with DNA (R. Brown - Biological Structures Pro-
gramme) 

Trials of the maximum entropy method on EcoRV and 
test proteins (R. Bryan & D. W. Ban ner - Biocomputing 
and Biological Structures Programme) 

Three-dimensional image reconstruction of Sindbis vi-
rus from electron micrographs (S. Fuller - Biological 
Structures Programme) 

Display and manipulation of 3-dimensional lattices for 
simulation of tilted electron diffraction patterns (J. 
Berriman & K. Leonard - Biological Structures Pro-
gramme) 

Bovine pancreatic DNase I: Crystallographic model 
building and study of interactions with DNA (Suck. D. 
& Oefner. C. - Biological Structures Programme) 

Modelling of adenylate kinases homologous to adeny-
late kinase I: AK II. AK III. AK from yeast. AK from 
E.coli (M. Trosin & R. Frank - Biochemicallnstrumen-
tation Programme) 

Investigation of three-dimensional reconstructions from 
electron micrographs of disordered specimens by the 
method of optimized series expansion (R. Vogel - Bio-
computing Programme) 

Visiting scientists: 

Study of the molecular mechanism of the interaction 
between the glucocortocoid receptor and the regulatory 
elements of inducible genes (M. Beato & C. Scheidereit. 
Phillips University. Marburg. F.R.Germany) 

Modelling of insect chorion proteins (S. Hamodrakas. 
University of Athens. Greece) 

Recognition of chiral and prochiral substrates by active 
sites of dehydrogenases (B. Koppenhofer. University 
Tiibingen. F.R.Germany) 

Investigation of models of 4-stranded DNA with em-
phasis on a possible mechanism for recombination (S. 
McGavin. University of Dundee. Great Britain) 

Computer graphic modelling of the regions of close 
approach between Z-DNA and anti-Z-DNA antibodies 
(A. Nordheim. 2MBH. Heidelberg. F .R.Germany) 

Detailed modelling of chromatin nucleosome structure 
based on theoretical methods (H. Ohlenbusch. Univer-
site Louis Pasteur. Strasbourg. France) 

Study of the spatial structure of cis-platinum/oligonu-
cleotide coordination compounds (J. Reedijk. J. v.d. 
Veer. L. Orbons. A. v. Beuzekom . State University of 
Leiden. The Netherlands) 

Protein/lipid interactions: Structure and topography of 
Iipophilin of the brain myelin (B. Tungal. University 
Koln. F.R .Germany) 
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Data analysis group 

ScIentIsts: S. Provencher*. R. Bryan. R. Vogel 

External predoctoral fellow: D. Konlngs* 

Student: J. 

VIsItIng workers: M. Barth*. D. Marvln* 

The main work of this group continues to be the devel-
opment of methods for the optimal analysis of struc-
tural data in electron microscopy and x-ray diffraction. 

Maximum entropy methods (R.K. Bryan) 

These methods are applicable to a wide variety of 
inverse problems and allow real-space constraints. such 
as object size and extreme values of density. and prior 
information on the distribution of object density. to be 
combined with experimental data in a consistent way. 
whilst suppressing noise and artifacts. The penalty over 
conventional methods is a large computational burden. 

A version of the maximum entropy program previously 
written for tilt series reconstruction from electron mi-
croscope images of 2-D crystals (see Annual Report 
1983) has been applied to images of the HPI layer of 
Deinococcus radiodurans (with M. Barth. Martinsried). 
The method has been further enhanced to use lattice 
line data without the interpolation to equal intervals 
necessary in conventional Fourier synthesis. The density 
is constrained to be non-zero only between specified 
planes in the z-direction. which enforces continuity on 
the lattice lines and thus reduces errors due to the 
missing cone of data. We intend continuing this work 
by using the surface relief found by shadowing as a 
stronger constraint on the solution. 

The work on reconstruction of the electron density of 
filamentous virus Pf1 from fibre diffraction data has 
been completed by an investigation of the minimum 
constraints required for uniqueness. and followed by 
the building of an atomic model into the 0.3 nm map 
reported last year (with D.A. Marvin . Cambridge). In 
particular. a number of calculations were performed 
using various prior maps derived from low resolution 
model st ructures. to see if the choice of prior could 
affect the phasing of the data so as to alter the in-
terpretation of the solution. Our selection of models 
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encompassed the choice of handedness of the virus 
helix. whether a helix symmetry of 59/13 is a possible 
alternative to the currently accepted 71/13. and whether 
the protein subunit is a continuous. curved helix or a 
hairpin. The only solutions which showed acceptable 
secondary structures were those with a continuous 
a-helix in a right-handed 71/13 virus symmetry. thus 
confirming our previous interpretation . 

The application of maximum entropy to the correc-
tion of contrast transfer function effects in electron 
microscopy of frozen-hydrated specimens was further 
developed . The use of particle boundaries was found 
to be essential. as it imposes continuity on the restored 
object transform. and hence to some extent restores the 
low spatial frequency components lost in the imaging 
process. However. a complete analysis would appear to 
require the use of a focus series. so that the specimen 
amplitude contrast. which is inevitably present at low 
resolution. can also be estimated. 

Progress has also been made in the application of 
maximum entropy to the x-ray crystallographic problem 
(with D.W. Banner. Biological Structures Programme). 
Simulations from model data indicate that at a res-
olution of around 0.3 nm. the model density is not 
necessarily a maximum of entropy when constrained 
only by native intensity data. The straightforward use 
of maximum entropy as a "direct method" for typical 
protein data would thus appear impossible. irrespective 
of the optimisation algorithm used . We are therefore 
investigating the possibility of incorporating a priori 
statistical knowledge of atomicity in protein structures 
into the entropy expression. using correlations of atomic 
positions derived from known structures. This requires 
working in the space of at least 2-point spatial corre-
lations of density. and so far only 1-dimensional simu-
lations have been feasible. but we have demonstrated 
that it is possible to fit atoms with correct relative 
positioning into low resolution envelopes. 



The application to problems where there is inadequate 
isomorphic replacement data for reliable conventional 
phasing is also continuing. Considerable effort expended 
in program optimisation. together with the VAX up-
grade. has made its use on the EcoRV data feasible. 
and we have started refining the structure against the 
native and lead derivative data. but as yet without using 
the non-crystallographic symmetry. 

As a minor project. a program has been written to esti-
mate the helical parameters of points in approximately 
helical arrays. in order to analyse helical secondary 
structures of atomic models built into electron densities 
of proteins or nucleic acids. without assuming that any 
parameter takes its ideal theoretical value. This has so 
far been used to analyse the a-helices in DNase I and in 
Rop. and also in the latter to estimate the superhelical 
coiling parameters. 

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

A method for three-dimensional reconstruction by opti-
mized series expansion (ROSE) has been outlined in 
a previous report. It combines the information from 
many particles in different and unknown orientations. 
and yields a single. approximately maximum-likelihood 
reconstruction. The method is not restricted to sym-
metrical objects. However. symmetry can be imposed 
by means of selection rules. 

By improving the efficiency and optimizing the al-
gorithms. higher resolution reconstructions have been 

achieved. Continued application of the method to data 
from a focus series with unstained preparations of Sem-
liki Forest virus (SFV) in vitreous ice finally established 
the structure of its envelope at a resolution of 3.5 
nm. The surface of the virus. consisting of 80 trimeric 
spikes. is arranged in a T=4 surface lattice (see Plate 
7(a) in the Annual Report). The lipid membrane is 
revealed on radial density plots of the reconstruction as 
a low density region at a radius of 23 nm. The trimer 
clustering of the spike proteins and the spike-spike inter-
action in the envelope. derived from the reconstructed 
model. suggest new hypotheses concerning both the 
synthesis of complete viruses on their way from the 
cytoplasm through the membrane and the mechanisms 
occuring during the fusion event. Tomato bushy stunt 
virus (TBSV) has been used to validate the method. 
All the features revealed in an earlier reconstruction 
made from negatively stained specimens using standard 
Fourier methods are also visible in the TBSV model 
(see Plate 7(b) in the Annual Report) which has been 
reconstructed with ROSE using 14 particles in different 
orientations from a single micrograph at a resolution of 
about 2.5 nm. In particular it can be seen that (i) the 
morphological units are arranged in rings of five or six 
forming a T =3 icosahedral surface lattice: (ii) the main 
concentration of mass in the model is on the strict and 
local two-fold axes. suggesting that the morphological 
units are dimers: (iii) the depression in the central region 
of the rings of six is deeper than in the central region of 
the rings of five: (iv) the dimers forming the rings of five 
are more prominent than those on strict two-fold axes. 
The excellent agreement with previous results validates 
the reconstruction method. 
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Data library group 

Scientists, Engineers: G. Hamm, G. Cameron, D. Hazledlne*, P. McCaldon, G. Stl)sser* 

Visiting workers : J . Devereux* 

Data assistants: A. LUtzenklrchen, J. Nlalo 

As mentioned in last year's report, the Data Library 
set three goals for 1985. These were (1) elimination 
of the data entry backlog of older publications in the 
journals we scan; (2) incorporation of data from new 
publications within 2-3 months of publication; and (3) 
achieving a release frequency of four releases per year 
by the end of 1985. We are pleased to report that all of 
these goals have been achieved. 

Data library distribution 

The EMBL Data Library continued the routine dis-
tribution of its nucleotide sequence database. During 
1985, three releases (5.0, 6.0, and 7.0) were produced, 
containing 2.8, 4.5, and 5.6 million base pairs, respec-
tively. Release 7.0 with nearly 6000 entries was ten 
times the size of the first release in 1982. Each release 
was distributed to nearly 200 laboratories and scientific 
firms, representing a user community of some 4000 
scientists worldwide. 

A summary of the growth of data in various categories 
is shown in Table 3. 

Table 3 
DATA LIBRARY GROWTH 

Release 4 Release 5 Release 6 Release 7 
References cited 1275 1710 3308 4007 
Sequences Entries Bases Entries Bases Entries Bases Entries Bases 
Artificial 11 10163 12 14066 134 41962 153 46073 
Chloroplast 31 29495 60 51401 96 83832 118 119852 
Genetic elements 22 24471 23 27180 38 36948 41 37804 
Mitochondrial 69 150068 98 170201 241 255461 275 303549 
Prokaryotic 214 293437 297 392693 627 625207 750 763188 
Viral/Phage 272 720041 334 834979 790 1188124 887 1244597 
Eukaryotic 1079 919530 1538 1362366 2904 2326404 3557 2997022 
Unclassified 16 21607 5 9654 8 10553 
Total 1698 2147205 2378 2874493 4835 4567592 5789 5622638 
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Improvements in release production software and in 
the laboratory's computing facilities should allow the 
production of four releases in 1986 and thereafter. 

Improved data management 

As noted above. the backlog of data awaiting entry 
has been essentially eliminated. and the entry of newly 
published data is now completed often within a few 
weeks of publication. These improvements have been 
possible primarily through the development of better 
software which enables the data entry and reviewing 
staff to work more effectively. Several key programs 
were completed which improve both the quality of the 
data and the speed with which they can be entered into 
the library and distributed. Among these are a Syntax 
Checker. an Annotation Editor. and a new program for 
preparation of variously formatted distribution tapes. 

Improvements were also made in the information pro-
vided to users. Beginning with release 5. a "data class 
identifier" was added to database entries. Since users 
often wish to have data early even if they are in a 
preliminary state (e.g .. only sequence and reference 
present). it was necessary to provide a mechanism to 
allow other users to select data more stringently if 
necessary. 

Several other improvements are planned. some of which 
will result in minor changes in format and content 
of the database. To ensure that the impact of these 
changes on users is acceptable. the Data library dis-
tributed user surveys with Releases 5 and 6 to assess 
user requirements and wishes regarding changes. This 
proved a very successful mechanism: nearly half the 
users receiving the database responded. so that we 
now have considerable information on which to base 
our planning. 

Collaboration with GenBank 

The continuing collaboration with the American Gen-

Bank project was more fruitful than ever in 1985. New 
conversion software developed by both groups has made 
possible the routine incorporation of data from each 
group in the other's database. Several differences in 
nomenclature and representation were eliminated. and 
discussion and planning continued with a view toward 
increasing the compatibility of the databases even more 
in the near future. All of these activities are dependent 
on very good communication between the two groups: 
in addition to a meeting held in the spring. the ex-
panded use of computer networks now enable nearly 
daily consultation on both minor and major issues. 
Further meetings are planned for 1986 to solve several 
outstanding problems. among them the design of a 
common solution to the difficult problem of sequence 
feature representation. 

As in 1984. a joint compendium of the databases ("Nu-
cleotide Sequences 1985") was published. 

Protein sequences available 

As a convenience to European scientists. the Data 
library began in 1985 to distribute the protein sequence 
database kindly provided by the Protein Identification 
Resource group of the National Biomedical Research 
Foundation (Georgetown). Some 50 laboratories have 
taken advantage of this service to date. 

Publications during the year 

Data library Staff. (1985). EM Bl Data library Release 
Notes and User Manual. Releases 5.0.6.0. and 7.0 

Nucleotide Sequences 1985. IRl Press. Oxford and 
Washington DC A compilation from the GenBank and 
EMBl data libraries 

GenBank and EMBl Data libraries (1985). Nucleotide 
Sequences 1985. IRl Press. Oxford. A compilation from 
the GenBank and EMBl data libraries. 
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Searching for weak sequence homologies and testing for their significance 

ScIentIst: P . Argos. 

Protein modelling promises to contribute significantly 
to a more profound understanding of the structure-
function relationship and to the ability to manipulate 
enzymes and predict their tertiary architecture. Aligning 
amino-acid sequences. especially distantly related ones . 
is an important part of this theoretical endeavour. If the 
sequence of a protein with unknown tertiary structure 
can be related to one with known architecture. the 
main chain folding for the latter provides a strong base 
for structural modelling. Furthermore. aligning many 
distantly related proteins can point to the two or three 
never-su bstituted residues essential for function and 
available for site-directed mutagenesis. 

Methods to compare primary structures have generally 
depended on one of the following criteria: nucleic and 
amino-acid sequence identities. minimum base change 
per codon. relative weights with which amino-acids 
substitute. or some residue characteristic as polarity 
(for a review. see Feng et al .. 1985). The alignments are 
usually effected by delineating high criteria values that 
fall along lines of a search matrix. sided by the num-
bered residue positions in two protein seq uences. The 
alignments are found by tracing the best path through 
search values in a residue-by-residue or segment-by-
segment criteria matrix. Gap penalties are assigned to 
avoid large insertions and deletions. The significance 
of the alignment is often tested by random shuffling 
of the two sequences which establishes a control mean 
and standard deviation. 

In the present short report. methods are discussed that 
provide a more sensitive criterion that allows detection 
of weak homologies. Alignments are determined without 
any judgement on gap penalties and tests for signifi-
cance are taken from actual protein sequences rather 
than randomly devised ones . 

The search procedure 

Criteria 

The protein sequences are correlated by comparing 
every possible span of length L residues in one protein 
with all such spans in the second protein. Two scoring 
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procedures are used . The first is based on the Dayhoff 
relatedness odds matrix (Barker et al .. 1978) whose ele-
ments express relative weights with which amino-acids 
su bstitute in aligned sequences of 71 protein families. 
The second scoring method involves calculation of the 
mean correlation coefficient for each oligopeptide com-
parison over six residue physical characteristics thought 
to be the primary forces directing protein folding: he-
lix. sheet and turn secondary structural conformational 
preferences: residue polarity: and two amino-acid hy-
drophobicity measures. The parameters are listed and 
discussed by Argos et al. (1983). The final search 
matrix is constructed by averaging the scores from the 
two techniques after subtracting the mean value from 
all elements of each search matrix and then scaling the 
respective elements so that the sum of the differences 
between the respective mean matrix values and those 
elements greater than the mean are made equal. 

Search matrix plots 

Search matrix plots are made by attaching different 
symbols to matrix element values that fall within partic-
ular fractional standard deviation ranges (q). A series of 
diagonally collinear. broken lines are easily detected by 
visual inspection through the use of the same symbol 
in all L positions. The symbol corresponding to the 
higher q range is allowed to dominate if peak overlap 
occurs . Some applications of the procedure are given by 
Argos (1985) and lalkin et al. (1985). The plots have 
also been represented on graphics devices where differ-
ent colours are substituted for each of the symbols. 

The alignment of the two sequences has been au-
tomated. The five highest peak segments are taken 
and five possible paths are traced . Each path is ini-
tiated respectively with each of the five highest peak 
spans and then expanded by using successively the 
remaining highest-to-Iowest peaks. never greater than 
the initiating span. down to a given threshold. The 
path with the highest score. based on the sum of the 
matrix values along the trace. is utilized to align the 
sequences: regions not aligned between high peak spans 
are individually matched along the best local path based 
on the Dayhoff relatedness odds criterion. 



Multiple probe searches 

Normally a constant search probe length is chosen: 
for example. 20 residues. However. a final search ma-
trix can be produced by calculating standard deviation 
matrices for several different window lengths and then 
accumulating each of the segment peaks whose length 
corresponds to that of the window and whose value 
is above some fractional standard deviation cut-off. 
Once again the higher values are allowed to dominate if 
overlap occurs . Controls. using various pairs of proteins 
with unrelated tertiary structures. showed no global 
homology traces. 

Tests for alignment significance 

Once the sequences are aligned from the search matrix 
with appropriate insertions and deletions. correlation 
coefficients are calculated for each of the six aforemen-
tioned residue characteristics over the aligned amino-
acids only. The average of the six coefficients is then 
used as an indication of the structural relatedness of 
the two proteins examined. 

The average correlation over the six residue characters 
is tested for significance through the following proce-
dures. Sixty-three seq uences of proteins with known 
and unrelated tertiary structures were collected. The 
sequence of each protein was repeated so that each 
entry contained 1000 residues. Segments. with a length 
corresponding to the number of aligned amino-acids in a 
proposed homology. were randomly selected from each 
of the 63 expanded sequences . The average correlation 
coefficient was calculated for all pairwise comparisons 
of the 63 residue spans: this latter procedure was then 
repeated ten times with a different seed (based on 
the time of day) for the random number generator. 
The mean standard deviation and maximum correlation 
were then found for all the resulting 19.530 average 
correlations over the six characters. The mean corre-
lation for the suggested homology was then assessed 
by considering its number of standard deviations above 
the control mean and maximum. 

Advantages of the search method 

The use of residue physical characteristics introduces 
information gained from tertiary structures. Further-
more. the utilization of two scoring procedures lowers 
the search matrix noise level. indicates longer stretches 
for alignment. and insures that residue characteristics 
and exchange preferences correlate. 

Plotting the peak values over the entire probe length. 
with the higher values dominating in the case of overlap. 
allows an easier visual and automated recognition of 
a continuous series of broken but diagonally collinear 
lines suggesting homology. Alignment based on the five 
highest peaks avoids lengthy calculations over all pos-
sible paths initiated at all matrix points. Furthermore. 
the elimination of gap penalty weights removes the 

possibility of biased alignments . For example. a weak 
penalty allows such tracing freedom that the highest 
peaks can be missed: a strong penalty misses long but 
legitimate insertions and deletions. 

The accumulated search matrix based on several win-
dow lengths improves recognition of a homology path 
and. in some cases. allows its discovery. For example. 
a five residue span that matches well in two proteins 
would show a high score for a small window length and 
a low score for longer probe lengths where the remaining 
amino-acids in the span tested do not match well . On 
the other hand. a long stretch . containing residues rea-
sonably and consistently matched. scores well for long 
windows but not for short ones. The several window 
search displays all high peaks and literally "fills in" 
the homology path. Plate 44 gives an example where 
a 20-residue probe indicated little discernible homology 
in site-specific recombinases. However. an accumulated 
search based on windows of 1 to 35 in steps of one 
shows an obvious relationship. 

Structurally unrelated proteins are not. relative to 
each other. collections of randomly placed and se-
lected amino-acids. In contrast. they are known to 
display biased preferences in their di-. tri-. and tetrapep-
tide segments (Saroff. 1984) . Selection of sequences 
from actual proteins with known but unrelated tertiary 
structures for alignment significance tests allows these 
oligopeptide preferences to be considered . 

Summary of collaborative projects 

EMBL scientists: 

The 12 consecutive repeats in the amino-acid sequence 
of transcription factor TFIIIA (R.S. Brown. EMBl Hei-
delberg. F.R.Germany & C. Sander. MPI f. Medizinische 
Forschung. Heidelberg. F.R.Germany) 

Evidence for internal repeating structures in hu-
man hemopexin (R. Cortese. EMBl Heidelberg. 
F.R.Germany: l. Silengo. F. Altruda. V. Poli & G. 
Restagno. Cattedra di Biologia . Torino. Italy) 

Homologies and anomalies in the primary structural 
pattern of nucleotide binding proteins (R . leberman. 
EMBl Grenoble. France) 

Sequence comparisons of adenovirus proteins (S. Stabel 
& l. Philipson. EMBl Heidelberg. F.R.Germany) 

High-cysteine structural motifs (K. Stanley & D. Ban-
ner. EMBl Heidelberg. F.R.Germany) 

External scientists: 

Relationships between exons and the predicted struc-
ture of membrane-bound proteins (J .K. Mohana Rao. 
Purdue University. USA) 
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PLATE 44 

(a) The homology search matrix for site-specific recom-
blnases (Integ rases) from phages tjJso and P2 using a 
constant window length of 20 residues. Segment peaks 
between 3 .00" and 4.00" are shown by thin lines while 
those between 4.00" and 4.50" are Indicated by thick lines. 
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(b) The accumulated search matrix for site-specific re-
comblnases (Integ rases) from phages tjJso and P2 using 
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A conformational preference parameter to predict he-
lices in integral membrane proteins (J.K. Mohana Rao. 
Purdue University. USA) 

An alignment of the preprohormone sequences of chole-
cystokinin and gastrin (J.E. Dixon. R.J. Deschenes &. 
S.V.l. Narayana. Purdue University. USA) 

Evidence for a repeating domain in type I restric-
tion enzymes from their amino-acid sequences . Primary 
structural comparison of seed storage proteins: glycinin. 
phaesolins. cruciferon. luciferon. (N . Nielsen &. S.V.l. 
Narayana. Purdue University. USA) 

Identification of a trpG-related glutamine amide transfer 
domain in E.coli GMP synthesis (H . Zalkin &. S.V.l. 
Narayana. Purdue University. USA) 

Publications during the year 
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ture. In The Plant Viruses. 1: ed . Francki. R.I.B.: 
Plenum Press. New York. pp.19-56 

Stabel. S .. Argos. P. &. Philipson. l. (1985). The release 
of growth arrest by microinjection of adenovirus E1A 
DNA. EMBO J .. 4. 2329-2336 
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(1985). Virology. 146. 213-220 

141 



Additional research activities 

142 



Structural and functional studies of the insect nervous system 

ScIentIsts: N.J. Strausfeld. U.K. Bassemlr. J .J. Mllde 

VIsItIng workers: M. Bender*. H. Hllgenberg* V. Rehder*. J. Wunderer* 

TechnIcal assIstant: H.S . Seyan. R . Welssklrchen 

Supernumerary: R. Welssklrchen 

Our research continues the analysis of structure and 
function of neurons in the insect brain. and the iden-
tification of neuronal pathways underlying specific be-
haviours. 

During the past year. the neck muscle motor system has 
been completely analysed with respect to the twenty-
one muscle pairs and their individual motor neurons. In 
the last Annual Report we described the organization 
of muscles and motorneurons with respect to vertical 
motion-sensitive neurons beneath the compound eye. 
The second element of the orthogonal motion-sensitive 
system. being analysed by Nick Strausfeld and Harjit 
Seyan. involves the horizontal motion-sensitive neurons. 
These are connected by gap junction-like apposition 
areas to several score of uniquely identifiable descending 
neurons that also receive a number of other inputs. 
particularly from small field lobula neurons (Strausfeld 
&. Bassemir. 1985) and mechanosensory afferents. Such 
descending neurons invade many centers of the thoracic 
ganglia. including one from which arise a pair of an-
terior nerve motorneurons. These innervate transverse 
muscles that pull the head around its longitudinal axis; 
namely. in the same direction as moving gratings that 
evoke responses in these motorneurons. The organiza-
tion of this neck motor system is shown in Plate 45. 

Vertical motion-sensitive neurons are known to ter-
minate on a pair of prominent descending neurons 
(DNOVS) which. in turn. supply neck motor neurons 
of muscles that are thought to rotate the head (Milde 
&. Strausfeld 1986). In Calliphora the DNOVS are also 
known to receive an indirect input from dorsal pho-
toreceptors. However. the functional significance of this 
was obscure. In Jan uary Ursula Bassemir started a new 
project with the aim of obtaining information about 
the anatomy. fine structure and synaptology of the 
so-called "simple" eyes of flies. Besides the prominent 
compound eyes many species of diptera. in common 
with many other flying insects. possess an additional vi-
sual system. the ocelli. which are situated at the vertex 

of the head capsule . In Musca domestica this system 
is externally represented by three lenses. two located 
dorsally (Plate 46-1 level 1) and one located ventrally. 
Visual stimuli are perceived by 300-400 photoreceptor 
cells beneath these single lensed eyes (Plate 46-11). 
Their receptor axon terminals (Plate 46-1 level 2. and 
Plate 46-111) specifically contact the dendritic trees of a 
variety of first order interneurons (L- and S-neurons). 
Together. with the dendrites of interneurons. receptor 
terminals comprise a complex synaptic network for pos-
sible functional interactions (Plate 46-IV .V). A single 
short nerve (Plate 46-1. level 3). containing the bundle 
of first order L- and S- interneuron axons. connects the 
ocellar plexus to the brain (Plate 46-1. level 4). Axon ter-
minals of ocellar interneurons project to various neuropil 
regions. such as the posterior slope (Plate 46-1. level 
5). Eight L-neurons establish chemical synapses with a 
pair of descending neurons. the DNOVS. which receive 
information from the vertical motion-sensitive neurons 
(VS cells) that arise in the lobula plate. In addition. 
there also exist in Muscae diverging ocellar projections. 
which invade several other neuronal targets such as the 
optic lobes and the thoracic ganglion. Synaptology of 
the ocellar neuropil and the various ocellar pathways 
show the fly's ocellar system to be more complex than 
was hitherto believed. 

Outputs from the brain (descending neurons) are known 
to have dendritic fields that interact with a variety 
of sensory pathways. These include visual. mechanical 
and olfactory neurons (Bacon &. Strausfeld. 1986). 
Descending neurons transmit information processed by 
the brain to motor centers in the thoracic ganglia. They 
have long axons which can be recorded in the ventral 
nerve. and they thus offer an accessible part of the 
system for studying the neuronal basis of behaviour. 
One major question is: how complex and how invariant 
is the data carried by any single descending neuron 
from the brain? Does such data elicit specific muscle 
activity? Are specific messages carried in parallel by 
several descending channels? 
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PLATE 45 

Relationships between horizontal motion-sensitive neu-
rons In the optic lobes (HS-cells) and necK motorneu-
rons. Dendrites of the three HS cells subtend the whole 
retina (Inset A). HS cells are C02+ -coupled to several 
score complex descending neurons that also receive In-
puts from smail-field visual neurons and mechanosensory 
afferents. Descending neuron (DNCOLHS) terminals In-
vade more than one thoracic ganglion, and some overlap 
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the dendrites of ADN motorneurons. They do not show 
cobalt coupling, however. ADNMs supply transverse hor-
Izontal muscles (THM) (Inset B). Axon terminals of 
the two upper HS neurons from each optic lobe are 
enwrapped by a cluster of three ventral cervical nerve 
motor neurons (VCNM) that supply obliQue horizontal 
muscles (OHM: Inset B). Inset C summarizes these 
pathways. 



PLATE 46 

(I) Reconstructed posterior view of the distal parts of 
the ocellar system (stippled). showing projections to the 
posterior slope neuropil. DNOVS = Descending neuron 
of the ocellar and vertical cell system; DO = dorsal 
ocellus; Oe = oesophagus; Pc = protocerebral bridge; 
pot = posterior optic tract; VS = VS-cell proJections. 

(II) Electron micrograph showing distal segments of 
ocellar photoreceptors (Rd) with specialized membranes. 

I 

(III) Electron micrograph of receptor axon terminals (Rt) 
In the ocellar plexus. 

(IV) + (V) Electron micrographs of part of the synaptic 
network between receptor terminals (Rt) and first order 
Interneurons (IN). Arrows Indicate synapses. 

Scales In Plate V Indicate 1 J-Lm. 
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PLATE 47 

(A) Complex tripartite dendritic field of a recorded and 
dye-filled descending neuron. The branches to the left 
receive axons of visual Interneurons. Branches medially 
lie In an area known to receive mechanosensory afferents. 

(B) The terminal In the thoracic ganglia Invades two 
distinct neuroplls. Dorsally Its medial branches arborize 
through neck motor neuropil and flight neuropil. Later-
ally, three branches terminate at outgoing axons of leg 
motorneurons. 
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(C) Upper trace shows zero response to unimodal stimuli 
(1 = Ipsilateral light, 3 = wind). The lower trace shows 
1 and 3 combined, giving rise to a burst of action 
potentials. 

(D) shows histogram of action potentials In response 
to combinations of Ipsilateral light (1) contralateral light 
(2) wind (3) and odor (4) . Note that Ipsilateral light Is 
necessary to evoke a response to any of the effective 
combinations. 



This line of research. being pursued by Jiirgen Milde. in-
volves the electrophysiological characterization of single 
neurons. each of which is then filled with a fluorescent 
dye from the recording electrode. later. it is fixed 
and processed histologically and after photographing 
it using blue light illumination it is reconstructed and 
related to various brain and thoracic regions. One such 
neuron is shown in Plate 47 A.B. Functional interpre-
tations that arise from the anatomical analysis can 
be compared with the response characteristics (Plate 
47C.0). Monomodal stimuli fail to elicit a response 
in the neuron figured whereas when various physical 
parameters are presented simultaneously the cell reacts 
with a train of action potentials. The histogram in Plate 
470 shows the number of action potentials elicited by 
six combinations of multimodal stimuli. It can be seen 
that the neuron is predominantly visual because this 
stimulus presented to the ipsilateral eye (stimulus 1 in 
Plate 470) is necessary for any others to be effective. 
However. various combinations of stimulus parameters 
demonstrates that each combination results in a dif-
ferent level of activity. This finding suggests that such 
descending neurons are specialized to detect complex 
"features" of the environment. 

Publications during the year 
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Milde. J.J. (1985). Circadian change of compound eye 
sensitivity is not governed by the ocelli in honeybees. 
Exp. BioI .. 44. 241-245 

Milde. J.J. &. Strausfeld. N.J. (1985). Neuronal basis for 
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Calliphora erythrocephala. Cell Tiss. Res .. 240. 617-640 
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Other references 

Milde. J.J . &. Strausfeld. N.J. (1986) . Naturwis-
senschaften. 73. 151-153 

Bacon. J.P. &. Strausfeld. N.J . (1986) . J. Compo Phys-
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Mammalian developmental genetics 

Scientists: H. Lehrach, A. Frlschauf 

EMBL & EMBO postdoctoral fellows: D . Barlow*, A. Craig, F. Mlchlels*, L. Stubbs* 

External postdoctoral fellows: G. Rappold*, M. Zimmer* 

EMBL predoctoral fellows: M. Burmeister, B. Herrmann, G. Zehetner 

Trainee: S. Labelt 

Visiting workers: A. Boerressen*, M. Bucan, R. CrkvenJakov*, E. Ehrlch*, U. Francke*, T. Grllnfeld*, F.T. Kao* 

Technical assistants: T. Pohl, A . Poustka 

The structure of the mouse t complex and the 
localization of mutations 

t haplotypes are naturally occurring mutant forms of 
the proximal part of mouse chromosome 17 . They 
are characterized by a number of unusual properties: 
suppression of recombination between wild-type and 
t haplotype chromosomes over the extent of the t 
complex, transmission of the t chromosome at a very 
high rate by the male, and the presence of recessive 
lethal mutations in one or more of a number of different 
genes. In addition mice are tailless, if they have a 
complete t haplotype opposite a wild-type chromosome 
17 carrying the mutation T. 

A high resolution genetic map is a prerequisite for a 
molecular analysis of mutated genes in the t complex 
region. As a first step DNA fragments were isolated 
from the region of interest (Roehme et al .. 1984) . These 
were mapped on t chromosomes using partial t haplo-
types (Fox et al., 1985). For the wild-type chromosome 
the results of recombinant inbred strain mapping, a 
classical genetic cross. and the information from partial 
t haplotypes were combined to give a genetic map of 
high resolution of the proximal part of chromosome 17. 

From the comparison of the order of markers on the 
wild-type and t haplotype chromosome and from the 
analysis of the structure of a number of partial t hap-
lotypes, several conclusions can be drawn: there is an 
inversion which covers at least 4cM of the chromosome 
and includes the T locus (Herrmann et al., 1986). In 
addition, the presence of another big inversion previ-
ously reported by Artzt and coworkers (Artzt et al., 
1982 ) can be confirmed and its boundaries refined by 
the use of our DNA markers (Bucan et al .. unpublished). 
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Several partial t haplotypes have properties which can 
most easily be explained by recombination within an 
inversion: some markers have been duplicated, that 
is they are present in their wild-type and in their t 
specific form, while other markers are not present at 
all. There is a small region in the middle and another 
in the proximal part of the chromosome which are not 
part of either inversion. They might possibly be part of 
other as yet unidentified inversions. The presence of the 
two described inversions could however be sufficient to 
explain the phenomenon of recombination suppression. 
(All work involving t haplotypes was done in collabora-
tion with Lee Silver & coworkers (Princeton University), 
the work on the distal inversion also with Gail Martin 
& coworkers (UCSF).) 

The use of DNA polymorphisms to establish a map of 
the t complex region leads not only to genetic informa-
tion. it also opens the way to a molecular analysis of 
the genes encoded there. To localize physically a gene 
between markers, it is essential not only to deal with 
genetic distances but also to determine the actual length 
of DNA between those markers. Pulsed field gradient 
gel electrophoresis can separate DNA molecules up to 
approximately 2000 kbp (Schwartz & Cantor, 1984). 
Since 0.1 cM corresponds to 160 kbp in the mouse (on 
purely arithmetic considerations), it should be possible 
to relate genetic and physical distance using PFG gel 
electrophoresis. In some cases we have been able to 
show that genetically closely linked markers hybridize 
to long DNA fragments of identical mobility in Southern 
blots and can therefore be presumed not to be further 
apart than the length of the hybridizing DNA fragment . 
This kind of information is extremely helpful in assess-
ing the feasibility of chromosome walking to any gene 
of interest. 



We are now applying this "genetic restriction mapping" 
to the further analysis of the region surrounding the T 
mutation. an essential step in isolating and identifying 
the corresponding gene. Similarly we have been able to 
localise a breakpoint defining the vicinity of the the steel 
locus within a region of a few hundred kilobases. 

Using cosmids mapped genetically within the t complex 
a number of potential genes defined by transcripts 
have been identified and tested for tissue or stage 
specific expression. This has for example resulted in the 
identification of a testes specific. abundant transcript. 

Development of new and extension of existing 
techniques 

In collaboration with R. Goody (MPI. Heidelberg) a 
modification of the Sanger sequencing technique using 
a-thiotriphosphates instead of dideoxy nucleotide ana-
logues was developed (labeit et al .. 1986). Copies of 
sequences cloned in M13 vectors are synthesized using 
Klenow polymerase and then digested with exonuclease 
III. The latter enzyme stops when a phosphorothioate 
has been incorporated. 

To analyze results from partial restriction digests of 
cosmids linearized at the cos site (Rackwitz et al .. 
1985). a set of computer programs was written for input 
of the results via digitizer. calculation offragment sizes. 
prediction of complete digest patterns and localization 
of hybidizing sequences in complete digests. In addition. 
areas of overlap between different cosmids can be found 
and evaluated (Zehetner & lehrach. 1986). 

A major effort of the lab has gone into developing 
a method for "chromosome jumping". This involves 
cloning the end fragments of very long pieces of DNA 
to avoid walking over and cloning all the DNA in be-
tween those fragments to speed up progress towards 
a gene of interest. There are many possible strategies. 
Currently libraries are being constructed that contain 
fragments which border on at least one side onto a 
Not I or Mlu I restriction site. These enzymes cut 
rarely in human or mouse DNA. On the other side 
the fragment may border on either the next Not I or 
Mlu I site. or an Eco RI site. depending on how the 
library was made. The protocol involves cutting with the 
appropriate enzyme(s). circularization in the presence 
of a linearized. sup F containing plasmid. recutting 
with a 6bp recognition-site enzyme that does not cut 
the plasmid. and cloning into a lambda phage carrying 
amber mutations. The advantage of using rare cutting 
enzymes lies in the relatively small n umber of clones 
necessary for a complete library. PFG gel electrophoresis 
can be used to verify that the two cloned fragments 
really hybridize to the same band of a genomic digest 
cut with the corresponding restriction enzyme. 

The project described above and a variety of comple-
menting approaches have led to the construction of 

a number of new plasmid and phage cloning vectors 
containing sites for rare cutting enzymes. especially Not 
I and Mlu I. 

The technical work outlined above should greatly facil-
itate the molecular analysis of mutants defined only in 
genetic terms. While we intend to concentrate on the t 
complex as model system. we are. in collaboration with 
other groups. exploring the application of these methods 
to the molecular analysis of human mutations. 
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The Director's group 

ScIentIsts: L. Philipson. C. SchneIder 

Postdoctoral fellow: S. Stabel* 

TraInee: Z . Keren* 

VIsItIng workers: D. Della*. H . Thelssen*. M. Zanettl-Schnelder* 

TechnIcal assIstants: R. Buckland*. R. Klng* 

Three projects are currently being investigated: 

Small nuclear RNA (SnRNA) and their proteins 

The SnRNAs consist mainly of 6 abundant species 
of uridine-rich RNAs around 100-200 nucleotides in 
length. They are referred to as Ul to U6 RNA and they 
are in combination with proteins in ribonucleo-particles 
(SnRNP) involved in RNA processing and splicing. The 
SnRNA genes have been studied extensively with regard 
to transcriptional regulation. Since some of the results 
were contradictory we attempted in collaboration with 
Gennaro Ciliberto and Riccardo Cortese to isolate the 
gene for Ul RNA from Xenopus and study transcrip-
tional control elements in a homologous system by 
injection of wild-type and mutant genes into Xenopus 
oocytes. The results demonstrated that these polll 
genes contain enhancer elements like other polll genes 
around 200 nucleotides upstream from the transcription 
initiation site and that a TATA-like element is essential 
for expression in the homologous system (Ciliberto et 
al .. 1985). Similar results were concurrently published 
by Krol et al. (1985). These studies. continued now in 
collaboration with Gennaro Ciliberto & lain Mattaj, aim 
to establish the size and the function of the enhancer el-
ement and the control elements involved in termination 
of transcription for these genes. 

Taking advantage of the cDNA expression system avail-
able at the EMBL we have. together with Dr. Liihrmann 
and his group in Berlin. started to clone some of the 
cDNAs of the proteins in SnRNP utilizing immunoiden-
tification of fusion proteins expressed in bacteria. A first 
clone probably expressing the Ul-specific 70K protein 
as a fusion protein has already been identified. 
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Both Induction and repression may operate In 
growth control 

To develop a functional assay to identify the genes 
responsible for release from growth arrest we utilized 
NIH 3T3 cells arrested in platelet-poor plasma. Such 
cells respond with synchronous DNA synthesis and 
division within 24 hours after a 4 hours treatment with 
platelet derived growth factor (PDGF). Microinjection 
of the SV40 T-antigen gene as previously demonstrated 
(Miiller et al .. 1978) and the E1A region of adenovirus 
into the cells eliminated the requirement of PDGF for 
DNA synthesis but division did not occur. Detailed 
dissection of the adenovirus E1A region revealed that 
both the 12S and 13S mRNA products could indepen-
dently induce cellular DNA synthesis but the myc gene 
was ineffective (Stabel et al .. 1985). This simple assay 
may be used to identify genes that have a functional 
role in release from growth arrest . As a first step in 
this direction since the adenovirus E1A genes may be 
involved in overcoming a cellular block in transcription. 
we have started to isolate cDNA clones specific for the 
arrested stage in lymphocytes and NIH 3T3 cells hoping 
to identify clones that are involved in establishing the 
arrested stage. 

Transferrin receptor 

The existing cDNA clones of the human transferrin re-
ceptor (Schneider et al .. 1984) have been joined. cloned 
into an expression plasmid (psv-TR) and shown to ex-
press the right product. This construct, in collaboration 
with Henrik Garoff's laboratory. has been helpful in 
localizing the "internal signal sequence" residing in the 



N-terminally located transmembrane region of the pro-
tein and responsible for integration into the endoplasmic 
reticulum membrane (see Garoff's report). It is being 
used to study the kinase-C dependent phosphorylation 
site at Ser-24. by site-directed mutagenesis. to assess 
the role of phosphorylation in receptor redistribution. 

Finally. a construct is being made to produce a hybrid 
protein between the transferrin receptor and transferrin 
itself to assess whether such a product is of importance 
in cell growth or transformation since recent results 
point out that this might be the effect of an inversion 
in chromosome 3 in some forms of acute myelotic 
leukemia (in collaboration with M. O·Diaz. University 
of Chicago). 

Publications during the year 
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The Outstation at the OESY. Hamburg 

Head: M.H.J. Koch 

ScIentIsts: K .-S . Bartels*, H.-D. Bartunlk, M . J. HendrIx, C. Hermes, Y . Maeda, G. Nlcolae, K. Petratos*, R. 
Pettlfer, Z. Sayers, K . Wllson* 

TechnIcIans and engIneers: P. Bendall , H . Borgwardt*, E. Dorrlngton, T. Gehrmann, E. Jerzembek, R. KI:lrlng, A . Lentfer*, 
H. LudwIg, S. McLaughlin , A.-M . Mlchon*, N. Plpon* , C. Prothon*, V. Renkwltz, B. Robrahn, H. Sammet 

EMBL predoctoral fellows: D . Foulls, C. Karg*, C. Tr:lnkner* 

External predoctoral fellow: M.C. Vega 

TraInees: E . Kacmaz*, J. C. Wangnlck*, P. Webster* 

VIsItIng workers (all part of the year): R. Arnl, H . Asal, C. Ashley, C. Betzel, J . Bordas, K. Brandenburg, B. Brenner, M. 
Chew, H. Delsenhofer, G. Dlakun, J. Drenth, P. Eggers, W. FaruQl, W. Folkhard, F. Frolov, R.M . Garavlto, W. Geerken, 
R. Goody, P. Grlfl'lth, M. Haas, U. Hahn, S. Hansen, J. Harford, G. Henkel, R. Hllgenfeld, H. Huxley, J. JenkIns , G. Jones, 
W. E. U. Kooystra, M. Kress, R. Ladensteln, P. Laggner, K. Lohner, J. Lowy, I. MakowskI, W. 
Maret, M . Maslowska, P. Matsudalra, J. McGray, H. MIchel, K . MUlier, H. NoltIng, H. Notbohm, H. P:lhler, H. Parge, M . 
Potschka, K. Poole, F. Poulsen, G. Rapp, M. Saper, J. Sch:lfer, G. Schertler, I. SchlichtIng, M. SchneIder, R. SImmons, 
U. SImonIs, J. SInnIng, J. SQuIre, G. Suarez, H. Sugl, A. Yonath, V . Zabel, M. Zeppezauer 

DORIS was particularly reliable in 1985, making it 
an excellent year for synchrotron radiation users. The 
prospects for 1986 are also good as the damping anten-
nas to be installed during the next year should further 
improve the stability of the beam at the high currents 
stored during main user shifts. 

Fifty visitors used the facilities of the Outstation in 
HASYLAB. 

The construction of the new XU in Lab IV is progress-
ing and the main components of the shielding, vacuum 
and interlock systems were installed by the end of the 
year. The electronic modules for the remote control 
system have been built and tested. There remains thus 
to install the optical components designed and built in 
Heidelberg and the mobile shielding allowing work at 
variable wavelengths . 

The available disk space on the computer was increased 
to approximately 1 Gigabyte and a new magnetic tape 
drive was installed. Network connections were estab-
lished allowing data transmission with Heidelberg and 
other laboratories. 

Instrumentation and development 

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

The development of a novel two dimensional position 
sensitive x-ray detector, started during 1983, was pur-
sued. 

To summarize, the device is based on a parallel elec-
trode structure consisting of stainless steel mesh, and 
the signals are generated in a uniform electric field . 
Two main advantages were envisaged as compared to 
the classical multi-wire proportional chambers (MWPC) 
detector; namely, a higher local counting rate capability. 
and an excellent spatial resolution in two dimensions. 
The detector. together with its associated signal pro-
cessing and read-out electronics is now completed. 

Bench tests confirmed that the two design goals have 
been achieved: the local counting rate capability is 
higher than 2.5 x 105 events seC 1 mm- 2 • and the 
spatial resolution is 0.3 mm FWHM. as expected . The 
system is already producing two-dimensional test pat-
terns. 
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PLATE 48 

Example of Interactive Inspection and evaluation of a 
crystallographic pattern using the display processor. 

PLATE 40 

Schematic diagram of the separate face monochroma-
tor (A) Including beryllium-copper spring (a), tilt mo-
tor (M2), coarse -offset adjustment (Mi), piezoelectric 
transducer (p), and heat-sink braid (h). An expanded 
view of the crystals and tray support Is shown In (8), 

( 
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and the underside of the tray Is Illustrated In (C). (C) 
also shows the attached heating foils to maintain a 
constant temperature of the first crystal. Also shown 
are the kinematic mounting points for the tray. (0) Is a 
cross-section view of the devIce. 
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However. some important operational parameters such 
as gas amplification. gain and thresholds of the sig-
nal processing electronics have to be adjusted and 
optimized. before the novel detector is used for x-ray 
crystallography and time-resolved experiments within 
the next few months. 

Data acquisition and processing (G.c. Nicolae) 

The effort on the data acquisition and processing sys-
tem has been concentrated on the real-time acquisition 
and display units and on system interfacing. 

The acquisition processor has been redesigned to allow 
more flexibility for real-time integration and higher stor-
age capacity for the histogramming memory. The basic 
pipelined structure has been modified into a systolic 
pipeline to enable repetitive usage of the histogramming 
memory as separated look-up tables for different trans-
formations. The first prototype which is being tested 
supports an average data rate of 2.5 M events/sec. 

The software package for the integrated high-resolution 
display processor (1024 x 1024 pixels «I 8 bits/pixels) 
allowing interactive manipulation of images and graph-
ics has been completed. 

Plate 48 illustrates the evaluation of a crystallographic 
pattern using soft-key driven menus. The display pro-
cessor can also be used as a stand alone unit. In 
connection with the newly developed real-time video 
digitizer. it can be used to acquire and monitor video 
images e.g. from an optical microscope. 

Interfacing the system to the VAX 11/750 host com-
puter and to a UNIX workstation was another part 
of the effort. Fast dual-ported memory interfaces for 
CAMAC and for an MG-1 workstation have been de-
signed and implemented. Both interfaces can support 
data rates of up to 1 Mbaud. which are necessary for 
image transfers. 

Dialogue system (M. Bohm) 

A prototype of the dialogue system kernel has been 
implemented on the VAX. The design is based on 
a so called "object oriented" approach. which means 
that all components of the system (data and devices) 
are viewed in an uniform way as "objects". to which 
"messages" can be sent resulting in an operation being 
performed and a result being returned. Special attention 
has been paid to a friendly user interface. to the efficient 
handling of large data arrays (images) and to the possi-
bility of incorporating already existing software libraries. 
The major parts implemented throughout the last year 
are an interpreter. a dynamic storage management and 
an initial set of primitive functions. 

EXAFS (c. Hermes. R.F. Pettifer & O.L. Foulis) 

Instrumentation and theoretical developments 

The final major stage of development for the EXAFS 
apparatus on line 02 was completed in 1985. Pre-
vious measurements of spectra last year showed an 
inconsistency in yield of good spectra per scan. which 
depended very much on machine conditions. This was 
a particularly worrying problem because of the delicate 
nature of the enzyme materials being measured . Fur-
ther. it was found that measurements. even on model 
compounds. could not be taken except during main 
user time. The major cause of this inconsistency was 
traced to contaminating radiation from the channel cut 
crystal. Therefore a new monochromator with separate 
face design (Plate 49) was installed. Various teething 
problems were encountered which included (a) the need 
for a new alignment procedure; (b) microphony; (c) 
beam heating effects; (d) strain fields in the silicon 
crystals; and (e) optimization of the control system. 
These problems were either overcome or minimized so 
that useful data could be obtained during the last main 
user time. 

Also during the year the calibration apparatus was im-
proved . Certain calibration lines were difficult to locate 
when a mirror was installed. This problem has also been 
rectified by using a stub attached to the mirror. This 
stub also serves as a check on alignment. 

On a theoretical front tests were made of a cluster 
calculation of the x-ray absorption near edge structure 
(XANES) for some simple systems. These calculations 
did not reproduce the experimental data well. Steps are 
now being taken to modify the theoretical calculations 
with a hope of improving the physical model used. We 
expect that the modified theory will be tested on simple 
systems in the coming year. 

For the EXAFS region of the spectrum. i.e. the absorp-
tion fine structure which lies at energies greater than 
50 eV from the absorption edge. multiple scattering 
calculations have been performed. The results show 
that multiple scattering as opposed to single scattering 
is of great importance in biological systems especially 
when histidine groups are attached to metal centres. 

Experimental projects 

Studies of horse liver alcohol dehydrogenase (HlAOH). 
in collaboration with the University of Saarbriicken (M. 
Zeppezauer. W. Maret & K. Haas). continued with 
checks being made of the reproducibility of data taken 
the previous year. It was found that the spectra of 
the active site of this enzyme showed inconsistent 
results. These results were clearly not of instrumental 
origin and could be traced to subtleties in the sample 
preparation procedures. It was found later in the year 
that the local structure surrounding the active site 
was sensitive to water binding either on or in the 
enzyme. A more detailed evaluation of this problem 
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will continue during the coming year. In contrast to 
the active site. the structural site in this enzyme is 
invariant to preparation procedures. Further. it is known 
that this site has four surrounding sulphur ligands and 
not a mixed set of ligands as in the active site. These 
facts allowed a quantitative analysis of this site. It was 
found that the mean Zn-S bond length in the enzyme 
was intermediate between that in cubic ZnS and zinc 
dithiocarbamate. The latter is often thought to be a 
good analogue for this site in the enzyme although our 
results show that in terms of the nearest neighbours 
the cubic crystal is a better model system. These 
conclusions are also supported by an analysis of the 
metal ligand dynamics which can be deduced from the 
EXAFS data. Again the metal-sulphur vibrations are 
more closely analogous to the cubic crystal rather than 
the dithiocarbamate. This idea can be rationalised by 
using a mass effect argument implying that the crystal 
lattice and the enzyme ligands increase the effective 
mass of the vibrating system compared with the small 
mass involved in the dithiocarbamate. 

A comparison of the spectra of some model compounds 
and the main reaction product of cis-platinum with 
adenine-guanine fragments (ApG) was made in collab-
oration with the University of MUnster (W. Kleibohmer 
& B. Krebs). None of the model compound spectra 
matched the data from ApG. It could be concluded. 
however. that in the ApG complex (a) chlorine was no 
longer a ligand . (b) the coordination sphere radius was 
larger than that found in the model compounds and this 
implies the break up of the planar cis-platinum config-
uration. probably by hydration and (c) a small feature 
in the spectrum was suggestive of direct interaction of 
the platinum with the N7 ligand from guanine. 

A large number of EXAFS measurements of zinc con-
taining model compounds which contained mixed lig-
ands in the first coordination sphere were interpreted 
using tabulated amplitude and phase data for elec-
tron scattering in collaboration with the University of 
Munster (U. Simonis and B. Krebs). The results showed 
that the tabulated theoretical data became progressively 
more inaccurate as the size of the ligand decreased. This 
work clearly points to a need for an improved theory of 
low energy electron scattering from the light ligands 
often encountered in biological systems. 

Details of some of these projects can be found in several 
dissertations from the University of MUnster (1-3). 

Disordered systems 

A. SOLUTIONS. GELS. FIBRES (M.H.J. Koch. Z. 
Sayers & M.C. Vega) 

A final version of the readout and display electronics of 
the area detector designed by Christian Boulin (EMBL 
Heidelberg) was installed and a new chamber which 
should have a higher efficiency was built by the group 
of Andre Gabriel (EMBL Grenoble). The software for 
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data reduction and evaluation was further automated to 
speed up interpretation for all routine measurements. 

As in previous years. the instrument was used for a 
variety of solution scattering projects by several visiting 
groups working on chromatin. collagen. intermediate 
filaments and lipids. For obvious reasons. the main 
priority has been given to the completion of projects 
initiated in the previous year rather than to an expansion 
of activity. The following selected examples give an 
overview of the progress made with some of the in-
house and collaborative projects. 

Experimental projects 

X-ray scattering from chromatin solutions (M.e. Vega. 
Z. Sayers & M.H.J. Koch) 

The measurements on chicken erythrocyte chromatin 
fragments were completed by a study of the thermal 
denaturation as well as by a systematic study of the 
influence of divalent cations on chromatin condensation. 
Observations on rat liver chromatin fragments indicated 
a superstructure at low ionic strength similar to that 
previously found in chicken erythrocyte chromatin. De-
tails of this work can be found in the Ph.D. thesis of 
Maria-Carmen Vega to be presented at the University 
of Navarra early next year. 

Properties of S and I chromatin (H. Notbohm. Institute 
for Medical Molecular Biology of the Medical University. 
LUbeck) 

During the preparation of chromatin a soluble (S) and 
an insoluble (I) fraction are obtained. The I fraction 
is already fully condensed at concentrations around 10 
mM NaCI whereas the S fraction only shows signs 
of condensation as monitored by the reduction of the 
maximum at 0.05 nm- 1 above 20 mM NaCi. Further. 
measurements were also made on nuclei from several 
different types of cells. Details of this work can be found 
elsewhere (Notbohm. 1985). 

Solution x-ray scattering on keratin filaments (Z. Sayers 
& M.H.J. Koch) 

Epidermal keratin polypeptides were purified from calf 
hoofs and structural parameters of monomeric polypep-
tide solutions and reconstituted filaments were deter-
mined. These provide a basis for time-resolved measure-
ments of intermediate filament formation. X-ray scatter-
ing results together with biochemical characterization 
by cross linking and gel electrophoresis results indicate 
that even under extreme denaturing conditions (9 M 
urea) the polypeptides are largely in oligomeric form 
with a radius of gyration of the cross section of 0.92 
nm. It was found that reconstituted keratin filaments 
in 10 mM Tris-HCI. pH 7.6. have a smaller diameter (8 
nm) as compared to other reconstituted intermediate 
filaments (13 nm) . 



Small-angle x-ray scattering on human blood platelets 
and fibrin clot formation (Z. Sayers & M.H.J. Koch) 

Experiments on purified intact human blood platelets 
were carried out in an attempt to follow actin filament 
formation in vivo. Static x-ray scattering patterns were 
recorded from solutions of stimulated and unstimulated 
platelets. These patterns were compared with those of 
gels of purified actin filaments and those of cytoskele-
tal extracts from platelets prepared under stimulating 
and nonstimulating conditions. This comparison shows 
weak reflections in the platelet patterns which are also 
characteristic of patterns of actin filaments. Radiation 
damage to the platelets was monitored by staining 
and phase contrast microscopy. In parallel experiments 
platelet shape changes upon stimulation were moni-
tored by phase contrast microscopy. Some experiments 
to follow the formation of fibrin clot from blood plasma 
were also performed. 

Time-resolved x-ray studies of the molecular stretching 
mechanism in native tendon collagen (W. Folkhard. 
E. Mosler. W. Geercken. E. Knorzer. H. Nemetschek-
Gansler & Th. Nemetschek (Dept. of Pathology. Uni-
versity of Heidelberg). & M.H.J. Koch) 

Intact collagen fibrils in stretched rat tail tendons get 
elongated not only by stretching but also by pulling 
the triple helices axially apart. The triple helices slide 
relative to each other. resulting in an increased D stag-
ger. This process has been monitored as illustrated in 
Plate 50 by registering the time course of the merid-
ional small-angle diffraction pattern while fibres were 
stretched. Several steps in this process were quanti-
tatively analyzed with the help of model calculations 
based on the amino-acid sequence. The results show 
that the two mechanisms contributing to the elongation 
of a fibril namely the stretching and sliding of the 
triple helices do not occur synchronously. The triple 
helices get stretched by about 0.8% first. before they 
begin to slide . This sequence is. within the experimental 
range. independent of the age of the animals and also 
independent of the stretching velocity. The role of the 
telopeptides in this sliding mechanism is to preserve 
the reversibility of the process by preventing unlim-
ited irreversible sliding. Cross-linked telopeptides get 
stretched when neighbouring triple helices slide axially 
with respect to each other. A cross-linked N-terminal 
telopeptide stretched to its maximum would. in elon-
gated undamaged fibrils. limit the largest possible D 
stagger to 236 amino-acid residues. 

Alterations of the macromolecular structure in ten-
don fibres of dermatosparatic animals (E. Mosler. 
W. Folkhard . W. Geercken. O. Helle. E. Knorzer. H. 
Nemetschek-Gansler. B. Nusgens & Th. Nemetschek 
(Dept. of Pathology. University of Heidelberg) . Ch .M. 
Lapiere (University of Liege). & M.H.J. Koch) 

Dermatosparaxis is observed in calves and lambs and 
is due to a deficiency of an N-procollagen-peptidase 
resulting in a disturbance during the cleaving of N-

terminal propeptides (pN) from collagen. X-ray diffrac-
tion patterns of dermatosparactic tendon collagen show 
a decreased intensity of the first order reflection. due 
to the N-terminal propeptide which partially fills the 
intermolecular gap region . 

The results and the preliminary interpretation on the 
basis of the amino acid sequence show that the remain-
ing propeptide can be detected by x-ray diffraction in 
native tendon fibres. Information can thus be obtained 
about the native structure of the N-terminal collagen 
propeptide . This opens new perspectives for the inves-
tigation of other pathological connective-tissues . and 
beyond that also for the function of the intermolecular 
gap region as a host for guest molecules. 

Collagen-apatite structural relationship in pathologi-
cally calcified human tendon (A. Bigi. A. Ripamonti 
& N. Roveri (University of Bologna). L. Dovigo & 
M. Scaramelli (Division of Rheumatology. Sant'Anna 
Hospital. Ferrara) & M. H.J . Koch) 

The diffraction pattern of human tendons affected by 
diffuse idiopatic skeletal hyperostosis - a disease char-
acterized by a calcification of tendons and ligaments 
- was recorded to establish the collagen-apatite rela-
tionship. The results give support to the radiographic 
evidence that during the disease tendon undergoes a 
real ossification. The mineral component is deposited 
along the collagen fibres according to a step function 
with the same periodicity as native collagen (67 nm) . 
This periodicity remains unchanged in the dry tissue 
and the length of the mineral block (0.45 D) does not 
change with the degree of calcification . 

B. MUSCLE (Y. Maeda) 

Activation of barnacle muscle (e.e. Ashley & P. J . 
Griffiths (Oxford) & Y. Maeda) 

The project aims at correlating the time course of 
the actomyosin interaction with that of activation . As 
the first stage. the x-ray intensity of the first actin 
layer-line associated with the actomyosin attachment 
was recorded simultaneously with the luminescence 
from aequorin and the force from the same single 
fibre of barnacle B. nubilus . The intact barnacle fibres 
generated isometric tetanic tension of more than 4 
kg/cm 2 • and the time course of these responses was 
reproducible. The results clearly indicate that aequorin 
light emission precedes the intensity change on the first 
actin layer-line which. in turn . precedes the development 
of force . 

Studies on muscle activation and contraction (H.E. 
Huxley. M. Kress & A.R. Faruqi (MRC Laboratory of 
Molecular Biology. Cambridge)) 

Experiments were continued on the relationship be-
tween the time courses of the changes in different parts 
of the x-ray diffraction diagram from vertebrate striated 
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PLATE 50 

(a) Series of meridional diffraction patterns registered 
at Intervals of is while a fibre of rat tall tendon was 
stretched. The last pattern was recorded after the fibre 
had been unloaded for about 1 min. 

PLATE 51 
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Fourier synthesis electron density map obtained using 
the first five eQuatorial reflections from turbot fin mus-
cle. Left: relaxed muscle, Right: contracting muscle at 
tension plateau, Centre: density difference map between 
contracting and relaxed maps (density loss shown by -

m 

a 

158 

(b) Corresponding plot of the load applied to the fibre. 
Registered simultaneously with the diffraction pattern. 

6 

of various shades; Density gain by +). Note the three 
preferred attachement positions on actin of the myosin 
head density In the map of contracting muscle (actin 
filament position , a; myosin filament position, m) 



muscle during activation and relaxation. The analysis of 
the behaviour of the distant off-meridional region of the 
second actin layer line has now been completed (Kress 
et al .. 1986). The intensity changes appear to be directly 
linked to tropomyosin movement produced by calcium 
binding to the regulatory proteins in the thin filaments 
and take place very early in contraction. Initial cross-
bridge attachment. on the other hand. as evidenced by 
the characteristic changes in the equatorial reflections. 
takes place more slowly and shows a time delay of 12-17 
msecs relative to the tropomyosin movement. After a 
rapid quick release. however. just sufficient to reduce 
tension to near zero. crossbridge reattachment appears 
to take place much more rapidly. Thus the initial delay 
may represent a relatively slow initial transition or 
diffusion of crossbridges from the thick filaments to a 
position where rapid attachment can occur. 

Other parts of the x-ray pattern (e.g. the 5.9 nm 
actin reflections) undergo more complicated intensity 
changes containing components associated with both 
the activation process in the thin filaments and with 
crossbridge attachment and tension development. To 
interpret the changes in structural terms the various 
effects must be separated. and this is being done by 
analyzing the changes in the profile of the reflections 
along the layer lines at high time resolution; the new 
two-dimensional x-ray detector will be of great value in 
this work. 

Time-resolved equatorial diffraction patterns from sin-
gle skinned rabbit psoas fibers (B. Brenner (Physio-
logical Inst .. University of Tiibingen). R.M. Simmons 
(MRC. Cell Biophysics Unit. London) . &. Y. Maeda) 

Time-resolved equatorial diffraction patterns of single 
skinned rabbit psoas fibers were recorded during iso-
tonic shortening. In previous experiments. during short-
ening near the maximum velocity. partial reversal of 
the changes observed on going from the relaxed to the 
isometric contracting state was found. At intermediate 
velocities changes were very much less marked. Im-
provements in the signal-to-noise ratio. and the use of 
an experimental protocol allowing to record isometric 
and isotonic diffraction patterns at comparable sar-
comere lengths (monitored by laser light diffraction) 
revealed intermediate changes at intermediate speeds 
for both changes in lattice spacing and the intensity 
ratio h,l/h,o. Preliminary analysis shows an almost 
linear relation between lattice spacing and relative load. 
At maximum velocity. the change in lattice spacing 
approaches 60% of the change observed upon activation 
while the change in h,t/Il,o appears to be less (about 
50%). 

Structural changes in insect flight muscle after an A TP-
jump (R.S. Goody. K.J .V. Poole &. G. Rapp (MPI fUr 
Medizinische Forschung. Heidelberg)) 

Considerable progress has been made in the study of the 
kinetics of structural changes occurring in insect muscle 
fibres following the rapid release of ATP by photolysis 

of caged-ATP. It is now clear that the second order rate 
constant of ATP-induced cross-bridge detachment. as 
measured from the rate of change of the 10 and 20 
equatorial intensities. is approx. 106 M-ls-l. which is 
as fast as the rate of actomyosin dissociation measured 
in solution. Experiments have been performed in the 
presence and absence of Ca2+ ions and. interestingly. 
the time course of the change in the 14.5 nm meridional 
intensity appears unchanged whereas the tension tran-
sients are very different. This finding conflicts with data 
from a number of other experiments in which tension 
and 14.5 nm intensity are closely linked. 

Time-resolved x-ray diffraction from contracting fish 
muscle (J.M. Squire &. J.J . Harford (Imperial College 
London). &. Y. Maeda) 

X-ray diffraction patterns have been recorded at 5 ms 
time resolution from the fin muscles of plaice and 
turbot during short tetanic contractions. Most low-
angle regions of the pattern have been followed including 
the equator out to the 22 reflection. the first (42.9 
nm) myosin layer lines out to a similar radius and 
the layer lines coming from the actin filaments at 5.9 
nm. 37 nm and 18-19 nm. All layer lines show very 
clear changes. The implications of the various changes 
are now being assessed. Plate 51 shows the variation 
of mass distribution in projection down the filament 
axis in contracting turbot fin muscle compared with 
relaxed muscle. The density difference map (centre) 
shows that mass moves from the ring of density round 
the myosin filaments to three preferred attachment 
positions spaced 1200 apart around the actin filament 
and pointing back towards the myosin filament axis. 
Similar data are now being analysed in more detail 
to show the variation of mass distribution during the 
rising and falling phases of tension during the tetanic 
contractions . 

X-ray study of cross-bridge behaviour during auxotonic 
and isometric contractions of frog muscle (J. Lowy &. 
F.R. Poulsen (Open University. Oxford Research Unit. 
Oxford. U.K.)) 

The question whether force production is associated 
with a rotation of the myosin head was addressed by 
using the diffuse scatter in x-ray patterns to obtain 
information about the distribution of orientations of 
myosin heads during auxotonic and isometric contrac-
tions . The time-resolved experiments on living active 
muscles were done using the area detector. 

Semi-tendinosus muscles (sarcomere length about 2.5 
JLm) were stimulated to give fused tetani at 3°C. To 
produce auxotonic contractions a spring was inserted 
between the muscle and the transducer. The spring 
constant was chosen so that at peak tension the mus-
cles shortened by between 6 and 9%. In Isometric 
contractions. x-ray data from the relaxed phase just 
before stimulation were compared with those at the 
peak of tetanic tension. In auxotonic contractions. the 
data for the relaxed phase were compared with those of 
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active shortening. 

In isometric contractions. both in the relaxed and the 
maximal tension phases. the diffuse scattering shows 
considerable deviations from circular symmetry. indicat-
ing that in both cases there is a preferred orientation 
of the myosin heads. The change from the relaxed 
to the peak of tension phase is of particular interest. 
The intensity distribution expands in the meridional 
direction and contracts in the equatorial direction. This 
means that there is a change in the distribution of 
orientations of myosin heads toward a direction more 
perpendicular to the fibre-axis. 

In auxotonic contractions there is very little change in 
the diffuse scattering pattern. Three main conclusions 
can be drawn from these results. of which the first two 
are consistent with a model where a change in the angle 
of the myosin head attached to actin is associated with 
movement. 

(1) When sliding occurs between the filaments during 
contraction the heads adopt a broad. uniform distribu-
tion of tilt-angles. There is little difference between the 
relaxed and active phases. 

(2) When sliding is prevented. the heads adopt a 
preferred orientation and at peak tension they are on 
average more perpendicular to the filament axis. 

(3) The large difference between the auxotonic and 
isometric data sets must be caused by the myosin 
heads since no other structure in the muscle could thus 
respond to a variation in mechanical conditions. 

Protein crystallography 

Data collection for protein crystallography could only 
be done on X31 in HASYLAB as XU is being rebuilt. 

The narrow bandpass of the instrument was used for 
anomalous dispersion on fatty acid binding protein 
(FABP) and on the complex 0: cyclodextrin Bal.l2 (W. 
Saenger et al .. Berlin). Isomorphous data were collected 
for several projects started in previous years includ-
ing riboflavin synthase (R. Ladenstein et al .. Martin-
sried). reaction centre (H. Deisenhofer et al .. Martin-
sried). matrix porin (M . Garavito et al .. Basel). bacteri-
orhodopsin (H. Michel et al .. Martinsried). 0: cobratoxin 
(W. Saenger et al .. Berlin). human ceruloplasmin and 
carnation mottle virus (B.K. Vainshtein et al .. Moscow) 
as well as the 50S ribosomal subunit (A . Yonath et al .. 
Rehovot) . 

Further. the low temperature studies on trypsin-
substrate binding were continued in collaboration with 
W. Bode (Martinsried) . 

Finally. tests aiming at improving data collection con-
ditions mainly for time resolved crystallography were 
made using myoglobin microcrystals. These studies will 
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be pursued during the coming years by a group of the 
Max-Planck-Gesellschaft under the direction of H.D. 
Bartunik. 

Since September. a new crystallography group consist-
ing of two staff scientists and two technicians headed by 
K.S. Wilson is installing itself. The group will be com-
pleted by the recruitment of two further staff scientists 
and a technician during 1986. 

In-house projects planned to be started in 1986 include 
studies of metal-binding proteins from the denitrifying 
bacterium Alcaligenes faecalis. The structure of the 
"blue" cupredoxin protein of A.faecilis has been deter-
mined at 2.9 A resolution and this will be extended 
towards 1.5 A to define more precisely the atomic 
positions. especially around the copper atom. Crystals 
of the "green" protein of A.faecilis have been obtained 
and will be analyzed at high resolution. exploiting the 
tunability of the SR source to optimize measurement 
of the anomalous scattering. The two proteins form an 
oxidase/reductase pair in the organism. 

Crystals have also been obtained of the insecticyanin 
from Manduca sexta and the native data recorded using 
the SR source at Hamburg. The large unit cell volume 
and the long c axis (312 A) mean that SR radiation 
will greatly facilitate the determination of this structure. 
The data extend to roughly 2.5 A and the presence of 
a trimer in the asymmetric unit will be helpful in the 
phase determination. 

The restriction endonuclease EcoRV has been crys-
tallised and the structure of the native enzyme is 
being studied at EMBL Heidelberg by Fritz Winkler 
and Demetrius Tsernoglou. together with that of the 
enzyme complexed with cognate oligonucleotides. Com-
plexes of EcoRV coupled with the non-cognate oligonu-
cleotides have also been grown and will be studied in 
Hamburg. The crystallographic service on the rapidly 
tunable beam line X31 in HASYLAB will continue. and 
will be enhanced by the rebuilding of line XU in the 
EMBL bunker IV hopefully to be completed later in 
1986. 

Publications during the year 
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Bartunik. H.D. (1985) . Protein crystallography using 
SR at DORIS. Photon Factory News Lett .. 3. No.1 

Bigi. A. Koch. M.H.J .. Purslow. P.P .. Ripamonti. A .. 
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of collagen in Metridium senile. Int. J. BioI. Macromol .. 
7.19-24 
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The Outstation at the Ill. Grenoble 

Head: B. Jacrot 

Scientists: A. Bentley, G. Bentley* , C. Berthet, J.-M. Bois, S. Cusack, A. Gabriel, M. H:lrtleln, J.-C. J(islor, J. Langowski , 
R. Leberman, B. Schoot*, D. Wlld*, M. Zulauf 

EMBL postdoctoral fellow: J. Chroboczek 

EMBL predoctoral fellows: B. Antonsson, F. Gulnet, J.-Y. Sgro*, K. Weckstrl)m 

Students: T. Ahl*, F. Arnaud, A .F . Barbosa*, J.-P. Qulvy*, C. Verdler*, F. Vlard* 

Technical assistants: B. Cortolezzls, F. Dauvergne, M.-T. Dauvergne, J.-M. La CanutO, M. Lentini, D. Madern, J. Sedita, 
A. Simon, E. Truche, P. Wattecamps 

Long-term visiting workers: M. Cuillel , C. Devaux 

Short-term visiting workers (all part of the year) : P. Baschong , A. Brisson, H. Eisenberg, R.M. Garavlto, H. Heumann, Z. 
Houseley, H. Inoue, H. Michel, A. Miller, K. Nlerhaus, J. Parello, S. Perkins, M. Plnerl, M . Satre, M. Schnarr, M. Sosinski, 
M. Takahashi, G. Tebb, D. Wade, A. Wlodawer 

In 1985 the reactor of the Institut Laue-Langevin (ILL) 
was shut down from January to September, so very 
few new experiments could be performed using neutron 
beams. An important part of the activity has been de-
voted to the analysis of previously collected data. This 
is particularly true for low resolution cryst:.llography. 
In this case the analysis was greatly facilltated by the 
availability of a graphic display PS300 "bought together 
with ILL. 

The laboratory is dedicated to structural biology and 
uses neutron beams as its main tool of investigation. 
There have always been other technologies in the lab-
oratory to support and complement the work based on 
neutrons. It has become obvious that x-ray diffraction is 
absolutely necessary to complement the neutron struc-
tures, so during this year an effort was made in that 
direction: a structural investigation of a viral protein, the 
fibre of adenovirus, was started, and a member of the 
staff (Stephen Cusack) went for a year to Harvard for 
appropriate train ing. It has also become clear that the 
techniques of gene cloning had to be introduced in the 
laboratory. This has been done in the two main lines of 
research of the Outstation : the structure of adenovirus 
and the proteins involved in biosynthesis. 
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low resolution crystallography (A. Lewit-Bentley, G. 
Bentley, D. Wild & M. Zulauf) 

The structure of RNA in satellite tobacco necrosis virus 
(G .A. Bentley & A. Lewit-Bentley in collaboration with 
L. Uljas, T. Unge & U. Skoglund, Uppsala & M. Roth, 
ILL) 

The crystal structure of satellite tobacco necrosis virus 
(STNV) has been studied by neutron diffraction to a 
resolution of 16 A using the technique of contrast vari-
ation in order to locate the RNA. In the high resolution 
x-ray crystal structure analysis no strong continuous 
density for the RNA was evident, showing that this 
component does not have a highly ordered structure 
in the crystal. Given that the outer protein shell of 
the virus conforms to the elements of icosahedral sym-
metry, it must be assumed that each virus particle 
will be laid down in the crystal lattice in 60 different 
orientations (which are equivalent for the protein coat) 
with equal probability. A single strand of RNA cannot, 
however, possess strict icosahedral symmetry, and will 
therefore appear as a 60-fold averaged structure in 
the Fourier map. The neutron diffraction results do 
nevertheless show strong RNA density localised just 



inside the protein coat. The fact that the RNA density 
appears structured at 16 A resolution. and not as a 
smeared featureless average. shows that a significant 
portion of the nucleic acid is forced. most likely by 
its interaction with the protein. into a structure which 
partially conforms to icosahedral symmetry. 

The RNA may be described by two distinct motifs of 
density which are as follows: 

(1) An extended density running perpendicular to each 
2-fold axis along a line joining two neighbouring 5-fold 
axes. Its length and diameter are 45 A and 25 A 
respectively. 

(2) A spherical region of density. of a diameter of 
approximately 20 A. located on each 5-fold axis at 67 
A from the centre of the virus. Each spherical motif 
is connected to five symmetry-related extended motifs 
by regions of weaker density. Since these motifs are 
repeated by the icosahedral symmetry elements. they 
consequently form a network of continuous density 
which largely covers the inside surface of the protein 
coat. 

The RNA of STNV isolated from the protective protein 
coat of the virus is quite resistant to degradation in 
vivo. a property which is no doubt related to a high 
degree of secondary structure. as suggested by various 
lines of experimental evidence. Such stability is clearly 
important for the viability of a satellite virus. i.e. one 
that requires the presence of a helper virus for repli-
cation. The motif of extended density is in fact very 
suggestive of a double helical RNA structure. Given its 
dimensions. each motif of this kind would account for 
about 15 base pairs of A-RNA. that is in total 72% of 
the entire viral RNA. 

Low resolution neutron crystallographic studies of 
tomato bushy stunt virus (D. Wild. in collaboration with 
P. Timmins. ILL &. J. Witz. IBMC. Strasbourg) 

Tomato bushy stunt virus (TBSV) is a small spherical 
(T=3) plant virus comprising 180 protein subunits and 
one molecule of RNA. The x-ray crystallographic struc-
ture of the icosahedral protein shell has been solved to 
2.9 A resolution by Olson et al. (1983). There are three 
distinct subunit environments in the shell. designated 
A. Band C. Each subunit consists of 3 domains; a 
"projection" (P) and "shell" (S) domain. visible in the 
x-ray map. and comprising about three-quarters of the 
protein. and an "RNA binding" (R) domain. (about 102 
residues) linked to the S domain by a connecting arm. 
The R domains and the connecting arms of the A and 
B subunits appeared to be spatially disordered from 
the x-ray map. Also no high resolution features of the 
electron density map could be assigned to the RNA. 
Evidence from small-angle neutron diffraction (Chauvin 
et al .. 1978) suggests that the R domain is located 
within a shell between radii of 50 and 80 A. with the 
connecting arm and RNA located between radii of 80 
and 110 A. 

Neutron crystallography. using the method of contrast 
variation by H2 0/D2 0 exchange. has been utilized to 
obtain complementary information about these missing 
components. Data from single crystals of TBSV soaked 
in solvents of varying H2 0/D2 0 concentration were 
measured on the 017 small-angle scattering instrument 
at the ILL. The data were measured to 16 A reso-
lution for 0.70% and 100% D20/H20. and to 29 A 
for 40% D2 0/H2 0. Data sets were reduced and scaled 
together using a suite of programs developed by Roth 
et al. (1982. 1984). Symmetry merging R-factors varied 
between 5% and 9%. Fourier maps have been calculated 
for 0%. 70% and 100% D2 0/H2 0 contrasts using 
neutron Fob. and phases calculated from the published 
atomic coordinates of the protein shell. The map at 40% 
D2 0/H20. where on average the protein is contrast 
matched. was calculated in a manner analogous to 
single isomorphous replacement. using information from 
other contrasts. 

Preliminary examination of the 70% map. where the 
RNA contrast is close to zero. indicates the existence 
of a shell of protein between radii of 50-100 A. Connec-
tivity between the S domains and this shell appears to 
be localised in an area beneath the ordered arm of the C 
subunit (Plate 52). The map in 0% D20/H20 indicates 
high density immediately below the ordered protein shell 
in a region which had very low density in the 70% 
map. thus indicating a probable RNA location. Work 
is in progress to refine the phases using the molecular 
replacement method of Bricogne (1976). 

Matrix porin (M . Zulauf in collaboration with P.A. 
Timmins. ILL &. R.M. Garavito. Biozentrum. Basel) 

The structural analysis of our neutron diffraction data 
to 16 A resolution has further progressed. In 0% 
D2 0/H2 0 the starting phases obtained from modelling 
the protein trimer by arrays of cylinders could be refined 
to an R-factor better than 30% on the full data set. A 
protein envelope could be defined at approximately 8 A 
outside the protein/solvent boundary and averaging was 
performed according to the non-crystallographic 3-fold 
and 2-fold symmetry. Coefficients used in the Fourier 
were 2F oo.-F cal. The procedure converged typically af-
ter about 7 cycles yielding an R-factor of less than 
20%. Two trimers combine tail to tail in a dimer of 
trimers. and these wind in a double helical way around 
the c-axis. Trimers in the dimer contact each other with 
3 feet grouped around an important indentation of the 
protein . Channels are faintly visible. and it is not yet 
clear whether they merge (as proposed by the E/M 
work; Engel et al .. 1985) or whether they open towards 
the lower cylinder mantle. Further density attributed to 
glucoside is found in an irregular manner outside the 
protein. but does not affect the diffraction too much. 
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PLATE 52 

SectIon through the centre of the vIrus partIcle at 70% 
D20 contrast (RNA matched out). ThIs map was calcu-
lated wIth measured structure factor amplitudes (at 70% 
D20) and phases obtaIned from the published atomIc 
coordInates. 

y 

Attempts to find models with equally good R-factors in 
D2 0. where the hydrocarbon dominates the scattering. 
failed. The shape of the detergent moiety between the 
protein bodies in the crystal could not be modelled 
satisfactorily. We therefore extended the phases for the 
model in H2 0 to D2 0 according to the equations 

A(100%) = A(O%) cosAI/>. 
I/> (100%)0 = I/> (0%) 

where A are observed amplitudes. I/> model phases and 
AI/> the modulus of the phase change obtained exper-
imentally from contrast variation. The corresponding 
maps show clear regions of pure solvent and unexpected 
oblique hydrocarbon bridges between the protein bodies 
which do not obey at all the 3-fold symmetry of the 
protein. It should be noted that to date heavy atom 
derivatives for x-ray analysis have not been obtained 
due to the absence of Cys and the general rarity of 
reactive groups in porin. 

Diffractometer DB21 

The instrument entered the final stage of development 
during 1985. It was transferred to its permanent site on 
the H15 guide during the first half of 1985. A redesign 
of the monochromator housing was necessary to reduce 
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the incoming y-radiation to the minimum. By decreasing 
the monochromator-sample distance to 1 m. the flux 
was increased. so that it is now comparable to D17. 

A prototype high-pressure helium detector (Jacobe) 
was tested on DB21 giving satisfactory results. The 
definitive one. with helium pressure of 8 bar and a 
spatial resolution of 1.5 mm will be delivered in Febru-
ary 1986. The Anger-type scintillation detector with a 
resolution of 1.2 mm was delivered by Argonne National 
Laboratory and seems very satisfactory in first tests. 

Background measurements performed with the He de-
tector show a very low value of 0.25 clsec and 1 
clsec with the beam on and off respectively. Similar 
measurements with the Anger camera are in progress 
and seem promising. 

A new version of data reduction software was written 
and tested on the EMBL VAX 11/750. It is on-line. with 
improved background determination. The data acquisi-
tion software has been implemented on the instrument 
computer. 

We expect the instrument to be available for scheduled 
experiments as from the end of March 1986. 

Membrane proteins (M. Zulauf. K. Weckstrom & B. 
Schoot) 

The work on matrix porin was already described in the 
chapter on low resolution crystallography. 

Surfactant mixtures in membrane protein crystallization 
(K. Weckstrom & M. Zulauf) 

Recent experimental work indicates that membrane pro-
teins can be crystallized from an aqueous micellar state. 
This is achieved using short chain nonionic surfactants 
e.g. octyl polyoxyethylenes or octyl glucoside in com-
bination with additives like salts and PEGs. The aim 
of the present project is to study physical properties 
of the nonionic surfactants in solution. and to clarify 
how relevant additives change the system. As a final 
step. systems where a membrane protein is present will 
be studied. We hope also to study the mechanism and 
kinetics of the crystal nucleation step by quasi-elastic 
light scattering and pulsed gradient N MR. 

Nonionic 5urfactants in water 

Details on the experiments carried out on alkyl poly-
oxyethylene (CnEm) surfactants in water were given 
in the Annual Report of 1984. The CnEm surfactants 
exhibit cluster formation and subsequent phase separa-
tion in water. and the whole phase separation boundary 
is called the lower consolution boundary (LCB). The 
critical temperature. i.e. the temperature at the LCB 
minimum. varies between 4 and 120°C depending on the 
number of methyl(ene) and oxyethylene groups. These 
groups affect the micelle-micelle interactions in two 



opposite ways; the methylene groups determine the hy-
drophobic interaction between the micelles. whereas the 
oxyethylenes determine the hydration force repulsion. 
It should thus be possible to unify the experimentally 
observed critical temperatures. This was achieved by 
fitting the 18 temperatures available to the following 
expression 

The z-value gives the relative contribution of methylene 
and oxyethylene groups to the energetics. 

Salt induced solubility changes 

A standard additive in crystallization assays is inorganic 
salts, and partial miscibility determinations were thus 
conducted on CsEo in the presence of seven monova-
lent salts. Determinations were performed up to high 
micelle/polymer volume fractions and to high salt con-
centrations. A typical feature is the strong variation 
of the lCB shape with ionic species; e.g. NaBr shifts 
the lCB essentially parallelly in temperature. whereas 
NaCI and NaF induce strong shape changes. A potential 
explanation is the existence of salt-deficient regions 
around the oxyethylene chains with an ion dependent 
size. The repulsion of the ions from the solute is most 
probably due to dielectric image charge forces. and the 
effect should be bigger for a more nonpolar solute. 
Salting out studies were thus carried out with the non-
ionic oligomer polyoxypropylene (PPO) 420. The lCB 
shape changes are now much bigger. thus indicating 
larger salt-deficient regions. The effect of various salts 
on the micellar critical interactions and solute-solvent 
interactions was studied, respectively by quasi-elastic 
light scattering and microcalorimetry. 

Mixtures of polyethylene glycols with alkyl poly-
oxyethylenes and polypropylene oxide 420 

A further compound of interest is PEG and miscibility 
studies were thus conducted on surfactant-PEGs-water 
and PPO-PEG-water systems. A strong incompatibility 
is seen between the micelles and PEGs, and the PEG 
effect is thus determined by the volume fraction of both 
components. The observed miscibility trends could be 
explained by a statistical thermodynamical model which 
introduces an unfavourable entropic interaction between 
the micelles and the PEG molecules. 

Measurement of the molecular weight and radius of 
gyration of Intrinsic membrane protein in situ (B.M. 
Schoot &. B. Cortolezzis in collaboration with G. Zaccai. 
Ill) 

The determination of the molecular weight of an intrin-
sic membrane protein complex is not a straightforward 
experimental problem. yet a knowledge of the size of 
a complex is essential for structure-function relation-
ships. Many membrane proteins can now be purified 
from their native membrane and reincorporated into 

phospholipid bilayers without loss of biological activity. 
and we are developing a general approach to molecu-
lar weight determination in these conditions. by using 
small-angle neutron scattering (SANS). The contrast 
variation method in SANS allows the measurement 
of the scattering from only one component of a two 
component system. For best results in the membrane 
protein problem. the lipid should have homogeneous 
scattering density which matches solvent with a high 
D2 0 content. lipids with appropriate characteristics 
cou ld be tailor-made by chemical synthesis. but it is a 
cumbersome and expensive approach. and we preferred 
instead to explore the possibilities of natural lipids from 
deuterated E.coli cultures. Phosphatidyl ethanolamine 
was purified from the cells and converted to phos-
phatidyl choline by methylation. Deuteration level and 
scattering density distribution in the lipid molecule 
could be adjusted by mixing lipids from different cul-
tures and methylating by CD3 or CH 3 . We showed by 
SANS. however. that lipids from cultures with different 
deuteration levels did not mix homogeneously. This was 
a surprising result which we considered important to 
understand. It meant that homogeneous lipids could 
only be obtained from a single culture and that we 
had to study in detail the relation between culture 
conditions and the composition and deuteration of lipids 
in E.coli. The bacteria were grown in a minimal medium 
with different carbon sources. Parameters of the cul-
ture conditions were the D2 0 content. and whether 
or not the carbon source was deuterated. Deuteration 
of cell components was measured by proton NMR 
and the fatty acid composition of the phosphatidyl 
ethanolamine lipids was determined by methanolysis 
and gas-chromatography. This work is now completed 
and ready for publication. The res ults are a detailed 
description of the isotope effects of D. in water and 
in the carbon source. on the composition and deutera-
tion of the cell components studied. In particular. the 
fatty acid composition varies markedly with deuteration 
conditions. thus explaining the immiscibility of lipids 
from different conditions. Certain conditions lead to 
the complete absence of long-chain fatty acids and 
the possibility of purifying a single lipid species on an 
analytical scale by HPlC. These are particularly useful 
for the molecular weight determination experiments. 

Adenovirus (c. Berthet. S. Cusack. J. Chroboczek. 
B. Jacrot. M. Cuillel (INSERM). C. Devaux (INSERM) 
&. A. Novelli. In collaboration with the laboratory of 
Virology of lille Medical School (U.233 In serm)) 

The aim of the project is to determine the structure of 
adenoviruses. to understand their morphogenesis and 
the interaction with the receptors of the infected cell. 
The initial work is on the fibre. on viral proteins in 
interaction with the fibre (ilia and penton base) and on 
ts muta nts affected in the gene of one of these proteins. 
The work is mostly done on serotype 2 but also on type 
3. 
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PLATE 53 

2 degree screen less precession photograph of adenoflbre 
crystal with the beam perpendicular to the long c-axls 
of the unit cell (540A) showing a 2-fold axis along the 
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c-dlrectlon (also the direction of the fibres). The bright 
spot on the meridian at the bottom of the photograph 
Is at 4.4 A resolution. 



The fibre 

Improvements of the quality of the crystals of the fibre 
of Ad2 have been obtained by changing buffers. growing 
crystals in a magnetic field etc. They are still thin. but 
it has been possible to obtain a diffraction pattern with 
the x-ray beam parallel to the platelet (Plate 53). We 
have started to clone the gene of the fibre. 

Protein ilia 

The gene of that protein has been cloned and inserted 
in expression vector pDR 540 with the tac promoter. 
A protein migrating to the right place in SDS gel has 
been obtained. representing some 5 to 10% of the 
total bacterial proteins. Immunobloting confirms that 
it is the protein ilia which has been expressed. We 
have previously done neutron scattering on the mutant 
ts-112. which is known to have a mutation in the gene 
of ilia. We have sequenced that gene of the mutant. 
using the Sanger method. 

Groups of 9 hexons 

Pictures of the groups of 9 hexons. which constitute 
the faces of the icosahaedron. have been obtained in 
amorphous ice in cooperation with Jacques Dubochet 
& Marc Adrian. The results of image analysis are shown 
on Plate 54. Left- and right-handed groups give the 
same image as expected with a technique which mea-
sures the electron density of the particle perpendicular 
to the grid. There are clear bridges between the hexons; 
we do not yet know if they should be attributed to 
protein IX 9 or to projections of the hexons. 

Proteins of blosynthesls-deuteratlon laboratory (R. 
Leberman. M. Hartlein. B. Antonsson*. A.M. Foote*. 
F. Guinet. T. Ahl* (Aarhus). M.-Th. Dauvergne & D. 
Madern) 

Bacterial polypeptide elongation factor Tu (EF- Tu) -
Interaction with ki"omycin 

CRYSTALLIZATION STUDIES (T. Ahl & R. Leber-
man) 

The aim of this study was to determine the conditions 
for obtaining single crystals of the EF-Tu-kirromycin 
complex for x-ray diffraction studies. To overcome the 
problem of the limited solubility of kirromycin in the 
absence of organic solvents two approaches were inves-
tigated. 

In the first a column of Sephadex G-25 was equilibrated 
with buffer containing kirromycin at a concentration of 
50 #-,M. A sample of EF-Tu .GDP was passed through 
the column and during its passage complexed kir-
romycin (monitored by the optical density profile at 325 
nm). The protein obtained by this procedure was used 
for crystallization trials. Crystals were obtained from 
8% PEG 6000 but x-ray diffraction analysis indicated 

that the cell parameters corresponded to EF-Tu .GDP 
crystals. 

The second procedure was to bind EF-TU.GDP to a 
column of DEAE-Sepharose CL-6B. The column was 
washed with buffer containing 50 #-,M kirromycin and 
when the optical density profile indicated that the con-
centration of kirromycin had reached 50 #-,M the column 
was washed with kirromycin-free buffer followed by a 
salt gradient to elute the protein-kirromycin complex. A 
large number of crystallization trials with this material 
have been carried out. as yet none yielded crystals. 

NMR studies (R. Leberman & M.-Th. Dauvergne in 
collaboration with the group of J. Barber. Oxford Uni-
versity) 

Perdeuterated EF-Tu was produced for an N MR study 
of the interaction of the protein with protonated kir-
romycin. Although 100% deuterated EF-Tu was not 
obtained it was possible to relate changes in the NMR 
spectrum on binding kirromycin to the structure of 
the protein-antibiotic complex. The predominant change 
in the kirromycin spectrum on binding to EF-Tu are 
related to the C( 42) methyl groups. whereas neither the 
pyridone nor the furan rings appear to interact with the 
protein. The NMR spectrum of the protein shows res-
onance changes in the region of the amino-acid methyl 
groups which can be used to monitor changes in the 
protein conformation on binding the antibiotic. 

EF- Tu from Halobacterium marismortui (F. Guinet & 
R. Leberman) 

The study of this protein is proceeding along two fronts 
both of which are beset with difficulties due to the high 
salt conditions under which the bacterium grows. 

The isolation of the protein from the cellular extract 
requires the availability of a simple assay procedure. 
The classical membrane filter binding assay does not 
work efficiently or reproducibly in the presence of large 
concentrations of salt. An alternative procedure has 
been devised using the principle of gel filtration on 
small columns (1 ml volume) of Sephadex G-50. A high 
degree of purification of EF-Tu has been obtained by 
gel filtration on AcA 44 followed by chromatography on 
hydroxylapatite of cell extracts under high salt condi-
tions. A further step of purification is required before 
the protein is sufficiently pure for characterization. 

The isolation of the EF-Tu gene(s) for cloning and 
eventual DNA sequencing presented certain difficulties 
probably due to the high salt cellular environment. 
Digestion of the chromosomal DNA with restriction 
enzymes appeared to be impaired by protein remaining 
even after extensive purification by conventional pro-
cedures. Arguing that this might be due to the high 
concentration of magnesium ions in the milieu. the 
concentration of EDTA in the extraction buffers was 
increased from 5 mM to 50 mM. The DNA obtained by 
this proced ure could then be cleaved by restriction en-
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PLATE 54 

Group of \;I hexons from adenovirus 2 observed by 
electron microscopy on frozen hydrated samples. This 
picture Is obtained by collecting data from 5 groups of \;I 

and averaging around the 3-fold axis In the center. 

PLATE 55 

Plot of [P]/A280 versus A23S/A280. Since [P] Is mea-
sured as A280 and then converted to mg/ml by 
means of established A280 values, [Pl/A280 Is eQual to 
1/A280). The protein used were bovine serum albumin, 
a-chymotrypsin, DNase I, ,a-lactoglobulin, lysozyme, 
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ovalbumin, pepsin, ribonuclease, trypsin, trypsin In-
hibitor (soja bean), trypsinogen, alcohol dehydroge-
nase, carbonic anhydrase, cytochrome c, glyceraldehyde-
3-phosphate dehydrogenase, horse haemoglobin, chy-
motrypsinogen and aldolase. 

4 5 6 



zymes. The restriction fragments were then hybridized 
with synthetic oligonucleotides (synthesized by Rainer 
Frank. EMBL Heidelberg) corresponding to a penta pep-
tide conserved in all EF-Tus (prokaryotic. eu karyotic. 
mitochondrial and chloroplast). Positive signals were 
obtained with Pst I cleaved DNA. 

V-Ha-ras protein (R. Leberman & M.-Th. Dauvergne in 
collaboration with the group of A. Wittinghofer. MPI 
Heidelberg) 

The family of ras gene products share with EF-Tu the 
common property of binding GTP and GOP with a 
high specificity. It has even been proposed that the nu-
cleotide binding domain of EF-Tu has a similar tertiary 
structure to the ras gene products. 

An overproducing V-Ha-ras E.coli strain was con-
structed by the group of A. Wittinghofer. Various 
growth conditions were examined and optimized for the 
production of the protein. An isolation procedure was 
devised similar to that used for EF-Tu that is simple 
and rapid and does not require the addition of detergent 
or chaotropic agent. The pure protein is being used 
for NMR studies (MPI Heidelberg) and crystallization 
trials. So far only spherical polycrystallites have been 
obtained. 

Under controlled conditions a large tryptic fragment 
which still possesses GOP binding activity can be ob-
tained. This is being characterised and used for crys-
tallization trials. 

Protein concentration determination (R. Leberman) 

The measurement of protein concentration is a basic 
technique in biochemistry. Most commonly used proce-
dures are colorimetric and require a calibration curve . 
generally based on bovine serum albumin (BSA) as 
a standard. This means that protein concentration is 
determined in BSA units. For many studies. such as 
small-angle neutron scattering. a reasonably accurate 
knowledge of the protein concentration is required and 
methods such as the Lowry procedure are not suitable. 

Making the assumption that for any protein the UV 
absorption at 235 nm is due mainly to the contribu-
tions of the peptide bond and the aromatic amino-acid 
residues tyrosine and tryptophane. and at 280 nm only 
the contributions of the aromatic amino-acid residues. 
then it might be possible to derive a relationship be-
tween peptide bond concentration (related to protein 
concentration) and the absorbances of the protein at 
the two wavelengths. 

An equation was assumed 

[P] = a.A235 + b.A28o (1) 

where [P] is the concentration of protein in mg/ml and 
a and b are constants. 

Equation (1) can be arranged to 

Solutions of a number of proteins with known specific 
absorbances at A280 were dissolved in 50mM phosphate 
buffer pH 6.8 and their absorbances at 235 and 280 nm 
measured. A plot of [P]/A280 vs A235/A280 shows that 
a general linear relationship exists (Plate 55) such that 
protein concentration can be expressed as 

[P] = 0.44A235 - 0.38A280 (3) 

It is noteworthy that proteins containing chromophores 
(haemoglobin and cytochrome C) and nucleotidic cofac-
tors (dehydrogenases) conform to the general pattern. 

Cloning and expression of the Seryl-tRNA syn-
thetase gene of E.coli (M. Hartlein & D. Madern) 

Aminoacyl-tRNA synthetases are an important class of 
enzymes that catalyze the first step in protein biosyn-
thesis . In this reaction each amino-acid is attached to 
the 3'-end of its cognate tRNA. Our goal is to clone 
and (over)express the gene of one of these enzymes. 
the seryl-tRNA synthetase (SerS). in order to obtain 
sufficient material for structural studies of the gene 
product (collaboration with J. Zaccai. ILL Grenoble) and 
to study at the same time the structure and function of 
the gene. 

For the cloning experiment we have used an E.coli 
gene bank DNA containing chromosomal DNA frag-
ments of about 5kb cloned into pBR322. (This gene 
bank DNA was kindly provided by A. Wittinghofer of 
the Max Planck Institut fur Medizinische Forschung at 
Heidelberg.) With this DNA we transformed K28 (3). 
a strain with a temperature sensitive SerS at low salt 
concentration. We selected clones which were able to 
grow at 44°C. 

To be sure that the temperature resistant phenotype 
of these clones was caused by complementation and 
not by recombination we compared SerS activity of the 
ts mutant (K28) and temperature resistant clone K28 
pSerS1 at 300 e and 42°e (Plate 56). The enhanced 
SerS activity in K28 pSerS1 (gene dosis effect) clearly 
indicates that the plasmid contains the whole active 
SerS gene. We constructed a physical map of pSer1 
and cloned a 2 kb EcoRI-Hindlll fragment of pSerS1 
into pBR322. The reSUlting clone pSerS2 showed as 
well as pSerS1 an overproduction of SerS by a factor 30. 
We constructed deletion- and Tn5-mutants. to localize 
the gene more precisely. Maxicell analyses shows the 
expression of a 44k protein in pSerS1 and pSerS2. All 
SerS- deletion and Tn5 mutants lost the 44k protein 
but no truncated product could be found. 
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To obtain a high level expression. we cloned the 2kb 
EcoRI-Hindlll fragment of pSerS2 in both orientations 
into different expression vectors (pHUB2. pPL 2819. 
pkk223-3). All of the resulting constructions showed an 
enhanced SerS activity (copy effect) indicating that the 
gene was inserted but no induction could be achieved. 
this implies that SerS in these constructions was not 
under the control of the strong P L or tac promotor. 

Sequencing of serS 

We have cloned the EcoRI-Hindlll fragment of pSerS2 
and a number of subfragments into M13 and sequencing 
of the SerS gene has been started. 

Studies on the role of amino-acylation of tRNA-like 
end of plant viral RNA (J. Chroboczek. J .-P. Quivy & 
R. Leberman) 

RNA isolated from many plant viruses possesses on the 
3'-end a region which can be folded into a tRNA-like 
structure . This region is recognized by aminoacyl-tRNA 
synthetases and can be charged with the appropriate 
amino-acid. In the case of brome mosaic virus the 
tRNA-like structure (about 100 nucleotides from 3'-
end) can be charged with tyrosine. The role of this 
phenomenon is unknown. 
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Total BMV RNA consists of four kind of molecules and 
is an efficient messenger in the protein synthesising cell-
free system. We would lrite to know if the tyrosylation 
of BMV RNA has any effe:::t on its performance as a 
messenger during cell-free pr,tein synthesis. 

Appropriate aminoacyl-tRNA synthetase was isolated 
from wheat germ and purified to homogeneity (one band 
on the SDS/polyacrylamide gel) . We plan now to use 
this enzyme during cell-free protein synthesis directed 
by viral RNA. 

Electron microscopy (J.-c. Jesior) 

Developments in electron microscopy have been made 
in three directions: 

Electron microscopic observations of 3-D crystal thin 
sections 

The low resolution information obtained from thin sec-
tions is of real value in the many cases where iso-
morphous heavy atom derivatives have not yet been 
obtained. This low resolution information is generally 
sufficient to define the molecular envelope (using the 
programmes developed in the Outstation for recon-
structing molecular shape from a limited number of 
projections) and should be a good basis for starting the 
reflection phasing by the technique of molecular replace-
ment. Thus several projects have been started in order 
to obtain low resolution crystallographic projections on 
HLA (collaboration with P.J. Bjorkman. Harvard Uni-
versity). asparto-kinase (collaboration with C. Dumas 
& G. Bricogne. Gif/Yvette) and on the adenovirus fibre 
(in-house project with C. Devaux). However in most 
cases the resolution obtained in the thin sections was 
limited. This was mainly due to the structural damages 
occuring at the time of fixation. If we want to use 
microtomy for the above mentioned applications more 
effort must be put into understanding and improving 
fixation procedures of biological specimens. 

Electron microscopic observations of 2-D crystal thin 
sections 

Thin sectioning 2-D crystals is an approach which has 
already been mentioned in previous Research Reports. It 
is now possible to collect quantitatively the few sections 
made in objects as small as half a micron. But the 
major progress has been to demonstrate that sectioned 
2-D objects are collapsed by a factor of about two 
only when they had been previously heavily irradiated. 
This was clearly demonstrated on sections of irradi-
ated (thickness 90 A) and non-irradiated (thickness 
150 A) gap junctions (collaboration with G. Sosinsky. 
Brandeis University) . Further work on non-irradiated 
bladder membranes is being planned (collaboration with 
D. Wade. CEN Grenoble). 



Installation of a cold stage on our JeollOO ex electron 
microscope 

It is clear that. given the kind of objects (like viruses) 
studied in the Outstation. a cold stage was a necessity. 
It was completed by the end of this year and the first 
pictures of frozen hydrated adenovirus were recorded. 
This demonstrates that the installation of a commer-
cially available cold stage (Gatan cryotransfer system 
626) on a high quality but non dedicated electron 
microscope is possible after minor modifications (such 
as improving the efficiency of the anti-contamination 
device). 

Detector Group (A. Gabriel. D. Dauvergne & P. Wat-
tecamps in collaboration with A. Franca Barbosa (from 
Brasil)) 

The work of the detector group in Grenoble is strongly 
associated with other laboratories. 

X-ray detectors 

The detection system used at EMBL for the localization 
of x-rays has been described in previous reports. 

To recapitulate. our method of localization is based on 
proportional counter linked to an electromagnetic delay 
line to measure time. The choice of this system was 
imposed by its efficiency and its relative simplicity. 

Protein crystallography 

A two dimensional detector with a sensitive area of 200 
x 200 mm and a spatial resolution of 1 mm has been 
built for protein crystallography. 

The detector of 10 mm depth is filled with Xe C02 
(80%. 20%). Traces of Freon can in addition help to 
eliminate field breakdown if a higher voltage operation 
is required. However. care must be taken to ensure that 
the detector efficiency does not drop to unacceptable 
levels. The window is made from Beryllium of 0.5 
mm thickness. The arrangement of the electronics was 
described previously. 

This detector is now in full routine application in 
Boulin's group (Heidelberg) where the software for data 
acquisition and data handling is under development (see 
Boulin's report). 

Multiwire linear x-ray detector and data acquisition 
system for the Daresbury SRS 

A fast multiwire x-ray position-sensitive detector sys-
tem for time-resolved x-ray diffraction application using 
synchrotron radiation. was built during this year in 
collaboration with the Daresbury Laboratory. 

As is common for detectors the chamber itself consists 
of 200 anode wires. of diameter 10 m. spaced at 1 mm 

intervals . The anode is symmetrically placed between 
two cathodes. The active chamber depth is 10 mm. the 
detector is filled with Ar. C02 or Xe C02 at normal 
pressure. 

The position encoding system consists of an electronic 
read out system linked to each wire. This method. 
known as the wire by wire method. permits a very high 
counting rate in comparison with delay line system but 
the spacial resolution is limited by the pitch of the anode 
wires. 

Performances 

The counting rate capability is limited to around 106 

events/sec .. i.e. a 20% lost of photons at an input rate 
of 1.6 x 106 photons/sec. This effect is due to the dead 
time of the electronics. This performance can be easily 
improved by using more memory modules in parallel. 
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