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Cell Biology Programme

Introduction

In his classic textbook "The Cell in Development and In-
heritance" published in 1896. E.B. Wilson. summarizing
the fifty years of biological research since Schleiden &
Schwann formulated their cell-theory in 1839. concluded
that the key to all ultimate biological problems must "in
the last analysis be sought in the cell". By analyzing
a multitude of different organisms. the 19th century
biologists. mostly working in Europe. had. at the turn
of the century. already understood that the basic design
of all living cells was similar. These startling insights
were derived from careful observation of cellular be-
haviour and structure using such simple tools as light
microscopy combined with different staining methods.
The advances in cell biology laid the foundations for the
great triumphs of biochemistry and molecular biology
in our century. But. ironically. in their probing into the
secrets of cellular metabolism and gene structure and
function. biochemists and molecular geneticists more or
less lost track of the cell. Cell biology as a consequence
lost the dominant position which it had when Wilson
wrote his textbook. Now the pendulum is swinging back
and the cell is in the forefront again. It is obvious that
a more comprehensive analysis of cellular functions is

necessary to understand the basic design of a cell. Little
is known about how the cell manages to generate and
maintain its complex organisation.

The Cell Biology Programme is concentrating its efforts
on unravelling the mechanisms by which membrane
components are routed to their correct destinations in
the different compartments of the animal cell. Most of
the work is concerned with the route that starts in the
endoplasmic reticulum (ER) and passes through the
Golgi complex to the surface of the cell. The traffic
between the cellular compartments on this route is
mediated by membrane vesicles which bud from one
compartment and fuse with the next. Despite the con-
tinuous exchange of membrane components between
organelles. they maintain their compositional and func-
tional identity so that the traffic has to be selective to
avoid intermixing of components. The membrane traffic
between the ER and the cell surface therefore involves a
sorting problem of considerable proportions. A number
of experimental models have been established to study
these questions at the molecular level.
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Generation and maintenance of cell surface polarity in epithelial cells

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

Fellows: S. Fuller, B. Gumbiner, K. Metsikko*

Visiting workers: C.-H. von Bonsdorff*, S. Pfeiffer*

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

Our group is studying how cell surface polarity is gen-
erated and maintained in epithelial cells. As our experi-
mental model we have chosen the Madin-Oarby canine
kidney (MOCK) cell. which forms an epithelial sheet
when grown in culture. The cell surface of each cell is
divided "into two domains. the apical membrane facing
the growth medium and the basolateral membrane at-
taching the cell to the underlying substratum. At the
junction of the apical and the basolateral membranes
is the tight junction which connects each cell to its
neighbouring cells and which also functions as a fence
to limit the diffuson of components between the apical
and the lateral membranes. As additional tools we use
enveloped viruses as probes for studying membrane
traffic in MOCK cells. These viruses bud either from
the apical or the basolateral side of the monolayer.
The polarized budding is due to the fact that apical
viruses distribute their spike glycoproteins to the apical
membrane. while the spike glycoproteins of basolateral
viruses are routed to the basolateral side.

Virus entry mechanisms in MOCK cells (5. Fuller)

We previously demonstrated that MOCK cells grown
on nitrocellulose filters form a more differentiated and
polarized monolayer than cells cultured on a solid sup-
port. This is because epithelial cells in vivo feed through
their basolateral membranes. By growing epithelial cells
on plastic or glass. the monolayer is forced to feed from
the apical side. It can do this either by being somewhat
leaky. allowing nutrients to reach the basolateral mem-
brane. or by exposing basolateral membrane proteins
on the apical surface. On filter-grown MOCK cells the
basolateral vesicular stomatitis virus (V5V) infects the
cells only from the basolateral side. This polarity of
infection was lost in MOCK cells preinfected with the
apical influenza virus. Morphological and biochemical
data showed that the entry of the superinfecting V5V
was dependent on the multivalent binding of its sialic
acid-bearing glycoproteins to the influenza haemagglu-
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tihin in the apical cell surface. The phenomenon of sur-
face haemagglutinin-induced virus attachment (5HIVA)
is not restricted to polarized epithelial cells. Other
viruses can infect cells by a 5HIVA mechanism and this
might be a factor in the pathogenesis of viral disease
not previously recognized.

Where does sorting of apical and basolateral viral
glycoproteins take place? (5. Fuller. K. Matlin and 5.
Pfeiffer)

We have recently shown that newly synthesized in-
fluenza virus haemagglutinin is delivered directly from
an intracellular site to the apical surface in filter-grown
MOCK cells in amounts that account for the final
polarized distribution. Complementary studies on the
biogenesis of a basolateral protein. the V5V G pro-
tein. have shown that newly synthesized G protein is
transported directly to the basolateral side. By blocking
the intracellular transport of G protein by incubation at
20°C. so that its surface appearance was synchronized
by a shift to 37°C. the rate of appearance on the
basolateral surface was found to be 61-fold greater than
on the apical surface. Together. our studies with the
newly synthesized influenza virus haemagglutinin and
the V5V G protein demonstrate that sorting to the
apical and the basolateral surface domains must be an
intracellular event.

The exact site of sorting is not yet known but cur-
rent results implicate a late Golgi compartment. We
have shown that in MOCK cells doubly-infected with
influenza virus and with V5V the viral glycoproteins
remain together late in the pathway. The basolaterally
directed V5V G protein was found to lose most of
its sialic acid. due to cleavage of the apically directed
influenza virus neuraminidase. The results indicate that
neuraminidase must still be in physical contact with the
G protein during the terminal steps (post-sialation) of
processing in the Golgi complex.



Endocytosis and transcytosis in MOCK cells (C.-H.
von Bonsdorff. S. Fuller)

We have used fluid phase markers to measure for the
first time the volume of fluid taken up from both the
apical and the basolateral sides and passed across
the cell. On MDCK cells grown on filters apical and
basolateral endocytosis corresponded to a fluid uptake
of 1x10-8 and 20x10-8nl per min per cell. respec-
tively. Transcellular passage of horse-radish peroxidase
and fluorescein-dextran was also measured and the
amount transcytosed corresponded to a fluid volume of
3x10-8 nl per min per cell in either direction. Taking the
surface areas of the apical and basolateral membranes.
which we have recently measured. into account. the
total uptake of fluid (endocytic + transcellular) cor-
responded to 0.019x10-8 nl per min per cell from the
apical side and to 0.015x10-8 nl per min per cell, from
the basolateral. showing that fluid uptake per surface
area was similar from both sides. This endocytic uptake
is in the same range as observed for baby hamster
kidney (BHK) cells. but smaller than for L cells and
macrophages.

We have found that the receptors for transferrin are
on the basolateral side of filter-grown MDCK cells.
Measurements of the uptake of transferrin-bound iron
from either the apical or the basolateral sides of filter-
grown MOCK cells showed that the endocytic uptake
was more than 250-fold higher from the basolateral
side. Less than 0.3% of the transferrin endocytosed
from the basolateral side is missorted to the apical
side. The low error frequency might be due to the lack
of dissociation of the apo-transferrin from its receptor
during passage into the endosomes. This is a further
demonstration that sorting of surface markers occurs
internally. A higher amount of missorting of transferrin
during receptor-mediated endocytosis might lead to
disastrous losses of transferrin into the gastrointestinal
contents and the urine. since all dividing cells have
transferrin receptors.

Structure and functions of epithelial tight junctions
(B. Gumbiner and G. van Meer)

A functional assay for measuring the gating functions
of tight junctions has been developed. Transepithelial
electrical resistance was used to measure the presence
of intact tight junctions in monolayers of MOCK cells
cultured on nitrocellulose filters. The MOCK cells used
(strain I) have a transmonolayer resistance greater than
3000 ohms.cm2 . When the monolayers are incubated
at 37°C without Ca2+ the intercellular junctions open
and the transmonolayer resistance drops to the value
of a bare filter. i.e. less than 40 ohms.cm2 . If Ca2+
is restored. the cell junctions reseal and the resistance
recovers rapidly. Polyclonal antibodies raised against
intact MOCK cells inhibited the Ca2+ dependent recov-
ery of electrical resistance when applied to monolayers
which have been opened by Ca2+ removal. The effect of
the antibodies appeared to be specific. Crosslinking of

cell surface molecules was not required because mono-
valent Fab fragments also inhibit. In contrast. a variety
of other antibodies which recognize specific proteins on
the MOCK cell surface failed to inhibit the recovery of
resistance. Monoclonal antibodies have been raised and
screened for their ability to inhibit resistance recovery.
One such monoclonal antibody has been obtained which
stained the lateral surface of MOCK cells after the
intercellular junctions were opened with EGTA. It recog-
nized a 118 Kilodalton polypeptide by immunoblotting
which is related to a protein. uvomorulin. which blocks
compaction of early mouse embryos. This protein is
presumably a component of the epithelial junctional
complex which is involved in the formation of a func-
tional occluding barrier.

Little is known of the fence functions of tight junctions.
Our previous studies have shown that the apical and the
basolateral membranes not only have different protein
compositions but that also the lipids are quantitatively
different. We are presently working out methods to
study the fence function of tight junctions for lipids.
These will be based on the implantation of different
lipids into the apical surface. Their redistribution to the
basolateral side will be followed by different methods
in collaboration with J. Oavoust. Physical Instrumenta-
tion.

Methods to implant proteins and lipids in the cell
surface membrane of living cells (G. van Meer & K.
Metsikko)

We have previously shown that unilamellar liposomes
can be fused at low pH with the plasma membrane
of cells that express the haemagglutinin glycoprotein
of influenza virus on their surface. We have resolved
this fusion process into two kinetically distinct steps.
The first and more rapid step converts the bound
liposome to a form that can no longer be released by
neuraminidase. The second step is the actual membrane
fusion as measured by the loss of fluorescence energy
transfer between two liposomal fluorescent phospho-
lipids (N-NBO-PE) and (N-Rh-PE). In contrast to the
first step. the rate of the second one was highly depen-
dent on the liposomal lipid composition and the cell
type used. Fringe pattern fluorescent photobleaching
performed by J. Oavoust showed that. under optimal
conditions. 65% of the N-Rh-PE diffused laterally on
MOCK cells and 78% on BHK cells. We also observed
that upon fusion up to 80% of the non-exchangeable
liposome markers cholesterol [14C]0Ieate and glycerol
tri[14C]0Ieate became accessible to cellular hydrolases;
this hydrolysis assay can also be used to monitor the
second step of the fusion process.

A novel method is also being developed for the implan-
tation of lipids and proteins. This method makes use of
the low pH-induced fusion activity of the VSV G protein.
G protein is isolated from VSV and reconstituted into
liposomes. A careful analysis of the reconstitution con-
ditions has made it possible to obtain virosomes which
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fuse after low pH-activation with the plasma membrane
of living cells. Previous virosome preparations have not
been active probably because the viral spike proteins
have not been reconstituted to span the lipid bilayer.
Instead. our results suggest that the C-terminal tails
(normally on the cytoplasmic side) formed hair pins.
looping back to the external side of the bilayer.
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Biosynthesis and cell surface transport of plasma membrane and secretory proteins:
expression from cloned cDNA molecules

Members: H. Garoff, C. Kondor-Koch

Fellows: D. Cutler, P. Melancon, L. Roman

Technical assistant: B. Timm

During the last year our group has continued to exploit
cell and molecular biology techniques to examine the
processes of intracellular transport and virus assembly.
In particular we have focused on: (1) the biosynthesis
and assembly of an enveloped animal virus. Semliki
Forest virus (SFV): and (2) the mechanisms involved in
the sorting of cell surface and secretory proteins to the
apical and basolateral surface in the polarized epithelial
Madin-Darby canine kidney (MD(K) cell line.

Biosynthesis and assembly of SFV

During SFV infection the nucleocapsid protein (() and
the membrane glycoproteins p62 and E1 are synthesized
as a polyprotein. from a 4.1Kb mRNA molecule. The
( protein is released into the cell cytoplasm. whereas
p62 and E1 are co-translationally inserted and anchored
into the endoplasmic reticulum (ER) membrane by a hy-
drophobic segment found at their respective (-termini.
Soon after synthesis. the viral membrane proteins form
p62-E1 heterodimers which are transported to the cell
surface. There. the glycoprotein oligomers assemble
around a nucleocapsid core containing ( proteins and
one copy of the viral 42S RNA genome (the "budding"
process).

The biosynthesis of the glycoproteins on the ER mem-
brane can be described as the sequential and cotrans-
lational expression of intermittent signals initiating and
stopping translocation on the polypeptide chain. Such
a mode of synthesis has been suggested for multispan-
ning membrane proteins. We have begun a detailed
characterization of the p62 stop-transfer signal and
the E1 translocation initiation signal using directed

mutagenesis of the cloned membrane protein genes and
subsequent gene expression both in vivo and in vitro.

Characterization of the p62 stop-transfer (membrane
anchoring) signal

The stop-transfer signal of p62 is most likely repre-
sented by a 34 residue membrane-spanning hydrophobic
peptide which is located close to the (-terminal end of
the polypeptide. Similar to other membrane spanning
proteins. this peptide segment of p62 is composed
of hydrophobic and neutral amino-acid residues and
is flanked by basic residues on its cytoplasmic ((-
terminal) side. We have used oligonucleotide-directed
mutagenesis to change the basic charge cluster (Arg
Ser Lys) of p62 from +2 charges to 0 charge (Arg
Ser Lys ----+ Met Ser Gly). and to a -1 charge (Arg
Ser Lys ----+ Met Ser Glu) and to introduce a charged
residue into the membrane-spanning hydrophobic re-
gion. The mutated p62 proteins have been expressed
after transfection in eukaryotic cells both with and
without the heterodimer-partner E1. In all cases we have
observed cell surface expression of the p62 protein. In
the presence of E1 this was accompanied by normal
cleavage of p62 into E2 and acid inducible cell-cell fusion
activity. When tested by Triton x-114 phase separation.
the mutated p62 proteins partition into the Triton x-114
detergent phase as does the wild-type protein. Thus.
all the mutants behave much like the normal p62(E2)
membrane protein. We are presently analyzing the exact
location of the mutant polypeptide chains in the cellular
membranes using protease treatment of microsomes
derived from transfected cells or from an in vitro tran-
scription/ translation / translocation system.

9



Characterization of the translocation initiation signal of
E1

The E1 translocation signal must be expressed af-
ter the synthesis of the p62 cytoplasmic domain has
been completed. The nature and location of this signal
is completely unknown. Interestingly. the mature E1
polypeptide is separated from E2 by a 6K peptide which
is released during or soon after E1 chain synthesis.
We have prepared a series of eDNA deletion mutants
covering various degrees of the C. p62 and the 6K
peptide coding regions to study the location of the
E1 translocation signal. It is already clear from the
expression analysis of some of the mutants that ex-
pression and membrane insertion of the p62 protein
is not necessary for insertion of the E1 protein into
the ER membrane. We also plan to mutate the 6K
peptide cleavage sites using synthetic oligonucleotides
to see whether an uncleaved polyprotein precursor can
be inserted into the ER membrane in a way analogous
to multispanning membrane proteins.

Assembly of an SFV particle

The assembly of an SFV particle involves (1) the forma-
tion of the p62-E1 heterodimers in the ER membrane
and their subsequent transfer to the cell surface. (2)
the assembly of nucleocapsids in the cell cytoplasm
and (3) the budding process at the plasma membrane.
The latter process is very selective for viral glycopro-
teins over host proteins and it is thought to be driven
by an interaction between the viral nucleocapsid and
the cytoplasmic protein domains of the glycoprotein
heterodimers. We will study the molecular interactions
in virus assembly by expressing the viral structural
proteins in unaltered and altered forms from cloned
eDNA. For this purpose. we have started to engineer the
coding units for C. p62 and E1 into separate expression
vectors. We find that in the absence of its respective
heterodimer partner. the p62 protein reaches the cell
surface. but remains in the uncleaved form. whereas
the E1 protein accumulates in the ER. For assembly
of complete virus particles we need a source of42S
RNA which can form nucleocapsid structures with the
C protein. One possibility is to use the SFV ts4 mutant
for this purpose. At the non-permissive temperature.
this mutant produces almost no 4.1Kb mRNA for the
structural proteins. while retaining the ability to repli-
cate its 42S RNA.

Sorting of cell surface and secretory proteins in
MDCK cells

The polarized dog kidney cell line MDCK represents
an excellent model system to study the generation and
maintenance of cell surface polarity. Most importantly
the MDCK cells can be grown as a monolayer culture on
a nitrocellulose filter. This makes it possible to study
independently the surface expression and/or secretion
of apical and basolateral proteins. An additional ad-
vantage with the MDCK cell system is that membrane
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protein sorting can be studied using the well character-
ized glycoproteins of enveloped RNA viruses as probes.
Infection of MDCK cells with influenza virus results
in apical virus maturation. whereas SFV and vesicu-
lar stomatitis virus (VSV) matures on the basolateral
plasma membrane domain.

Sorting of membrane proteins

The glycoproteins of influenza. SFV and VSV are all
single-spanning glycoproteins with small cytoplasmic
and large extracytoplasmic domains. We would like to
find out which part of these glycoproteins carries the in-
formation for sorting into the correct plasma membrane
domain. For this purpose we have established several
stably transformed MDCK cell lines which express wild-
type and mutated viral glycoproteins from eDNA. Three
cell lines have been generated expressing wild-type p62
(E2) protein of SFV. p62 protein with a cytoplasmic
deletion and p62 protein lacking its membrane anchor
and cytoplasmic domain. The two membrane bound
forms have been localized to the basolateral plasma
membrane domain of filter culture cells. i.e. the same
as for the SFV spike glycoprotein during viral infection.
This would suggest that the cytoplasmic protein domain
of p62 is not important for basolateral sorting in MDCK
cells. One cell line expressing VSV G protein has been
established but not yet analyzed with regard to polarity.
No influenza hemagglutinin expressing cell clones have
yet been obta ined.

A general problem with this project has been a very low
frequency of transformed clones and also a low level of
viral glycoprotein expression in the isolated clones. To
improve the transformation efficiency and control of the
expression of the exogenous proteins in MDCK cells.
we have started a new transformation series using a
regulated promotor. that of the human metallothionein
gene. instead of the constitutive viral promotors used
so far.

Protein secretion in MDCK cells

Secretion of exogenous and endogenous proteins has
been studied to test the existence of (1) direct exocy-
totic routes to both the basolateral and apical plasma
membrane domains and (2) an intracellular sorting
event in these cells. The secretion of the exogenous
protein. chicken oviduct lysozyme. was studied in a
transformed MDCK cell clone. Secretion was observed
at both plasma membrane domains thus demonstrat-
ing the existence of two direct exocytotic pathways.
Using 2-dimensional gel electrophoresis for the anal-
ysis of endogenously pulse-labelled proteins. we have
demonstrated that a group of 30-40K dalton proteins
was secreted exclusively into the apical medium. These
results show that intracellular sorting. at least into an
apical pathway. does take place in MDCK cells.
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Membrane traffic in interphase and mitotic cells

Members: G. Warren, P. Quinn

Fellows: J. Armstrong*, J. Davey*, C. Featherstone

Students: S. Tooze, S. Hurtley

Visiting worker: J.M. Edwardson*

Technical assistants: A. Cockcroft, U. Holzer*, S. Zimmerman*

We have continued to exploit the properties of enveloped
animal viruses to study the mechanism of endocyto-
sis. Golgi division and intracellular transport of newly-
synthesised proteins.

A cell-free assay for an endocytic fusion event

A variety of regulatory and nutritional ligands are en-
docytosed by animal cells and their subsequent fate
has been mapped in considerable detail (Goldstein et
al.. 1979; Helenius et al.. 1983). In contrast. much
less is known about the mechanism of the endocytic
process itself. Clathrin is known to be involved in the
construction of coated pits and coated vesicles (Pearse
& Bretscher. 1981). and an uncoating ATPase appears
to remove this coat (Schlossman et a/.. 1984) in prepa-
ration for subsequent fusion of the uncoated vesicle
with the endosome. Nothing is known about this fusion
event and to study it at the molecular level we have
adopted the powerful biochemical approach of analysing
cellular functions in cell-free systems. By removing
the plasma membrane barrier it becomes possible to
manipulate conditions in the immediate neighbourhood
of the function under study allowing the components
needed to be isolated and characterized.

Our assay (Warren & Hurtley. 1985) measures the
fusion between an endocytic vesicle and an endosome.
We have placed an enzyme in the endocytic vesicle and
its substrate in the endosome. Fusion is then monitored
qy the appearance of product. Enveloped animal viruses
have been used both because suitable viral enzyme
and substrate exist and because the pathway taken
by these viruses during endocytosis has been mapped
in considerable detail. We have used fowl plague virus
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(FPV) as the enzyme and Semliki Forest virus (SFV)
as the substrate. Both viruses exploit the endocytic
pathway as their means of infecting the cell (Helenius
etal.. 1980; Matlin etal.. 1981).

In outline we mix donor membranes containing the
enzyme with acceptor membranes containing the sub-
strate. The acceptor membranes are a post-nuclear su-
pernatant (PNS) of baby hamster kidney (BHK) cells in
which the endosomes alone are loaded with SFV (Marsh
et a/.. 1983) ra-diolabelled in the sialic acid residues
(Monaco & Robbins. 1973). The donor membranes are
a PNS of Madin-Darby canine kidney (MDCK) cells in
which FPV is present at all steps along the endocytic
pathway up to and including the endosome (Matlin et
a/.. 1981). After mixing donor and acceptor membranes
an endocytic vesicle containing FPV can now fuse with
an endosome containing 3H-SFV. Since FPV contains
a potent neuraminidase. 3H-sialic acid will be released
from 3H-SFV providing a measure of the fusion reaction.
We term this the Neuraminidase Entry And Tranfer or
NEAT assay for short.

Our preliminary experiments show that fusion requires
energy and occurs between "closed" compartments.
Fusion does not require cytosol. Ca 2+. or the low pH
inside the endosome. but we have some evidence that
it requires proteins found on the cytoplasmic surface of
the endosomes.

The immediate aim is to reconstruct other segments
of the endocytic pathway using the same assay but
putting the enzyme and substrate in different places.
The longer term aim is to isolate and characterize the
proteins needed for the fusion event.



Division of the Golgi complex during mitosis in
animal cells

During normal division of an animal cell. the chromo-
somes segregate. and all of the intracellular organelles
are distributed approximately equally between the two
daughter cells (Birky. 1983). For organelles that exist
in multiple copies. such as mitochondria. random diffu-

sion alone will ensure that each daughter cell receives
approximately equal numbers. For organelles that exist
as a single copy in interphase cells. a mechanism for
division must exist. The Golgi complex is a single-copy
organelle in animal cells (Rambourg et al. 1981) and
appears. suitably stained. under the light microscope.
as a compact reticulum near to the cell nucleus (PLATE
1 (1))

.., •
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PLATE 1

Golgi -""....
complex

2 3 4 5 6 7
Taken from Ludford (1924). Proc. Roy. Soc. Lond.. 97. 50-60.

At the onset of mitosis (PLATE 1 (2)) the Golgi
complex begins to fragment and fragmentation contin-
ues through metaphase (PLATE 1 (3)) and anaphase
(PLATE 1 (4.5)) During telophase (PLATE 1 (6.7))
re-assembly occurs in the centrosomal region of each
daughter cell. completing the division process. Thus.
division proceeds by a process which converts the Golgi
complex into a multi-copy organelle for the duration of
mitosis.

Division of the Golgi complex was first observed nearly a
century ago (see Wilson. 1925) yet the mechanism has
remained obscure. The overall pattern of the division
process has been confirmed by immunofluorescence
microscopy using antibodies known to be specific for
the Golgi complex (Louvard et al. 1982; Burke et
al.. 1982: Hiller & Weber. 1982) and though electron
microscopic studies are still incomplete. they strongly
suggest that the major end-product of fragmentation is
thousands of small (700 A diameter) vesicles (Zeligs
& Wollman. 1979). These vesicles are the key to Golgi
division since their small size should ensure rapid and
random diffusion throughout the mitotic cell cytoplasm
so that each daughter cell will receive nearly equal
amounts of Golgi membrane. The problem of Golgi
division can therefore be reduced to asking how these
vesicles are formed.

them the newly-synthesised proteins (Palade. 1975).
The vesicles move to the Golgi complex which. in
cross-section. comprises a stack of closely-apposed.
flattened cisternae with dilated rims. For simplicity. only
two cisternae are shown in PLATE 2 overleaf. on the
left: a normal stack has 4-6 cisternae.

The vesicles that bud from the ER fuse with the nearest
(or cis) cisterna of the stack The newly-synthesised
proteins are modified by enzymes in the cisternal lu-
men; lysosomal proteins. for example. are tagged with
mannose-6-phosphate. which ensures eventual sorting
to the Iysosomes (Goldberg & Kornfeld. 1983). The
proteins then appear to be incorporated into vesicles
that bud from the dilated cisternal rims and these
vesicles fuse with the next cisterna in the stack towards
the trans side. After further modification. mostly to the
carbohydrate side chains. the proteins are transported
to the next cisterna. and so on until the trans-most
cisterna is reached (Griffiths et al. 1982: Rothman
et al.. 1984). The proteins are then sorted to their
correct destination: in the Plate overleaf. the proteins
are being exported from the cell by fusion of the post-
Golgi transport vesicles with the plasma membrane
(PM). The inward movement of vesicles compensates
for membrane lost in the outward movement.

We have recently put forward a simple explanation for
Golgi division arguing that changes in the transport
function of the Golgi complex are responsible for the
observed fragmentation. All newly-synthesised proteins
are transported through the Golgi complex before being
exported from the cell or sorted to different destinations
within the cell (Rothman. 1981). Synthesis occurs on
ribosomes bound to the endoplasmic reticulum (ER)
and the proteins then move to the transitional elements
of the ER. from which vesicles bud. carrying with

If. at the onset of mitosis. the fusion (designated (F) in
the diagram) of all vesicles with Golgi cisternae were
to be inhibited. but the budding of vesicles were to
continue (see Plate 2. right hand side). then the cister-
nae would rapidly and completely break down into small
vesicles explaining Golgi fragmentation. At the end of
mitosis. vesicle fusion would resume and the Golgi com-
plex would re-assemble spontaneously. though mecha-
nisms must exist to ensure that re-assembly is polarized
and that it occurs only in the centrosomal region of each
daughter cell.
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PLATE 2

IN1ERPHASE

This simple hypothesis goes a long way towards ex-
plaining the division of the Golgi complex and it leads
to a number of experimentally-testable predictions. If,
for example, transport vesicles can no longer fuse, then
intracellular transport should cease. We have recently
shown that mitotic cells, infected with vesicular stom-
atitis virus (V5V), can synthesise the viral G protein
in the ER. but cannot transport it to the cell surface
(Warren et a!., 1983). Our preliminary data suggest
that the G protein remains in the ER though we might
expect to find some in vesicles that have budded from
the transitional elements of ER but are no longer able
to fuse with the cis Golgi cisterna.

This inhibition of intracellular transport is part of a
general inhibition of all vesicle-mediated transport pro-
cesses that have so far been studied. These include en-
docytosis (Fawcett, 1965: Berlin et a!., 1978), phagocy-
tosis (Berlin et a!., 1978). receptor recycling (Warren et
a!., 1984) and regulated secretion (Hesketh et a!.. 1984).
It is reasonable to suppose that a common mechanism
is responsible for this generalised inhibition and from
our model for Golgi division, we would suggest that the
primary site of inhibition is at the level of all vesicle
fusions. However, the studies on endocytosis suggest
that the budding of vesicles is also inhibited and if this
were to apply at the level of intracellular transport,
it would explain the retention of G protein in the ER
membranes but it would then be necessary to postulate
a completely new mechanism for Golgi fragmentation.
One way out of this difficulty is to suggest that' both
budding and fusion of vesicles are inhibited at the onset
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of mitosis. but that fusion is first inhibited followed,
after fragmentation of the Golgi complex. by budding.
We have recently obtained evidence in support of this
interpretation by studying the recycling of transferrin
receptors during mitosis in A431 cells (Warren et a!..
1984).

50 far, we have been unable to test our hypothesis
directly by showing that Golgi transport vesicles cannot
fuse during mitosis. This is because these vesicles have
yet to be isolated and characterised from interphase
cells. However. by assuming a common mechanism for
the generalised inhibition of vesicle-mediated transport
during mitosis. we looked at regulated secretion in
a mast cell line. We were able to show that, during
mitosis. the secretory granule membrane was no longer
able to fuse with the plasma membrane (Hesketh et a!.,
1984).

The first sites of budding of coronavirus A-59

This virus matures by budding into intracellular mem-
branes and then following the classical secretory path-
way to the cell surface. By studying viral maturation at
early times during infection we have found, in collabora-
tion with John Tooze (EMBO). that the very first sites
of budding are tubular and vesicular elements in the
Golgi region (Tooze et a!., 1984). At first we thought
these were part of the "transitional" elements of the
endoplasmic reticulum (ER) (Palade, 1975). but a care-
ful morphological and cytochemical analysis strongly



suggests that they represent a new compartment on the
pathway between ER and the Golgi stack. The function
of this compartment is still unclear. but it is probably
related to that described recently by Saraste & Hedman
(1983) .

Coronavirus A-59 buds into this new compartment
because the glycoprotein needed for budding. E1. ac-
cumulates there after synthesis in and transport from
the ER. The sequence of this protein has been deter-
mined (Armstrong et al.. 1984) and from our assembly
studies in vitro (Rottier et al.. 1984) we know that it
spans the membrane and that the cytoplasmic domain
has an Mr of approx. 1.500. Using recombinant DNA
techniques and an expression system (see report by K.
Stanley). we have been able to raise antibodies specific
for segments of this cytoplasmic domain and we hope
to use these antibodies. bound to a solid support (see
report by K. Howell) to isolate and characterize this new
compartment.
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Early events in protein secretion and membrane biogenesis. Structure and function of
histocompatibility antigens their genes

Members: B. Dobberstein, S. KVist*, C. Zwieb*

Fellows: M.-T. Haeuptle*, U. Hamann*, E. Scoulica*

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

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

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

We continued studies on the translocation of proteins
across or insertion into the membrane of the endo-
plasmic reticulum (ER) and investigated structure and
function of major histocompatibiliy antigens.

A coupled transcription-translation system for the
production of single proteins (I. Ibrahimi. E. Krause)

To study the translocation of modified proteins in a
cell-free system. we developed together with H. Bujard
and D. Stuber (Universitat Heidelberg) and D. Cutler
(EMBL) a coupled transcription-translation-membrane
translocation system (Stuber et al, 1984). The essen-
tial element in this expression system is a strong pro-
moter derived from coliphage T5 which produces, with
high efficiency. specific RNAs in capped or uncapped
form. depending upon the experimental conditions used.
The transcription-coupled capping of RNA allows the
direct translation of the RNA in eukaryotic extracts
from wheat germ as well as from HeLa cells, Chicken
prelysozyme was produced from such an expression
plasmid, translocated across the ER membrane and its
signal sequence cleaved.

Size limitation of proteins translocated across ER
membranes (I. Ibrahimi)

The signal recognition particle (SRP) interacts with
eukaryotic ribosomes translating a protein which is
programmed to be translocated across the membrane
of the rough ER. In the heterologous in vitro system
(wheat germ translation system and dog pancreas SRP)
the translation is blocked by SRP after about 70 amino-
acids. including the N-terminal signal peptide, have
been synthesised. Only when the complex of ribosome,

signal peptide and SRP combines with the docking
protein in the ER membrane is the translational arrest
and also SRP released. We tested whether polypep-
tides shorter than 70 amino-acids can be translocated
across the ER membrane. For this test we used the
above described transcription-translation system with
the lysozyme cDNA. Peptides of various length were
generated in this system by restricting the lysozyme
DNA at different positions within the coding portion.
Run off polypeptides were synthesised and tested for
their ability to be translocated. We found that pep-
tides up to 70 amino-acids in length could still be
translocated across the ER membranes. shorter ones
(54 aa) however could not. It thus appears that there
is a minimum length under which a peptide cannot be
translocated across the ER membrane.

Structural studies on SRP (C. Zwieb. E. Krause. C.
Marshallsay)

Studies on the structure of SRP were continued. SRP
consists of 6 polypeptides (72. 68. 54. 19. 14. 9K
dalton) and one 75 RNA molecule. Proteolytic digestion
was used to characterize structural domains of SRP
proteins. Antibodies were raised against 5 of the pro-
teins and these are now used in the selection of eDNA
clones specific for the SRP proteins. Work has started
to investigate the structural and functional role of the
75 RNA in SRP. Experimental data are collected using a
two dimensional gel electrophoresis system and RNA-
RNA cross-linking techniques to prove the suggested
RNA-RNA interactions and to obtain information about
the three dimensional organisation of the 75 RNA in
SRP.
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Membrane insertion of the invariant chain of the
class II histocompatibility antigen. the Ii chain. a
protein that spans the membrane and exposes the
NH 2 terminus on the cytoplasmic side (J. Lipp. W.
Lauer)

To identify sequences in the Ii chain that determine the
orientation of Ii in the membrane. cDNAs coding for
mouse or human Ii chain (Claesson et al.. (1983)) were
cloned in the described expression vectors. Hybrid genes
were constructed and the encoded proteins tested for
their ability to be inserted into the ER membrane.

Mechanisms of T-cell recognition of virus-infected
cells (5. Kvist. B. Arnold. A. Archibald. H.G. Burgert.
U. Hamann. U. Hellert. C. Raynoschek &. J. Scholler)

The major defence against viral infection in mam-
malians is the cellular immune response. The T-lympho-
cytes are stimulated by virally-infected cells and pro-
liferate into cytotoxic T-cells. These T-cells have the
ability of distinguishing precisely between infected and
non-infected cells. They show a specificity directed
not against the foreign (viral) antigen per se but
rather against the viral antigen in the context of self-
determinants present on H-2 class I antigens.

The aim is to elucidate the molecular mechanism(s)
whereby the T -cells become triggered to proliferate.
and also how the specific killing of the infected cells
is carried out.

The structural features of the H-2 antigens which are
recognized by the T-lymphocytes were first defined. The
system consisted of three H-2 class I genes from the K
locus. the Kd . Kk and Kb genes. These allelic genes are
approximately 85% homologous on the protein level. but
display unique characteristics in terms of H-2 restriction
of virus-infected cells. The genes were characterized
by DNA sequencing and a number of hybrid genes
were constructed. consisting of exons from different
parts of the genes (Arnold et al.. 1984a). These hybrid
genes (and the parental ones) were introduced into a
fibroblast cell line. termed 1T 22-6. and expression of
the corresponding proteins was verified by both SDS-
polyacrylamide gel electophoresis and fluorescence acti-
vated cell sorter (FACS) analysis. After selection of cells
expressing the hybrid antigens on the cell surface. cells
were cloned and tested for their ability to constitute
targets for cytolytic T-cells. The T-cells were raised
in mice syngeneic with the genes used for transfection
(e.g. H-2d . H-2 k and H-2b). Such mouse strains were
infected with influenza A in order to trigger T-cells.
These experiments allow the following conclusions: (1)
The 0'1 domain of the Kd antigen cannot function alone
as the restricting element for cytolytic T -cells but needs
the syngeneic 0'2 domain. (2) The 0'3 domain of the Kd

antigen does not play an essential role for the majority
of the T-cells. (3) The 0'2 and 0'3 domains of the
Kk antigen do not themselves contain the structures
recognized by cytotoxic T -cells restricted to the Kk
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antigen. but need the syngeneic Kk 0'1 ·domain. Thus.
we conclude that for both H-2Kd and Kk it seems that
0'1 and 0'2 domains are the essential structures. This
implies that conformational epitopes play an important
role in the T-cell recognition of influenza A infected cells
(Arnold et al.. 1984b). We are presently constructing
H-2K molecules with just a few amino-acid differences
in the 0'2 domain. Such molecules will help to identify
amino-acids which are crucial for T-cell recognition.

In a similar type of experiment the H-2 gene constructs
were used with modifications in the exons encoding
the cytoplasmic part of the molecules. From these
experiments it appears that the cytoplasmic part of
H-2 antigens is not essential for T-cell recognition or
stimulation during influenza A infection. However. this
might not be true for other viruses.

Several other viruses are now being examined to obtain
a more general understanding of the function of this
part of the H-2 molecule. Recently the adenovirus type
2 has been used as a model system for infection and
T-cell triggering in human cells. It has been known
for some time that a'n adenovirus-2 encoded protein.
E3/19K. specifically associates with human HLA class
I antigens. This association obviously alters the normal
intracellular route of HLA antigens from the rough endo-
plasmic reticulum to the cell surface (Burgert &. Kvist.
submitted for publication). This was demonstrated by
inhibition of terminal glycosylation of the HLA antigens.
The effect was shown to occur both during adeno-2 in-
fection of fibroblasts and in cells expressing the E3/19K
after transfection of the gene. The effect seems specific
for HLA antigens as three other cell surface molecules
were not affected. Furthermore. the cell surface expres-
sion of HLA antigens in cells expressing the E3/19K
is greatly reduced. The binding of the viral E3/19K
protein to HLA antigens thus blocks the cell surface
expression of the latter proteins. This might prevent
T-Iymphocytes from recognizing such cells as infected
or at least delay the immune response against them.
This in turn could allow unlimited virus replication for
shorter or longer periods of time causing a widespread
infection in the organism.
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Translocation of nascent proteins across the membrane of the endoplasmic reticulum

Member: D. Meyer
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Technical assistants: K. Ainger*, K. Meese, S. Stampfli*

Newly-synthesized secretory. lysosomal and plasma
membrane proteins are transported out of the cyto-
plasm to their site of function via specific pathways.
Their incorporation into the rough endoplasmic reticu-
lum (ER) is a common feature shared by these proteins.
The manner in which such proteins are sorted from
those molecules destined to remain in the cytoplasm
is based on a specific recognition process. Typically.
proteins which are transferred to the rough ER have
N-terminal extensions. or signal sequences. These se-
quences mediate the binding of the cytoplasmically
localized signal recognition particle (SRP). which in
turn becomes attached to the ER membrane via the
docking protein (DP) or SRP receptor. In this way
secretory. lysosomal and plasma membrane proteins can
be cotranslationally directed to the correct membrane.
the rough ER (Hortsch & Meyer. 1984).

The focus of the research being carried out in this group
concerns the elucidation of the molecular mechanism by
which these nascent polypeptides are transferred across
or assembled into rough ER membranes. The following
aspects of this process are under investigation:

(1) Structural and functional analysis of the docking
protein.

(2) Identification of other rough ER components re-
qu ired for translocation.

(3) Analysis of the extent of coupling between transla-
tion and translocation.

(4) Biogenesis and maintenance of rough-ER-specific
proteins.

(5) Development of in vitro assays for translocation
using components from yeast.
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Structural and functional analysis of docking pro-
tein (M. Hortsch and D. Avossa).

The docking protein represents the site within the cell
where translational and translocational events coincide.
An understanding of protein translocation must involve
detailed knowledge of DP at the molecular level. In the
past year we have begun an analysis of the structure
and functional attributes of DP. A summary of these
features is presented in Plate 3.

A combination of limited proteolysis and the use of
specific antibodies has allowed us to determine the
parts of the DP molecule that are required for its
various functions which can be assayed in vitro. The
intact DP is an integral membrane protein. localized
exclusively in rough ER. having an apparent molecular
weight of 73kDa. It is required for the translocation
of nascent peptides to occur in vitro. In either a
membrane-associated or in a purified. soluble state.
it can interact with SRP and bring about a release
of a translation arrest which is a characteristic of the
presence of SRP in certain in vitro translation systems.

We have shown previously that when rough microsomes
are treated with elastase a ca. 60kDa fragment of DP
(DPf) was obtained which had the unusual property of
being able to recombine with the membrane and recon-
stitute translocation (Meyer & Dobberstein. 1980). By
affinity purifying 73kDa DP on columns of monoclonal
anti-DP antibody. we have subsequently been able to
repeat this elastase cleavage on pure DP in solution. In
addition to the fragment of 59kDa. a 14kDa piece. which
contains the membrane anchor of DP. was generated.
The 59kDa fragment contains all of the domains of
DP necessary for interaction with SRP as well as the
ability of rebind to and reconstitute translocation in
proteolyzed (DP-free) rough microsomes (RMi ).



Similar studies were carried out using trypsin. In this
case a 46kDa fragment was generated (Plate 3). It
was neither capable of interacting with SRP resulting in
release of the translation arrest. nor could it reconstitute
RMi . In fact. it was also incapable of rebinding to RMi .

From these and other results. we can begin to ascribe
functional characteristics to structural domains of DP.
DP is anchored in the membrane via the 14kDa frag-
ment. The 59kDa DPf contains all of the information
relevant for proper functioning of DP. When 13kDa are
removed from 59kDa DPf. leaving a 46kDa fragment.
all measurable functions of DP are lost. The importance
of this 13kDa (removed) piece warrants further scrutiny.

Identification of other rough ER components re-
quired for translocation (D. Avossa).

hope of identifying new molecules relevant for translo-
cation.

Two interesting observations have been made which
indicate that other protein components are involved in
translocation. By using the assay in which DPf is used
to reconstitute RMi . we have found that when RMi
are further proteolyzed or treated with the alkylating
agent. N-ethylmaleimide (NEM). they can no longer
be functionally reconstituted with DPf. Preliminary
observations suggest that NEM-treated RMi . as well
as further proteolyzed RM. can still rebind DPf. These
data suggest that two different aspects. and possibly
two different components of RMi . are inactivated by
these treatments. We are currently in the process of
trying to characterize these components.

Several lines of evidence point to the need for other
membrane components in the process of transloca-
tion. Individual steps must include: (1) the binding
of ribosomes to the ER membrane: (2) the actual
translocation of the nascent chain: (3) cleavage of the
signal sequence: and (4) possibly a source of energy
or electrical potential which mediates the translocation.
Once DP has been proteolytically removed from rough
microsomes (generating RMi). the remaining vesicles
must still contain all of the other components necessary
for translocation. We have begun a functional dissection
in order to characterize further these membranes in the

Analysis of the extent of coupling between trans-
lation and translocation (K. Ainger)

Little is known about the actual translocation of a
nascent polypeptide across the lipid bilayer of the ER
membrane. An important question is whether the trans-
location occurs similarly to translation. that is. amino-
acid by amino-acid. or if certain domains are synthesized
and subsequently translocated en bloc. We have made
use of the fact that SRP can mediate an arrest of
translation in the wheat germ cell-free system to answer
this question.
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PLATE 3

Domain structure of the DP as determined by limited
proteolysis and by mapping of antigenic determinants.
Numbers indicate the apparent molecular weights (in
kilodaltons) of the protein domains as determined by

polyacrylamide gel electrophoresis. Pab and Mab refer
to approximate recognition sites for polyclonal and
monoclonal anti-DP antibodies respectively.
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A crucial finding was that SRP could still arrest the
translation of IgG light chain mRNA when a consid-
erable fraction (>50%) of the amino-acids (ca. 250)
of this protein had been polymerized. In this way. we
were able. through timed SRP addition. to "create"
unfinished polypeptides of varying lengths. When rough
microsomes were added subsequently. we were able to
determine the maximum length of IgG nascent chain
which could still be translocated" post-translationally"
across the membrane. Our results indicate that when
about 125 amino-acids have been polymerized. quanti-
tative translocation will still occur. When the nascent
chain is about 180 amino-acids long. translocation can
only occur to a level of about 50%. and no translo-
cation can occur once full-length light chain has been
synthesized.

From these preliminary findings we conclude that trans-
location can occur even relatively late in the translation
of a protein and. therefore. en bloc. We are currently
examining whether this phenomenon is peculiar to IgG
light chain or a common feature of the translocation of
other secretory and membrane proteins as well.

Biogenesis and maintenance of rough ER-specific
proteins (C. Crimaudo).

A study making use of monoclonal and polyclonal
anti-DP antibodies has shown that the docking protein
is restricted in its intracellular location to rough ER.
A considerable number of proteins destined for other
sites within the cell are inserted into rough ER. yet
rough ER-specific proteins are somehow maintained
within this organelle; escaping intracellular transport
processes. It is therefore of interest to determine the
structural features of rough ER-specific proteins which
allow them to maintain their location. Our approach
involves the cloning and characterization of DP eDNA
and ultimately the construction and expression of fu-
sion proteins containing putative sequences relevant for
rough ER localization.

Using polyclonal anti-DP antibodies. we have isolated
several eDNA clones from a human liver eDNA expres-
sion library (see report by K. Stanley). We are in the
process of verifying that these clones are DP-specific.
Ultimately we hope to clone and sequence full-length
eDNA and make use of such a clone in in vitro sys-
tems for studying the assembly of DP-containing fusion
proteins into pancreatic microsomes. It should also be
possible to follow such fusion proteins intracellularly by
transfection of cultured cells with the engineered eDNA
inserted into appropriate vectors.

Development of in vitro assays for translocation
using components from yeast (J. Rothblatt)

Yeast repJ€sents an ideal system for studying many eu-
karyotic cell biological phenomena due to the extensive
body of genetic information. and the ease of genetic
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manipulation. What has been missing are established
in vitro assays for studying translocation of nascent
proteins. analogous to pancreatic rough microsomes.
Such an in vitro system should ideally be derived from
the same organism. i.e .. be homologous. The three-
elements needed for a translocation reaction in vitro are:
(1) a cell-free. mRNA-dependent translation system;
(2) the appropriate mRNA. i.e .. one encoding a protein
normally translocated across the membrane of the ER;
and (3) rough microsomes. capable of translocating
nascent polypeptides.

Following published procedures. and using a protease-
free mutant of yeast. we have generated a very active
cell-free translation system. It is capable of translating
yeast mRNA as well as mRNA from higher eukaryotes.
We are now in a position to generate large amounts
of mRNA for the yeast mating factor a. as we have
subcloned the gene for this secretory protein into a
vector which can be transcribed in vitro.

Efforts to isolate a subcellular fraction from yeast which
is enriched in rough ER have been hampered by the lack
of suitable markers for yeast ER. We have obtained.
however. a eDNA clone for a yeast protein (alg 1) which
is required for N-glycosylation of secretory proteins. and
must thus be ER-specific. By producing large amounts
of this protein (fused to ,B-gal) in the pEX expression
vector. we will be able to make polyclonal antibodies to
this enzyme. Using these antibodies. we will have the
capability of following the subcellular fractionation of
yeast by immunochemical methods. It is hoped. then.
that this elusive third component required for a yeast
translocation system can be isolated.

Research carried out by visiting scientists

In the past year P. Rottier of the University of Utrecht
successfully characterized the involvement of SRP in
the assembly of corona virus glycoprotein i'nto rough
microsomes. He found that of the three hydrophobic
domains of E1. even the one most distal to the N-
terminus. could mediate an SRP-induced translation
arrest. These findings support data which he previously
obtained at EMBL. which indicated that E1 can be
inserted into membranes very late in their synthesis.

K. Geering of the University of Lausanne investigated
the membrane insertion of (Na+ .K+)-ATPase subunits.
She found the glycoprotein subunit was inserted in an
SRP-dependent fashion. similar to most other mem-
brane proteins. The a-subunit on the other hand. could
be correctly inserted into membranes. regardless of
whether SRP was present or not. This finding suggests
that the a subunit is inserted into membranes via a
different mechanism.

Both P. Rottier's and K. Geering's work will be pub-
lished in the Journal of Biological Chemistry in 1985.



Publications during the year

Hortsch. M. & Meyer. D.1. (1984). Pushing the signal
hypothesis: What are the limits? BioI. Cell. 52. 1-8

Hortsch. M .. Avossa. D. & Meyer. D.1. (1984). Initial
events in peptide secretion: The docking protein of
rough endoplasmic reticulum. In Endocrinology: eds.
Labrie. F. & Proulx. L.. Excerpta Medica. Amsterdam.
p. 379-382

Other reference

Meyer. D.1. & Dobberstein. B. (1980). J.Cell BioI.. 87.
503-508
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Free flow immuno-isolation (using magnetic solid supports)

Member: K. Howell

Fellows: E. Devaney, J. Gruenberg, L. Scarino*

Visiting worker: E. Sztul*

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

Goals

Our goal is to isolate and characterize those compart-
ments involved in membrane traffic in cultured animal
cells. As a starting point. we selected two temporally re-
lated sub-cellular compartments. the plasma membrane
and the endosome. When a cell is homogenized both of
these compartments form smooth membrane vesicles.
which share the same physical properties. size and
density. and are difficult to separate by centrifugation
and other conventional cell fractionation techniques.

For problems such as this. our group has been working
on the development of an immuno-isolation system for
organelles (Howell et al.. 1985). The system requires a
specific antibody which recognizes its antigen exposed
on the outer surface of the subcellular compartment to
be isolated. The specific antibodies are bound to a solid
support and form an immunoadsorbant.

We have used two fundamentally different approaches to
immuno-isolate: (1) use of antibodies directed against a
foreign antigen. implanted in the cell membrane (Gruen-
berg & Howell. 1985) and (2) use of antibodies against
endogenous antigens of the organelle to be isolated
(Devaney & Howell. 1985).

Immuno-isolation using implanted viral antigens

The membrane spanning glycoprotein. G. of vesicular
stomatitis virus (VSV) can be specifically implanted
into the plasma membrane of any cell by low pH medi-
ated fusion. Fused spike proteins of enveloped viruses
are internalized via the normal endocytic pathway and
significant information is available on their traffic pat-
terns. In order to immuno-isolate the intracellular com-
partments. we used two different antibodies. Each rec-
ognizes a different epitope of this membrane spanning
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protein: antibodies directed against the N terminal por-
tion of VSV-G (0: head). this epitope is exposed on
the outer surface of plasma membrane vesicles; and
antibodies against the (terminal portion of VSV-G (0:
tail). this epitope is exposed on the outer surface of
the endosomal vesicles. [0: (terminal. VSV-G antibodies
were provided by T. Kreis]. Quantitation of implanta-
tion and subsequent immuno-isolation using antibodies
against the two domains of VSV-G was first tested
with the human erythrocyte. The virus was artificially
bound to the membane via a lectin and then fused at
low pH. Both right-side out (RSO) and inside out (10)
plasma membrane vesicles were prepared and immuno-
isolated with three different immunoadsorbants (ImAd):
(1) anti-head. (2) anti-tail. and (3) control IgG. RSO
vesicles were efficiently isolated using the anti-head
ImAd. Both the anti-tail and control ImAd bound less
than 1.0% of the input fraction (Plate 4). 10 vesicles
present in a mixed population also containing RSO
vesicles were isolated with anti-tail ImAd with similar
efficiency.

Since it was possible to control and quantitate the
amount of implanted antigen. we were able to demon-
strate that a critical density of antigen is necessary to
immuno-isolate: 50G molecules/J-lm 2 membrane surface
area. This value was the same for the isolation of both
the RSO vesicles using the 0: head ImAd and for the 10
vesicles using the 0: tail ImAd (Plate 5). This indicated
that the implanted antigen was uniformly distributed
in the plane of the membrane. properly orientated. and
most important that the 0: tail antibody was effective in
immuno-isolation of compartments with the (terminal
fragment of the VSV-G exposed on the outer surface.
The efficiency of the immuno-isolation increased linearly
with the antigen density in the range tested which
is calculated to represent 0.1 to 0.6% of the total
membrane protein.



PLATE 4

Specificity of immuno-isolation with Q G head and Q G
taillmAds.

Vesicles of opposite polarity were prepared from ery-
throcytes with fused G protein: RSO (right-side out.
same orientation as the cells): 10 (inside-out. exposes
cytoplasmic surface). An input of 300j.lg of vesicles was

then presented to lmg ImAd prepared with antibodies
against either the head or the tail of the G protein.
as well as a control ImAd. For comparison immuno-
isolation of intact VSV particles (Input 100j.lg) is also
indicated. The preparation of 10 vesicles consists of a
mixed population of both 10 and RSO vesicles.

(2) ImAd anti -G -tail
0 ImAd anti-G-head

• ImAd control
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PLATE 5

Titration of the minimal density of antigens required for
immuno-isolation.

The amount of VSV fused at low pH into the erythro-
cyte membrane was increased from 1 to 100j.lg VSV
protein input/5xl08 cells. thus producing implanted G
protein densities ranging from 3 to 360 G/ j.lm 2 . From

each preparation of erythrocytes with fused G. RSO
and 10 vesicles were prepared (see legend to Plate
4). These vesicles were then immuno-isolated using
the corresponding specific antibodies (ImAd Q G head:
RSO: ImAd Q G tail:IO). In both cases the minimal
density is x j.lm 2 .
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Immuno-isolation of the compartments from the endo-
cytic pathway of cultured cells was carried out after
implantation of the viral antigen with the same protocol
(Gruenberg & Howell. 1984). The plasma membrane
apical domain of a polar epithelial cell line. Madin-
Darby canine kidney (MOCK) cells. is immuno-isolated
using the anti-head ImAd. After internalization of the
implanted antigen for 90 min at 20°C. the endoso-
mal compartment is immuno-isolated using the anti-tail
ImAd. In a comparative study. the same compartments
are immuno-isolated from a non-polar baby hamster
kidney (BHK) cell. Analysis of these experiments is in
progress.

Immuno-isolation using endogenous antigens

For immuno-isolation experiments using endogenous
antigens. we selected a cultured rat hepatocyte line.
Fao cell. because a set of antisera to Fao surface
antigens was available. All were potentially useful for
immuno-isolation of the hepatocyte plasma membrane.
Since our data from the implanted antigen experiments
showed an increased efficiency of isolation at increased
antigen density. 6 different polyclonal antisera were
first characterized and the amount of IgG bound to
the cell surface was quantitated. As an example. an
antisera raised against a rat liver plasma membrane
fraction (antisera provided by B. Gumbiner) recognized
3 cell surface proteins of Mr 103.000: 96.000 and
47,000. These antigens were uniformly distributed on
the Fao cell surface when analysed with frozen thin
sections immuno-Iabeled and visualized with 5nm col-
loidal gold-Protein A. At saturation binding of this
specific antibody. approximately 3.000 IgG molecules
were bound/Jlm2 plasma membrane area. This value
overestimates the density of antigen molecules. since
the antibody is polyclonal and more than one antibody
can be bound to each antigen. At this high density
of IgG molecules. the plasma membrane is isolated
from the postnuclear supernatant with an extremely
high yield. 80-90%. using either a uniform cell sur-
face label. [3H]-sodium borohydride-galactose-oxidase.
or the bound IgG molecules as markers of the plasma
membrane. However. two traditional enzymatic markers
of liver plasma membrane. alkaline phosphodiesterase I
and 5' nucleotidase. were isolated at lower yields (ap-
proximately 50% and 60%. respectively). Our evidence
indicates that. in these tissue culture cells. a variable
amount of the enzymes are on internal membranes and
emphasizes the need to select carefully reliable markers
for each experiment.

The Fao endosomal compartment will be isolated using
a technique similar to that of Beardmore's (Beardmore
et al.. 1985). Colloidal gold complexed with specific an-
tibody is first bound to the plasma membrane and then
internalized via the endocytic pathway. This provides
a density modification of the endocytic vesicles which
permits their isolation by centrifugation techniques.
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Positive cell selection

We are also using magnetic immuno-isolation for posi-
tive cell selection with Laura Roman and Henrik Garoff
using their MOCK line which is stably expressing VSV-
G via genomic integration of a cloned DNA. The G
protein is synthesised in the MOCK cell in the absence
of other viral proteins and is expressed on the plasma
membrane. However. only a small portion of the total
cell population express the G protein. We are able to
select the expressing cells on the magnetic immuno-
absorbant using anti-VSV-G antibodies. Selection is
possible when only a few beads are bound to the surface
limiting the stress to the cell (Plate 6). The magnetic
beads are detached from the cell by trypsinization and
removed by magnetic sorting. The cells are returned to
culture and regrow normally. Enrichment in expressing
cells is monitored by immunofluorescence. immunoblot-
ting or immuno-precipitation.

This rather simple selection procedure is sensitive. rapid
and easily accomplished under sterile conditions. It has
many advantages for cloning of tissue culture cells.

Instrumentation

We are developing a magnetic free flow system for
immuno-isolation in collaboration with the Ansorge
group. The magnetic solid support with bound specific
antibodies (ImAd) is suspended in a 15ml isolation
chamber. maintained at 4°C. and placed within the
magnetic field generated by an electromagnet. The
shape of the magnetic field has been designed to permit
the beads to be maintained in a disperse suspension
and to be contained within the chamber while the
washing buffer flows through the chamber to remove
the unbound and non-specifically bound components.
The gentle washing conditions prevent losses due to
vesicularization of the specifically bound vesicles. The
result is a high specific binding and effective washing
resulting in minimal non-specific binding.

We have used various generations of the magnetic solid
supports designed and produced by John Ugelstad and
his colleagues at the University of Trondheim. Norway
(Ugelstad et al.. 1983). The immuno-isolation system
has improved dramatically in 1984 due to the new mag-
netic shell and core beads Ugelstad and have
designed for our application. These magnetic beads are
covered with a thick non-magnetic shell. which prevents
the beads from aggregating within the magnetic field.
The shell is hydrophilic and contains hydroxyl groups
which are activated with p-toluene sulfonyl chloride for
covalent coupling of antibodies. These are similar to
the non-magnetic shell and core beads developed for
immunoassays (Nustad et al.. 1984).

Although the immuno-isolation system was designed for
organelles. it has proven to be very versatile. effective in
the isolation of small particles. serum lipoproteins and
cell sorting.



PLATE 6

(A) Light micrograph of MDCK cell expressing V5V-G
during the selection process. 1x107 cells have been
trypsinized to form single cells. and subsequent steps
are at 4°C to reduce internalization Anti-V5V-G an-
tibodies are bound to the cell surface and unbound
fraction removed. Then the cells are mixed with 1mg.
3f.1 magnetic beads with a sheep antibody against the
Fe region of the rabbit IgG molecule bound to its
surface. This micrograph shows a field of cells. some

have 1-3 beads bound. while others are negative. In this
field. a higher proportion of positive cells is seen when
compared to the total population.

(B) An electron micrograph of a selected cell. Usually
only one bead is seen per positive cell in a thin section.'
Restriction of the bead to the cell surface facilitates
their removal for regrowth.

b

2,5flm
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Publications during the year

Gruenberg. J. & Howell. K.E. (1984). lmmuno-isolation
of the plasma membrane apical domain from MDCK
cells using a foreign (viral) antigen fused into the
plasma membrane. J. Cell Bio!.. 99. 280a

Howell K .. Ansorge. W. & Gruenberg. J. (1984).
lmmuno-isolation of organelles using magnetic beads -
Binding properties with antibodies. In Microspheres and
Drug Therapy: Pharmaceutical and Medical Aspects:
ed. Davis. 5.5. et a!.: Elsevier. Amsterdam. p.443-444

Other references
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Cell Bio!.. submitted for publication
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Cytolytic proteins in man

Member: K.K. Stanley

Fellows: H. Haymerle, Y. Worku*, D. Marazziti*

Technical assistant: J. Dickson

Visiting workers: C. Witte*, C. Calaco*, K. Siddle*, V. Ort*

The immune system removes foreign or defective cells
by causing their death. This is achieved either by the
proteins of the antibody and complement system in
blood or by specialized killer cells. In both pathways
proteins have been found which cause lesions in the
target membrane which have a similar morphology. In
the complement pathway this protein is known as C9.
During the last year we have cloned and sequenced
cDNA molecules coding for C9 and have started a study
of the topology of the protein.

Complement component C9 is the final component to be
added to the membrane attack complex and is responsi-
ble for the formation of a stable pore in the membrane
which causes cell death due to the loss of essential
metabolites and osmotic lysis. It normally circulates in
the bloodstream as a soluble globular protein. but on
interaction with a CSb - 8 complex in a target membrane
it polymerizes to form a pore containing up to 18 C9
monomers. During insertion into the membrane the C9
molecule unfolds to approximately double its length
and exposes new antigenic determinants and·areas of
hydrophobicity. In addition the molecule becomes re-
sistant to proteolysis and SDS solubilisation. Little is
known about the mechanism of this insertion but it is of
interest as a mechanism by which other proteins might
also insert into membranes. We have investigated the
structure of C9 using recombinant DNA and immuno-
logical techniques with the immediate goal of defining
the topology of C9 in its monomeric. soluble form and
polymerized. membrane bound form.

Expression cloning of human complement compo-
nent (9

cDNA clones coding for C9 were detected by subcloning
a human cDNA library into a bacterial expression vector

and detecting the expression of C9 epitopes using poly-
clonal antibodies. One of these clones expressed a hy-
brid protein which was also detected using monoclonal
antibodies and contained an open reading frame encom-
passing a short stretch of known amino-acid sequence.
Using this clone as a hybridisation probe. a number of
other clones were obtained and a composite sequence
determined which includes most of the C9 cDNA. Two
features of special interest in this sequence are: (1)
The lack of a linear hydrophobic segment suggesting
that the hydrophobic areas of C9 which interact with
the lipid of the bilayer are determined by the folding
of the C9 molecule and (2) the abundance of cysteine
residues in the amino-terminal region of C9. Within this
cysteine-rich region of C9 is a 40 residue segment which
exhibits a high degree of homology to a repeated region
in the Low Density Lipoprotein (LDL) receptor. The
significance of this is probably two-fold. Firstly. the
high degree of disulphide bonding is likely to account
for the high stability of poly-C9. Secondly. the similar-
ity with the LDL-receptor might reflect a binding site
for apoproteins which can regulate Membrane Attack
Complex (MAC) formation.

Topology of (9

In collaboration with Dr. Jurg Tschopp at the University
of Lausanne and Dr. Hans-Peter Kocher at the Univer-
sity of Geneva. we have mapped the cleavage points
for a number of proteolytic enzymes to the deduced
amino-acid sequence of C9 by amino-acid sequencing of
proteolytic fragments. These cleavage points together
with the site for N-linked oligosaccharide attachment
must be surface features of monomeric C9. However.
in poly C9 these cleavage sites are not accessible to
proteolytic enzymes.
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PLATE 7

Isolation of an epitope specific antibody. to the corona
virus E1 glycoprotein. from a crude antiserum. Indirect
immunofluorescence microscopy of detergent permeabi-
lized mouse fibroblasts infected with a corona virus.
MHV-A59.

The cells in (a) are labelled with the crude antiserum
raised against a fraction enriched for E1. The staining
pattern is similar to that seen using antiserum to the
whole virus. The predominant intense perinuclear stain-

ing represents the localization of E1. The cytoplasmic
staining is due to antibodies against other viral proteins.

(b) Localization of E1 alone using antibodies purified
from the crude antiserum (above) using a fusion protein
containing the last 10 carboxyterminal amino-acids of
E1. (c) and (d) represent the corresponding Nomarsky
images of the stained cells. The antibodies are visu-
alized using a Rhodamine conjugated second antibody.
Bar= 51im.
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We have also mapped the epitopes of a number of
monoclonal antibodies which bind to C9 by comparing
the overlapping regions of C9 to which the antibodies
bind. The fragments were produced by cleavage of C9
with enzymes and by expressing small pieces of C9
eDNA as hybrid proteins in E.coli. Each epitope is
then defined as the sequence which is common to all
the fragments which react with a particular antibody.
Using this technique. 3 antibody epitopes have been
mapped to regions of less than 46 amino-acids. It is also
known that two of these monoclonal antibodies inhibit
the efflux of small molecules through C9 dependent
complement lesions on erythrocyte ghosts. so we can
say that these regions of C9 must be located close to
the membrane pore. This topology of the polypeptide
chain of C9 also accounts for the resistance of poly-C9
to proteolytic attack since the epitopes situated within
the pore contain several of the proteolytic cleavage sites
which are present on the exposed surface of monomeric
C9.

Mono-specific antibody selection

One powerful technique that has been developed during
the year is the use of hybrid proteins containing small
domains of a cloned protein to affinity purify an existing
polyclonal serum. This technique has been used in
several ways. Firstly. it forms the basis for verifying
eDNA clones obtained by screening expression libraries
with polyclonal antibodies. Even polyclonal antibodies
raised against antigen purified on monoclonal antibody
immunoadsorbants contain nonspecific antibodies and
these give rise to artefact clones with a similar intensity
of staining since each eDNA is expressed at approxi-
mate similar levels independent of its abundance. By
using the expressed hybrid protein to affinity purify

antibody molecules from the polyclonal serum. it is
possible to test whether the hybrid protein contains an
epitope of the injected antigen or a contaminant.

Secondly. the selection of mono-specific antibodies from
a complex mixture of antibodies in a polyclonal serum
is much more rapid than raising antibodies de novo
against the hybrid protein. Sufficient reagent can be
obtained to study a protein on an analytical scale. In
collaboration with Sharon Tooze (see page 12). this
technique has been used to select antibodies reacting
with the carboxyterminus of corona virus E1 protein
from an antiserum raised against a fraction enriched
for E1. Surprisingly. hybrid proteins containing as little
as 11 amino-acids of the E1 protein have been able
to select antibody. Using this antibody in immune
fluorescence microscopy of corona virus-infected mouse
fibroblasts. it has been shown that this epitope of the
E1 protein is present in a peri-nuclear region of the
cells at early times after infection (Plate 7). Since the
corona virus E1 protein is concentrated in transitional
elements of the endoplasmic reticulum and the Golgi
region during virus assembly. it is hoped that thi$
antibody will be useful as a marker for this structure
and possible also for its isolation.

We are now using a similar approach to study the
insertion of C9 into biological membranes.

Publication during the year

Stanley. K.K. & Luzio. J.P. (1984). Construction of
a new family of high efficiency bacterial expression
vectors: identification of eDNA clones coding for human
liver proteins. EMBO J.. 3. 1429-1434
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Role of cytoskeletal components in intracellular transport

Member: T.E. Kreis

Student: R. Matteoni*

Visiting worker: M. Michalski*

Technical assistant: J.A. Wellsteed

Increasing evidence supports the idea that the cy-
toskeletal framework plays an important role in pro-
cesses of intracellular transport. The cytoskeleton cer-
tainly participates in establishing polarity within the
cytoplasm and in providing a matrix to guide trans-
port (Solomon. 1982; 5chliwa. 1984). Cytoskeleton-
associated components may also be mechanically in-
volved in the movement of carrier vesicles.

Our efforts during the past year were mainly devoted to
setting up a convenient model system that allows us to
test experimentally the role of cytoskeletal components
in intracellular transport in vivo. As a specific marker
to follow such a process we have chosen the transmem-
brane glycoprotein of vesicular stomatitis virus. VSV-G.
Newly-synthesised VSV-G is transported, probably by
carrier vesicles, from the rough endoplasmic reticulum
(RER) to the Golgi complex and from there. further
on to the plasma membrane. VSV-G first appears at
the cell surface' at the leading edge of polarized motile
fibroblasts (Bergmann et al.. 1983).

On its journey to the cell surface. a 29 amino-acid car-
boxyterminal tail of VSV-G is exposed to the cytoplasm
(Rose & Gallione. 1981). 5ince only this domain of the
protein therefore can interact directly with cytoplasmic
components, we have raised polyclonal. as well as mon-
oclonal antibodies against synthetic peptides of parts
of this domain to ana1yse its role in the transport pro-
cess. Microinjection of these antibodies into fibroblasts
infected with t5045-VSV revealed:

(a) Intact poly- and monoclonal antibodies to the cyto-
plasmic epitopes block transport of VSV-G to the cell
surface. V5V-G was often aggregated into large patches
within a late- or post-ER compartment. as analysed by
double-immunofluorescence staining with various RER-
and Golgi-specific antibodies. We concluded that VSV-
G exists in an oligomeric form in vivo.

32

(b) Fab-fragments of a monoclonal antibody reacting
with the last 5 amino-acids of the cytoplasmic V5V-G
tail apparently do not interfere with the transport of
V5V-G to the cell surface.

(c) In contrast to the monoclonal antibody (b). Fab-
fragments of polyclonal antibodies. raised against the
15 carboxyterminal amino-acids of V5V-G, block trans-
port of VSV-G to the cell surface. This result may
indicate that an interaction of this domain of VSV-G
with another cytoplasmic component is required for its
transport and sorting to the cell surface.

We are currently trying to use rhodamine-labeled Fab-
fragments (see (b)) to visualize in motile fibroblasts
the transport of V5V-G from the Golgi complex to the
leading edge by sensitive video-intensified fluorescence
microscopy. We hope to use this approach to compare
the tracks of moving vesicles. carrying VSV-G tagged by
the labeled Fab-fragments. with cytoskeletal filaments
labeled in vivo (Kreis & Birchmeier. 1982). In parallel.
we have started to screen by microinjection a library
of antibodies directed against cytoskeleton-associated
proteins to test their capability to disorganize or inter-
fere with this polarized transport of VSV-G. Further-
more. in collaboration with Jean Davoust (Physical In-
strumentation). we are trying to apply laser fluorescence
photobleaching techniques to analyse the dynamic prop-
erties of VSV-G. labeled with rhodamine-Fab fragments.
within the membranes of intracellular compartments.

Publications during the year

Geiger. B.. Avnur. Z .. Kreis. T.E. & Sch'lessinger. J.
(1984). The dynamics of cytoskeletal organisation in
areas of cell contact. In Cell and Muscle Motility. 5: ed.
Shay. J.W.; Plenum Press. New York. p.195-234



Geiger. B.. Kreis. T.E .. Gigi. 0 .. Schmid. E.. Mittnacht.
S.. Jorcano. J.L.. Von Bassewitz. D.B. & Franke. W.W.
(1984). Dynamic rearrangements of cytokeratins in liv-
ing cells. In Cancer Cells 1. The transformed phenotype:
ed. Levine. A.J. et al.: Cold Spring Harbor Laboratory.
p.201-215

Kreis. T.E.. Avnur. Z.. Schlessinger. J. & Geiger. B.
(1984). Dynamic properties of cytoskeletal proteins in
focal contacts. In Molecular Biology of the Cytoskele-
ton: ed. Borisy. G.G.. Cleveland. D.W. & Murphy. D.B.:
Cold Spring Harbor Laboratory. p.45-57

Sherson. T .. Kreis. T.E.. Schlessinger. J.. Littauer.
U.Z.. Borisy. G.G. & Geiger. B. (1984). Dynamic inter-
actions of fluorescently labeled microtubule-associated
proteins in living cells. J. Cell BioI.. 99. 425-434
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Electron microscopy group

Member: G. Griffiths

Fellow: E. Hughson*

Technical assistant: R. Back

Our group is involved in providing quantitative ultra-
structural information that can complement biochemical
studies on membrane biogenesis. The major technique
we are using is the thawed-cryo-section technique of
Tokuyasu for high resolution antibody labelling. Our
efforts during this past year can be divided into a
technical part. devoted to improving the technique and
an applications part. where questions about the intra-
cellular transport of membrane proteins are addressed.

The technical work can be itself divided into two parts.
The first involves an attempt to understand more
about the preparation steps involved in the technique
to improve the structural preservation. In a collabo-
rative effort with the Dubochet group key preparation
steps. namely sucrose-infusion. freezing. sectioning and
thawing and drying of sections were studied in detail
using the hydrated cryosection technique (Griffiths et
al.. 1984a). The second technical project has concen-
trated on refining the technique as a tool for providing
quantitative information. In a previous study we have
estimated the density of a model plasma membrane pro-
tein complex. the spike of Semliki Forest virus. in three
locations. the endoplasmic reticulum (ER). the Golgi
complex. and at the plasma membrane. in the budded
virion (Griffiths et al.. 1984b: Quinn et al.. 1984). Using
this infor.mation. and knowing the average frozen section
thickness precisely (Griffiths et al.. 1984a) we can now
directly correlate. for the first time. the density of a
defined antigen to the number of immunogold particles.
In other words. we can estimate the efficiency of la-
belling in three different cellular locations. Preliminary
estimates show that. in all three compartments. there
is at least 10o/d'- efficiency. i.e. 10 gold particles per 100
antigen molecules.

The applications part of our work can be divided into a

34

variety of minor projects and one major project. Of the
minor ones. three were especially fruitful. The first was
to localize the docking protein exclusively to rough ER
membranes in rat liver. in collaboration with the Meyer
group (Hortsch et al.. in preparation). The second. in
collaboration with the Warren group. was to show that
a plasma membrane protein was blocked in its site
of synthesis. the ER. during mitosis (Featherstone et
al.. in preparation). The th ird involved an extensive
morphological study of the structure of the endosome
compartment. in collaboration with Ari Helenius's group
at Yale (Marsh et al.. 1985).

Our major project has involved a continued morpho-
logical characterization of the compartments of the
Golgi complex. In collaboration wtih the Simons group
we have shown that the intracellular transport of the
"G" membrane protein of vesicular stomatitis virus is
blocked in the trans Goigi cisterna at 200

( in baby ham-
ster kidney cells. The viral protein accumulates to such
an extent that it packs into regular cylindrical structures
and the total surface area of the compartment is greatly
increased. Within minutes of warming the cells to 32°(.
the G protein is transported efficiently to the surface
and the organization and size of the trans Golgi retic-
ulum is greatly reduced. Double-labelling experiments
indicate that the endosome compartment is not an
obligatory part of the export pathway. Further. our data
suggests that clathrin-coated vesicles are not the vehicle
by which these membrane proteins are transported to
the surface (Griffiths et al.. 1985).

Elaine Hughson has recently started to make an analo-
gous study in the Madin-Darby canine kidney cell since
it is likely that different plasma membrane proteins des-
tined for the basolateral or apical surfaces are actually
sorted in the trans Golgi compartment.
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Differentiation Programme

Introduction

With its restructuring in 1984, the Differentiation Pro-
gramme has gained further strength in its research
on growth regulation and differentiation in normal and
neoplastic cells. Ever since the recent discovery that
the viral sis oncogene is homologous to the platelet
derived growth factor (PDGF) gene and that the viral
erbB oncogene corresponds to epidermal growth factor
(EGF) receptor gene it has become evident that at
least some oncogenes can be considered as Jlout of
control lJ parts in the signaling system that regulates
cell growth. It is also clear that oncogenes may affect
the differentiation of cells from various lineages and it
is these two themes: the function of oncogenes and
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proto-oncogenes in cell growth and differentiation that
unifies the research efforts of several groups within the
Differentiation Programme.

Another major area that is being investigated with
the Programme is how gene expression is regulated at
a molecular level during differentiation and development
of mammalian cells. These processes are being analyzed
by the use of tissue culture systems and by the introduc-
tion of genes into mice. Research has also continued on
the regulation of gene expression in giant chromosomes
and on the structural and functional aspects of the insect
nervous system.



Viral oncogenes and haematopoietic cell differentiation

Members: T. Graf, H. Beug, P. Kahn

Fellows: R. Adkins*, I. Stanley*

Students: K. Damm*, A. Leutz

Visiting workers: L. Guilbert*, P. Vogt*

Technical assistants: C. Brady, G. Doderlein, S. Grieser, C. Walter

The main effort of the laboratory is aimed at elucidating
how growth and differentiation are regulated in nor-
mal and virally transformed haematopoietic cells. As
an experimental system we use chicken bone marrow
cells that can be transformed in vitro by a variety of
acute leukemia and sarcoma viruses (retroviruses that
contain host cell-derived oncogenes in their genome).
Such virus-transformed haematopoietic cells have the
advantage that they can be expanded into mass cultures
and that their requirements for growth and differentia-
tion can be studied in homogeneous cell populations.
All of the viruses that we presently study affect either
the erythroid differentiation lineage (with erythrocytes
at their end-stage) or the myelomonocytic lineage (with
macrophages at their end stage).

We have been working on the following topics:

Role of v-erbB in cell transformation

The oncogene v-erbB, which is responsible for both
erythroblast and fibroblast transformation, is carried
by avian retroviruses either as their only oncogene
(e.g., the AEV-H strain) or together with a second
oncogene, v-erbA (e.g., the AEV-ES4 strain). DNA
sequence analysis of the v-erbB gene recently led to the
finding that it shows extensive homology with portions
of the gene encoding the receptor for epidermal growth
factor (EGF) (Plate 8: Yamamoto et a!., 1983: Downard
et a!.. 1984), leading to the suggestion that the v-erbB
protein is a truncated form of the EGF receptor (see
Plate 8).

To study the mechanism by which the v-erbB gene
transforms haematopoietic cells, we compared the prop-
erties of v-erbB-transformed erythroid cells with those

of their untransformed counterparts, the erythroid pro-
genitor cells (CFU-E). Our results showed that v-erbB
induces erythroid cells to self-renew without blocking
their differentiation capacity. It also renders them in-
dependent of erythropoietin, a hormone required by
CFU-E cells for survival and for differentiation.

In collaboration with M.Hayman & J.Schmidt (ICRF,
London), we also investigated the importance of mem-
brane localization of the v-erbB protein for its. trans-
forming capacity. Previous studies indicated that the
v-erbB gene product is a 74kd plasma membrane gly-
coprotein which is accessible to antibodies at the cell
surface (Hayman et a!., 1983). Only a small fraction
of the v-erbB protein, however, is actually processed
completely and inserted into the plasma membrane
(Hayman & Beug. 1984a). Our data indicate that the
membrane form of v-erbB is probably the important one
for transformation, since: (1) maturation and insertion
into the membrane is thermolabile in AEV mutants
which carry a ts lesion in v-erbB (Beug & Hayman,.
1984): and (2) v-erbB molecules with incompletely
processed carbohydrate side chains, but which were
nonetheless still inserted into the membrane, retain
their transforming capacity (Schmidt et a!., 1985).

In another line of investigation we asked what cells
within the erythroid lineage are susceptible to trans-
formation by v-erbB. Using ts v-erbB-transformed ery-
throblasts which were irreversibly induced to differen-
tiate into erythrocytes by a. short pulse shift to the
nonpermissive temperature, we found that. the cells
reexpress gp74erbB at the cell su rface upon sh ift to the
permissive temperature but still continue to. differen-
tiate, suggesting that erythroid cells beyond a certain
level of maturation are insensitive to the transforming
signal of gp74erbB (Beug & Hayman, 1984).
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PLATE 8

Diagram of the EGF-receptor and its oncogenic version.
v-erbB. The v-erbB molecule lacks the extracellular
EGF-binding domain and also exhibits a deletion at
the C-terminal end. leading to removal of a tyrosine
autophosphorylation site (P).
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In a more recent project (carried out in collaboration
with B. Vennstrom) we analyzed newly generated trans-
forming viruses which have acquired differing length
segments of the c-erbB (EGF receptor) gene. Such
viruses can be obtained by injecting RAV-1 retroviruses
into the L-15 inbred chicken strain in which an ery-
throleukemia can be induced at high efficiencies. Studies
by others have shown that RAV-1 integrates 5' of the
first known exon of the c-erbB gene and thus leads to an
enhanced transcription of c-erbB-related mRNA (Fung
et al. 1983). Most of the leukemic erbB expressing
cells differentiate into erythrocyte-like normal erythroid
precursors (CFU-E). but do so independent of erythro-
poietin. A minority of the leukemic cells are also capable
of prolonged growth in vitro and have a phenotype
resembling that of erythroblasts transformed by v-erbB;
furthermore. they express v-erbB-related proteins which
are 5-10kd larger but otherwise very similar to the
gp74erbB protein encoded by AEV-ES4. Two of these
leukemias were found to contain the activated erbB gene
within a retrovirus-like element. while both genomic
c-erbB alleles are unmodified. These v-erbB-containing
retroviruses are infectious for chick embryo fibroblasts
but do not transform them. suggesting that the c-erbB
gene has not yet undergone all of the changes necessary
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for full transforming capacity. This system should be
useful to identify discrete steps by which the c-erbB
proto-oncogene is activated to a functional oncogene.
as well as to identify sequences associated with specific
functions of the activated erbB oncogene.

Other retroviral oncogenes which transform ery-
throid cells

In addition to v-erbB. we found that the v-src. v-fps and
v-yes oncogenes of avian sarcoma viruses. probably the
v-ets gene of E26 virus and a new oncogene contained
in the 513 virus strain all have the capacity to transform
erythroid cells. leading to a transformed phenotype very
similar to that induced by v-erbB (Kahn et al.. 1984;
Beug et al. in press). Erythroblasts transformed with
ts mutants of src- and fps-containing viruses. or with
a ts strain of 513. could be induced to differentiate
terminally in an erythropoietin-independent fashion very
similar to ts v-erbB-infected cells (Kahn et al. 1984).
We hope to exploit the fact that different oncogenes
induce very Isimilar phenotypes in infected erythroid
precursors. as well as the availability of suitable ts
lesions in these oncogenes. to elucidate common crucial
steps in oncogene-induced erythroblast transformation.



(ooperativity between v-erbA and v-erbBJsrc-type
oncogenes in erythroid cells

Another major project in our group concerns the func-
tion of the v-erbA oncogene which. as found in earlier
studies. does not have detectable transforming capacity.
However. a comparison of erythroid cells transformed
by v-erbB to those transformed with both v-erbA
and v-erbB suggests that v-erbA acts as an auxiliary
gene by enhancing transformed phenotype of v-erbB-
transformed erythroblasts. The double-infected cells are
totally blocked in their capacity to differentiate and
also show a reduced stringency in their growth medium
requirements in vitro (see below).

We have used the following approaches to the problem
of identifying the function (s) of the v-erbA gene prod-
uct.

First. we have attempted to exploit the differences in
growth medium requirements between v-erbB- and v-
erbA plus v-erbB-transformed erythroblasts to provide
possible clues at the biochemical level. Erythroblasts
transformed by viruses containing both v-erbA and
v-erbB grow in standard culture media. whereas cul-
tivation of erythroblasts transformed by v-erbB alone
or by another of the erythroid transforming oncogenes
require more complex culture conditions similar to those
which support growth and differentiation of normal
erythroid precursors (CFU-E). In trials to define further
which specific components of this complex medium
are essential for the growth of v-erbB-transformed ery-
throblasts, we found that these cells require an alkaline
pH and low Na+ ion concentration, whereas erythrob-
lasts transformed by both v- erbB and v-erbA proliferate
under a wide range of pH and ionic strength values.
These results suggest that v-erbA affects the cells ion
transport or metabolism. a possibility which we are
presently testing.

Second. we have examined the ability of v-erbA to
cooperate with erythroid-transforming oncogenes other
than v-erbB. Using a retroviral construct containing the
v-erbA and v-src oncogenes (developed in the labora-
tory of B. Vennstrom) we found that v-erbA is able to
cooperate with v-src in a manner similar to its coopera-
tivity with v-erbB: v-erbA/v-src-transformed erythrob-
lasts resemble v-erbA/v-erbB erythroblasts in that they
are completely arrested at an early stage of differentia-
tion and grow in standard growth medium. In addition,
some of the chicks infected with the v-erbA/v-src virus
rapidly develop a massive. acute erythroblastosis in
contrast to animals injected with v-src virus only. These
results demonstrate that v-erbA can cooperate with
two related. but structurally and functionally different
oncogenes and that it can actually shift the pathogenic
spectrum of a sarcoma virus into that of a leukemia
virus. We will extend these studies to ask with what
other oncogenes v-erbA can cooperate, as well as to
investigate whether this cooperativity results from a
direct interaction between the two oncogene products.

Purification and characterization of cMGF

Our earlier studies revealed that the proliferation of
haematopoietic cells transformed by mylr and myc-
containing viruses are dependent on a growth factor.
This growth factor, termed chicken myelomonocytic
growth factor (cMGF) was initially derived from lectin-
treated spleen cells and in more recent studies from a
transformed chicken macrophage cell line (Leutz et al,
1984). cMGF obtained from the cell line was purified to
homogeneity and used to prepare antibodies in rabbits.
The factor has an apparent MW of 28kd. is glycosy-
lated. consists of a single peptide with intramolecular
disulfide bonds and acts at a half maximal concentration
of 2x10- 12M. It resembles mouse GM-CSF in that
it stimulates the production of macrophage-type (and
probably granulocyte-type colonies) in normal bone
marrow (Leutz et al, 1984). Efforts are underway to
clone the encoding gene to study its structure and
regulation.

Temperature-sensitive mutants of E26 leukemia
virus

The E26 leukemia virus is a unique leukemia virus
strain in that it affects both the erythroid and myeloid
lineages of differentiation and in that it contains two
different oncogenes. v-myb and v-ets. We have isolated
a number of E26 virus mutants that are temperature-
sensitive (ts) for transformation (Beug et al. 1984).
Myeloid cells transformed at the permissive temperature
and shifted to the nonpermissive temperature differ-
entiate into macrophage-like cells within 4 to 6 days
(Plate 9). The cells do not only acquire morphologi-
cal and antigenic markers but also express functional
markers of macrophage differentiation. thus providing
a novel system to study terminal differentiation. The
E26 mutants selected for their temperature-sensitivity
in myeloid cells are not thermolabile in their ability to
transform erythroblasts and fibroblasts. suggesting that
the mutation resides in the v-myb and not in the v-ets
oncogene (Beug et al. 1984).

Another interesting aspect of this system is the finding
that E26-transformed myeloid cells are dependent on
myeloid specific growth factor(s). As tsE26- transform-
ed cells are induced to differentiate. they stop proliferat-
ing. loose their factor-dependence and start producing
growth factor. With the antibodies described in the
previous section we could demonstrate that the factor
produced corresponds to cMGF (Beug et al, 1984).
Thus, during terminal differentiation of macrophages a
specific growth factor capable of supporting growth and
differentiation of myeloid precursor cells is activated.

Induction of growth factor independence by v-src-
type oncogenes in v-myb and v-myc-transformed
myeloid cells

An alternative way of inducing cMGF production in
E26-transformed myeloid cells is to superinfect them
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PLATE 9

Myeloblasts transformed with tsE26 virus kept at the
permissive temperature (left side) or shifted to non-
permissive temperature (right side) for 5 days.

36°C

with viruses carrying either the v-src oncogene or a
closely related oncogene such as v-erbB or v- fps. The
cells become factor-independent for growth and begin
to secrete a growth factor activity that can be neu-
tralized with antibodies to cMGF. Since the growth
of the doubly infected cells can also be directly in-
hibited by cMGF antibodies. this indicates that v-
src-type oncogenes induce an autocrine type mecha-
nism of growth in these cells (Adkins et al. 1984). A
similar situation is seen in macrophages transformed
with v-myc-containing viruses: Again. the cells become
independent of cMGF for growth when superinfected
with src-related oncogenes such as v-erbB or v-fps. In
this case. however. the v-src gene itself is ineffective
(Adkins et al. 1984). A natural example of this type of
oncogene cooperativity is represented by the MH2 virus.
a strain which encodes both v-myc and the src-related
v-mil oncogene. Macrophages transformed with this
virus differ from those transformed with v-myc only
in that they are cMGF-independent and also produce
the factor. That the v-mil gene is indeed responsible
for cMGF induction in MH2 transformed macrophages
could be shown with mutants lacking the v-mil gene
(provided by D. Stehelin. Lille. & K. Bister. Berlin). Mu-
tant transformed macrophages resemble macrophages
transformed by other virus strains containing v-myc
only in that they require cMGF for growth. Furthermore.
a mutant lacking the v-myc gene but containing an
intact v-mil gene (obtained from G. Calothy. Orsay)
can no longer transform bone marrow cells but can
induce cMGF-independence in mil- MH2-transformed
macrophages. In addition. in contrast to wild type MH2.
which efficiently induces macrophage tumors. the mil-
MH2-mutant is only weakly pathogenic. These results
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indicate that the v-myc gene of MH2 encodes the
macrophage-transforming capacity of the virus and that
the v-mil gene acts as an auxiliary gene that makes
the transformed cells autonomous of growth factors
provided by the animal.
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Function of cellular oncogenes

Member: R. MUlier

Fellow: B. Verrier

Students: T. Jenuwein, H. Molders, M. Neuberg*

Technical assistants: J. Defesche, C. KrUger*, D. MUlier

The studies performed in our group are concerned with
three aspects: The normal function of the c-fos proto-
oncogene; the role of the fos oncogene in neoplastic
transformation; and the identification and isolation of
novel cellular oncogenes. The first project examines
mainly two questions: In which cell types and un-
der which conditions (e.g.. differentiation. proliferation)
does expression of c- fos normally occur? What is the
biological effect of exogenous c- fos genes expressed in
different cell types? For the second project we have uti-
lized fos genes in structurally different forms in various
transformation assays to study which parameters can
be induced or promoted by the fos oncogene. The third
project is concerned with the establishment of a new
technique for the identification of cellular oncogenes.
As already reported last year our approach led to the
detection of a c-raf oncogene (among other unknown
genes). which we have isolated and structurally ana-
lyzed to understand the mechanism of its oncogenic
activation.

Function of the c-fos proto-oncogene in differentia-
tion and growth control

Expression of the endogenous c-fos gene: Correlation
with differentiation

Although in most normal cells expression of the c-
fos proto-oncogene is barely detectable. two types of
tissues contain very high levels of c-fos mRNA and
protein: The freta I membranes (i.e .. amnion and yolk
sac) and haematopoietic tissues (i.e .. early freta I liver
and bone marrow). Our studies have shown that c-fos
expression in several different lineages is associated
with differentiation processes. Thus. c-fos expression in
both yolk sac and amnion was found to increase at late
stages of prenatal development. i.e .. as cellular differen-
tiation in these tissues proceeds. In addition. induction
of monomyelocytic precursor cells to differentiate into
macrophage-like cells led to a significant increase in c-
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fos expression. In agreement with this observation. c-fos
mRNA was readily detectable in mature primary mouse
macrophages. These studies will be extended to avian
haematopoietic differentiation systems (in collaboration
with H. Beug). For this purpose. we have recently
started to isolate the chicken c-fos gene homolog.

Differentiation of teratocarcinoma stem cells after
transfer of c-fos genes (collaboration with E. F. Wagner
& U. Ruther)

One approach for testing whether c-fos has a functional
role in differentiation processes is to transfer transcrip-
tionally active genes into various undifferentiated cell
types and to investigate the biological effects of the
exogenous gene products. In a first set of experiments.
we have used "nullipotent" F9 teratocarcinoma stem
cells as recipients for the introduction of c-fos genes.
F9 stem cells do not differentiate spontaneously in
culture. but can chemically be induced to endoderm-like
differentiation.

In F9 sfem cells. the level of c-fos expression is normally
very low. To analyze whether an increased expression
of the c-fos gene product affects the differentiation
state of these cells. either the human or the mouse
c-fos gene and a plasmid (pSV2-neo) containing a
bacterial neomycin resistance gene were co-transfected
into F9 stem cells. After selection in geneticin (G-
418)-containing medium for about 10 days. colonies of
greatly enlarged. flat cells growing in an epitheloid fash-
ion were detected in addition to normal stem cell clones.
No proliferative activity (as judged by clonal expansion)
could be detected after 10-12 days in selective medium
with the epitheloid cells. The fraction of morphologically
altered colonies was clearly dependent on the ratio
of c-fos/pSV2-neo DNA used for transfection (Table
1). indicating that the introduction of c-fos genes was
responsible for the observed morphological alteration of
F9 stem cells.



Table 1

Transfection of c-fos proto-oncogenes and pSV2-neo on F9 teratocarcinoma stem cells:
Quantitative evaluation

DNA Ratio c-fos:pSV2-neo Total number of Fraction of morpho-
(Mg) colonies logically altered

colonies (%)

human c-fos + pSV2-neo 10:10- >300 15

human c-fos + pSV2-neo 15:5 85 30

human c-fos + pSV2-neo 20:1 80 70

mouse c-fos + pSV2-neo 20:1 100 50

human c-fos cleaved in coding region 5:5 75 0
+ pSV2-neo

c-fos alone 10 0 0

pSV2-neo alone 5 75 0

To elucidate the nature of the morphologically altered
F9 cells. we analyzed the expression of a variety of dif-
ferentiation markers in these cells. The most dramatic
change observed was the appearance of an ordered

filament network in the altered F9 cells.
This network. which is entirely absent from normal F9
stem cells was recognized by two monoclonal antibodies
reacting with different intermediate filament compo-
nents: TROMA-1 (see cover picture of the Annual Re-
port 1984) and TROMA-3. These antibodies have both
been reported to bind to intermediate filament proteins
which are first detectable in tropho-ectodermal cells
of the blastocyst (Boller & Kemler 1983). In addition
to intermediate filaments. many of the morphologically
altered F9 cells showed expression of collagen type IV
fibers (which are absent from undifferentiated F9 stem
cells). Whether the c- fos- transfected F9 cells represent
a normal cell type that has not yet been identified or
whether an aberrant type of differentiation is triggered
by c-{os is unknown. Nevertheless. our findings provide
strong evidence that expression of exogenous c-fos
proto-oncogenes can promote a cellular differentiation
process. either by inducing differentiation in uncom-
mitted stem cells or by conferring on committed cells
present in the mass·population of F9 cells the ability to
pass through a predetermined differentiation pathway.

These studies have been extended by U. Ruther using
metallothionein promoter-c-fos constructs (see report
of E. Wagner's group).

Induction ofc-fos by growth factors (Collaboration with
R. Bravo. J. Burckhardt & T. Curran. Roche Research
Center. Nutley. New Jersey)

The oncogenic potential of c-fos suggests that it may
play a role in normal growth control. To test this
hypothesis we analyzed its expression in growth factor
stimulated cells. In these studies we also examined
expression of the c-myc gene which has previously
been reported to be activated in proliferating cells
(Kelly et al.. 1983). NIH3T3 cells were made quiescent
by serum-deprivation for 3 days and then stimulated
with 20% freta I calf serum (FCS) which leads to syn-
chronous cell cycle initiation. Using these conditions.
c-myc transcripts were found at significantly elevated
levels after 30 minutes of stimulation and reached max-
imum concentrations (i.e .. induction) in 60
minutes. The most dramatic change in proto-oncogene
expression was observed with c- fos. High levels of c- {os
mRNA were detectable as early as 10-15 minutes post-
treatment and expression was maximal (i.e.. >50-fold
induction) 30-45 minutes following FCS stimulation
(Table 2). These results demonstrate that the induc-
tion of c-fos clearly precedes the activation of c-myc
mRNA expression. Similar induction kinetics were ob-
tained with partially purified fibroblast growth factor
and platelet-derived growth factor. The induced c-{os
mRNA was found to be rapidly translated into nuclear
protein (Table 2) which was extensively modified as
judged by shifts in the molecular weight. Interestingly.
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most of these post-translational modifications are ab-
sent from transforming c- fos proteins and may therefore
reflect a regulatory mechanism of the cell to control the
transforming potential of the c-fos gene product.

Recently initiated projects include the identification of

genes that may be regulated by the fos gene product.
analysis of the biochemical pathway(s) that transduce
growth factor signals to the c-fos gene. identification
of DNA sequences that control c-fos expression. and
generation of new antisera and monoclonal antibodies
against fos.

Table 2

Quantitation of c-fos and c-myc expression in serum-stimulated NIH3T3 cells

Time after FCS stimulation Level of c-fos mRNAa),b) Level of c-fos proteina),c) Level of c-myc mRNAa),b)

0

5 min + +
10 min ++ N.D.

15 min +++ + (+)

30 min +++++ +++ ++

45 min +++++ ++++ +++

60 min ++++ ++++ ++++

90 min +++ ++++ ++++

2 hrs + N.D. +++

4 hrs ++ ++

20 hrs

N.D .. not done.

a) -. basal level in quiescent cells; each + indicates an approximately 2.5-fold increase in the level of expression; (+).
level only slightly elevated (i.e .. less than 2-fold).

b) Quantitation of Northern blot autoradiograms.

c) Estimated from immunofluorescence analyses.

Conclusions

Our findings suggest that c- fos expressing cells can
be divided into at least two categories: Cells (e.g.
fibroblasts) which show a strict regulation of c-fos
expression and in which c-fos may have a key role in the
control of cell proliferation. and cells (e.g.. amnion cells.
macrophages) which exhibit a more relaxed control of
c-fos expression and in which c-fos appears to have a
function in differentiation. It is thus possible that the
function of the c-fos gene product is associated with
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the transduction of nuclear signals which. depending on
the differentiated state of the cell. may affect regulatory
pathways either involved in the control of proliferation
or differentiation.

Role of the fos oncogene in neoplastic transforma-
tion

Recent analyses have suggested that two different onco-
genes are required in concert for the malignant conver-



sion of non-established rat cells. It has been proposed
that such genes belong to one of two different com-
plementation groups representing genes which either
induce cellular transformation (e.g.. H-ras) or genes
which trigger immortalization (e.g., mye, PyLT or E1a
sequence) (for review see Land et aI., 1983). More
recent analyses. however. suggest that under certain
conditions the same gene product may be able to
trigger both transformation and rescue from senescence
(5pandidos & Wilkie 1984).

We have chosen to study the fu nction of the fos
oncogene in the process of neoplastic transformation.
The fos oncogene has been detected in two different
mouse osteosarcoma viruses (for review see Muller
& Verma 1984): The FBJ murine osteosarcoma virus
(FBJ-Mu5V) and the FBR-Mu5V. The FBJ-Mu5V fos
gene product is expressed as a 55Kd nuclear protein
(p55) which lacks part of the carboxy-terminal se-
quences encoded by c-fos. The transforming protein
of FBR-Mu5V is expressed in form of a 75Kd gag-fos
fusion protein (p75 gag - los) which is truncated at both
the 5' and 3' ends compared to c-fos (Curran & Verma
1984: Van Beveren et aI., 1984). In addition, FBR-Mu5V
encoded fos protein differs in five amino-acids from p55.

We have analyzed the transforming potential of the fos
oncogene in non-established cultures of mouse connec-
tive tissue cells. Three major conclusions can be drawn:
(i) Expression of the fos oncogene can result in both
morphological transformation and tumorigenic conver-
sion of non-established mouse cells. (ii) The highly mu-
tated p75gag - los transforming protein of FBR-Mu5V
confers on cells the ability to escape crisis with a high
probability. The potential of fos to promote the rescue
from senescence seems to be correlated with its trans-
forming potential. (iii) Polyoma virus large T (PyLT)
protein can complement the transforming potential of
fos, apparently by an enhancing effect on fos-induced
transformation. It thus appears that there are two
mechanisms which can enhance the transforming po-
tential of {os: structural alterations or complementation
by another gene product.

In conclusion. the oncogenic action of the FBR-Mu5V
oncogene defies simple categorization. As a mutated
form of a normal gene with some transforming po-
tential. it exhibits properties of both transforming and
so-called "immortalizing" genes. This suggests that,
while the separation into these two categories may be
a useful operational definition, the two processes may
nevertheless be functionally related.

Our current work is concerned with the generation of
retroviruses that are temperature-sensitive for expres-
sion of functional fos protein. and with the identification
of structural alterations that enhance the transforming
potential of the fos oncogene (such as those ·in FBR-
M5V).

Identification of cellular oncogenes

In an attempt to establish a novel strategy for the iden-
tification of potential cellular oncogenes (c-one genes)
malignant cell lines were isolated after cotransfection
of normal NIH3T3 DNA and cloned Moloney leukemia
virus long terminal repeat (Mo-LTR) sequences onto
NIH3T3 recipient cells. Theoretically, such an approach
can lead to the induction of neoplastic transformation in
several ways, including (i) the transcriptional activation
of neighbouring genes, via the Mo-LTR promoter or
enhancer. (ii) block of gene transcription as a con-
sequence of Mo-LTR integration, (iii) transcriptional
activation of transfected mouse DNA sequences by
juxtaposition to cellular enhancers or promoters or (iv)
expression of structurally aberrant proteins from trun-
cated. rearranged or mutated DNA sequences. While
several of the neoplastic cell lines obtained by this
approach apparently contain activated oncogenes that
are different from 21 previously described c-one genes,
the transforming gene of one of these clones (designed
clone 51) was shown to be homologous to the murine
retroviral oncogene v-raf which in turn is homologous
to one of the two oncogenes transduced by the
avian leukemia virus MH2. The rafjmil oncogene has
thus been identified in three independent ways.

To clarify the mechanism of oncogene activation in
clone 51 we have isolated by molecular cloning the
Mo-LTR-c-raf complex and analyzed its structure and
expression. As shown by Southern blot and nucleotide
sequence analyses, the transfected Mo-LTR sequences
integrated into the 5th intron of the endogenous c-raf
proto-oncogene. This intragenic LTR insertion led to the
expression of high levels of LTR-U5-c-raf hybrid tran-
scripts indicating an initiation of transcription from the
Mo-LTR promoter. Transcriptional activation of c-raf
was accompanied by the synthesis of large amounts
of cytoplasmic c-raf protein. Immunoblot analysis sug-
gests that the products encoded by the LTR-activated
c-rafgene are truncated compared to normal c-rafpro-
tein.

Our results clearly show an LTR-mediated promoter in-
sertion mechanism of c-rafactivation. This observation
indicates that the induction of neoplastic transformation
by co-transfection of normal mouse DNA and retroviral
LTR sequences onto NIH3T3 cells is possible - albeit
with low efficiency. Our current work is now concerned
with the isolation of the other (unknown) c-one genes
detected by the same approach and to unravel the
mechanism of their activation.
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Roles of the myc- and erb-oncogenes in cell transformation

Member: B. Vennstrom

Student: F. v. Weizsacker

Visiting workers: L. Frykberg*, M. Jansson*

Technical assistants: K. Nordstrom, C. Raynoschek

We have been studying the roles of the myc- and
erbAjerbB-oncogenes in cell differentiation and control
of cell proliferation.

Myc

The myc-oncogene, when transduced by an avian retro-
virus, induces a wide variety of neoplasias in chickens,
and the virus transforms chicken embryo fibroblasts and
macrophages in vitro. Although the myc-oncogene is
also involved in tumorigenesis in mammals, in vitro
transformation of mammalian cells by myc failed in
several laboratories. To investigate further the capacity
of myc to transform mammalian cells, we constructed
a murine retrovirus (denoted MMCV) which carries
an avian viral v-myc-oncogene. The resulting virus ef-
ficiently transforms rodent fibroblasts of established
lines to anchorage independent growth, but the focus-
forming capacity of the virus in agar is low, providing
an explanation for some of the previously mentioned
difficulties in obtaining myc-induced transformation of
mammalian cells. MMCV was also found to trans-
form primary mouse macrophages and fibroblastic cells.
The results show that v-myc has similar transforming
properties in avian and mammalian cells, and that the
MMCV virus can be used as a tool 'for studying the
physiological role of myc in mammalian cells.

It has previously been demonstrated that c-myc tran-
scription is highly induced after stimulation of resting
cells with mitrogens, such as platelet-derived growth
factor (PDGF). Subsequent work employing a cell line

containing an in vitro constructed, glucocorticoid in-
ducible myc gene, showed that only a low percentage of
growth arrested cells underwent DNA synthesis upon
steroid hormone induction of myc. It was therefore
suggested that myc is only one of possibly several
essential mediators of the mitogenic response to PDGF
(Kelly et aI., 1984: Armelin et aI., 1984).

We have further investigated the role of myc in the
control of cell proliferation by examining the growth
factor requirements of MMCV transformed fibroblasts
for anchorage dependent and independent prolifera-
tion. The latter is the transformation parameter that
correlates best with tumorigenicity. Our results show
that growth factors of either the "competence" type
(PDGF and FGF), or the "progression" type (EGF)
are sufficient for supporting the propagation of the
myc transformed cells, but not the normal cells, in
monolayer cultures containing serum-free media. The
data suggest that myc lowers the growth factor require-
ments for anchorage dependent growth. Unexpectedly,
the myc transformed cells required plasma and PDGF
or FGF for anchorage independent growth, suggesting
that myc has only a partial transforming capacity, and
in addition growth factors are required to establish a
stable transformed phenotype. It is possible that the
cooperativity in tumorigenesis between myc and ras
observed by Land et al. (1983) rest on the capacity of
ras to induce autocrine growth factor production which
would complement with myc for expression of the stably
transformed phenotype. Experiments are under way to
test this possibility.
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Erb

We have begun to identify and characterize functional
domains of the EGF receptor gene. As a biological assay
we monitor fibroblast and erythroblast transformation
induced by avian erythroblastosis virus. strain ES4.
This virus encodes a v-erbB oncogene which represents
a truncated form of the EGF receptor gene. The v-erbB
protein lacks the amino-terminal ligand binding domain
and. in addition. 70 carboxy terminal amino-acids. In
a first series of experiments we have attempted to
define the role in transformation of the remaining 153
amino-acid long domain located after the tyrosine ki-
nase domain in v-erb. Analysis of in vitro constructed
mutants has demonstrated that v-erbB proteins with up
to 74 deleted amino-acids in the carboxy terminus could
transform both erythroblasts and fibroblasts. whereas
mutants with an additional 45 deleted amino-acids
only transformed fibroblasts. Finally. if a total of 129
amino-acids were deleted. the transforming capacity of
v-erbB was abolished. The results indicate that the
carboxy terminal domain of v-erb is essential for trans-
forming activity and also suggest that v-erbB exerts
its transforming activity differentially in fibroblasts and
erythroblasts: possibly different mechanisms are
for mitogenic signal transmission by v-erbB in the two
types of cells.
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Gene regulation in mammalian development and differentiation

Members: E.F. Wagner, C.L. Stewart*

Fellow: U. RUther

Student: C. Boulter*

Technical assistant: M. Vanek

The aim of the program is to analyze the regulation of
gene expression as it occurs in normal mammalian de-
velopment and in stem cell differentiation. Gene transfer
techniques are being utilized as a powerful tool for gene
expression studies in four experimental systems. In one
of these approaches, recombinant genes are introduced
into the genome of mice at the outset of embryonic life
by microinjection of cloned DNA into fertilized eggs and
by infection of early embryos with recombinant retro-
viruses. Another strategy uses embryonic stem cells
either derived from embryo carcinomas (EC) or directly
from normal embryos (EK). which can be transfected
with recombinant DNA or infected with retroviruses.
Genetically altered stem cells can then be introduced
into mouse embryos for analyzing gene expression in
vivo. The fourth experimental system depends upon the
well-characterized haemopoietic cells for differentiation
studies and uses recombinant retroviruses for infection
of murine bone marrow cells. The specific aims of these
approaches are to analyze cell-type specific gene expres-
sion. to assay for gene function in vivo. to study the
genetic control of malignancy and to test the feasibility
of correcting a genetic defect through gene transfer.
The four systems presently used in the laboratory for
introducing genes into mice are outlined in Plate 10.

Transfer of cloned genes into mice by microinjec-
tion into the zygote

Recombinant DNA can be stably introduced into the
germ line of mice by microinjection into a pronucleus of
the fertilized egg. This approach has recently been suc-
cessfully utilized to test tissue-specific gene expression
using recombinant vectors containing .. enhancer ele-
ments" linked to marker genes such as CAT. In addition.
the c- fos proto-oncogene combined with the inducible
human metallothionein promoter is being introduced
into mice to assay for the function of the c-fos protein.
To date several mice carrying vector DNA have been
identified. However. as yet no analysis for expression
has been undertaken.

Infection of established EC cell lines with recombi-
nant retroviruses

Retroviruses integrate extremely efficiently into host
cell chromosomes. However. the expression of retroviral
genomes after infection of EC cells and of early mouse
embryos is usually restricted; in contrast differentiated
cells and post-implantation embryos are permissive for
virus expression. Recombinant retroviral vectors are be-
ing used to study this switch in the control of retrovirus
expression and to use them as vehicles to introduce and
express genes efficiently in embryonic stem cells and
mice.

Two different sets of selectable retroviral vectors have
been used to introduce and express genes in EC cells fol-
lowing virus infection. The first set consisted of strictly
viral regulatory elements (promoters. splice sites. etc.)
to express selectable and nonselectable genes in EC
cells. Overall. a frequency of 10-3 (0.1%) neoR clones
was obtained under selectable conditions on some EC
cell lines and a large reduction in the expression of genes
when under the control of the LTR was found in EC
cells compared to NIH 3T3 cells. The second set of
vectors contained the selectable neo gene linked to the
thymidine kinase (TK) promoter and a viral one-gene
(v-mye) expressable from the LTR. 10-100% of infected
EC cells gave rise to neoR colonies and similar levels of
expression were obtained from the internal TK promoter
in both the non-permissive EC and the permissive NIH
3T3 cells. (This project is carried out in collaboration
with E. Gilboa, Princeton Univ. and B. Vennstrom.
EMBL).

Gene expression studies in chimaeric mice

An alternative approach to introducing genes into mice
is to use embryonic stem cells. i.e. EC or EK cells. These
cells can be manipulated in vitro and the altered cells
can then be reintroduced into mouse embryos to form
chimaeras. The advantage of this method is that it
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potentially allows the mouse genome to be altered
by all methods currently available to the somatic cell
geneticist. Secondly. the recent discovery of EK cells
has stimulated interest in this approach because these
cell lines can form germ line chimaeras at quite a high
frequency.

We have infected EC and EK cell lines with retroviral
vectors carrying dominant selectable markers as well as
other genes such as the v-myc oncogene. A number of
clones have been isolated after infection and selection
and a number of chimaeric mice have been produced
from these clones. Analysis of chimaeric tissues from
these individuals have shown that genes whose expres-
sion is under the control of the retroviral LTR can be
expressed in all tissues analyzed. We are also currently
investigating a number of mice for the expression of the
v-myc oncogene in chimaeric tissues.

In parallel. preimplantation embryos have been directly
infected with some of these vectors. It appears from
preliminary data that germ-line transmission of vector
DNA using this method can occur.

In addition to these experiments we have produced
our own EK cells from explanted embryos. One of
these lines has been particularly successful at forming
chimaeras and these are being test-mated to see if the
EK cells have formed functional gametes.
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The approach of using EK cells should allow the pre-
selection of cell clones in vitro carrying genes under the
control of various regulatory elements. These clones
can then be reintroduced into embryos. enabling in-
vestigation of the effect of these genes on embryo
differentiation. as well as the effect of differentiation
on the expression of these genes. This will therefore
be particularly useful for studying the role that proto-
oncogenes have in early development and in the onset
of the malignant state in vivo.

Gene transfer into bone marrow cells by retrovirus
infection

Pluripotent stem cells of the haemopoietic system are
well-characterized cells suitable for gene transfer ex-
periments. These cells. found in adult bone marrow.
can be manipulated in vitro and then transferred to
haemopoietically deficient hosts where they are able to
generate cells of both the myeloid and lymphoid lineage.

Gene transfer into bone marrow cells by conventional
techniques like DNA transfection. microinjection etc.
has been unsuccessful. In collaboration with G. Keller
from the Basel Institute of Immunology. we have been
able to introduce and express in infected bone mar-
row cultures the selectable neo gene as well as a
non-selectable gene. the v-myc oncogene. In addition.
expression of neo specific RNA and protein was found



in various haemopoietic cell types of the myeloid and
lymphoid lineage in reconstituted mice. Furthermore.
experiments are in progress using the proviral integra-
tion sites as a marker for the clonal history of certain cell
compartments. These experiments provide new insights
into the biology of haemopoietic stem cell differentiation
and might allow us to determine and characterize the
primitive stem cell capable of giving rise to both myeloid
and lymphoid cells.

Functional role of proto-oncogenes in differentia-
tion and development

Established EC cell lines such as F9. Pi9 and PCi3
can be induced by chemicals to differentiate in vitro
into certain cell types. In collaboration with R. Muller
we asked whether expression of exogenous cellular
oncogenes (c-onc) following transfection into such cells
might exert a biological effect.

For this approach. we chose initially the c-fos gene.
which has been suggested to have a function in differ-
entiation processes. since its expression in both freta I
membranes and haemopoietic cells is correlated with
differentiation. We found that introducing the normal
mouse or human c-fos gene into undifferentiated F9 EC
cells resulted in the appearance of cell colonies that are
morphologically different from the stem cells (Muller &
Wagner. 1984). A distinct set of differentiation markers
was found to be expressed in these c-fos transformed
cells. which was different from the pattern observed in
retinoic acid induced F9 cells.

To investigate the mechanism of c-fos promoted dif-
ferentiation in greater detail. recombinant vectors con-
taining the c-fos coding region under the control of
the inducible human metallothionein promoter were
constructed and clonal lines of F9 cells carrying these
constructs were analyzed. Most of the lines were able

to induce c-fos expression following treatment with
CdCI2 . although constitutive expression of c-fos was
also found. Only a fraction of the clonal cells showed
a differentiated phenotype irrespective of the level of
c-fos expression. This suggests that c-fos alone is not
sufficient for the induction of differentiation in EC cells
in vitro and that additional events are required.

Experiments analogous to c- fos induction of differen-
tiation have been performed with normal and the ac-
tivated c-ras genes and similar results concerning the
appearance of differentiated cells have been obtained.
By transferring some of these gene constructs into mice
by microinjection of fertilized eggs we will analyze the
function of c-onc gene products in differentiation and
development in vivo.
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Cell proliferation and growth factors in mammalian cells

Members: R. Bravo, J. Burckhardt

Visiting workers: H. BIUthmann*, L. Carrasco*

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

The identification of proteins that are preferentially syn-
thesized in proliferating cells is essential for understand-
ing the mechanism(s) underlying growth regulation and
cellular transformation. The acidic nuclear protein cyclin
(MW 60Kd) is a potential candidate since its synthesis
correlates directly with the proliferative state of the
cell and it has been identified in several human. mouse
and hamster cells (review by Celis et al.. 1984). We
have been studying a possible correlation between the
changes in cyclin synthesis and DNA replication induced
by growth factors or serum in the human epidermal
carcinoma cells A431 and in mouse 3T3 cells.

Effect of epidermal growth factor on A431 cell
proliferation and cyclin synthesis

Although epidermal growth factor (EGF) is a potent
mitogen for a number of cell types in culture. it inhibits
proliferation of A431 cells in a dose-dependent manner.
EGF has a significant effect on A431 proliferation at
concentrations higher than 1 ng/ml: at 100 ng/ml it
inhibits A431 cell growth by 70-80% (Plate 11: Bravo.
1984b. c). As cyclin synthesis has been shown to
correlate with cell proliferation. we found it important to
determine whether the amount of this protein changed
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PLATE 11

Effect of different concentrations of EGF on cyclin
synthesis and cell proliferation in A431 cells (.) and
clone 16 (0). Data represent the percentage of cells
per dish for each concentration of EGF compared to
control dishes without EGF. Cells were counted at day
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6. For the analysis of cyclin. cells were grown in the
presence of EGF at the concentrations indicated for 5
days before labelling. Cells were labelled for 16 hrs with
[35S]-methionine in the presence of EGF.



PLATE 12

Induction of cyclin and DNA synthesis in quiescent
mouse 3T3 cells stimulated with different concentra-
tions of FCS (.) or PPP (0) Cells were labelled for 24
hrs with 1 /-lCijml of [3H]-thymidine and processed for
autoradiography according to standard methods. About

500 cells were counted in each case in duplicate. The
data of cyclin are given as the fold increase in synthesis
in stimulated cells compared with non-stimulated qui-
escent cells.
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in A431 cells when treated with EGF. Cells were grown
in the presence of different concentrations of EGF be-
fore being labelled with [35S]-methionine. The labelled
polypeptides were analyzed by 20 gel electrophoresis
(Bravo. 1984a.b.c) The quantitative analysis of these
results is shown in Plate 11. A good correlation was
found between the levels of cyclin and cell proliferation
at all doses of EGF used.

Cyclin synthesis is not affected in A431 cells resis-
tant to the EGF growth inhibitory effect

To study in more detail the correlation between cyclin
synthesis and cell proliferation in A431 cells we analyzed
the effect of EGF on cyclin synthesis in clones resistant
to the EGF growth inhibitory effect (Bravo. 1984c). The
response to different concentrations of EGF (1 pgjml
to 100 ngjml) on cell growth and cyclin synthesis in
one of these clones. clone 16. is shown in Plate 11.
Clearly. the growth properties and cyclin synthesis of
clone 16 are not affected by EGF. However. this clone
exhibits identical changes in cell morphology and actin
distribution to those observed in the parental A431 cells
after treatment with EGF

Correlation of cyclin synthesis and DNA replication
in serum-stimulated quiescent mouse 3T3 cells

Since induction of cyclin parallels induction of DNA
synthesis in serum-stimulated quiescent mouse 3T3
cells (Bravo. 1984d) we decided to determine whether
cyclin induction followed a dose response similar to that
of DNA synthesis (Plate 12). For this. quiescent cells
were stimulated for 22 hrs with different concentrations
of serum. labelled for 2 hrs with [35S]-methionine and
the proteins separated by 20 gel electrophoresis. The
quantitative analysis of these results is shown in Plate
12. Cyclin synthesis was induced slightly by 0.5% serum
and reached a maximum with 5% serum This repre-
sents a 6-7 fold increase compared to quiescent cells.
The results show that cyclin induction and DNA syn-
thesis are closely related in serum-stimulated quiescent
3T3 cells.

When platelet-poor plasma (PPP) was used instead
of serum to stimulate the cells. cyclin synthesis was
induced only slightly (Plate 12). This correlates with the
fact that the capacity of PPP to induce DNA synthesis
is greatly diminished (Plate 12). We have also found
that a maximal induction of cyclin is observed only
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PLATE 13

Induction of cyclin synthesis in quiescent mouse 3T3
cells stimulated with different concentrations of pure
PDGF. Cells were labelled for 24 hrs with 1 J.lCi/ml of
[3H]-thymidine.
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if the quiescent cells are exposed to serum for 12 hrs or
more. These results again are similar to those obtained
for the induction of DNA synthesis.

Growth factors induce cyclin synthesis in quiescent
cells

As growth factors stimulate DNA synthesis in cultures
of quiescent cells in a concentration dependent man-
ner, we determined whether the growth factors also
induce cyclin synthesis. Our results demonstrate that
semi-purified platelet derived growth factor (PDGF)
or fibroblast growth factor (FGF) at 100 ng/ml can
induce cyclin synthesis 6-7 fold, similar to 10% serum.
Autoradiographic analysis showed that at this concen-
tration of growth factor 80-90% of the cells presented
labelled nuclei. Other growth factors, like insulin, hy-
drocortisone and prostaglandin 20:'. which do not induce
DNA synthesis in these cells, failed to stimulate cyclin
synthesis. Similar experiments were done with pure
PDGF to eliminate the possibility that contaminants
were inducing cyclin synthesis. As shown in Plate 13. a
good correlation could be found between the induction
of cyclin synthesis and DNA replication. A detailed
study of the kinetics of induction of cyclin by PDGF
revealed that an increase in synthesis occurs after 8-10
hrs of PDGF treatment. reaching a maximum at 16-18
hrs (Bravo & Macdonald-Bravo. 1984) This induction
shortly precedes DNA synthesis
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Induction of proto-oncogenes by serum and growth
factors in quiescent 3T3 cells

In collaboration with R. Muller (EMBL) and T. Cur-
ran (Hoffmann-LaRoche. New Jersey) we have studied
the effect of serum and other growth factors on the
induction of proto-oncogenes in quiescent 3T3 cells.
The results obtained so far indicate that stimulation
of quiescent cells with serum, FGF or PDGF leads
to a dramatic induction of both c-fos mRNA and fos
protein expression which is followed by an increase in
the level of c-myc RNA. The expression of c-fos reaches
a maximum 30 min after stimulation and disappears
completely 2 hrs later. c-myc however reaches its maxi-
mum at 60-90 min and decreases after 2-3 h. fos-protein
is no longer detectable by immunofluorescence after
4 h. An interesting observation was that c-fos and
c-myc RNA can be super-induced when cycloheximide
is present. suggesting that induction of c-fos and c-myc
mRNA is a primary and direct consequence of the
growth factor-receptor interaction and that an unstable
protein(s) exists which is involved in the rapid degrada-
tion of both mRNA's after induction. Experiments are
now in progress to characterize the expression of these
proto-oncogenes during the cell cycle.
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Molecular mechanisms of eukaryotic gene expression

Member: P. Charnay*

Fellow: S. Bosze*

Technical assistant: L. Henry*

The regulation of human globin gene expression and
in particular the switch which occurs around birth from
fretal,- to adult ,B-globin gene expression has attracted
much attention: their understanding might indeed pro-
vide. in addition to important clinical applications. a
useful model for eukaryotic gene regulation. The human
globin gene family is organized in two clusters con-
taining 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: its
expression is restricted to erythroid cells: and. normally.
there is always a balanced expression of a-like and
,B-like globin genes. The molecular characterization of
wild-type and mutant globin genes. as well as that of
the corresponding polypeptides. has provided a body of
information not available for any other eukaryotic gene
system. Furthermore. different cell lines are available.
which mimic some aspects of erythroid cell differentia-
tion.

Our approach to analyze globin gene regulation involves
the following steps: i) the introduction of the cloned
genes into cells in culture or into mice and the anal-
ysis of their expression: ii) the definition by means of
reverse genetics of the cis-acting sequences necessary
for appropriate regulation of gene expression: iii) the
purification of the trans-acting factors involved in this
regulation. We are currently applying this approach to
two aspects of globin gene expression: the regulation of
a-globin gene expression and the differential expression
of ,- and ,B-globin genes. Ultimately. we would like to
understand the molecular basis of erythroid cell-specific
gene expression. of a- and ,B-globin gene coordinate
expression and of differential gene activation within
each cluster.

Regulation of a-globin gene expression

It has been shown that human ,B-globin genes intro-
duced into mouse erythroleukemia (MEL) cells by DNA
mediated gene transfer (DMGT) are correctly regulated
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during dimethylsulfoxide induced erythroid cell differen-
tiation (Chao et al.. 1983: Wright et al.. 1983). Human
a-globin genes introduced into MEL cells by chromo-
some mediated gene transfer are also appropriately
regulated. In contrast. we have found that cloned human
a-globin genes introduced into MEL cells by DMGT are
not regulated and are expressed constitutively at a high
level (Cha rnay et al.. 1984). Th is situation prevents the
analysis of the potential cis-acting DNA sequences in-
volved in a-globin gene regulation. We are investigating
the possibility that the introduction of cloned a-globin
genes into MEL cells by means other than DMGT
might preserve the regulation of the expression of the
gene. Retroviral vectors have been developed recently
which can be used- to transfer cloned genes into cells
efficiently. We are currently using one of these vectors
to introduce the human a-1-globin gene into MEL cells.
If the a-globin gene is regulated under these conditions.
this will not only allow the analysis of the a-globin gene
cis-acting regulatory sequences. but also indicate that
the retroviral approach might be useful for studying the
expression of other genes behaving like the a-globin
gene.

Regulation of ,- and ,B-globin gene expression

In MEL cells. globin gene expression is restricted to
the adult genes. thus reflecting the situation in adult
erythroid cells. In contrast. in the human erythroid
cell lines K562 and HEL. the pattern of globin gene
expression resembles that of the early freta I period: the
f- and ,-globin genes are active. while ,B-globin gene
expression is not detectable. The analysis of globin
gene expression in these erythroid cell lines is thus
likely to reveal some information on the mechanism of
differential ,- and ,B-globin gene expression.

As mentioned above. correct regulation of human ,B-
globin gene expression is obtained following transfer
of the cloned gene into MEL cells (Chao et a/.. 1983:
Wright et al.. 1983). Furthermore. this type of approach



has allowed partial localization of cis-acting DNA se-
quences necessary for the regulation (Charnay et a!.
1984: Wright et a!., 1984). We are now conducting
a similar analysis with the human A-i-globin gene.
A modified i-globin gene has been constructed and
the transcripts can be distinguished from endogenous
i-globin transcripts by 51 nuclease mapping. This gene
will be introduced together with the j3-globin gene into
HEL cells and MEL cells, using both retroviral vectors
and transient expression procedures. The observation
of a differential pattern of expression of the two cloned
genes in these cell lines would suggest that each cell line
contains trans-acting factors responsible for the specific
expression of one of the genes and that the DNA frag-
ments introduced carry cis-acting sequences sufficient
for the manifestation of this differential expression.

We plan to pursue these experiments further in two
directions: i) the analysis of the DNA sequences neces-
sary for efficient expression of the i-globin gene in HEL
cells: ii) the direct demonstration of the existence of
factor( s) requ ired specifically for j3-globin gene expres-
sion. Here, we will attempt to restore j3-globin gene
expression in HEL cells by microinjection of extracts
from DMSO-induced MEL cells.

Finally, the analysis of the expression of cloned genes
transferred into cells in culture might not give access to
all the levels of regulation to which they are subjected
during development (see Charnay et a!., 1984). The
analysis of such additional mechanisms of regulation
might require the introduction of the genes into mice.

Thus, we plan to introduce retroviral constructs carry-
ing the human globin genes into mouse haematopoietic
stem cells which will then be reimplanted into irradiated
mice.
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Coordinate regulation in the Balbiani ring gene family; nucleic acid hybridization studies

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

Fellows: M. Bona*, H. Saiga

Students: A.v. Brunn*, R. Galler

Visiting workers: J.C. de Almeida*, M.J. Carmona*, S.T. Warren*

Technical assistants: H. Kluding, C. Kurz

Balbiani ring genes

The Balbiani ring (BR) gene family comprises a co-
ordinately regulated group of genes coding for giant
secretory proteins in the Chironomus salivary gland.
During normal conditions BR1 and BR2 are active.
coding for sp-Ia and sp-Ib. During phosphate starvation.
the synthesis of sp-Ib is shut off and sp-Ia is produced in
reduced quantities. In parallel. a new BR appears. BR6.
and a new giant secretory protein. sp-Ic. which alone
may account for more than half of the total incorpora-
tion of radioactive methionine into all cellular proteins.
The normal components. sp-Ia and sp-Ib. are heavily
phosphorylated and the normal export of phosphate
is considerable with these proteins. The sp-Ic. how-
ever. is not measurably phosphorylated and the switch
from phosphorylated to non-phosphorylated secretory
proteins permits animals to secrete and develop also
without access to phosphate in the food (Galler et al..
1984).

.Where is this gene switch controlled? The results
described above could argue for a rather direct link
between the translatory events and the physiological
situation. Thoughts in this direction were supported
by the finding that the sp-Ia and sp-Ib phosphoryla-
tion. in contrast to other known protein phosphylation.
occurs largely or exclusively during translation. in the
polysomes (Galler & Edstrom. 1984).

During 1984. measurements of BR1. BR2 and BR6
mRNA quantities have been made in salivary gland ex-
tracts. The results have shown that the switch between
different sp-I components is not directly related to the
mRNA quantities in the polysomes. Thus BR1 and BR2
mRNAs. although present in the polysomes. are very
inefficient templates for sp-Ia and sp-Ib during phos-
phate starvation. The results suggest that elongation is
arrested for phosphorylated nascent polypeptides: the
polysomes are "frozen".
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At the BR-Ievel there are simultaneous changes in
BR transcription. BR2 disappears as a puff when the
production of sp-Ib ceases. BR1. however. expands
and transcribes more intensely when sp-Ia synthesis
decreases. The sp-Ic and BR6 appear more or less in
parallel.

Considering the evidence for control at the level of
translation. it becomes of interest to learn whether
there are specific co-translated signals from this level.
controlling the activity of the individual BR. In the case
of sp-Ib, we expect a positively acting feed-back. for
sp-Ia a negatively acting retrograde control.

Miller spreads of sp-I forming polysomes show the pres-
ence of 2-4 ribosomes without visible nascent chains
at the base of the Christmas tree, 3' distal to the
largest visible nascent polypeptide chains (Francke et
al.. 1982). The ribosomes in this distal group are ar-
rested by cycloheximide (like the others). They might
therefore lie in a part of the translation unit from which
the giant secretory protein is cut off before translation
has reached the stop signal. This small number of
ribosomes would correspond to a polypeptide of the
order of 100 amino-acids. The 3' end of the BR1 gene
has now been cDNA cloned and sequenced up to the
poly(A) tail. A region of 110 code-words preceding the
stop codon differs significantly from sequences in the
5' direction which have by and large sp-I character
(repetitive parts, high content of code words for polar
and charged amino-acids). The 3' terminal region is now
being expressed in E. coli (Stanley & Luzio, 1984) for
antibody production and Western blotting of salivary
gland proteins. Since clones representing the 5' end of
BR1 and its flanking parts have been obtained during
the year, it is now possible to test the feed-back control
hypothesis.



Non isotopic nucleic acid probes

Two technical improvements for hybridization with
enzyme-labeled nucleic acid probes have been worked
out: (a) a modification in the procedure for probe
construction leads to a very high signal:background
ratio; (b) by applying immunological sandwich methods
the sensitivity is increased about tenfold. The limit of
detection of a 1 kb long DNA fragment immobilized on
a nitrocellulose membrane is in the 0.1-0.5 pg range.
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Mammalian developmental genetics

Members: A.M. Frischauf, H. Lehrach

Fellows: J.H. Chai*, A. Craig*, H.R. Rackwitz

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

Trainees: S. Labeit*, U. Nentwig
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There are many genetically characterized mutations in
the mouse for which the mechanism of action and the
product of the affected gene is unknown. These include
many recessive lethal mutations that lead to death at
different stages in embryonic development. With the
aim of identifying genes that function at critical steps
in development. we try to complement high resolution
genetic analysis with cloning methods to define the
molecular location and coding sequence of a genetic
locus.

A large number of characterized mutations maps in
the T /t region of the 17th mouse chromosome. The t
haplotypes are mutant forms of this region that do not
normally recombine with the wild-type chromosome. To
obtain a sufficient number of genetic markers for that
part of the chromosome. we have previously isolated
clones in microcloning experiments in collaboration with
D. Rohme and J.E.Edstrom (Rohme et al.. 1984).
Restriction Fragment Length Polymorphisms (RFLPs)
between wild-type and t haplotype DNA can be used
to map these .. microclones" to the proximal part of
chromosome 17. In addition. microclones have been
used to confirm and extend the characterization of
partial t haplotypes. t chromosomes in which part of
the t complex has been replaced by wild-type DNA.
This is possible because the presence of the microclone
DNA marker in its wild-type or t-specific form gives a
physical indication of the extent of t chromatin. Our
results in collaboration with the laboratory of L. Silver
(Cold Spring Harbor). Mary Lyon (MRC Radiobiology
Unit. Harwell) and G. Martin (UCSF) have lent further
support to the model of Lyon (Lyon. 1984: Fox et al..
1985) concerning the genes involved in transmission
distortion of t chromosomes. Analysis of proximal t
haplotypes with the microclones has given
new evidence concerning the structure of the proximal
part of the t complex (in collaboration with H. Fox. P.
Mains & L. Silver).
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To define the T mutation on the wild-type chromosome
17 in molecular terms. a genetic mapping experiment
has been carried out resulting in a theoretical reso-
lution of 0.1cM (centiMorgan). This corresponds to
one recombinant in 1000 progeny. RFLP analysis with
the microclones as probes for the parent chromosomes
has made it possible to order the hybridizing loci on
the wild-type chromosome with respect to one another
and the T locus. Other microclones have been mapped
by the recombinant inbred strain procedure (Taylor.
1978). At present. one clone has been found that is
separated from T by only one recombination event
among 650 progeny. This corresponds to 0.16cM. In
further experiments DNA from the recombinants will
be used to narrow down the location of T with respect
to additional markers. The next step is the cloning of
the DNA connecting the closest markers to the left and
the right of T. Confi rmation of the approximate location
of the mutation can be obtained by analyzing deletions
resulting in a T phenotype with respect to the presence
or absence of DNA markers. Strategies for the actual
identification of the affected gene will partially depend
on the outcome of these experiments.

To simplify the problems caused by the necessity of
screening and analyzing the large amount of DNA that
corresponds to a genetic unit in mammals. part of the
effort of our group is directed towards improving exist-
ing techniques and developing new ones. One example is
a rapid protocol for the restriction mapping of cosmids.
After linearization of the cosmid by a crude extract of
lambda terminase (in collaboration with H. Murialdo.
University of Toronto) the protocol continues as de-
scribed for the mapping of lambda clones (Rackwitz et
al.. 1984). The DNA is partially digested with restriction
enzymes whereupon one cohesive end is hybridized to
a labelled complementary oligonucleotide.
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Structural and functional studies of the insect nervous system
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Visiting workers: K.S. Babu*, F. Barth*, R. Chappell*, M. Feliki*, U. Homberg*, R. Wyman*

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

We have continued functional and structural studies of
neuronal organization in the brains of insects. During
1984 our research programme concentrated on the func-
tional connections between wide-field visual neurons
and their postsynaptic connections to motor neurons
controlling head movements. We also continued re-
search on the structure of synapses using transmis-
sion electron microscopy of conventionally fixed and
cobalt-labelled neurons. A further line of investigation
was the systematic probing. by intracellular techniques.
of neurons that respond to a variety of sensory stimuli
and that are involved in multimodal sensory integration
in the brain.

A characteristic and essential performance by the vi-
sual system is the detection of movement. In humans.
for example. movement of gratings across the visual
field induce specific following movements by the eyes
(optokinetic nystagmus). However. most details about
the underlying synaptology and neuronal connections
remain obscure. A large variety of animals. such as
cephalopods. crustacea and insects. also exhibit the
same basic behaviour as humans. However. the eyes
of insects cannot move independently of the head.
When moving gratings pass across the fly's visual
field. the head first follows the pattern and then flicks
back to it's starting position to repeat the cycle so
long as the stimulus continues. We have identified
the main elements of the underlying neuronal pathway
for this behaviour in Calliphora. the common blowfly.
Giant visual neurons of the lobula plate (vertical- and
horizontal-motion-sensitive interneurons) project to the
mid-bra in (Plate 14). Vertica I cells are connected to
motor neurons supplying head retractor muscles or
they synapse onto interneurons leading to head rotator
motor neurons (Plate 14A.C.D). Axons relaying infor-
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mation about head displacement and body displace-
ment also impinge on the respective motor neurons.
confirming behavioural studies by other workers that
demonstrate compensatory head movements to body
displacement and compensatory body movements to
head displacement. Recordings from the appropriate
motor nerves (Plate 15A.B) have demonstrated that
motor neurons supplying muscles that pull the head
downwards respond specifically to downward move-
ments of horizontal gratings in the visual field whereas
nerves that supply muscles that move the head sideways
respond to vertical gratings moving horizontally across
the visual field (Plate 15C: Milde & Strausfeld. 1985).

Neuroanatomical studies (Strausfeld & Seyan. 1985:
Strausfeld & Bassemir. 1985) have identified the cobalt-
coupled connections between visual neurons and the
motor neurons or interneuronal elements leading to mo-
tor neurons. As reported previously cobalt-coupled cells
share gap junction-like close apposition areas. Electron
microscopy of cobalt-coupled vertical-motion-sensitive
neurons and descending neurons again resolved this typ-
ical connection. Electron microscopy corroborates light
microscopy studies that demonstrate the convergence
of several interneuron systems onto a single descending
neuron leading to neck motor neurons of the prothoracic
ganglion. These systems include heterolateral visual
pathways and also ocellar interneurons terminating on
specific areas of follower neurons. demonstrating for
the first time the anatomical basis for a functional
convergence between the simple dorsal eyes and the
compound eyes of insects. The descending neuron of
the ocellar and vertical cell system (DNOVS) was also
examined after cobalt-filling into the brain of Musca
(housefly) where similar connections were found.



PLATE 14

Rear view of brain of male Calliphora. Camera lucida
of vertical cells VS2.3 cobalt-coupled to motor neuron
(CNM) supplying the contralateral cervical nerve (CN).
VS4-9 are cobalt-coupled to the type 1 descending
neuron of the vertical and ocellar system (DNOVS.
ocellar inputs omitted). which is cobalt-coupled to a
motor neuron (FNM) of the frontal nerve. B Visual
fields (stippled) of VS2.3 and VS4-9 seen from the
front. mapped from their lobula plate dendritic maps
onto the retinal mosaic. C Schematicized rear view
of prothoracic box attachments of selected muscles

VS2.3

B

supplied by nerves summarized in D. In C the rear head
cuticle is shaded. CN supplies the depressor muscle.
which is attached to the rear of the head beneath
the postoccipital foramen. FN supplies the rotators.
attached to a prominent condyle that articulates with
the rear of the head (at asterisk). ADN supplies a pair
of muscles arranged so as to rotate the head about
its vertical axis. Dorso-ventral muscles are supplied
by VCN. D Origin of nerves to neck muscles. Pro.
prothoracic ganglion: Meso. mesothoracic ganglion.

100Jjm
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PLATE 15

(A) Responses of units of the cervical. frontal and
anterior dorsal nerves to preferred and null direction.
Vertical scale = 2 mV. horizontal scale = 1 s. Arrows
indicate direction and orientation of gratings.

(B) Directional selectivity of three neck muscle motor
neurons to moving gratings. Vertical downward move-
ment is preferred by cervical and frontal nerve mo-
tor neurons. The motor neuron of the anterior dorsal
nerve prefers horizontal progressive movement. The
responses are given in relative units. Arrows indicate
angle of grating orientation in 45 0 steps and direction
of movement (shown for 00

). Vertical bars = standard
deviation.

(C) Schematic diagram of visual fields and preferred
directions (arrows) of motor units: vertical down-
ward movement in the contralateral frontal field for
CN units: vertical downward movement in the ipsi-
lateral lateral field for FN units: and horizontal pro-
gressive movement in the entire ipsilateral field for
ADN units. Arrows on head indicate the relation-
ship between the preferred directions of the three
motor nerves and the basic rotatory head move-
ments of pitch (CN). roll (FN) and yaw (ADN).
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As demonstrated by the above results. interactions
between ensembles of neurons underlie specific patterns
of behaviour. The organization of groups of neurons
can be investigated by a number of approaches ranging
from behavioural tests after brain area ablations to the
identification by monoclonal antibodies of cell groups
having a common molecular identity. But because of
its role as the fundamental signaling unit. the single
neuron still has to be probed intracellularly and then
identified by iontophoresis using a suitable marker. such
as Lucifer yellow. Since a great number of neurons in the
brain are probably small-diameter local circuit elements.
the technical demands for intracellular recordings are
ever increasing. This challenge has been met during this
last year. A large variety of small interneurons were suc-
cessfully characterized electrophysiologically and struc-
turally. Neurons include optic lobe interneurons. local
interneurons of the mid-brain that are involved in mul-
timodal sensory integration. and neurons that leave the
brain destined for thoracic centers that control muscle
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contraction. The last class of cells are particularly
interesting because they represent outputs that carry
integrated multimodal information. These studies are
revealing the mechanisms underlying information pro-
cessing and integration by single brain units belonging
to neuroanatomically identified pathways. Several of
these have now been identified as involved in specific
behavioural activities.
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Biological Structures Programme

Introduction

During 1984 within the Structures Programme
was performed by nine groups covering three main
areas: electron microscopy. membrane protein structure
and function. and x-ray crystallography. Cryo-electron
microscopy of vitrified specimens became an estab-
lished technique involving a shift in emphasis from
technical development to 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 microscopy was
also used for the study of two-dimensional crystals of
proteins complexed with nucleic acids. The extraordi-
nary stability of porins was one of the subjects studied
in the membrane protein field. Study of structural tran-
sitions revealed three reversible conformational states.
lon-pairing and strong hydrogen-bonds appear to be
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present and these would explain the stability of the
molecule. The differences in specificity between porin
and phosphoporin were studied by the bilayer technique.
as were bacterial toxins. Characterization of active bac-
terial transport systems. chemical modification of mem-
brane proteins and the raising of monoclonal antibodies
constitute complementary approaches to gain insight
into the structure and function of membrane proteins.
In crystallography considerable progress was made in
the study of nucleic acid - protein interactions. The Rop
(repressor of primer) protein was solved at high resolu-
tion. EcoRV endonuclease was solved at low resolution.
Larger and better diffracting crystals of adenovirus DNA
binding protein gave us a high resolution data set and
new DNA - protein complex crystals were obtained for
both EcoRV and for DNase I.



Membrane protein structure and function

Member: J.P. Rosenbusch

Fellows: J. Balcarova-Stander*, A. Franzusoff*, W. Hofmann*, J. Nielsen*, M. Page, F. Pattus*

Students: B. Dargent*, J.-L. Eisele*

Trainees: R. Rausch

Visiting workers: U. Hinz*

Technical assistants: B. D'Arcy, T. Gabran*, W. Hilscher*, A. Schneider*

The structure of membrane proteins has been studied
using various approaches. The investigation of porin
from Escherichia coli outer membranes was based on
functional studies to molecular resolution (single chan-
nel conductance: Schindler & Rosenbusch, 1981), and
a three-dimensional reconstruction of two-dimensional
crystals has been obtained recently (Dorset et aI.,
1984). Resolving the structure of three-dimensional
crystals (Garavito et aI., 1983) should be completed
soon. Despite these results, the organization of this
polar membrane protein in the hydrophobic domain
of the membrane remains unknown. Studying struc-
tural transitions (in collaborat'ion with M. Schindler,
Michigan State University) has revealed three reversible
conformational states with apparent pK-values of 1.6,
3.5 and 11.2. At extreme pH values (1.6, 12.4), the
protein dissociates and unfolds. The apparent pK-values
at pH 1.6 and 3.5 may be assigned tentatively to
carboxyl groups, those at pK == 11.2 to tyrosine nor-
malization, while the alkaline transition (at pH 12.4)
is most likely due to arginyl residues. These drastic
anomalies suggest that ion pairing and strong hydro-
gen bond formation convey the unusual stability which
porin exhibits. Chemical modifications of amine, tyro-
syl. carboxyl and arginyl groups were performed with
pore-impermeant and pore-permeant probes. The latter
comprise reagents which can or cannot partition into
a hydrophobic domain. The results obtained further
support the location of a significant number of ion-
izable residues in the interior of porin. A conceptual
approach to the folding of membrane proteins has led
to a pattern recognition procedure which acccounts for
the all fi-structure of porin (Kleffel et aI., in press),
and has led to the conclusion that turns, reverting the
direction of the polypeptide, can be identified easily
(in collaboration with C. Paul. Biosearch, San Rafael.

CA). Extensive hydrogen bonding networks saturating
all hydrogen bonding donor and acceptor groups appear
as an inevitable corollary, and could well account for
the stability of porin. The conclusions drawn were
subjected to a test by applying the same approach
of membrane protein folding to the very hydrophobic
bacteriorhodopsin. At this time, it still remains the
only membrane protein whose sequence and structure
(Henderson & Unwin, 1975) have been elucidated. The
concepts developed for porin recognize the folding pat-
tern also of bacteriorhodopsin, and provide explanations
for both functional and structural properties of this
protein. Experimental testing of some of the predictions
of this model are currently in progress.

If the structure of membrane proteins is to be un-
derstood, the pathway of their folding is also rele-
vant. With bacteriorhodopsin, renaturation of denatured
protein has been reported (Liao et aI., 1983). Porin
has now been refolded from a random coil configu-
ration (in guanidinium chloride), yielding functionally
and structurally native trimers. Another approach to
the understanding of porin structure is currently be-
ing developed by recovering porin-detergent complexes
as reverse micelles. Solubilization and isolation of the
protein in complex with AOT in non-polar solvents
(isooctane) is being combined with HPLC techniques.
A conventional approach to probe membrane protein
surface structure consists in limited proteolysis. This
was applied to both porin (in collaboration with M.
Regenass, Basel) and to maltoporin from E.coli. In the
latter instance, analysis of the obtained results was
developed by a simple computer program to allow rapid
and easy alignment of peptides on the basis of their
length and composition. Finally, monoclonal antibodies
were successfully obtained with the OmpA protein and
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the T6 receptor protein: this approach which allows
probing of membrane protein surface topology will be
extended fu rther.

Porin-related proteins which are specific for particular
solutes, yet unspecific to small polar molecules «600
Daltons) have been studied both on a functional and
structural level. The former is covered by the report
of the group of F. Pattus. In collaboration with K.
Leonard & J. Lepault, three-dimensional reconstruc-
tions of two-dimensional. stained crystals have been
obtained. They exhibit membrane-spanning structures
similar to, though clearly distinct from, those of porin
(cf. the reports of J. Lepault & K. Leonard). Sizeable
three-dimensional crystals have been obtained in collab-
oration with D. T sernoglou (see his report), but their
diffraction is not yet adequate for meaningful single
crystal analysis.

Our attempt to understand the structure of mem-
brane proteins is based primarily on our interest in
its functional properties. Convenient reconstitution sys-
tems consist in obtaining planar bilayers (cf. report
F. Pattus). an approach which offers resolution to
single channel conductance. For quantitation of solute
transport. an assay was designed which should allow
the determination of bulk transport and of transport
. rates (for details, cf. report by F. Pattus). Such an
assay should prove helpful in the investigations of highly
specific active transport proteins such as lactose perme-
ase and the protein-translocating ATP-synthase from
E.coli. These systems have been purified according to
established procedures but. due to instabilities, a better
understanding and control of their functional properties
is required.

In addition to the crystallizations mentioned, the fol-
lowing membrane proteins have been obtained in crys-
talline form (in collaboration with the group of D.
Tsernoglou): OmpA protein and lipoprotein from E.coli
outer membranes: photosynthetic reaction center II
from barley chloroplasts (a collaboration with U. Hinz,
Copenhagen): and penicillin binding proteins 3 and 5 (a
collaboration with W. Keck & U. Schwarz, Tlibingen).
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Structure of DNA-binding and membrane proteins

Members: D. Tsernoglou, D.W. Banner, M.A. Hollecker*

Fellows: M. Kokkinidis*

Visiting workers: P. Argos*, C. Vorgias*

Technical assistants: A.J. Kingswell*, K. Petratos*, A.D. Tucker

During 1984 our group continued work aimed at the elu-
cidation of the three-dimensional structure and function
of DNA-binding proteins and of membrane proteins.
We solved one protein structure. started high resolution
measurements on a second protein and worked towards
better crystals for several others.

Repressor or primer

In collaboration with G. Cesareni we determined the
structure of the Rop protein. which is part of the
mechanism of control of replication in CoiEl. through
the use of a single isomorphous derivative (platinum).
Anomalous scattering data were used and an electron
density map was calculated at 2.5 A resolution. From

Ef'18L Frodo

a mini-map it was possible to determine approximate
positions of the first 55 (out of a total of 63) amino-
acids. Most of the subsequent work was done on our
molecular graphics system. We are currently refining
the structure at 1.7 A resolution by the method of
Hendrickson and Konnert. The current R-factor is 28%.
Most of the structure is quite clearly seen except for the
last seven amino-acids (known not be essential for the
function of the molecule). The difficulty may be due
to the heavy atom site which is close to the carboxy
terminal. The structure. which is mostly helical. forms
a dimer and is shown in Plate 16. We are studying the
features of the molecule that may be responsible for
RNA binding. We plan to attempt co-crystallization of
Rop with RNA1. For the in vitro production of the latter
we are currently purifying SP6 polymerase.

PLATE 16

'-- --' The dimer of the Rop protein
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PLATE 17

Rotation photograph taken on an Elliott GX21 at 33 kV.
130 mAo Crystal to film distance is 75 mm. temperature
2°C. The edge of the circle corresponds to 2.3 A.
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Adenovirus DNA-binding protein

The study of the "active fragment" of this molecule
was continued. Work by A. Tsugita indicated that our
chymotryptic fragment consists of amino-acids 172-
525. The entire molecule consists of 529 amino-acids. It
is of interest that the large missing fragment is proline
rich and contains the phosphorylation sites as well as
8 of the 9 amino acid differences between Ad2 and Ad5
(Kruijer et at.. 1982). Better diffraction photographs
were obtained (Plate 17) from a combination of larger
crystals and cooling during irradiation. We are currently
searching for isomorphous heavy atom derivatives.

Other proteins

In collaboration with J. Rosenbusch. we have obtained
more crystal forms of maltoporin (see also Garavito
et al.. 1984) and phosphoporin. The crystals appear
excellent but their diffracting power is poor. Crystals
of penicillin-binding protein (supplied by U. Schwarz of
the Max Planck Institute in Tlibingen) have also been
obtained but they are still too small for x-ray work.

The P10 protein of phage ¢29 (supplied by Prof. Salas
of Madrid) has also been crystallized.

Alignment of amino-acid sequences

Methods to compare and align protein primary se-
quences as well as associated VAX computer programs
have been developed. The alignment algorithm is based
on the physical characteristics of amino-acids. such as
hydrophobicity. and is able to detect distant relation-
ships amongst proteins. Applications include the ATP-
dependent restriction endonucleases. polypeptides from
the light harvesting complexes of phototropic bacteria
(in collaboration with Dr. Tadros). the legumen and
glycinin seed storage proteins and nucleotide binding
proteins such as the ras oncogene transforming pro-
tein (in collaboration with Dr. Leberman of the EMBL
Grenoble Outstation). Through the sequence matches.
several important features of the proteins have been
elucidated including residues essential for function. pos-
sible domain structures. likely sites for directed muta-
genesis. and possible models for protein-nucleic acid
interaction.
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Structural studies on actin and DNase I

Members: D. Suck, A. Fowler

Fellow: C. Gefner

Students: H. Lahm, B. Trauth*

Technical assistant: G. Frost

DNase I

Refinement and structure at 2 A resolution

The x-ray structure analysis of DNase I was extended
to 2 A resolution using phases from the refined 2.5 A
model and amplitudes from 16.100 reflections in the 6
- 2.0 A resolution range with I > 3 a(I). A summary of
the Hendrickson-Konnert restrained refinement is given
in Table 3. The rather slow convergence in the first
stages is mainly due to an unintended shift of 0.6 A of
the model in the Z-direction with respect to its correct
crystallographic position. At the end of each stage. the
model was corrected' manually by inspecting 2 IFo I -
IFel maps as well as partial IFol - IFel maps with
the help of the Evans & Sutherland graphics display
system. The positions of 383 water molecules bound to
the surface of the protein in reasonable distance from
donor and acceptor atoms were determined from a 2 A
difference map.

At 2 A resolution the following features are notable:

(a) The amino-acid sequence of DNase I as determined
chemically by the groups of Moore and Stein (Liao et
al.. 1973) has to be corrected in 5 positions. the major
correction being an ingestion of 3 amino-acid residues
at R27.

(b) Seven sugar residues have been located in the
carbohydrate side-chain attached to Asn 18. The first
two N-acetylglucosamine residues and the following
mannose show the usual ,B-1.4-glycosidic linkage. At
the mannose in position 3 the chain branches and there
are two additional residues attached to both the 3'- and
6'-positions.
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(c) Additional density is visible at the flexible loop
region (residues 97 - 102) enabling us to locate the short
disulfide-bridge linking Cys 98 and Cys 101. Probably
the inclusion of the Ca 2+-ion bound to Asp 95 helped
to improve the density in this region.

Interaction of DNase I with double-stranded DNA

Based on the 3D-structure of DNase I and the position
and the geometry of the active site as determined
through the binding of thymidine-3' .5'-diphosphate
(pTp) in the crystal (Suck et. al.. 1984). we propose
a model for the interaction of the enzyme with double-
stranded DNA as shown in Plate 18. Double-stranded
DNA binds at the slightly concave surface between the
two ,B-sheets with the exposed loop Arg 70 to Lys 74
interacting with 'the minor groove of DNA. In particular.
Tyr 73 seems to be important in forming hydrogen
bonds with its OH-group with either N3 of purine or 02
of pyrimidine bases. The positively charged side groups
of Arg 70. Arg 108. Lys 74 and Arg 38 are interacting
with the phosphate backbone. The cleavage patterns of
short self-complementary oligonucleotides by DNase I
(Lomonossow et al.. 1981) can be nicely explained in
terms of this model. The fact that nitration of Tyr 73
and 62 inactivates the enzyme provides additional evi-
dence for the involvement of Tyr 73 in the binding (Hugli
& Stein. 1971). The oligopeptide antibiotic netropsin is
known to interact with double-stranded DNA at AT-rich
regions in the minor groove by forming hydrogen bonds
to 02 of pyrimidines or N3 of purines. In agreement
with our model these sites are protected against DNase
I attack when netropsin is bound to DNA. According to
the model. binding of DNase I to DNA will critically



Table 3

REFINEMENT SURVEY

Stage No. 1 2 3 4 5 6 7 8

A B ( A B A B

No. of cycles 10 22 30 11 6 19 8 3 11 4 10 11

No. of parameters 6221 6221 6104 6065 6065 6065 7484 2495 9629 9629 9465 9953

No. of atoms 2073 2073 2034 2021 2021 2021 2494 2494 2407 2407 2366 2488

No. of solvent atoms - - - - - - 376 376 311 311 268 383

< n >(A2) 10.0 7.0 5.8 10.0 10.0 10.0 11.0 * * * * *
rms shift in a given stage (A) 0.45 0.41 0.42 0.83 0.38 0.35 0.18 0.26

No. of F-data 7016 7016 7016 8451 12346 16104 16661 16661 16661 16517 16517 16517

F's 100- 100- 100- 30- 30- 30- 30- 30- 30- 30- 30- 30-
Resolution range (A) 6-2.5 6-2.5 6-2.5 6-2.5 6-2.2 6-2.0 10-2.0 10-2.0 10-2.0 8-2.0 8-2.0 8-2.0

< IFol- !Fe I > 195.7 172.4 160.2 133.2 130.5 112.6 115.4 108.2 95.4 89.7 82.8 69.8

R (initial) 0.455 0.388 0.368 0.385 0.324 0.332 0.388 0.304 0.336 0.251 0.242 24.4

R (final) 0.368 0.324 0.301 0.284 0.317 0.300 0.304 0.285 0.251 0.238 0.212 18.3

* Individual isotropic temperature factors

PLATE 18

Model of the DNase I:DNA interaction. A piece of
B-DNA is shown on top with the helix axis running
approximately horizontal. The (-backbone of DNase
I molecule is displayed including the amino-acid side-

chains in the contact region. Residues important for
the interaction including R70, N71. S72. Y73 and Rl08
are shown with their van der Waals surfaces indicated
by dots.
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depend on the width of the minor groove (see Plate
18). which can vary quite substantially as a function
of sequence as indicated by crystal structure analyses
of oligonucleotides. Therefore. the model provides an
explanation for the sequence-dependent variation of cut-
ting frequencies by DNase I (see e.g. Drew & Travers.
1984).

Very recently we have obtained crystals of a complex
between DNase I and a self-complementary octanu-
cleotide diffracting to 2 A resolution. The presence of
both components in the crystals has been established
by SDS-gel electrophoresis and reverse phase HPLC.

X-ray structure analysis of the actin:DNase I com-
plex (in collaboration with W. Kabsch from the MPI fur
Medizinische Forschung)

Analysis of the 3.0 A oscillation-film data of a lead
derivative collected at the Hamburg Outstation using
synchroton radiation revealed that the heavy-atom sub-
stitution in the crystals used was very low or zero. This
is surprising. since we had checked a crystal prepared in
an identical manner on a diffractometer to 6 A resolution
and found it to contain two highly occupied lead sites.
We are trying to reproduce these crystals.

In the meantime. we calculated a 3 A density map using
all available phase information. i.e. the 6 A MIR-phases.
SIR-phases to 4.5 A from a mercury derivative. 3.5
A-phases for centric reflections of the same derivative
and· the phase information stemming from the refined
2.5 A model of DNase I. We were able to identify 15
helical fragments in this map. representing about 120
residues. Standard geometry a-helices not including the
side-chains were fitted into these density regions using
a graphics display system. In addition. a 4-stranded
J3-sheet was detected in the small domain of actin.
Connecting loop regions are still not well-defined. By
including these interpretable regions in the phase deter-
mination we hope to get an improved map.

Biophysi«;al studies on actin

Magnetic orientation of Pecten thin filaments

The method of orientation in a strong magnetic field
(7 Tesla) was applied to sols of thin filaments prepared
from the mollusc Pecten maximus . The orientation was
studied as a function of pH and ionic strength. However.
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the measured Cotton-Mouton coefficient of 5 x 10-9
ml mg- 1 T- 2 clearly indicates that alignment of thin
filaments solely under the influence of magnetic fields
is not possible under the conditions tried.

The Pecten maximus thin filaments used in these ex-
periments were purified to 90% homogeneity following
a modified procedure described by Szent-Gyorgyi et
al. (1971). Further improvement in purification was
achieved by free-flow electrophoresis. Conditions have
been found to stabilize these filaments in solution for
more than a week.

Circular dichroism measurements on G- and F-actin
solutions (in collaboration with J. Reed from the DKFZ)

CD-spectra of G- and F-actin solutions were measured
at various pH values ranging from 6.5 to 8.5. These
spectra indicate changes in the secondary structure
content of actin upon polymerization at pH 6.5. 8.0 and
8.5. whereas no significant change seems to occur at pH
7.0 These observations have to be taken into account if
one tries to combine the results from the single crystal
x-ray analysis of the actin monomer (Suck et al.. 1981)
with fibre diffraction data of the actin filament.
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Structural studies on proteins interacting with nucleic acids

Member: F.K. Winkler

Students: R. Brown, A. Lahm

Technical assistants: A. D'Arcy, S. Heathman*

EcoRV endonuclease

Crystallization of EcoRV endonuclease and of its com-
plexes with a number of different DNA fragments has
provided us with an attractive system for studying
protein - nucleic acid interactions at high resolution.
This report the progress made during the
year in the structure determination of the native enzyme
and in growing a large variety of co-crystals.

Structure analysis

Of the four crystal forms of EcoRV endonuclease
(D'Arcy et al.. 1985), form A (P212121 with a==58.2.
b==71.7 and c==130.6 A and one dimer of 2 x 28.500
daltons per asymmetric unit) has turned out to be best
suited for a high resolution structure determination.
In parallel with data collection to 2.5 A resolution on
film. a lower resolution study (6 A) was undertaken
(i) to solve heavy-atom derivatives. (ii) to locate the
noncrystallographic twofold axis and (iii) to set up the
computational procedures for carrying out cyclic phase
refinement by molecular replacement (Bricogne. 1976).

Diffractometer data (CAD4 Enraf Nonius) to 6 Areso-
lution were collected for the native and for three deriva-
tives (Pb2+. Tb3+, Au(CN);-). Two Pb-sites were read-
ily located from a difference Patterson synthesis. The
same sites were found occupied in the Tb-derivative
while two different. but much more weakly occupied
sites were found for the Au-derivative in a difference
map calculated with Pb SIR phases. Anomalous differ-
ences were then used to determine the correct hand and.
after centric refinement of the three derivatives. a 6 A
electron density map was produced with phases derived
from the isomorphous and anomalous differences of all
three derivatives. The noncrystallographic twofold axis
cou Id be located from the two sets of heavy-atom po-
sitions. After averaging the density around this twofold
axis. the molecular envelope could be determined. Its
traces on density sections were recorded by an ultra-

sonic device commonly used to process DNA sequenc-
ing gels. The trace coordinates were then converted
into a vector representation suitable for input into G.
Bricogne's programme VIRVE which generates an en-
velope map. After four cycles of molecular replacement
with phase combination and two more cycles using
calculated phases only. a final averaged density was
produced. Plate 19 shows a view of a balsa wood model
derived from this map. Possible interactions with DNA
have been examined in a rather crude fashion using the
wire model of about 1! turns of B-form DNA shown
on the same Plate. The presumed twofold symmetry of
such a complex leaves only few possibilities and the ar-
rangement shown was selected for two reasons. Firstly,
the two protrusions at the top of the endonuclease are
close to the scissile phosphodiester bonds. Secondly,
extensive contacts into the major groove and with the
sugar-phosphate backbone appear possible. Obviously,
a more detailed analysis must await solution of the
structure at high resolution and must take into account
possible conformational changes of the enzyme and of
the DNA.

Data to 2.5 Aresolution have been collected by oscilla-
tion photography for the native (form A) crystals and
for the lead derivative at instrument X11 (EMBL outsta-
tion, DESY Hamburg) with synchrotron radiation. The
film data were processed by using a VAX version (kindly
provided by P. Machin, Daresbury) of A. Wonacott's
film processing system MOSCO. After postrefinement
and a relative absorption correction (program kindly
supplied by C. Schutt, MRC Camrbidge) of the Pb-
derivative data set, the merging R-factors were 0.055
and 0.075 for native and derivative intensities respec-
tively. Centric refinement of the two major Pb-sites
yielded reasonable statistical figures to high resolution
and a 2.5 Amap was calculated in the following way:

- phases between 12 and 6 Aresolution were taken from
the low resolution work and all structure factors were
given unit weights.
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PLATE 19

Balsa wood model of the EcoRV endonuclease dimer
based on a 6 A resolution electron density map. A
possible binding mode to DNA is illustrated by a wire
model of a B-form double helix. The protrusions at the

top of the protein dimer appear in a favourable position
not only to contact the scissile phosphodiester bonds
(marked P) but also to probe the six base pairs of the
recognition sequence in the major groove.

- phases between 6 and 2.5 A resolution were derived
from the isomorphous and anomalous differences of the
lead derivative and the structure factors were weighted
by the figure of merit (average value 0.43).

Again phase refinement was carried out through several
cycles of molecular replacement. Examination of the
final averaged electron density map has just started.
Some secondary structure elements could be identified
but the overall quality of the map was not sufficient
to trace longer stretches of chain without difficulty.
Attempts to align some segments with the amino-acid
sequence are under way. No other derivatives good to
high resolution have yet been found but we hope tcr im-
prove the map by extending the molecular replacement
to crystal form B for which high resolution data are
being collected.
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Cocrystallization with DNA fragments

Table 4 gives a summary of the results of the cocrystal-
lization experiments. Essentially all self-complementary
oligonucleotides investigated have yielded a crystalline
phase under rather similar conditions. The complexes
with DNA fragments carrying the recognition sequence
GATATC were all grown in the absence of Mg2+ (EDTA
present). Careful analysis of some of the cocrystals by
UV absorption and HPLC has clearly established a 1:1
stoichiometry and has given no indication of partial
cleavage. Despite a cell axis of 367 A. the cocrystals
with the decamer substrate d-GGGATATCCC are so far
the best for carrying out a high resolution structure
determination. Using synchrotron radiation 3 A data
have already been collected on film (Plate 20). Attempts
to improve the size of some of the other promising
crystal forms are continuing.



Table 4
COCRYSTALLIZATION OF EcoRV ENDONUCLEASE

WITH SELF-COMPLEMENTARY OLIGONUCLEOTIDES
(the recognition sequence. if present. is printed in italics)

Oligonucleotide Crystal growth and properties Crystallographic analysis
Sequence (5'-3') Length Source Precip- Chemical Morphology Space Cell constants (A) Observed

itation analysis group a b c limit of
diffraction

(A)

d-GGATATCC 8 EMBL PEG 4000 r--.l1:1(UV) small prisms 3.2

d-GGGATATCCC
and 10 EMBL PEG 4000 1:1(UV, thick plates C2221 59.7 77.1 367.0 2.7
d-GCGATATCGC HPLC)

d-CCGATATCGG 10 M.Gait, pH 6.5 r--.l1:1(UV) very thin
MRC, plates

Cambridge

d-GAGGATATCCTC 12 EMBL PEG 4000 r--.l1:1(UV) sm.pyramids

d-CGAATTCG 8 J.v.Boom, PEG 4000 1:1(UV, thin plates 1222 84.0 146.1 74.0 3.2-4.0
Leiden or Mg2+ HPLC) thin plates C222 84.0 127.3 74.0 3.2-4.0

Acetone r--.l1:1(UV) small prisms P212121 90.3 61.7 251.3 4.5

d-GAAGCTTC 8 H.Fritz, PEG 4000 small prisms
Cologne

d-GGAATTCC 8 H.Blocker, PEG 4000 spherulites
GBF,

Stockheim

d-CGAGCTCG 8 H.Blocker PEG 4000 plates

d-GCCCGGGC 8 H.Blocker PEG 4000 spherulites

d-GAAGATCTTC 10 H. Blocker PEG 4000 small prisms

d-GGGAATTCCC 10 EMBL Acetone small rods

d-ACAATATATATTGT 14 S. Harrison, PEG 4000 thin needles
Harvard

7S ribonucleoprotein particle

Transcription factor TFIiIA occurs in large amounts in
the previtellogenic oocytes of Xenopus laevis as a 1:1
complex with 5S ribosomal RNA. The relatively smail
size of this stable RNP particle (Mr 80.000) makes
it a suitable object for x-ray crystallographic analysis.
Large-scale purification of the 7S particle has been
achieved by hydrophobic interaction chromatography.
Subsequent isolation of TFIIiA can be effected by gel fil-
tration in the presence of 1 M KCI. Endogenous protease
activity has been inhibited by the use of benzamidine.

Attempts to obtain crystals of the 7S particles and also

of TFIiIA have continued throughout the year.

The nucleotide sequence of the 5S RNA component
was determined in collaboration with R. Garrett (Aarhus
University). Chemical modification and also partial di-
gestion of the 7S particle with several RNases were car-
ried out to locate regions of 5S RNA involved in protein
interactions (see also Pieler et al.. 1984: Andersen et
al.. 1984).

The amino-acid composition and C-terminal sequence
of TFIiIA was determined together with A. Tsugita.
Sequenator results have shown that the N-terminus is
blocked.
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PLATE 20

Rotation photograph 1.5°) of EcoRV-d-
GGGATATCCC cocrystals recorded on instrument X11
at the EMBL outstation at DESY. Hamburg. Diffraction
spots at the edge are at 2.9A resolution.
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Structural and functional properties of pore forming and fusogenic proteins

Member: F. Pattus*

Student: B. Dargent*

Technical assistant: W. Hilscher*

We are interested in the structural and functional basis
of membrane proteins involved in membrane permeabil-
ity and fusion as well as their exitability. For these
purposes we are using three membrane model systems:
monomolecular films. liposomes and the planar bilayer
technique.

E.coli outer membrane proteins

These studies are a contribution to the elucidation of
the structure - function relationships of the pore pro-:-
teins LamB and PhoE carried out by different groups in
the Biological Structures Programme (see Rosenbusch
report) .

Growth of E.coli K12 under phosphate limitation results
in the induction of an additional outer membrane pore
protein. PhoE. It exhibits unspecific pore properties. but
also allows permeation of inorganic phosphates. phos-
phorylated compounds. and other negatively-charged
solutes which are larger than the excluded size.

By studying phosphoporin in planar bilayers. we could
show that it exhibits channel properties quite similar to
those of porin (OmpF). In contrast to OmpF. however.
we found that polyphosphates and other phosphory-
lated compounds inhibit the diffusion of small ions
through the pores with identical inhibition constants
to those measured in vivo for permeation of ,B-Iactam
antibiotics. As judged by equilibrium dialysis. UV and
fluorescence experiments. there is no permanent binding
site for polyphosphates or ATP in PhoE in detergent
or reconstituted with liposomes. OmpF and phoE are
asymmetrically dependent on the osmolarity of the
medium. This dependence could play a role in the
osmoregulation of E.coli cells.

Colicin A: a model of a pore from exitable mem-
branes and a fusogenic protein (Collaboration with
C. Lazdunski.

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 E1 and
IB 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 (Davidson et al.. 1984: Konisky. 1982). We have
shown that colicin A forms voltage dependent channels
in planar bilayers quite similar to those from exitable
membranes (Pattus et al.. 1982: 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 a/.. 1983). The pore
properties as well as the lipid affinity are drastically
altered upon protonation of amino-acid residues with
a pK of 5.5-5.8 (Pattus et al.. 1982). Furthermore. we
have shown with a fluorescence energy transfer assay
and by electron microscopy that colicin A. but not its
C-terminal fragment. possesses a pH-dependent fusion
activity similar to those of diphtheria toxin or viral
membrane proteins.

On the basis of CD spectroscopy measurements on col-
icin A and its C-terminal fragment and predictions from
the amino-acid sequence of secondary structure. hy-
drophobicity and hydrophobic moment profiles (Eisen-
berg et al.. 1982a: Eisenberg et al.. 1982b). we could
propose a model of the structure of the pore formed by
colicin A (collaboration with S. Provencher).
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Site-directed mutagenesis (performed in Marseille by D.
Baty). chemical modifications. or cleavage of colicin A
will be used to localize the amino-acid residues involved
in voltage gating of the pore and fusion activity.

Two types of two-dimensional crystals were obtained
recently with colicin A associated with E.coli phospho-
lipids. We have enlarged the scale of purification of col-
icin A to begin attempts to produce three-dimensional
crystals in collaboration with D. Tsernoglou.

Two-dimensional crystallization in lipid monolayers
(Project)

This project. in collaboration with B. Sproat and K.
Leonard. is based on the work of Uzgiris & Kornberg
(Uzgiris & Kornberg. 1983) who succeeded in crystal-
lizing antibodies against a lipid hapten. Conditions re-
quired 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.

Technological projects

Development of a new membrane model system with
large exchange surfaces.

If we succeed, this will be a major development in
the field of reconstitution of membrane functions. The
present model systems are limited either by the small
area of the membrane (planar bilayers) or by the non-
asymmetrical distribution of membrane proteins and
the small internal volume (liposomes). There is a need
for anew membrane model system which satisfies the
following criteria:

- Large membrane areas

- Inside and outside compartments easily accessible

- Asymmetrical orientation of membrane proteins
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- Possibility of applying voltage accurately.

We think we will succeed in designing such systems by
using the monolayer technique and the deposition of
films on solid supports.
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Electron microscopy of nucleic acids

Members: H. Delius, B. Koller

Visiting workers: H. v. Heerikhuizen*, M. Marone*, P. Matthews*

Technical assistants: J. Clarke, D. Kirk*

Chloroplast nucleic acids

The ch loroplast genome of Euglena gracilis has a size
of 145 kb. In contrast to higher plant chloroplasts it
contains a large number of introns (more than 50).
which account for about 35 kb (Koller & Delius. 1984).
To study the structure of the transcription products and
of partially spliced intermediates of mRNAs we analysed
hybrids between cloned chloroplast (cp) DNA fragments
and cpRNA in the electron microscope. The transcripts
of three regions of the cp genome will be described in
detail.

(a) The rbel gene (the gene for the large subunit
of ribulose-1.5-bisphosphate carboxylase) in Euglena
ch loroplasts is spl it by 9 introns (Koller et al.. 1984).
In spinach. as in all higher plants analysed so far. the
gene does not contain introns. A cloned fragment of the
spinach rbel gene was hybridized with Euglena cpRNA
to identify precursor mRNAs. A small fraction of the
hybrids showed one or several loops. which are formed
by incompletely spliced pre-mRNAs and represent RNA
intron sequences (Plate 21b).

(b) To analyse the structure of partially spliced mRNAs
in Euglena chloroplasts in more detail we, used the
simpler psbA gene (the herbicide binding protein of
photosystem II. or 32kd gene). It contains four introns
and in Northern blot analysis multiple pre-mRNAs had
been detected (Keller & Stutz. 1982; Hollingsworth et
al.. 1984). A fragment containing the psbA gene and
part of another gene. which is located upstream with the
same polarity. was cloned into the vector pEMBl8- and
hybridized with cpRNA. The majority of the hybrids had
a structure as shown in Plate 21c. The genomic DNA
formed 4 intron loops when hybridized with mature
mRNA. Apart from the hybrids with the completely
spliced mRNAs about 5% of hybrids were formed with
pre-mRNAs from which one or several introns had not
been removed. Plate 21d shows an example of a hybrid
with a pre-mRNA from which only intron 3 had been
removed. Introns 1.2 and 4 had not been spliced.

It had been suggested that the four introns of the
psbA gene were spliced out in a random fashion
(Hollingsworth et al.. 1984). Therefore 14 different
types of partially spliced pre-mRNAs should be found
in equal proportions. However. in, a statistical analysis
of the hybrids with pre-mRNA (not counting unspliced
molecules) about 80% of the introns 2 and 3 were
spliced out. 60% of intron 1 were spliced but only 30%
of intron 4 were spliced. Provided that the pre-mRNA
preparations are representative for the splicing pathway
the results suggest that the splicing does not occur in
a 5'-3'. or 3'-5' direction, but that each intron is spliced
independently at its own rate. the fourth intron having
the slowest splicing rate. intron 1 having a medium, and
introns 2 and 3 having a relatively fast splicing rate. It is
possible that differences in the conserved intron bound-
ary sequences may be responsible for the effect. The
boundary sequences at the 3'-end of the introns 2 and
3 show fewer deviations from the consensus sequence
than the boundary sequence of intron 4 (Karabin et
al.. 1984). It remains to be shown whether there is a
correlation between these observations.

(c) The chloroplast genome of Euglena contains three
operons for ribosomal RNAs and in addition one sup-
plementary 165 rRNA gene. This s16S rRNA gene is
located about 3 kb upstream of the complete operons.
This region contains an unidentified open reading frame
(ORF of 1.2kb) and rearranged stretches from vari-
ous regions of the complete operons (Roux & Stutz,
1985). In a collaborative work with E. Roux & E. Stutz
(Neuchatel) transcripts of this region were analysed by
Northern blot hybridization. 51 mapping and electron
microscopy. The surprising result was that the whole
region is transcribed into a large 3.6 kb RNA starting
at the 5'-end of the s16S rRNA gene and including the
sequence of the ORF. The 3'-end of the transcript is
staggered within a region of 400 bp. It is not known
whether this co-transcript of a ribosomal RNA and a
possible mRNA is used either to be incorporated into a
ribosome or for translation. The number of tandem re-
peats of the rRNA operons fluctuates between different
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strains of Euglena gracilis. but the ORF sequence has
been found in all four strains analysed so far. although
it could be deleted by unequal crossing over. because
it is located between two repeat units. Its presence in
four strains suggests that it might have an essential
function.

In collaboration with C.R. Bird & J.C. Gray (Cambridge.
UK) and J. Mason. P.R. Whitfield & W. Bottomley
(Canberra. Australia) we analysed the transcripts of the
chloroplast coded subunits of the CFo and CF1 com-
plexes of ATP synthase of wheat. peas and spinach. A
spliced mRNA of a higher plant chloroplast protein gene
(the subunit I of the CFo complex) was demonstrated
for the first time.

Other projects

last year we had started together with H. v. Heerikhui-
zen to prepare biotin-labeled DNA with two objectives
in mind: (a) to use it for the isolation of separated
complementary strands of plasmid DNAs. and (b) to
develop methods to visualize such labels in the electron
microscope with high efficiency.

As was shown by D. Ward (langer et al.. 1981) biotiny-
lated nucleotides can be enzymatically incorporated into
DNA. and the incorporation of one biotin residue is suf-
ficient to bind a DNA molecule to an avidin-5epharose
column.

PLATE 21

Electron micrographs of hybrids between chloroplast
DNA and RNA.

(a) and (b) A spinach cpDNA fragment containing the
rbcl gene was cloned into the vector pEMBl8-. The
single-stranded recombinant phage DNA was annealed
with Euglena cpRNA under conditions of low stringency.
to obtain a high efficiency of hybridization. At the
same time a single strand of the vector pEMBl8+ was
annealed to the vector sequence of the recombinant
circular DNA. to obtain an orientation of the molecules.
The large substitution loop is the F1-intragenic region
which is located in opposite orientation in the pEMBl
+ and - vector series. This loop allows the identification
of the 5'-end of the cloned fragment. The hybrids
were prepared for electron microscopy by cytochrome
spreading. (a) the majority of the hybrids with mature
mRNA had two symmetrical loops indicating regions
of incomplete homology between spinach and Euglena
(triangular arrow). (b) A hybrid with a pre-mRNA. The
loop indicated by the long arrow is an unspliced intron
RNA sequence.

(c) and (d) A Euglena cpDNA fragment containing the
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E.coli DNA polymerase was used to incorporate biotiny-
lated nucleotides into the protruding ends of plasmid
DNA linearized by restriction endonucleases. One biotin
residue is sufficient to bind streptavidin/ferritin. This
complex is large enough to show up very distinctly in
samples prepared for the electron microscope by the
mica adsorption technique. Plate 22a illustrates the high
efficiency of the labeling procedure which marked nearly
all of the ends of the linearized plasmid DNA with the
ferritin complex. In cytochrome spreadings the label
does not appear as distinct (Plate 22b). The use of
avidin-coated colloidal gold (Plate 22c; B. Koller with 5.
Craig. Canberra) for the complex formation with biotin
seems more promising for this technique.

The availability of separated single strands is important
for electron microscopical techniques since their use can
significantly improve the kinetics of heteroduplex and
hybrid formation by excluding unwanted homoduplex
formation.

Plasmid DNA (Plate 22b) in which one of the biotin-
labeled ends had been removed by a second restric-
tion cut close to the first one. was bound to an
avidin-5epharose column. By denaturation of the double
strands with NaOH only the non-labeled strand of
the plasmid preparation was eluted. The DNA which
remained bound to the column could be eluted with
guanidine isothiocyanate. This procedure yielded prepa-
rations of both complementary strands of high purity.
and was applied to the electron microscopy of pEMBl

psbA gene and part of another unknown gene upstream.
was cloned into the vector pEMBl8- and annealed with
Euglena cpRNA. (c) A hybrid molecule with mature
mRNA. The genomic DNA of the psbA gene formed
four intron loops. The adjacent gene shows two intron
loops and an unhybridized RNA tail. which indicates
the 5'-end of the genes. (d) A hybrid with a psbA
pre-mRNA from which only intron 3 had been spliced
out. The much longer unhybridized RNA tail of the
adjacent gene also indicates a pre-mRNA.

(e) and (f) Mica adsorptions of hybrid molecules of a
Euglena cpDNA EcoRI fragment. containing the region
of the supplementary 165 rRNA gene and an uniden-
tified ORF. as shown in the line drawing. (e) Hybrid
of the EcoRI fragment with 165 rRNA. The inverted
repeat IR1 formed a stem/loop structure. (f) Hybrid of
the same fragment with a 3.6 kb RNA. which includes
the s165 rRNA gene. the ORF and the inverted repeat.

In the tracings the DNA is drawn as solid line. the RNA
as dashed line.
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PLATE 22

(a) DNA of the plasmid pEMBL8- linearized with EcoRI
and labeled at both ends with biotinylated dUTP was
complexed with streptavidin/ferritin and prepared for
electron microscopy by mica adsorption.

(b) The same DNA after a second restriction en-
zyme treatment with HindU!. complexed with strepta-
vidin/ferritin. and prepared by cytochrome spreading.
The ferritin-labeled ends are indicated by arrows.

(c) DNA as in (a) but complexed with avidin-coated

a

"

colloidal gold and prepared by cytochrome spreading.

(d) Cytochrome spreading of a heteroduplex between
circular single-stranded recombinant pEMBL9+ DNA
and the complementary strand of pEMBL8- prepared
by the biotin/avidin method described in the text. "Fl"
marks the substitution loop caused by the + and -
orientation of the phage sequences in the vector.
"ss" is the single-stranded region of DNA inserted into
pEMBL9+.
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cloned DNA. Single strands complementary to the
pEMBL vectors were prepared using the technique de-
scribed above. When hybridized to the circular recom-
binant single strands they form a heteroduplex in the
vector region. The ends of the duplex region delimit the
transition points to the insert sequences. By choosing
a combination of single strands with the F1 regions
in + and - orientation, a substitution loop is formed
wh ich serves as a reference for the orientation of the
circle. Such a heteroduplex is shown in Plate 22d,
and an illustration of its application to the analysis of
chloroplast hybrids is given in Plate 21.a and b.

Together with the group of R. Cortese we have analysed
recombinant lambda clones selected with probes for the
heavy and light chains of human apoferritin. Maps were
determined using heteroduplex and hybrid analysis. Ex-
cept for overlapping clones the extent of homology did
not exceed the approximate size of the sequences coding
for the protein indicating that the isolated clones might
contain pseudogenes inserted into completely different
environments.

In collaboration with H.H. Arnold (Hamburg) lambda
clones containing the gene for chicken cardiac myosin
light chains were analysed. This study in combination
with sequence data led to the determination of six
exons. Exon 1 at the 5'-end codes for only one amino-
acid, and is separated from exon 2 coding for the second
one by about 1 kb. These two amino-acids do not
appear in the mature protein.

Experiments were done with M. Brunner, U. Peschke
& H. Bujard (Heidelberg, Basel) to study the binding
kinetics of E.coli RNA polymerase, and to test the
hypothesis that the enzyme might reach a promoter
by a process of linear diffusion on the DNA. A plas-
mid construction containing three promoters in a row,
linearized by a restriction cut asymmetric with respect
to the promotors was used for the binding studies. In
agreement with results from filter binding experiments
no preference was found for the binding to the outer
promoters versus the central one arguing against linear
diffusion.

In collaboration with G. Darai (Heidelberg) viral and
cloned DNAs from Tupaia herpesvirus were analysed by
heteroduplex methods. Very extensive non-homologies
were observed between different strains. The positions
and extents of deletions affecting the tumorigenicity of
viral mutants and recombinants are being determined.
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Electron microscopy applications group

Member: J. Dubochet

Scientific assistant: A.W. McDowall*

Fellow: J.M. Smith*

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

After 6 years of development at EMBL. cryo-electron
microscopy of vitrified specimens has become a well-
established routine technique. No further important
methodological progress has been made during the year.
but the teaching of an EMBO course gave 11 new
students the opportunity to become familiar with the
method. The major effort of the year was directed
towards the application of the method in biology. bear-
ing in mind that. after 50 years of "dry" electron
microscopy. the emergence of the "wet" state requires
a rethinking of the role of water in biology. We have
therefore explored a variety of aqueous systems chosen
because they have been studied in great detail by other
methods.

Collaborating with A. Gautier and L.A. Michel-Salamin
(Lausanne: Plate 23). we could. for example. confirm
the liquid crystal nature of the chromosomes of some
dinoflagellates (Bouligand et al.. 1968). With A. Angel
(Purdue). we have visualized the expected structure
of some organic microemulsions and also discovered
several types of unexpected long range order (Plate 24).
In our view. the most remarkable finding emerging from
these and other studies is the omnipresence of long
range forces acting through the liquid medium. In order
to study their role in biology. we have concentrated our
efforts on the following systems:

The structure of condensed chromatin was studied in
mitotic CHO cells. in isolated chromosomes. and in
the minichromosome of SV40 (in collaboration with P.
Oudet. Strasbourg). Chromatin from these sources was
found to have a remarkably homogeneous structure in
which the 11 nm filament formed by the stacking of
nucleosomes plays a central role.

An in vitro model for the study of the dynamics of
proteins in membranes has recently been developed in
collaboration with the group of K. Simons. Preliminary
observations have been made on the cooperative be-
haviour of G. protein of VSV in a lipid layer.
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PLATE 23

Cryo-section through an unstained. unfixed. vitrified
dinoflagellate Pmicans. The chromosomes have a char-
acteristic banded or arched structure. Magnification:
38.000 times.

PLATE 24

Thin vitrified layer of an oil in water microemulsion.
The specimen was prepared by the bare grid method.
It shows an unexpected long range organisation. Mag-
nification: 12.100 times. High magnification view of the
same specimen (insert) shows that the microdroplets
are arranged into small two-dimensional "liquid" crys-
tals. Magnification: 118.000 times.
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Frozen hydrated periodic specimens

Member: J. Lepault

Visiting workers: U. Aebi*, R. Henderson*, E. Morris*

Technical assistant: N. Martin*

Cryo-electron microscopy of vitrified specimens allows
the study of unstained biological objects in the hydrated
state. Vitrification is a physical change which may
affect the structure of the studied object. To quantify
these possible changes. we studied different objects.
well-characterized in the liquid state. such as viruses
and lipid vesicles. Besides improved characterization of
the vitrified state. these ·objects allowed us to define
better the conditions for retrieving the information from
images of unstained specimens. Finally. we applied
the methodology to a membrane protein crystal. the
receptor for phage lambda.

Structure of bacteriophages (with K. Leonard)

The study of bacteriophages in the hydrated state is
interesting for two reasons. Firstly. the DNA packing in-
side the bacteriophage head can be investigated. and we
have continued this investigation on T4 and ¢-CbK bac-
teriophages. Secondly. they provide well-characterized
structures. such as the tail of the bacteriophage T4.
We have studied this object extensively to give a better
representation of the extended tail. as well as to assess
the image processing of unstained vitrified specimens.
Plate 25a shows isolated tails embedded in vitrified ice.
While 2-D periodic arrays can be reasonably processed.
assuming they are imaged by pure phase contrast
(Lepault & Pitt. 1984). amplitude contrast cannot be
neglected in the analysis of unstained helical particle
images. The best data set for a three-dimensional re-
construction is composed of layer lines corrected for
the phase contrast transfer function and an uncorrected
equator. Plate 25b shows a "pseudo 3-D representa-
tion" of 7 annuli constituting a repeat of the basic
helix of the T4 tail. calculated with such a data set. To
increase the signal over noise of the weak features. we
also averaged different particles. This averaging showed
that tails embedded in vitrified ice exhibit structural
variations from one particle to another. The resolution
of our reconstruction is comparable to that previously
calculated with data obtained from negatively stained
T4 tail images. However. the sheath subunit seems
to be more clearly visible and has a slightly different
structure than when negatively stained.
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Vitrified and liquid state

Although the density of water changes from 1.0 to
0.93 g/cm3 upon vitrification. a structural continuity
for biological objects exists between the liquid and solid
states.

Tobacco mosaic virus (TMV) embedded in vitrified ice
is shown in Plate 25c. The equatorial data is similar. if
not identical. to that obtained by x-ray diffraction after
accounting for the contrast transfer functions.

Lipidic structures are sensitive to both temperature and
hydration. Plate 25d shows a suspension of vitrified
vesicles. The double leaflet of the membrane can be
visualized. The separation between the two leaflets
(40 A) is in agreement with that determined by x-
ray diffraction. The different structures of the lipid
vesicle above and below the phase transition seem to
be preserved when the specimen is incubated at the
appropriate temperature before vitrification.

Our results indicate that. to a resolution of at least 20
A. the structure of biological objects is unaffected by
fast freezing.

Membrane protein crystals (with J. Rosenbusch)

Different membrane proteins from E.coli have been
studied; mainly PhoE and maltoporin. 3-D reconstruc-
tions are currently in progress.
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PLATE 25

(a) Unsupported isolated T4 tails embedded in vitrified
ice. The arrow shows an end-on view of the central core.

(b) Average reconstruction of T4 tails embedded in
vitrified ice calculated with layer lines corrected for
the phase contrast transfer function with a Wiener
filter and an uncorrected averaged equator. The equator
has been scaled so that the amplitudes at the phase
contrast transfer function maxima are equal to those
after correction.

Lepault. J. & Pitt. T. (1984). Projected structure of
unstained. frozen-hydrated T layer of Bacillus brevis.
EMBO J.. 3. 101-105

McDowall. A.W.. Hofmann. W.. Lepault. J.. Adrian. M.
& Dubochet. J. (1984). Cryo-electron microscopy of
vitrified insect flight muscle. J. Mol. BioI.. 178. 105-111

(c) Vitrified tobacco mosaic virus. The 23 Aperiodicity
is clearly visible.

(d) Vitrified lipidic (DMPC) vesicles. The separation of
the double leaflet (40 A) is in agreement with x-ray
measurements. The bar in (a). (c) and (d) represents
1000 A.
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Electron microscopy and computer image analysis

Member: K. Leonard

Student: G. Hutchinson*

Visiting workers: B. Bullard*, R.H. Lange*, A. Yonath*

Technical assistants: T. Arad, J. Berriman

We are using computer analysis to obtain two- and
three-dimensional information from electron micro-
graphs of periodic biological structures. Although we
are mainly concerned with 3-D reconstruction of two-
dimensional crystals. higher resolution. at least in pro-
jection. can be obtained by working with thin multi-
layer crystals such as those obtained for cytochrome
reductase and restriction endonuclease EcoRV. We have
also been investigating the effect of electron irradiation
on the molecular dimensions of stained and unstained
specimens, as visualised in the microscope.

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

Restriction enzyme EcoRV (with F. Winkler)

The enzyme. when co-crystallised with synthetic oligo-
nucleotides. gives crystalline platelets which are suffi-

, ciently thin to image directly in the electron microscope
and to give high resolution electron diffraction patterns
(Plate 26). These' have been studied both in negative
stain and unstained (in glucose and frozen hydrated).
A three-dimensional reconstruction of the molecular
dimer obtained from these co-crystals was comparable
in size to the low resolution model for the native enzyme
obtained by x-ray diffraction (see report of F. Winkler).
Electron diffraction patterns of these crystals (Plate
26(b)) show faint arcs. presumably arising from the
DNA component. which are aligned at about 20° to
the b axis of the crystal. A tentative model for the
positioning' of the DNA on the two-fold axis of the
crystal can thus be proposed (Plate 26(c)).

Membrane proteins

(i) Outer membrane proteins of E.coli

With the group of J. Rosenbusch we have been studying
two dimensional crystals of the pore proteins PhoE
and LamB (Maltoporin) in negative stain. Preliminary
3-dimensional structural analyses have been carried out.
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(ii) 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.

Analysis of thickness of irradiated crystalline spec-
imens

A trigonometric method for determining the thickness of
specimens has been developed with R. Bryan (Biocom-
puting Group). This. together with Laue zone analysis
of electron diffraction patterns. has been used to fol-
low thickness changes in specimens. both stained and
unstained. before and after electron irradiation. These
measurements are important for assessing the accuracy
of image reconstructions carried out by the Fourier tilt
method.

Image analysis of frozen specimens

With the group of J. Lepault we have carried out
a 3-D helical reconstruction of T 4 phage tail in ice.
Work is also in progress on the structure of the large
bacteriophage ¢-cbk (see report of J. LepauIt) .

Other projects have been carried out with visiting work-
ers or in collaboration with outside groups.

Ribosome crystals

With H.G. Wittman (Berlin) and A. Yonath (Rehovot).
we have continued image analysis of crystals of 50S
ribosomal subunits of B.stearothermophilus. Thin crys-
tals obtained both by vapour diffusion and by ammo-
nium sulphate precipitation have been studied. We are
at present carrying out three-dimensional analysis of
tilted images from these crystals.



PLATE 26

(a) Electron diffraction pattern of thin EcoRV-DNA-
decamer crystal in glucose. Diffraction spots extend to
3 A(arrowed)

(b) Electron diffraction pattern of frozen hydrated
EcoRV-DNAoctamer crystal. The resolution is not as
good. but weak arcs at 3.4 Acan be seen. presumably
from the base stacking repeat of the DNA inclined at
an angle of about 20° to the b axis of the crystal.

Q-1
0.2 A

a

Q-1
0.2 A

b

(c) Computer averaged. filtered image of a single layer
crystal of DNA-EcoRV complex. negatively stained with
uranyl acetate. The enzyme molecules are arranged as
dimers (protein is white and stain dark) in a p22121
packing. The tentative orientation of the DNA oligomer.
as indicated by the electron diffraction pattern in (b).
is shown.
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PLATE 27

(a) Isolated Lethocerus Z-disc. negatively stained. scale
bar 1 micron.

(b) Computer filtered image of part of (a) at higher
magnification showing in projection the lattice of actin
filaments which traverse the Z-disc. Scale bar 500 A.

(c) Contour plot of (b).

A
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Insect muscle Z-disc

With B. Bullard (Cambridge) we have developed a
method for obtaining negatively stained images of iso-
lated Z-discs from the giant water-bug, Lethocerus,
which show the underlying lattice (Plate 27). These are
now being studied to obtain structural information on
the intermolecular cross-linking between actin filaments
in the disc.
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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.

In addition. the activity is 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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Cell specific expression of cloned genes

Members: R. Cortese, G. Ciliberto, V. Colantuoni

Fellows: G. Bensi, M. Colombo, F. Costanzo, L. Dente, C. D'Onofrio, F. Palla*, E. Perlino*, G. Raugei, M. Uhlen*

Student: G. Paonessa*

Visiting scientists: F. Altruda*, P. HUdson*, P. Di Natale*, H. Klefenz, A. Pannuti*, G. Romeo*, L. Silengo*, L. Spinelli*,
M. Tripodi*

Technical assistants: S. Stampfli*, V. Romano

Introduction

The goal of our research project is to study the molecu-
lar basis of cell-specific transcription of genes expressed
in the human hepatocyte.

There is an enormous amount of information concerning
the structure and function of many proteins synthesized
in human liver cells and. due to medical interest. screen-
ing on a large scale has been performed. leading to the
discovery and classification of many human mutants. In
this system therefore there is a wealth of information
concerning the physiology and pathology of the hepato-
cyte. and the biochemistry and genetics of its specific
gene products. Several of these genes have been the
object of classical genetic studies and their alterations
have been correlated with important inherited diseases.
The characterization of their structure in normal and
mutant individuals. their chromosomal location and
their regulation will further our knowledge of important
diseases. i.e. first their diagnosis. and hopefully their
cu re and prevention.

Regulation of gene expression in liver is probably very
complex. The hepatocyte synthesizes a large number
of proteins in a cell-specific manner; 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 & Meister. 1982) and a large number of
detoxifying enzymes (Alvares. 1982). Regulatory mech-
anisms must exist to establish the physiological intra-
cellular concentration and the balance among the vari-
ous gene products. In addition to the constitutive gene
expression. there are numerous induction and repression
mechanisms mediated by hormones (Chan. 1982). by di-
etary uptake (Greengard. 1971) or by pathological con-
ditions (Kushner. 1982) which may dramatically change

the pattern of gene expression. Only the adult liver
expresses the complete repertoire of functions which are
acquired at various stages during development. Some
genes are only turned on at birth. and some only after
weaning (Gitlin & Gitlin. 1975). There are also some
genes only expressed in the freta I liver. like for instance
alpha-fretoprotein (Scott et al.. 1984). It is likely that
multiple regulatory factors exist. perhaps defining sets
of genes coordinately regulated during development and
differentiation.

Our research project is going to proceed through the
following phases: (1) Cloning and sequencing of a cer-
tain number of liver-specific cDNAs and corresponding
genomic segments. (2) Expression of the cloned genes
by transfection in a variety of cell lines to define con-
ditions for hepatocyte-specific expression. (3) Identi-
fication and characterization of cell-specific cis-acting
transcriptional signals and trans-acting factors.

Cloning of liver-specific genes

Using a variety of approaches we have cloned and
sequenced several human liver-specific cDNAs including
those coding for: albumin. a1-antitrypsin. plasma and
cellular retinol-binding proteins. a1-acid glycoprotein.
haptoglobin. haemopexin. factor XII. protein C. apofer-
ritin Hand L. aldolase B. ,-fibrinogen. The cDNAs
have been used to clone the corresponding genomic
DNAs from A and cosmid libraries. At the present time
we have detailed information on several of them: a1-
antitrypsin. a1-acid glycoprotein. retinol-binding pro-
tein. haptoglobin and apoferritin. In each case we have
determined the DNA sequence and identified by 51 map-
ping and primer elongation the transcription initiation
site thus defining the putative promoter sequences.
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Cell-specific expression

Human hepatoma cell lines Hep3B and HepG2 ex-
press plasma protein genes. including a1-antitrypsin,
retinol-binding protein and haptoglobin. These cell lines
proved to be excellent recipients of DNA, by the calcium
phosphate transfection procedure. We have used them
(and HeLa cells as negative controls) for expression of
our cloned genes. Before transfection the cloned genes
were either modified so as to distinguish their transcript
from that produced by the recipient cell or fused to the
chloramphenicol acetyl transferase coding sequence. We
could show that in every case the cloned genes behave
like the endogenous gene: in HepG2 all three genes were
efficiently transcribed: in Hep3B only a1-antitrypsin
and retinol-binding protein were expressed but not hap-
toglobin, reproducing the observation that in Hep38 the
endogenous haptoglobin gene is silent. Finally in HeLa
cells none of these genes is expressed. Positive controls
with SV40 DNA show that the three cell lines used were
equally efficient with respect to a universal promoter.
In a subsequent set of experiments we showed that the
DNA sequences responsible for cell-specific expression
(cis-acting liver-specific elements: CALSE) are located
in the 5' flanking region of the genes. Other genes.
normally not expressed in Hep38 or in HepG2, acquire
this property when fused to CALSE deriving from the
a1-antitrypsin gene.

The existence of essential trans-acting factors could be
shown by competition experiments: template DNA was
cotransfected with increasing amounts of competitor
DNA containing potential liver-specific transcriptional
signals.

On the basis of these experiments our liver-specific
genes could be assigned to two classes: Haptoglobin,
a1-antitrypsin and a1-acid glycoprotein compete for the
same factor, whereas retinol-binding protein binds to a
different factor. This last result reveals that the regula-
tion of liver-specific transcription is complex and might
be executed by at least two independent mechanisms.

Human genetics

The cDNA clone coding for human protein C has been
used as a probe for the study of patients with a
thromboembolic disease probably caused by protein C
deficiency. It was possible to show that, in some cases,
a restriction fragment length polymorphism existed,
segregating with the disease. A careful analysis of the
normal and the patients' gene leads to the conclusion
that the polymorphism maps within the coding region of
the protein C gene. This observation is being exploited
for genetic counseling (in collaboration with Dr. Bertina,
Leiden) and will be used for pre-natal diagnosis.

The cDNA clone coding for haptoglobin has been used
for the characterization of a human variant haptoglobin:
Hp Johnson. It was possible to show that these in-
dividuals have a partial triplication of the haptoglobin
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coding sequence. thus at the genetic level explaining
the observation that the haptoglobin molecule, purified
from these patients, is larger than normal.

Future developments

At present we have some information on the structure
and location of DNA sequences capable of conferring
on any gene the property of being efficiently transcribed
in liver cells. In this direction we will use site-directed
mutagenesis, construction of hybrid genes, intra- and
intergenic competition experiments, aiming at a detailed
characterization of the cis-acting elements. In parallel
we will concentrate our efforts towards the identifica-
tion, purification and characterization of the various
liver specific trans-acting factors. With this aim we
have planned two complementary strategies: genetic
experiments to select for clones coding for liver-specific
trans-acting factors and in vitro biochemical analysis of
their properties.

We also plan to extend our study of human inherited
diseases and have initiated collaborative projects with
several groups in Europe.
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Molecular genetics of microorganism

Member: G. Cesareni

Fellows: M. Bally*, L. Castagnoli, M. Sollazzo*, G. Spinelli*

Students: M. Cornelissen*, J. Murray

Visiting workers: R.M. Lacatena*, S. Levi*

Technical assistants: J. Hughes, D. Kirk*

The general theme underlying the different projects in
our group concerns the study of regulatory mechanisms
which are based on RNA-RNA interaction. Efforts have
also been devoted to the development of techniques for
the overexpression of native eukaryotic proteins in E.coli
and of RNA molecules in vitro.

Control of ColEl replication

Initiation of DNA replication of plasmids of the CoIE1
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
(RNA1) which is complementary to the 5' portion of
the RNA primer. This molecule inhibits the maturation
of the primer by the enzyme RNaseH in vitro (Tomizawa
& Itoh. 1981).

The analysis and characterization of a large number of
mutants in the target of RNA1 allowed us to conclude
that RNA1 inhibits initiation of DNA replication via
base pairing of two of its three loops with the comple-
mentary sequences in the primer precursor (Lacatena &
Cesareni. 1983).

The second negative controlling element is a protein
of 63 amino-acids encoded by the rop gene. This gene
was originally identified because it inhibits in trans
the expression of the lacZ gene when it is fused to
the primer promoter (Cesareni et al. 1982). Recent
in vivo and in vitro experiments have indicated that
Rop by itself is not sufficient to inhibit initiation of
DNA replication and that this inhibition mechanism
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requires RNA1. We have found that in an in vitro system
reconstituted from purified enzymes. Rop and RNA1
inhibit primer formation at concentrations at which
RNA1 alone is not effective. In the presence of the two
i"nhibitors 20% of the transcripts terminate after 220
nucleotides. The remaining transcripts. which escape
termination. cannot be matured by RNaseH (Lacatena"
et al. 1984). We have also shown that the complex
between RNA1 and the primer forms more efficiently
in the presence of Rop than in its absence. but we
have not been able to conclude whether Rop can form
a stable complex with the two RNA molecules. This
type of experiment is limited by the number of RNA
molecules (especially RNA primer) that we are able
to synthesize in vitro. To overcome this problem we
have developed techniques for the synthesis of defined
RNA molecules in quantities suitable for biochemical
and structural studies.

In collaboration with D. Banner & M. Kokkinidis. who
have solved the three-dimensional structure of the Rop
dimer. we are investigating by site-directed mutagenesis
the molecular details of the interaction between the
th ree regu latory molecu les.

Yeast nuclear RNA and 2jJ replication

In our attempt to study other regulatory mechanisms
based on RNA-RNA interactions we have continued
the characterization of yeast genes coding for nuclear
RNAs. Since we realized that a group in the U.S. (Wise
et al. 1983) was working on capped small nuclear RNAs
we concentrated our effort on three genes encoding non-
polyandenylated nuclear RNA of molecular weight 311.



PLATE 28

Comparison between the nucleotide sequences of rat.
Dictyostelium discoideum U3 sequences and R3 RNA
from Saccharomyces cerevisae

Sequence homology between U3 genes from rat (1), slime mould (2) and yeast R3

Rat AGTGACTATACTTTCAGGGATCATTTCTATAGT .. TCGTTACTAGAGAAGTTTCTCTGACTGTGTAGAGCACCCGAAACCACG.AGG
111111111111111 1111 III I 1111 1111 I III III II

Yeast GGATCATTTCTATAGGAATCGTCACTCTT .... TGACTCTTCAAAA ... GAGCCACTGAATCCAACTTGG
1I1111111111 II I 11111 I I I II 1111 I II II II II II

Slime m. .ATGACCAAACTCTTA. GGATCATTTCTAGAGTA. TCGTCTATTAAAA .. TTATTCATCAATAATTTTTCCTCTTT ... CAGCTAGG

Rat AGG.AGACG ..... GAGCGTTCTCTCCT.GAGCGTGAAGCCG ..... GCTCCTAGTGTTGCTTCCTGCCATTGCTATTGGCAACTGA
I II I I II I II III I III III I III I 1111 I I I I I I I

Yeast TTGATGAGTCCCATAACCTTTGTACCCCAGAGTGAGAAACCGAAATTGAATCTAAATTAGCTTGGTCCGCAATCCTTAGCGTTCGGC
111111 I I II II I I II I 1111111 III III II I II I I I

Slime m. ATGATGATAC .... ACACTCACTATACGAAAGCGTGAAACCGTTATT .. ATCAAA ... TGATTCATTTATTTGTTATTAACA. TTGA

Rat TGATCGTCTT .
I I

Yeast CATCTATAATTTTGAATAAAAATTTTCTTTGCCGTTGCATTTGTAGTTTTTTCCTTTGGAAGTAATTACAATATTTTATGGCGCGAT
I I

Slime m. TGACCGTCTA .

Rat CGGTCCTCTTGAGGGGTGAGAGGGAGAGAACGCAGTCTGAGTGGT
II II I I 1111 I I I 11111I111

Yeast GATCTTGACCCATCCTATGTACTTCTTTTTTGAAGGGATAGGGCTCTATGGGTGGGT ACAAATGGCAGTCTGAC
II II I 1111 I I

Slime m. . ATTCAGGGATGAATTGGTTGTATGGTGGGATTCGTACT

Rat 214 Bases

Yeast 311 Bases

Slime m. 210 Bases

(1) Reddy. R.. Henning. D. & Busch. H. (1980). J. BioI. Chem.. 255. 7029-7033
(2) Wise. J.A. & Weiner. A.M. (1980). Cell. 22. 109-118

660 and 890. We have recently completed the sequences
of the three genes and we are in the process of making
constructions that would allow us to delete the genes
from their chromosomal location and find out whether
they are essential. If any of these three genes turns out
to be essential for yeast growth we will try to isolate
temperature-sensitive mutants that should allow us to
ask questions about the function of these RNAs. We
are also exploring the possibility of synthesizing in vivo
under the control of a strong promoter large quantities
of RNA complementary to the nuclear RNA of interest
in an attempt to block its function. Comparison of

the sequences of the RNAs that we have characterized
with the available sequences of small RNAs from other
organisms has revealed a striking simularity between
yeast RNA3 (311 nucleotides) and rat and Dictyostilium
discoideum U3 RNA (Plate 28).

A second project aims at asking whether transcripts
that are synthesized in the replication origin of the
yeast 2J-l plasmid are involved in controlling its copy
number and/or its stability. We have isolated a series
of deletions in the replication origin and we are in the
process of trying to correlate their transcription pattern
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with their replication properties.

Overexpression of RNA molecules

Most of our projects require microgram quantities of
RNA molecules for biochemical studies. We would also
like to be able to produce milligrams of certain RNAs
(i.e. RNA1) for structural studies. For these purposes
we have chosen the system recently described by Melton
et al. (1984) which exploits the strength and specificity
of a promoter of the phage SP6 to synthesize in vitro
large quantities of specific RNAs. We have constructed
pEMBL type vectors (see Dente et al.. 1983) which
contain the SP6 promoter and whose DNA can be
prepared in the single-stranded form. The ability to
prepare single-stranded vector DNA allows us to tailor
at will (by oligonucleotide directed mutagenesis) the
RNA molecules that we will synthesize under the control
of SP6 polymerase. In Plate 29 we have shown the
step involved in the construction of a vector which
synthesizes an RNA molecule identical to RNA1. The
yield is approximately 1J1g of RNA1 / 1J1g of template
/ 10 units of SP6 polymerase. It is now conceivable to
scale up the operation to prepare milligram amounts of
RNA suitable for structural studies.

Expression of eukaryotic proteins in E.coli

Last year we described the construction of single-
stranded expression vectors. This year we attempted
to use these vectors to synthesize the enzyme AMV
reverse transcriptase in E.coli. By using deletion induced
by oligonucleotides on single-stranded templates we
have fused the RNA sequence encoding reverse tran-
scriptase to (a) the AUG of MS2 replicase under the
control of the A PL promoter (Remaut et al.. 1983);
(b) the first five amino-acids of ,B-galactosidase (Dente
et al.. 1983); (c) the entire ,B-galactosidase enzyme
(Ruther & Muller-Hill. 1983).

The results of pulse labelling experiments can be
summarized as follows: construction (a) did not yield
any protein of molecular weight comparable to reverse
transcriptase indicating problems at the level of initi-
ation of translation. When the coding sequence was
fused to the first 5 amino-acids of ,B-galactosidase
however a band of correct molecular weight and cor-
responding to approximately 0.5% of total proteins
could be identified. This protein has a half-life of ap-
proximately 5 minutes in E.coli. If reverse transcrip-
tase is fused to the entire ,B-galactosidase (construc-
tion c) the yield rises to approximately 5%. We are
currently in the process of purifying this fused pep-
tide to find out whether it maintains any of the en-
zymatic activities of the native reverse transcriptase.
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& Spadari. 5.: Plenum Press. New York. p.215-219

Cesareni. G.. Cornelissen. M.. Lacatena. R.M. &
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inhibition of primer formation by Rop requires RNA1.
EMBO J.. 3. 1365-1369

Lacatena. R.M .. Banner. D.W.. Castagnoli. L. & Ce-
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USA. 78. 6096-6100



PLATE 29

Construction of a plasmid that can overproduce RNA
I in vitro. The strategy used to fuse RNA I coding
sequences to the SP6 promoter is illustrated. Relevant
restriction sites are represented by shaded boxes. Bent
arrows point to the SP6 and RNA I starting points of
transcription. The two oligonucleotides used to induce
the 5' and 3' deletion are also shown.

The bottom part of the Plate shows the RNA products
obtained by incubating the 3 plasm ids in the presence

of SP6 polymerase. This is an autoradiograph of a
6% PA denaturing gel (7 M urea) used to analyze the
transcription patterns of the various plasm ids (shown in
the top part) in the presence of SP6 polymerase. Lane
1. pEXll linearized by BamHI: lane 2, pEX18 linearized
by BamHI: lane 3, pEX21 linearized by Xbal and treated
with S1 to digest the protruding ends: lane 4, pEX21
linearized by Xbal. SP6 transcription was carried out
according to Melton et al. (1984). The sizes of the major
transcripts are indicated at the bottom in nt.
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Physical Instrumentation Programme

Introduction

In Physical Instrumentation there are three noteworthy
developments which have taken place during 1984. The
first of these is the completion of the cryoSTEM. The
most critical component, the superconducting lens, was
completed in August and the complete instrument was
switched on in September. The initial tests indicated
clearly that no major modifications would need to be
made and it is hoped that the application of this instru-
ment to biological specimens can begin in the early part
of 1985.

The second noteworthy development concerns the scan-
ning optical microscope which was described in last
year's Annual Report. Because of the very small depth
of field of the confocal lens system, one can; by shifting
the specimen in the Z direction (along the axis of the
beam) produce a series of images which are in effect
images of serial sections through the specimen without
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the need to carry out the sectioning operation. One can
further use a computer to combine these images, to
produce what is in effect a 3-dimensional image of the
specimen.

The third major development is the design and con-
struction of a detector and data acquisition system
for protein crystallography to be used on the rotating
anode machines in Heidelberg. This development led
by C. Boulin is based on a "Gabriel" 2-dimensional wire
chamber detector and a CAMAC based data acquisition
system. together with a precision goniometer mount
designed in collaboration with the crystallography group
and E. Gilberg and constructed by the mechanical work-
shop in Heidelberg. The necessary software is presently
under development and it is hoped that the completed
system will be in operation in 1985.



Electron microscope development

Members: A. Jones, W. Tichelaar*

Student: M. Haider

Visiting workers: E. Carlemalm*, J.-C. Homo*

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

At the request of the Director-General the ElM De-
velopment Group has extended its responsibilities to
cover both instruments and applications for both of our
STEM instruments. the original H85 and our newly-
constructed cryoSTEM. The proposed programme for
the further development of these two instruments and
their application to biological specimens was reviewed
by the Scientific Advisory Committee in June of this
year. The basic points of the proposal were as follows:

1. That our efforts should be concentrated in two spe-
cific areas:

a. an investigation of cryo protection at 4 K under
STEM conditions;

b. a detailed investigation of STEM-specific imag-
ing modes to ascertain which of these imaging
modes are applicable to biological specimens and
for which specific types of biological specimens
they are most useful.

2. That. because of the modular construction of the
cryoSTEM and the resulting ease of modification.
it should be used in general as the development
instrument. and that successful developments should
be transferred to the H85 for application to a wide
range of biological specimens (this is in general
possible because the cryoSTEM has been designed
to be optically compatible with the H85).

To implement this new programme some modification
was necessary to the staff complement of the ElM
Development Group. in particular the hiring of two
electron microscopists to handle the applications. The
first of these. W. Tichelaar from the" University of

Groningen. joined the group in October and has now
assumed responsibility for the operation of the H85
STEM.

Instrumentation

CryoSTEM

The superconducting objective lens of the cryoSTEM
was completed in August and the complete microscope
was switched on for the first time in September. Rec-
ognizable .images were obtained on the first day of
operation and it was clear within "a week that the
unique mechanical design of the cryolens and specimen
stage would meet its specifications without any major
modifications.

A chronic problem in electron microscopes containing
cryogenic lenses is thermal drift between the cold and
warm sections of the microscope. Cryogenic lens de-
signs have therefore always been a compromise be-
tween the conflicting demands of adequate mechanical
rigidity and sufficiently good thermal isolation to avoid.
amongst other problems. excessive helium consump-
tion. The present design has a helium consumption
roughly half that of competitive designs and thermal
drift which is essentially negligible under normal oper-
ating conditions.

The cryoSTEM in its present form includes the follow-
ing unique features:

1. Modular construction of both optical column and
electronics. The optical column consists of 4 mod-
ules:
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a. Field emission gun:

b. Beam current/probe size control and scan system:

c. Cryo-objective lens and airlock/specimen stage:

d. Detector assembly (which itself is made up of
several interchangeable sub-modules).

The modules can be isolated from each other by
miniature gate valves built into the optical column
and are separately pumped to simplify modifications.
particularly to the detector system (q.v.).

The electronics is completely modular and makes
extensive use of standard circuit boards and in-
tercommunicating microprocessors (at present the
cryoSTEM contains 6 microprocessors and a seventh
is due to be incorporated in the near future).

2. Magnification range x20 to x100 K (Low Mag) and
x2 K to x 10 M (High Mag).

3. Superconducting objective lens providing:

a. 4 K specimen temperature:

b. large angular demagnification between the spec-
imen and the detector system to increase the
effective acceptance angle of the spectrometer.

4. Automated excitation of the cryolens under micro-
processor control.

5. Dual transfer lens with microprocessor control to
provide:

a. focus variation (the cryolens is operated in
persistent-current mode for maximum stability
and cannot be used as a focusing element):

b. 10 preset values of beam current and probe diame-
ter with independent focus settings for low magni-
fication (objective lens off) and high magnification
(objective lens on) conditions. Free operation of
the transfer lenses is also possible:

c. independent astigmatism correction for low and
high magnification conditions.

6. Variable geometry detector system with column air-
lock to enable detectors to be interchanged or re-
moved from the microscope with the cryolens under
vacuum. (The time taken to install a new detector
can thus be reduced from days to hours.)

7. Two interchangeable dark-field detector systems.

8. Virtual objective aperture. This means that all aper-
tures are in the room temperature section of the
column and can be removed and replaced without
admitting air to the cryolens (using column airlocks
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as in the detector system).

9. Single-tilt stage (±45°) with fast-change airlock.
Specimens can be changed in f"'V5-15 mins depending
on conditions. Adequate thermal stability (as indi-
cated by image drift is achieved in f"'V30 mins.

10. Integrated specimen shift (microprocessor-con-
trolled). A single "track-ball" is used to perform:

a. mechanical specimen shift (using stepper motors):

b. beam shift (at high magnification):

c. selected area shift (for focusing and stigmation):

d. movement of cursor on stored image to select
regions of the specimen for microanalysis:

e. preselection of areas of interest on specimen. A
total of 10 areas can be preselected - 5 at low
magnification using the mechanical shift and 5 at
high (>50 K) magnification using the beamshift.
In this second mode. the required magnification
can also be preselected and the size of selected
area is automatically indicated as a graphics "box"
on the original stored image.

[d. and e. operate in conjunction with the scan/
magnification control and the digital frame store
(q.v.)]

11. Digital image storage (at present 512x512x8 bits
for each of two images) which:

a. refreshes the two TV-rate displays. This has
the added advantage that stored images can be
displayed on any conventional TV monitor or
recorded on video-tape. Video gamma-correction
is provided in both frame stores:

b. functions as a double full-image buffer memory
during computer acqu'isition. Scan parameters can
thus be set independently of the computer char-
acteristics:

c. provides grey-scale display facilities for interac-
tive image processing using the built-in super-
microcomputer (see Present and Future Develop-
ments). For this purpose each frame store has two
full graphics planes in addition to the 8 bits of
image storage. This facility is also used in the area
preselect and cursor modes (q.v.).

12. Microprocessor-controller digital scan generator. Pre-
set scan parameters (5 independent sets plus TV-
rate) and 5 operating modes can be selected by
push button. Additional operating modes can be
provided by an external computer (e.g. the built-in
image processing computer). By means of the linked
microprocessors. the frame store is automatically set
to match the scan parameters.



PLATE 30

Overall view of cryoSTEM

PLATE 31
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Current developments

The following are currently under development and
should be completed during 1985.

1. Multipole corrector system (cryoSTEM). This will
initially be used to correct the aberrations of the
existing spectrometer and will later be incorporated
into a new high dispersion spectrometer (see 2.).

2. Wide-dispersion spectrometer with parallel readout.

3. 16-bit microcomputer for data acquisition and image
processing.

4. Frame store (for HB5 STEM).

Biological applications

This aspect of our work which had lapsed with the
departure of R. Freeman was reactivated with the arrival
of W. Tichelaar in October 1984.

Together with other groups in the Biological Structures
Programme we have been studying two-dimensional
crystals of maltoporin (cf. reports of groups of K.
Leonard and J. Rosenbusch). By determining the mass
per unit area. using TMV as an internal standard.
we could confirm that the crystals are monolayers.
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Computer programs were developed which improved
the statistical analysis of data obtained with mass
determination.

We have started an investigation of the maturation
of the bacteriophage T4 head in Escherichia coli: this
system is considered a model system for the assembly
of proteins in larger structures. The project is carried
out in collaboration with E. Carlemalm and E. Kellen-
berger (Biozentrum. University of Basel). Unstained.
thin sections were studied. using the ratio of the elastic
over the inelastic signal. In this imaging mode. the
image sharpness is less affected by the section' s surface
relief than in the normal elastic dark field mode. The
method is still hampered by a low signal-to-noise ratio
in the inelastic signal. Work is in progress to improve
the spectrometer performance in order to overcome this
problem.

Publications during the year

Berriman. J.. Bryan. R.K .. Freeman. R. & Leonard. K.R.
(1984), Methods for specimen thickness determination
in electron microscopy. Ultramicroscopy. 13. 351-364

Homo. J.-C.. Booy. F.. Labouesse. P.. Lepault. J. &
Dubochet. J. (1984). Improved anticontaminator for
cryo-electron microscopy with a Philips EM400. J. Mi-
crosc.. 136. 337-340



Mini and microcomputer based data acquisition and x-ray detector electronics

Members: C.Boulin, M. Albrecht, R. Kempf, P. Tucker*

Trainees: E. Henna*, A. Epstein*

Visiting workers: P. Jarron*, P. Cousseau*

The main function of the group is to implement mini-
or microcomputer based data acquisition systems for
in-house designed or commercially available equipment
needed by research groups.

As the use of microcomputers in instrumentation in-
creases rapidly, one of our duties is to concentrate more
on the software aspect of new developments. Software
drivers and libraries have been written to speed up
programming with our Z-80 development systems. Part
of our work went into the selection of the components
for the next generation of VME based 16-bit micro-
computers. The cryoSTEM will be interfaced next year
using this system.

We also spent time on the maintenance of in-house
built equipment and of our NORD-10 minicomputer. A
solution to the problem of replacing this computer has
been envisaged and we will use this opportunity to set
up CAMAC and VME test equipment.

Equipment developed earlier, such as graphic displays,
frame buffer and time frame generators, was duplicated.
mainly for the Hamburg outstation.

X-ray detector electronics

It was decided in December 1983 to install an area
detector (developed by A. Gabriel) for in-house crys-
tallographic measurements on a rotating anode x-ray
generator. Early this year, a project group was set-up.
consisting mainly of the persons involved in the design
and building of the equipment. The crystallographers
contributed largely in the specification of the x-ray op-
tics. The project mainly consists of (1) an area detector
(200x200 mm) with an anode wire spacing of 1 mm. (2)
the monochromator and goniostat assembly. (3) the
acquisition electronics, the display and the computer
link and (4) the software.

An attempt to use a commercially available goniostat
proved not to be the most convenient solution and
therefore this part was designed and built in-house (see
page 116). The acquisition electronics was based on
our previous design experience for similar problems at
the Hamburg outstation. The crystallographic software
developed in Hamburg was installed by K. Bartels on
the Vax 11/780. In December P. Tucker joined the group
and his first task will be to complete the tests of the
equipment which was installed ana to adapt the existing
software in order to get a working system.

The detector electronics built around LeCroy 4201 fast
time digitizers is housed in CAMAC and linked to the
main NORD-tO via a serial highway connexion. As the
VAX has now got its CAMAC interface we hope to be
able to move to this computer soon thus avoiding file
transfer via magnetic tapes.

The next phase of the project will mostly concern the
overall software development. The definition of the data
collection strategy has to be fully studied on the basis
of the first measurements in order to take full advantage
of the characteristics of the area detector.

Part of the data acquisition and preprocessing system
will probably be moved to a VME based microcomputer
system when the software reaches a more advanced
state.

As mentioned in Nature in May 1984 (Harrison, 1984)
the" electronic film appears to have a bright future"
and we hope that the Laboratory's contribution in this
area will be of help to the European community of
crystallographers.

To avoid unnecessary input-output load of the computer
connected to the area detector acquisition system we
designed and built an autonomous histogramming mem-
ory which can be coupled directly to the graphics system
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described in last year's report. The electronics is based
on a memory array of 64 K-words of 16 bits. divided
into four segments. These are operated sequentially
either as a histogramming memory to collect the data
produced by the digitization system associated with the
detector or to transfer the previously collected pattern
to the 3-D display module. or to reset the segment
where the next histogram will be stored. This system
has been integrated in the crystallography set-up on the
rotating anode generator which was built this year. Easy
monitoring of the collected information. in synchroniza-
tion with the crystal rotation. can therefore be achieved
at no extra computer load.

New detectors for ,B-counting

The quantitative measurement of the radioactivity from
gels or chromatograms is a problem we have been
looking at for several years in collaboration with A.
Gabriel. without actually turning it into a major project.
In fact. detectors constructed for x-rays can equally well
be used for the detection of ,B-rays. Nevertheless one
must admit that the resolution obtainable with this type
of detector presents a serious limitation in the case of
detection of electrons.

Our efforts have been oriented towards other methods.
As a result of a collaboration with P. Jarron from CERN.
we can now envisage the operation of a new type
of silicon semiconductor detector having an efficiency
close to 100% for 32 P radiations. Since these detectors
are manufactured using the same technology as is
required for production of integrated circuits. they can
be constructed either in the form of square or circular
planar areas or as a collection of linear tracks. The
present technological limits can produce tracks down
to a width of 20 microns with a gap between tracks in
the order of a few microns. The low noise electronics
for the operation of these detectors has also been
developed at CERN and exists in hybrid form which
reduces both the cost and the space requirement when
using a micro-strip structure.

As an experimental system. we have built a detector
composed of eight square regions. each of 5x5 mm.
spaced at a centre to centre distance of 25 mm. The
detector is fitted to a sliding mount controlled by the
computer to enable the detector to be scanned across
the measured region.

Other developments

The interface for the 2-D gel scanner built by the
Laser group and the workshops has been completed and
tested. This interface uses two local buffer memories
(2x2K-bytes). which alternately collect data from the
scanner. or transfer the data via direct memory access
to the on-line computer. Another section of the inter-
face provides communication between the computer and
the control electronics of the scanner. This section is
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constructed around a Z-80 microcomputer and is able
to define the control parameters such as image size
and resolution. Software was written to enable fast
acquisition of images onto disc files at the maximun
speed of the scanning device. Image compression or
extraction is also available and permits display of the
pictures on our grey scale video displays.

We have continued to work on the planar bilayer data
acquisition system implemented at the end of last year
on· our NORD-10 minicomputer. The work was first
concentrated on graphical data representation and event
recognition and classification. This work also enabled
us to define the next generation of data acquisition
system needed to fulfill the experimental requirements.
At present. most of the new hardware has been built
and tested on our microcomputer development system.
The final configuration of the microcomputer controlled
data collection and processing system will be defined
with the users at the beginning of next year and then
the programming will be started.

We have developed a small measurement system.
controlled by a Z-80 microprocessor. for the Coulter
counter. This allows both precise detection and mea-
surement of the amplitude of the analogue signal asso-
ciated with the passage of the object being measured
and the display of the results as a histogram with
a selectable number of channels (16.32.64). A mini-
printer provides a hard-copy readout of the graphical
distribution at the end of the experiment as well as the
numerical values of the different channels.

The major hardware development in this system con-
sists of an analogue-to-digital card equipped with a peak
detector. In keeping with our philosophy of construct-
ing standard modules. this converter card has been
designed to be used also for time-measurement where
time-to-pulse height conversion is done.

As a starting point in the development of our pseudo-3D
graphics system we had built a CAMAC based evalua-
tion module for the graphics display processor. We had
also developed some basic software for it on the NORD-
10 (Plot-10 equivalent functions). This module enabled
us to do preliminary work on graphical representation of
circular restriction maps of DNA recombinants. We have
written the basic software tools to provide graphical
symbols like circles. boxes and arrows to allow manip-
ulation on the screen under cursor control.

More recently. in collaboration with a former trainee.
P.Cousseau. now at L.G.M.E. in Strasbourg. we began
to interface the program to the EMBL database to allow
the user to carry out the most frequently used tasks
such as the insertion or deletion of a DNA fragment
into a circular or linear recombinant map. Some work
has also been done in order to permit the storage of
these graphical representations into a recombinant DNA
image database.



Publication during the year

Svendsen. K.H., Koch. M.H.J .. Boulin, C. & Gabriel.
A. (1984). A synchrotron radiation x-ray diffraction
study of the crystallinity of tendon fibres. Int. J. BioI.
Macromol., 6, 298-302

Other reference

Harrison, S.C. (1984). Nature. 309.
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Laser-spectroscopy and laser-microscopy

Members: R.W. Wijnaendts van Resandt, J. Davoust, C. Storz*

Predoctoral fellows: C. Butor*, E. Stelzer

Visiting workers: D. Broseta*, H. Bulsink*, J. Kan*, M. SChilstra*

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

The group is engaged in the development and applica-
tion of optical methods in biology. Two major areas of
interest are apparent.

- The study of protein-DNA or RNA interaction using
the picosecond fluorescence depolarization and lifetime
method.

- The study of cellular processes such as lipid traffic
and motion of organelles at the light microscopy level
using two different techniques: the fringe pattern fluo-
rescence photobleaching method and the scanning laser
microscope.

Additionally. the group has started a new project during
the year which involves the construction and application
of a data processing scheme for the analysis of 2-D
protein electrophoresis gels.

Fluorescence depolarization and lifetime measure-
ments

The group has completed the technical development of
the instrument for measuring the intrinsic fluorescence
decay and rotational correlation times of protein struc-
tures in solution. The time resolution of the system
has been improved to 70 psec (FWHM) by using a
Hamamatsu R 1564U channelplate photomultiplier. The
system can measure simultaneously the fluorescence
from a reference compound and the sample. or measure
simultaneously the two polarization components of the
emitted light. The following projects have been started
or completed during the year:

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

Utilizing the same method for studying the in vitro
binding of the pf1-gene 5 protein (see Research Reports
1983) we have started a series of measurements on the
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binding of the M13-gene 5 protein to oligonucleotides
and to its viral DNA. The method monitors the binding
by measuring rotational correlation time versus the ratio
of protein to nucleotide concentration. The binding of
the M13 DNA to oligonucleotides has been studied in
detail by the Nijmegen-group using the quenching of the
intrinsic fluorescence upon binding (Alma et al.. 1982).
These results indicate a different mode of binding to
small oligonucleotides (with a stoichiometry of '"'-'3) as
compared to the binding to polynucleotides (stoichiom-
etry == 4 nucleotidesjprotein dimer). Additionally. the
binding affinity of the gene-5 protein to oligonucleotide
is found to be an order of magnitude smaller than to
polynucleotides. Using the time-resolved depolarization
measurements. information is obtained on the number
of proteins aggregated on the oligonucleotides. This
yields a direct measurement on the cooperativity of the
binding. We found a low cooperativity. e.g. the binding
constant of a second dimer next to a bound dimer is only
about 5x higher than the binding of a single dimer to an
isolated site on the DNA. Our measurements showed
this effect very clearly by a decrease in the number
of clustered proteins on the lattice in the case of an
excess of nucleotides. This is a direct consequence of
the competition between the cooperativity factor and
the number of ways a set of dimers can bind to a DNA
lattice (entropy factor). A short paper on this result is
in preparation.

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

Experiments on the rotational correlation and fluores-
cence decay of the coat protein of this RNA virus have
been completed. In order to be able to obtain more infor-
mation on the functional aspects of the TRP-residues
this involved also the fluorescence measurements on
some mutant viruses. Also time-resolved quenching ex-
periments with acrylamide and KI have been performed.
All results indicate that in the dimer of this protein one
deals with either an effective inter- or intra-molecular
coupling between the two tryptophanes in each dimer.



Elongation factor Tu (M. Schilstra, Leiden)

The purpose of this project is to utilise fluorescence
depolarization data to study the complexing between
t-RNA and EF-Tu under a variety of conditions. The
most important aspect is to study the effect of kir-
romycine, which is believed to enable the EF-Tu to bind
a second tRNA molecule. A first series of experiments
was performed to characterize the intrinsic fluorescence
of the system. Furthermore, the influence of a natural
fluorophore of tRNAphe from yeast, the Y-base, was
studied with EF-Tu under various conditions. Some
acrylamide quenching experiments of the system were
done to find possible conformational changes. The flu-
orescence emission and depolarization showed that the
single TRP in EF-Tu is relatively mobile with respect to
the rotation of the whole molecule. This mobility was
investigated in more detail by changing viscosity and
temperature. Also, similar experiments on complexes
of EF-Tu and tRNA showed that the binding did not
affect the mobility of the TRP. Thus, so far, we found
no relation between the internal mobility of the TRP
and the functional state of the EF-Tu. The rotational
correlation of the tRNA-Y-base was found to be purely
single exponential and showed small changes on com-
plexing with EF-Tu. Further experiments on this system
are planned for early 1985.

A number of short experiments on DNase I (D. Suck),
on F- and G-Actin (A. Fowler) and on EcoRV restriction
endonuclease (A. D'Arcy, R. Brown & F. Winkler)

For the endonuclease the rotational correlation mea-
surements seem to predict a dimeric molecule. Upon
complexing with the decanucleotide substrate, a 10%
increase of the correlation time was found. This is
consistent with the increase in the molecular weight (A.
D'Arcy et aI., 1985).

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

The scanning laser microscope which was developed
in this group during the past years consist of two
confocally arranged microscope objectives (NA == 1.25).
The optical beam is at rest and the object. mounted on
a small magnesium table, can be moved in x, y, or z
direction through the confocal point. The system is now
able to generate images in x,y, in x,z or x,y,z direction
at an average speed of 1 image/sec (maximum pixel
rate f"'j300 kHz). A new dedicated computer system
was connected. This processing system is organised
around the VME-bus and consists of a 68,000 processor
with 1 Mbyte of local memory, an additional 1 Mbyte
of global memory, a 15 Mbyte hard disc, a floppy
disc and a streamer tape unit. Additionally, there is
a color graphics display and a framestore connected
to the VME-bus. The system can control the data
accumulation o,f the microscope for focus or time series.

A unique property of confocal fluorescence microscopy
is utilized to obtain scanned images in 3 dimensions.
This kind of microscopy for the first time enables the
direct study of the 3-D arrangement of fluorescently-
labeled materials in living cells. The laser illuminated,
confocal arrangement is used to detect only the fluores-
cence emission from the focal volume. A spatial filter in
the image plane of the detection channel prevents fluo-
rescence light, generated outside the focal volume, from
reaching the detector. Consequently, a true resolution is
obtained along the optical axis (identified as z-axis) and
3-dimensional imaging is possible without mathematical
operations. A high resolution along the z-axis (0.9 J-lm)
is shown as well as in the object plane (0.25 J-lm) using
rhodamine as the fluorescent dye. The resolution along
the z-axis is explained and experimentally demonstrated
using an object which contains only a z-axis dependent
structure (R.W. Wijnaendts van Resandt et aI., 1985).
Pictures of living cells can be made both parallel to
the object plane and parallel to the optical axis. Plate
32 shows such images of live MDCK (Madin Darby
canine kidney) cells with fluorescently labeled plasma
membrane. Plate 33a shows an x-z image of MDCK cells
grown on filter paper. This result clearly shows that only
for one cell the fluorescently labeled lipids diffused down
to the basolateral membrane. Plate 33b shows an image
of such a layer of MDCK cells on filter paper collected
in reflection mode. Further experiments to study this
transport mechanism using the optical slicing effect are
in progress in cooperation with G. v. Meer (Cell Biology
Programme). Another project which has just started (E.
Stelzer in cooperation with T. Kreis) aims at the study
of the 3-D distribution of the cytoskeleton in MDCK
cells and its possible correlation with the intracellular
motion of organelles.

Fringe pattern fluorescence photobleaching (J.
Davoust & R. Stricker)

The determination of the average lateral diffusion prop-
erties of fluorescently labeled molecules distributed over
a large field can be achieved with pattern photobleach-
ing techniques. The fringe pattern fluorescence pho-
tobleaching instrument is adapted for epifluorescence
microscopy of living cells kept at a temperature between
O°C and 40°C. It allows us to perform routine studies
over a field sufficient to encompass one to several cells.
The interfringe distance scale is continuously tunable
from 80 J-lm down to 0.25 J-lm. After the fringe pattern
photobleaching light pulse, the striped specimen is sub-
jected to an attenuated pattern that is scanned back and
forth with a 3kHz modulation frequency. The amplitude
of the fluorescence redistribution is then recorded di-
rectly as a function of time from the modulated emission
of fluorescence. This procedure is formally equivalent to
the acquisition of a real time spatial Fourier component
of the fluorescent object with respect to the interfringe
wave vector. The instrumental parameters such as the
bleaching time and the monitoring time are computer
controlled. The data are simultaneously collected,
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PLATE 32

Fluorescence micrographs of MDCK cells after fusion
with fluorescent phospholipid vesicles.

(a) X-Y image at plane indicated in Plate band
(b) X-Z image at plane indicated in Plate a.

The bar represents 10 J.Lm.
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PLATE 33

(a) Similar type of fluorescent image of Plate 1 but now
for MDCK cells grown on filter paper (bar = 10 11m).

(b) Reflection contrast image of a vertical section of a
layer of MDCK cells grown on filter paper (bar = 10
11m) Level of filter is indicated by horizontal arrows.
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PLATE 34

Example of fringe pattern photobleaching image. Fluo-
rescence light micrograph of a Baby Hamster kidney cell
at 5°C after implantation of fluorescent phospholipid
in its plasma membrane. The fluorescent lipid analogs

diffuse laterally over the distance scale determined by
the fringe pattern illumination. The plane of focus lies
on the cover slip surface (bar = 10 J.lm).

stored and further processed for decay time constant
estimation. The transfer of data to the VAX and the
refined curve fitting procedure is performed in collabo-
ration with R. Vogel (Biocomputing Programme). The
lateral diffusion of fluorescent phospholipids imbedded
into lipid multilayers has been measured to test the
performance of the instrument.

Lipid traffic in Baby Hamster kidney cells (c. Butor
& J. Oavoust)

The pathways of lipid traffic within animal cells have
not yet been elucidated in detail. Most of the lipid
molecules synthetized in the endoplasmic reticulum are
transported towards the various organelles and possibly
recycled. Lateral diffusion over continuous membrane
networks. vesicular traffic and lipid exchange proteins
are certainly involved and are closely related with the
traffic of membrane proteins. In terms of surface area
the lipid traffic proceeds with localized sources and
sinks that might be specific for each given lipid class
and might even differ from the known sites of protein
synthesis. protein post-translational modifications and
protein degradation. The intracellular phospholipid traf-
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fic can be mapped with fluorescent phospholipid analogs
delivered after fusion of liposomes to the cell plasma
membrane. Applying the method of lipid implantation
devised by G. van Meer & K. Simons (Cell Biology
Programme) to Baby Hamster kidney cells. over 80%
of the cell associated fluorescent phospholipids were
found mobile (0 = 2.1O-9cm2 /sec at 5°C) in agree-
ment with a uniform labeling of the plasma membrane
surface. In the absence of fusion. the liposome associ-
ated fluorescent phospholipids were unable to diffuse
laterally on a J.lm distance scale. The spontaneous
exchange through the water phase of the fluorescent
phospholipids can therefore be ruled out (van Meer et
a/.. 1985). After incorporation. the fluorescent phos-
pholipids undergo endocytosis (one hour incubation at
20°C) and lose their ability to diffuse laterally: they
seem to be restricted to internal membrane compart-
ments. Inspection of the cells with the scanning light
microscope reveals internal networks of f1uorescently
labeled membranes. The quantitation of the accessible
fluorescent phospholipid analogs will be carried out us-
ing polyclonal antibodies which have been raised against
the rhodamine labeled polar head group of phosphatidyl
ethanolamine. Ultimately. we wish to colocalize the



exogenous phospholipids with organelle specific anti-
bodies in double labeling experiments. A cell fixation
procedure that does not alter the lipid distribution has
been realised and semi-thin frozen sections have been
obtained in collaboration with G. Griffiths (Cell Biology
Programme) .

Analysis of 2-D electrophoresis gels (C. Storz & H.J.
Marsman)

The group has been responsible for the construction of a
fast scanner to digitize 2-D electrophoresis protein gels.
The system is capable of reading an array of 2000x2000
pixels in ca. 60 seconds (Marsman & Wijnaendts v.
Resandt. 1985). In a second phase of the project we will
design and construct an image processing system based
on the similar microprocessor used for the scanning
microscope. The system should be able to read a gel and
directly convert the data into a spot-table. This reduces
the enormous amount of data per gel by 2 orders of
magnitude (from 4 Mbyte for a pixel map to ca. 40
Kbyte for a spot table). A project description has been
made (C. Storz & R.W. Wijnaendts van Resandt (1984).
"Accumulation and analysis of 2-D gels") based on the
system for gel analysis and management (J. Carrels et
al.. 1984).

Publications during the year -

Bille. J .. Karte. T .. Frieben. M.. Plesch. A .. Wijnaendts
van Resandt. R.W. & Kaplan. R. (1984). Laser diag-
nostics of submicron VLSI-structures. In Laser process-
ing and diagnostics: ed. Bauerle. D.; Springer-Verlag.
Berlin. p.458-463

Greulich. K.O. & Wijnaendts van Resandt. R. (1984).
Estimation of tyrosine-40-DNA distance in the filamen-
tous phage Pf1 by analysis of its intrinsic fluorescence
properties. Biochim. Biophys. Acta. 782. 446-449

Spragg. S.P.& Wijnaendts van Resandt. R.W. (1984).
The temperature dependence of the fluorescence decay
of low-density lipoproteins. Biochim. Biophys. Acta.
792. 84-91

Warren. G.. Davoust. J. & Cockcroft. A. (1984). Recy-
cling of transferrin receptors in A431 cells is inhibited
during mitosis. EMBO J.. 3. 2217-2225

Wijnaendts van Resandt. R.W. (1984). Comment on:
Differential pulse fluorometry using matched photo-
multipliers - a new method of measuring fluorescence
lifetimes. J. Phys. E. Sci. Instr.. 17. 1093

Wijnaendts van Resandt. R.W. (1984). Natuurkunde in
de Cel. Nederlands Tijdschrift voor Natuurkunde. 850.
21 (in Dutch).

Other references

Alma. N.C.M .. Harmsen. B.J.M .. de Jong. E.A.M .. v.d.
Vent J. & Hilbers. C.W. (1983). J. Mol. BioI.. 163. 47

Garrels. J.I.. Farrar. J.T. & Burmell. C.B. (1984). In
Two-dimensional gel electrophoresis of proteins: eds.
Celis. J.E. & Bravo. R.; A.P. Press Inc.
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Construction bureau

Member: E. Gilberg

Students: B. Samuelsson*, G. Vosniakos*

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

During the first three months of 1984 the design of
the optical comparator was completed. The system
provides a magnifying projection of the spot patterns
from two different films in complementary colours onto
a common screen. It allows magnification variation as
well as rotational and translational adjustment of the
films to match optimally the patterns to be compared.
Special emphasis was laid on easy handling.

For the crystallography project employing a two-
dimensional detector for rapid high precision data ac-
quisition. a goniostat has been designed and built. The
device involves a plane graphite crystal to monochrom-
atize the radiation from a rotating copper anode. The
goniostat provides the ordinary <p rotation of the pro-
tein crystal and rotation around the monochromatized
beam (X rotation). These rotations are actuated by
stepper-motors and are monitored by shaft position
encoders permitting a 10-3 degree reading of the actual
positions. The whole device can be rotated 180° around
the primary x-ray beam emerging from the x-ray tube.
In the case of high resolution detectors (1.5 mm base
width) this movement allows the covering of Bragg
angles up to 60° without shifting the detector. The de-
tector has merely to be rotated to minimize the parallax
effect. For use with detectors of lower spatial resolution.
the goniostat has still to be equipped with a device
allowing the detector to be moved perpendicularly to
the monochromatized beam. In the end. it is intended
to have a completely automated version.

In continuation of work described in the 1983 research
report. considerable efforts have been concentrated on
finding improved solutions for the x-ray imaging prob-
lems of the EMBL beamlines in Hamburg. For the
X31 crystallography beamline. a technical solution was
worked out using ellipsoidal mirror segments. This de-
vice would provide a 4.2-fold demagnification giving a
focus size of 1.5 mm x 0.7 mm. which matches the
dimensions of protein crystals rather well. The angles
of grazing incidence on the mirror surface cover a range
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from 5.3 to 6.1 mrad. which still provides efficient
suppression of higher orders diffracted by the upstream
two-crystal-monochromator.

In November 1984 the construction bureau
with refurbishing the Bunker IV beamlines X11 and
X13 at the EMBL outstation in Hamburg. This task
entails full redesign of the facilities because the previous
sequence of upstream mirror assembly and downstream
Si or Ge crystals has to be reversed to protect the
delicate mirrors from the direct white beam of the
storage ring. Moreover. an improvement of the vacuum
system is desirable and this can only be achieved by
replacing most of the existing components. Instead of
the segmented mirrors used before. continuous mirrors
will be employed to provide the fine focus desired for
fibre diffraction on X13 and for crystallography of very
small protein crystals on X11. The continuous mirrors
are. originally. flat and wedge-shaped along their length
of 1 m. After bending by two levers fixed to the ends of
the mirrors. the optical surfaces follow an elliptic curve
providing optimal focusing conditions for the vertically
divergent x-rays. This property is maintained even if the
angle of grazing incidence on the mirror is varied. The
focus size expected is 1.5 mm x 0.4 mm (horizontal x
vertical dimension).

A projector providing a 4-fold magnified image on a
screen has been designed and built for inspecting and
evaluating electron micrographs.

Again a great variety of minor equipment has been
developed for various groups in the Laboratory. such as
specimen holders for use in cryostages with fixed as well
as continuously varying tilt angle. small thermoboxes
allowing growth of cell cultures at precisely defined
temperatures. adaptors for graphite monochromators.
a motor stage for specimen movement in electron mi-
croscopy. a multipole lens for the imaging of electrons
etc.



A proposal concerning the application of tunnelling
microscopy has been worked out; its realization has not
yet been approved.

Publications during the year

Gilberg. E. (1984). Possibilities and limitations of spec-
troscopy in the ultrasoft x-ray region using the contin-
uum of a conventional x-ray tube. SPIE. 447.68-72

Hermes. C.. Gilberg. E. & Koch. M.H.J. (1984). A
double-focusing EXAFS beam line. data acquisition and
evaluation system for biological applications. Nucl. In-
strum. Methods. 222. 207-214

Zahorowski. W. & Gilberg. E. (1984). X-ray spec-
troscopic study of the valence band structure of
Cd1-xMnxTe. x==0.6. Solid State Commun.. 52. 921-
923
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Biochemical Instrumentation Programme

Introduction

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

Techniques for separation of subcellular organelles have
been analyzed in collaboration with the Cell Biology
Programme. One technique is based upon the use of
magnetic beads coated with specific antibodies. an-
other on continuous flow electrophoreses of electrically
charged cell organelles. Automatisation of the whole
separation system. with microcomputer controls. is un-
der way and both the hardware and software are being
tested.

A new field gradient system for DNA sequencing gels
was introduced. which leads to band sharpening and
to an increase in the number of resolvable bases per
gel. Work has started on automation in reading of
autoradiograms. Plans were made for testing other
sensitive techniques. e.g. a sophisticated single-photon
detection system.

The electronic control of equipment for long-term ob-
servations of injected cells was improved. Controls and
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displays in the microinjection device. commercialized by
the Eppendorf Company (F.R. Germany) were altered
and a fully electronic unit is now available. Preparatory
steps for the development of an automatic injection
system were taken.

A relatively low cost device for electrotransfection
of cells has been developed. for which interest has
been expressed in several European laboratories. The
electro-transfection is an interesting technique with
some unique applications. including fusion of cells for
production of hybridomas.

Several collaborative projects with groups at EMBL
are in progress concerning development of fluorescent
labels. Further methods for DNA synthesis are being
developed. improving especially the reliability. speed and
efficiency in the synthesis of longer oligonucleotides.
Improvements and simplifications are also planned for
RNA synthesis.

A set of modular. biochemical instruments has
been constructed which perform two important func-
tions: They allow state-of-the-art protein analysis and
oligonucleotide- and peptide synthesis. Due to the flex-
ibility of their modular construction they serve as tools
for the instrumentation of other relevant biochemi-
cal methods. In collaboration with several laboratories
characterization and sequence analysis of several en-
zymes are being carried out with the equipment.



Development of microanalytical techniques

Member: W. Ansorge

Students: F. Bier*, C. Schwager*

Visiting workers: C. Cremer*, S. Fromm*, J. Kjems*, S. Labeit*, P. Meda*, P. Stabel*, J. Ugelstadt*

Technical assistants: J. Gregory, J. Stegemann

DNA sequencing

A new field gradient system for DNA sequencing gels
was introduced. which leads to band sharpening and to
an increase in the number of resolvable bases per gel.
The system was tested with good results (Ansorge and
Labeit. 1984). It expands the resolution of the EMBL
system produced by LKB. Sweden. Gels of increasing
cross-sectional area. producing the field gradients. are
prepared by varying the thickness of spacers along the
gel. Compared with the ionic strength gradient method.
the field gradient method uses the standard sliding
technique for preparation of very thin gels and does
not require any special skills or the preparation of more
than one gel solution. About 350 bases per sample
application could be resolved on a 53 cm long field
gradient 5% gel (thickness increasing from 0.2 to 0.6
mm) compared with about 200 on a standard gel. On
longer gels 500-600 bases could be resolved (Ansorge
& Baker. 1984). Work has started on the automatisa-
tion of reading autoradiograms. Promising results were
obtained using a computer image processing system
IBAS from Zeiss Company. Plans were made for testing
the possibilities offered by other sensitive techniques.
e.g. a sophisticated single-photon detection system.
Possibilities of alternative labels for DNA are being
analysed with B. Sproat of this Programme.

Microinjection into cells

The electronic control of equipment for long-term ob-
servation of injected cells was improved. A beam shut-
ter with controls was installed and synchronized with
the video recorder. A modification of the image in-
tensifier adds the possibility of varying its gain. Con-
trols and displays on the micro-injection device. de-
veloped in the group and manufactured by Eppendorf
Co. (F.R. of Germany). were changed to fully digital
electronics. Similar equipment was built and installed

for the Cell Biology Programme (group of T. Kreis).
The photolithographic technique. as it is used in the
semiconductor processing. has been adapted to form
orientation patterns on the surface of coverslips. with
the aim of facilitating tracking of particles in a mi-
croscopic field. e.g. injected cells. Capillaries treated
with polyoxyethylene-polyoxypropylene and other simi-
lar polymers were tested and results have demonstrated
(tests by S. Stabel. group of L. Philipson) that the
viability of the capillaries has been significantly en-
hanced even with DNA concentrations of 1 mgjml.
This is an important factor for the development of an
automatised injection system. Initial work and analysis
of this system has been done using the computer image
processing unit (IBAS) from Zeiss.

Separation of organelles and cells

Projects concerning the development of techniques
for the separation of subcellular organelles have been
continued in collaboration with the Cell Biology Pro-
gramme. One technique is based upon the use of
magnetic beads linked with specific antibodies, another
upon electrical properties of cell organelles and contin-
uous flow electrophoresis.

A. Immunoisolation with magnetic beads

As proposed in the previous report. monodispersed
polystyrene beads (diameter 3 or 4 J-lm) were synthe-
sized and coated with a hydrophilic layer at the Univer-
sity of Trondheim. Norway (Plate 35). A new promising
approach to the preparation process of monodispersed
beads with the "core and shell" structure was proposed
and is in progress. The level of non-specific binding
has been reduced considerably with these beads (see
report of K. Howell). In addition. the hydrophilic surface
improved the dispersion of the beads upon demagnetisa-
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PLATE 35

Monodisperse compact magnetic beads. diameter 4.5
j.lm.

tion. New approaches towards elimination of the unde-
sired aggregation of beads in the magnetic field (i.e ag-
gregation caused by magnetic forces only) are being de-
veloped. Analysis of demagnetisation and redispersion
tests on beads under a microscope is greatly simplified
when the events are video-recorded. The problems with
magnetic aggregation may be practically eliminated in
the beginning of 1985 by computer regulation. Automa-
tisation of the whole separation system. with micro-
computer controls. is well under way in the group and
both hardware and software are being tested. The most
efficient system may require redesigned configuration of
magnetic fields and different. possibly simpler. magnets.

B. Continuous flow electrophoresis

Charge sensitivity of the continuous flow electrophore-
sis technique had been analysed using artificial mem-
braneous vesicles (Iiposomes) prepared with controlled
amounts of charge (phosphatidic acid). The conclusion
is that the technique separates well particles with suffi-
cient difference in their surface charges. about 2% total
charge difference per fraction. Very good separation of
red blood cell membranes treated with neuraminidase
from those not treated (electrophoretic mobility almost
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three times higher) was obtained. Conditions for good
separation of Iysosomes (organelles with an acidic in-
terior) were studied from the charge shift obtained on
liposomes prepared with neutral and acidic interior. The
continuous flow electrophoresis has been applied to pu-
rification of chromosomes from CHO (Chinese hamster
ovary) which are used by the electron microscopy group
(J. Dubochet) for protein-DNA structural studies. A
student from the University of Heidelberg takes part in
this project. A high degree of purification of thin muscle
filaments was achieved for the Biological Structure Pro-
gramme (group of D. Suck). Experiments to separate
of plasma membranes from MOCK (dog kidney) cells
were started. The use of electrically neutral beads with
linked antibodies or lectins for selective introduction of
charge differences is planned.

Gene transfer into cells by high electric field pulses

Several cell types. including one refractory to traditional
transfection procedures. have been successfully trans-
formed by this technique using high voltage electric
discharges. in collaboration with the group of R. Muller
in the Differentiation Programme.



As described in the previous report. a set up similar
to the T-jump device was used for the initial tests of
the technique. The influence of parameters affecting the
transfection efficiency was investigated on rat fibrob-
lasts. 208F cells and non-established human fibroblasts
W51. Parameters like duration of cell incubation with
DNA. height and length of the pulse. number of pulses
applied were tested. In accordance with results in some
other laboratories. we found that linearised DNA and
low temperature increase the transformation efficiency.
which was 10-4 to 10-5 for pBR322 plasmids with
the TK gene and neomycin resistant. 50 far reasonable
results were obtained for plasmids up to 12 kb long.
Evaluation of tests with longer DNA molecules has been
started in collaboration with the medical centre of the
University of Geneva. Based upon the experiences with
the technique. a low cost device for electrotransfection
of cells has been developed in the group. Interest in this
device has been expressed in several other laboratories
in Europe.

Besides simplicity. the main advantages of the gene
electrotransfection technique appear to be the success-
ful cell transformations achieved even in cases where
other standard techniques failed. and the finding that
the number of integrated copies of transfected plasmid
DNA is very low - in our experience 1-2 copies were

observed. This should make an analysis of the DNA at
the integration site possible. The device and technique
developed for gene transfection can also be used for
fusions of cells and production of hybridomas.

Publications during the year

Ansorge. W. & Barker. R. (1984). System for DNA
sequencing with resolution of up to 600 base pairs. J.
Biochem. Biophys. Meth .. 9. 33-47

Ansorge. W. & Labeit. S. (1984). Field gradients im-
prove resolution of DNA sequencing gels. J. Biochem.
Biophys. Meth .. 10. 237-243

Howell. K .. Ansorge. W. & Grunberg. J. (1984).
Immuno-isolation of organelles using magnetic beads -
Binding properties with antibodies. In Microspheres and
Drug Therapy: Pharmaceutical and Medical Aspects:
ed. Davis. S.S. et al.: Elsevier. Amsterdam. p.443-444

Pesonen. M .. Ansorge. W. & Simons. K. (1984). Trans-
cytosis of the G protein of vesicular stomatitis virus
after implantation into the apical plasma membrane
of Madin-Darby canine kidney cells. I. Involvement of
endosomes and Iysosomes. J. Cell BioI.. 99. 796-802
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Protein sequencing

Member: A. Tsugita

Student: H.-W. Mewes

Trainee: C. Cloix*

Visiting workers: I. Arai*, T. Ataka*, F. Gabrielli*, L. Hartog*, L. Joukoff*, A. Keil*

Technical assistants: C. Jone, F. Vilbois

We have been developing micro methods for extraction
of proteins from polyacrylamide gels and for protein
sequencing. The extraction from gels was carried out
using 70% formic acid followed by Biogel P10 chro-
matography to isolate the protein from other materials
such as dye. glycine. SDS and buffers. Protein isolated
in this way is ready for amino-acid analysis or se-
quencing. To minimize the contamination in amino-acid
analysis a gas phase hydrolysis method was developed.
To increase the sensitivity of the protein sequencing
method a carbamyl derivative of ATl-amino-acid with
1125 histamine or aminofluorene was introduced instead
of conversion from ATl-amino-acid to PTH-amino-acid.
By these methods the sensitivity is increased 1000
times for 1125 or 50 times for aminofluorene compared
with UV detection for the conventional PTH-amino-
acid. The extraction and sequencing methods were
applied to several proteins: (1) one dimensional gel:
precursor of collagenase from Achrornobacter (collabo-
ration with Keil. Inst. Pasteur). chymotryptic fragment
of adenovirus DNA-binding protein (Tsernoglou). prote-
olysis product of E. coli receptor protein. classification
of H1 histones (H10. H1A. H1B) from human normal
and cancer cells (Gabrieli. Univ. Pisa). a new myeloma
protein from bovine brain (Riccio. Univ. Bari). CNBr
products of (}:(}:- and II-enolase from bovine brain
(Legault-Demare. Coil. de France): (2) two-dimensional
gel: cycline of human cells (Bravo). the embrinogen
from embryonal carcinoma F9 cells (Keil-Dlouha. Inst.
Pasteur). We also worked out the complete sequence
thioredoxin from spinach (Shurman. Univ. Fribourg) and
a new class of sea anemone toxins (Lazdunski. Univ.
Nice).

Publications during the year

Bougueleret. L.. Schwarzstein. M.. Tsugita. A. &
labeau. M. (1984). Characterization of the genes cod-
ing for the EcoRV restriction and modification system
of Escherichia coli. Nucl. Acids Res.. 12. 3659-3676
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Dianoux. A.C .. Tsugita. A. & Przybylski. M. (1984).
Mass spectral identification of the blocked N-terminal
tryptic peptide of the ATPase inhibition from beef heart
mitochondria. FEBS Lett.. 174. 151-156

Maeda. K .. Scheffler. J.J. & Tsugita. A. (1984). Tryp-
tophan microscale determinations by rapid hydrolysis.
Hoppe Seyler's Z. Physiol. Chern.. 365. 1183-1185

Schenkman. 5 .. Tsugita. A .. Schwartz. M. & Rosen-
busch. J.P. (1984). Topology qf phage lambda receptor
protein: mapping targets of proteolytic cleavage in rela-
tion to binding sites for phage or monoclonal antibodies.
J. Bioi. Chern.. 259. -7570-7576

Schmitt. J.M .. Wolter. F.P.. Bohnert. H.J. & Tsugita.
A. (1984). Peripheral membrane proteins from spinach
thylakoids. Hoppe-Seyler's Z. Physiol. Chern.. 365. 268

Tsugita. A. (1984). Microanalysis of insoluble proteins.
In The Methods in Nucleic Acid and Protein Analysis:
ed. Yamagishi. S. et al.: Since Inc.. Tokyo. p.159-184

Tsugita. A .. Vilbois. F.. Jone. C. & van den Broek. R.
(1984). Further studies on a rapid protein hydrolysis
method. Hoppe-Seyler's Z. Physiol. Chern.. 365. 343-
345

Wolter. F.P.. Schmitt. J.M .. Bohnert. H.J. & Tsugita.
A. (1984). Simultaneous isolation of three peripheral
proteins - a 32 KDa protein. NADP+ reduc-
tase and coupling factor - from spinach thylakoids and
partial characterization of a 32 KDa protein. Plant. 'Sci.
Letters. 34. 324-334

Yamaoka. K.. Hirai. R.. Tsugita. A. & Mitsui. H. (1984).
The purification of an acid- and heat-labile transforming
growth factor from an avian sarcoma virus-transformed
rat cell line. J. Cellular Physiol.. 119.307-314



Organic chemistry

Members: B. Connolly*, B. Sproat*

Technical assistant: Peter Rider

Work has started during 1984 and the initial effort
has concentrated upon setting up the laboratory and
equipment for new activities at EMBL.

In collaboration with F. Eckstein phosphoroth ioate con-
taining oligodeoxyribonucleotides have been prepared
and used to elucidate the stereochemical course of the
EcoRI catalysed reaction.

We used oligodeoxyribonucleotides regiospecifically la-
belled with 170 at the phosphate moieties to assign
all the 31 P NMR signals of the self-complementary oc-
tamer, d[GGAATTCC]. This enables the temperature-
dependence of the various 31 P atoms to be measured
which throws light on the melting properties of the
01 igonucleotide.

31 P NMR assignments of the dodecamer d-[GACGATA-
TCGTC] have been worked out. In collaboration with
P. Rosch at the Max-Planck-Institute for Medical Re-
search in Heidelberg the 1H NMR of this oligo is being
assigned. This will lead to an eventual study by 1H
and 31 P NMR of the self-complementary dodecamer
bound to the restriction enzyme EcoRV. This data will
supplement the x-ray and EM studies being carried out
at EMBL.

A method was developed for synthesizing oligonu-
cleotides bearing a 5'-terminal spacer carrying a sul-
phydryl group. The thiol can then be reacted with
specific reagents, in particular fluorophores to generate
fluorescent oligos, or with metal clusters to produce
heavy atom derivatives for EM or x-ray work.

Several collaborative projects with groups at EMBL
concerning development of fluorescent labels are in
progress. Further methods for DNA synthesis are being
developed, improving especially the reliability, speed and

efficiency in the synthesis of longer oligonucleotides.
Improvements and simplifications are also planned for
RNA synthesis.

Fu rther developments to the phosph ite methodology for
oligodeoxyribonucleotide synthesis will include replace-
ment of the methyl protecting group for the internucleo-
tidic linkage by the 2-chlorophenyl group. It is apparent
at the moment that many of the shorter than desired
nucleotide fragments are arising from undesirable attack
of the thiophenoxide deblocking agent (used to depro-
tect the internucleotide linkage by nucleophilic attack
on the methyl group) on the 5'-methylene groups.
The use of the 2-nitrobenzaldoximate or pyridine-2-
carbaldoximate deblocking reagents in combination with
the 2-chlorophenyl protecting group should give greatly
improved results.

Another improvement will be to incorporate extra pro-
tecting groups on the T and G bases to reduce base
modification during the coupling steps and to replace
the N6-benzoyl protection on 2'-deoxyadenosine by N6-
phthaloyl, N6-succinyl, or N6-di-n-butyl-aminomethyl-
idene to reduce depurination during the detritylation
steps when using protic acids.

Publications during the year

Connolly, B., Eckstein, F. & Pingout, A. (1984). The
stereochemical course of the restriction endonuclease
EcoRI-catalyzed reaction. J. BioI. Chern., 259, 10760-
10763

Connolly, B. & Eckstein, F. (1984). Assignment of
resonances in the 31 P NMR spectrum of d[GGAATTCC]
by regiospecific labelling with oxygen-17. Biochemistry.
23. 5523-5527
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Protein sequencing and oligonucleotide synthesis

Member: R. Frank

Student: M. Trosin

Visiting worker: M. Tadros*

Technical assistants: T. Gabran*, H. Gausepohl*

During the first year at EMBL the group has con-
structed a set of modular. biochemical instruments
(Frank & Trosin. 1984) which perform two important
functions: They allow state-of-the-art protein analysis
and oligonucleotide- and peptide synthesis. Due to the
flexibility of their modular construction they serve as
tools for the development of new chemistries and for the
instrumentation of other relevant biochemical methods.

The system comprises (a) an electronic programming
module based on a Z80 microprocessor including soft-
ware for the control of analytical and synthetic pro-
cesses. (b) a chemically inert. dead volume-free valve
system for delivery of microliter amounts of liquids
and gases and (c) reaction systems for protein micro-
sequencing (gas-liquid-phase principle) and solid-phase
synthesis of oligonucleotides and peptides using contin-
uous flow reactors.

To improve the performance of the instrument the
gas-liquid-phase sequencer has been connected to an
isocratic HPLC system allowing on-line analysis of
the PTH amino acids. This modification gives 20-30%
better yields of the labile PTH-Ser and PTH-Thr and
shortens analysis time significantly. After introduction
of direct conversion of PTH amino-acids the on-line
identification represents the final step to complete au-
tomation of the Edman degradation.

The oligonucleotide synthesizer. which has synthesized
more than 100 oligonucleotides in the first four months
of operation. has been extended to 3-column operation
and the software of the programming module has been
modified to allow for synthesis of mixed probes of all
base combinations.

Adenylate kinase isozymes

We continued our work on adenylate kinase isozymes
and proceeded with the sequence analysis of ATP-
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AMP phosphotransferase (AK2) (Frank et al.. 1984)
and GTP-AMP phosphotransferase (AK3) from beef
heart mitochondria (Wieland et al.. 1984). Alignment
of the primary structure of AK2 and AK3 with the
sequence of AK1 shows extensive homology suggesting
that the three enzymes have very similar chain folds.
Accordingly. the known chain fold of AK1 can be taken
as a three dimensional model of AK2 and AK3. This
model is now being used as a basis for further mech-
anistic and drug-designing studies. Furthermore. the
primary structures of AK-iso-enzymes and glutathione
reductase will be used for taxonomic studies on malaria
parasites. A project to isolate and characterize these
parasite enzymes is being carried out with H. Schirmer
(Heidelberg) .

PEP-dependent phosphotransferase system

In collaboration with W. Hengstenberg (Bochum) we
performed sequence studies on the bacterial PEP-
dependent phosphotransferase system of E.co/i and
Streptococcus faeca/is. We determined the phospho-
rylation sites in enzyme I and in the sugar specific
enzyme IIlglc. which has been shown to be involved
in the regulaton of several other transport systems. In
both enzymes the phosphate was found to be linked to
the N-3 position of a histidyl residue (Dorschug et a/..
1984: Alpert et a/.. 1984).

light harvesting complex proteins

Recently we started a project concerning the isolation.
characterization (Tadros et al.. 1984) and sequence
analysis of the light harvesting complex proteins from
the intracytoplasmic membrane of phototrophic bacte-
ria. We developed a reverse phase HPLC system for
the isolation of the water insoluble proteins without
using any detergents. The material thus obtained is
of high purity and suitable for direct microsequence



analysis. The sequence data will be used to locate
the polypeptides in the membrane and to elucidate the
molecular structure of the light harvesting complex.

Publications during the year

Dorschug. M .. Frank. R.. Kalbitzer. H.R.. Hengsten-
berg. W. & Deutscher. J. (1984). Phosphoenolpyruvate-
dependent phosphorylation site in Illglc of Escherichia
coli phosphotransferase system. Eur. J. Biochem.. 144.
113-119

Frank. R.. Trosin. M .. Tomasselli. A.G .. Schulz. G.E. &
Schirmer. R.H. (1984). Mitochondrial adenylate kinase
(AK2) from bovine heart. Homology with the cytosolic
isoenzyme in the catalytic region. Eur. J. Biochem..
141. 629-636

Tadros. M.H .. Suter. F.. Seydwitz. H.H .. Witt. I.. Zu-
ber. H. & Drews. G. (1984). The complete amino-acid
sequence of the small polypep-
tide from light-harvesting complex II (B800-850) of

Rhodopseudomonas capsulata. Eur. J. Biochem.. 138.
209-212

Wieland. B.. Tomasselli. A.G .. Noda. L.H .. Frank. R.
& Schulz. G.E. (1984). The amino acid sequence of
GTP:AMP phosphotransferase from beef heart mito-
chondria: extensive homology with cytosolic adenylate
kinase. Eur. J. Biochem.. 143. 331-339

Other references

Alpert. C.A.. Frank. R. & Hengstenberg. W. (1985). The
PEP-dependent protein kinase enzyme I of Streptococ-
cus faecalis: Purification and properties of the enzyme
and characterization of its active center. Biochemistry.
23. in press

Frank. R. & Trosin. M. (1985). A modular system for
microsequencing of proteins. oligonucleotide synthesis
and peptide synthesis. In Modern methods in protein
chemistry. ed. Tschesche. H.. De Gruyter & Co.. in
press
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Biocomputing Programme

Introducti"on

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

Members: G. Hamm, D. Iversen*, R. Omond

Technicians: E. Schechinger, W. Winkler

Student: A. Monokrousos*

General activities

In 1984, the Computer Group continued in its role of
developing, operating,and maintaining the Laboratory's
computing facilities. This year again saw a dramatic
increase in both the number and diversity of computer
users. (There are now some 140 users of the computing
facilities, compared with 60 only 2 years ago.) The
group also continued to provide consulting services
and to do some programming for other groups in the
Laboratory.

During 1984, collaborative work began with R. Frank
on the development of microcomputer controller soft-
ware for a series of biochemical instruments, beginning
with an automated peptide synthesizer. This work is
expected to continue over the next few years.

A requirement to support the EMBL Framestore led
to the installation of CAMAC on the VAX 11/730,
which will also be useful for eventual migration of other
CAMAC applications (e.g. Optronics scanners) from the
Nord computers as they are phased out. Other work
on the VAX included several improvements to the pro-
gramming environment as well as consolidation of the
computer network facilities. Assistance in configuring
network connections was also provided to the EMBL
Hamburg Outstation and other installations.

Computer configuration planning

The major new task undertaken during 1984 was the
complete reassessment of the Laboratory's computing
requirements, followed by the evaluation, selection, and
implementation of a major expansion of the computing
facilities. This task was necessary due to the rapid
growth in the computing load in general, coupled with
the transfer of most remaining applications from the
main Nord-10/S to the VAX 11/780.

The final result of these activities was a two-phase ex-
pansion plan, which was approved by the EMBL Finance
Committee and Council in their June and November
meetings. The Phase I expansion consists of a field
upgrade of the present VAX 11/780 to a VAX 11/785
(which is 1.5 times faster), and 1.2 gigabytes of ad-
ditional disk storage. Phase II includes the purchase
of a much-needed second magnetic tape drive, a new
VAX-8600 processor (4.5 times faster than the 11/780),
and the equipment necessary to connect the two VAXes
in a IJVAXclusterlJ •

A VAXcluster is a loosely-coupled group of cooperating
VAX CPUs which share intelligent mass storage sub-
systems and other peripherals. Since all files are acces-
sible to any of the CPUs, and since batch queues are
cluster-wide, the workload can be easily redistributed as
needed. If one CPU fails, its work can be immediately
continued on the others without moving files. Since
CPUs and mass storage devices can be added without
interrupting cluster operation, both storage space and
computing power can be added incrementally as needed
at relatively low cost.

Phase I is scheduled for completion in the first half of
1985, and Phase II should be installed by the end of
1985. However, in order to support the Laboratory's
urgent requirements during the interim, an arrangement
was negotiated with the manufacturer whereby a sec-
ond VAX 11/780 would be loaned to the Laboratory
early in 1985 together with the equipment required to
support the cluster. The computer room modifications
required to support this (and the final) configuration
were completed on schedule at the end of 1984. Since
the interim computer equipment was delivered ahead
of schedule, also at the end of the year, we expect
the EMBL VAXcluster to be running at the end of
January 1985, which will make it one of the first cluster
installations in Europe.
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Computer graphics

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

Trainee: H.F.Reijnders*

Visiting workers: T.E. Ferrin*, D. Marvin*, S. McGavin*, H. Ohlenbusch*

The interdisciplinary scientific environment at EMBL
generates very diverse requirements on the facility for
molecular and related interactive graphics. During the
last years we have therefore concentrated our efforts to-
wards establishing an interactive graphics facility which
includes some of the most advanced molecular graphics
programs. Major selection criteria were complementar-
ity. stability and extensibility of the software. This effort
has been continued throughout 1984. The collection of
software we are able to offer is listed later and amounts
to approximately 220.000 lines of source code written
in Fortran. "C". and the EMBL version of RATMAC
(a Fortran preprocessor offering free form syntax and
extensive macro capabilities).

Because of limited staff resources and a shortage of
computing power during 1984 we have restricted sup-
port of projects external to the laboratory to a few
which were already in progress. At the same time.
however. EMBL in-house use of computer graphics has
increased dramatically.

Hardware

The main computer graphics hardware has not changed.
It consists of an Evans & Sutherland vector refresh
Multi Picture System (MPS) with 256 K extended
memory. colour and black & white scopes. tablet. inter-
active keyboard. alternating image stereo viewers. and
a locally developed console providing joysticks. analog
knobs. and switches for intuitive manipulation of the
displayed scenes. The system- is hosted by a Digi-
tal Equipment VAX-11/780 computer timeshared with
most of EMBL's other computer users. A computer-
controlled 16mm movie camera is available for recording
animated sequences. Hard copies of displayed pictures
can be made with a 60mm photo camera. a black
& white Versatec plotter and an eight colour Hewlett
Packard pen plotter.

Together with the Data Library Group we have acquired
two colour graphic NEC Advanced Personal Computers
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for previewing plots. building and manipulating small
molecules. as well as for other graphical tasks.

Software

FRODO

FRODO is a crystallographic modelling program orig-
inally devised by T.A. Jones and extended by others.
EMBL has been using FRODO since early 1980 and
our version has been heavily modified to adapt it to our
needs and extend its capabilities. FRODO has tradition-
ally handled most of the graphics work at the laboratory
but will. in the future. be used more specifically for
crystallographic modelling.

A new crystallographic program is being written. based
extensively on the unique ideas of FRODO. The screen-
interactive part has this far been designed and imple-
mented utilizing new algorithms and consistent ma-
nipulation of data structures. This software has been
merged with FRODO. The resulting pre-release version
has been used locally since summer 1984. The new
software has been remarkably stable from the onset.
Its benefits are several: atom connectivity data struc-
tures which are consistently organized. manipulated
and managed by a locally-written library eliminate the
need of the application program to know about such
tedious details (the library can readily be used for other
programs handling molecules or similar structures). The
centralization of data manipulation circumvents most of
the pitfalls that are frequently encountered otherwise.
New display and manipulation algorithms have resulted
in more than an order of magnitude improvement in
response. depending on what the program is put to do.
At the same time host CPU consumption is reduced by
at least a factor of four in the classically worst cases for
FRODO: manipulation of dihedral angles and molecuiar
fragments. Work on this program is continuing as time
allows and will show further improvements in future. It
should be noted that speed and CPU statistics are in
part specific to the VAX/MPS hardware.



UCSF MIDAS

MIDAS. whose principal authors are R. Langridge and
T. Ferrin of the University of California at San Francisco.
is a highly-optimized molecular graphics program for the
study and animation of molecular interactions and al-
lows extensive manipulation of molecular surfaces. The
conversion of MIDAS from a VAX/Unix/PS2 environ-
ment to our VAX/VMS/MPS installation was effected
in a collaboration between UCSF and EMBL. T.Ferrin
from UCSF has consulted at EMBL on this project.

MIDAS is currently being used at EMBL for studies
of macromolecular interactions and reaction mecha-
nisms for complexes such as DNase/DNA. The pro-
gram is progressively taking over most of the non-
crystallographic molecular modelling at EMBL.

GRAMPS

GRAMPS. a general purpose graphics interpreter devel-
oped by O'Donnell and Olson. is used for manipula-
tion and comparison of superstructures such as three-
dimensional reconstructions from electron micrographs
and the confocal scanning laser microscope being de-
veloped at EMBL. Version 5.0 of the system has been
installed.

GRANNY

GRANNY is a companion program to GRAMPS by
Connolly and Olson which "understands" the basics
of molecules and employs GRAMPS to generate and
manipulate the displayed scenes. GRANNY has been
installed and will be used mainly for animation as well
as for creating and manipulating mixed displays of
molecules and other structures.

SYBYL

SYBYL is a commmercial system (TRIPOS Assoc .. St.
Louis. USA) used extensively by pharmaceutical com-
panies for "Rational Drug Design" . The software's pro-
nounced capabilities to build. minimize. and manipulate
molecules other than biopolymers made it attractive to
fill in this gap in capabilities at EMBL. SYBYL supports
both the MPS and the raster-graphic NEC Advanced
Personal Computers. Many less-demanding tasks can
be performed with adequate response on the NECs.

GKS type graphics metafile

In order to transport pictures easily from the MPS to
various graphics devices such as plotters and graphics
microcomputers a metafile facility has been developed
based on the proposal in the Graphics Kernel System
(GKS) standard. We now have the ability to store a
colour picture from the MPS in a graphics metafile. and
subsequently to plot it from the file on any of a number
of graphic output devices. An output interface has this
far been written for the Hewlett Packard 7221T colour
pen plotter. For this machine a colour sort is employed

to yield plotting speeds close to monochrome operation.
An extension of the metafile to a truly three-dimensional
facility has been postponed pending availability of the
"Computer Graphics Interface" (CGI) standard by the
American National Standards Committee X3H3. fore-
cast for 1985.

Summary of the major ongoing projects at the
EMBl graphics facility

EMBL scientists:

Bovine pancreatic DNase I: crystallographic modelling
and study of interaction with DNA (D. Suck & C.
Oefner - Structures Programme) Programs: FRODO.
UCSF MIDAS

Blue protein from Alcaligenes faecalis: crystallographic
modelling (D. Tsernoglou. D.W. Banner & M. Kokkini-
dis - Structures Programme) Program: FRODO

Repressor of primer (ROP) protein: crystallographic
modelling and study of interaction with RNA (D.
Tsernoglou. D.W. Banner & M. Kokkinidis - Structures
Programme) Programs: FRODO. UCSF MIDAS

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

Investigation of 3-dimensional reconstructions from
electron micrographs of disordered specimens by the
method of optimized series expansion (R.H. Vogel -
Data Analysis Group) Programs: GRAMPS. FRODO

Three-dimensional reconstructions of the distribution
of actin in MDCK cells from data obtained with a
confocal scanning laser microscope (R. Wijnaendts
& E.Stelzer - Physical Instrumentation Division) Pro-
grams: GRAMPS. FRODO

Visiting Scien tists:

Pf1 coat protein from x-ray fibre diffraction data en-
hanced with the maximum entropy method (D. Marvin.
U. of Cambridge. Great Britain & R.K. Bryan. Data
Analysis Group. EMBL) Program: FRODO

Study and modelling of theoretical models of 4-stranded
DNA helices. with emphasis on a model for the DNA
recombination mechanism (S. McGavin. U. of Dundee.
Dundee. Great Britain) Program: FRODO

Theoretical modelling of chromatin nucleosome (H.
Ohlenbusch. IBMC du CNRS. Strasbourg. France) Pro-
gram: FRODO

Publication during the year

Carlson. C.N .. & Bosshard. H.E. (1984). An interactive
graphics technique for colouring molecules. J. Molec.
Graphics.2. 54-55
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Data analysis group

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

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

Visiting workers: J. Georgalis*, D.A. Marvin*, H.-U. ter Meer*, J.-J. Porta*

Previous reports have described regularization methods
and transportable computer program packages for a
wide range of unstable linear data inversion problems.
These continue to be distributed, extended, and ap-
plied. In-house and external collaborations and sup-
port activities, several involving applications of these
packages, have been continued or initiated. However,
the main efforts and new results this year have been
in the continued development and application of two
large-scale regularization methods described in previous
reports - the optimized series expansion method for
three-dimensional reconstruction from micrographs of
disordered specimens and maximum entropy methods
for structural studies with electron microscopy or x-ray
diffraction.

Maximum entropy regularization methods (R.K.
Bryan)

Structure of filamentous viruses: In continuing collabo-
ration with D. Marvin (University of Cambridge) and
C. Nave (Daresbury Laboratory), a higher resolution
electron density map of the filamentous bacterial virus
Pf1 has been calculated. Starting from the previous 0.4
nm map, further native data to 0.3 nm resolution has
now been phased. An atomic model is currently being
built into this map.

Crystallography: Existing direct method techniques are
only applicable to small molecules, where atomic res-
olution data is available and fewer parameters (atomic
positions) are to be estimated than the number of data
points. The success of maximum entropy in phasing
helical diffraction data encouraged trials of this method
on protein crystal data, using data from the "Blue
protein" (see report of Tsernoglou group) as trial data.
The aim of this work is to develop a "direct method"
applicable to protein data. Various applications of in-
creasing difficulty were considered:
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While not attacking the phase problem. truncation error
can be reduced by using maximum entropy with the
amplitudes and isomorphous replacement (IR) phases.
The resulting contour maps appear sharper than the
corresponding IR maps. but detailed interpretation did
not appear to be any easier.

Beyond this. an important application could be the
phase extension problem. when the IR data is partially
missing or of lower accuracy than the native data. Tests
were performed with the Blue protein data with IR
phases to a certain resolution and native amplitudes
alone to a higher resolution. The calculated phases were
then compared with the known IR phases. Extending
phases at moderately high resolution. say from 0.35 to
0.3 nm, was reasonably successful. with a typical RMS
error of the order of 30°. Less successful was extending
phases in the 0.6 nm - 0.5 nm region, with RMS errors
of the order of 70°. This is because in this region
the choice of phases simply positions the secondary
structure detail within a molecular envelope defined by
the lower resolution phases. A J,ide range of phases
will give a map that satisfies the constraints, but which
on closer scrutiny cannot be actually interpreted as a
protein structure. It appears that the usual single-cell
entropy expression is insufficiently powerful for this
problem and that another expression, perhaps involv-
ing correlations over several cells in order to encode
knowledge of protein structure. might be necessary to
solve this problem.

Contrast transfer function correction in electron mi-
croscopy: Since unstained frozen-hydrated specimens
exhibit mostly phase contrast, useful data can only be
obtained at large values of defocus. Reliable analysis of
the data requires that the effects of the contrast trans-
fer function (CTF) be corrected for. For non-periodic
or helically symmetric specimens. where a continuous
transform must be restored, a simple inverse filter is



inadequate because of zeroes in the CTF. Regularization
techniques are ideally suited for this type of problem.
Although the problem is intrinsically linear. some of the
parameters defining the CTF (e.g.. defocus. spherical
aberration) are imprecisely known and some amplitude
contrast may be present. The former can be approached
by iterative refinement and the latter by analyzing a
focus series. Preliminary simulations (in collaboration
with J. Lepault) have been encouraging.

Electron microscopy of multilayer arrays: A particular
aim (in collaboration with the group of K. Leonard)
is to make three-dimensional reconstructions from thin
crystals (a few unit cells thick). which provide better
resolution than the usual single-layer crystals. An im-
portant preliminary step is to determine the number of
layers. which may in turn be calculated from the total
crystal thickness. A program has been written to calcu-
late specimen thickness from the projected positions of
gold particles in a tilt series. Good agreement with other
methods of thickness measurement has been obtained.

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

It is often not possible to obtain ordered arrays of
identical particles on an electron microscope grid. and
the usual methods of three-dimensional reconstruc-
tion cannot be applied. except to one particle at a
time. Previous reports described a general optimized
series expansion method that combines the information
from many particles to yield a single. approximately
maximum-likelihood reconstruction. but that does not
require special ordering. orientation. or symmetry of the
particles.

The main effort this year has been in increasing the
reliability and speed of the computation and the res-
olution of the reconstructions. The one weak point in
the computation was the possible dependence of the
results on the starting estimates for the orientation
angles of each particle because of convergence to a local
minimum. This was largely eliminated by a detailed
grid search over the angles in parallel for each particle
(or pair of asymmetric particles). This rough global
optimization also provides an objective criterion for
screening particles. Higher resolution data was obtained
combining reduced data in Fourier space from a focus
series. selecting data from frequency domains where the
CTF was most uniform. Higher resolution computations
are being realized by improved numerical techniques
and. where appropriate. by imposing full icosahedral
symmetry.

In continuing collaboration with M. Adrian. J. Dubo-
chet. and C.-H. von Bonsdorff on cryo-electron mi-
croscopy of unstained suspensions in thin layers of

vitreous ice. we have obtained improved reconstructions
of Semliki Forest virus. The initial grid search was per-
formed on 21 randomly selected particles. and the eight
with the best fit were used for the final reconstruction
(see Plate 5 in the Annual Report). Numerous other
independent reconstructions have yielded essentially the
same structure. to about 4nm resolution.

Biochemical data combined with the clearly seen T ==
4 surface lattice indicate that each subunit should be a
trimer. Unfortunately. although the individual subunits
are now clearly resolved (in contrast to last year). it is
still not possible to resolve the possible trimer structure
of the subunits. The program is being modified to go
to still higher resolution.

Until now. the inner part of the reconstruction has been
difficult to interpret in terms of the nucleocapsid and its
relation to the outer envelope. We hope to get data on
the isolated nucleocapsid (at least on the more stable
Sindbis nucleocapsid) for comparison. If data becomes
available we also hope to resume work on the structure
of ribosomal particles in vitreous ice. Tilting would
be necessary in this case and useful for icosahedral
particles as well.

Publications during the year

Berriman. J .. Bryan. R.K.. Freeman. R. & Leonard. K.R.
(1984). Methods for specimen thickness determination
in electron microscopy. Ultramicroscopy. 13. 351-364

Skilling. J. & Bryan. R.K. (1984). Maximum entropy
image reconstruction: general algorithm. Mon. Not. Roy.
Astr. Soc.. 211. 111-124

Speck. P. T. (1984). Ubersetzung von Linien- und
Flachenstrukturen in kombinatorisch-relationale Daten-
strukturen zur automatischen Mustererkennung in Dig-
italbildern. Abhandlung zur Erlangung des Titels eines
Doktors der Technischen Wissenschaften der Eidgenos-
sischen Technischen Hochschule Zurich.

Tordi. M.G.. Silvestrini. M.C.. Colosimo. A ..
Provencher. S.W. & Brunori. M. (1984). Circular-
dichroic properties and secondary structure of Pseu-
domonas aeruginosa soluble cytochrome c oxidase.
Biochem. J.. 218. 907-912

EMBL Technical reports

Provencher. S.W. (1984). CONTIN (Version 2) Users
Manual. Technical Report EMBL-DA07.

Vogel. R.H. (1984). SPLMOD (Version 1) Users Man-
ual. Technical Report EMBL-DA06.
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Data library group

Members: G. Hamm, G. Cameron, D. Hazledine*, P. McCaldon*, K. StOber*

Visiting workers: J. Armstrong*, V. Brendel*, J. Devereux*

Data assistant: A. LOtzenkirchen

Reviewers: J. Nial, G. StoBer

Review panel recommendations

A review of the Computing and Applied Mathematics
Progamme. including the Data Library. was held in June
1984. The review panel members expressed support
for the Data Library activities. but were concerned
about the current delay in availability of newly published
data and about the substantial backlog of old data
still to be reviewed. In order to improve this situation.
the requested staff increases were recommended. and
specific goals were set for the end of 1985. These
were: (1) completion of the backlog: (2) incorporation
of new data within 2-3 months of publication: and (3)
a final release frequency of 4 releases per year. The
review panel supported the idea of expanding Data
Library services into other areas. but felt this should
wait until the above specific goals have been achieved.

The Data Library staff is in full agreement with this
recommendation.

Data library distribution

The Data Library began 1984 with the distribution of
Release 3.0. which was announced at the end of 1983
and was described in last year's Research Reports. Later
in the year. Release 4.0 was completed and offered
for distribution. Each release was sent to nearly 200
academic and industrial research organisations in more
than 25 countries.

Release 4 contains 1698 sequence entries. comprising
2.147.205 nucleotides abstracted from 1275 references.
The growth of the library is summarised in table 5.

Table 5
DATA LIBRARY GROWTH

Release 1 Release 2 Release 3 Release 4
References cited 387 610 943 1275
Sequences Entries Bases Entries Bases Entries Bases Entries Bases
Artificial 3 4688 5 8238 7 9594 11 10163
Chloroplast 7 5873 12 12616 24 20718 31 29495
Genetic elements 17 17015 18 18341 22 24471 22 24471
Mitochondrial 25 74422 39 109008 55 124480 69 150068
Prokaryotic 61 58288 103 134270 171 223892 214 293437
Viral/Phage 123 164692 171 391292 258 494356 272 720041
Eukaryotic 332 260455 463 440682 944 757352 1079 919530
Total 568 585433 811 1114447 1481 1654863 1698 2147205
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The increase in release frequency which had been
planned for 1984 was not possible due to shortages
of staff and computer time. However, two new staff
joined the Data Library at the end of 1984, and an
expanded computer configuration should be in place
early in 1985. These improvements should allow the
production of three releases in 1985, and 4 releases per
year thereafter, as recommended by the review panel.

Collaboration with GenBank

The cooperation with the American GenBank effort
continued to develop in 1984. Early in the year,
a two-volume, printed compendium of the sequence
databases. "Nucleotide Sequences 1984" (IRL Press,
Ltd.), was prepared jointly by the two groups. A similar
compendium will be published each year if it is seen to
be useful.

The exchange of data between the two groups is now
running smoothly, although the EMBL Data Library has
not yet completed conversion software to allow auto-
matic incorporation of GenBank entries. Completion of
this software, scheduled for Spring 1985, will correct
the present discrepancy in the size of the two databases
and will improve the turnaround time for incorporation
of feedback between the groups. .

Advisory bodies to both groups continued to express
strong support for the collaborative effort.

Sequence analysis

Collaborative work on sequence analysis software con-
tinued with John Devereux of the University of Wiscon-

sin Genetics Computer Group. who spent a six-month
sabbatical at EMBL in 1984. Several extensions to
the UWGCG package were completed during his stay,
many driven by requests from EMBL scientists. A
well- ba lanced su ite of programs for the Laboratory' s
VAX is now available to meet the requirements of staff
scientists and visitors.

A separate collaborative effort with Volker Brendel
(Weizmann Institute, Rehovot) was directed toward the
enhancement of a program for prediction of prokary-
otic factor-independent RNA polymerase terminators.
The program implements the method of Brendel and
Trifonov (NAR 12(10): 4411-4427), which uses a nor-
malized matrix of the dinucleotide frequencies in a set of
prealigned known terminators to locate terminator-like
sequences in a searched sequence. The method can
also restrict the search on the basis of the presence
of GC-rich dyad symmetry near the 'poly-U region. The
enhanced program was run on the entire EMBL Data
Library, resulting in a list of candidate terminators
which will be published in a forthcoming paper.

Publications during the year

Cameron, G., Schenkman, S. & Rosenbusch, J.P.
(1984). Locating peptides generated by limited proteol-
ysis in known protein sequences by means of computer
search. Biochem. Biophys. Res. Com"';., 125, 926-930

Nucleotide Sequences 1984. Pts.1 & 2. IRL Press. Ox-
ford and Washington DC. A compilation from the Gen-
Bank and EMBL data libraries
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The Outstations
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The outstation at the DESY, Hamburg

Head: M.H.J. Koch

Members: K.-S. Bartels, H.-D. Bartunik, M. Bohm*, J. Hendrix, C. Hermes, G. Nicolae, R. Pettifer, Z. Sayers

Fellow: Y. Maeda

Students: D. Foulis, M.C. Vega

Visiting workers (all part of the year): E. Arnold, D. Benner, C. Betzel, A. Bigi, P. Bjorkman, J. Bordas, C. Boschert, B.
Brenner, R. Brown, B. Chance, P. Charlier, J. Drenth, W. Faruqi, W. Folkhard, S. Foundling, R.M. Garavito, W. Geercken,
I. Glover, R. Goody, B. Graves, S. Gruner, U. Hahn, H. Heathman, H.J. Hecht, R. Hilgenfeld, B. Hingerty, H. Huxley, K.
Jahnke, J. Jenkins, G. Jones, W. Kleibohmer, E. Knorzer, M. Knossow, J.R. Knox, J. Nornuc, M. Kress, R. Ladenstein,
P. Laggner, P. Lindley, J. Lowy, J. Makowski, E. Mandelkow, E.-M. Mandelkow, W. Maret, P. Matsudaira, B. Meyer,
P.C. Moews, J. MUssig, U. Munkelwitz, H. Nolting, H. Parge, L. Perez-Grau, 'J. Piefke, K. Poole, J. Porta, F. Poulsen, L.
Powers, J. Puigdomenech, R. Rapley, G. Rapp, D.L. Rees, L. Reinisch, R. Rigler, M. Rossmann, N. Roveri, M. Saper, J.
Schafer, A.J. Schierbeck, T. Schirmer, S. Schmidt, M. Schneider, B. Shaanan, S. Shimura, M. Shohan, R. Simmons, U.
Simonis, U. Spann, M. Steifa, L. Summers, K.H. Svendsen, W. Tremel, G. Vriend, F. Watson, D. Wiley, F. Winkler, M.
Wojchikowski, A. Yonath, L. Yu

Technicians and engineers: C. Bendall(part-time), P. Bendall, H. Borgwardt, E. Dorrington, T. Gehrmann, E. Jerzembek,
R. Klaring, H. Ludwig, S. McLaughlin, V. Renkwitz, M. de Rijke, B. Robrahn, H. Sammet, H. Schwab

Useful synchrotron radiation from the storage ring
DORIS was available for about 180 days in 1984. A
number of improvements to the ring undertaken by
the DESY machine group and HASYLAB, including
the installation of a feedback control system for the
beam position and the elimination of various sources of
instabilities, resulted in more suitable beam conditions
than in previous years. During the last main user period,
currents near 100 mA could routinely be stored at 3.7
GeV, also when the newly installed 32-pole wiggler of
HASYLAB was in operation.

The facilities of the Outstation were used by 89 visitors
from 34 different laboratories.

A four month shutdown started in November. During
the first part of this period the instruments in Lab
IV were dismantled to prepare for the remodelling of
this experimental area. This operation aims at providing
better shielding of the stations during the high energy
(5.3 GeV) colliding beam experiments and at replacing
the old instruments which were badly degraded as a
result of the heat load on the optical components. It
is planned to install in future two upgraded double-
focusing systems and a white line for test purposes.

Collaboration with other synchrotron radiation labora-
tories in Europe on hardware (with Daresbury Labo-

ratory and LURE) and software (with PULS) has also
continued and 6 EMBL staff members participated in
the work of the ESRP (European Synchrotron Radiation
Project) and contributed to the final report.

Technical Support

Workshops

The mechanical and electronic workshop were active in
the construction of prototypes of new detectors and
ancillary equipment for the x-ray experiments. The long
beam periods also resulted in a considerable amount of
maintenance work.

Computing

The computer installation was reconfigured so that the
VAX/750, which has been upgraded with a second
UNIBUS and a 2 Mb memory, will also take over the
role of the PDP11/45 for data acquisition. The latter
will not be replaced.

Since the first use of area detectors has already resulted
in a considerable demand for disc space during data
acquisition and data evaluation, it can be expected
that in the future there may be a need for increased
computing power and storage space.
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PLATE 36

Rear view of the parallel electrode area detector show-
ing part of the signal processing electronics (top) and
detail of the position sensing electrodes (bottom) The

vertical bands are etched strips, 0.635 mm apart. The
thin horizontal lines are 50 fJm CuBe wires, 0.317 mm
apart soldered in pairs to the readout connector strip.
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New developments

Development of a novel high counting rate detector
system for synchrotron radiation (J. Hendrix)

The multi-wire proportional chambers (MWPC)
presently used as position-sensitive detectors have two
drawbacks: The local counting rate capability is limited.
due to the space-charge effect. and the spatial resolution
is quantitized by the minimum anode wire spacing.
approximately 1 mm. Further. the delay-line readout
systems suffer from the trade-off between spatial res-
olution and speed For these reasons. the development
of a new detector system was started in 1983. The
novel device is based on a parallel electrode structure
with uniform electric field. as opposed to the radial
field. concentrated on individual anode wires in the
conventional proportional chamber. Tests with a linear
detector based on this principle confirmed the expected
advantages. The local counting rate capability (2.105
counts sec- 1mm-2 ) is indeed one order of magnitude
higher than with a MWPC Bench tests also clearly
showed the disadvantages of the delay-line read-out.
Detailed studies of the signal generation in a parallel
electrode device indicated the possibility of using a
faster parallel read-out system. since the distribution
of the signal over the position sensing elements allows
us to use a direct digital encoding system with interpo-
lation. The effective dead-time of the processing elec-
tronics is reduced to the pulse width of the fast current
signal. or less than 50 nsec. and there is no trade-off be-
tween resolution and speed. An area detector based on
these new principles has been constructed and is shown
in Plate 36 The distance between the elements of the
position sensing electrodes is 0.635 mm (two wires are
connected together) and interpolation will result in a

spatial resolution of half this distance or approximately
0.3 mm. The active area of the detector is 200 mm x
200 mm corresponding to 640x640 picture elements and
the expected overall peak counting rate is higher than
107 events per second. Although this system has been
conceived mainly for protein crystallography its high
counting rate capability should also make it extremely
useful for time-resolved diffraction measurements of
muscle fibers.

Data acquisition and processing (G.C Nicolae)

The activities on the data acquisition project have con-
centrated on the real-time processors for input and out-
put of 2D patterns. The acquisition and display proces-
sors are based on microprogrammed bipolar processors
which offer enough processing power at the required
data rates up to 10 Megapixelsjsec. Each processor
has its local data buffer to allow parallel processing
and to reduce the traffic over the system bus. Local
microprocessor control is also provided to support more
complex tasks. which are not time critical. The basic
structure of the acquisition processor is shown in Plate
37A. The main goals in the design are to provide suffi-
cient storage capacity. real-time data reduction and ad-
equate local processing. The data stream from an area
detector passes a pipelined processing channel. The
input lookup table serves for real-time spot integration.
using a precalculated spot prediction mask. The bipolar
acquisition controller performs address transformations
and configures the histogramming memory. This unit
can also be used for selective spot integration after
the acquisition time. For this purpose additional control
store space of 4k x 64 bits has been foreseen to im-
plement microprogrammed algorithms. Finally the data
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PLATE 37A

Schematic diagram of the acquisition processor. For
details see text
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PLATE 37B

Schematic diagram of the display processor. For details
see text.
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are stored in the histogramming memory consisting of
4 basic memory modules. with a storage capacity of
256k x 32 bits each. Connected in interleaved mode. the
histogramming memory allows maximum data rates of
10 Megaevents/sec. Although the physical organisation
of the histogramming memory is fixed. the user can
(re)configure it to adapt the logical structure to specific
speed. frame size and resolution requirements. The
whole pipelined data flow is supervised by a local micro-
processor unit also used to back up the histogramming
memory on the local disc. For this purpose a fast hard
disc interface - 256kbytes/sec. - has been designed
and implemented. The local microprocessor will also be
involved in more complex data processing algorithms.
which are not time critical. The acquisition processor is
being implemented.

The basic structure of the display processor is illus-
trated in Plate 37B. The data to be displayed are stored
in a local dual ported video frame buffer, containing 4
bitplanes of 1024 x 1024 pixels. The data are read in
groups of 16 pixels by the video refresh controller and
sent in parallel through 3 lookup tables on the RGB
video monitor. The display format on the screen can be
programmed for different resolutions: 512 x 512 pixels
@ 50Hz. 640 x 480 pixels @ 60Hz or 1024 x 768 pixels
@ 30Hz. The hardware lookup tables allow the optical
presentation of data patterns using up to 4096 colour
hues. The local microprocessor has direct access to the
lookup tables. which allow their fast updating. This can
be used to emulate dynamical effects on the screen.
The video refresh controller provides also roaming and
zooming facilities. which are specially useful for investi-
gating details of the patterns. The graphic controller
contains powerful graphic-primitives generators such
as vector. character. circle and area filling generators.
Because they work in parallel wi,th the video refresh
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controller the screen update speed is very high. For
euclid ian transformations like translation. rotation and
scaling a dedicated floating point arithmetic processor
unit is provided. The transfer of the data patterns into
the frame buffer uses an integrated DMA interface.
requiring about 250 msec to download a full video frame
of 1024 x 1024 pixels. Two display processor modules
can operate in parallel to achieve a higher bitplane res-
olution without performance degradation. In this mode
an additional display supervisor is necessary to synchro-
nize the "display-slices" and to provide enlarged lookup
tables. The software package for controlling the display
processor hardware is based on the "virtual device
interface" concept and is implemented in ASSEMBLER
and PASCAL. The display processor software is now in
the testing phase,

Plate 38 shows a colour coded area detector pattern
from time-resolved experiments on frog muscle pro-
duced during tests of the display processor. A portable
system including the real-time processors for data ac-
quisition and display will be assembled for the next
beam period.

A dialogue system for data acquisition and processing
(M. Bahm)

The requirements for a software system supporting the
acquisition and processing of data from experiments
with synchrotron radiation (especially with area de-
tectors) can best be met by an integrated software
environment. which places the user in a self-explanatbry
dialogue frame allowing him to concentrate on problem
oriented tasks. Experience with previous image process-
ing projects has shown that such an environment can
offer significant benefits ranging from interactive algo-



rithm development to the final operation of specialized
systems. A concept for such an environment has been
finalized. where special attention has been paid to:

- a dialogue language. which allows the user not only
to invoke functions interactively but also to construct
new data structures and functions To provide a simple
yet powerful language. an object-oriented language in
which all components of the system (data and devices)
are viewed as objects. communicating by exchange of
messages. was found to be best suited:

- an integrated user-interface. by which the user can
operate all applications in a similar manner. instead of
having to learn a variety of interface mechanisms:

- an integrated data-interface. by which data can be
easily transferred or shared between specialized systems
supporting different tasks (e.g data collection. data
analysis) ;

- an interface to incorporate already existing software
from outside the environment (e.g. from large libraries
and standard packages)

The implementation of the system (in PASCAL on a
VAX) is in progress.

EXAFS - XANES (C Hermes. R.F. Pettifer & D.L.
Foulis)

Instrumentation

Two major improvements were made to the EXAFS
instrument on line D2 in 1984. A cryostat was installed
at the sample stage as part of the collaborative project

PLATE 38

Colour-coded area detector diffraction pattern of frog
muscle produced with the new display processor.

funded by the Bundesministerium fur Forschung und
Technologie (BMFT) on liver alcohol dehydrogenase
(M. Zeppezauer & W Maret. Univ. Saarbrucken). This
device allows simultaneous transmission and fluores-
cence measurements at temperatures down to 15 K.
Low temperatures enhance the EXAFS signal and re-
duce radiation damage. which was found to be a se-
rious problem. especially with biological specimens. A
remotely controlled vertical translation of the specimen
inside the cryostat minimizes radiation effects in multi-
ple scan applications.

Secondly. an absolute energy calibrator was installed.
Whereas on conventional sources emission lines provide
standard energy markers. with the smooth continu-
ous spectrum of synchrotron radiation sources there
is a need for absolute calibration of the energy (or
wavelength) not only in x-ray spectroscopy but also in
protein crystallography especially for anomalous diffrac-
tion. Calibration features can be provided by absorption
edges. but these are difficult to define accurately and the
energies which can be marked are limited. An alternative
set of markers which can be almost continuously varied
is provided by Bragg diffraction from a single crystal.
Perfect silicon crystals are ideally suited for this purpose
as the lattice parameter of the cubic lattice is known to
very high precision. and the details of the diffraction can
be analyzed using perfect crystal theory. The calibrator
is illustrated in Plate 39. The remnant radiation after
the primary beam monitor. sample and transmission
monitor in an absorption arrangement passes through
a hole in the detector and is almost normally incident
on the surface of the silicon (220) crystal mounted
on a goniometer. The two angles ex (rotation about a
vertical axis) and (3 (rotation about a horizontal axis)
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PLATE 39

The absolute x-ray energy calibrator. For details see
text.

are adjustable. The absolute values of these angles are
defined in the laboratory frame. as the angles between
the incident beam vector and an inward pointing normal
vector to the (220) planes of silicon. The d-spacing.
the refractive index of silicon. and the angles 0: and
(3 determine the energies of the incident radiation when
diffraction from the calibrator crystal occurs. The detec-
tor is divided into two parts. separating the diffraction
in an upper and a lower channel. so that by arranging
for the [001] axis of the silicon crystal to be parallel to
the 0: axis simultaneous diffraction is excited in pairs
and recorded separately in the two channels of the
detector. At degeneracy. the angle (3 can be fixed at
(3=0. Moreover. as illustrated in Plate 40 in a plot of
the energy levels for excitation as a function of 0:. many
other degeneracies can be used to fix the value of 0:. The
partial degeneracies can be freely chosen.

Using a set of degeneracies. it is possible to calibrate
the energy of x-rays from a monochromator in terms
of the stepping motor increments. A plot of the differ-
ence .6.E between the absolute energy and the energy
deduced from the assumption that each stepping motor
pulse gives an equal movement in e reveals a periodic
structure. The periodicity corresponds to a single turn
of the worm drive and the amplitude increases with
energy. Over a 1000 eV energy range . .6.E can vary by
as much as 5 eV in the 13000 eV region using a Si(111)
monochromator. In mechanical terms. this corresponds
to a wobble in the worm drive of the rotation table of
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±4J.lm. The radius of the rotation table (150 mm) is
large compared to that of other rotation tables currently
employed in synchrotron radiation x-ray spectrometers.
With smaller rotation tables such mechanical effects can
be expected to affect the accuracy of the results more
adversely. The calibrator now combines the accuracy
of wavelength scale possible with conventional sources
with the high intensity necessary to record absorption
spectra available from synchrotron radiation. Absolute
calibration around certain points in an x-ray spectrum
can now be made with an accuracy of 0.1 eV. Calibration
lines can also be used to measure the instrument func-
tion of the spectrometer. mirror alignment and thermal
effects.

Experimental projects

The investigation of horse liver alcohol dehydrogenase
(HLADH). a collaborative project with the University
of Saarbri.icken (M. Zeppezauer & W. Maret). was the
central biological theme in EXAFS. The enzyme of
molecular weight 80.000 contains four zinc ions. two
of which are catalytically active. EXAFS and XANES
are very sensitive to structural and electronic changes
in the vicinity of these metal centres and are thus
ideally suited to monitor changes at the active sites
of the enzyme during its catalytic pathway. i.e. binding
of substrate and/or coenzyme.



PLATE 40

Energy levels of hkl reflections as a function of the
horizontal rotation angle a. Line crossings correspond
to degeneracies. i.e. more than one hkl reflection is
excited at this specific value of energy and a.

The EXAFS spectra of native HLADH and of a deriva-
tive with the catalytic zinc atoms removed showed only
minor differences. since both spectra are dominated
by strong sulphur backscattering. To remove the con-
tribution from the non-catalytic metal ions we have
studied the Co K-edge in the active site-specific cobalt
substituted enzyme. as well as this complex with the
coenzyme NADH bound. Again. only minute differences
in the EXAFS were found. whereas the XANES region
shows significant differences (Plate 41). From this it
can be concluded that there are structural changes at
the catalytic metal ions upon binding of NADH. which
mainly arise from structural modifications outside the
first coordination shell. A more detailed analysis is in
progress.

An investigation concerning the action of Pt-anticancer
drugs was started (W. Kleibohmer & B. Krebs. Univ.
of Munster). The interesting questions EXAFS may
answer in this context are. how Pt coordinates to DNA
or RNA and whether it forms an inter or intra molecular
crosslink. Spectra of a Pt complex bound to RNA
fragments have been recorded. but not yet analyzed.

The measurements on both liver alcohol dehydrogenase
and on the Pt-RNA complex were supported by spectra
from Zn. Co and Pt model compounds. some of which
have been synthesized especially for this purpose (U.

Simonis. W. Kleibohmer & B. Krebs. Univ. Munster).
Since the crystal structures of these model substances
are known to very high precision essential information
for a detailed analysis of the spectra of biological struc-
tures can be extracted.

XANES spectra of a series of well-characterized Fe
compounds were measured to correlate various chemi-
cal parameters (charge state. coordination of ligands.
electronegativity. etc.) with the observed features in
the near edge region (H. Nolting. G. Henkel & B.
Krebs. Univ. Munster). Two typical spectra are shown
in Plate 41. These relatively simple compounds are
also extremely useful systems to test the applicability
of theoretical XANES calculations performed at the
Outstation in collaboration with R. Natoli from Frascati.

Disordered systems

A. SOLUTIONS. GELS. FIBRES (M.H.J. Koch. Z.
Sayers & M.e Vega)

Instrumentation

An area detector was used for several static measure-
ments (e.g. on collagen and fibrin) and for time-resolved
measurements on various types of muscle. The system
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PLATE 41

Left panel: Co K-edge XANES of
(A) HLADH with active sites replaced by Co:
(B) same as (A). but with coenzyme NADH bound.
Data recorded in fluorescence made at 20 K. Energy-
zero at 7710 eV.

Right panel: Fe K-edge XANES of two Fe-sulphur
compounds. Data recorded in transmission made
at room temperature. Energy-zero at 7118 eV.
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results from a collaboration between the Outstation.
and the groups of A. Gabriel (EMBL. Grenoble). C
Boulin (EMBL. Heidelberg) and I. Sumner (SERC
Daresbury). Despite its limited count rate (200 kHz)
the system is useful for many applications on disordered
materials. Besides the data acquisition itself. a grey
scale display system and image processing software
have been produced and are now routinely used. Further.
a stopped flow device has been built. The mechanical
part is based on the design of C Berthet et al. (EMBL.
Grenoble) and the electronic control was designed and
built at the Outstation.

Experimental projects

A brief overview of projects illustrates how a pattern is
beginning to emerge. characteristic of the specific place

which synchrotron radiation x-ray scattering occupies
between electron microscopy. hydrodynamic methods
and computer modelling. Exploitation of the comple-
mentarity of these methods is still. however. a genuine
challenge and requires well-characterized samples. reli-
able instruments and improved modelling techniques.

X-ray scattering on chromatin solutions (J. Bordas
(Daresbury). L. Perez-Grau (Barcelona). M.C Vega. Z.
Sayers & M.H.J. Koch)

A correlation between the results yielded by various
chromatin preparations (i.e. "native" solutions. gels.
nuclei. chromatin depleted of the Hi (H5) histones
and chromatin-ethidium bromide) and extensive model
calculations provides strong evidence for a model of
the superstructure of chromatin. in which at low ionic
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strength the chromatin fibre already possesses a helical
superstructure held together by the H1(H5) histone.
This structure consists of approx. 3 nucleosomes per
turn of a helix. with a pitch around 30 nm and a
diameter comparable to that of condensed chromatin.
Upon increase of the ionic strength. there is a reduc-
tion of the helix pitch leading to condensation in a
manner similar to the folding of an accordion. The
scattering experiments were also complemented with
ultracentrifugation and densitometry measurements. A
complete account of these results has been prepared for
publication.

Structure and distribution of collagen fibres in Metrid-
ium senile mesogloea (A. Bigi. A. Ripamonti. N. Roveri
(Bologna). P.P. Purslow (Bristol). M.H.J. Koch & Z.
Sayers)

It was shown that the axial spacing of collagen in
mesogloea is very close to that observed in rat tail
tendon. whereas previously a periodicity of 20-22 nm
corresponding to 1/3 of the normal collagen repeat
had been reported on the basis of electron microscopic
observations. The absence of the first order. the weak
second order and the strong third and sixth orders in the
patterns from wet and dry mesogloea collagen explain
this artifact observed by electron microscopy.

In vitro assembly of collagen (G. Suarez. A. Oronsky
(Mount Sinai. New York). J. Bordas (Daresbury) &
M.H.J. Koch)

The results of experiments on the time course of in
vitro collagen fibril formation carried out in 1983 were
analyzed and are submitted for publication. In these
experiments. collagen polymerization was induced by a
temperature jump from 4°C to 32°C and the evolution
of the scattering pattern was followed with a time
resolution of a few seconds. The scattered intensity
increased as soon as the final temperature was attained.
without discernible lag phase. when the collagen con-
centration was about 0.56 mgjml. whereas turbidimet-
ric measurements revealed a lag phase of approx. 2.5
min at 10.5 mgjml. The explanation for this discrepancy
lies in the fact that x-ray solution scattering is much
more sensitive than light scattering to the formation of
small aggregates. which occur in the early stages of an
assembly process.

Polymerization of actin and profilactin solutions (Z.
Sayers. M.H.J. Koch. J. Bordas (Daresbury) & U.
Lindberg (Stockholm))

Solution scattering experiments on the polymerization
of actin and profilactin solutions mg/ml) indicate
that at these concentrations polymerization of purified
spleen profilactin and actin occurs without a lag phase.
This contrasts with previous viscometry measurements
which had shown that the polymerization curves for

profilactin displayed a long lag phase at somewhat lower
concentrations (1.0 mgjml). In the case of profilactin
solutions filaments form immediately but aggregate in
bundles or networks. This phenomenon is independent
of the method used to induce polymerization and ex-
plains the lower final viscosity levels - as compared with
pure actin - reported previously for the polymerization
of actin from profilactin. These results which have
been submitted for publication also illustrate the ad-
vantage of using scattering techniques. with which the
measurements can be made without the perturbation
accompanying the use of hydrodynamic methods. e.g.
shearing in the case of viscometry or pressure in the
case of ultracentrifugation.

Stress induced molecular rearrangements in tendon
collagen (W. Folkhard. E. Mosler. E. Knorzer. H.
Nemetschek-Gansler. T. Nemetschek (Institute of
Pathology. University of Heidelberg) & M.H.J. Koch)

These experiments aim at relating the structure and
the viscoelastic properties of collagen. The tension-
induced increase of the D period. which can only be
registered by recording diffraction patterns at short
intervals. is characterized by changes in intensity of
some small-angle meridional reflections. The results
indicate that the triple helices slide with respect to each
other and that the axial separation between amino-acids
in the triple helix increases by 0.5%. Experiments were
performed on normal and desmatosparactic collagen
fibres.

The high brilliance of the source allows measurements
on small samples. This is being exploited also in con-
junction with the area detectors to perform static exper-
iments which cannot be performed within a reasonable
time on conventional sources. as illustrated by the two
following examples.

Osteonic inorganic phase (A. Ascenzi (Rome). A. Bigi.
A. Ripamonti. N Roveri (Bologna). & M.H.J. Koch)

Cylindrically shaped osteonic samples and osteonic ra-
dial hemisections (0.5xO.1xO.05 mm3 ) were prepared
from longitudinal and alternate osteons at both the
initial and final stage of calcification. The results which
could not be obtained on a conventional source indicate
that the diffraction pattern is due to the inorganic
phase which has the same axial periodicity as the native
collagen fibrils and fits into the main band.

The crystallinity of tendon fibres (K.H. Svendsen
(Copenhagen). M.H.J. Koch. C. Boulin (EMBL. Hei-
delberg) & A. Gabriel (EMBL. Grenoble))

The well-known triplet of reflections in the equatorial
diffraction pattern from thin tendon collagen fibres from
rats of different ages was recorded using the area de-
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PLATE 42

Multiwire proportional area detector patterns of the
equatorial intensity distribution from fibres of 30. 60.
120 and 200 days old animals illustrating the increase
of crystallinity with age. The patterns were not cor-
rected for inhomogeneities in the detector response to
illustrate the quality of the latter.

30 days 60 days

120 days 200 days

tector. The data illustrated in Plate 42 clearly indicate
that the crystallinity of the collagen fibrils increases
drastically. especially during the first 60 days. and
saturates at maturity. The possiblity of carrying out
short exposures on thin fibres was also used to measure
short successive exposures at different fibre lengths
(Svendsen et a/.. 1984).

B. MUSCLE (Y. Maeda)

Limulus muscle (Y Maeda. M. Kress & H.E. Huxley
(MRC Cambridge))

The intensity changes of thin filament-associated layer-
lines in the x-ray diffraction pattern from contracting
horseshoe crab muscles were investigated. Arthropod
muscle was chosen. because it was expected that the
longer thin filaments and the higher number density per
unit cross-sectional area of muscle. compared with frog
muscle. would give rise to patterns with a better signal-
to-noise ratio. The results have shown that many thin
filament-associated layer-lines increase in intensity on
activation. This had not been observed with contracting
frog muscle. Quantitative analysis on some of the layer-
lines enables us to interpret the intensity increases in
terms of the number of myosin heads bound to the thin
filaments during contraction.
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Experiments on single muscle fibres (B. Brenner
(Tubingen). Y. Maeda & R.M. Simmons (MRC Lon-
don))

The time course of the changes in the intensity of the
equatorial reflections from single skinned rabbit psoas
fibers was followed during isometric and isotonic con-
traction. For experiments with such a small specimen
(diameter about 0.1 mm). ways had to be explored to
arrange the components of the beamline so that equa-
torial diffraction patterns with sufficient signal-to-noise
ratio could be observed reproducibly. With the new
arrangement. several successful time-resolved measure-
ments of the 1.0 and 1.1 reflections during isometric
and isotonic contraction at different loads were easily
possible.

Studies on muscle contraction (H.E. Huxley (MRC
Cambridge). R.M. Simmons (MRC London). A.R.
Faruqi & M. Kress (MRC Cambridge))

Studies on the behaviour of the actin pattern in mus-
cle following stimulation were continued and it was
observed that the substantial increase in intensity on
the second layer line which takes place very early after
stimulation. and which has been ascribed to movements
of tropomyosin. shows a number of other features which



PLATE 43

Change in the intensity of the 145 Areflection in insect
flight muscle after photolytic production of ATP from
caged-ATP (0) and ratio of the intensity of the 2020
and 1010 reflection (.). For details see text.
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indicate that it is caused directly by binding of calcium
to the regulatory system Immediately after stimulation
ceases the reflection begins to decrease in intensity.
even while tension remains maximal. and in single
twitches at 14°C after the initial very rapid peak. the
intensity is already decreasing while tension is still
rising Increases in intensity are also observed in the
59 A actin layer line during contraction. Part of the
increase is associated with crossbridge attachment. but
another part seems to be associated with the activating
process itself. since it has a time course similar to that
of the second actin layer line described above. and still
occurs in muscle stretched beyond overlap.

Time-resolved low-angle x-ray diffraction studies on
insect flight muscle after photolytic production ofATP
from caged-ATP (R.5. Goody. K.J.V. Poole. G. Rapp
(MPI fur Medizinische Forschung. Heidelberg). K. Guth
(University Heidelberg) & Y Maeda)

Caged-ATP was allowed to diffuse into glycerinated
insect flight muscle in the rigor state. after which ATP
was produced using a pulse of focused UV light from
a Xenon flash tube In experiments in which ca. 500
uM ATP was produced. the equatorial x-ray diffraction
changed rapidly (tl-= ca. 6 msec at 25°) from that

2

characteristic of rigor to that typical of the relaxed state
(Plate 43). Loss of tension occurred on a much slower
time scale. indicating active cycling of cross-bridges.
The 14.5 nm reflection changed to ca. 50% of its relaxed
value at the same rate as the equatorial reflections. and
this phase was followed by a much slower rise towards

the full relaxed level. These results agree with those
obtained in a separate project on contracting insect
flight muscle.

Evidence for a preferred orientation of myosin heads
in contracting muscle (J. Lowy & F.R. Poulsen (Open
University. Oxford Research Unit))

The changes in the diffuse scatter from muscles. which
had previously been shown to be predominantly due
to the myosin heads. were recorded during contraction
It could be shown that during contraction the whole
myosin head adopts a preferred orientation. The initial
experiments were performed on frog muscle using a
linear detector. During the last main user period time
resolved data were collected in contraction experiments
with the anterior byssus retractor of Mytilus (ABRM)
using an area detector. Some of the results are shown
in Plate 44. The most important observation is that
the diffuse scatter becomes asymmetric. although in a
somewhat different way from in frog muscle. The overall
conclusion is that in both types of muscle the myosin
heads adopt a preferred orientation during contraction.

Protein crystallography (H. D. Bartunik & K. S.
Bartels)

Instrumentation

The instrument Xl1 in the hall on the positron ring has
been used routinely without substantial modifications.
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PLATE 44

Left panel: Area detector diffraction pattern of ABRM
from Mytilus. The dark rectangle is in the beam stop.
The strong reflections on the equator and the weak
ones on the meridian are clearly visible. The picture
was obtained from the video display of the CAMAC
grey scale display (data from J. Lowy & F.R. Poulsen).

As already mentioned it is being reconstructed with the
same type of double-focusing (bent monochromator-
mirror) x-ray optics. The wavelength range
>. A) will be the same but it is intended to include
a new continuously bent mirror in order to obtain a
smaller focal spot size of about 0.3x1.0 mm2 (FWHM).

The instrument X31 in HASYLAB has been used for
tests of an area detector (AD) prototype and AD soft-
ware. for completing and testing diffractometer software
(a modified version of the program LSD developed at
the Institut Laue-Langevin. Grenoble). and film data
collection. The AD used was a MWPC filled with Argon
at atmospheric pressure with a spatial resolution of 2.5
mm at the 10% intensity level and a sensitive area
of 200x200 mm2 constructed by A. Gabriel (EMBL.
Grenoble) and C. Boulin (EMBL. Heidelberg). One of
the tests consisted in extensive data collection from
a medium-size protein structure. trypsin. The data
were calculated using a complete AD software package.
developed by K.S. Bartels and S. McLaughlin. based
on the Munich film evaluation program. The results
demonstrate that the AD software is adequate for data
evaluation in a separate step subsequent to complete
data acquisition: the software is being further developed
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Right panel: Difference between the area detector pat-
terns of contracting and resting frog sartorius muscle
The dark spots on the meridian (m) and along the
layer lines indicate where intensity decreases during
contraction. The bright parts correspond to regions
where the intensity increases (data from H.E. Huxley
& M. Kress).

aiming at rapid data processing in parallel with the
on-going data collection. On the other hand. the results
show that the present AD prototype is not adequate
for any type of routine data collection. due to its low
detection efficiency (of a few percent at >. = 1.5 A).
and its spatially in homogenous and time-fluctuating
response.

An entirely new type of AD data handling in real
time has become possible with the development of a
hardware data reduction system. DACOM. which has
been successfully tested (H.D. Bartunik. C. Boulin &
S. McLaughlin). DACOM involves the use of a "mask"
memory as a look-up table which is programmed ac-
cording to the predicted diffraction pattern. It allows
for each spot area defined in the mask to increment
in a second "data" memory either the original data
or data which are (by hardware) integrated over the
spot area. DACOM may be used both in stationary
and « f.tsec) time-resolved diffraction data collection.
The software for rapid mask programming and further
reduction of the contents of the data memory (on
a VAX11j750 communicating with a PDP11j24 used
for data acquisition) is being further developed by H.



PLATE 45

0.8° rotation photograph taken on X11 from a crystal
of 50S ribosomal subunits from B. stearothermophilus
(A Yonath. M. Saper. H.D. Bartunik. K.S Bartels &
H-G. Wittmann) The x-ray wavelength was 1.47 A.

the crystal-to-film distance 135 mm. Diffraction spots
are visible out to about 20 A resolution on this ex-
posure. The distance between neighboured reflections
corresponds to a d-spacing of ca. 900 A

Schwab (visiting scientific programmer from the ILL
Grenoble)

An optical spectrometer has been set up which allows
in particular measurement under computer control of
the transmission (at 250-850 nm) through small single
crystals with a diameter >50 flm. The spectrometer
may also be used as a sensitive optical monitor during
x-ray data collection on X11 or X31. It will be equipped
with a cryostat for low-temperature applications (e.g.
in kinetics)

Experimental projects

Native and isomorphous data were collected from about
25 different structures. partly involving crystal cooling
to low temperatures Complete data sets were in partic-
ular measured for a number of new projects including.
among others. a complex between EcoRI restriction
endonuclease and a DNA fragment (S.H. Kim. Berkeley.
USA). EcoRV endonuclease (F Winkler. EMBL). heavy
riboflavin synthase (R. Ladenstein. Martinsried. FRG).
ribonucleotide reductase (H Eklund. Uppsala. Sweden).
nitrogenase (DC Rees. Los Angeles. USA). and acid
proteinase (TL Blundell. London. UK) Data process-

ing is in progress for all projects: first results indicate
high quality of the data.

Projects for which data collection was continued in 1984
include in particular the structural analysis of 50S ribo-
somal subunit (A Yonath. Rehovot. Israel: H. Wittmann.
Berlin. FRG) and of rhinovirus (M. Rossmann. Purdue.
USA). In both cases. new crystals with significantly
higher diffracting power and enhanced stability in the
synchrotron beam had been obtained. Plate 45 shows a
rotation photograph taken at -20°C from a 50S riboso-
mal subunit crystal. Despite the huge cell dimensions of
about 900 A. the spots are well resolved. The crystals
diffracted. in the best cases. to about 10 Aresolution. It
is intended to start collection of a full data set early in
1985. The new rhinovirus crystals (cubic spacegroup.
cell dimensions about 450 A) diffracted to about 2.5
A resolution. Data collection included completion of a
native data set as well as two complete derivative data
sets.

Collaborative projects which have been completed in
1984 include the crystal structure determination to
high resolution of calf ,-II crystallin (1.6 A resolu-
tion) (L. Summers et al.. 1984) and of fungal cata-
lase (2.0 A) (B.K. Vainshtein et al.. 1984). and the
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first step (crystal packing and molecular symmetry) in
the structure analysis of heavy riboflavin synthase (R.
Ladenstein. B. Meyer. R. Huber. H. Labischinski. K.S.
Bartels. H.D. Bartunik. L. Bachmann. H.C. Ludwig & A.
Bacher (1984). submitted to J. Mol. BioI.) Collaborative
projects for which data collection and processing has
been completed in 1984 include human ceruloplasmin
at 3.8 A resolution (B.K. Vainshtein. A. Saitcev &
H.D. Bartunik). and three-dimensionally ordered bacte-
riorhodopsin (bR) at 3.2-7.0 A resolution (H. Michel &
H.D. Bartunik). For bR. rotation function calculations
were performed including the synchrotron x-ray data
and R. Henderson's experimental electron microscopy
data. The results indicate an orientation of the helix
of the bR molecule approximately normal to the sixfold
axis of the hexagonal cell of the bR crystals. This is
in qualitative agreement with a first model previously
postulated by H. Michel. and with previous results of
optical transmission studies of the crystals providing
information on the orientation of the retinal relative
to the sixfold axis. Translation function calculations
aiming at determining the positions of the bR molecules
in the hexagonal cell are in progress.

Publications during the year

Bartunik. H.D. (1984). Crystallographic investigation of
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Rev. Phys. Appl.. 19. 671-675
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At the end of September 1984, the reactor of the Institut
Laue-Langevin (ILL) was shut down for a scheduled pe-
riod of one year. This necessarily had the consequence
that the activity directly related to the use of neutron
beams was reduced and more time was spent on the
application of other techniques. For the first time, the
EMBL has been involved in building a neutron instru-
J'Dent in cooperation with the ILL, namely a diffractome-
ter dedicated to low resolution crystallography. The
instrument was ready to be tested before the reactor
shut down. and this first example of cooperation on
instruments with the ILL is a success. The outstation
was reviewed in April 1984; this review has made it
possible to consolidate the scientific activities of the
Outstation. The effect of this consolidation should be
visible in next year's progress report.

low resolution crystallography (A. Bentley & G.
Bentley)

Yeast tRNA (AspJ-Aspartyl-tRNA-synthetase complex
(Collaboration with D. Moras. R. Giege, J.C. Thierry
(IBMC, Strasbourg), A. Podjarny (CINOECA, Ar-
gentina) & M. Roth (ILL))

The complex of yeast aspartyl-tRNA-synthetase (a
of MW 125,000) with two molecules of its cog-

nate tRNA (MW 24.160) crystallizes in the cubic space-
group 1432. Neutron diffraction data collected at several
contrasts on 017 have been analyzed. Though the data
were collected to 18 A resolution. due to the large
solvent content of the crystal significant reflections only

extend to 25 A resolution. Using data to 40 A resolution
at the contrast which corresponds to the match-point of
the tRNA (65% 0 20) the protein was located in the unit
cell. giving a first picture of the molecular packing in the
crystal. The tRNA molecules were then located at 25 A
resolution using both neutron (in H20) and x-ray data.
The model was refined against 15 Ax-ray data using a
combination of least-squares refinement, density modi-
fication and model-fitting on a computer-graphics sys-
tem. The result shows the molecules of tRNA covering
the extreme surfaces of the synthetase dimer in good
agreement with biochemical and physicochemical data.
The complex has a molecular two-fold axis of symmetry,
whose orientation as obtained from model refinement
corresponds to the result of rotation function searches.

Diffractometer 0821

This joint ILL/EMBL project is a four-circle diffrac-
tometer equipped with a two-dimensional detector for
low resolution crystallography of biological macro-
molecules. The construction was completed and the
instrument was tested for about 4 weeks. It was de-
signed for use with a detector with a spatial resolution
of <2 mm. The detector initially available was of the
"multistep avalanche chamber" type operating with a
Gd-foil as neutron-electron converter. At the present
state of development this type of detector is not suited
for OB21, due to its intrinsicly high x-ray sensitivity
and low neutron efficiency. For that reason two other
types of detectors are being prepared and are expected
to be available by mid-1985: (1) a multiwire 3He mul-
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tidetector and (2) a scintillation detector of the Anger
Camera type. During the first half of 1985, DB21 will
be transferred to its definitive position and is expected
to be operational by the end of that year.

Matrix porin (M. Zulauf)

See part of the report on membrane proteins.

Measurement of HID exchange kinetics in
lysozyme by neutron diffraction (G.A. Bentley in
collaboration with S.A. Mason, G.J. Mcintyre & R.F.D.
Stansfield (ILL))

Because hydrogen and deuterium are easily distin-
guished by neutron diffraction, the process of HID
exchange between a protein and a D20 based mother
liquor may be studied by crystallographic methods.
Amide hydrogens of the peptide bonds exchange at
rates which, in general. are sufficiently slow to be
followed by diffraction experiments. These hydrogens
are of particular interest since they are uniformly spaced
along the entire backbone of the protein and are thus
ideal for measuring the accessibility of different regions
of the protein molecule to the aqueous catalytic species
involved in the exchange process. The fact that ex-
change is observed at buried amide groups indicates
that significant fluctuations in the protein coordinates,
larger than the thermal vibrations observed by diffrac-
tion, must occur within the crystal. Measurement of
HID exchange rates therefore provide important experi-
mental information on the dynamic properties of protein
molecules.

We have measured neutron diffraction data from crys-
tals of triclinic hen egg-white lysozyme in four different
experiments where the extent of HID exchange was
controlled by a combination of soaking times, pH and
temperature. The results show that an important but by
no means necessary condition for protection of peptide
amide hydrogens from rapid HID exchange is that
they be involved in secondary structure or be strongly
hydrogen bonded to amino-acid side chains. On the
other hand, a significant number of amide hydrogens
forming secondary structure have exchanged at a rate
too fast to be determined by our experiments. Overall.
the exchange rate appears to be governed by the co-
operative strengthening of regions of the structure by
hydrogen bonding, but accessibility by the solvent is
also an important factor, as is shown by the different
exchange patterns of the four a-helical regions of the
molecule.

Membrane proteins (B. Schoot & M. Zulauf)

Matrix porin (M. Zulauf in collaboration with P. Tim-
mins (ILL) & M. Garavito (Basel))

We have analyzed the structural arrangement of protein
and detergent in single crystals of the transmembrane
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protein Matrix Porin from E.coli using low-resolution
neutron crystallography. Some 550 unique reflections
out to 16 A resolution were recorded for each of five
tetragonal crystals (space group P4/2) grown in Greno-
ble and in Basel in various percentages of H20/D 20.
Four crystals were grown with octyl glucoside in 0%,
25%, 60% and 100% D20. For the fifth crystal. gluco-
side was exchanged for LDAO after fixation. As neu-
trons cause no radiation damage, one crystal is enough
in each contrast to record a full data set which includes
also the lowest resolution reflections. A total of about
60 days neutron time was necessary for data collection.

Crystals contain approximately 40% water, 40% protein
and 20% detergent. By contrast variation, the scattering
power of protein and detergent changes in different
ways, although their arrangement in the crystal is al-
ways the same. Amplitudes and phases in the different
contrasts are interrelated, and computer programs de-
veloped by Roth et al. (1984) allow us to test whether
the data is self-consistent, once the hand of the indexing
is chosen.

Data analysis has been initiated by model fitting, an
extension of the approach introduced by the author
for the analysis of solution scattering data of spherical
viruses. Using structural information from electron mi-
croscopy (Engel & Massalski), from solution scattering
and from hydrodynamic data of solubilized protein-
detergent complexes, the two moieties are modeled by
arrays of cylinders which are oriented and positioned in
the unit cell at will. Amplitudes and phases can then be
calculated in all contrasts and x-ray data. By varying
the model deviations between observed and calculated
amplitudes can be minimized. A particular model is
considered successful when the R-factor is small in all
contrasts, when it is physically reasonable and when the
structural features are conserved and only the scattering
densities of the two moieties change from one contrast
to the other.

This analysis allowed us to localize and orient the four
dimers of porin trimers in the unit cell. presently at 30
A resolution with an R-factor of 0.35. The orientation
of the protein 3-fold axis coincides within a few degrees
with that found independently by rotation function anal-
ysis of x-ray data (R. Karlson). Contacts between two
trimers in a dimer are "feet by feet", possibly as in
the 2d-membranes investigated by electron microscopy.
Contacts between the four dimers in the unit cell involve
the "outside" regions of the protein and no detergent.
Dimers wind in a double-helical way around the 4-fold
axis, which contains substantial amounts of detergent
not obeying the 3-fold symmetry of the protein. Octyl
glucoside forms a loose hexagonal mesophase at higher
concentration, which is birefringent. Thus this addi-
tional non-3-fold detergent in the crystals may be re-
sponsible for the crystal birefringence. LDAO forms a
better defined hexagonal mesophase, which correlates
with the stronger birefringence of the corresponding
crystals. Incidentally, protein crystals do not grow in
LDAO, possibly because the hexagonal detergent phase



prevails over the protein contacts necessary for crystal
formation.

Native porin x-ray data were already collected to 2.9 A
resolution 2 years ago (Garavito et al.. 1983). However.
heavy-atom derivatives have not been available until
very recently (R.M. Garavito). The phases obtained
from model analysis may therefore be useful as a start-
ing point for Fourier refinement of the high-resolution
x-ray data.

In situ determination of molecular weight and radius
of gyration of intrinsic membrane protein com-
plexes (B. Schoot in collaboration with G. Zaccai (ILL))

Knowledge about the state of oligomerization of intrin-
sic membrane proteins in the phospholipid bilayer is of
great importance. In the models to explain the mech-
anism of signal transduction or transport phenomena
across the membrane very often an oligomer formation
is supposed. Determination of the molecular weight and
the radius of gyration of the protein complex in the
membrane will give this information. The aim of our
study is to develop a general method to determine the
protein molecular weight and radius of gyration in situ.
Neutron diffraction of reconstituted membranes under
conditions where the lipids have the same scattering
length density as the solvent is the ideal method: under
these conditions only the protein scatter the neutrons.
The zero contrast difference between lipids and solvent
has to be reached at 90 to 100% D20. This requires
the preparation of a partially deuterated phospholipid
mixture. In a first approach we have chosen to obtain
the required deuteration level by mixing non-deuterated
with fully deuterated phospholipids. Phoshatidylcholine
(PC). used in these experiments. is prepared by methy-
lation of phosphatidylethanolamine (PE). which has
been purified from Escherichia coli. Membranes and
whole cells of E.coli MRE 600. harvested at the early
stationary phase were provided by the EMBL deuter-
ation facility. Deuteration level of the deuterated PE
varied from 74% to better than 90%. when compared
with protonated PE. depending on the batch. In our
first experiments we have looked at purified Ca2+ trans-
port ATPase from sarcoplasmic reticulum. which has
been reincorporated in partially deuterated PC bilayers
via a detergent dialysis technique. After the neutron
scattering experiments we have drawn the following
conclusions:

- It is in general not possible to make a homogeneous
sample of lipid vesicles from a mixture of highly deuter-
ated and fully protonated lipids from bacterial origin.
The reason why is still under study. but must be found
in a difference in fatty acid composition on the lipids.
resulting in formation of either domains or vesicles of
lipids with different hydrogen contents.

- We have shown that lipid vesicles can be formed
with minimal internal scattering length density fluctu-
ations. This means that a phospholipid mixture exists.

which can be matched out in the solvent. Therefore
we continue this project by a study to establish the
relation between deuteration level of phospholipids and
the culture medium for E.coli.

Nonionic detergents (M. Zulauf & K. Weckstrom
partly in collaboration with J.B. Hayter (ILL). V. De-
giorgio (Pavia) & M. Corti (Milano))

We have finished work on detergent micelle interac-
tions started 2 years ago in conjunction with deter-
gent binding to membrane proteins. We have shown by
neutron scattering that, for 4 polyoxyethylene surfac-
tants. micelles remain small and spherical throughout
the micellar phase and independent of temperature and
concentration. All scattering data can be explained if
we allow only the direct interaction potential between
micelles to vary in dependence of these parameters.
The potential is thereby taken to be hard-sphere plus
a short-ranged attractive tail which becomes important
at elevated temperatures only (consolution boundary).
Even in the close vicinity of liquid crystalline mesophase
boundaries. micelles remain small (Corti et aI., 1984;
Zulauf et aI., 1985). The effect of heavy and light
water and of several monovalent salts was investigated
(Weckstrom & Zulauf. 1984; 1985). The salts affect the
hydration water of the micelles; micellar dehydration
with increasing temperature is at the origin of the
attractive interaction (Hayter & Zulauf, 1982). Salts
known as hydrogen bond makers lower the consolution
temperature, and the micelles are "salted out". This
observation may be of general importance in membrane
protein crystallization. Conditions which promote crys-
tal growth are characteristic for the detergent used in
protein solubilization rather than for the protein itself.
Thus crystals are obtained near to a critical point of
the detergent (generally a phase separation boundary).
and the effect of precipitating agents on the detergents
becomes relevant in this field.

Viruses (C. Berthet, S. Cusack. J. Chroboczek. B.
Jacrot. M. Cuillel (INSERM), C. Devaux (Laboratoire
de Virologie, Lille), J. Y. Sgro & A. Novelli)

Brome mosaic virus in vitro reconstitution (C. Berthet.
M. Cuillel & B. Jacrot partly in collaboration with
P.A. Timmins (ILL), P. Vachette (LURE) & M. Koch
(EMBL. Hamburg))

Last year we reported kinetic studies on the self assem-
bly of brome mosaic virus (BMV) capsids. The analysis
of those data is now near completion. Cryoelectron
micrographs taken in Heidelberg revealed the coexis-
tence of complete and incomplete capsids at various
stages of formation. Accordingly, the experimental x-ray
curves obtained during the polymerisation process were
analyzed as a linear combination of scattering curves of
capsids in all the intermediate states between 1 and 90
dimers. These intermediate states have been simulated
by spherical shells having a hole defined by a half angle
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Z comprise between 0° and 168° (168 being the size of
a hole giving the volume corresponding to the dimer).
From the data we have determined at each time (t)
the fraction of dimers (L) being present in the solution
in the form of aggregates of ni dimers (ni from 1 to
90). The complete analysis with all the 90 possible
species being unjustified we have chosen 5 intermediate
states to characterise the complete process and we have
determined the evolution of each of those states (Plate
46).

The next step was the study of the virus reconstitution
itself. The virus was disassembled at an ionic strength
from 1.5 M LiCl by pH-jump from 4.9 to 8.4. The
reconstitution was then carried out by decreasing the
ionic strength from 1.5 to 0.1 M Liel. A phase dia-
gram of the phenomenon was established using ana-
lytical sedimentation and quasi elastic light scattering.

PLATE 46
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Neutron scattering experiments were carried out at the
small-angle scattering instrument D11 of the high flux
reactor (ILL) using a special dialysis cell designed and
constructed by JM. Bois. Dialysis (which takes only
a few minutes) was carried out until the required ionic
strength was reached and then automatically halted by
the start of data acquisition. Spectra were measured
at ten ionic strengths for samples in 0%. 20%. 68%.
90% D20 (in 68% the RNA does not contribute to the
scattering) .

A preliminary analysis of the results indicates that the
virus formation starts around 0.5 M LiCl and is a fast
process. faster than the time required for reaching the
equilibrium by dialysis. The comparison of the spectra
obtained with various contrasts between the solvent and
the solute suggests that the formation of the capsid
and the RNA condensation takes place simultaneously.
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Biochemical studies on brome mosaic virus

During these studies the effects of spermidine on the
expression of viral RNA in vitro (1) as well as the
interaction between viral RNA and coat protein inside
the BMV virions were investigated (2). On the other
hand BMV RNAs were used as a model messenger
RNAs for studies on the effect of nucleotides on protein
synthesis (3).

(1) Interaction of spermidine with viral RNA and
its influence on protein synthesis (J. Chroboczek)
(Chroboczek. 1985).

Analysis of the products synthesized under the direction
of BMV RNA 3 and RNA 4 in the cell-free protein
synthesizing system from wheat germ revealed that
optimal translation of RNA 3 occurred at a much lower
concentration of spermidine than that of RNA 4. Bind-
ing experiments with radioactive spermidine and BMV
RNAs showed that the saturation of spermidine binding
is achieved at a lower concentration of spermidine for
RNA 3 than for RNA 4. which may suggest that the
structure of RNA 4 is more compact than that of
RNA 3. Taking into account the binding obtained at
a spermidine concentration corresponding to optimal
conditions of protein synthesis. it may be concluded
that the optimum translation of these two mRNAs
occurs when there is a similar level of RNA charge
neutralisation. which implies a similar level of RNA
structure stabilisation.

(2) Interactions of RNA/protein inside the virions of
BMV (J.Y. Sgro, B. Jacrot & J. Chroboczek)

To localize which part of coat protein interacts with
viral RNA in the virion. cross-linking of RNA and pro-
tein with p-azido-phenylo-glioxal was performed. Cross-
linked virus was dissociated in the presence of SDS.
urea and LiCI and RNA with cross-linked protein sepa-
rated on sucrose density gradients. HPLC was used to
isolate the tryptic peptides of the cross-linked protein
and the peptides involved in the cross-links were iden-
tified. It was found that there exist strong cross-linking
of BMV RNA with peptides containing amino-acids 26
to 80 (out of 188) and probably also with the whole
N-terminus (1-25).

(3) Effect of mono- and dinucleotides on cell-free protein
synthesis (J. Chroboczek & B. Jacrot)

The effect of mono- and dinucleotides on total protein
synthesis was studied in a wheat germ cell-free system.
using brome mosaic virus (BMV) RNA as a messenger.
It is demonstrated that: (a) Mononucleotides affect vari-
ous steps of protein synthesis. (b) The triphosphates in-
hibit more than their respective diphosphates. which are
more inhibitory than their respective monophosphates.
The effect of mononucleotides on protein synthesis is
interpreted as being due to the complexing of·magne-
sium ions by the charged phosphate groups. (c) The
inhibitory effect of dinucleotides is due to their adverse

effect on initiation and not on elongation of polypeptide
synthesis. It seems that the dinucleotides complemen-
tary to the initiation codon are able to compete with
the initiator tRNA during initiation of protein synthe-
sis. The comparison of the effect exerted by different
dinucleotides suggests that under conditions of in vitro
protein synthesis RNA 4 is an mRNA molecule with the
initiation codon and its immediate neighbourhood being
exposed.

Adenovirus structure (C. Berthet. C. Devaux & B.
Jacrot in collaboration with P. Timmins (ILL) & P.
Boulanger (Lille))

We reported last year the crystallization of the fibre of
the adenovirus type 2. Extensive work has been done
to improve the quality and the size of the crystals.
Untwined crystals diffracting at least up to 2.5 A have
been obtained. The fibre in those crystals is slightly
proteolysed. with about 20 amino-acids missing. possi-
bly on the N-terminal side. In parallel an effort is being
made to purify the fibre of the adenovirus 3. which is
about half as long as that of adenovirus 2.

Work has been done on the virus and several thermosen-
sitive mutants. combining x-ray and neutron diffraction.
electron microscopy and hydrodynamical methods. The
effort was mostly on the mutant ts 112. whose assembly
is blocked before DNA encapsidation. That mutant is
very stable. and when it dissociates one can observe
large quantities of five groups of 9 organized around the
penton. Surprisingly the core of the virus, in which there
is no protein VII. contains about 17x106 of protein;
these are most likely the precursors of proteins VI and
VIII. Work has been started to identify precisely the
mutations in the genome of ts 112. With all our criteria
the surfaces of native adenovirus 2 and of its mutant
are identical. with a hexon-hexon distance of 100 A.

Influenza virus (S. Cusack in collaboration with R.
Ruigrok et al. (Leiden))

A detailed analysis has been made of the small-angle
neutron scattering curves of homogeneous solutions
of influenza B virus. both intact and after treatment
with bromelain which removes the external glycoprotein
spikes. The two sets of data are consistent with the
following low resolution structure: the virus particles
are spherical. about 1200 A in diameter and of molec-
ular weight about 180x106 daltons. The lipid bilayer
is centred at a radius of 425 A. is 40-50 A thick and
constitutes 25-28% of the virus mass. The surface gly-
coproteins, predominantly heamagglutinin. contribute
40-46% of the total mass. Surprisingly little protein is
found in the interior of the virus. It is suggested that
the reason for this is that many particles do not possess
the full complement of ribonucleoprotein complexes.
These results are in good agreement with recent STEM
measurements of molecular mass (Ruigrok et al.. 1984)
and cryoelectron microscope observations on the same
preparations.

153



For this analysis one has developed a new method of
deriving spherical shell models from contrast variation
neutron scattering data on viruses. in which scattering
curves from all measured contrasts are used simultane-
ously.

Protein dynamics (S. Cusack, J. Smith (ILL) & D.
Wild)

We have been continuing our program to use inelastic
neutron scattering to measure the frequency spectrum
of low frequency (1-200cm- 1 ) vibrational modes of
proteins (see 1983 Annual Report for background).
On the experimental side. improved data have been
collected on BPTI (basic pancreatic trypsin inhibitor)
both in solution and Iyophilised on the spectrometers
IN5 and IN6 at the Institut Laue Langevin (with John
Finney. Birkbeck College, London). Spectra have also
been measured on both the oxidized and reduced form
of cytochrome C (in' collaboration with Jill Trewhella,
Los Alamos) to see whether the increased mobility
of the oxidized form (suggested by comparative com-
pressibility, hydrogen exchange rate and temperature
factor data) was reflected in a charge in the vibrational
spectrum. Only small differences were observed and it
awaits further analysis to see if these are statistically
significant or not.

On the theoretical side. the calculations using the nor-
mal mode analysis of BPTI to predict the inelastic
neutron scattering spectrum and to gain insight into
the interpretation of experimental data are nearing com-
pletion (in collaboration with Martin Karplus. Harvard).

PLATE 47

Comparison between the five projections obtained from
(a) experimental data after proper filtering and rescal-
ing. and (b) the actual reconstruction based solely on
the three principal experimental projections. Projections
(101) and (012) shown in row (b) are thus predicted.
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Recent work has been aimed at finding the best method
of extrapolating experimental time-of-f1ight spectra at
a number of different scattering angles to give the
(hydrogen-weighted) density of vibrational states. A
method has also been developed to calculate the multi-
phonon contribution to the scattering.

Comparison of the energy dependence of the calculated
and measured spectra shows strong disagreements indi-
cating the need for modification of the harmonic model
in order to explain the neutron results. We plan to create
new dynamic models and use existing different models
so as to find which one(s) can explain our neutron data.
By the end of 1985 it is expected that some interesting
conclusions will have resulted from a comparison of the
measured spectra of three proteins, BPTI. cytochrome
C and hexokinase and of the measured and calculated
spectra of BPTI. It is hoped that success in this task
will result in a clearer picture of the elements of protein
dynamics essential to protein function.

Electron microscopy (J.e. Jesior)

Given the limitations imposed on the electron mi-
croscopy done at the Outstation (negative staining for
thin specimens and microtomy for plastic embedded
thick specimens). we have continued to develop our
original approach for the visualization of defined biologi-
cal microcrystal projections. namely, the grid sectioning
technique. One of the major developments has been to
use the limited number of projections obtained by this
technique to realize 3-D reconstructions.

012
cacace

The reconstructed projections are displayed at a reso-
lution of 7 A. This implies the presence of artefactual
details not included in the experimental projections.
Scale is 200 A.



(a) Three-dimensional reconstruction of 3-D microcrys-
tals from a limited number of projections (in collabo-
ration with Stephen Cusack): An account of this work
has been presented in the Research Reports 1982 using
model projections. We have now completed the recon-
struction of the asymmetric unit of negatively stained
catalase platelets (space group P2 12121 ) using only
the three principal orthogonal projections. The validity
of the reconstruction was supported by the prediction
of two diagonal projections at a good approximation
(see Plate 47). The reconstruction was realized in real
space to facilitate the application of constraints which
hopefully compensate for incomplete data. The major
constraint applicable to negatively-stained specimens is
that only two density levels are required to describe the
content of the unit cell. that of the volume occupied
by the stain and that of the complementary volume
occupied by the molecule of interest. The reconstruction
from a limited number of projections is not meant to
be an exact reconstruction but can give low resolution
information on the molecular shape in the multiple cases
where only a limited number of projections are available.

(b) Three-dimensional reconstruction of crystalline
mono-layers from a limited number of projections (in
collaboration with R.H. Wade. (ENG. Grenoble): There
are two major difficulties encountered during the re-
construction of two-dimensional objects (1) difficulty of
sampling a portion of reciprocal space (missing cone)
resulting in a poor definition of the height of the recon-
structed objects. and (2) non-continuous sampling of
the reciprocal spikes resulting in the dispersion of the
data. We hope to realize the 3-D reconstruction from
a single section done perpendicularly to one crystallo-
graphic axis of a negatively stained plastic embedded
bidimensional crystalline object. This approach allows
us to include the central reflection in the reconstruction
and to sample continuously the reciprocal spikes. The
other spikes are then sampled by tilting the section
by angles already determined by the crystal packing.
The object we are reconstructing is the urinary bladder
membrane protein (A. Brisson & R.H. Wade. 1983)
which forms ordered arrays having diameters around
6000 A. Preliminary work has shown that collecting
such sections was possible and that protein structure
could be resolved above the lipid bilayer.

Another application of the grid sectioning technique
was the phasing of the low resolution reflections of
yeast tRNAAsp / Asp-tRNA synthetase complex crystals
(collaboration with R. Giege & O. Moras. IBMC. Stras-
bourg). The technique gave us the (001) projection
from macrocrystals having a size of 100-150 Mm. The
set of phases obtained after analysis of the electron
micrographs was used in building a model for x-ray and
neutron data. proving once more the complementarity
of electron microscopy with other techniques.

On a more technical level: (a) A method to determine
ultrathin section thickness from non-central sections
done th rough latex spheres has been developed . (b) A
micrometric device. adaptable to many electron micro-

scopes. has been build. This device provides a precise
(about 0.5 Jim) position and length determination of an
object on its grid (Jesior & Bois. 1984).

Finally a detailed study of the phenomenon of compres-
sion occurring on plastic thin sections has been realized.
This study. done on the latex spheres used as spatial
markers in the grid sectioning technique has shown
that compression is essentially a local event depending
only on the cutting quality of the object at the time
of sectioning and not on the mechanical properties of
the surrounding medium. It could thus be shown that
the latex particle compression was a function of their
hardness (see Plate 48).

Proteins of biosynthesis - Deuteration laboratory
(R. Leberman, M. Hartlein, B. Antonsson, A.M. Foote,
F. Guinet. T. Ahl (Aarhus), B. Cortolezzis, M-T. Oau-
vergne, O. Madern)

Bacterial polypeptide elongation factor Tu (EF- Tu)

Besides the intrinsic interest in this protein due to its
fundamental role in bacterial protein synthesis. EF-Tu
can be used as a model system for other studies. This is
related to the multifunctional properties of the protein.
and its high concentration in the bacterial cell which
facilitates its isolation in high yield.

One of the properties of EF-Tu is its high affinity for
GOP and GTP, an analysis of the structure-function
relationship for this property may provide an insight
into the use of GTP for transduction by other guanine
nucleotide binding proteins which now includes a group
of oncogene products. As 6-8% of the soluble protein
of the bacterial cell is EF-Tu, it can be used as a model
for an over-expressed protein in studies such as in vivo
deuteration.

Small-angle neutron scattering study of the ternary
complex EF- Tu.GTPvalyl-tRNAval (B. Antonsson. R.

& G. Zaccai (ILL))

SANS measurements were made on 011 at the ILL.
Preliminary experiments had shown that due to the
lability of two components of the system (GTP and
aminoacyl-tRNA) extreme care was required in the de-
sign of the experiments. Thus steps such as dialysis
of samples should be avoided and the aminoacyl-tRNA
should be stored up to the moment of usage in order
to maintain its integrity. For the determinations of the
radii of gyration of the ternary complex and the protein
moiety in the complex titrations in water and 70% D20
were carried out.

The titration of EF-Tu.GTP with valyl-tRNAval in water
(Plate 49) demonstrates clearly that the stoichiometry
of the reaction is 1:1. We find that the difference in
the radii of gyration between EF-Tu and the ternary
complex is srrL111. The interpretation of these results is
that the protein and nucleic acid moieties in the complex
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PLATE 48

Compression level is a function of hardness. Here hard-
ness of spherical latex particles has been modulated
by a preliminary electron irradiation. (a) Only the latex
particles included in the portion of a grid square (out-
lined by a circle with a diameter of 64 /lm) have been
irradiated at a dose of 63.6 e- jA2 (b) Enlargment of
part of (a) showing where the section plane SP passes
from the non-irradiated to the irradiated zone. Six latex
particles have been numbered for easier recognition.

(c) Grid section cut along the line marked SP in (b) and
passing through the same six latex particles. The non-
irradiated latex particles are much more compressed
than the irradiated ones (27% and 5% respectively in
the present picture). Their shape goes from flattened
ellipsoids (latex no.1 and 2) to nearly perfect discs
(latex no.4. 5 and 6). Note the hybrid shape (egg shape)
of the only partially irradiated latex particle no.3. The
double arrow indicates cutting direction.
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lie close and essentially parallel to each other. Such a
model would be in accord with the results on protection
studies of the protein (Antonsson & Leberman. 1984)
and those of modification of the aminoacyl-tRNA in

complexes (Wikman et al. .1982). This model is
different to that previously proposed on the basis of
small-angle x-ray scattering (Osterberg et aI., 1981)
which favoured a complex with the long axes of the
EF-Tu and tRNA molecules being at an angle of about
45°.
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The estimation of the molecular weight of EF-Tu.GTP
from the Guinier plots (Jacrot & Zaccai, 1981) gives
a somewhat higher value compared to the established
one. Since the Guinier plots show no evidence of ag-
gregation it is possible that. under the experimen-
tal conditions. there exists a monomer-dimer equilib-
rium which is disturbed in favour of the monomer
on complex formation with the aminoacyl-tRNA.



PLATE 49

SANS measurements of the titration of EF-Tu.GTP
with valyl-tRNAVal in H20.
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The titration in 70% 0 20. in which the scattering due
to the RNA is matched out by the solvent. also gave
a stoicheiometry of 1:1 but with a marked diminution
in the radius of gyration from 24 A to 19 A. This is
to be expected if an important fraction of the protein
(about 50%) is in the dimeric state. On forming the 1:1
complex. the dimers will dissociate on interaction with
the aminoacyl-tRNA and. in 70% 0 20. only the protein
moiety contributes to the neutron scattering.

Protease modification of EF- Tu in the ternary complex
EF- Tu. GTP Valyl-tRNAval (B. Antonsson & R. Leber-
man)

The action of the proteases chymotrypsin. thermolysin.
pronase. and 5.aureus protease <'In EF-Tu in binary
complexes with GOP and GTP. and in the ternary
complex EF-Tu.GTP.valyl-tRNAval was investigated to
determine the regions of the protein protected by com-
plex formation with the aminoacyl-tRNA.

Analysis of the proteolytic products by SOS-PAGE
showed that the four proteases. although they have
different specificities. produced essentially the same
result. The initial hydrolysis product has an Mr of about
40000 which is then further degraded to products of Mr

38000 and 36000. This pattern of events was observed
for all four proteases but the reaction conditions re-
quired for digestion varied with the enzyme. Compared
to the binary complexes. which gave identical results.
the presence of the aminoacyl-tRNA in the ternary
complex drastically reduced the rates of hydrolysis by
the proteases. For reaction times which led to the
complete disappearence of the EF-Tu band with the
binary complexes. 50-90% of the original EF-Tu could
still be observed in the case of the ternary complex.

Since the digestion patterns with these various pro-
teases are very similar to that already known for trypsin.
it is very probable that the region of EF-Tu susceptible
to proteolysis by all these enzymes is the same. The
reduced susceptibilty in the complex with aminoacyl-
tRNA could be due to this region (residues 40-60)
providing part of the tRNA binding capability of EF-Tu.

EF- Tu - Kirromycin complexes (T. Ahl & R.Leberman)

EF-Tu is the target molecule for the related antibiotics
kirromycin and pulvomycin. The effect of kirromycin
on EF-Tu in increasing the GTPase activity of the
protein and inducing a second tRNA binding site may
mimic the action of the ribosome/mRNA complex on
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EF-Tu. In a collaborative structural programme with
the group of B.F.C. Clark (Aarhus) we are attempting
the crystallization of the EF-Tu.kirromycin complex for
single crystal x-ray diffraction studies. Since previous
attempts at diffusing the antibiotic into crystals have
proved unsuccessful. we are trying to define the condi-
tions for crystallizing the preformed complex.

EF- Tu from Halobacterium marismortui (F. Guinet &
R. Leberman)

For a collaborative study with G. Zaccai (ILL) on the
effects of high salt concentrations on protein - nucleic
acid interactions. a programme has been initiated to
isolate and characterize the EF-Tu from Halobacterium
marismortui. The choice of this halobacterium has been
governed by the fact that it can be cultured in simple.
defined media using either glycerol or succinate as
a carbon-source which. in the future. may facilitate
deuteration studies. Starting from an innoculum ob-
tained from M. Mevarech (Tel-Aviv University). growth
conditions for the bacterium have been established.

Sequence homologies in guanine-nucleotide binding pro-
teins (R. Leberman & P. Argos (EMBL. Heidelberg))

Proteins which specifically use guanine nucleotides for
energy transduction include. besides protein synthesis
factors. tubulin. transducin of the rhodopsin system.
G-protein of adenylate cyclase. and the family of ras
gene products generally referred to as p21 proteins.
Primary structure homology considerations have been

PLATE 50

Comparison of the primary structures of the N-termini
of some EF-Tus and p21 with sequences near the
N-termini of the Q subunits of transducin and Go.

EC. E.coli: Art. Artemia salina: SC. S. cerevisiae.

used to suggest that part of the nucleotide binding site
for the p21 proteins resides in the N-terminal region.
By comparing the primary structures of a number of
guanine nucleotide binding proteins. we suggested an
alternative region. highly homologous for EF-Tu and
p21. which might specify the binding of GDP or GTP
(Leberman & Egner. 1984). This argument has subse-
quently been supported by structural analysis of EF-Tu
(La Cour et al.) where it is found that the 6-oxygen of
the guanine base H-bonds to Asn-135 which we believe
corresponds to Asn-116 of p21.

We have looked for other homologies in guanine-
nucleotide binding proteins and have found a highly
conserved region near the N-terminii of all the EF-Tu
amino-acid sequences (prokayotic and eukaryotic) and
those of p21 and related proteins. The degree of ab-
solute homology between the various EF-Tus and p21
is about 30% but higher if one considers conserva-
tive differences. After these results were obtained. a
similar study describing a comparison between partial
sequences of transducin Ta. the Goa protein of bovine
brain adenylate cyclase. and ras gene products was
reported (Hurley et al.. 1984). As can be seen in Plate
50 these homologies fit equally well with the sequences
from EF-Tus. Since the cycle of reactions involving
transducin and EF-Tu are analogous (Fung et al.. 1981).
it is not entirely surprising that homologies in their
primary structures might be found. However. what is
the structure-function (evolutionary?) relationship of
these N-terminal regions?
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Cloning and expression of Valyl-tRNA synthetase (M.
Hartlein)

The aminoacyl-tRNA synthetases play an important
role in protein synthesis. The synthetase complexes
of tRNAs offer the possibility of studying specific
protein-nucleic acid interactions. To obtain sufficient
material for structural studies (neutron scattering. x-ray
crystallography) we have begun a programme using
the techniques of molecular cloning. The goal is to
obtain a strain of E.coli which overproduces valyl-tRNA
synthetase in order to complement the studies on the
EF-Tu ternary complex. The stategy is to clone val
(the structural gene for valyl-tRNA synthetase) by com-
plementation of a temperature sensitive val mutant
(AB4141. Bar et al.. 1979; GM17. Marchin et al.. 1972)
with cloned restriction fragments of the ColEl hybrid
plasmid pLC26-22 (Clark & Carbon. 1976) containing
wild type val.

Tranformation of AB4141 with pLC26-22 DNA pro-
duced clones which were able to grow at 42°C. A
physical map of pLC26-22 was constructed by single
and double digestions with EcoRl. BamHl. Hindili.
Clal. Smal, Hpal. Cloning of the largest Hpal fragment
of pLC26-22 ("'-'8kb) in pUR222 and transformation of
AB4141 with the recombinant DNA provided clones
which were able to grow at 42°C indicating that the
Hpal fragment contains all or part of val. A physical
map of the recombinant plasmid was constructed. The
localisation of the val gene was determined by removing
several restriction sites with Sl nuclease and looking for
the loss of complementation activity.,

Clones containing the Hpal fragment did not. however.
show enhanced val activity. Maxicell analysis demon-
strated that only proteins with a molecular weight
smaller than that of valyl-tRNA synthetase were en-
coded. Finally. by measuring the ratio of temperature-
resistant to temperature-sensitive colonies after trans-
formation. it became obvious that the temperature-
resistant phenotype was caused by recombination and
not by complementation indicating that only part of val
was cloned.

Comparing the physical map of pLC26-22 with that
of the Hpal fragment and considering the molecular
weight of val. the localization of the gene can be
determined. This enables the cloning of the val minimal
fragment. For the overproduction of this protein. the
minimal fragment must be cloned into an expression
vector. Possible regulatory regions like those described
by Putney & Schimmel (1981) for the alanyl-tRNA
synthetase may have to be removed.

Deuteration laboratory (R. Leberman. M-T. Dau-
vernge, B. Cortolezzis)

It is clear that the optimum use of this facility will
be either the similtaneous production of a number
of deuterated bacterial cell components. and/or the

demand for a major cell component. The latter could
be either a normal cellular product or the product of
the over-expression of inserted genetic material.

In last years report we indicated that there was a
growing interest in the production of perdeuterated
biomolecules for NMR measurements. Since EF-Tu is
a major component of the bacteria I cell it provides a
good system for feasibility studies.

Perdeuterated (90±5% D) EF-Tu.GDP was isolated
from E.coli (MRE 600) grown in 99.8% D2 0 using
deuterated (ca.90%) succinic acid as ca rbon-sou rce.
The NMR spectra of this and normal protonated EF-
Tu.GDP were measured by H-R. Kalbitzer & A. Wit-
tinghofer (MPI. Heidelberg). Plate 51 shows the aro-
matic regions of the spectra. It is clear that deuteration
of the protein has produced a remarkable enhancement
of the spectral resolution. This is due to two effects:
the decrease of line widths and the increase in signal
intensities on deuteration. It can be concluded that
resolution enhancement by deuteration may be valuable
in NMR studies on larger proteins.

Histone Hl from Physarum polycephalum (A.M. Foote.
R. Leberman in collaboration with Portsmouth Poly-
technic)

The preparation of histones from the slime mould
Physarum polycephalum has been improved in that the
polysaccharide (slime) contamination has been signif-
icantly reduced. Histone H1 has been highly. purified
(99% pure on silver stained SDS-PAGE gels) by a
two-column gel-filtration procedure using Sepharose S-
200 and S-300. This produced sufficient material for
biophysical studies.

The NMR spectrum at pH2 in the absence of salt.
when Hl histones are considered to be in a random-coil
configuration. shows no fe'atures indicative of protein
folding. The spectrum of Physarum Hl resembles those
of other Hl histones and shows the protein has a
.composition consistent with that determined by amino-
acid analysis. However. NMR also reveals the presence
of c-N .trimethyl lysine as well as lesser amounts of
c-N.dimethyl and c-N.monomethyl Iysines.

The addition of NaCI to 1 M causes Hl histones. so far
studied, to form secondary and tertiary structures. This
does not occur with Physarum Hl: folding only occurs
when the pH of the solution is raised above 6, corre-
sponding to the titration of histidine residues. Protein
folding is indicated by the appearence of ring-current
shifted methyl signals and the collapse of the histidine
C2 and C4 signals into a series of separate peaks. How-
ever. a substantial proportion of the molecule remains
unfolded. The addition of NaCI at neutral pH causes a
progressive stabilization of the folded structure. These
observations are confirmed by CD measurements.
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PLATE 51

IH-NMR spectra of non-deuterated and per-deuterated
EF-Tu.GDP from Eeo/i. Upper trace: 0.23 mM non-
deuterated EF-Tu.GDP in 6 mM phosphate pH 7.6.
total acquisition time 2.6 hours. Lower trace: 0.13 mM
perdeuterated EF-Tu.GDP in 6 mM phosphate pH 7.2.
total acquisition time 8.5 hours.
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The determination by NMR of the histidine content.
together with the results of several amino-acid analyses.
produces a value of 37.000 for the molecular weight of
Physarum H1. This result is in agreement with the value
given in last years report from gel-filtration studies.
This value for an Hl histone is unusually high.

The structured domain of Physarum Hl has been pre-
pared by limited tryptic digestion and isolated by gel-
filtration. This Hl "glob" appears to have a molecular
weight of 10.000. slightly larger than the value of 9.000
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for calf thymus Hl"glob". NMR and CD measuremnts
show that it contains all the structuring features of the
intact molecule.

Instrumentation (A. Gabriel. F. Dauvergne & P. Wat-
tecamps)

Several systems of x-ray detection involving electronic
methods have been tested over the last ten years (e.g.
fast scan television. charge coupled devices and micro-



channel plates). Despite the effort of several labora-
tories a really useful system has not yet been found
for synchrotron radiation. Considering this situation
our efforts are still concentrated on the proportional
chamber system.

The method of detection used at EMBL for the local-
ization of x-rays has been described in previous reports.
We now work to improve various features of the detec-
tors (parallaxe error. spatial resolution. counting rate
and reliability). We are still involved in the detection of
synchrotron radiation at Hamburg Outstation. An area
detector of 200x200 mm is in full routine application. A
sheet of carbon fibre is used for the entrance window
instead of berylium. Thanks to its high mechanical
qualities this material looks very promising in detector
techniques.

In collaboration with D. Tsernoglou the same detector
is now mounted at Heidelberg on an x-ray generator
for protein crystallography. This detector is now linked
to the data acquisition system and some patterns have
been recorded.

Our group also realized three linear detectors for the
Daresbury laboratory. The support provided to the S.
Doniach group (Applied Physics Department. Stanford
University) has also continued this year.
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